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record a 30-mimnute programme. Incidentally, a
74in/sec speed is provided for sound only recording.

With the exception of a high-frequency-controlled
motor in the new Grundig TK6 portable (which is
explained at the end of this section) there appear
to be no major changes in the mechanical or elec-
trical design of recorders this year. However, there
have been many detail changes to simplify operation
and provide some of the cheaper models with facili-
ties which have previously been associated with the
higher-priced models.

Among the lower-priced machines are two new
recorders from Fidelity. Called twin-track and four-
track Playmasters, these single-speed models are
simple to use and have facilities for headphone
monitoring. Tone controls and magic-eye level
indicators are fitted to both models, whose outputs
are rated at 3 watts, and a tape indicator is fitted to
the four-track model which, incidentally, sells at
23 gns complete with microphone and tape. The
latest model from Fidelity is the three-speed, four-
track Playmaster Major, which uses the latest B.S.R.
deck, the DT10, and incorporates a meter level
indicator and full superimpose facilities.

Parallel track facilities have been incorporated, for
simultaneous playback of two separately recorded
tracks, in a new four-speed, four-track recorder by
Cossor this year. Designated CR 1605, this machine
has a fully transistorized amplifier and a new deck
layout. There are also facilities for mixing micro-
phone with radio or gramophone inputs, and for
monitoring, through either headphones or the
internal speaker whilst recording.

Separate level controls for microphone and radio
inputs have been added to the only new model in
the current range of Dansette recorders. Called
the Empress, it uses the latest three-speed four-track
B.S.R. deck and its features include a strip record
level indicator and a 3-digit tape position indicator.

To facilitate playback of recorded tapes, which
are becoming more popular, Tape Recorders (Elec-
tronics) have introduced a mains-operated add-on

unit. Priced at 14 gns, this accessory enables all the .

current “ pre-recorded ” tapes to be played on their
four-track Sound Riviera and Slimline machines.
Lee Products have introduced two new models
this year, the Shaftesbury 802, a single-speed twin-
track recorder and the 804, a twin-speed four-track
machine. ‘
Following the introduction of a recorder with the
“ magic ear ”, a voice-operated gain adjusting device,
at the beginning of the year, Grundig’s have intro-
duced a special version, of the TK18 “magic ear”
recorder, with all the controls marked in Braille
relief. The price of this machine, which includes
microphone and tape, is remaining at 39 gns.
Among the quality machines designed for use in
large rooms or halls without additional amplifiers
are two models from Clarke and Smith; the TR 634
and the TR 635. Both machines incorporate 10 watt
transistorized amplifiers, the outputs of which inay
be developed across the internal 9 x5 in speakers or
externally connected to either 150 speakers or a 70
volt line. The major difference between the two

machines is that, priced at 103 gns, the TR 634 uses

2 Mk V Wright and Weaire deck and the TR 635,
which retails at 86 gns, uses a Mk II Truvox D82

deck.
Ferrograph have introduced two new series of
recorders, the SA and the 420. A modified capstan
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flywheel assembly has been fitted to the first machine
in the 5A series (SA/N) to improve wow and flutter
characteristics and to extend the frequency response,
Priced at 85 gns, the SA/N is designed for standard
mono recording and playback at 3% and 7% in/sec
and has its own 24 watt power amplifier and speaker.
The Ferrograph 420 series make use of the standard
Ferrograph deck whose features include three inde-
pendent motors and a gear-driven turns counter,
but have no internal speakers or power amplifiers.
Features of these 110-gn machines include facilities
for track-to-track recording and stereo recording
and playback with continuous monitoring on both
channels.

The cabinet shape of Simon’s semi-professional
recorder, the SP5, is rather unusual but practical,
as the rear compartment houses a 10X 6in speaker
with a 4in tweeter. Facilities of this two-speed,
twin-track model include track-to-track re-recording,
and simultaneous monitoring.

An unusual method of controlling motor speed in
Grundig’s latest portable recorder—the TK6—has
been introduced to overcome pitting and burning of
the make and break contacts in the centrifugal
governors, which were previously in series with the
d.c. motor’s power supply. Two transistors are used
—one as a switch and one as an oscillator—and a
theoretical diagram showing the essential parts is
given below.

CENTRIFUGAL
GOVERNOR

56k

- : — +
High-frequency motor control circuit for the Grundig TK8.

When power is connected to the control circuit,
transistor VT1 starts to oscillate at about 70 kc/s.
The output of this transistor is rectified and applied
as a positive potential to the base of the switching
transistor VT2. When this potential overcomes the
existing base bias on VT2, the transistor conducts,
and short circuits the 180() resistor in series with
the motor’s power supply.

The motor then starts to revolve and this con-
dition remains until the speed of the motor is such
that the contacts on the centrifugal governor close
(through excessive speed) and short 1.3, a heavily
damped (resistance) winding on the oscillator former.
This causes the oscillations to cease which, through
VT2, disconnect the supply to the motor.

Once the speed of the motor falls, the governor’s
contacts open and this restarts another cycle of
operation—V'T1 begins to oscillate and, through
VT2, power is restored to the motor. The make
and break frequency of the governor’s contacts is
the same as the conventional type of regulator
systems, which are said to be supersonic.
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Controlled Rectifiers in Stabilized

Power Supplies

FOR use in low power applications, voltage regu-
lators using a transistor as a series or shunt regulating
element have been developed to a stage which meets
most practical requirements. The performance is
particularly impressive as regards ripple voltage

reduction, low output impedance, close regulation

at any preset level, rapid response to load current
or supply voltage changes, freedom from overshoot
and absence of disturbing radiation or noise. The
circuits tend to become rather complicated when it is
required to control the output voltage over a very
wide range and the electrical efficiency is poor if
maximum current demand coincides with a low out-
put voltage. If, for example, a particular unit is
designed to give 2 to 28V output at 5A load current,
it is reasonable to allow say 3V drop across the series
regulating transistor at full output power. The
transistor dissipation is then 15W and the requisite
input voltage to the regulator is 31V. If the output is
reduced to 2V at 5A the voltage drop across the
transistor becomes 29V and the power dissipation
rises to 145W. The situation could be improved by
switching the power transformer secondary voltage
in steps corresponding to the desired output voltage,
but this raises other complications.

An alternative scheme is to switch the series regu-
lator transistor on and off so that it is periodically
cut-off and saturated. In both these conditions the
energy dissipation is small and, provided the switch-
ing is abrupt, there is little energy loss during the
transitions. The actual output voltage will then
depend on the proportion of the total time during
which the switch is closed. This economy measure
has some unfortunate consequences. In the first
place the output now requires to be filtered and
smoothed. If a large capacitor is used alone the
switching transistor will be called upon to pass cur-
rent pulses of possibly damaging amplitude. To
reduce these we may use a choke input filter, only to
encounter another difficulty concerned with time
constants. If the cut-off frequency of a low-pass
filter is f its response time will be 1/f and this time-
lag implies a corresponding time delay in the response
of the regulator to load current changes. There are

R2§ 7R3
by
v I N S =C
T ® ”;:J“L}IN Ava%
(b)
Fig. I.
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attendant difficulties with stability in the control
amplifier loop. Concepts like the output impedance
of a switching-mode regulator need careful examina-
tion; the regulator transistor contributes nothing to
the smoothing and the filter alone must serve this
function. Clearly there are advantages in using a high
switching frequency but the limit is set in practice by
the cost and availability of power transistors with
good switching characteristics.

Once the idea of a switching-type regulator is
accepted it is possible to consider alternatives to the
transistor as the series element. A transductor with a
square-loop core material is one attractive possibility.
Another is the silicon controlled rectifier. Both of
these are most conveniently designed to switch syn-
chronously at the power supply frequency whereas a
synchronous switching of a transistor is made possible
by using it as one element in a relaxation oscillator.

To sum up, the conventional series—transistor
regulator gives an excellent performance in low-power
circuits at the cost of efficiency. Moreover, the wasted
energy is dissipated in the most inconvenient and
expensive way. Switching-type regulators can give a
very wide range of output control with high efficiency
at any load. The performance is achieved with some
sacrifice of response time, an increased output im-
pedance, and less perfect smoothing. If an input
choke filter is used there will be voltage overshoot
when the load is reduced and undershoot if it is
increased. This is due to energy storage (} L:?)
effects in the filter choke. If a large capacitor is used
alone (without a surge-limiting resistance), high peak
currents will call for de-rating of rectifiers and power
transformers in the system. Protection by fuses will
be made more difficult. High-speed switching tran-
sients are potentially damaging to vulnerable com-
ponents like controlled rectifiers and they can also
be a nuisance if the power supply feeds a receiver or
high-gain amplifier. Nevertheless thete are applica-
tions for which switching-mode regulators are well
suited or at least acceptable and they make an ideal
pre-regulator for use with the series-transistor type
when the ultimate in performance is desired.

In the February issue of this journal the writer
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Unijunction relaxation osciliators.
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described a number of d.c. power supply units,
employing controlled rectifiers, designed to give a
variable output voltage while providing reasonably
close voltage reglation at any chosen output level.
The present paper is a sequel to this and is taken up
with a discussion of two practical circuits giving a
much improved performance at the expense of only
moderate increases in cost and complexity. With no
change in principle and with scarcely any modifica-
tions, other than obvious changes in transformer and
rectifier ratings, the circuits may be used to give a
closely regulated output at any level between a few
watts and several kilowatts or even tens of kilowatts.

It is assumed that the reader is familiar with the
basic principles of operation of controlled rectifiers
and, if not, the elementary discussion given pre-
viously will provide sufficient background to under-
stand the present work.

Pulse Firing Circuits

The ideal gate trigger signal to fire an s.cr. is a
rectangular pulse having a duration of a few tens of
microseconds. Once fired, the s.c.r. will continue
to conduct so long as its anode remains sensibly
positive with respect to the cathode. A gate signal of
Jong duration is objectionable since it merely in-
creases the gate-circuit energy dissipation. If the
gate-drive pulse can be delayed with respect to the
time of application of positive anode voltage then
firing will be correspondingly delayed and, with a
fixed load, the circuit current will be reduced and so
will the mean voltage developed across the load.
Automatic control of the firing-pulse delay will
serve to control or regulate the output voltage.

It is not particularly difficult to design a pulse
generator in which the time of occurrence of a pulse
is caused to vary in response to a control signal de-
rived from an external source. The voltage-regulator
problem is virtually solved if we can arrange that any
small reduction in the output voltage, due to supply
voltage or load current changes, is amplified and used
to advance in time the firing point of a controlled
rectifier used as a series regulator element.

One of the simplest pulse generators for this pur-
pose makes use of a unijunction transistor. This is a
three-terminal semiconductor device made from a
small rectangular block of n-type silicon. Two
ohmic contacts, base-1 and base-2 are formed at
opposite ends of the bar and on the same side of it.
A third (rectifying), contact known as the emitter is
made on the opposite side of the bar, closer to b,
than to b,. Normally b, is earthed and a positive
supply voltage is connected, through a current-
limiting resistance of a few hundred ohms, to bs,.
In the absence of emitter current the bar acts as a
simple voltage divider having an interbase resistance
of 5 to 10 kQ. If the applied external emmitter
voltage is less than a certain critical fraction of the
supply. voltage the emitter is reverse biassed and the
emitter current is simply a small leakage current.
When the emitter voltage is raised to the point at
which forward conduction takes place, holes are
injected into the silicon bar. They drift down to-
wards b, and give rise to an increased electron density
in this region. The net result is a decreace in the

resistance between the emitter and b; which accounts

for a further increase in emitter current. The path
e-b, has a negative resistance characteristic and the
device can be used as a type of relaxation oscillator.
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Fig. 2. S.c.r. trigger pulse generator synchronized with
50c/s supply.

The simplest possible circuit is that shown in Fig. 1
(a). - In this, C charges almost linearly through R,
until the emitter becomes forward biassed. Any
further rise in voltage causes a rapid increase of
emitter current and a sharp fall in the e-b, resistance.
C is then rapidly discharged and a rectangular
voltage pulse is developed across the small resistance
R, in series with b,. Another pulse, of opposite
polarity, appears across R,. With a supply voltage
around 15 to 20 V the b, pulse is sufficient in ampli-
tude to give reliable firing of most s.c.r.s.  The
waveforms across C and across R, are shown in Fig.
1(c).

A pulse transformer may be substituted for the
resistance R, as in Fig. 1(b). The base connections of
a typical unijunction transistor are shown in Fig. 1(d).
This is the (American) General Electric 2N1617A,
a type well suited for triggering all except the very
largest s.c.r.s at present on the market.

It has been stated that the reverse bias on the
emuitter is setiled by the voltage-divider action of the
silicon bar which forms the interbase resistance.
It follows that a reduction of the supply voltage will
automatically reduce the amount of reverse bias
on the emitter. A sudden reduction of the supply
voltage to a relaxation oscillator will thus cause a
premature discharge of the capacitor C followed by
the re-charge cycle which will begin as soon as the
supply voltage is restored to the normal level. Fig. 2
shows a circuit developed by the General Electric
Company in order to synchronize the relaxation
oscillator to the frequency of the supply mains. It
will be used to generate precisely timed firing pulses
in the two regulator circuits with which we shall be
concerned. A bridge rectifier is used to produce
a full-wave rectified output waveform as shown in
the lower part of the diagram. A resistance R,
followed by the Zener diode, produces a flat-topped
waveform by a clipping process. Since there is
no smoothing capacitor, the waveform dips sharply
to zero at a rate of 100 times per second. With a
constant supply voltage the relaxation oscillator
shown would generate pulses at a rate decided by the
R,C time constant, which need not necessarily
be related to the supply frequency of the mains.
The effect of the waveform notches is to discharge
C at uniformly recurring intervals and re-charging
of C starts from zero at the beginning of each cycle
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of the trapezoidal waveform. If now a positive
half sine wave voltage is applied to a controlled
rectifier in series with a load resistance the s.c.r.
could be fired by the pulse output from the uni-
junction oscillator. The time delay in triggering
the s.c.r. is clearly the time which elapses between
the start of the trapezoidal waveform and the produc-
tion of the next pulse by the relaxation oscillator.
For a fixed value of C, this time interval depends on
R,. It is only the first pulse which is effective in
firing the s.c.r. and after this it is quite immaterial
how many more pulses are generated during the
remainder of the conducting phase. At the next
Zener waveform notch, C is discharged. The s.c.r.
anode voltage is also zero so that conduction stops
and does not start again until the anode is once
more made positive and another firing pulse is
generated.

Before leaving Fig. 2 it is necessary to explain
the function of the diode D. In brief, it may be
followed by a large filter capacitor so that a smoothed
d.c. supply is available for other circuits which may
be required to operate in conjunction with the relaxa-
tion oscillator. Without the diode, this large capaci-
tor would smooth out the notches in the Zener
output waveform and thus preclude the possibility
of synchronizing the firing-pulse train to the fre-
quency of the supply mains. The diode serves to
isolate the filter capacitor from the relaxation oscil -
lator.

Functional Diagram of a Voltage Regulator

The block diagram Fig. 3 shows the principle of
a voltage regulator using s.c.r.s. The power trans-
former T supplies a conventional rectifier-filter unit.

T ¢ -—0
m RECTIFIER
230V FILTER .
D.C.
50c/s S,EAR.I OUTRUT
™
R—
. FIRING +
PULSES
SCR2 I I
AUTOMATIC
" |CONTROL CONTROL S
I I UNIT TROL SIGNALS
— < -
MANUAL
Fig. 3. Schematic diagram of voltage regulator.

Two controlled rectifiers SCR1 and SCR2 are
connected in parallel-opposition in the primary
circuit of T. They are fired alternately by pulses
derived from the control unit which incorporates
a relaxation oscillator of the type just described.
One s.c.r. conducts during a portion of the first
half-cycle of the input supply voltage while the
other -conducts in turn during the next half-cycle.
The conduction angle has some value between 0
and 180°, the precise value being determined
by the timing of the firing pulse-pairs. It is the
tunction of the control unit to allow for manual
adjustment of the output voltage to some chosen
level.
matic means of holding this level constant in spite of
load current or supply voltage changes. Manual
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At the same time there must be some auto-

control calls for nothing more elaborate than g
variation of the resistance R, in Fig. 2. Automatic
control requires that some sort of error signal should
be derived from a minute change in the outpur
voltage. This error signal should cause the contro]
unit to re-time the s.c.r. trigger pulses in such a way
as to restore the output to normal. If R, in Fig. 2
is replaced by a transistor it is clear that the capacitor
charging current and hence the firing-pulse timing
could be controlled by varying the base bias of this
transistor. In turn, this bias could be derived in
part from the d.c. output of the power unit and we
have a means of achieving the desired control.

Practical Voltage Regulator Circuits

Fig. 4 is the complete circuit diagram of a regulated
power supply which stems directly from the block
diagram in Fig. 3. The main power transformer
T1 feeds the bridge rectifier Bl and delivers its
output to the load through a choke-input filter
LC,, designed on standard lines. A bleeder resis-
tance Ry (1 to 2kQ, 10W), provides a permanent
load on the output and sets a limit to the requisite
maximum inductance of the swinging choke L.
The small transformer T2 feeds the unijunction
pulse generator Q1 and a control amplifier consisting
of the transistors Q2, Q3 and associated components.
The pulse transformer T3 has three windings each
of 250 turns of 30 s.w.g. enamelled wire wound on a
nickel-iron core of E and I laminations (cross-section
3in X 3in). The three windings must be extremely
well insulated from each other since there are very
high potential differences between them. Silicon
diodes D1, D2 and D3 serve to suppress pulses of
unwanted polarity. A rating of 0.25A and 50V
peak inverse voltage is ample for this application.

The resistance R, and the 20V 1W Zener diode
provide the trapezoidal waveform shown in Fig. 2
and, by means of the isolating diode D4 and the
50uF capacitor, also provide a smoothed and regulated
supply to Q2 and Q3.

The control amplifier Q3 (n-p-n), picks off a
fraction of the d.c. output voltage, determined by
R R, Rgand R, Of these, R, is manually variable
to set the output voltage at any desired value.
Any subsequent change in the output level affects
the base bias of Q3 and causes changes in its collector
current, further amplified by the complementary
p-n-p transistor Q2. The collector current of Q2
constitutes the charging current for C,, associated
with the pulse generator Q1. The resistance of the
transformer primary winding limits the peak pulse
current to a safe value while the resistances R,
and R, ensure that Q2 is biased beyond cut-off
in the absence of a control signal. The charging
rate of C, and hence the delay in triggering Q1
to produce firing pulses for the s.c.r.s is thus made
to depend on the level of the d.c. output and firing
is advanced or retarded in order to hold a constant
output in spite of changing load current or supply
voltage.,

Due to the long time-constant of the main LC
filter, it will be evident that regulation can never
be made instantaneous. Close voltage regulation
calls for high gain in the d.c. amplifier Q2, Q3.
Unfortunately the combination of high gain and
filter time delay sets up the conditions for instability

in the control loop and unless precautions are taken
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Fig. 4.

low frequency oscillations will be set up in the
system. Suppression of these is extremely difficult
and it has been found necessary to slow down the
amplifier response to an impulse signal by shunting
C, across the collector load of Q3. The minimum
value of C, required to maintain stability depends
on the filter constants, the load resistance and the
gain of the control amplifier. Conditions are worst
when there is no load on the power supply. If
C, is chosen to ensure stability in this case the system
will be quite stable under other conditions. In
any case the capacitor should be no larger than the
value necessary to maintain stability, otherwise
the control action becomes very sluggish. The
overall response time depends on the value of C,
and on the charging current instead of being deter-
~ mined by the filter and load resistance.

The transistors Q 2 (p-n-p) and Q3 (n-p-n) are low
power types (preferably silicon), of moderate current
gain and rated to work at 20V. The diodes in the
bridge B2 are 50mA types with a 200V peak inverse
rating while D4 is a single silicon diode of the same
type. The 5A fuses in series with the s.c.r.s should
be of the fast-clearing type. Some thought should be
given to the layout of wiring. Fast switching of
relatively large currents may conceivably inject
undesirable transients into the control amplifier
stages although the timing is such that the regulator
action ought not to be affected.

Fig. 5 shows waveforms at various points in the
circuit of Fig. 4.

The controlled rectifiers used in the regulator are
rated to pass an average forward current of 5A at
65°C. Peak inverse and forward breakover voltage
ratings are each 400V. These components are used
at very nearly the maximum permissible voltage
ratings and there is only a small safety margin against
line voltage transients or switching surges. No
trouble has actually been experienced but it might be
a wise precaution to use some scheme, such as that
shown in Fig. 7, to increase the allowable peak
reverse voltage rating. The resistances R; (say
33k ), serve to share the steady reverse voltages

WIRELESS WoRLD, OCTOBER 1963

Complete circuit diagram of voltage-regulated power supply using two s.c.r.s.

across the diode and the s.c.r. The components CR
0.1xF and 50 Q) take care of transients and allow for
differences of hole-storage times in the diode and
S.C.I. ’

The voltage regulation of the complete system is
between 1 and 5 per cent over the whole range of
outputs, being better at high than at low output
voltages. It holds good over the input range 180-
260V.

Output voltage overshoot is troublesome if a heavy
load is suddenly switched off and recovery is sluggish.
The only obvious way of speeding up the response
time is to leave out the main filter choke. This
would allow C, to be reduced in value or eliminated.
It might also be necessary to omit the 250uF capacitor
shunting the 220Q arm of the output potential
divider which feeds Q3. The filter inductor L is a
large, heavy and expensive component and it is
tempting to remove it. Unfortunately this will cause

+V
\ (a)

Fig. 5. Waveforms at
various points in circuit
of Fig. 4. (a) Supply
voltage. {b) Power
transformer  primary
voltage. (c) Zener volt- —y
age. {d) Gate pulse
voltage.
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Fig. 6. Voltage-regulated power supply using a single s.c.r.

large increases in the peak currents to be handled by
the controlled rectifiers and by the diodes in the
bridge Bl. The main power transformer must also
be de-rated. A partial cure might be effected by
using a low-value resistance instead of L. but this
tends to reduce the efficiency and impair the voltage
regulation. In spite of its shortcomings and inherent
defects, the regulator in Fig. 4 has been found useful
and reliable. It is highly efficient, runs coo) under all
conditions and can be controlled over the range
5 to 60V with good regulation and from 0 to 60V if
close regulation is not required.

Voltage Regulator Using a Single S.C.R.

The circuit of Fig. 6 is a simplified version of Fig. 4,
using a single s.c.r. as a switched series-regulator
element on the d.c. side of the main rectifier. In this
position it is called upon to handle a train of full-wave
rectifier sine waves. The s.c.r. rating is more
economically exploited in this connection since it
conducts twice per cycle of the input frequency and
the r.m.s. and mean currents are more nearly equal
than in Fig. 4 where each s.c.r. conducts only once
per cycle. Because the main rectifier output voltage
in Fig. 6 is constant, it can also be used to supply the
pulse generator and control amplifier stages. The
auxiliary supply in Fig. 4 is thus unnecessary. The
design of the firing-pulse transformer is simplified
because it only needs a single secondary winding.
The power diode D1 is an essential component in
Fig. 6. It serves to maintain current conduction in
L while the s.c.r. is blocked and non-conducting.
Because of the lower working voltages on the
secondary side of the transformer, the s.c.r. voltage
ratings can be lower than those required in Fig. 4
but the current to be controlled is proportionately
larger. As regards performance, there is little to
choose between the two circuits. Similar mechanisms
are responsible for regulation and control and the
same factors decide the response times to supply
voltage and load current changes. The circuit of
Fig. 4 has obvious advantages when a very high
output voltage is required since the controlled
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rectifiers are on the lower voltage side of the power
transformer and, though the peak voltage problems
are quite severe on the primary side of the 230V
mains, they would be impossible at a secondary
voltage of the order of kilovolts.

Full Wave A.C. Control by a Single S.C.R.

High voltage s.c.r.s are so expensive that it is worth
considering ways in which a single unit may be made
to do the work of a pair. Fig. 6 is of course one way
of doing this. Instead of using one s.c.r. in the
position shown, two of them could have been used as
substitutes for two of the diodes in the bridge
rectifier. In this particular case, other changes in the
circuit would have been required as well. For
example, an auxiliary power supply would have been
necessary to supply the pulse generator.

Fig. 8 shows how one s.c.r. can be used to give
full-wave a.c. control. It requires four extra diodes
in a connection similar to that used in rectifier-type
moving coil meters. Alternating line current causes
unidirectional current flow in the s.c.r., assuming of
course that this is suitably triggered into conduction.
When the s.c.r. is blocked, the forward voltage is the
same as that of the supply mains. Except under
transient conditions, when hole storage times in the

C R R C
] A AMAA—] }—
Fig. 7. Increasing the
R R peak reverse blocking
—AAMA —AAAA voltage of an s.c.r.
S.CR D
2 14
N

LOAD
Fig. 8. Full-wave a.c. <[ Di¥ xD3
control by a single AcC. SCR.
S.C.I. LINE N
t D2 XD4
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diodes and the s.c.r. must be taken into account,
there is a negligible inverse voltage on the s.c.r.

Under the d.c. conditions of operation of the s.c.r.
in Figs. 6 and 8, it is relatively simple to provide
protection against over-voltage. A polariz:d-type
selenium surge-suppressor could be connected in
parallel with the s.c.r. Recent types of power diode
bave a built-in avalanche characteristic. One of
these, suitably rated, could give protection if used in
shunt with the s.c.r.

The four diodes in Fig. 8 are much less expensive
than a single high-power s.c.r. which they can
replace, particularly when the relationship between
r.m.s. and average values of the s.c.r. current is taken
into account. There is no problem of matching or
symmetrical firing as there is when two controlled
rectifiers are used.

Conclusion

It is probably true to say that the ideal switching-
type regulator has not yet been devised. The
difficulties are fundamental and inherent and are
basically due to the interposition of a filter between
the switching element and the output from which
the d.c. error signal is derived and applied to the
control stages. In cases where high efficiency, high

output power and wide range of output control are
required there are good arguments in favour of the
use of controlled rectifiers as regulator elements.
In respect of voltage regulation, ripple reduction,
output impedance and speed of response the s.c.r.
regulated supply is inferior to the conventional series
transistor regulator. The circuits in Figs. 4 and 6
represent a reasonable compromise between cost,
complexity and performance. At the time of writing,
the arrangement in Fig. 4 has given trouble-free
performance over a period of six months. Its only
real defects are its slow response to load changes and
the voltage overshoot caused by shedding a heavy
load.
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VISION A.G.C.

GATED SYSTEM USING SYNC. PULSE

THE present-day necessity for domestic television
receivers to employ vision automatic gain control
has resulted in two basic approaches to the problem
of providing an efficient and economical system.

For positive modulation, the first system, usually
termed “mean level” a.g.c. employs the negative
voltage developed at the grid of the sync. separator
pentode. A portion of this potential is cancelled
in a resistive network by a positive feed from the
contrast control, the remainder being employed as
a.g.c. bias for the controlled r.f. and if. stages. The
bias developed by this means is dependent upon the
overall brilliance of the displayed picture. As a
consequence the black level is not constant, for the
video signal is always maintained at its mean level.
This system has been widely used owing to its sim-
plicity and cheapness.

The type of receiver capable of maintaining
correct black level in the reproduced picture must
employ some form cf gated vision a.g.c. The video
signal is gated during a black period which is con-
stant irrespective of picture information, and the
amplitude of signal so observed used as an a.g.c.
reference.

Suitable gating periods occur after the line and
frame synchronizing pulses. Gating after the line
pulses, i.e. during the line sync. pulse “back porch,”
provides a high sampling rate and consequent rapid
a.g.c. action. The gating pulse can be derived from
the line tlmebase This method however presents
problems.

(a) If the line timebase falls out of synchronlsm it is
possible for the gating to occur during the incorrect
parts of the video wave form. Where the picture
has been predominately white this has been observed
to result in a reduction of gain to such an extent
that correct synchronism is no longer possible. Care-
ful design will of course prevent this.

(b) As the line timebase efficiency diode is usually
the last valve to heat, the vision receiver will be
operating without a.g.c. until the line timebase pro-
vides the gating pulses.

(c) The phase of ihe line timebase will affect the co-
incidence of gating pulse and line sync. back porch.
The adjustment of the line hold control can often
affect the timebase phase sufficiently to produce
gating difficulty, particularly if a flywheel timebase
is employed.

It is possible to use delayed line sync. pulses to
operate the video gate. These pulses always occur
at the same point in time and when suitably delayed
can be usefully employed in gating. The system
to be described has been employed for a consider-
able time and found to be consistently reliable.

Fig. 1 shows the basic system. A triode V1 has
negative-going video applied to its cathode from a
low-impedance source. The triode is biased beyond

* Decca Radar, Ltd.
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cut-off to a degree adjusted by VR,, the contrast
control. Positive gating pulses applied to V1 grid
via a CR network drive it into conduction. The
degree of conduction depends on

(a) The cathode potential at the instant of gating.
(b) The extent to which the grid is driven positive.

If the gating pulse is of constant amplitude, the
degree of conduction depends upon the standing d.c.
level as set by VR, and the cathode potential of
V1. Negative pulses appearing at V1 anode are
rectified by MR, to provide a.g.c. bias.

If the signal strength falls, as the video drive to
V1 cathode is in a negative sense, its d.c. level at
the instant of gating will rise. Consequently the
conduction of V1 during gating is reduced and the
negative anode pulses are diminished, resulting in
an increase of receiver gain. The higher the gain of
V1 the more efficient the a.g.c. action becomes.

V1 cathode is fed from a low-impedance source
in order that its d.c. level will not be affected sig-
nificantly by current flowing through the valve
during the gating period.

Most sync. separators provide a negative output.
The line pulses could be differentiated and the posi-
tive peaks used for gating but the writer has not
tried this method. The prototype receiver employs
a flywheel line timebase and a sync. phase splitter
is 1ncorporated to drive the discriminator. Conse-
quently a positive-going sync. pulse is readily ava1l-
able.

Owing to the necessity for the gating pulse ampli-
tude to be constant, the sync. separator is arranged
to clip heav1ly by using a somewhat lower screen
voltage than is usual.

The prototype circuit is shown in its environment
in Fig. 2. V1 is the controlled i.f. stage, V2 the video
amplifier, V3 the sync. separator and phase splitter

m AG.C.
RECTIEIER
a.g.c.

NEGATIVE
VIDED CATE
Ri
DELAYED C
SYNC PULSE i CONTRAST
Fig. I. Basic system for positive modulation.
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Fig. 2. Sync-pulse-gated vision a.g.c. system in prototype cCircuit.

and V4 the video cathode follower and gating valve.

The sync. pulse is delayed approximately 3uS by
V3 the sync. separator and phase splitter. As only
the tip of the gating pulse is used to drive V4 into
conduction, the pulse rise time may be retarded by
integration so that by the time the required ampli-
tude has been reached a further 9uS delay is realised.
The integration is provided by R,; and the input
capacitance of V4.

It will be observed of course that the effective
gating pulse width will vary depending upon the
amplitude of positive drive required by differing
signal conditions and also that the gating pulse is no
longer rectangular. No detrimental effects have
been observed to result from these factors.

In the prototype circuit the delay is precisely
- optimum and if any alteration is contemplated it is
suggested that a double beam oscilloscope provides
the simplest means of doing so. The video wave-
form may be displayed on one trace and the gating
pulse on the other. The amplitude of the sync.
gating pulse must be arranged to be greater than the
maximum negative video drive representing peak
white, so that the standing bias applied to V4 grid
by the contrast control may be sufficient to cut the
valve off under all conditions. MR, is the a.g.c.
rectifier. A potentiometer is provided to adjust the
degree of a.g.c. applied to the r.f. stage, although
doubtless a circuit as proposed by R. H. Skinner
(W.W. Oct. 1958) would be more effective.

As it is possible for the video amplifier to saturate
instantly on receipt of a large signal, no sync. pulse
and hence no a.g.c. action is available under these
conditions. The saturated state is then maintained
indefinitely. As saturation of the video amplifier is
characterised by a large drop in its anode potential,
this drop may be differentiated by the network C, R,
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to provide a negative pulse on the a.g.c. line which
instantly reduces the receiver gain.

The video amplifier consequently desaturates and
normal a.g.c. takes place as the system recovers.
The effect of these anti-saturation components is
negligible when the system is operating normally.
At this point it may be useful to mention components
R,, and C; which are included to prevent the system
hunting.

A refinement of the basic system is made possible
by the use of a pentode as the gating valve. This
involves the feeding of the screen grid from the
anode circuit of the controlled if. stage. The if.
stage acts as a d.c. amplifier and provides a varying
potential at V4 screen in phase with the a.g.c. action.
An increase in a.g.c. loop gain results.

One possible disadvantage of the system is that
no a.g.c. action can take place unless the sync.
waveform is available, i.e. the receiver can saturate
with a c.w. input. One of the simplest forms of
protection is a CR feed to the grid of the last if.
stage enabling a heavy bias to be built up under
such conditions which will protect the video section
of the receiver. Of course such circuits must be
used carefully if the noise immunity of the receiver
is to remain unimpaired. The writer has found no
need for any protection circuits of this type.

In conclusion it can be said that to employ this
system in an existing receiver requires the possible
addition of one valve and its associated components.
The valve can be of the PCF80 type, the triode part
being employed as a video cathode follower or
sync. pulse inverter, the pentode as the gating valve.
In some cases it may be possible to change two
valves to double types and thereby avoid increasing
the total number of valves used. The reader will
doubtless have his own ideas of these matters.
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Centre in Holborn. The scanner for this equipment,
which rotates at 10 r.p.m., is to surmount the 600ft
tower. A “slave” display unit is to be installed in
one of the public galleries.

The Zenith Radio Corporation of Chicago recently
formed a British subsidiary—Zenith Radio Research
Corporation (U.K.) Ltd.—to set up a research labora-
tory in Stanmore, Middx. The laboratory is expected
to open within the next few weeks, with an initial staff
of about thirty, and will be devoted to basic studies
of various solid-state phenomena and will not be asso-
ciated with engineering or manufacturing.

Six British commercial officers from America are to
tour the U.K. from 21st October to 29th November to
talk to firms individually about selling in the American
market. Any company interested in seeing one of these
officers should write to the Commercial Relations and
Exports Dept., Board of Trade, Horse Guards Avenue,
London, S.W.1.

A simultaneous four-channel interpretation system
manufactured by Trix Electronics Limited, a subsidiary
of Ultra Electronics Limited, has been installed in the
new conference room of the National Coal Board at
Hobart House, London.

The semiconductor division of Electronic Machine
Control Ltd., of Thornton Heath, Surrey, has received
an order, valued at £266,000, for semi conductor manu-
facturing equipment from the Continent.- The name
of the purchaser is not disclosed.

Decca Radar Ltd. has received over 450 orders for
its low-priced marine radar equipment Type D 202,
which was introduced earlier this year. So far this
year, Decca has received orders for well over 1,000
marine radars, 90% of which were from overseas
countries. Incidentally, Decca, which has been in this
field for 12} years, received its 14,000th order for
marine radar in August.

The Admiralty Research Laboratory has ordered a
high-speed computer system from the recently formed
Engiish Electric-Leo Computers Ltd. The system will
also be used by other Admiralty establishments and s
to be installed in the autumn of next year at Tedding-
ton, Middlesex.

The Admiralty has placed an order with the
Marconi Company for about 70 m.f.-h.f. independent
sideband transmitters; Type NT 204. A previous order,
which was placed about 18 months ago and was worth
£900,000, called for a
larger number of these

OVERSEAS TRADE

Australia.—Radio equipment to be displayed by the
Council of Industrial Design during the series of British
Weeks in Australian cities next year include a Ferro-
graph tape recorder, Grampian microphone, Leak loud-
speaker and Ultra portable record player,

The Australian Post Office has given the General
Electric Company an order to supply all the micro-
wave equipment for four s.h.f. radio relay systems. The
equipment will include 34 repeater stations, 10 television
terminals and four telephone terminals.

Magyar Televizio, the - Hungarian broadcasting
authority, has ordered a third television outside broad-
cast unit from E.M.I. Electronics Ltd. The vehicle,
which is identical with the previous two, will be
equipped with four E.M.I. 44in image orthicon cameras,

China.—The National Machinery Import and Export
Corporation, of Shanghai, has ordered 15 delayed puilse
and sweep generators from Rank Cintel, This order
is valued at £4,500.

The Department of Posts and Telegraphs in Ghana
has commissioned the Marconi Company to supply and
install a 48-channel, twin-path, v.hf. link between
Ghana’s new atomic research station at Kwabenyan and
the capital, Accra. Marconi’s are using their own multi-
channel radio equipment and the Automatic Telephone
and Electric Company are supplying the carrier and
voice-frequency telegraph equipment,

The East African Posts and Telecommunications
Administration has awarded the Marconi Company a
contract totalling £80,000 for the modernization of the
multichanne] link between Nairobi, Mombasa, Tanga
and Dar-es-Salaam installed by Marconi’s ten years
ago.

German Subsidiary.—Marconi Instruments Ltd. have
formed a German sales and service company-—Marconi
Messtechnik G.m.b.H.—with headquarters in Munich.
T. Broderick, who served as a radio officer with Marconi
Marine before joining M.I. in 1955, has been appointed
manager and will operate from Wolfratshauser Strasse
243, Miinchen-Solln.

Redifon Ltd. have opened an office in Lagos, Nigeria,
to cover the west coast of Africa. C. K. Harrison
who has been with Redifon for three years, is the
area manager. He is an amateur transmitter and uses
the calls G30PJ and SN2CKH.
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LETTERS TO

THE EDITOR

The Editor does not necessarily endorse opinions expressed by his correspondents

Non-linearity Distortion Measurement

(1) I AM sure that Mr. M. V. Callendar (p. 446,
Sept. issue) will agree that in introducing a new idea
it is justifiable to consider simple cases before frighten-
ing the reader with the full complexity of a rigorous
treatment of class-B cross-over distortion. We limited
the introduction to the first three terms mainly for
this reason. It seems that our critics feel that the
whole analysis is thus limited, which is by no means
the case.

As will be seen by studying equation (2), from Brock-
bank and Wass, the noise power expression is given
for all orders of distortion including the rth, which is
surely high enough to cope with any type of character-
istic, however kinky.

Again, we included S8th-order distortion powers in
Table III, p. 164 of the April issue. Perhaps future
critics may care to note while the first three terms
were chosen to illustrate the analysis we have nowhere
stated that under abnormal conditions high orders are
unimportant.

(2). We are aware that high-order distortions produce
fractional terms normally associated with the funda-
mentals and other low-order products, but this does not
affect our argument.

(3) There is in our view absolutely no justification for
comparing distortions at constant volume. This habit
is a relic of a bygone age when M.V.C., “Cathode
Ray ” and this author were younger and when we were
all trying to squeeze a few hundred milliwatts from a
single P625 or LS5A at 109 distortion. In those days
the “wick ” was turned up until the distortion became
intolerable. Since speaker efficiencies were also low the
result was much as it is today-—"the very large propor-
tion of music heard” being intolerable and scarcely
audible!

The better way to consider distortion, when ir is
tolerably low is to imagine a single instrument, such as
a soloist with the backing of a full orchestra. Does
anyone rush to the volume control to cut down the
tutti to the same total power as the single oboe or violin
or flute? Surely not. The efforts made to increase
available dynamic range would be totally wasted. Today
it is possible to produce sound levels in the home at
least equal to those in the concert hall without over-
load for periods in excess of 1/10,000th part of the
time by using amplifiers of adequate power (plus forty
to plus forty-five dBm) and efficient speakers. In these
circumstances the addition of equal tones is completely
justified when comparing the relative powers in inter-
modulation and in harmonic distortion. Even if this
were not true, it would still not affect our argument.

(4) Audibility of single tones, wanted or unwanted
is not discussed in the article.

(5), (6). We have shown that in complex signals
comprising many tones of random duration simul-
taneously, the distortion due to nown-linearity of any
order resembles a uniform band of noise added to the
wanted signal. If this be true, and so far no one has
queried this result, the annoyance must be the same
as that of an equal instantaneous noise power added
to the complex signal.

The demonstration with the square-law distorter was
sufficient to show that the distortion did in fact sound
exactly like white noise, when the number of tones
was sufficiently great. Since the analysis shows that
this type of noise power is produced by any order, we
fail to see how the ear can distinguish between. two
equal powers of white noise and thus pretend to a
preference for one originating cause rather than another.

WIRELESS WORLD, OCTOBER 1963

When the level is changed, however, the noise power
in high orders increases faster than in low orders.

The idea of weighing a given harmonic is irrelevant
now that it has been shown that the intermodulation
noise power is “astronomically ” greater than the power
in a single harmonic. Our demonstration showed prac-
tically that the intermod noise was unmusical, i.e., that
the harmonics were inaudible below the intermodulation
noise. It was to prove this audibly that we took so
much trouble to derive the distortion from the only
known method which completely eliminates the signal.
We used a precise squarer which could be balanced to
eliminate fundamental and third-order terms. This
method does not restore the signal frequencies due to
secondary effects. The importance of the test relies
entirely on its success in this one point. Did it or did
it not sound like noise? There were several hundred in
the audience at the time but the test can always be
repeated for anyone interested.

The relevance of this test is whether or not it con-
firms the analysis. We think it does.

(7). One does not need to have automatic audio level
control to exclude overload. One can always build a
big enough amplifier. '

To conclude, we agree that harmonic measurements
if carefully made and equally carefully interpreted may
be used to derive a calculated value for the intermodu-
lation power. The calculation is by no means simple,
since it has to be carried out for a number of frequen-
cies and for all orders of distortion. Nor is the inter-
pretation easy when more than one distorting element
is used in tandem,

It is for all cases, the simple and the increasingly
difficult, that we put forward the slotted white noise
method as giving the quickest, most reliable single figure
numerical result including all orders of distortion simul-
taneously. It is the Noise Power Ratio that determines
the quality of a system at any particular level. Measure-
ments by this method would show that this ratio is
poor at low levels in badly set up class B networks, a
fact which is known to many besides our critics. Our
method gives this result—directly and without calcu-

lation in a repeatable numerical form in about two

minutes for each observation.

In final summary:—

We have shown that distortion gives rise to noise
and that the ““slotted white noise ” method can measure
this noise in the form of a power ratio. We think that
all ambiguity in interpretation of harmonic percentages
can be eliminated once and for all by the acceptance
of the N.P.R. as a convenient and unambiguous figure of
merit. The audio fraternity may be interested to learn
that this kind of measurement was made on Telstar and
is standard practice in the carrier telephone field where

low distortion is really important.
J. SOMERSET MURRAY.

Tape Guides

MAY I suggest to Mr. R. E. Ross (p. 446, Sept. issue)
that the excessive friction with p.tf.e. sleeved tape
guides may be due to electrostatic attraction? Presum-
ably the greater conductivity of glass would allow the
charge on the tape to leak away.

Also on a similar subject, I wonder if anyone else
has noticed the effect of capacitive current near the
25kV electrified railway from Crewe to Manchester?
I find that touching my wife’s hand when standing near
the edge of the platform produces the same tingling
sensation as an imperfectly earthed piece of mains-
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Capacitive Transducers with
Transistor Amplifiers

By A. R. BAILEY* M.Sc.(Eng.), A.M.1LE.E.

This article deals first with the obtaining of high input

resistances with transistors.

An alternative method of

obtaining a sufficiently long input time’  constant is then
examined and its relative noise performance is investigated.
Finally a detailed circuit is given which will give good

results with either capacitive or

THERE is a widespread belief that capacitive
devices, such as crystal microphones, crystal pickups,
etc., cannot easily be used with transistors. The
reasoning behind this view is presumably the diffi-
culty -in obtaining a very high input resistance in a
transistor stage without excessive cost. Before an
investigation is carried out into the development of
suitable circuits, it will be as well to go over the
reasons why crystal devices give difficulty.

The equivalent circuit of crystal devices can be
represented by a constant voltage generator of e.m.f.
V. and an internal capacitive impedance of value X .
The effective capacitance that causes the reactance
is constant over the greater part of the frequency
range and for our purposes will be assumed constant
for the present. The total * equivalent » circuit of
such a transducer with a resistive input circuit is
shown in Fig. 1. At high frequencies virtually all
the output voltage of the transducer will be developed
across the input to the amplifier. As the frequency
is reduced, however, there will come a time when the
increasing reactance of the transducer will cause an
increasing loss in the output. As it is a single RC
section that is causing the loss in output, the —3dB
point will be given where the reactance of the
capacitor is equal to the input resistance. The
ultimate rate of fall will be 6dB per octave. In the
case of crystal microphones and pickups, the value of
C will most likely lie between 500 and 5,000 pF.
For a 3dB loss at 50 c¢/s this gives limits to the input
resistance of 6.36M Q and 636kQ respectively.
For a response extending farther down into the low
frequencies this would mean using still higher values.

Having seen what values of input resistance are
necessary for an adequate bass response, it is now
required to see what values of input resistance can
be obtained with the use of transistors. Taking
the case of a transistor run in the common-base
connection!, the input resistance is approximately
258

I,
of the transistor and I, is the emitter current of the
transistor in milliamperes. This, however, is of
little use unless we know the values to fit in the

, where B is the common-emitter current gain

~Bradford Institute of Technology.
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inductive transducers.

equation. We have a starting point in that most
transducers give only a small output. For a good
signal-to-noise ratio it is therefore essential to use
low-noise transistors. For low-noise transistors
such as the AC107 the value of 8 is in the region
of 100, so all that is left is the value of I,.

As will be seen from the equation above, the
value of the transistor input impedance varies
inversely as the value of the emitter current I,.
Hence it would appear that any value of input
impedance could be obtained by a choice of a suitable
emitter current. In fact, however, this state of affairs
does not exist as the value of B falls off fairly rapidly
below a certain range of current. Luckily the low-
noise transistors maintain their current gain down
to quite low values of current, and it is quite possible

P
) e
LAY
X&= \ R
. . ] e /“"C) LS/ neut
Fig. I. Equivalent cir- IQQ 13 RESISTANCE
cuit of capacitive trans- | } 2 OF AMPLIFIER
ducer when driving into a
a resistive load. } T
b J

CAPACITIVE\ TRANSDUCER

to run with emitter currents as low as 50 pA without
much loss of current gain. Hence if we take the
fairly optimistic case if I, being 50 A and 8 being 100,

1 o - e .
the nput 1mpedance b.CCOITleS 50 % 10-3 = 50kQ

This value of input impedance is obviously far too
low for a crystal transducer as it stands. For a
reasonable bass response the input impedance will
need to be approximately 10 to 100 times greater.
The first way of tackling the problem is to use the
emitter-follower connection as shown in Fig. 2,
With a current gain of 100 in the transistor the input
impedance will be stepped up by a factor of many
times, the exact amount depending on the value
of the emitter resistor resistor Ry, If this resistor had
a value of 50kQ it would reflect a value of 508
(kQ) across the input of the circuit. If g is 100
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R TR
C )
— OUTPUT  Fig. 2. Single emitter-
follower circuit.
INPUT §R
2 R3
. . /

then this value is equal to 5.0 M Q. This would be
very satisfactory but unfortunately there are more
factors to be taken into account.

First, the input impedance of the transistor proper
will only be stepped up by a factor of approximately B
and this will give an additional 5.0 M Q in parallel
with the input using the values taken previously.
In addition there is the base-to-collector resistance
which is normally ignored. In this case, however,
it cannot be ignored as the input impedance is so
high. The value of this resistance is very variable and
varies greatly with conditions but is unlikely to
greatly exceed 2.5 M Q. These values when taken
together give a total input impedance of 1.25 MQ
which would appear to be satisfactory. However
there are further factors that cannot be ignored.
The input impedance of the following stage must
not be below about 50kQ or it will severely reduce
the total input impedance. In addition the input
potential divider for the base of the first transistor
must have a high impedance if it is not to shunt the
total impedance appreciably. This can be arranged,
but the thermal stability of the circuit will then suffer
and the transistor may “ bottom > at even moderate
temperatures.

One way out of these difficulties is to use a two-
stage emitter-follower with the first collector boot-
strapped to the output emitter. Such a circuit is
shown in Fig. 3. The input impedance can be as
large as 5 M Q but of course there is no voltage gain
overall. With the transducer connected the output
impedance will be in the region of 1,000 ohms, this
being very suitable for driving into a normal transistor
input. It will be noted that the bias supply to the
base as well as the collector of the first transistor is
bootstrapped from the output. This is necessary
as the d.c. base impedance must be low if thermal
stability is to be adequate.

This circuit gives no voltage gain, but owing to the
large impedance change there is a considerable
power gain. Although the overall gain will only be
about the same as that given by a single transistor
and a step-down matching transformer, the fre-
quency response will be far better. The transformer
would need an enormous primary inductance to give
a good bass response and the resulting interwinding
capacitance would seriously degrade the signal-to-
noise ratio. In addition, unavoidable resonances in
the transformer would give a final performance far
inferior to that obtainable by .using the circuit just
described.

The author was not satisfied that this was the
best that could be done with the components in
use. In particular it is necessary to use no fewer
than three bootstrap capacitors for the best per-
formance. - If the original equivalent circuit given in
Fig. 1 is re-examined, it will be seen that the time-
constant can be made sufficiently long by increasing
either C or R. Now there is little point in putting
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& large capacitor directly in parallel with the trans-
ducer as the output voltage will be correspondingly
reduced. It is, however, possible to produce large
effective capacitances by negative feedback without
degrading the noise performance. This is due to the
negative feedback being applied to the noise as well
as the signal. The virtual-earth type of circuit
appeared to hold the most promise and it was this
circuit that was finally decided on.

The block diagram of the proposed circuit is
shown in Fig. 4. With infinite gain in the amplifier
the output would be in anti-phase with the input and
the magnitude scaled in the ratio of C, to C,. With
a reasonable finite gain, of say —100 times, then
providing that C, and C, are comparable, the
magnitude error will be very small. The response
will not extend down to zero frequency as it would
in the case where the gain was infinite. It is, how-
ever, possible to determine the frequency-response
from a knowledge of the input capacitance of the
amplifier.

As the feedback of the amplifier is via a capacitor
the effective input capacitance of the amplifier?
will be (m - 1) C,. If C, and C, have the same
value this gives a total capacitance to earth of
(m 4 2) C,. The input time-constant is therefore
(m + 2) C,R. If m has a value of 100 this then
gives an effective input time-constant of 102CR.
Hence, although the value of R may be only 50k Q,
the time-constant is such that the transducer appears
to be running into a resistance of just over 5M Q.
In addition the effect of stray leakages across the
input is minimized as the input resistance is only
50k Q.

There remains, however, the problem of whether
the signal-to-noise ratio of the circuit has been
degraded as compared with the circuit originally
described. The relative signal-to-noise ratios were
therefore determined by the following method.

Provided that due care is taken in the design,
the noise generated will be predominantly caused
by the first transistor in the circuit. This will be
treated as a noise voltage of value E,, the two being
connected between emitter and base of the transis-
tor. To ease the analysis the gain measured from
emitter/base at the input to the output will be
assumed to be infinite. This may appear a rather
violent assumption but as there is negative-feedback
on both circuits it is not so bad as it might appear.

H-C

] s
|

OUTPUT

—

INPUT

‘T[%

r +
Fig. 3. Two-stage emitter-follower circuit giving a greater
input impedance than that in Fig. |.
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Fig. 4. Proposed amplifier system using “Miller’’ feedback.
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Fig. 5. Egquivalent circuit for emitter-follower when consider-
ing the effective noise output.

In fact it is only the extreme bass noise that is affec-
ted by this assumption.

Taking the emitter-follower circuit first (Fig. 5)
it will be seen that due to the infinite gain the voltage
across points A and B will be zero for any finite
output. Therefore all the noise current developed
by E, will flow into C. The voltage developed

1
across C is given by CJ Idr and as there is no

voltage across AB, all the noise e.m.f. is dropped
across R,. The noise current flowing into C is

E
therefore equal to R—’f and the voltage across C (which
n

.. 1(E
is equal to the output voltage) is given by CJR@dt.
n

Similarly in the feedback circuit (Fig. 6) it will
be seen that the net input voltage across the input
to the ampifier is zero due to the infinite gain. This
means that the noise current generated I, (which

E
will be equal to i{") must all flow into the capacitor
7

C,. No current can flow into the transducer as

there is no voltage across it.
The voltage developed on the capacitor is there-

1 (E . .
fore .—| ="dr and as there is no net input voltage

C2jR,,

1(E
the output voltage must therefore be — @Jﬁidt'
If C, and C, are made equal so that the overall gain

. ) 1(E
is unity, then the final noise output will be — éJRJz dt
n
where C is the capacitance of both the transducer
and the feedback capacitor.
Apart from the phase inversion in the second case

it will be seen that the two equations are identical.

WIRELESS WORLD, OCTOBER 1963

The overall voltage gain is unity for both cases so
far as the signal is concerned and it is therefore
apparent that the signal-to-noise ratio is identical
for the two cases. As the noise output depends on
the integral of the noise e.m.f. it will be apparent
that the noise spectrum is of the ¢ pink” kind.
In other words the noise power per unit bandwidth
will fall as the frequency is increased. It would be
therefore expected that the audible quality of the
noise would be less harsh than that caused by a
magnetic transducer, and this has been shown to
be so. The reduced noise at high frequencies
therefore causes a better signal-to-noise ratio than
would be expected at first sight. In practice the
finite gain of the amplifier will prevent integration
at the very low frequencies and the noise output at
these frequencies will be therefore reduced. How-

“ever under these conditions the useful output from

the transducer will be reduced by a similar amount
so the net effect on the signal-to-noise ratio will
not be noticed.

It is therefore obvious that the dynamic perform-
ance of the Miller-feedback amplifier is as good, if
not better than the double emitter-follower circuit.
The cost of the Miller type of amplifier can be less
than the emitter-follower type owing to the absence
of bootstrap capacitors. For this reason alone it
would appear preferable to use the second circuit,
but there is another factor that may be very useful
in some circumstances.

It will be noted that the only difference between
a ““straight” amplifier and the Miller-feedback
amplifier is the addition of the feedback capacitor.
If this capacitor is removed the amplifier will operate
as a perfectly normal low input impedance amplifier.
If this is done the amplifier will then be able to
operate with magnetic transducers and at the same
time give a useful voltage gain. Hence for a tran-
sistorized amplifier or recorder it is merely necessary
to break the feedback lead when operation from:
non-capacitive sources is desired. By the use of a
three-pin input plug this could be done automatically,
capacitive devices having two of the pins shorted
together.

The final circuit that has given excellent results is
shown in Fig. 7. This has been used by the author
in conjunction with an Acos Mic 39-1 to enable it to
be run with long leads and also to feed into transistor
amplifiers. The complete amplifier has been fitted
into the die-cast housing immediately behind the
microphone insert and the on/off switch and a three-
cell mercury battery fitted into the bottom stem of the
die casting. The results obtained compare very

- favourably with much more expensive moving-coil

AMPLIFIER

Ry m=eo.
In
=C ~ Ré QUTPUT
£ j
CAPACITANCE OF
TRANSDUCER

Fig. 6. Equivalent circuit of the capacitive feedback amplifier
when considering the effective noise output.
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THE FUTURE OF

PROJECTION TELEVISION

By V. VALCHERA*

A FRESH LOOK AT FORWARD PROJECTION

THE present form of television picture presenta-
tion by means of direct-viewing cathode ray tube
has reached the limit of further development. One
development which may come back in the very near
future is the optical projection method of television,
using a very small tube of 24in to 5in diameter. This
system can produce exceptionally large and clear
pictures for viewing in the normal domestic
environment.

Comparison with Direct Viewing

The reader may justifiably say that projection was
tried some years ago and did not quite make the
grade. Projection television came at a time when
viewers were looking for something larger than the
9in and 12in sizes then available. Unfortunately, in
order to quickly fulfill the demand, manufacturers
adapted direct viewing receivers for this very exact-
ing application with very unsatisfactory results. The
early projection television receivers were invariably
of the back projection type, of a phys1ca1 construc-
tion not unlike a direct viewing receiver. The limita-
tions imposed by this form of construction resulted
in pictures suffering from light diffusion through the
translucent plastic screen, giving a “woolly”

appearance, poor definition, poor contrast and very"

low light intensity. ILater developments rectified
these shortcomings by the introduction of front
projection.

Front projection has all the advantages of the
cinema and home ciné, and like the cinema it is
desirable that the screen be shaded from any direct

light. A skeleton diagram of the Mullard optical -

system is shown in Fig. 1. Projection television
offers two advantages over direct viewing; the .com-
plete absence of interlace flicker and the almost
indiscernible line structure. The picture “lininess”

is less discernible because the scan lines take up a
greater proportion of the area, having the effect of
closing the gaps between lines. This effect is
achieved partly by the fact that the line is wider,
and partly by the more pleasing effect reflected light
has on the optic system. The differences could be

FOCUS

uuuuuuuuuuuuuuuuu
.........

Fig. 1. Skeleton diagram
of Mullard optical agency.

SUPPLY CABLE
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SCANNING
CoiL ColLs

25kV
CONNECTOR |

considered analogous to looking into the headlight
of a car and looking at the area lit up by the lamp.
It is a fact that some people suffer from consider-
able eye strain after watching direct viewing tele-
vision whereas they not do not experience such dis-
comfort when viewing front projection television.

Technical Differences

Having detailed some of the advantages of projec-
tion, we can now consider some of the technical
differences between the two systems. The sound
systems for both forms are virtually identical except
that in the front projection system the loudspeaker is
best placed facing the screen. This gives the realistic
effect of the sound coming from the picture. A typi-
cal layout is shown in Fig. 2.

The “front end ” of a projection receiver is identi-
cal to a direct viewing type, but we begin to notice
essential differences in the vision i.f. stages. For the
larger picture to be visually acceptable, the basic
image on the face of the c.r.t. must have a much
better definition than that normally acceptable with
direct viewing. It is because of this that the vision
bandwidth response must be much closer to the
ideal. . A practical r.f. and i.f. response curve found
in a good projection television receiver is shown in
Fig. 3. It will be noticed that in order to obtain

*Valradio Ltd

VIEWING SCREEN

CORRECTOR _
LENS |

L -

e (] S

-
it e — -
!” Tazs ] (NS DS o

......

Wi L P
llllll I L7 )
Willams~. | .- .
-4 Hlllllll[ﬂbz IV
l,/ |lllllllz,|||m ) =
. ), =
I SPHERICAL
MIRROR

MIRROR MOUNTED

PICTURE ON FACE
OF C.RT. AT 45°

www americanradiohistorv com


www.americanradiohistory.com

PICTURE

SOUND

20"

o
-«

Fig. 2. Schematic diagram of television projection system for
picture size of 34in.
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Fig. 3. Lf. response curve. Rising response towards three
Mc/s tends to offset h.f. roll-off in video amplifier.

170V

SYNC, SEP

-

PL83

DETECTOR

Fig. 4. Projection television video stage, showing black-level
clamp.
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the best possible definition, the if. response has a
slightly rising characteristic which helps to offset the
falling response at the higher frequency end of the
following video amplifier. To avoid undesirable
overshoots the frequency uplift is strictly limited
and must as much as possible follow a linear rise.
The response curve shown in Fig. 3. is achieved by
over-coupled transformer and’ frequency-selective
antiphase coupling.

The output from the final i.f. stage of a projection
receiver must be between 15 and 20 volts for good
picture contrast, The video amplifier of projection
receivers must be capable of providing a peak to
peak output of 130V, including sync. pulses, to fully
modulate a projection tube such as the Mullard
MW6/2. The circuit of a video stage capable of
this relatively high output is shown in Fig. 4.

As compared with direct viewing receiver circuit,’
the unusual features of the projection circuit are the
addition of R,, R, and C, and the fact that the supply
voltage is 350 V. In order to hold the c.r.t, cathode
at black level, the travel is restricted by the poten-
tiometer R, and R,, high frequencies being passed
by C,. This process provides a simple form of black
level clamp, while retaining the protection of the
tube safety circuit which is intended to operate in
the event of a timebase failure.

Because we have a very strong video signal, it is
possible to introduce noise clipping in the sync.
S€parator stage to reduce noise in the line sync.

<~ —

VIDEO

ig. 5. Sync. separator stage.

Fig. 6. Cathode-ray tube safety circuit,

ANODE oF

FRAME AMP LINE TRANS,
COARSE
BRIGHTNESS
L o
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TO CRT. U
T0 gy OF PL83
VIDEO AMP.
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Fig. 7. 25-kV e.h.t. generator.
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,’:)m

pulses and produce clean vertical edges to the pic-
ture. Fig. 5 shows the circuit, where it will be seen
that the grid is returned to the anode wia a high
resistance; the positive bias so applied clips the top
edge of the sync. pulse and eliminates any noise that
may be present. To reduce the sync. separator
valve grid base, the suppressor grid is taken to the
control grid and biased negatively.

The timebase circuits of a projection receiver
follow the usual practice with the exception that,
because of the high beam intensity, it is necessary
to cut off the beam current in the event of a frame
or line timebase failure. This is achieved by rectify-
ing part of the output of both timebases and apply-
ing the resultant voltage as positive bias to the c.r.t.
grid.

In the event of a frame or line timebase fault, the
positive voltage on the grid of
the c.r.t. will fall, biasing the
tube beyond beam cut off.
Although in normal operation
the grid of the c.r.t. is about
200 V positive, the cathode is
about 250V positive, main-
taining the correct tube bias-
ing conditions. The collapse
of the 200 V positive grid volt-
age results in the tube grid
being biased up to 250V
negative in respect to the
cathode. In addition to bias-
ing the cr.t. to cut off, a
frame failure would also bias
the video amplifier to cut off

——

—J1

generator which provides a well-regulated output
of just under 25,000 V at up to a peak of 400 micro-
amps. This basic circuit is shown in Fig. 7. The
circuit may appear to be more complicated than the
corresponding direct-viewing e.h.t. supply, but in
reality it is quite straightforward. V1 is a conven-
tional blocking oscillator operating at a frequency
of 1,000 c¢/s, the output of which is applied to V2,
the e.h.t. generator, operating under Class “C” con-
ditions. Its bias is obtained by rectifying part of its
output. Any reduction of c.r.t. beam current will
cause this bias to rise, resulting in a reduction of
output. The circuit is made more effective by
returning the control resistances to the positive h.t.
line. The transformer T, is designed to resonate at
about 20k/s which, when excited from 1kc/s
pulses, results in severe ringing of the transformer,

340V
672A
T o MW
- 6/2
goV
o -

L

PL8I

LINE DEFLECTOR
COILS & TUBE
SAFETY CIRCUIT

AUDIO
AMPLIFIER

so that even in the presence
of a very strong video signal,
the c.r.t. would remain cut off,

. THERMISTOR FOCUS
thus preventing any damage

TEMPERATURE —

to the fluorescent screen. COMPENSATOR
Unlike direct viewing re-
ceiver practice, the e.h.t. for FOCUS
receivers is CONTROL

projection not
obtained from the line fly-

]

back circuit, but from a
separate very efficient eh.t.
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Fig. 8. Electromagnetic focus arrangement.
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Demonstrating A.C. Theory

PHASE RELATIONSHIPS AT VERY LOW FREQUENCIES DISPLAYED ON METERS

By T. PALMER, B.A., Grad.l.E.E., Assoc.Brit.l.R.E.

[N ‘“ Principles of Electricity in M.K.S. Units ”
Dr. E. Hughes says that “ one of the most puzzling
things to a student commencing the study of alter-
pating currents is the behaviour of a current in an
inductive circuit. For instance, why should the
current be at its maximum value when there is no
applied voltage? Why should it be possible to have a
voltage applied in one direction and a current flowing
in the reverse direction (for part of the cycle)?”
He gives a useful mechanical analogy. Elementary
students may also be helped by seeing demonstrations:
it is fairly easy to display on a double-beam oscillo-
scope sine wave patterns corresponding to the volt-
ages across a coil and across a resistor connected in
series, and some years ago (Electronic Engineering,
July, 1951) the writer arranged a circuit to draw a
vector diagram on a cathode ray tube. The snag is that
elementary students tend to believe that any desired
pattern can be displayed on a c.r.t. if the knobs are
twiddled long enough.

On the other hand, students are familiar with
moving-coil meters used in d.c. experiments, before
they start a.c. theory. The purpose of this note is to
describe demonstrations at frequencies of the order
of 5 cycles per minute, in which centre-zero moving-
coil meters are used to investigate phase relationships.
The oscillator used by the writer gave an output of 1
volt r.m.s. and is based on the Wien bridge circuit
in the “ Mullard Reference Manual of Transistor
Circuits ”’ (Fig. 7, page 240), using 400 uF tantalum
capacitors. Ordinary electrolytic capacitors in the
bridge were expected to give a poor wave form,
and did. :

The experiments may conveniently be conducted
in the following stages:—

1. The demonstration begins with resistors R,
and R, connected to terminals T, and T, respectively,
as in Fig. 1. The centre-zero meters, M;, M, and
M,, require 25 pA to give full scale deflection on
either side. Suitable values for R, and R, are in the
range 100kQ to 200k. Students see that the
pointers on M, and M, swing in step with one another;
when one pointer reaches its maximum deflection
to the right, so does the other. The pointer on M,
is also in step, and its peak swing is equal to the sum
of the peak swings on M, and M,. It is helpful at
this stage to remind students of the necessity for a
suitable convention; we could agree, for instance
that the current in each branch is to be considered
positive when flowing from A to B; the meters are
“connected according to a consistent pattern, so that
when current is flowing from A to B the pointer is
deflected to the right.

2. The resistor previously connected to terminals T,
is now removed; a capacitor of the order of 15uF
is connected to T,. It is seen that the current through
M, leads that in M, by 90°; when the pointers of M,

WIRELESS WORLD, OCTOBER 1963

and M, are swinging from left to right, that of M,
reaches its peak deflection to the 1ight at the instant
when that of M, is passing through zero. If ‘‘ leading”
is interpreted in this way, the order of the runners
is M,, M, M,. The phase difference between M,
and M, can be changed by varying the ratio of the
peak swings of M, and M,. For this purpose, it is’
convenient to have R, variable. It can be seen that
the peak swing of M, is less than the sum of the peak
swings of M, and M,.

3. The leads from terminals T, are now removed
from the capacitor and connected to something
intended to represent a coil; for the moment it will be
referred to as a black box; it will be described later.
If it were possible to find a coil with: sufficient
reactance at 5 cycles per minute to be comparable
with its resistance, we would use it. It is not claimed
that the black box is equivalent to a coil in every
respect; for instance, its reactance decreases with
frequency. »

The effect of connecting the black box to the T,
terminals is to give a current through M, which lags
that through M, by about 90°. The running order is
now: M,, M,, M,. The box has a control which
enables the current through M, to be varied and the
phase angle between M, and M, varies correspon-
dingly.

4. The resistor R; is now removed from the T,
terminals, and the capacitor is connected to them
(the black box remains connected to the T, ter-
minals). It can now be seen that the currents in M,
and M, are in anti-phase: when one pointer swings
from left to right the other swings from right to left.
The current I, through M, is in phase with whichever
current has the greater amplitude, and the amplitude
of I, is the difference between the amplitudes of I,
and I,. By adjusting the control on the black box
R,

a b M

My
R»

o—4F—o

A, wir B
© 0S¢ LLATOR

Fig. I. Three centre-zero me:ers arranged to demonstrate a.c.
phase relationships.
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we can make the amplitude of I, equal to that of I,,
in which case the current I, has almost zero ampli-
tude. This of course corresponds to parallel re-
sonance, and as far as I3 has any visible amplitude,
it is due to the phase angle betwzen I, and I, being
not quite 180°.

Simulated Inductance

A grounded-emitter transistor introduces a phase
shift of 180°. A coupling capacitor in series with a
resistor very much less than the reactance of the
capacitor gives a current leading the collector-
emitter voltage by almost 90°. The vector (or, if
you prefer it, phasor) relationship is represented in
Fig. 2. The net effect is that the capacitor current
leads the applied voltage V, - by 270°, which is the
same as lagging by 90°. This current flows through
M, when the “ black box ” is connected to the T,
terminals. The circuit of the black box is given in
Fig. 3; it is based on the information given on page
130 of the Mullard Reference Manual, but no emitter
bypass capacitor was used. VR, is the control which
allows the current from the black box to be adjusted.
The transistor, its associated resistors and capacitor
C; and its 9V battery were fitted in a 2-0z tobacco
tin. The positive terminal of the battery was con-
nected to the tin case. Before the demonstration
began, the case was connected to the B terminal of the
supply. When it is time for the black box to be
connected in series with M,, leads which previously
went to the capacitor are taken to the input and output
terminals of the amplifier. It is, of course, important
to ensure that the lead from the A terminal of the
oscillator goes to the input of the amplifier. When the
lead is connected to the output of the amplifier, to
protect the meter against the transient charging cu-
rent, it is convenient to have a limiting resistor of the
order of 150kQ in series with the meter. This can
afterwards be short-circuited by a crocodile-clip
lead. Incidentally, to protect the meter against ex-
cessive transient currents when the capacitor is
being connected in place of the resistor (when
changing from stage 1 to 2) it is desirable to reduce
the output of the oscillator to zero.

5. The effect of rectifiers. Revert to stage 1 with
R; and R, connected to M, and M, respectively.

This time M, has a bridge rectifier associated with
(The rectifier can be

it, but M, is not modified.

improvised out of r.f. diodes). At 5 cycles/minute,
the pointer of M, swings only on one side of Z€ero;
that of M, of course swings on both sides of zero.
Increase the frequency of the oscillator gradually,
When it reaches a certain value the inertia of the
moving-coils prevents any swing on either meter;
M, indicates zero; M,, the mean half-cycle value.

Practical Points

In the Mullard circuit for the Wien bridge oscillator
is a capacitor which applies the output from Tr3 to
the bridge. The value recommended is 1000 .F.
I'used an ordinary electrolytic with a value ot 5000 uF
and a rated working voltage of 12V. The fact that
it is not the more expensive tantalum type does not
seem to affect the waveform very much. An S.T.C.
thermistor type R53 is used in the circuit; I have no
knowledge of its time-constant, and wondered
whether it might be desirable to replace it by a
pre-set variable resistor, when working at a frequency
of 5 cycles/minute. This does not seem to be
necessary. S.T.C. Stantelum capacitors, which are
reasonable in price, work well in the Wien bridge.

Centre-zero meters were not available for the
original demonstrations. Ordinary types, with full-
scale deflection of 50uA, were biased by sending
25uA through them; each meter had its own 1.5V cell
and variable resistor. (A volume control incorporat-
ing and on-off switch was used, so that the battery
could be disconnected when not in use). The
meters were mounted on a peg-board inclined plane
together with the terminals T, and T,. The meters
were arranged in line, one above another, so that the
eye could easily appreciate phase relationships.
Meter M, had a 2-pole, 2-way switch so that it
could be connected to its bridge rectifier.

Another oscillator which has been tried is the one
given as Fig. 15 in the article by F. Butler in the
December, 1962, issue of Wireless World. This
works well, and when an attempt is made to apply
slow motion to’ three-phase circuits, its CR ladder
network should be very useful.

Student Reactions

When the difficulty of finding a coil of sufficient
inductance (and low enough resistance) had been
mentioned, and the necessity of the * black box

N

VCOLLECTOR-EM ITTER

LearaciTor

Above: Fig. 2, Derivation of 90° lag
equivalent to a 270° lead.

A Left: Fig. 3. Circuit diagram of
B ‘8 " ; ;
o VLE o black box which simuiates a
OSCILLATOR large inductance.

3o
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"
5/32° DIA. HOLE
FOR NEON N,

APERTURE CUT
IN PANEL TO
SUIT METER

>

Fig. 3. Construction of case.

FRAME CUT FROM

38" QUARTERING
& GLUED TOGETHER

the required gain with economy of components, a
single transistor stage with a high collector load
being all that is required to give an output of about
50mV r.m.s.

The design of the amplifier is conventional with
respect to the biasing arrangements, component
values being chosen to give reasonable thermal
stabilization (K& 1/8). Due to the use of a 90-V bat-
tery some extra precautions to protect the transistor
must be employed. Apart from keeping the tran-
sistor within its maximum permissible dissipation,
care must be taken that if the transistor is cut off at
any time, the maximum collector-emitter voltage is
not exceeded. The components D,, R;, R;, C,, form
a clamp circuit. The voltage at the junction of R,
R, is slightly less than the maximum permitted col-
lector-emitter voltage. If the collector voltage be-
comes more negative than this voltage, D, conducts
and clamps the collector to the voltage at R;, R;
junction. The amplifier output is capacitance-
coupled to VR, the output control, and then via a
single-pole, two-way switch to the output leads.

An identical high-gain amplifier to that in the
noise-generator stage is used in the indicator section,
with the exception that the pickup device is trans-
former-coupled to the input. (A small speaker with
the cone facing upwards, in an enclosed box has
proved suitable for use as a microphone). The out-
put of the amplifying stage cannot be used to drive a
low-impedance meter directly, and so an emitter
follower is included after the amplifying stage, its
output being capacitance-coupled to a rectifying and
smoothing circuit and thence to the meter.

WIRELESS WORLD, OCTOBER 1963

i i
3fg % /g
BATTEN

CLADDING CUT TO
EXACT SIZE OF EACH FACE
FROM FORMICA SHEET
& GLUED TO THE FRAME

PLYWOOD BASE,
6" x5 x &

~ The type of rectifier circuit chosen merits some
explanation. The output of the indicator amplifier
is sufficient to drive a i-mA meter via a bridge
rectifier, but due to the signal varying in frequency
and amplitude in a random fashion the meter needle
jitters sufficiently to make accurate balancing diffi-
cult. Further amplification and clipping of the

signal was tried and although a steady reading

was obtained when the clipped signal was fed
directly into the indicator amplifier, jitter was
still present when the clipped signal was obtained
from the amplifier and microphone. This jitter was
traced to the fact that not all the noise components
were present in the microphone output in the same
proportions as in the signal in the clipped output
of the generator, due to peaks and dips in the fre-
quency responses of the pickup microphone and
loudspeaker systems producing corresponding peaks
and dips whenever signal components at these fre-
quencies were present. With the rectifier system
shown, even with no clipping, and a long time-
constant smoothing circut, considerable reduction in
jitter is obtained, although there is some loss in
sensitivity and a more sensitive meter must be used.

The unit is constructed on a % inch wooden frame
with a plywood base, pinned together and then glued,
the Formica panels being attached with “ Evostik.”
The meter is mounted on the sloping panel with the
neon above it used as an on/off indicator as well as
a noise source. It is necessary to mount the neon in
foam rubber as it is prone to microphony. The
“ electronics ” are all wired on a single Paxolin panel
with components mounted on “turret tags”; resistors
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Electronics

in- Neurophysiology

HISTORICAL REVIEW -OF ELECTROPHYSIOLOGICAL TECHNIQUES

By P. E. K. DONALDSON,* m.A., AM.LEE.

'lN 1751, one Michel Adanson, whilst visiting West
Africa, encountered Malepturus electricus, the
‘electric catfish. He described the experience as
“un tremblement trés-douloureux’, and went on
“son effet ne m’a pas paru différer sensiblement de
la commotion électrique de Pexpérience de Leyde,
que j'avois déja éprouvée plusieurs fois”* This is
perhaps the first report in which animal electricity
was recognized as such.  The topic has been studied
ever since, though nowadays under the more
dignified name of electrophysiology.  Electro-
physiology is the study, in terms of their electrical
properties, of the mechanism of the nervous systems
of those living creatures sufficiently complex to need
one. As such, it is oene of the techniques of the
neurophysiologist.

Although -electronic equipment is inevitably part
of the stock-in-trade of the modern electro-
physiologists, it would be erroneous to suppose that
electronic techniques have suddenly made electro-
_physiology possible; a great deal was known about
the electrical properties of nerve and muscle before
anyone had heard of electronics. Indeed, one can
go so far as to say that physiologists were doing
important work before electrotechnology could pro-
vide any apparatus to, help. them. Everyone has
heard of Galvani, who at the close of the 18th
century became intrigued by the twitching of a
frog’s leg; the leg was suspended from some iron
railings by a copper hook. The sequel to these
observations is perhaps less well known: Galvani
thought that the energy which stimulated these
contractions came from the frog’s leg, whereas Volta
held that the junction between the dissimilar metals
was responsible. It turned out eventually that
Volta was right; the piece of nerve attached to the
muscle was sensitive to the feeble current set up by
the metals, and in some way caused the muscle to
shorten. The frog nerve-muscle preparation thus
became used as a detector of feeble and transitory
electric currents, which for many years greatly ex-
ceeded in sensitivity anything the embryo electrical
instrument industry could provide. So much was
this so, that although Helmholtz proposed the

tangent galvanometer in 1849, we find his close -

friend du Bois-Reymond using the apparatus shown
in Fig. 1 nearly 40 years later.” The electric catfish
discharges in a train of shocks; du Bois wanted to
measure the strength of one shock. He used one
nerve-muscle preparation to ring a bell, signalling
that the fish had discharged, and another to open the
circuit connecting the catfish to a ballistic galva-
nometer; in this way, only the first shock of the train
was measured.

In 1850, Helmholtz had measured the conduction

*Physiological Laberatory, Cambridge.
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velocity of nerve, of the order of 100 metres per
second. The announcement met a good deal of dis-
belief from the philosophers of the time, who felt
that the Will and the Action must surely be simul-
taneous; it had been supposed that the conduction
velocity would be infinite, or at least the speed of
light. A more important difficulty, however, was
that nobody knew what it was that the nerve con-
ducted. It was suspected that some electrical change
accompanted the contraction of muscle, if not the
conduction by nerve, because in 1842 Matteucci had
discovered “secondary contraction®; if the muscle
of one nerve-muscle preparation is laid against the
nerve of another and the first nerve stimulated, both
muscles contract. It looked as if the second nerve
were being stimulated by curremt from the first
muscle. At last, two instruments appeared which
were to shed some light on the matter. The capillary
electrometer was invented by Lippmann in 1872 and
used ten years later by the physiologist Burdon-

Fig. | Preparations of frog-leg nerve muscle used for investi-
gating electrical pulses from cat fish. The first pulse of a train
causes G to shorten and ring the bell F. G, also contracts and

opens the circuit to the galvanometer B.

521

www americanradiohistorv com


www.americanradiohistory.com

SCREEN

’
L4

MAGNIFIED
IMAGE OF MERCURY

Fig. 2 Principle of capillary electrometer. Length of mercury
column varies with applied potential.
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Fig. 3 String galvanometer.

Sanderson to record the output of the electric organ
of the skate, brief discharges of a few volts. The
instrument was improved until it became possible to
see that contraction of muscle is indeed accompanied
by an “action potential”, a wave of negative
potential of the order of 20 mV which sweeps over
the surface of the muscle in a millisecond or two,
and which may be detected by surface electrodes
placed at two different points along its length.
Capillary electrometers have a high input impedance,
.but the voltage sensitivity is limited and changes in
indication are retarded by viscous damping of the
mercury column (Fig. 2).

The other instrument was the string galvanometer,
invented by Einthoven in 1901. With a strong
magnet and a gold-plated quartz fibre for the string,
the instrument could be made quick-acting and
sensitive., The impedance was low, so it was better
adapted to a low-resistance signal source. An entire
human being is such a source, and the early electro-
cardiograms were taken with string galvanometers;
an electrocardiogram is just a picture of the rather
unusual action potential exhibited by cardiac muscle,
which is itself a rather unusual muscle. It was
possible to investigate the action potentials of other
muscles, using the string galvanometer, and under
very-favourable conditions it became possible at last
to detect that the disturbance that nerves conduct
is accompanied by a feeble action potential also
(Fig. 3). '

Quantitative investigations into nerve action
potentials had to await the coming of electronics.
Braun had devised the cathode ray tube in 1890 and
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de Forest the triode valve in 1906. By 1922 we finq
these devices much improved and the Americang
Gasser and Erlanger using them in the first electrg-
physiological set-up of modern type, apart perhaps
from the electromechanical time base or “spread-
ing” these workers used. With such apparatus, Fig,
4, it is possible to stimulate either a whole nerve or—
more important—a single constituent nerve fibre
(cf. one core in a multi-core cable) at the electrodes
T, launching an action potential which is propagated
without attenuation along the nerve and which is
recorded as it passes the electrodes E. In this way
the true shape and amplitude of the nerve action
potential can be demonstrated, with such other
features as its all-or-none nature, and its maximum
recurrence frequency—of the order of hundreds per
second. ’ '

Cathode ray tubes did not at once become popu-
lar; the early models were expensive and short-lived,
and produced only dim traces. Hence in 1925 we
find Adrian—now Lord Adrian—using a three-valve
amplifier but retaining the capillary electrometer as
indicating device.- In 1928 a special oscillograph for
electrophysiologists’ use, Fig. 5, was described by

‘Matthews—now Sir Bryan Matthews, Professor of

Physiology at Cambridge. This was a high speed
moving-iron reflecting- galvanometer; its response
extended to 5000 c/s and it was intended to follow a
five stage resistance-capacitance-coupled amplifier,
whose output stage comprised four of the then avail-
able power triodes in parallel.

The stage was now set for the >30s. * Wireless ”
components were easily obtainable, and the way was

~open for any physiologist to research, not only. into

nerve and muscle, but also into the animal input
transducers. Lights could be shone into eyes, clicks
directed into ears, toes could be tweaked, and re-
cords taken of the accompanying neural signal in the
visual, auditory and tactile nervous pathways. Alter-
natively, gross effects produced by such peripheral
stimuli could be investigated in the central nervous
system itself, recording from electrodes in or on the
spinal cord or brain, or by attaching surface elec-
trodes to the scalp (electroencephalography). The
need to record microvolt signals necessitated during
this period the adoption of new circuit techniques
for achieving low noise and for suppressing interfer-
ing signals. By 1934 Matthews was using a push-
pull input stage for his amplifier, later improved by
the addition of a long tail.

In this kind of work, the system studied was
patently complex, involving perhaps a transducer
organ, some peripheral synapses (neural relays),
appreciable lengths of nerve and possibly some cen-
tral synapses as well. Whilst some physiologists
were doing this, others were interested in an appar-
ently simpler problem—just nerve, and how it
worked. The theory current at the time had been
proposed by Bernstein at the beginning of the cen-
tury, and required that the core of a resting nerve
fibre be polarized negatively with respect to its
exterior. Such a polarization can easily be detected
in a whole nerve (where a number of fibres act in
parallel) by squashing part of the nerve and connect-
ing a galvanometer between the squashed part and
an intact part. The connection to the damaged por-

. tion of nerve is effectively in contact with the core
- material of each fibre, and a so-called “injury cur-

rent” flows round the circuit. But the polarization
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Fig. 7 Extremely high input-impedance stage for measurement
of nerve-fibre potential.

the time constant of microelectrode recordings by
the use of sufficient positive feedback to make the
effective capacitance of the input stage zero. To do
this requires care, and the method is fraught with
traps for the unwary; many physiologists will have
nothing to do with it.

The modern physiological laboratory abounds in
electronic apparatus; pH meters, spectrophoto-
meters, ionized particle counters, stimulators, even
computers of various kinds. But these are all known
in fields outside electrophysiology. (“ Stimulator ”
is only ‘the biologist’s name for a pulse generator.)

The microcapillary electrode remains the latest
major step forward in the study of animal electricity,
With its help, we know there is a pattern in the
way the transducer cells work: that the incident
stimulus—in whatever form—causes a direct current
to flow in the neighbourhood of the cell, which in
turn launches an action potential in the attached
nerve. With its help, we know so much about nerve
that contemporary studies seem more biophysical
than physiological. With its help, we hope to find
out why muscles contract and perhaps, one day, to
gain some understanding of the brain itself. All
this, from a little piece of glass tube, drawn out in
a flame until it is too thin to be seen, and then
filled with salt water.
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The high daytime MUFSs, characteristic of winter
conditions on routes largely in the northern hemisphere,
are reappearing. It is interesting to note that on
southerly circuits to Africa and South America the
highest frequencies in the h.f. band will be of use again,
even though the sunspot cycle is close to its minimum.

The prediction curves show the median standard
MUF, optimum traffic frequency and the lowest usable
high frequency (LUF) for reception in this country.
Unlike the MUF, the LUF is closely dependent upon
such factors as transmitter power, aerials, local noise
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MEDIAN STANDARD MUF
OPTIMUM TRAFFIC FREQUENCY
LOWEST USABLE HF

level and the type of modulation; it should generally
be regarded with more diffidence than the MUF. The
LUF curves shown are those drawn by Cable and
Wireless, Ltd., for commercial telegraphy and they serve
to give some idea of the period of the day for which
communication can be expected.

WIRELESS WORLD, OCTOBER 1963

www americanradiohistorv com


www.americanradiohistory.com

www americanradiohistorv com


www.americanradiohistory.com

OCTOBER MEETINGS

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

conmunicate with the secretary of the society concerned.

LONDON

2nd. BiitI.R.E. & I.E.E.—Discussion
n “ Electronic equipment for medical
research—build or buy?” opened by
W. J. Perkins and Dr. G. H. Byford
at 6.0 at the London School of Hygiene
and Tropical Medicine, Keppel Street,
W.C.1.

8th. Society of Relay Engineers.—
Symiposium on pay-television at 2.30 at
21 Bloomsbury Street, W.C.1.

9th. DBritish Conference on Automa-
tion and Computation.—“ Computers
and management ” by Sir Edward Play-
fair at 5.30 at the L.E.E., Savoy Place,
w.C.2.

9th. Brit.LR.E.—“ Novel types of
magnetic recording heads” by Dr. J. C.
Barton at 6.0 at the London School of

Hygiene and Tropical Medicine, Keppel -

Street, W.C.1.

10th. Radar & Electronics Associa-
tion.—* Optical masers, how they work
and what they do” by Dr. G. W. Wil-
son at 7.0 at the Royal Society of Arts,
John Adam Street, W.C.2.

15th. LE.E.—“ Computers and en-
gineers ” by Dr. J. R. Mortlock (chair-
man, Science and General Division) at
5.30 at Savoy Place, W.C.2.

22nd. LE.E.—“ Predictive control ”
by J. F. Coales, at 5.30 at Savoy Place,
w.C.2.

23rd. LE.E.—* Electronics—the ex-
panding frontier ” by Dr. R. C. G. Wil-
liams (chairman, Electronics Division) at
5.30 at Savoy Place, W.C.2.

23rd. Brit.LR.E.—*“ Methods  of
distinguishing sea [radar] targets from
clutter” by A. Harrison at 6.0 at the
London School of Hygiene and Tropi-
cal Medicine, Keppel Street, W.C.1.

24th. Society of Instrument Techno-
logy.—The Thomson Lecture ‘ Tech-
nology, life and leisure ” by Prof. Dennis
Gabor at 6.0 at The Royal Institution.

28th. I.E.E.—Discussion on “ Solid-
state nanosecond techniques ™ at 5.30 at
Savoy Place, W.C.2.

28th. I.E.E.—* Self-checking in the
SATCOQO air traffic control system” by
Ir. R. A, Grijseels at 5.30 at Savoy Place,
w.C.2

29th. IEE. & Bnt LR.E. —DlSCUS-
sion on “Fixed [computer] stores” at
6.0 at Savoy Place, W.C.2.

29th. Society of Instrument Techno-
logy.—“ Solid-state  telemetering and
supervisory control systems” by A. ]J.
Keeling and G. S. Kermack at 7.0 at
Manson House, 26 Portland Place, W.1.

30th. Brit.I.R.E.—* Studio problems
for colour television” by J. S. Samson
at 6.0 at the London School of Hygiene
and Tropical Medicine, Keppel Street,
w.C.1.

30th. Television Society.—Sym-~
posium on “ Multistandards studio
Flannmg” at 7.0 at the LE.E., Savoy

lace, W.C.2,

31st. Television Society. ——Flemmg
Memorial Lecture “ Television in space
research” by Prof. J. D. McGee at 7.0
at the Royal Institution.
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BIRMINGHAM

24th. Brit. LR.E.—“Infra-red in
medical research” by C. M. Cade at
6.15 at University of Birmingham. -

25th. I.E.E.— Teaching machines ”
by G. Pask .at 6.15 at the College of
Advanced Technology, Gosta Green.

28th. I.E.E.—* Stereophonic sound ”
by Prof. Colin Cherry at 6.0 at the
James Watt Memorial Institute.

BOURNEMOUTH

9th. Brit.LR.E.—* Laser communi-
cations ” by M. Dore and G. S. Waters
at 7.0 at Bournemouth Municipal College
of Technology and Commerce.

BRISTOL

8th. Brit.I.R.E. & I.LE.E.—“ The field
effect transistor and its applications ” by
C. S. den Brinker and D. Ellison at
6.30_at the Bristol University Engineer-
ing Lecture Rooms.

CAMBEBRIDGE

15th. IE.E.—“Use of operational
methods for analysis of non-linear func-
tions ” by Dr. J. K. Lubbock at 8.0 at
the Engineering Laboratories, Trump-
ington Street.

31st I.LE.E.—* Some electronic
techniques for radio telescopes” by Dr.
D. M. A. Wilson at 8.0 at the Engineer-
ing Laboratories, Trumpington Street.

CARDIFF

2nd. Brit.I.LR.E.—* Tunnel diode ap-
plications ” by M. R. McCann at 6.30
at the Welsh College of Advanced Tech-
nology.

CATTERICK

15th. IE.E.—“Pulse techniques in
line communications” by R. O. Carter
at 6.30 at the School of Signals, Cat-
terick Camp.

CHRISTCHURCH

~30th. I.E.E.—* Communication satel-
lites ” atr 6.30 at the Kings Arms Hotel.
(Joint meeting with the Royal Aeronau-
tical Society).

FARNBOROUGH

31st. Brit.I.R.E.—*“ Laser communi-
cations ” by M. Dore and G. S. Waters
lat 7.0 at Farnborough Technical Col-
ege.

HUDDERSFIELD

22nd. IL.E.E.—Discussion on  Tele-
vision in the service of technical educa-
don > opened by J. Scupham at 6.30 at
Huddersfield Training College for
Technical Teachers. :

ISLE OF WIGHT

25th. ILE.E.—“ Some factors influ-
encing the .design of h.f. broadband
mono-pole aerials” by-H. P. Mason at
6.30 at the Isle of W1ght Technical Col-
lege, Hunnyhill.

LEEDS

2nd. Brit.LR.E, — “ Loudspeakers

' today > by K. R. Russell at 7.0 at Leeds

University, Department of Electrical
Engineering.
LEICESTER

8th. Television  Society.—* The

world-wide relaying of television by
artificial earth satellites ” by W. J. Bray
at 7.30 in the Main Hall, Vaughan Col-
lege, St. Nicolas Street.
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UNBIASED

Radar & Echar

WE all know that bats use a very
effective “acoustic radar > technique
in order to avoid colliding with
obstacles, and I was interested to
notice  recently that the reviewer of
a new book entitled “The Senses of
Animals” mentioned that whales
and dolphins use similar principles
for finding their way about. '

The reviewer used the unqualified
word “radar” when talking of the
d.f. activities of bats, but later in
his remarks he quoted the words of
the two authors of the book, who use
the term sonar which they define as
“the giving out of very short, abrupt
bursts of sound which can bounce
back as echoes.”

The tautologism embodied in this
definition distressed me greatly, and
I should like to be told in what guise
other than that of an echo, a sound
could do its bouncing back. After
all, the term echo, which is one of
the few Greek words which we have
taken into our language without
modification, means a reflected or
bounced-back sound, and nothing

else.
This makes nonsense of the
phrase “radio echoes” sometimes

used by people who ought to know
better to describe the soundless and,
therefore, non-echoic come-back
of man-made- electromagnetic waves.

The word sonar is an acronym like
radar, its letters standing for “ SOund
Navigation And Ranging.” It is
used to designate any radar-like
system which uses waves in media
other than what we, in the days of
our ignorance, used to call the ether.
Such other media are water in the
case of sounding the depths of the
sea or locating submarines, etc., and
air in the case of bats.

I have always thought that the
word echar would have been prefer-
able as its very sound instantly sug-
gests- the word echo, and therefore
the modus operandi of the system.
Furthermore the word echar is just
as good an acronym as sonar, namely,
“Echo-Controlled Homing And
Ranging.”

But, of course, the word sonar is
now well established with the
powers that be, and I fully realize
that nothing I can say is likely to
shift it.

Strictly speaking there is nothing
in the word radar which rules out its
use to describe the sound-wave tech-
nique of bats even though the first
“r” in radar is the initial letter of
radio. Words like radiate and radia-
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tions are often found in the literature
dealing with sound waves, and they
have the same ancestry as radio.
The word radio is at least two-
and-a-quarter centuries old; it was
used in the compound word radio-
meter as early as 1727. This was
the name of the instrument then
used by surveyors for measuring the
angular separation of radii, or in
other words, angles. But we must
bow to common usage by accepting
the word radio as an American
synonym for what we call wireless,
just as we had to accept the Ameri-
can “radar” as a synonym for our
own terms radiolocation and r.d.f.

Defoxing Fuchs’ Formula

IN the August issue, I drew atten-
tion to a newspaper report from
Lisbon which told how a schoolboy
had been caught cribbing in an ex-
amination by means of a transistor
transmitter-receiver. I also men-
tioned an earlier instance of wire-
less cribbing, using morse which had
been discovered owing to the diffi-
culty of transmitting in morse a long
and complex equation which I repro-
duced in my note in the 28th April,
1938, issue. I expressed the epinion
that it would be just as difficult to
transmit by telephony as it had been
by morse.

However, the Editor confounded
me by turning the equation into
“morsable ” and “ phonable ” phone-
tics which he added as a footnote to
what I had written in the August
issue.

To his immense surprise, and mine
also, a letter arrived from Dr. R. C.
Chambers, of Bristol University, in
which he said that he did not possess
a copy of W.W. for 28th April 1938,
but that from the Editor’s phonetics,
he had been able to identify the
equation. He did indeed identify it
accurately as coming from a paper
by K. Fuchs entitled “The Con-
ductivity of Thin Metallic Film
According to the Electron Theory of
Metals” published in Vol. 34, Part
2 (January 1938) of the Proceedings
of the Cambridge Philosophical
Society. I well recall sitting in the
early part of 1938 with a file of the
Proceedings in front of me. I was
very struck with this particular
equation, and I quoted it as it seemed
in its complexity and magnitude to
be on a par with the longest word in
Welsh, which has 52.letters, and a
similar monstrosity in Greek which
is over three times as long, having
no fewer than 169 letters.
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In his letter to me, Dr. Chambers
says the fact that I quoted Fuchg
formula “leads me to wonder again
who you may be”. To the implied
question in his remark I can only
answer by quoting Mr. Asquith’
famous “ Wait and See”. Maybe he
won’t have to wait too long as T haye
been writing this feature in W.W. for
over 33 years and the Editor has
promised to publish all printable
biographical details in my obituary
notice,

Meanwhile I would point out that
as Dr. Chambers has so unerringly
defoxed (le mot juste) Fuchs’ for-
mula from the Editor’s phonetics, he
ought not to have great difficulty in
elucidating my identity by studying
the details of my life which were
given in “Audio Biographies,” by
G. A. Briggs which was published
in 1961. It is true that the details
written there are in a rather esoteric
form but should present no difficulty
to the initiated, more especially as
I gave the latitude and longitude of
my dwelling which is still the same;
“elementary my dear Watson .

A First-class Fiddle

DURING the latter days of August
I managed to get into the British
Musical Instruments Trade Fair at
the Russell Hotel, London. Among
the exhibits were such instruments
as electric guitars and a transistor
organ, but I was surprised that no-
body had produced a special violin
for street musicians, whose strident
scrapings are often such an offence to,
the ear. Surely it would be possible
to produce a violin with a cunningly
concealed door in its belly, through
which access could be gained to a
miniature Dbattery-driven tape re-
corder.

The street musician could then put
on a tape record—I refuse to use the
puerile pleonasm prerecorded
tape—by Yehudi Menuhin, and then
go through the usual motions with
his bow over the strings, which
would actually have to be made of
string to ensure their silence. T feel
sure that a street musician equipped.
with such a Stradivarius would soon
have an admiring crowd around him
dropping money into his upturned]
hat,

Friends have often regarded me as
a bit of a fiddler, and so when I re-
tire I might try the idea myself. I
shall look forward to seeing such an
electronicized (ugh!) fiddle "at the
next British Musical Instruments
Trade Fair.
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