'3

Wireless World

ELECTRONICS
RADIO
FEBRUARY 1963 Price Twe Shillings and Sixpence TELEVISION

40V rms.

] ] a
\ )y IE
1SCR TRIGGERS
! . —HERE |

=




Wireless Worid

ELECTRONICS, RADIO, TELEVISION

FEBRUARY 1963

Editor: 55 Editorial Comment \
F. L DEVEREUX, B.5. 56 Controlled Rectifiers in Voltage-regulated Power Supplies
Assistant Editor: By F. Butler
H. W. BARNARD 62 World of Wireless
Edirorials | 64 News from Industry
P. R. DARRINGTON 65 Personalities
D. R. WILLIAMS 67 H.F. Propagation in 1962 By P. A. C. Morris
Drawing Office: 70 Commonwealth Telephone Cable
H. J. COOKE 71 Detecting Unlicensed Sets By ¥. C. Fenning
Production: 75 H.F. Predictions—February |
D. R. BRAY 76  Modulated Pulse A.F. Amplifiers By D. R. Birt
Advertisement Manager: 84 Oscillators: a Monistic Approach—zl By T. Roddam
‘G. BENTON ROWELL 88 Letters to the Editor

92 Manufacturers’ Products

95 Transistor Amplifier Output Stages—2 By O. Greiter

69 What is an Electric Current? By ““ Cathode Ray ™

102 February Meetings
104 TUnbiased By ¢ Free Grid”

VOLUME 69 No. 2 Managing Director: W. E. Miller, M.A., M.Brit.I.R.E.
PRICE: 2s 6d. . 1liffe Electrical Publications Ltd., Dorset House, Stamford Street, Lorédgni,
FIFTY-SECOND YEAR
OF PUBLICATION Please address to Editor, Advertisement Manager, or Publisher as appropriate

¢ lliffe Electrical Publications Ltd., 1963. Permission in writing from the Editor must first be obtained before letter-
press or illustrations are reproduced from this journal. Brief abstracts or comments are allowed provided acknowledgement
to the journal is given.

PUBLISHED MONTHLY (4th Monday of preceding month). Telephone: Waterloo 8338 (70 lines). Telegrams: * Ethaworld,
London, Telex.” Cables: “ Ethaworld, London, S.E.1.” Annual Subscriptions: Home and Overseas, £2 0s. 0d. Canada and U.s.A4.
$5.50. Second-class mail privileges authorized at New York, N.Y. BRANCH OFFICES: BIRMINGHAM : King Edward House,
New Street, 2. Telephone: Midland 7191. COVENTRY : 8-10, Corporation Street. Telephone: Coventry 25210. GLASGOW: 62,
Buchanan Street, C.1. Telephone: Central 1265-6, M ANCHESTER:; 260, Deansgate, 8. Telephone: Blackiriars 4412, NEW YORK
OFFICE: U.S.4.: 111, Broadway, 6. Telephone: Digby 9-1197.

www americanradiohistorv com


www.americanradiohistory.com

www americanradiohistorv com


www.americanradiohistory.com

www americanradiohistorv com


www.americanradiohistory.com

Gontrolled Rectifiers in
Voltage-regulated Power Supplies

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

A SILICON controlled rectifier is a 3-terminal
solid-state device having anode, cathode and gate
electrodes. When connected in series with a d.c.
source and a load resistance it blocks current in
the direction which makes the anode negative. If the
polarity of the supply is reversed so as to make
‘the anode positive the device remains non-conduct-
ing unless the gate electrode is simultaneously driven
positive to an extent sufficient to produce a certain
critical gate current. When this level of current
is exceeded the SCR is triggered into conduction
and passes current which is limited by the applied
voltage, the circuit resistance and the small voltage
drop across the rectifier. Once conduction has been
started the gate electrode ceases to exercise control
and current cut-off is only possible by switching,
reversing the anode voltage or by introducing so
much resistance into the circuit that the current drops
to a value below the holding current, defined as that
current below which the SCR reverts to the forward
blocking condition.

Controlled rectifiers are rated in terms of the peak
forward and peak reverse blocking voltages they can
safely withstand and in terms of the peak pulse and
mean current they can pass in the conducting mode.
Gate drive power requirements are very small and
a few milliwatts is sufficient to turn on anode currents
of hundreds of amperes. As in all semiconductor
devices, some of the properties of SCRs are tempera-
ture dependent, notably the forward and reverse
leakage currents and the gate drive requirements.
The use of silicon material makes it possible to
run up to temperatures around 100°C without
serious derating.

If used in series with an a.c. source and a resistance
load, a controlled rectifier behaves exactly like a
silicon diode so long as the gate is held sufficiently
positive. If the gate trigger voltage is delayed in
time with respect to the start of the positive half-
cycle of the anode voltage wave, conduction will
also be delayed and, with a fixed load, the mean
value of the rectified current will be reduced.
This gives a clue to the way in which controlled
rectifiers may be used to develop a constant voltage
across a variable load. In principle, one needs to
devise some automatic means for advancing or
retarding the gate trigger voltage in response to
variations of load current. There are many possible
ways of doing this, some of them extremely com-
plicated.

Gate Trigger Arrangements—Fig. 1 shows some
elementary circuits employing coatrolled rectifiers.

The uppermost diagram shows a positive half sine -
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wave voltage applied to an SCR through the load
resistance R,. The gate electrode is supplied
through a resistance Ry, large enough to limit the
gate current to a safe maximum value. The output
voltage across the load is not an exact replica of the
input because the SCR does not fire until the gate
current reaches its critical value. A small part of
the output wave is thus missing but it represents
only a few electrical degrees of the entire cycle.
The effect is insignificant.

. The centre diagram shows how the gate firing
voltage may be delayed by charging a capacitor C
through the gate resistance R;,. The SCR is fired
later in the cycle and the load voltage waveform is
only a portion of a half sine wave. Clearly, this
delayed firing reduces the mean wvalue of the load
current. Simple time-constant theory cannot be
employed to deduce the charging rate of capacitor C
because the SCR gate circuit has a finite and non-
linear input impedance which loads the capacitor,
slows down the charge rate and reduces the peak
voltage developed across it. This state of affairs
can be improved somewhat by connecting a resistance
of a few hundred ohms in series with the SCR
gate electrode. Even if C is omitted from the circuit
it is still possible to delay the firing of the SCR
merely by increasing the resistance in the gate circuit
so that sufficient gate current for triggering is reached
only near the crest of the half sine wave input
voltage. Experience shows that the gate drive voltage
required for triggering depends to some extent on
the magnitude of the applied anode voltage and it
is possible to take advantage of this effect in some
practical circuits.

The time delay circuits so far discussed are only
usable with a positive input voltage. With an a.c.
source the arrangement in the bottom diagram may
be employed. As before, neglecting the gate circuit
input impedance, the time delay is set by the product
of C and R;. The diode D1 serves to discharge C
during that half-cycle of the input voltage which
makes the SCR anode negative. This resets C in
readiness for the next charging cycle. Controlled
rectifiers are liable to be damaged if a large negative
voltage is applied to the gate electrode. The diode
D2 removes this possibility. C and hence D1 are
not essential to the delay action and they may be
removed. If this is done, an increase in Ry will
delay triggering but this delay cannot possibly
exceed one quarter or 90 degrees of a complete
cycle. At this point the anode voltage and gate
current boeth reach their maximum values and after-
wards fall rapidly. If triggering has not been

WIRELESS WORLD, FEBRUARY 1963

www americanradiohistorv com


www.americanradiohistory.com

accomplished at the peak of the cycle it is unlikely
to occur later. Introduction of C serves to give a
little extra delay. Another possibility is to feed Rq
from a d.c. source instead of the a.c. supply. This
allows later firing with the capacitor-delay arrange-
ment since the peak voltage may be reached quite
late in the cycle. There is no trouble due to the
falling voltage after the 90 degree point in the cycle
as there is in the a.c. case. A suitable d.c. source
is readily obtained by half-wave rectification of the
input a.c., followed by a simple filter which may
consist of a large electrolytic capacitor.

It is not difficult to double up the last circuit in
Fig. 1 to give full-wave rectification and to allow
for voltage control by variation of the gate circuit
resistance R;. It then remains to provide filter
circuits to give a suitably smoothed d.c. output and
to devise an automatic regulator which will vary
the capacitor charging rate in proportion to the load
current, advance the SCR firing and thus preserve
a constant output voltage. For example, a transistor
might conceivably be used instead of, or in addition
to Rq. A control signal applied to its base could

INPUT VOLTAGE

be arranged to compensate for a falling output
voltage characteristic.

Experimental Circuits Using SCRs

A number of d.c. power supply units using SCRs
and operating from a.c. mains have been built and
tested. Some give a manually variable d.c. output
over a voltage range of about 3 to 1 without switching,
or over any desired range if the supply transformer
has a tapped secondary winding. Others are arranged
to give a regulated output, at a preset voltage, over
a wide load-current range. If desired, the charac-
teristic can be adjusted so that the output voltage
rises slightly as the load current is increased. In
some the response time is quite rapid, limited only
by the capacitance in the filter circuit. In others
the response is more sluggish but there are com-
pensating advantages to offset this defect. The
aim has been to concentrate on fundamental principles
rather than to produce a design to meet one specific
requirement. So many variants have been produced
that it is out of the question to describe all of them.
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Fig. I. Basic firing circuits for use with controlled rectifiers.
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for the next charging sequence.
Later, C, is similarly dis-

.
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— charged through D6. ‘The
diodes D3 and D4 prevent the
SCR gates from being driven
negative, and D1 and D2 de-
couple C; and C, from each
other. All these diodes are
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cone types rated at 500mA
+ with a peak inverse voltage of
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Only a few will be selected and, in order to reduce
the number of drawings, the more complex circuits
will be given and the simpler ones derived from
them by listing the parts which can be omitted.
This is a reversal of the normal procedure but the
argument will not be difficult to follow.

Fig. 2 shows one of the first arrangements to be
used. The controlled rectifiers SCR1 and SCR2
operate in a bi-phase circuit with a power transformer
having a centre-tapped secondary winding. The
rectified output is smoothed by a choke-input filter
LC. The series-connected resistances R; and R,
or R; correspond to R, in the previous discussion.
When the voltage on C, reaches a critical level,
SCR, fires and conducts load current until near the
end of that half-cycle. As soon as the anode current
falls below the holding current, SCR1 cuts off. On
the next half-cycle, SCR2 is similarly triggered,
after C, has become charged through R;, Ryand D2.
Meanwhile, C, has been discharged through D5 ready

Fig. 2. Variable-voltage power
oV D4 supply using SCRs in bi-phase
rectifier circuit.

200 or more depending on the
d.c. output voltage.

The diode D7 serves to
maintain load current in the
inductive circuit while both
SCRs are in the blocked con-
dition. It must be able to
carry a peak current at least
equal to the full load current
and should be rated to with-
stand a peak inverse voltage
about three times the d.c.
output voltage. The inductor L is a swinging choke.
For use on a 50 ¢/s supply the minimum value of the
inductance in millihenries should be about the same
as the load resistance in ohms. An inductance lower
than this tends to cause the filter to behave as if
it had a capacitor input and the voltage regulation
is impaired. A properly designed choke-input filter
gives good voltage regulation without special control
and also makes the most efficient use of rectifier and
transformer ratings. Rectifier peak currents are
much lower than with a capacitor-input filter.

By manual adjustment of R,, the output voltage
may be varied over the range 10-15 volts or more.
At the lowest output, it may be found that one or
other of the SCRs fails to trigger, or fires erratically.
The range of voltage control may be increased by
varying R, or R;, each shown as 220 ohms, until
symmetrical firing is achieved. When only a
moderate range of voltage control is satisfactory, some
drastic simplifications can be made. C,, C,, D1, D2,

—0 230V o-
50c/s |
r —_—
BB — —
40V r.ms. —
! —
SCR| SCR2 [ L -
¥ (8TZ19) (872 19) X
I —H———— b
D3 Di D2 D4
t—— R - 28V 4A
[ C)  au 220 Codu 1 D7J: C == Rg REGULATED
' 2,ooo,uT oo UTPUT
Ds Ds R % D¢ Do
2
33k
+
Fig. 3. Bridge circuit using current
transformer to improve regulation.
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Fig. 4. Variant of Fig. 3 using d.c.
charging of Cy and C,.

D5 and D6 may be removed, readjusting R, or R; to
preserve symmetrical triggering of the SCRs. If
sufficient care is taken it ought to be possible to
control the output voltage over a 2 : 1 range.

The ballast resistance Ry should be small enough
to ensure that the SCR anode current does not fall
below the holding current over a significant part of
the conducting cycle. It is possible that low-voltage
operation, with C in use, might be improved by
removing R, and R; from their present positions and
inserting them in series with D3 and D4. These
resistances must not be made so small that the rated
maximum gate current of the SCRs is exceeded. On
the other hand, too large a value will cause undesired
delay in firing the controlled rectifiers, resulting in a
reduced output voltage. In cases where long-delayed
firing of the SCRs is essential it is necessary to
increase the value to C, and C,, shown as 4uF, to a
much larger figure. If electrolytics are used they
must be connected in back-to-back pairs to make
them non-polar. A

The next development is shown in Fig. 3. Here,
two extra power-diodes D8 and D9 have been added
to work in conjunction with SCR1 and SCR2 as a
bridge rectifier. This avoids the necessity for -a
centre-tapped power transformer and makes better
use of the transformer materials. The circuit also has
provision for voltage regulation of the output in the
face of load current changes. This is achieved by
using a transistor Q1 in parallel with R, in the SCR
gate circuits. If Q1 is forward biased into conduction
its - collector current will add to the normal gate-
circuit current and cause earlier firing of the SCRs.
If the base bias or Q1 can be made to increase with
an increase in load -current this can compensate for
the voltage drop which normally occurs. Proportional
bias is derived from a current transformer CT
associated with the bridge rectifier B. The primary
of CT carries the a.c. line current to the main unit.
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The line current is almost proportional to the load
current and, in consequence, Q1 is forward biased to
an increasing extent as the load demand increases.
The setting of the slider of R; determines the actual
bias current and it is possible to obtain a flat output
voltage characteristic at one particular setting. At
a higher setting a rising output voltage will result
from an increase of load current. This arrangement
will not compensate for mains voltage changes but in
many applications this is of no consequence, :

The desired ' output voltage can be preset by
adjustment of R, or by varying C, and C,, and good
regulation can be achieved at any setting. Some
readjustment of R, may also be necessary. In
Fig. 3, no provision is shown for ensuring regular
firing of the SCRs at low output levels. The simplest
way of achieving this is to duplicate R,, feeding D1
through one half and D2 through the other. ;

If a very wide range of variation of d.c. output
voltage is not required, the circuit may be much
simplified; C,, C;, D1, D2, D5 and D6 may all be
removed with scarcely any effect on the performance
over the upper 25 per cent of the full output voltage.
The circuit becomes simpler still if a modest range
of manually adjustable output voltage is satisfactory.
In this case CT, Q1 and the bridge rectifier B can be
removed, leaving only D3, D4, R, and R, in the
SCR gate circuit. Voltage control is effected by
variation of R,. ‘The regulation remains fairly good.

The current transformer CT should develop about
10 volts across.a 2kQ load on its secondary side when
full load line current flows in the low-resistance
primary. A small filament transformer 230V to
6.3V or a loudspeaker transformer matching a pentode
or tetrode amplifier to a 3Q load will serve the
purpose. Good insulation between the windings is
of course essential. ' ‘ ‘

The most elaborate circuit to be discussed is that
shown in Fig. 4. One feature is that the SCR gate
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electrodes are supplied from a d.c. source obtained
by half-wave rectification of an a.c. supply. This
system allows for an increase of the range of d.c.
output voltage over which control and regulation
can be achieved. If R, is assumed to be short-
circuited, diode D1 acts as a half-wave rectifier and
develops a smoothed direct voltage across the large
electrolytic reservoir capacitance C;. Diode D2
works similarly in conjunction with C4. The delay
in firing SCR1 is produced by the component C,
and R, and that in firing SCR2 by C; and R,. Con-
trol of the delay is by variation of R, and R, which
take the form of a twin-gang 0-5k(Q) potentiometer.
Fixed resistances, each 1k(2, are used in series with
R, and R, to limit the SCR gate current to a safe
maximum value and to equalize the trigger sensitivity
of the two controlled rectifiers. If desired, these
equalizing resistors may be connected directly in the
gate circuits in series with D3 and D4, but the main
resistances R; and R, must remain in the position
shown. R, and Ql together act like a variable
resistance in series with the rectifier diodes D1 and
D2. Variation of the base bias on Q1 causes a
change in this resistance and affects the level of the
rectified voltage appearing across C; and C,. In
turn, this alters the charging rate of capacitors C,

TRANSFORMER
SUPPLY VOLTAGE

180° 360

HEAVY LOAD CONDITION

OUTPUT VOLTAGE
AT FILTER INPUT

SCR TRIGGERS
«—HERE

SCR GATE DRIVE VOLTAGE

LIGHT LOAD CONDITION

OUTPUT VOLTAGE
AT FILTER INPUT

i
1SCR TRIGGER
| «—HERE

Fig. 5. Waveforms at various points in circuit of Fig. 3.
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and C, and advances or retards the firing of the
SCRs. Automatic voltage control is again provided
by the current transformer and its associated
components,

The resistances R, in Fig. 3 and R, in Fig. 4 are
essential components, Without them the systems
would not be self-starting if it so happened that the
slider of R, was set in its zero position. This would
keep QI cut off and no gate current would be available
to fire the SCRs. The resistances also exercise a
stabilizing effect on the output voltage, In effect,
the current transformer provides & positive feedback
loop in which excessive gain would put so much
forward bias on QI that it would saturate and drive
the SCRs to full output. R, and R, dilute this
feedback. The small resistance R; in the emitter
lead of Q1 (Figs. 3 and 4), provides some negative
feedback and tends to linearize the gain,

The circuit of Fig. 4 is not only more complex
than that of Fig. 3 but it is more sluggish in its
response to sudden load changes. Against this, it
gives a wider range of voltage variation over which
close regulation is possible at any preset level.

Voltage Waveforms:—Fig. 5 shows some observed
voltage waveforms at various points in Fig. 3. The

TRANSFORMER
SUPPLY VOLTAGE

(o]

360

HEAVY LOAD CONDITION

OUTPUT VOLTAGE
AT FILTER INPUT ~

SCR TRIGGERS
«—HERE

SCR GATE DRIVE VOLTAGE

LIGHT LOAD CONDITION

OUTPUT VOLTAGE
AT FILTER INPUT

+V

180

Fig. 6. Waveforms at various points in Fig. 4.
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Fig. 7. Accessories for use with SCR power supply. (a) Electronic filter.

diagrams are self-explanatory in most respects.
When a positive sine-wave voltage is applied to one
SCR, its anode voltage rises and the gate circuit
capacitor charges up until at a critical point in the
cycle the combination of high anode voltage and
moderate gate current are sufficient to initiate the
trigger action. With a heavy load current, firing
must take place early in the cycle and a low gate-
circuit resistance is required so that the CR time
constant is very short. The gate circuit waveform
shows a small step at the instant of firing. On light
loads the gate circuit external resistance is much
larger, leading to a longer CR time constant and less
steeply rising and falling waveforms.

Rather more complex waveforms are observed in
the circuit of Fig. 4. They are shown in Fig. 6.
The gate circuit waveform is flat-topped over most
of its duration at both light and heavy loads. Varying
the value of the charging resistance moves the firing
point along in time. The effect is observabie as a
movement of the step along the flat top of the trace.
Various small transients are due to the sudden
switching of quite large currents by the SCRs.

Comparison of SCR and Transient Regulators:—
In cases where a very large d.c. power output is
required, particularly at a high voltage, the advantage
lies with controlled rectifier units. OQOutputs of tens

of kilowatts are known to be practical and this does

not represent an- ultimate limit. Modern SCRs
promise to be competitive with grid controiled
mercury arc rectifiers, thyratrons and ignitrons.
Efficiency is very high and there are no severe
temperature limitations of the type which restrict the
use of germanium transistors.

Voltage control units which use a series regulator
transistor arc highly efficient when operating at the
maximum rated output voltage. Here the voltage
drop across the regulator transistor is quite small and
even at full load it dissipates only low power. Lower
voltages are achieved by causing a larger voltage
drop across the series element and at full load current
the power loss is large and it is difficult to dissipate
the generated heat.

A good transistor regulator will provide a d.c.
output of extremely low impedance and practically
free from ripple. It will compensate both for load

WIRELESS WORLD, FEBRUARY 1963

(b) Transistor regulator.

and line voltage changesy, whereas the SCR unit has
a higher ripple voltage and although it will com~
pensate or over-compensate for load variations it will
not correct for off line voltage ﬂuctuatlons It could
easily be made to do so. - :

Accessories for SCR Power Supplies:—Fig. 7
shows two usecful ancillaries for use with SCR
regulated power supplies. The first, shown at (a) is
an electronic filter which will reduce by a factor ef
one hundred or more the output ripple on any poorly
filtered but well-regulated supply. Here Q1 and Q2
form a compound-connected transistor pair having a
current gain almost equal to the product of the
individual gains. The base bias to QI is supplied
through R, and L and is smoothed by a very large
electrolytic capacitor C. 8o much forward bias is
applied to Q1 that it draws sufficient collector
current, supplied to the base of Q2, that the latter is
almost saturated and is operated with a collector-to-
emitter potential of two or three volis only. The
energy dissipation in ()2 is relatively low even when
it is supplying a load current of the order of
10 amperes. If the d.c. source supplying Q1 and Q2
has a good voltage regulation, losses in these tran-
sistors remain  acceptably low under all load.
conditions.

In Fig. 7(b) a conventional series transistor
regulator is shown. This employs a compound-
connected pair of transistors as the szries regulator
element. Base bias for Q1 is provided by R, and Q3,
acting as the arms of a potennal divider. A Zener
diode Z prov1des a fixed emitter voltage to Q3.
The base bias is taken from the junction of R, and
R;. This bias will tend to vary in ac‘:c:ordance with
any change in the d.c. cutput voliage., There will
be a corresponding change in collector current which
alters the bias of Q1 in such a way &as to compensate
for the load-voltage change. Ripple reduction is
effected by the same negative feedback mechanism.

In some cases it may be worth while to add one or
both of the units in Fig. 7 to a high-power SCR d.c.
supply system. Well filtered and closely regulated
power could then be supplied to equipments known
to be sensitive to voltage fluctuations. At the same
time, high-power devices could be supplied direct
from the main unit, bypassing the regulator stages.
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WORLD OF WIRELESS

Relay

THE U.S.A’s second communications satellite,
Relay, which was launched from Cape Canaveral
on December 13th, was initially inactive because of
an abnormal drain on its storage batteries. A report
from R.C.A,, the designers, states that the cause of
the low battery voltage appears to have been due
to the improper functioning of the voltage regulator
of the number one communications transponder.,

Difficulties have also been encountered with Relay
responding properly to commands. However, by
using the number two transponder and employing
a special command sequence whereby the telemetry
encoder does not operate when the transponder is
commanded to turn on, successful communications
tests were begun on January 3rd, and television
exchanges between Andover, Maine, and Europe
took place on January 9th.

There is a separate voltage regulator for each
communications transponder. Each voltage regu-
lator acts also as an on-off switch for the particular
transponder it powers and, as a consequence, its
condition should be either on or off. The telemetry
indicated a voltage from this regulator when it was
nominally in the off position: still the power supply
for transponder number one was considerably hotter
than the rest of the satellite. It was deduced that
the voltage regulator for transponder number one
was conducting, although its command state was
“off ” and that this was partially powering the trans-
ponder and draining the batteries.

Interrogation was stopped for several days and
when resumed on December 27th, all items were
found to be normal except for a small drain in the

voltage regulator. After another rest period trans--

ponder number two was successfully switched “on ”
on January 3rd. = '

Radio Conference

THE tenth Plenary Assembly of the International
Radio Consultative Committee (C.C.I.R)), the venue
of which was recently changed from New Delhi
to Geneva, opened on January 16th and is scheduled
to last a month. It is being attended by delegates
from some 54 member countries of the International
Telecommunication Union and representatives of
international  organizations  and “ operating
agencies.” Its agenda covers the technical aspects
of the whole field of radio communication, including
“space.” ' - _
At these assemblies, which are held every few
years, the last being in Los Angeles in 1959, the
work of the 14 study groups is considered, recom-
mendations for submission to the I.T.U, are adopted
and a programme of study for the next few years

covering problems of transmission and reception -

1s drawn up.

The UK. delégation, which is headed by Capt. .

C. F. Booth, totals 39 and includes representatives
from the Post Office, B.B.C,, LT.A, DS.IR,
N.PL., RAE, Foreign Office, Joint Communica-
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tions Electronics Board, B.REM.A,, EE.A, Cable
& Wireless, International Marine Radio Company
and Marconi International Marine Company. Dr.
R. L. Smith-Rose is attending as observer from the
Inter-Union Committee on Frequency Allocations
for Radio Astronomy and Space Science
(I.U.C.AF.).

B.B.C.’s Second Television Service.—Orders to the
value of about £1.25M have been placed with Marconi’s
and: Pye by the B.B.C. for u.h.f. transmitters for twelve
stations in readiness for the introduction of its second
television service (on 625 lines). Marconi’s and Pye
are each supplying twelve vision transmitters with asso-
ciated sound transmitters and combining filters. Equip-
ment will be installed in duplicate at each station,

Purchase Tax.—The eleventh post-war change in
purchase tax on domestic sound radio and television
receivers and radiograms was announced by the Chan-
cellor of the Exchequer on December 31st. Domestic
receivers, radiograms, valves, loudspeakers (not over
10in diaphragm), kits of parts, pickups and records are
now chargeable at 259% instead of 45 %.

A data processing centre to handle telemetered
information from satellites is to be set up at the
Radio Research Station of the D.S.I.R. at Slough. It
is planned to be ready to handle the « raw ” data from
the second Anglo-American satellite, $52, to be launched
Dext year, This tape-recorded information will come
from receiving stations all over the world which, in the
case of the first Anglo-American satellite Ariel, has to
be processed initially in the U.S.A. /

Wire Broadcasting in Germany.—There are now only
about 90,000 subscribers to West Germany’s radio relay
service which is operated by the Bundespost. The
number is said to be decreasing by about 1,000 a month
and the Bundespost, therefore, plans to close it down.
The city with the largest number of subscribers is
Hamburg with 16,000.

Amateur television enthusiasts can now obtain from
E.M.I. Electronics 1-in vidicon camera tubes at £12
each. These tubes (Type 10667M) have minor
blemishes but are quite suitable for amateur experi-
mental purposes. o

The I.T.A. plans to open its second transmitter in
Northern Ireland—at Strabane—on February 18th. It
will operate in channel 8 (vertically polarized) with a
maximum vision e.r.p. of 90 kW. ;

Paper tape handling convention showing which way
round the tape should be fed into the reader and also
on which side is the “printed face ” has been prepared
by the Data Processing Section of the Electronic Engi-
neering Association. Copies are available from the
Technical Secretary of the Association at 11 Green
Street, Mayfair, London, W.1.

The Radio Society of Ceylon has published a call-
book and amateur radio directory compiled by Ian D.
Wollen (4S7IW). It lists the officers of the Society, also
names, addresses, interests and call signs of the trans-
mitting amateurs of Ceylon. }
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Stereo Broadcasting.—A second series of field trials
of the Zenith-GE stereophonic broadcasting system
(from Wrotham, Kent, using the Third Programme
transmitter—91.3 Mc/s) has been started by the B.B.C.
and will continue until about the end of March. There
are three morning transmissions each week:—Sunday
10.00 to 10.30; Wednesday and Saturday, 11.00 to 11.30.

African 'V.H.F./U.H.F. Broadcasting.—A conference
is to be held in Geneva, beginning on April 29th, to
plan frequency allocations in the v.h.f. and u.h.f. bands
for sound and television broadcasting stations in Africa,
The conference is being organized by the International
Telecommunication Union, and wiil be attended by
representatives of about 30 countries in the continent.

~ Public Address Exhibition.—The Association of
Public Address Engineers is holding its annual exhibi-
tion of public address equipment on March 6th and
7th at the Kings Head Hotel, Harrow-on-the-Hill,
Middlesex. It will be open each day from 10 a.m. to
6 p.m. and admission is by ticket obtainable free from
the A.P.A.E., 394 Northolt Road, South Harrow, Mid-
dlesex, or on the presentation of a business card.

R.S.G.B. Membership.—The annual report of the
Radio Society of Great Britain records a total member-
ship of 11,135 at June 30th, 1962, compared with 10,644
a year earlier. Of the total of 9,622 UK. licensed
amateur (sound) transmitters at that date, 6,910 were
members of the society. It is noteworthy that at June
30th there were also 102 amateur (television) licences.

The first of West Scotland’s low-power television and
v.hf. sound relay stations—at Fort William, Inverness.
—began test transmissions in December and will be
brought into service by the B.B.C. shortly. The tele-
vision transmitters operate in channel 5 and the sound
transmitters on 89.3, 91.5 and 93.7 Mc/s. All are
horizontally polarized.

LT.A’s growth in eight years from one station serv-
ing London to 21 stations serving 95% of the country’s
population is outlined in the booklet “The Authority’s
Stations.” It contains coverage maps and brief details
of all the transmitters and outlines some of the prob-
lems, including the prevention of interference with
Continental stations, that had to be overcome in the
planning of the stations. It costs 2s 6d from the I.T.A.,
70 Brompton Road, London, S.W.3.

“Technical Services for Industry ” is a guide to the

technical services provided by the research laboratories
of the Department of Scientific and Industrial Research
and by the 52 industrial research associations which
receive grants from D.S.I.LR. The 104-page book, which
is obtainable free from the D.S.I.R. Library, State
House, High Holborn, London, W.C.1, also contains
details of regional technical information services main-
tained by colleges and associations.

“The Use of Electronic Valves.”—This British Stan-
dards code of practice (CP 1005), first published in four
separate parts, has been revised and is now available
as one document (price 12s 6d). It is intended to give
guidance to designers of equipment so that they may
obtain optimum performance and life from the valves.

Watford College of Technology, Hertfordshire, has
a 10-lecture evening course on design theory for semi-
conductor circuits beginning on January 30th and
another on digitized control engineering beginning the
following day. The fee for each course is 31s.

School Television.—The number of schools registered
for the B.B.C.’s school television service, which is now
five years old, is 4,364—an increase of 940 during the
past year
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CONFERENCES

V.H.F. Air/Groeund Communications.—The Inter-
national Civil Aviation Organization recently suggested
that member States should further develop techniques
for v.h.f. extended-range air-to-ground communications.
International Aeradio Limited (40, Park Street, Lon-
don, W.1) are therefore organizing a symposium on the
subject to be held in London on May 7th and $th.

Solid Circuits and Microminiaturization is the title of
a_national conference being organized by the West
Ham College of Technology, Romford Road, Strat-
ford, London, E.15, which will be held at the college
on June 6th and 7th. The aim of the conference, over
which G. W. A, Dummer, of R.R.E., will preside, is to
bring together manufacturers and users of solid circuits.
The fee; including luncheons and conference banquet,
is 7gn.

Civil Aviation Electronics.—The I.E.E. Electronics
Division is to hold a conference on Electronics Research
and Development for Civil Aviation at Savoy Place,
London, W.C.2, from October 1st to 4th. Particulars
regarding the submission of papers and registration are
obtainable from the institution.

Automatic Production.—The dates have now been
announced for the ILE.E. symposium on Automatic
Production in Electrical and Electronic Engineering
arranged for October. They are 24th and 25th,

Dielectric Insulating Materials.—The I.E.E, in col-
laboration with the British Ceramic Society, Institution
of the Rubber Industry, Plastics Institute; Plastics and
Polymer Group of the Society of the Chemical Industry
and the Society of Glass Technology, is arranging for
1964 a three-day conference covering the theory, proper-

ties, testing and uses of dielectric and insulating
ma{erlals. It will be held in London from April 8th
to 10th.

‘CLUB NEWS

Birkenhead.—A talk on two-metre operation will be
given by H. Synge (G3BOC) to members of the Wirral
Amateur Radio Society on February 6th at 7.45 at
Harding House, Park Road West, Clarighton.

Derby.—The month’s meetings of the Derby and
District Amateur Radio Society include the contest for
the G5YY Trophy (Sunday, 3rd) and a demonstration of
measuring equipment, for junior members (27th). Meet-
ings are held each Wednesday at 7.30 at Room No. 4,
M.U.OF,, 119 Green Lane, Derby. :

Edinburgh.—The Rev. W. Ferrier (GM3BDA) will
talk on 2-metre aerials and propagation at the February
28th meeting of the Lothians Radio Society. The ¢lub
meets at 7.30 in the Y.M.C.A,, 14 South St. Andrew
Street, Edinburgh 2.

Halifax.—Interference with television and sound
broadcasting will be discussed by H. Swift (G3ADG)
at the meeting of the Northern Heights A.R. Society on
February 27th at 7.30 at the Sportsman Inn, Ogden.

Spen Valley—T. H. A. Withers, of Withers Elec-
tronics, will talk about converters, receivers and trans-
mitters at the meeting of the Spen Valley Amateur Radio
Society on February 7th. A fortnight later the speaker
will be S. Marsden, of Richard Allen Radio. Meetings
are held at 7.15 at the Grammar School, Heckmondwike,

Worcestershire.—A meeting preparatory to forming
a radio club in the East Worcestershire area is to be
held on January 31st at 8.0, at the Dragoon Inn, Aston
Fields, Bromsgrove. The sponsor is L. Hickingbotham
(G3HZG) of 95 Oakenshaw Road, Redditch.
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News
from Industry

Radio Rentals Ltd. report a group trading profit, after
all charges other than depreciation, of £6,701,615 for
1961 /2—£204,000 higher than the previous year.
Depreciation accounted for £4,272,509 (£4,121,284) and
taxation £854,735 (£805,652), which after deducting a
small sum for a “minority interest” left a net profit of
£1,568,199 (£1,564,718).

Dictograph Telephones Ltd.—The consolidated
profits of the group, of which Grampian Reproducers
Ltd. is a subsidiary, for the year to August 31st 1962
amounted to £337,661 as against £326,322 the previous
year. Profits after taxation totalled £188,091 as com-
pared with £184,685.

RCA colour television receivers are now to be
marketed in this country through RCA Great Britain.
The price quoted is £385 net. The sets are con-
tinuously tunable over 70 six-megacycle channels from
470 to 890 Mc/s and also cover a specified channel in
each of Bands I and III. They employ a 21-in tube.

Communication Systems International Ltd. has been
formed to control Communication Systems Ltd. in this
country and similar companies overseas. Each of these
companies was a subsidiary of Automatic Telephone &
Electric Co. Ltd. which merged with Plessey in 1961.
Chairman of the new company is A. E. Underwood, who
is also deputy managing director of the Plessey Com-
pany, and W. A. Travers is managing director.

Rank Kalee and Westrex are arranging a trading and
manufacturing agreement under which Westrex will take
over the servicing of all cinema sound and projection
equipment for both organizations in the U.K. Rank
Kalee will be the sole agents for Westrex sound record-
ing equipment in the U.K. and certain overseas terrj-
tories and Westrex will be responsible for the develop-
ment and manufacture of the equipment.

GATAC (short for general assessment tri-dimensional
analozue computer), owned by the Ministry of Aviation
and jointly operated by E.M.I. and Whitworth Gloster
Aircraft, will be one of the most advanced installa-
tions. in Europe working on guided weapon design when
a further bank of EMIac IT modules is added shortly.
It will then have over 1,300 computing units with
numerous input and output facilities and nearly 200
EMIac electronic multipliers.

Decca have been granted in the High Court a five-
year extension of a patent for Dectra the long-range
version of the Decca Navigator system.

Anglo-Netherfand Technical Exchange Ltd., manu-
facturers of Antex soldering irons, have moved their
offices to Grosvenor House, Hizh Street, Croydon,
Surrey (Tel.: Municipal 2774) and their factory to larger
premises on the Blackbushe Trading Estate, Yateley,
Surrey (Tel.: Yateley 3030).

Advance Components brought into operation at the
end of December their new 6,000 sq ft engineering
laboratory at Hainauli, Essex. G. F. Penver is chief
engineer of the instruments division and D. R. Bridges
of the Volstat division,
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RCA and Philco (a subsidiary of Fords) have resolved
their long-standing dispute on patent licensing. Under
a joint agreement RCA receives non-exclus.ve licenses
under all existing Philco and Ford patents relating to
“radio purpose apparatus (including colour television),
transistors and data processing equipment.” Ford and
Philco also receive similar non-exclusive licenses from
RCA but excluding patents relating to colour tele-
vision which will be available later “at the prevailing
rate for such licenses.” RCA will also be free, for
the next five .years, to use any domestic colour tele-
vision patents issued to Philco on applications filed
after the date of the agreement. It is understood that
RCA has paid Philco $9M for the rights received under
this agreement.

Pye Telecommunications Ltd., of Cambridge, and the
Aircraft Radio Corporation, of Boonton, New Jersey, have
signzd a ten-year agreement under which the Aircraft
Radio Corporation will market Pye communications pro-
ducts throughout the United States. Pye have reciprocal
rights to manufacture and sell the airborne products of
A.R.C. (a subsidiary of the Cessna Aircraft Company).

Harting connectors, designed by Wilhelm Harting, of
Espelkamp-Mittwald, Westphal'a, West Germany, are
to be manufactured in the UK. by Electro Methods
Ltd., of Stevenage.

Stewart Asronautical Supply Company Ltd. (SASCO),
of Surrey, are appointed exclusive sales representatives
in England for the Defense Products Division of Fair-
child Camera and Insirument Corp., of New York. The
equ:pment to be handled includes data processing, dis-
play and interpretation systems; communication, special
television and radar systems; and electronic control and
ground support equipment.

Datapulse Incorporated, of California, U.S.A,, manu-
facturers of a range of pulse generators and data equip-
ment, have appointed as their U.K. sales representatives
Livingston Laboratories, Ltd., 31 Camden Road, Lon-
don, N.W.1.

J.E.D. Electronics Corporation, of New York, has
appointed the Capacitor Division of Standard Tele-
phones & Cables Ltd., Brixham Road, Paignton, Devon
(Tel.: Paignton 58685), as official agent in the U.K. and
EF.T.A. for certain of its products. These include
variable piston trimmer capacitors, metallized inductors,
L-C tuners and delay lines,

OVERSEAS TRADE

Ghana has placed a £3M “turnkey” order with
Marconi’s for a three-station television service, a multi-
transmitter internal and external sound broadcasting
station, and microwave radio links between the stations.
Each of the three television stations (at Accra, Kumasi
and Sekondi-Takoradi) will employ 5-kW 625-line
vision transmitters and 1-kW f.m. sound transmitters
operating in Band I. Associated studios are to be built
at Accra. The sound broadcasting station (at Ejura) will
employ six transmitters operating on any frequency
from 3.2 to 18 Mc/s. The 10-kW output will be fed to
a vertical incidence aerial, supported on 14 masts, and
the ionosphere reflected signals'should give a good cover-
age of the whole country from the one site. To extend
Ghana’s external “voice of Africa” service (already
radiated from Tema) two 250-kW h.f. transmitters are
also being installed at Ejura.

Finland’s Director General of Posts and Telegraphs
has placed an order for five R/T transmitters, worth
about £20,000, with British Sarozal I.td.

Morocco has bought two instrument landing systems
from Standard Telephones & Cables Ltd. They are for
Casablanca and Rabat airports.
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H.F. PROPAGATION IN 1962

PREDICTIONS AND PRACTICE COMPARED

THE year 1962 brought a welcome respite from the
headlong decline of the present sunspot cycle,
the nineteenth since records began in 1749. With the
running average sunspot number standing at about
43 when the vear began and the minimum of the
cycle (if of average duration) not due until 1965,
the only consolation was that the sunspot number
cannot drop below zero. Although the running
average number for the year-end cannot be known
for some months yet there has been a distinct level-
ling-off in the cvcle’s decay. This has allowed some
opportunity for users of the h.f. band to explore
their frequency allocations in the lower part of the
spectrum and to construct aerials suitable for these.
Meanwhile the number of services operated has
steadily increased.

The Ionospheric Index.—The sunspot number is
the best-known index of solar activity but it is based
on visual observation of the sun and not on the flux
of ionizing radiation which is appropriate to radio
communications. An
index much more

By P. A. C. MORRIS,* B.Sc., A.M.LE.E.

currence cycle indicating that they may be connected
with the “M-region” storms which were such an
unwelcome influence on radio propagation during
and around 1952 in the last solar cycle.

MUF: Predictions and Practice.—The decline of
the solar cycle between 1958 (maximum) and 1962
was, of course, reflected in a reduction of the pre-
dicted standard maximum usable frequencies
(MUFs) for actual radio circuits. The magnitude
of the reduction varied between about 10 and 559
depending on location, season and route length but
was generally more serious during local night,

In general, the actual usage of frequencies has fol-
lowed this change, but in certain circumstances it has
been found that although the predicted MUFs have
steadily dropped the higher frequencies have re-
mained in use. This is of great interest to some
operators who may, therefore, avoid using the lower
congested-bands with a resulting benefit to all users

*Cable & Wireless Ltd.

closely correlated with
the state of ionization is

the Ionospheric Index

(IF2) of Minnis and
Bazzard'; it is based on

analysis of the measured

critical frequencies at
11 ionosonde stations
throughout the world.
The values of this para-

meter have been pro-

vided by the Radio
Research Station,
Slough, and they are
shown along with the
sunspot number and

their running averages 200/

in Fig. 1. The IF2

curve also shows the

“levelling-off ” in 1962.

Magnetic Activity.—
After having declined
fairly steadily since the

NUMBER

end of 1959 the degree
of magnetic activity
took a sharp aqd

=

0

ominous upswing in

mid-1962, although it
has since subsided. Fig.

SUNSPOT

2 shows the number of
days per month on
which  activity  was
greater than an arbitrary
datum. The disturbed
days are now showing
a strong tendency to
follow the 27-day re-
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Fig. 1. The monthly values and (dashed) the running averages of the ionosphere index (IF2) and
the sunspot activity for the past 9 years.
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sphere sounder which consists of

a pulse transmitter and receiver
at either, or both, ends of a cir-

cuit. These are maintained in
synchronism as ~ they sweep

20 '. l

through the entire h.f. band

and produce a display showing
the MUF at any moment. There

are many problems concerning

|| the integration of this equipment
} - into a communications system

i but nevertheless the knowledge
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Fig. 2; The number of magnetically disturbed days per month from 1955 to 1962.

of the spectrum; a digression on this subject might

be in order.
First, there are routes for which the daytlme

MUF was so high in 1958 that, even by 1962, the

- highest assigned frequencies were still usable. In the

“maximum ” years the predicted MUF on the Hong
Kong-Bombay route, for instance, .often reached 50
Mc/s; in 1962 it regularly exceeded 30 Mc/s and
assignments over 24 Mc/s are still being used. This
applies to similar low-latitude routes of intermediate
length (of the order of 4,000 km).

Secondly, there are many cases where a reduction
of the predicted MUF has not been followed by the
use of lower frequencies because certain propagation
modes which have so far been excluded in preparing
the predictions have actually exerted a controlling
influence. The normal prediction methods generally
employed only consider F2-layer modes and even
then exclude layer-tilts, scatter and off-bearing pro-
pagation. Some modes depend upon sporadic-E
ionization, for example, which is largely independent
of the sunspot cycle so that its influence becomes
more important towards the minimum of the solar
cycle when the F2 layer is weaker. The incidence
of sporadic-E is greatest in (local) summer daytime
and during the last sunspot minimum the extensive
use of daytime frequencies considerably above the
predicted MUF was attributed to this cause®. Dur-
ing last summer this effect was again noticed and it
will be beneficial to bear this in mind when referring
to predictions in the coming summer. It has recently
been suggested® that MUF enhancements may often
be due to effective layer tilts resulting from the
difference in ionization at the two ends of a path.
Some such mechanism might be invoked to explain
the frequent reports of enhanced MUFs at night-
time on certain routes, but it is not yet possible to
generalize about this.

The amount of use made of frequencies above the
predicted MUF during 1962 leads one to suspect
that if there was a fuller understanding of when
and where to expect these effects we might be able
to ease the growing problem of congestion in the
lower bands. It is now possible to examine mode
structures with the aid of an oblique incidence iono-
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of frequencies highzr than those
predicted there was a definite
change towards the use of lower
frequencies during the year. On
several main routes night-time frequencies well below
10 Mc/s were used for the first time since 1956 dur-
ing the 1961-2 winter and their use became more
regular as the 1962 winter advanced. Several factors
prevent these frequencies from being as useful as
one might expect—lower aerial gain, higher radia-
tion angle, higher atmospheric noise and generally
more interference—so that a good deal of use has
still been made of the 10 Mc/s frequencies during
those nights on which conditions allowed.

Fig. 3 compares the predicted MUF curves re-
lating to a typical telegraph circuit between London
and Nairobi for December, 1958 and 1962. It shows
how the availability of the high daytime frequencies
has been reduced and also emphasizes the need for
additional intermediate frequencies which can cover
the transitions between day and night. In the
writer’s opinion the diurnal availability of continuous
point-to-point circuits can best be improved by
agility in the use of frequencies rather than, for in-
stance, by using higher and higher transmitter power.
In saying this one assumes that both transmitting
and receiving aerials conform to the best present
standards.

1961 1962
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Fig. 3. Comparison of predicted MUF curves for London-
Nairobi for December 1958 and 1962.
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Conditions in 1963.—It would be misleading to sug-
gest that conditions will be worse during 1963 since
that implies that they were bad in the first place.
There has actually been no dramatic decrease in the
daily availability of main radio circuits in recent
years although this satisfactory state of affairs has
only been achieved by more intensive circuit control
at radio stations coupled with increased work by
those responsible for interference problems; in some
cases, of course, improved equipment has also been
a contributory factor. _

The solar cycle will continue the downward trend

. Phys.

towards its minimum: one can only hope that the
present cycle will prove to be one of short duration
and that the minimum will come before eleven years
are up in 1965.
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BOOKS RECEIVED

Fundamentals of Semiconductor & Tube Electronics,
by H. Alex Romanowitz. A comprehensive first course
in valve and semiconductor electronics. Beginning with
a review of basic circuit theory and techniques of three
laboratory instruments—the multimeter, cathode-ray
oscilloscope and valve voltmeter—the book takes the
student through the mechanics, electrical properties and
applications of valves and semiconductors. A final
chapter on inicrominiaturization gives the reader an
insight into the latest developments. Mathematical
considerations are kept mainly to algebra and simple
trigenometry. Pp. 620. John Wiley and Sons Ltd.,
Gordon House, Greencoat Place, London, S.W.1. Price
62s.

Television Simplified (completely revised 6th edition),
by Milton S. Kiver. Covers most aspects of television
receiver techniques and principles including a considera-
tion of colour television. The many circuit diagrams
are well explained and only elementary knowledge is
assumed of the reader. Pp. 637. D. Van Nostrand Co.
Ltd., 358 Kensington High Sireet, London, W.14. Price
63s,

Radioarbogen, 62, edited by Geo Cortsen. Buyers’
guide  (in Danish) to sound radio and television re-
ceivers, record players and tape recorders for the 1962-
.63 season in Denmark, with a trade directory and statis-
tcs. Pp. 177. Rateksa, Puggaardsgade 2, Copenhagen
V. Price Kr. 20.

Oczcode Navigation-Electronics, by R. J. Aalberts.
An alphabetical list of 8,500 abbreviations, code names,
symbols, etc., used in British and American electronic
and navigational literature. Apart from its primary use-
fulness, it should provide ample material for an indict-
ment of English terminological ambiguity. Example:
AC==aero club, air commodore, air corps, air council,
aircraft, aircraftsmen, alternating current, anode circuit/
current, aerial current, anti-clutter, approach coupler,
astronomical constant, Pp. 282, Oceco Technical
Publishers, 35 Lysterbeslaan, Hilversum, Netherlands.
Price 70s. ' :

Using the Slide Rule in Electronic Technology, by E.
Charles Alvarez. Very often the student’s first acquain-
tance with the slide rule is coincident with his first
excursions into the realms of electrical engineering and
electronics. The author of this book sees this as an
ideal situation and presents exercises in slide rule use
as elementary electronic revision problems. The three

basic slide rules (general purpose, duplex and log-log)

are described and most fundamental measurements and
calculations dealt with. Pp. 109. John F. Rider Pub-
lisher, Inc., 116 W. 14th Street, New York 11. Price
$2.50 paper back. .
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British Miniature and Subminiature Valves Data
Manual 1962-63, edited by G. W. A. Dummer and
]. Mackenzie Robertson. Collection of data from nine
leading manufacturers of valves having bases not larger

. than B9A and including voltage stabilizers, reference

tubes, tuning indicators, trigger tubes, thyrators, etc.
Equivalent tables which are not restricted to the smaller
sizes are given. Pp. 921. Pergamon Press Ltd., Head-
ingly Hill, Hall, Oxford. Price £10.

High Fidelity Pocket Book, by W. E. Pannett,
A.M.LLE.E. Intended to provide a comprehensive treat-
ment of current “hi-fi” techniques for the practising
engineer, technician and dealer, its conciseness and
clarity will help the home constructer and music lover.
Pp. 314. George Newnes Ltd., Southampton Street,
London, W.C.2. Price 40s.

Technique des Amplificateurs Basse Fréquence de
Qualité, by Ph. Ramain. Complete treatise on the
design of audio-frequency amplifiers employing valves.
The book is divided into three parts, the first and largest
dealing with basic principles of power amplifiers, the
second with pre-amplifiers and equalizers and the third

- with radio feeder units, stereophony and high-quality

systems in general. Is likely to become one of the stan-
dard reference books on the subject in the French lan-
guage. Pp. 750. Editions Chiron, 40 rue de Seine,
Paris 6. Price NF80.

INFORMATION SERVICE FOR
PROFESSIONAL READERS

The reply-paid forms introduced recently to
replace the postcards hitherto included have proved
to be very helpful to professional readers, judging
by the number of forms returned to us. This im-
proved Wireless World service is therefore being
continued.

The forms are on the last two pages of the
issue, inside the back cover, and are designed so
that information about advertised products can be
readily obtained merely by ringing the appropriate
advertisement page numbers. Spaceisalso provided
for requesting more particulars about products
mentioned editorially.

By the use of these forms professional readers
can obtain the additional informatian they require
quickly and easily. '
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The operator views a 25° arc of -the external scene
with a vertical line superimposed, indicating the
direction of propagation of the signal received by
the aerial. At night, if there is insufficient street
lighting an optical- prejector incorporated in the
periscope may be brought inta use and a very
narrow beam of light momentarily projected on
to. the building in which a detected receiver is
operating. ~

Panoramic Receiver

Signals radiated from domestic receivers cover a
wide frequency spectrum, may have small frequency
separation, and are generally of poor frequency
stability and low field strength. To resolve these
signals  a high-gain receiver with narrow if. band-
width is required, but searching for any one par-
ticular signal with a manually tuned narrow band
receiver 1s both difficult and laborious. ,

~ The narrow-band panoramic receiver developed
for the detector overcomes the difficulty by display-
ing a frequency spectrum of approximately 8 Mc/s,
at full sweepwidth, on its cathode-ray screen. The
receiver is a triple superheterodyne employing in-
termediate frequencies of 35 Mc/s, 30 Mc/s and
450 kc/s and having an overall bandwidth of 7 kc/s.
The input stage is a modified 14-position television
turret tuner employing a low-noise cascode ampli-
fier, frequency changer and stable oscillator. A high-

[4 BAND-PASS FILTERS

pass filter in the aerial circuit prevents if. break-
through. The tuner, which has an almost con-
tinuous frequency ¢overage from 110 to 250 Mc/s,
is followed by a broadband if. amplifier having a
centre frequency of 35 Mc/s and an overall band-
width of 8 Mc/s. A buffer stage separates the 35
Mc/s amplifier from the sweep oscillator. The
frequency sweep is achieved by varying the current
in an inductor magnetically coupled to the oscillator
frequency-determining inductor. This varies the
reluctance of the ferrite core, and alters the value
of the tuning inductance. By this means a constant
percentage frequency sweep is obtained when the
centre frequency is varied over a 10 Mc/s range.
The amplifier which supplies the biasing current
is driven by the horizontal timebase of the c.r. tube.
By reducing the drive, the frequency sweep may be
reduced from a maximum of 8 Mc/s to zero. ‘This
enables the operator to select one signal from a
number on the screen and expand it as required,
displacing all the other signals from the screen.
By reducing the sweep to zero the operator may
listen to the signal on headphones. Since the over-
all bandwidth of the receiver is 7 kc/s and the
highest input frequency is 250 Mc/s, an extremely
low residual frequency modulation is necessary when
zero sweep is required and the h.t. and heater sup-
plies to the frequency modulator drive amplifier are
derived from an extremely stable source.

The following stages in the receiver are conven-

14 BAND-PASS FILTERS
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Fig. 1. Block schematic diagram of panoramic receiver.
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Fig. 2. Circuit of the stabilized power unit which can operate with an input of from 11.2 to 16.5 volts.

tional but extensive filtering and screening have been
employed to ensure the complete absence of inter-
nally generated spurious signals and spurious
responses to external signals of the field strength
normally encountered over the entire sound broad-
cast and v.h.f. range. Fig. 1 shows a block schematic
diagram of the receiver. .

The detected signals are displayed on a 5-inch
c.r..tube employing 3 kV e.h.t. The minimum input
signal visible above receiver noise is about 10 dB
below 1uV, giving the detector an overall sensitivity
in the region of 12V/m. The intensity of the trace
on the c.r. tube is dependent on the duration of the
applied deflection, a single sweep of the timebase
producing a very weak trace. Impulsive interfer-
ence, being of random frequency and amplitude,
does not produce trace brightening by repetition
and c.w. signals of low amplitude can easily be
seen in the presence of high-amplitude impulsive
noise. Thus it is possible to operate the detector
in the presence of ignition noise at least 20 dB
greater than the wanted signal. ' '

Power Unit

The power supplies are derived from the vehicle
battery and wide variations in voltage can occur in
service. In order to keep the receiver oscillator drift
and residual frequency modulation within accept-
able limits it is necessary for the receiver h.t. supplies
and some of the heater supplies to be stabilized.
Also, the efficiency of the power unit must be high
because of the limited capacity of the car battery
and generator. These considerations preclude the
use of a rotary convertor or carbon pile regulator
and similarly neither an electronic valve series sta-
bilizer nor shunt regulator is suitable.

In the power unit described below, the very low
voltage drop between emitter and collector of a
transistor in the current saturated condition has
been exploited, resulting in a regulator and voltage
convertor of high efficiency. The high voltage
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power supplies are generated by a push-pull
self-oscillating transistor invertor, operating at
a frequency of 475 c¢/s and employing a saturated
low hysteresis transformer. The square-wave out-
put from the transformer secondaries is rectified
by bridge-connected silicon junction rectifiers fol-
lowed by filters to reduce the output ripple to a few
millivolts. A third, unrectified, secondary winding,
insulated to 3 kV from earth, provides an isolated
and stabilized heater supply for the c.r. tube, which
operates with a negative e.h.t. supply connected to
the cathode. )

It is usual to employ a series stabilizer in the high
voltage output of an invertor, owing to the large
minimum achievable voltage drop across the control
element. This voltage drop is much reduced when
a transistor is used as the control element but a
protective circuit is necessary to prevent a destruc-
tive voltage appearing across the transistor in the
event of a momentarily short-circuited load. Further-
more, a separate regulator is required for each output
from the convertor and an unrectified output cannot
easily be stabilized. These difficulties have been
avoided by inserting the voltage control element in
the input circuit of the regulator, as shown in Fig.
2 and a low output impedance has been achieved
by deriving the error signal for the feedback ampli-
fier from the 300V output. Close control is exer-
cised over those outputs which are not included in
the feedback loop because of the very low trans-
former secondary resistance and leakage reactance
and the low resistance ripple filters. The regulated
input to the invertor also provides a stable heater
supply for critical stages in the receiver.

Currents up to 10A may be handled by the series
regulator transistor with a minimum voltage drop
of 1.2V and a shunt resistor with a large cooling
surface reduces the power dissipated in the trans-
istor to a maximum of 15W, although the maximum
dissipation of the regulator may reach 60W wien
the battery voltage is high. The minimum power
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loss in the loaded regulator when the battery voltage
is low is 10.5W.,

The silicon transistor differential amplifier (long-
tailed pair) ensures a low temperature drift and
reduces the load on the reference diode.

The low-frequency current gain of the regulator
amplifier is about 4} million and a secondary internal
negative feedback path mamtams stability by reduc-
ing the gain as the frequency increases. Owing to
the high transfer impedance of the invertor, which
is included in the external feedback loop, the regula-
tor does not entirely remove the ripple in the output
and an additional ripple filter is employed.

The power unit can operate with an input range
of 11.2 to 16.5V and an ambient temperature range
of 0° to 45°C, with a short-term stability of a few
millivolts. The total power consumption of the
receiver and power unit is about 130W.

The standard car dynamo has been replaced by a
three phase self-excited alternator belt—driven by the
engine and operating at a maximum speed of 11,000
r.p.m. The current in the rotating field winding of
the generator is controlled by a transistor amplified
vibrator-type regulator and the stator output is recti-
fied by bridge-connected silicon junction diodes and
used to charge two 6V series-connected car batteries
of 110 A.h. capacity. With the engine idling, the
generator output is sufficient to balance the electrical
load and a maximum output of 65A is available at
higher speeds.

‘The car ignition system is fully screened and sup-
pressed and radio interference suppressors have been
fitted to the windscreen wipers, petrol pump, heater
booster and clock.

Conclusion

The new detection equipment will avoid the diffi-
culties experienced with the earlier system and
provide more accurate location of unlicensed re-
ceivers, particularly in densely populated areas. Tts

“WIRELESS WORLD’ INDEX

The Index to Volume 68 (1962) is now available price Is (postage
3d). Cloth binding cases with index cost 9s, including postage and
packing. Qur publishers will undertake the binding of readers’
issues, the cost being 30s per volume including binding case, index
and return postage. Copies should be sent to Associated lliffe
Press Ltd., Binding Department, cfo 4 Hiffe Yard, London, S.E.17,
with a note of the sender’s name and address. A separate note,
confirming despatch, together with remittance should be sent to
the Circulation Department, Dorset House, Stamford Street,
London, S.E.I.

increased sensitivity permits detection at a greater
range, thus reducing the possibility of an unlicensed
receiver being switched off because the detector car
has been observed. To facilitate the location of a set
in a block of flats each of the nine detector cars—
there is one for each Post Office Region—is equipped
with a portable detector.

The oscillator frequency of a television receiver
depends on the channel to which the receiver is
tuned, therefore the new television detectors can
usually indicate which programme is being viewed.
Being able to announce to a householder not only
that he has a set working but also which programme
he is receiving gives the G.P.O. a psychological
advantage.

Acknowledgment is made to the Engineer-in-
Chief of the G.P.O. for permission to disclose the
information contained in this article.
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The prediction curves now show the median standard
MUTF, optimum traffic frequency and the lowest usable
high frequency (LUF) for receptlon in this country.
Unlike the MUF, the LUF is closely dependent upon
such factors as transrmtter power, aerials, local noise
level and the type of modulation: it should generally be
regarded with more diflidence than the MUF. The LUF
curves shown are those drawn by Cable and Wireless,
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Ltd., for commercial telegraphy and they serve to give
some idea of the period of the day for which communi-
cation can be expected. The LUF curve for Montreal
takes account of aureral absorption,
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Modulated Pulse A.F. Amplifiers

AN ALTERNATIVE APPROACH TO THE DESIGN OF AMPLIFIERS USING SEMICONDUCTORS

By D. R. BIRT

THE present general approach ‘to the design of
audio amplifiers with transistors is basically to fit
these comparatively new devices into circuits which
were evolved for thermionic valves. This article
sets out to pose the question “Is this the best solu-
tion? ” and to suggest an alternative approach.

When transistors are used as linear amplifiers in
class A, AB, or B modes, certain deficiencies are
encountered In the first place heat dissipation is
much more of a problem in a transistor than in a
valve; the day has yet to come when transistors will
operate satisfactorily with the collector glowing a
‘dull red! The operating temperature of a transistor
has to be kept comparatively low to prevent damage.
In the design of transistor circuitry one has always
to bear in mind that temperature changes influence
certain characteristics of the device. This generally
means that the effective resistance of the base cir-
cuit has to be kept low. This is not too difficult if
transformer coupling is used, but can be a nuisance
if RC coupling is envisaged.

Because of the temperature limitation of transis-
tors, class B is a popular mode of operation. This
is compatible with the use of transistors in battery-
driven portable equipment, where efficiency is all
important, for which purpose transistors are very
attractive because of their ruggedness and small size
and weight. However, even with class B operation,
at least 309% of the d.c. input power has to be dissi-
pated in the transistors, with sine-wave drive and
resistive load. If very large output powers are
required heat dissipation can still be a problem.
Furthermore, class B operation has certain disad-
vantages.

Disadvantages of Class B Operation:—It will be
recalled that in class B operation the d.c. supply
current fluctuates with the signal level. This is not
usually of importance in battery-driven equipment,
but in mains-driven equipment it means that the
power supply must be well regulated, which adds
to its cost and complexity.

Y ashntnthaiasiadbatieniiy 4

I, =B,

T ]

Fig. I. Basic single-ended push-pull output stage.
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With class B operation the matching of the autput
transistors and signal balance is more critical than
is the case with class A or AB operation.

Transistors generally have quite large spreads in
their characteristics, and it is obviously desirable to
select matched pairs. -

A further point is that the circuit operating poten-
tials are critical, particularly the base bias. Here
we must recall the changes which occur in transis-
tors with temperature variation.

Finally, we must bear in mind that the per-
formance tends to depend more critically on the load
impedance. A factor which has frequently been
forgotien in the past, and will no doubt be some-
times forgotten in the future is that in the majority
of cases a loudspeaker cannot be regarded as a pure
resistance, nor is its impedance anything like
constant with frequency. The better class loud-
speakers which do have a more constant im-
pedance are often used with crossover networks
which put one back in square one as far as im-
pedance variations are concerned!

Negative Feedback:—Features of transistors are
first, that their transfer characteristics are not en-
tirely linear, secondly, that they have pentode-like
characteristics which places them in the category of
constant-current devices. Thus, the output resist-
ance of a transistor amplifier in the absence of
feedback is greater than the load resistance, that
is, the damping factor is less than unity. It is well
known that negative feedback provides an answer
to these problems. Any substantial degree of over-
all feedback precludes the use of inter-stage coup-
ling transformers. The Ilimited bandwidth of
transistors means that great care is needed to obtain,
in the absence of feedback, a frequency character-
istic which will enable the desired amount of feed-
back to be applied over the whole audio range from
20 c/s to'15 kc/s commensurate with an adequate
stability margin. Early designs of transistor ampli-
fiers frequently had a loop gain characteristic
resembling the response curve of a tuned circuit
resonant at 1 Kc/s, and although the distortion figure
could be encouraging at this frequency, it was very
often horrific at 20 c/s.

A great attraction of transistor amplifiers is that
the impedanccs involved often enable standard loud-
peakers to be used without recourse to an output
transformer. This is not only a technical advantage,
but implies a considerable savmg in bulk and weight
to say nothing of cost!

I would not wish to give the impression that the
problems associated with audio amplification by or-
thodox means cannot be overcome. Indeed recent
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work indicates that in the field of domestic high
quality amplifiers, the transistorised solution is not
only possible, but competitive. Technical features
which enable this to be so, are the introduction of
v.h.t. transistors, overall d.c. coupling, and feed-
back; and the overall feedback of the order of 40 dB
with “7-mode” operation (constant supply current)
enables the power supply problems and cross over
distortion associated with class B operation to be
overcome whilst retaining high efficiency of maxi-
mum output. .

So much then for the situation where transistors
are employed as linear amplifiers.

Alternative approach:—But suppose we attack this
from a different angle. Suppose we take a look at
the characteristics of a transistor, and see where its
potentialities lie. One way in which a transistor
functions very well, better in fact than a thermionic
valve, is as a switch. It functions well as a switch
because its forward resistance is very low. Put in
another way, its knee voltage is very low: a hundred
millivolts or so compared to 30-100 volts for a
thermionic valve. Fair enough, now how do we
make an amplifier using switches? This may sound
a tall order, but in fact it is very simple. By the
use of well-known pulse techniques, we can obtain
a pulse waveform at ultrasonic frequency upon
which we can impress audio frequency information
as pulse duration modulation. The pulse waveform
can be readily amplified by semiconductor devices
operating as switches, i.e. operating either fully con-
ducting or turned off. Finally, the audio information
is recovered by means of a low-pass filter.

WIRELESS WORLD, FEBRUARY 1963

To explain this a little more_ fully, I think it is
easier to start at the loudspeaker and work back-
wards. Fig. 1 shows one possible output circuit,
which will serve to explain how the system operates.
This 1s a single-ended push-pull coufiguration in
which there are two current paths I, and I,. The
current I, is supplied by the battery B,, and when
S1 is closed (position 1) this current flows through
the loudspeaker in the direction AB. We shall say
that a current in this direction causes the cone to
move outwards.

Note that the swiiches S1 and S2 are ganged and
that when S1 is closed, S2 is open and vice versa.
Now let us move the switches to position 2 so that
S2 is closed, but S1 is now open. Current I, now
flows from the battery B. through the loudspeaker,
but in the direction BA, so that the cone now moves
inwards. So we have the conditions:—

Switches position 1, cone moves outwards.

Switches position 2, cone moves inwards.

Now let us operate the switch very rapidly, say
at a frequency of 50 kc/s, and arrange that it spends
an equal time in position 1 as in position 2. Let
us call these times ¢, and ¢, respectively. The volt-
age waveform across the loudspeaker will be that
shown in Fig. 2; it is a 50 kc¢/s square wave, with
unity mark-to-space ratio.

At this stage let us suppose that the loudspeaker
we are using has a heavy cone, and cannot respond
to frequencies above, say, 5 kc/s. It is therefore a
low-pass filter, and will not respond to the 50 kc/s
signal applied to its terminals. Since the waveform
of Fig. 2 has a mean value of zero, the mean current
flowing will be zero, and the cone will remain un-
deflected.

Now let us continue switching at 50 kc/s but
arrange the switch to stay longer in position 1 than
position 2. This condition is shown in Fig. 3. Here
the mean voltage is no longer zero but assumes a
positive value. Fig. 4 shows the conditions when
t, > t, where the mean voltage is negative.

We saw earlier that when the switch was perma-
nently in position 1 the cone moved outwards and
we can now see that when the switch spends wmost
of the time in position 1 the cone moves outwards.
Similarly, if the switch spends most of the time in
position 2, the cone moves inwards. The extent of
the cone movement depends cn the ratio of the
times ¢, and t,, i.e. upon the percentage deviation

'VI
— O 0 Ao
AUDIO FREQUENCY A.F. AF, R AF. AF, AF. AF.
COMPONENT O 2f, ‘ 3fy.

Fig. 5. Main components (not to scaie) of a pulse modulated
at audio frequencies where f; is the pulse repetition frequency
(50kc/s). "

of the mark:space ratio frecm unity. The relation-
ship between cone mcvement and mark:space ratio
is entirely linear, so tha: provided that we can vary
the square wave mark:space ratio linearly with res-
pect to the applied audio signal, we have the basis
of a linear amplificr.

Those who have a flair for mathematics may care

www americanradiohistorv com


www.americanradiohistory.com

20usec

SAWTOOTH
GENERATOR

N

Fig..6. Pulse modulator.

to look at this another way, and perform a Fourier
analysis of the modulated square wave or duration-
modulated pulse which is another name for the
same thing. Such analysis yields the spectrum shown
in Fig. 5. There are actually additional components
to those shown, given by a Bessel function. These
have been omitted for clarity but will be referred
to later.

Notice several interesting points about this cir- -

cuit:— .

1. Provided the switches are efficient, negligible
power is dissipated in them.

2. Since one or other switch contact is always
closed, the output source resistance is substan-
tially zero.

3. No harmonic distortion is introduced.

In the simple arrangement shown in Fig. 1 there
will, of course, be a continuous h.f. power dissipa-
tion in the loudspeaker speech coil, due to the funda-
mental pulse repetition frequency (50 kc/s) and
harmonics associated with the step function. How-
ever, we can avoid this by inserting a low-pass filter
instead of using the cone mass to provide low-pass
filter action. The ultimate efficiency depends largely
on the losses incurred in the filter. If the filter losses
were zero, then the theoretical efficiency would
approach 100%. In practice efficiency comparable
to that obtained from a class B stage can easily be
realized.

Transistors can readily be used for the switches,
so also can silicon controlled rectifiers, provided
their turn-on and turn-off times are sufficiently
short. With these latter devices power outputs of
several hundred watts can be envisaged. Four-
layer p-n-p-n avalanche diodes also offer attractive
possibilities.

However, before beginning too many pipe dreams

of kilowatts, perhaps we should consider some .

methods of producing a width-modulated pulse,

Pulse Modulators:—The modulator is required to
convert amplitude differences to time differences.
The primary waveform is therefore one which has
a linear amplitude to time relationship, i.e. a saw-
tooth. By feeding an ultrasonic sawtooth waveform,
plus an audio signal into a “slicer,” or voltage coin-
cidence detector, the required waveform may be
produced. This will be explained with reference to
the diagram Fig. 6 where a long-tailed pair co-
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incidence detector is shown by way of example.
The operation of the circuit is as follows. At the
start of the sawtooth run-down TR1 base is negative,
so that TR1 conducts heavily. TR1 emitter current
flows in the “tail ” resistance Rr and develops a
negative voltage on the emitter of TR2 which is by
choice more negative than the base of TR2. TR2
is thus cut off and its collector voltage is therefore
equal to the supply voltage. The circuit remains
in this condition whilst the sawtooth run-down con-
tinues, until the point is reached where the base
voltages of the two transistors are substantially
equal. At this time TR2 commences to conduct,
and its collector potential falls. For a short time,
both transistors conduct, but continuation of the
sawtooth run-down causes TRI1 to cut off, whence
TR2 conducts heavily. The circuit remains in this
condition until the end of the run-down when with
the flyback of the sawtooth generator, the cycle
recommences. The timing of the voltage transition
of the output waveform depends on the instan-
taneous value of the voltage at the base of TR2,
that is, upon the audio input signal. The battery
shown in Fig. 6 provides bias equal to the mean
value of the sawtooth, so that in the absence of
audio modulation the mark:space ratio of the output
square wave is unity.

Transfer Characteristic:—A very important point is
that the sawtooth waveform represents the transfer
characteristic of the amplifier. It follows that for
good linearity this waveform must be linear. In
practice a sawtooth with curvature causing rather
less than 0.259% harmonic distortion for 50% modu-
lation is readily provided by generators of the Miller
or the bootstrap families.

What is perhaps even more interesting is that
almost any desired shape of transfer characteristic
can be provided by appropriate shaping of the saw-
tooth by means of RC networks. For example a
logarithmic transfer characteristic is very easily
provided. We shall consider this in more detail
later.

Coincidence Detectors:—There are many types of
coincidence detector which can readily be used, and
the long-tailed pair is but one example. Other pos-
sible types are a double diode clipper, triggered
blocking oscillator or Multiar, or a saturable trans-
former employing a square-loop ferrite core.

Drive Requirements:—We have now seen how 2
train of width modulated pulses can be generated,
and considered one possible output stage configura-
tion. It is now appropriate to consider the require-
ments of the intermediate stages. Before this is
possible it is necessary to consider one or two further
points about the output stage.

“1pEAL”

TRANSISTOR

Fig. 7. Equivalent circuit of transistor.
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When looking at Fig. 1, we saw that the dissipa-
tion in the switches was very small, because the
switch was either closed, and thus there was sub-
stantially no voltage across it, or it was open and
there was no current flowing. Transistors, however,
are not perfect switches, because they do take time
to turn off, and during this turn-off time there exist
both a current in the transistor and voltage across
it. To minimize the inherent power loss, we must
choose a drive waveform which gives the minimum
possible turn-off time. Now let us spend a moment
on this point.

Fig. 7 shows the approximate equivalent circuit
of the transistor as seen by the driver stage. For
conduction to occur the voltage at point B must
be negative. The transistor ceases to conduct when
the voltage at point B is approximately zero, and
remains non-conducting if the voltage at this point
becomes positive with respect to the emitter. Un-
fortunately, there are built into the transistor two
components, the base resistance R and the input
capacitance C. Thus if we apply a rapid- positive-
going voltage step to the base terminal A, nothing
happens until the capacitor C has discharged through
the resistance R. Only then after the time interval
t, will the transistor be turned off. During the
period 1; there will be at some time insufficient base
current to keep the transistor bottomed, and there
will exist both current in the transistor, and appre-
ciable voltage across it.

Clearly the way to discharge the capacitor C as

rapidly as possible is to encourage a high current

to flow out of it. This can be achieved by connect-
ing the point A to a low-impedance positive source.
We have to be careful because there is a limit to
the positive voltage which we can allow to build up
across the capacitor C. Once the capacitor C is
discharged, we can hold the transistor safely off
with only a very small positive voltage. Just enough
in fact to allow for collector leakage current. The
desired drive waveform is therefore shown in Fig. 8.
To recapitulate, we have seen that with transistors
there is always some delay in the turn-off operation.
For minimum losses this delay must be as small as
possible. We achieve this in two ways, first by
selecting a transistor in which R and C are small,
secondly by ensuring that the optimum drive wave-
form is provided from a low-impedance source.

Regenerative Output Stage.—It is also necessary to
make sure that the turn-off delay does not allow
both transistors to conduct together, as obviously
the losses would then be very high. An effective
way of ensuring that this cannot happen is to
arrange for the output transistor which turns off,
to turn on the opposite transistor. This is achieved
with the regenerative circuit configuration, well
known for its use in inverter applications, shown
in Fig. 9.

The free-running frequency of the circuit is made
very low (a few cycles) by using a centre-tapped
choke of large inductance. At 50 kc/s, therefore
the circuit functions virtually as a bi-stable multi-
vibrator. If we suppose that TR1 is conducting,
and we wish to switch the circuit to the alternative
state where TR2 conducts, then this is achieved
by applying a positive trigger pulse to the base of
TR1 (as in Fig. 8). TRI therefore turns off, and
its collector voltage rises to twice the supply voltage.
Since the collector of TR1 is linked to the base of
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TR2, TR2 is brought into conduction. When in
conduction TR2 collector is virtually at earth poten-
tial, and this prevents TR1 from conducting. To
revert the circuit to its original state, a positive pulse
is fed into the base of TR2. To prevent power loss
in the base of collector resistors, a separate winding
can be used to supply the base drive.

For this type of circuit, which has many attrac-
tions, the drive waveform is not the square wave
with variable mark:space ratio which we obtained
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Fig. 8. Optimum drive waveform.
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\ Fig. 9. Regenerative output stage.

from the modulator. Instead two pulse trains are
required, one fixed in repetition frequency (e.g.,
50 kc/s) and corresponding to the fixed edge of the
square wave. Interlaced with these pulses we require
a train of position-modulated pulses which corre-
spond to the time-modulated transition of the square
wave. The pulses do not have to be rectangular,
but will yield a faster turn-off time per peak volt of
amplitude if they are rectangular.

These trigger pulses are readily obtained from the
duration-modulated pulse output of the modulator,
by differentiation. This is shown in Fig. 11. It is
then only necessary to invert the negative going
pulses and do a bit of shaping to obtain the wave-
form of Fig. 10. The resultant waveform at the
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Oscillograms of experimental circuits. Left, blocking oscillator output and, right, modulator output at lkc/s.

Susecjem.

bases of the transistors of Fig. 9 is then the optimum
waveform of Fig. 8!

It is worth mentioning at this pomt that a pulse-
position-modulated waveform is easier to handle
than the duration-modulated pulse with fixed voltage
boundaries, because it contains no audio-frequency
components. Thus the design of coupling networks
is made easier, because only a reduced frequency
range has to be handled.

Non-regenerative Qutput Stages.—If a regenerative
output stage is not used, then a proportion of the
direct output from the modulator must be added
to obtain the base waveform of Fig. 8. It may also
be necessary to 1ncorp0rate a simple delay network
to delay only the turning on action of the output
transistors by a time at least equal to the circuit
turn-off time. This is to avoid both output tran-
sistors being “on” together. The delay network
- may consist of a series resistance in the base, which
in conjunction with the input capacity provides
delay. The action is made one-way by shunting
the resistance with a diode. Alternatively, com-
binations of inductance, resistance and a wiode may
be used.

Complete Amplifier.—We have now collected, and
examined enough bricks to build a complete amph-
fier, at least in block form. Fig. 12 shows one pos-
sible form for stereo operation. This is to emphasize
that it is not necessary to duplicate everything. It
is also interesting to note that it is possible to control
the gain of both (or any number of) channels by
varying the amplitude of the sawtooth fed in parallel
to the separate long-tailed pairs. This has the effect
of varying the depth of modulation. This does not
require ganged potentiometers, and the gain and
transfer characteristic of both channels will always
be identical.

Some preliminary experiments have been made
with an arrangement of this form using OC23 tran-
sistors in a circuit similar to that of Fig. 9, as being
an easy starting point. To date, the circuit has func-
tioned with a collector dissipation per transistor of
some 50 mW. An cutput power of a few watts has
been obtained, but it is hoped to improve consider-
ably on these figures.

This form of circuit has the disadvantage of
requiring a centre-tapped choke, which must have
a large reactance and be clear of saturation at the
lowest audio frequency. A single-ended push-pull
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arrangement would not require such a component,
and it is thought that a pair of complementary tran-
sistors (n-p-n-+ p-n-p) would offer some attractive
advantages. It is worth noting that two such tran-
sistors do not have to be matched for this applica-
tion.

Modes of Operation.—In the simple case where no
electrical low-pass filter is used, it has already been
seen that there will be continuous h.f. power dissi-
patlon in the load. If we were to use 1009, modula-
tion, the efficiency Pout (a.f.)/Pin (d.c.) would be 50%,
and the d.c. power taken by the output stage would
remain constant. This is analogous to class A
operation.

If we insert a low-pass filter to prevent a con-
tinuous power dissipation in the loudspeaker, which
would frequently be unacceptable, then the efficiency
becomes higher, because the standing power loss has
been removed. However, higher efficiency implies
that the d.c. power drawn by the circuit must fluctu-
ate as in a class B stage. In mains-operated equip-
ment this may be some disadvantage, as it calls
for a well-regulated power supply. However, this
difficulty can be overcome in another way. If in the
output leads we place not just a low-pass filter, but
a crossover network, and feed the low-frequency
output to the loudspeaker, and the high-frequency
output to a resistor of equal resistance to the loud-
speaker, then the load seen by the output stage is
resistive at all frequencies. If we choose the cross-
over frequency between the top end of the audio
band and the pulse repetition frequency, then there
will be negligible h.f. power dissipation in the loud-
speaker, but this power will be transferred to the
terminating resistor of the high-pass section: The
current taken by the output stage will however be
constant, so that there is now no need to provide
a regulated d.c. supply. It is only necessary to
mount somewhere a wire-wound resistor (which will
get rather hot!).

Distortion:—Though in theory pulse duration modu-
lation (p d.m.) and demodulation is a linear
process, it is possible for distortion of the pulse to
occur, which will give rise to harmonic and inter-
modulatlon distortion of the audio signal.

For example, if the output stage drive waveform is
not correct, it is possible for the turn-off time to vary
with the mark: space ratio. This timing error, will
give rise to distortion. Apart from timing errors,
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Fig. 13.
feedback.

proportional to the cone velocity, or amplitude of
movement, and apply it as feedback. In this way the
cone movement can be very precisely controlled, and
non-linearities due to the suspension can be very
greatly reduced. Thus, provided the cone acts as a
rigid piston, the sound pressure wave can be made
to correspond very closely to the audio signal. Since
even foamed polystyrene cones break up at h1gher
frequencies, motional feedback is only useful at low
frequencies. However, this is where non-linearity
distortion occurs with moving-coil loudspeakers, be-
cause of the larger amplitude of cone movement.
The required feedback voltage exists as the voice-
coil back em.f., if only we could get at it. One

method of obtaining the back e.m.f. is to use a-

brldge circuit in which the loudspeaker is used in
conjunction with a dummy loudspeaker, which has
the same or a scaled electrical impedance.

In the author’s experience, the impedance of loud-
speakers which have an aluminium coil former is
extremely complex, and is subject to some variation
with cone displacement. Thus it is very difficult to
balance accurately the bridge and to obtain the true
back e.m.f.

A further dlfﬁculty occurs in convent10na1 ampli-
fiers in that the low-frequency phase shift leads to
stability problems when a reasonable amount of
feedback is attempted. However, pulse techniques
would seem to offer a possible solution to both these
problems. In the first place a p.d.m. amplifier can
readily operate down to d.c. if required, thus elimin-
ating low-frequency phase shift. Secondly, it is
suggested that by a simple modification to the output
waveform we have so far considered, combined with
a sampling operation, it should be possible to obtain
the back e.m.f. The method is illustrated in Fig.
13, where the two “halves” of the square wave
have been so to speak, moved apart. Thus the time
intervals 7, and t; vary as before in accordance with
the audio modulation. However, the time interval
made up of z,+1,+1, is fixed, and it will be secen
that during this interval neither of the output tran-
sistors conducts, and thus the loudspeaker terminals
are open-circuited. The voltage present at this time
is therefore the speech-coil back e.m.f. which is
proportional to the coil velocity. If we now connect

to the speaker terminals a gated amphﬁet which is

broucht into operaiion by the gating pulse shown
in Fig. 13(b), we shall obtain at the output a pulse of
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constant width t, but of amplitude dependent upon
the back e.m.f. It is then necessary to derive a feed-
back voltage which is directly proportional to the
pulse amplitude. One- must remember that two
things happen to this pulse when modulation is
present. First, successive time intervals between
pulses vary in accordance with the audio modulation
as in a pulse-counting f.m. discriminator. Secondly,
its amplitude varies in accordance with the back
e.m.f.

If we simply pass the pulse through a RC net-
work, we shall obtain an a.f. feedback voltage due
to both causes, whereas ideally we require a voltage
which is purely a functlon of the back e.m.f., ie.,
pulse amplitude. =~

However, not to worry, if we make the output
from the gated amplifier charge a capacitor up to
the peak value of the pulse, retain the charge and
add it to the audio input signal in the sense which
provides negative -feedback, all is well. Provided
we discharge the capacitor the next time the coinci-
dence  detector operates (which will be at a time
determined by the charge on the capacitor and the
a.f. voltage) and then recharge it to the peak ampli-
tude of the next gated amplifier pulse, then the
feedback voltage contains only information about
the back e.m.f. .

It is necessary to include the time interval t, to
allow the voltage pulse associated with the energy

stored in the inductance of the Ioudspeaker to

decay, before the gated amphﬁer opens It is clearly
an advantage if not a necessity 'to choose a loud-
speaker with low inductance. The interval ¢, allows
a margin of safety before the second transistor turns
on. The gating pulse generator can convenlently be
triggered from the first negative edge, and the
second transistor ¢an be turned on by a pulse derived

" from the back edge of the gating pulse.

At the moment, the author has not had the oppor-
tunity of trying this arrangement, so the idea remains
in the hypothesis stage; but no reason can be seen
why it should not be made to work.

Linearity Correction. There still remains a bit more
to be said about linearity, for it was seen earlier
that the system transfer characteristic was governed
by the shape of the “sawtooth” fed to the modu—
lator. By the use of so called “linearity correction”

networks as used in television timebases, we can

“mangle ” the sawtooth to almost any required
degree, and thus obtain the most complex transfer
characteristic. By appropriate choice of the shape
it is possible to cancel distortion produced in other
parts of the system. The linearity networks may
consist of passive elements of capacitance, resistance
and inductance in various combinations, and offer
far more scope than conventional gamma correctors,
which rely on the characteristic of a dicde or com-
binations of such characteristics.

One can also make the transfer characteristic a
function of frequency to compensate for distortion,
which is a function of frequency, by the method
shown in Fig. 14. Here the modulator is preceded
by a bass-lift filter. Thus the depth of modulation
increases at lower frequencies. Since the transfer
characteristic. has in this example been chosen to
have a linear centre position, but sharp curvature

at the extremities, high frequencies at low modula-

{Continued on page 83)
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to obtain pictures of fair quality from

“effect or, if it is very intense, a
‘pattern of black spots (on negative

FM sound chanrel.

the B.B.C. plans to radiate on

“ BELLING-LEE > NOTES

No. 45 of a series:
The UHF Tests

In Southend recently we managed

the B.B.C. experimental transmission
on channel 44 (Band V), using a
““ Metropolitan > set-top aerial stand-
ing on the receciver, which was
situated in a first floor room. The
distance from the Crystal Palace
transmitter is about 33 miles, so this
was not bad going considering the
present moderate e.r.p. of 160 kW.

Other reports of long range recep-
tion, using outdocr aerials, are
becoming commonplace, and it might
seem as if the pundits were unduly
pessimistic in their forecasts. How-
ever, it is better to err initiaily on the
cautious side, for people do not
usually complain it they obtain
better results than they were led to
expect, and it is, of course, too early
yet to begin to formulate an overall
pattern of coverage.

Although first results with black-
and-white transmissions are encourag-
ing, we cannot over-emphasise the fact
that this gives no real indication of
what to expect from colour television.
Receiver ‘ noise’ is slightly more of a
problem with the latter, inasmuch as
the resulting haze is coloured. Man-
made interference produces a similar

modulation) which are surrounded by
colour fringes and lock something like
confetti. Phase delays introduced
with reflected signals may, if slight,
raise or lower the colour luminescence
level, but if the delay is sufficient to
produce a separate image, the
““ghost ” is coloured. All these
effects are more disturbing to the eye,
and additionally, extreme phase delays
may affect the sound and give rise to
an audible buzz due to the displaced
carrier punching through into the

At the moment, therefore, we still
counsel either wait and see or, if you
are putting up an aerial, let it be of
the very best type to avoid possibly
having to change it for something
better later. We must, too, issue this
reminder, that although the u.h.f.
aerials we are supplying now will also
be satisfactory for reception of the
additional test transmissions which

channel 34 shortly, they will not be
correct for the first service trans-
missions, which are likely to wuse
channels in the lower half of Band IV.

Aduvertisement of

BFLLING & LEE LTD.
Great Cambridgg Rd., Enfield, Middx.
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tion will be amplified linearly but low frequencies

which cause heavy modulation will be “distorted”.

in the required manner. To maintdin a flat overall
frequency characteristic, a bass-cut filter is included
in the output. Although this system offers more

scope than existing methods of gamma correction, it
will not be possible in every case to cancel distortion_

entirely in this way.

Other Applications: It is thought thaf'» this form of

“gamma corrector” may have other 'applications,
possibly in the sphere of electronic musical instru-
ments, where it could be used for toné forming.
The sawtooth shape may be chosen to pr0v1de the
harmonic structure required for a particular stop

Tape Recording: It has been suggested that in the
conventional method of recording using h.f. bias,
the resulting “pattern” on the tape resembles the
p.d.m. wave train, we have been considering. It
would therefore be of some interest to apply such
a waveform as a current 1n standard recording head,
and compare the recording process with that of the
classical method. The writer again regrets that time
has not been available to perform any experiments
of this nature, but perhaps some reader would like
to oblige?

Taking Stock

Having digressed somewhat from the orlglnal theme
of audio amplification using pulse techniques, may
we return to take stock of the situation? It has
been seen that pulse techniques offer an alternative
method of audio amplification to the established
method. A little searching has revealed that this
idea is not new, and was in fact proposed in a patent
specification due to B. D. Bedford in 1930 (ref. 2).
What a lot of forward thinking ideas were evolved
at that time! Thyratrons were proposed, using the
series choke, parallel capacitor triggering method
now popular in thyristor inverters. Clearly the
thyratrons of the 1930’s imposed severe frequency
limitations. Thermionic valves are not very suitable,
because of their relatively high impedance. How-
ever, it seems to the writer that with the advent
of transistors and thyristors we need to take a fresh
look at this technique. Clearly a very great deal
of circuit development work needs to be done in
order to evaluate the best techniques. This will
facilitate an appraisal of the systerz and give a guide
to the sphere in which it is most likely to be com-
petitive. At the moment, one can visualize applica-
tions from high-power public address systems, using
thyristors, to specialist domestic audio systems prob-
ably involving transistors, possibly using refinements
of motional feedback. At the present time a hybrid
solution may be attractive, where valves are used for
the pulse generating and modulating stages, and
transistors for the output stage. The advantages
offered by double valves, of which there is no semi-
conductor counterpart, could thus be utilized.

It is realized that much of what has been written
is only in the “idea” stage, but the writer feels that,
in order to stimulate interest in the subject, it is
preferable to bring pulse modulation into the light
at this early stage, rather than to wait until all the
answers are known. However, certain advantages
are known. First, the performance of such an
amplifier is not dependerit upon transistor charac-
teristics; thus matching is not required, and the
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" . Fig. 4. Frequency-dependent linearity correction.

amplifier can bé expected to remain “up to spec.”
for a long time, ‘This is in contrast with many
present-day valve amplifiers which will only pro-
vide their specified performance with new valves,
and give a gradually deteriorating performance as
these age, particularly if the ageing process is not
equal in the output valves. The p.d.m. system is
essentially a “go” “no go” system.

Secondly, new devices, viz., thyristors (silicon
controlled rectifiers) can be contemplated for audio

.amphﬁcanon, whereas these devices cannot be used

in the traditional form of circuit.

The advantage common to existing tranSIStor
circuits that the impedances are such that an output
transformer' need not be used is retained.

As always, a new technique opens up possibilities
which may not be apparent with previous circuit
arrangements. For example, a new method of pro-
viding motional feedback.

There are, of course, disadvantages. In many
cases low-pass filters are needed, and some thought
is necessary as to the best configuration. This is
because filters normally operate between specified
source and termination resistances, whereas in this
case the source resistance is virtually zero, and the
requirements are rather different. Careful screening
may be necessary to present radiation troubles. It
must be admitted that the circuits appear a little
more complex at this stage, but it must be realized
that this may well be because we are not so familiar
with them. There is yet plenty of time for the usual
clever dodges and commercial compromises to be
evolved. For example, the use of the centre portion
of a sine wave rather thana sawtooth as the primary
waveform, or the combination of modulator and
output functions in a single stage.

A further possible disadvantage is that high fre-
quency transistors are called for, if the whole of

_the audio band is to be covered with low beat note

distortion. However, the system offers a low dissi-
pation figure. for the output transistors, which is a
considerable advantage.

It is hoped that the contents of this article will
have whetted the appetite of some for a little experi-
mental work in this field. In this case its purpose
will have been satisfied. - : '
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OSCILLATORS

=

2. — TWO-TERMINAL CIRCUITS

THE previous article, after mentioning the class
of oscillators which can be related to a two-
terminal network system, discussed the great variety
of oscillators which can be analysed as the tandum
connection of an amplifier and a passive four-terminal
network, We must now consider the oscillators
which are based on a two-terminal - connection.
Any system of classification leads to trouble, because
a revision in the layout of the circuit diagram can
make a. circuit appear to fall into one class rather than
the other. This can actually justify the use of rigid
classification, as we shall see in a discussion of the
Clapp circuit, because it can force us into taking
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Fig. 1. Basic two-terminal oscillator.
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Fig. 2. Linear load lines in relation to negative resistance
characteristics with two types of non-linearity.

account of elements which are implicit in our analysis
but are concealed by absorption in other elements
in the practical circuit. : v

The wusual way of describing a two-~terminal
oscillator is to make use of the circuits shown in
Fig. 1. 1In the first of these we connect an ordinary
series resonant circuit with resistance R, the loss
resistance, to the terminals of a negative resistance
box which looks like —R and we say that the net
resistance in the loop is zero, so that a current at the
resonant frequency will be completely undamped.
In the second circuit we have a parallel, anti-resonant
circuit and we show the loss resistance as a parallel
resistance R which is again neutralized by the parallel
negative resistance —R. '

The reader who has been doing his homework
regularly will be familiar with the situation revealed
by these two diagrams. They conceal the fact that
it is not sufficient to say that the impedance between
two terminals is, say, —1,000 ohms. We must also
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= a Monistic Approach

By THOMAS RODDAM

define, in one way or another, the short- and open-
circuit stability of the system. I do not wish to
repeat the discussion of this question again. I do,
however, want to make use of some of the ideas
which formed the basis of a study of negative resis-~
tance circuits used in transistor inverters.

A convenient starting point is what may be called
the conventional theory of the linear negative resis-
tance oscillator. In this we have the simple condition
that the negative resistance is numerically equal
to the circuit loss resistance and that the configuration
is one which can oscillate. Although that may look
as though it is begging the question the studious

‘reader can track down serious papers which adopt

just this line and which ignore the difference between
short- and open-circuit stability. It is perhaps
more straightforward to allow a small amount of
non-linearity to appear and to draw a linear resis-
tance load line across the nearly linear negative
resistance characteristic. Two versions of this are
shown as Figs. 2(a) and 2(b). We are concerned
with the central intersection at U. In Fig. 2(a)

the resistance corresponding to the load line is

rather higher than the negative resistance, a slovenly
way of saying something which would take too many
words to keep repeating. The circuit is, say 1,000
ohms load with —900 ohms negative resistance.
If the negative resistance device is of the short-
circuit stable type this intersection point is unstable.
The circuit will oscillate and since the presence of a
short-circuit will make it stable it can only oscillate
if the tuned circuit looks like an open circuit once
the loss resistance is excluded.

Certainly there are instability conditions with a
series resonant circuit, but they introduce either zero
or infinite frequency. We can exclude these normally,
because as we have seen in our earlier discussion of
negative resistance circuits, the impedance is only
in the negative resistance half of the impedance
plane over a limited frequency range. The only
condition of any interest is therefore with a circuit
of the type shown in Fig. 2(b).

When we turn to Fig. 2(b) we have a load-line
resistance which is less than the negative resistance,

+

-_-—;.L ¢

++  Fig.3 Basicdynatron oscillator.
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Fig. 4. Dynatron negative resistance characteristic.

a condition which will allow the circuit to oscillate
if there is an open-circuit stable type of negative
resistance and if there is some frequency at which the
reactive elements do not impede the operation.
This kind of reasoning leads us immediately to the
configuration of Fig. 1.

The average slope of the negative resistance region,
whatever we may mean by average in this context,
batween S; and S, in both diagrams of Fig. 2 is
equal to the slope of the load line. We. may, rather
naively, suggest that the circuit will oscillate between
S, and S,. I should not like to put any money on
this because the amplitude depends on the balance
between energy pumped in when the slopes of the
two lines differ in one sense and that absorbed when
they differ in the opposite sense and I am not sure
that the result of a comparison of tlie two integrals
will give such a simple answer. In any event, we
cannot use such a delicate balance of non-linearity.

This is not a difficulty which is peculiar to the
linear two-terminal oscillator, for we have exactly
the same kind of problem with the four-terminal
oscillator.  Similar methods are used to control
the amplitude of oscillation by varying the ““factor”
of the active system.

The early literature of this type of oscillator seems
to indicate that engineers were in flight from the
cult of the personality and were seeking refuge
in the purer world which is inhabited by the classical
scholar. The dynatron is one of the old favourites,
although I doubt whether it is much used nowadays.
The basic circuit is shown in Fig. 3 and for its opera-
tion it depends on secondary emission from the anode
of a screened-grid valve. This rather old-fashioned
term is used because the modern tetrode will in
general not show the negative resistance region
indicated in the characteristic of Fig. 4. Indeed
I was about to say that they don’t make valves like
this nowadays, the favourite cry of the old hand,
but I see that the 6164 (at Eg = —50V) and the
5763 (at Eg = —10V) show, in the Brimar curves
a small negative resistance region. There is just
a little of the old Adam left in these characteristics,
but I should not like to rely very much on it, because
if they can design it out of the valves they will.

The transitron, shown in Fig. 5, is a rather
safer bet and is, of course, the parent form for a
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whole set of non-sinusoidal wave-form generators.
As far as language is concerned, however, my favour-
ite is the kallirotron, which is the name given to a
circuit based on the ordinary two-valve multivi-
brator. This is, of course, only one of the systems
which are still of great interest and we might perhaps
record, before going on to this matter, the prolifera-
tion of negative resistance oscillator circuits which
we saw in the distant days of the point-contact
transistor. Device negative resistance is probably
never really satisfactory for anything but the simplest
circuits.

It is tempting to say that the active circuit design
for a two-terminal oscillator is more significant,
more important, than the amplifier design for a
four-terminal oscillator system. I think this is an
illusion which is produced by our experience.
Simple amplifier design is a rather bread-and-butter
activity which our chief interest is in refinements
of the circuit or the use of new devices which are
not so very different from the old devices. Negative
resistance circuits, on the other hand, are very much
less familiar to most designers and they are more
easily satisfied by the sheer fact that they have got a
negative resistance and by the circuit techniques
needed to get it.

This attitude will probably change now that we
are beginning to use the negative impedance con-
verter as a network element. I wrote something
about this side of the story fairly recently and I can
therefore skim fairly lightly over the circuit details.
The story really begins with the use of negative
resistance for amplification in telephone lines and
with the study of the circuit shown in Fig. 6. This
is a greatly simplified composite of the two basic
circuits: we connect one of the two resistances and
look in at the other end. When R, is connected we
see at the anodes of the valves a resistance of approxi-
mately —R,. When R, is connected we see at the
cathodes of the valves a resistance of approximately
—R,. As we have already discovered in our earlier
studies of this circuit, the negative resistance seen
at the anodes is short-circuit stable, while the
negative resistance at the cathodes is open-circuit
stable.

The kallirotron circuit, when we look at it again,

+ ++.

Ly

Left: — Fig. 5. The
transitron oscillator.

Right:— Fig. 6. Neg-
ative impedance
converter,
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Fig. 7. Oscillator using the network of' Fig. 6.

Fig. 8. Four-terminal equivalent of Fig. 7.

is just the oscillator circuit we shall get by connecting
an anti-resonant circuit from anode to anode, and can
be drawn in the usual form in Fig. 7. As soon as we
start to draw the circuit in this form we start to
play about with it. We put in-the cathode resistance
values which suit the d.c. conditions for the valves
and, in consequence, we have a negative resistance
value very much lower than our loss resistance.
Sometimes we find that the designer allows the
valves to drive up into the low-gain regions, some-
times the oscillations are controlled by using rather
low values of anode feed resistance. - Then we get
the designer who prefers to treat the circuit as though
it were a four-terminal circuit and who adopts the
form shown in Fig. 8. He may use a transformer
and omit the capacitors or he may use an autotrans-
former. This way of handling the circuit leads to
the right answer and has only two disadvantages.

The first disadvantage is that it interferes with the
classification scheme which we are exploring. You
may feel that there is a suggestion here of the attitude
of the French pensions official who wrote to a clai-
mant who had been travelling abroad that his
medical certificate showed that he was alive now,
but a certificate was also needed to show that he
was alive in the previous quarter. The second
disadvantage is that we shall want to discuss large-
amplitude non-linear oscillations, and the negative
resistance approach is then much more convenient.

88

Fig. 9. Crystal-controlled multivibrator oscillator.

The inclusion of the transformer effect in the negative
resistance is qu1te simple, as we shall see.

The other important application of this type of
circuit is in the crystal oscillator circuit shown in
Fig. 9. This circuit operates, of course, by providing
a near short-circuit between the cathodes of the
valves at the resonant frequency of the crystal.
Provided that the loss resistance of the crystal is
less than the net value of negative resistance the
circuit will oscillate.

Most constant-frequency oscillators operate with
signals of small amplitude in the linear region of the
characteristic and the use of push-pull circuits is
thoroughly uneconomic. We can regard the valves
or transistors as being connected in parallel and we
know that for amplification purposes the tandem
connection is the one to use. There is a hint, too,
that we shall often find it convenient to use a trans-
former because the impedance of a tuned circuit
may not be in the region most convenient for the
active circuits we shall use. We may look at the
circuit shown in Fig. 10 a circuit which was used
in a discussion of transistor inverters.- There it was
shown that if a high impedance was connected at C
we should have a negative resistance facing R, and
that this would be a short-circuit stable type of
negative resistance. If R, is connected and if the
parameters are properly chosen we can look in at C
and find a short-circuit stable negative resistance
there. This circuit will act as a sine-wave oscillator
if an anti-resonant circuit is connected across C and
if the conditions are such that we remain in the
linear reglon

A variation of this is the circuit shown in Fig. 11.
A good many years ago I analysed this circuit from
several different points of view. One way which I did
not use was to show, as can be done quite easily,
that the impedance looking in is a short-circuit stable
negative resistance which is approximately —-n?R.
by combining the ideal transformer with the inductor
of the anti-resonant circuit a very good and simple
oscillator is obtained. Like all the circuits discussed
so far it operates at the characteristic frequency of the
tuned circuit.

We can construct this circuit by using a different
form of ideal. The network of capacitances shown
in Fig. 12 is an ideal transformer of ratio 1:n
provided that C is allowed to approach infinity.
Since we are considering general principles we can
accept this as a possible situation to which our real
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situation will be an approximation and we can go
on to draw a practical oscillator circuit in Fig. 13.
Once we accept the resistance as being a component
which must be associated with the valve we see that
this is another way of arriving at the Colpitts circuit.
The design method for this circuit, however, con-
centrates attention on the loss resistance of the tuned
circuit. Very little attention is needed to the usual
problem of the Hartley and Colpitts circuits, -the
variations in source impedance, because if we draw
the network in the four-terminal arrangement we
see that the negative current feedback in the valve
is looking after the impedances by making them
- very high. :

T want to digress at this point from the main
stream of oscillator classification to look even more
closely at this circuit. Something which looks very
like it was discussed by G. G. Gouriet (Wireless
Engineer, April 1950) with a conclusion which at
first sight is pretty confusing. We have seen that
. the logic of development from Fig. 11 to Fig. 13
gives us a negative resistance which is short-circuit
stable. We know that this is quite right, because
if we put an anti-resonant circuit across the input
terminals of Fig. 11 we get an oscillator. Gouriet’s

Right:—Fig. 10. Ifa 7
high impedance is '
connected at C a
short-circuit-stable
negative  resistance
faces Ry. 3 R,

arrangement of Fig. 10.

Right: — Fig. 12. If C
approaches infinity this net-
work is equivalent to an

. n-!
ideal transformer of ratio - C T
I: n. . . -1- T
—0

Left:—Fig. 13. The
practical oscillator
derived from Fig. 12
is virtually the
Colpitts circuit.
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Left:—Fig. 1. A variation of the

Fig. 14. Generalized form of the circuit of Fig. I3.

Fig. 4(b) is shown as Fig. 14. For this circuit we can
take his equations (Appendix 1 loc. cit.)

eG = Z2(Ig + eg gm)
eg:', 21 Ig
and

E, =¢ + ¢ ‘
= Iy(z2 _l'" Zl _l'" Em Zl Z2)
If Z, = 1/joC, and Z, = 1/jC,,
E _ 4 _ 1 G AGC gm
I, e C,C, 0?C,C,

Now in the Clapp circuit we get this system to
oscillate with a short circuit, a series circuit, a
resonant circuit, connected to its terminals and we
draw the conclusion that the term —g,,/»*C,C; is
open-circuit stable. If we see how it changes as g,
gets smaller, the ends of the negative resistance
region, we get the negative resistance going to
zero and we can then add in the effect of grid cur-
rent and develop an S-shaped characteristic. We
must be able to reconcile these two conflicting
views and the key to the reconciliation lies in the
choice between a parallel and a series RC network.
Transformation from one to the other is straight-
forward and tedious, just the problem needed to
pad out an examination paper. If you feel dis-
posed to examine this for yourself I would say
that the answer seems to be obtained most easily
by working in terms of admittances, and that the
resulting negative resistance is

~<gm/w2C1C2 =4 lllgm)

When C,C, — o this reduces to —1/g,, which,
quite clearly, gives us an infinite value as g,, = 0
and thus gives us the N-shape we associate with a
short-circuit stable negative resistance. From this
it is clear that the resonant circuit must be pre-
senting an inductive impedance to the terminals
in order to take up the capacitance effect of the
active network. I feel that there is an Awful Warning
here. We have seen in previous discussions of these
negative resistance networks that the whole behaviour
of the system impedance as the frequency varies
is of vital significance. Yet in discussing a circuit
of the type of Fig. 14 we may try to separate out
the negative resistance ffom the associated re-
actance. Whenever this happens we must look
very carefully to see what we are about: this is
especially true in any situation in which we are
using a capacitance network as a transformer equiv-
alent and are implicitly absorbing a negative
capacitance. :

The need for some classification operation is
indicated to my mind by the basic circuit of Fig.
15(a). This is described in some texts as a feedback
oscillator. and is analysed by considering the net-
work of Fig. 15(b). We can, however, see very
easily that the impedance facing the anti-resonant
circuit is such that a voltage V will cause a current
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Fig. 15, Feedback or negative-imped-
ance oscillator? ‘

[0

(2)

(A—1)V/R to be driven back into the source,
provided that we make the usual assumption that
the amplifier has infinite input impedance. This
gives us an input impedance, with the feedback
resistance connected, of R/(1—A) which, if A>1,
will be negative. We may very properly regard
this as a negative impedance oscillator. In fact
most of the negative impedance converter cir-
cuits which I discussed some little while ago can
be rearranged into some form like this. We can
design the amplifier according to known methods
to make the gain A a pure number of high stability,
though we should do this even if we adopted the
feedback point of view. I think, however, that we
may find the negative impedance approach more
convenient in a variant of this circuit which I shall
discuss later.

(b)

There is no space to discuss the large-amplitude
negative resistances circuits this month and we
must postpone this very important class of oscilla-
tors. I feel that we can say that a basis has been
established for a split into the two mains types of
oscillator but that it is only too easy to allow. an
oscillator which belongs, when generalized, to one
class to be regarded, in its special form, as belonging
to the other. The Gouriet=Clapp circuit, in par=
ticular, can be generalized into the Colpitts circuit
or into something which is really the circuit - of
Fig. 15(a) when the capacitance transformer is
included. There are moments when I feel like
the African clerk described by Graham Greene
who filed documents on local-grown tobacco under
the heading * transport.”

LETTERS TO THE EDITOR

The Editor does not necessarily endorse opinions expressed by his correspondents

Failure Rates

IN your review of the Second 1.E.E. Symposium on
Reliability you report the supposed * necessity for
assuming one failure where none was suffered, in order
to get a figure.” This idea did indeed seem prevalent
at the Symposium, but put in that form it is not well
founded.

The crude approach is to say. that, since nothing is
known of behaviour beyond the test period, it is safest
to assume that a failure would have happened immediately
afterwards. If this hypothetical failure occurred mme-
diately afterwards, it is practically the same as if it had
occurred just inside the test period.

There is, however, a quite sound statistical basis for
calculation. The specification of a failure rate in per
cent per 1000 hours or the like presupposes that there
is a small and uniformly distributed risk of failure, say
o per hour where o is of order 10~ or less, and this is
the condition for the validity of the Poisson law (* the
law of rare events ). Under this law, the probability
that just r failures occur in time z (where r may = 0,
1, 2, etc.) is t :

P(r) = (ar)” e~*t/rl .. .. .. .. ¢!
Since (xz)® = 1 and 0! = 1, the probability of no failures
is quite properly given by

PO) =e®~1 — o .. .. .. 2)
and the risk of some failures (one or more) is P(f) =
1 —PO) =1 — e % ~aqz,

The problem now is to decide how much importance
to attach to the results of one or a few tests. If only
one test was run, and the ultimate application is fairly
critical, it may be thought reasonable to suppose that
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the test was a lucky one, with odds of nine to one against
an equally good result occurring generally; and one
therefore equates P(0) to 1/10th, whereupon (Pf) has
probability 0.9 which is not far out from saying that
one failure would have occurred in that time. But if
the test is run on a batch of 100 specimens, and none
fail, the value of «t appropriate to this new condition
will be very nearly 100 times smaller. Thus on the
assumption of the Poisson law, running a test on a number
of specimens simultaneously is very nearly equivalent
to running a test on a single specimen for the cumulative
time. . :

Of course one may not be content with only 9:1
odds against the run succeeding by chance, but given
the basic formulae it is not difficult to adjust the calcula-
tions. The important point is that for very small num-
bers statistical calculation is aimost meaningless and
can only be applied through large safety factors, but the
number which is critical is the number of items under
test, not the number of failures; so zero failures out of

a large number is perfectly amenable to statistical
interpretation,
Sonning Common, Reading. D. A. BELL,

AMTF British Research Laboratory.

“Transistor RC Oscillators and Selective
Amplifiers '’

IN his interesting and useful article in the Decémber
1962 issue Mr. Butler discusses circuits which make
use of null networks or 180° phase-shift networks.
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Another method of effecting a regenerative tuned ampli-
fier is indicated in the accompanying Fig. A, where N
is a positive feedback network having zero phase shift
at one frequency. This arrangement is attractive because
it leaves the base of the first transistor free to accept

an input signal, and the collector of the second tran-
" gistor free for taking an output. The network must be
able to work when connected between low impedances
since V2 is an emitter-follower as far as N is concerned,
while V1 is a common-base amplifier. A suitable net-
work is shown in Fig. B. It is derived from a current-
driven ¢ Wien > network, and its vital statistics are as
foilows:

fo = 1/2n(R;RoC;Co)?

At f,

B Ry + Ry + Ry(G/C) = Re (say).

IfR, = Ry = R, and C; = C; = C then f, = 1/27RC
and Ry tecomes 2R,

The condition for oscillation is that the collector
load resistance of the first transisior should be rather
greater than Rq. - .

Some practical points should be noted. First, since
Ry depends on R; and Ry in the way shown in the
formula above, variable resistance tuning is impracticable
in a wide-range oscillator; the loop gain would need
continuous adjustment. Variable-capacitance tuning is
better; it is then only necessary to keep the ratio of
the two capacitances constant to keep Ry constant.
However, range-changing is still a problem, since Rr
would be different on each frequency band. In short,
the circuit is really only suitable for fixed-frequency
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working at low frequencies, or one-band operation at
high frequencies, using capacitance tuning.

Regeneration control or amplitude stabilization can be
effected by adjusting Re. In a direct-coupled circuit
this is best done by means of an extra resistor Rg with
a blocking capacitor. (In an oscillator, R¢ may be a
thermistor: S.T.C. type “R” thermistors have a tem-
perature rise of 50°C/mW, so the power required to
operate them can easily be obtained. I have not tried
one in this circuit but type R24, with a cold resistance

of 20kQ, looks a good bet.)

The tuned frequency will be found in practice to be.
Jower than the calculated value. In the oscillator circuit
of Fig. C, for example, the calculated frequency was
16 kc/s and the actual frequency about 13 kc/s. The
discrepancy arises from two causes. First, the internal
impedances of the transistors, looking into the emitters,
add to the tuning resistances. Secondly, the input
impedance of V2 is not a pure resistance: it is capacitive,

" because the emitter load of V2 is capacitive. This intro-

duces a phase shift into the feedback loop. However,
the frequency is quite stable and the oscillator generates
good sine waves.

An alternative tuning network in which inductors
are substituted for the capacitors is possible, but has
the disadvantage (in this circuit) that it does not block
d.c. The oscillator may also be used with a series-tuned
L.C circuit connected between emitters, instead of an
RC network.

Croydon. - G. W. SHORT

F. BUTLER in his article in the December 1962 issue
does not describe the simplest selective amplifier of the
types considered, which is surely the two-valve circuit
obtained by ¢ pruning” redundant components from
his Fig. 16 (p. 588). This gives the circuit of the accom-
panying diagram. V1 is best made a silicon type for
which Vi, will be about 500mV. Thus the emitter
potential of V2 (and hence its emitter current) becomes
well defined at 500mV + (R; + Rj) In. With the
parallel-T network tuned to a null at f,, the selectivity
of the current gain of this circuit will be as follows:

Current gain at high frequencies 0dB (unity)

Y ss 3 o --10dB
33 LRI} 0 ‘i* 14:dB
3 3 3 JO . ~>30dB
. s low frequencies (R3+R5)/R;

3>
The gain at f, is set by the forward gain of the transistor
pair and at other frequencies by negative feedback only.
The response at low frequencies can be improved by
suitable choice of C; and R,. Positive feedback can be
introduced into this basic circuit by, for example, a
resistor between the base of V1 and the collector of V2,

-6 T0-12V"
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to 1ncrease the gain and selectivity at fy, but only by
degrading the inherent high stability of the circuit.

The circuit may similarly be made the basis of a highly
stable oscillator. : :

Edinburgh 8. M. R. NICHOLLS.

The author replies:—

In terms of sheer circuit simplicity I believe that my
Fig. 11 is even more economical in components than
Mr. Nicholls’ circuit which, as he says, can be derived
from my Fig. 16 by leaving out what he describes as
redundant components. \

For use at a single frequency his circuit has some excell-
ent features. It is d.c. coupled, provides stabilized base
bias and uses no large electrolytic capacitors. Against
this, two of the resistance elements in the twin-T network
also act as biasing resistances for the first transistor.
Tuning by resistance variation would alter this working
bias and cause undesirable changes in the operating points
of both transistors. This is my major objection to the
circuit. A minor one is that the output is at a relatively
high impedance.

In my Fig. 16, base bias for the transistors is derived
from a network which is independent of the twin-T
circuit. Tuning by resistance variation does not affect the
standing bias. Two more components provide variable
regeneration, a feature which is absent from Mr. Nicholls’
circeit.  Finally, the second transistor in Fig. 16 is
bootstrapped to give high gain. Removal of the so-called
redundant components clearly affects the performance
of the amplifier in quite basic ways.

Rcaders may be interested in another circuit which
bears some resemblance to that due to Mr. Nicholls.
It was described by E. I. Kuflevskii in the Soviet journal

§390k

/éL
\&J
m

Circuit due to E. I. Kuflevskii,

Radiotekhnika, Vol. 16, No. 9, 1961 (available in trans-
lation from Pergamon Press).

As with Mr. Nicholls’ circuit’ the arrangement is
best suited for single frequency operation, since resis-
tance tuning alters the transistor bias and, again, the
output is at high impedance. '

Most writers favour the symmetrical twin-T circuit
but Kuflevskii recommends an unsymmetrical arrange-
ment. '

For the symmetrical case:—

R =Ry, C = C;,Co= 2Cand Ry, = R/2,

In the unsymmetrical case:—

kR
BT Rmaaw
_C - _ CU +Kk
Cr = k G = mk

Preferred values of the various constants are given
in the article as k = 2.75, m = 1.42 and R = 10kQ.
Cheltenham, Glos. F. BUTLER.
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“LC Oscillator Design’’

BECAUSE the linear theory of oscillators is so exclusively
established, - but of little practical use, we attempted,
in our article in the November and December 1962
issues, to present oscillators from the opposite extreme
point of view. We are therefore grateful to Mr. Butler
(p. 28 of the January issue) for helping to show the link
between these different viewpoints by stating the condi-
tions for unity loop gain in a * cross-connected > long-
tailed pair. The classic approach to oscillators is helpful
if use is made of the describing function method of allow-
ing for non-linearities by means of an amplitude depen-
dent transfer function, ref. 1. The definition of an
effective mean gy, (gm), when the valve is operating linearly
for only part of the cycle is a commonly used empirical
representation of this theory, which is only of real value
when the form of the non-linearity is specified. It is the
characteristics of the long-tailed pair as a limiting amplifier
which are then the crucial point. _ :

Such a limiter is most satisfactory if the ¢ tail > approx-
imates closely to a known constant-current source.
This requires a tail resistor of known value, across which
a known voltage exists, changes in this voltage being kept
small compared with its mean value (say less than 109).
As Mr. Butler observes, this criterion is not satisfied in
the circuit he describes because the mean potential across
the 10k and 500Q resistors is determined by the grid-
bias cathode current relationship, a poorly defined
parameter (Ref. 2). ’ : :

However, the describing function theory, like any
other, is of real value only if the results it gives are worth
the effort involved. For this reason the approach adopted
was that of idealizing the limited sine-wave of current
into a square wave, which simplifies the theory, making
it of more practical use. ’

We were perhaps a little severe with the conventional
oscillator which in many instances is not required to be
a device with a precise performance. The chief applica-
tions in which we have used long-tailed oscillators have
been in fields usually referred to as “ electronics >’ rather
than * radio”. The technique we described then permits
the sine wave to take its place along with other wave forms
as a quantity which can be easily and accurately mani-
pulated (Refs. 3 and 4). .

In conclusion we would like to thank Mr. Butler for
pointing out a second-order effect due to collector capaci-
tance changes, although we have not found any difficulty
due to this effect. This may be because low L/C ratios
give tuning capacitors with values swamping the effect,
and in addition capacitance changes are less when the
transistors are not driven to bottoming. In fairness,
we have not used these oscillators at frequencies above

‘about 3Mc/s, when the effect may become noticeable.

It is, of course, such second-order effects which limit
the useful range of “ first-order ” designs and the ulti-
mate performance of a circuit. Nevertheless, first-order
design methods and the designable. class of circuit are
most valuable tools for the engineer which, perhaps
because of the emphasis laid on analysis, as opposed to
synthesis, in training, are surprisingly little known or

accepted.
M. F. SIZMUR
R. C. FOSS.
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“ Bootstrap Follower Characteristics,”

A CIRCUIT similar to that described by R. C. Foss
and M. F. Sizmur (December issue, p.596, Fig. 3) wa
recently developed for amplitude modulation of a variabl

(Continued on page 91)
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frequency oscillator. The main point of difference is
that the position -of the r.f. and a.f. is interchanged.
Referring to the accompanying diagram (a), the d.c. and
r.f. components of the collector current of V1 divide
between the emitters of V2 and V3 in a ratio controlled
by the difference potential of the bases. With balanced
drive to the bases, as shown, the potential of the emitters
of V2 and V3 remains more constant than with un-
balanced drive, thereby minimizing any reaction on the
input impedance of VI, hence minimizing unwanted
frequency modulation of the oscillator driving the base
of V1.

It will be noted that in the ideal case (and in practice
for much of the usable frequency range), both the r.f.
and d.c. componeats of the collector current of V1
divide in the same ratio in the collectors of V2 and V3, so
that a replica of the modulation envelope may be recov-
ered, without need for detection by diode or other
means, from cither collector. For example, the a.f.
signal at the collector of V2 can be used for negative
fecdback to linearize the modulation while the output
at the coilecior of V3 is fed to the attenuator.

A circuit obtaining the push-pull drive to the bases

WIRZLZSS WORLD, FEBRUARY 1963

of V2 and V3 without transformer and
from a single transistor V4 is shown in
diagram (b). V4 has an effective load of
500 ohms in each of emitter and collec-
tor, and operates with a moderate degree
of negative feedback in the circuit shown.
The current division between V2 and V3
can be adjusted by RV1 to equality or
otherwise as required.

The operation of this circuit has been
checked by the usual oscilloscope methods
(envelope and trapezium patterns) and
has proved capable of modulating carrier
frequencies between 100 kc/s and 13 Mc/s
with ““ audio ” in the range 100 to 20,000
¢/s. No serious distortion could be
observed when modulating 100 kcis
with one-fifth that frequency, and 1002,
modulation was easily attained with good linearity when
tested by the trapezium pattern.

The original circuit used complementary transistors
(p-n-p for n-p-n) as follows:— V1 SB231, V2-V3 SB305,
V4 0OCl139. ,
. A more suitable choice from transistors now available
would be:— V1 V2 V3 BSY26, V4 OC42,

A property of the above circuit, which ‘'may have some
applications, is the opposite polarity of the modulation
envelopes on the collectors of V2 and V3.

Edinburgh, 8. M. R. NICHOLLS.

R.F.

The authors reply: '

In reply to Mr. Nicholls we would like to point out
the distinction between his use of the “ L.'T.P.”.in which
modulation is achieved by the g,,/I, characteristics of the
transistor and our use of the switched L.T.P., in which
such characteristics have only second order effects.

The two circuits operate very differently—long tailed
pairs are very versatile. Perhaps Mr. Nicholls would like
to try one as a phase-splitter in diagrara (b).

M. F. SIZMUR
R. C. ¥OSS
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TRANSISTOR AMPLIFIER OUTPUT STAGES

2—CASE FOR COMMON-EMITTER OPERATION: DRIVER STAGE PROBL!’EMS

THE previous article discussed the three forms of
bridge structure which can be used for a push-pull
output stage and showed that a single-ended stage
could be regarded as a degenerate form of the
bridge. It is now necessary to consider how the
transistors should be used in the selected bridge.
‘There are two main phases to this discussion. The
first phase consists of what is really a reiteration of
known facts, the statement of the reasons why
common-emitter stages are used. The second phase
is an examination of the ways in which transistors
may be combined in order to reduce the distortion,
simplify the drive or increase the power available.

Common-collector operation is a very tempting
mode. It provides a low output impedance and
because of the local negative feedback it is extremely
linear. ~ The mput impedance is high. If we stop
our assessment at this point we see a very favour-
able situation. ‘However, a fully driven class B
stage will demand a peak base-earth drive voltage
which is approximately equal to the supply voltage.
In theory a resistance-capacitance coupling from a
driver stage operated from rather more than double
the output stage supply voltage could be used. A
quick consideration of the base bias network shows
that this is not a practicable solution even if it were
not so blatantly undesirable.

"An interstage transformer must therefore be used.
This transformer will conveniently have the ratio
1: (1+1) and can be wound to give very tight
coupling between the three windings by the use
of tripled wire. We now begin to see the high input
impedance in rather another light, for the trans-
former must have a correspondingly high induct-
ance. In what we may regard as the natural
development of this form the driver will be a class A
‘stage operating at a standing current rather above
the peak base drive for the output stages. This
may well be quite substantial so that the transformer
‘will have to be relatively large, with an air gap, and
.there will be a problem about the resistance of the
-windings. The thermal stability of the output tran-
“sistors will be seriously degraded if the total resist-
.ance in the base circuit is highy-but the requirements
for the common collector nansformer lead inevitably
to the highest resistance of any configuration.

A second problem which is often overlooked arises
from the variability of the input impedance. The
driver stage is of necessity a medium power stage.
It is not just a voltage source, for although this is
suggested in some texts we need only consider, for
example, the 150mA drive needed by the OC26 to
see that in a 12-volt system the driver will be dis-
sipating at least 2 watts. The impedance which

determines the response.of the transformer is then, .

.in approximate terms, the product 3R. for the out-
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By O. GREITER

put transistor. The term R, is virtually the load
and may be considered to be constant. If the
load is a loudspeaker of unknown characteristic in
an unspecified box there are some additional prob-
lems. However, 8 is by no means constant, but
varies substantially with instantaneous signal level.
The transformer inductance of a particular trans-
former will also vary with the signal. The amplifier
low-frequency response will therefore vary with
instantaneous signal level. The term (3 varies from
transistor to transistor, too. The overall effect is
that we have a great deal of uncertainty, about the
exact form of the amplifier characteristic and we
must provide very large margins in our design to
ensure stability when negative feedback is applied.

The case against the common collector circuit
may have been over-stressed. R. F. Shea (“Tran-
sistor Audio Amplifiers,” John Wiley, p. 182) shows

SUPPLY

—0

Fig. 4. Basic bridge circuit in which even terms cancel when

Z]_ = Zz and 23 = Z4.

how crossover distortion may be reduced with the
common-collector circuit, but it is rather uncertain
whether the reduction is greater than would be ex-
plained by the local negative feedback. This is
rather important, for if the reduction is selely due
to feedback it will be just as dependent on biasing
as the crossover distortion in the other configura-
tions. The inherently higher base resistance puts
the system back into jeopardy and it can, in fact,
turn out to be inferior to a system of higher thermal
stability. ‘

The common-base circuit also offers us the possi-
bility of very linear operation, provided that we can
drive it with a true current drive. However, this
current drive demands a great deal of current and
again- we are forced to use a transformer. This
transformer will give a voltage step-down from the
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driver and it might appear that the fact that we
are driving several amperes into the emitter against
the emitter-base voltage, a fraction of a volt, would
lead to very low inductance values. The inductance
is determined, however, by the need to maintain
current drive, for it is on this that the linearity
depends.

It may be thought that the fact that the base is
earthed will enable us to operate at higher voltages.
The text-book analyses of thermal instability and
of the avalanche breakdown mechanism will certainly
give us this impression. When we turn to practical
designs, however, we find that in order to bias the
transistors to avoid crossover distortion we shall
almost certainly wish to introduce the bias at the
base rather than at the emitter. There seems to be
no really convenient way cf avoiding this. Immedi-
ately, then, we introduce resistance into the base
lead and much of the advantage has gone.

The frequency response of the common-base con-
nection is its strong point. It is well known that
the response of the common-emitter stage begins to
fall at a frequency which is nearly enough the
alpha cut-off frequency, the common-base limit,
divided by the current gain " or 8. There is some
compensation here because of the additional gain of
the common-emitter stage, for feedback may be used

to sacrifice this extra gain and to obtain in return .

a wider bandwidth. Ideally it would appear that
this should be a balanced transaction in which the
common-base circuit would lose marks because of
its lack of flexibility. Certainly we can say that con-
clusions based on approximate network equivalents
should be suspect. Logically we might expect the
power gain of the common-emitter stage to be 3
times that of the common-base stage, but in some
references we find some disagreement here, usually
because the argument is bedevilled by assumptions
about source and load impedances.

K. W. Cattermole (“Transistor Circuits,” Hey-
wood & Co.) lists the comparative merits of the two
types of stage, and provided that we accept that
a~ 1 his conclusions are that the defects, distortion,
constancy, bandwidth and temperature effects are all
increased by the factor «’. The gain is also increased
by the factor «’. He draws the conclusions that the
common-emitter stage is only advantageous if it is
good enough without feedback or if some property
is particularly convenient. This is a very abbreviated
statement of his position. Consider, however, a tran-

INPUT

A
O—

Fig. 5. Complementary pair with single-ended input.

< -0
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Y |

(==
T
INPUT 2 l

Fig. 6. Separate inputs overcome the drawbacks of the
circuit of Fig. 5.

sistor having »'=50 and fx =250 kc/s, so that f,/=
5kc/s. A particular design can accommodate, let
us say, a transistor cut-off frequency of 20kc/s. The
common-base circuit is far too good, but the use of
the appropriate amount of feedback will tailor a
common-base circuit exactly to our requirements.

The advantage is that the available gain is brought
into the working band and becomes available for use
in overall feedback. It is well known that it is much
more profitable to provide, say, 20dB of feedback
round three stages than to distribute this 20dB as,
say, 8+ 8+4dB among the stages themselves. The
use of the common-emitter circuit gives us freedom.
"The reader may wonder why in the discussion, local
feedback has been used at all, but here we encounter
the problem of large single transient response. Feed-
back depends upon the signal travelling through the
amplifier and then back to the input. Unless the
first passage is reasonably undistorted the essential
conditions -are not satisfied and the simple theory
of the use of feedback is not applicable.

So long as we are considering only simple transis-
tor structures we may now assume that we shall
be using common-emitter stages and in theory,
though only to a rather limited extent in practice,
there is a choice of various combinations of n-p-n
and p-n-p transistors. In Fig. 4 (repeated from Fig.
1 of the previous section) we know that even térms
will be balanced out so long as Z,=Z, and Z,=Z,.
In the most conventional, or at least traditional cir-
cuit, the one in which Z, and Z, are the centre-
tapped windings of an output transformer and Z,
and Z, are transistors we shall clearly use two tran-
sistors of the same type. It seems to be quite point-
less to speculate on the meaning of circuits in which
a complementary pair can be used, for the first cir-
cuits to come to mind has disadvantages which are
typical of them all. There is nothing, then, in the
circuit to make a choice between n-p-n and p-n-p
and this decision will be made entirely on the basis
of a study of the types available.

When Z, and Z, are transistors while Z, and Z,
are capacitors the situation again favours the use of
two transistors of the same type in order that we
may easily ensure that the two halves of the wave-
form are treated equally. Any differences between
the transistors must lead to the production of terms
of even order. If this were the only consideration
there would be no need to say any more. The basic
simplicity of the driving arrangements in the circuit
of Fig. 5, in which a p-n-p and an n-p-n transistor
are used must commend it to us. Since the transis-
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Fig. 7. lllustrating drive circuit limitations,

tors are complementary a positive signal at the input
will cut off the p-n-p unit and drive up the n-p-n
while a negative signal drives the p-n-p but not the
n-p-n. This arrangement will eliminate the need for
a push-pull input. ' _

The difficulty arises when we have the lower side
of the input returned along the dotted line to A so
that the two transistors are operating in the com-
mon-emitter mode. The point B is the live end of
the load and the whole battery will be driven up
and down by the signal. It is not possible to use
this battery for supplying any earlier part of the
circuit. The result is, of course, the same if the
centre-tap is derived by a capacitor circuit and it
would be quite pointless to work out circuits using
inductors to decouple the battery. It would be easier
to use a transformer. The point B can be connected
to the common input terminal, which is usually taken
to be earth, The result of doing this is to set the
two power transistors into the common-collector
mode. It is, of course, possible to get round this
difficulty by the use of an input transformer, but
since the only real advantage of this form is that it
can be driven by a single input a transformer, which
could just as well drive a pair of similar transistors,
is obviously not an answer which makes sense in the
overall picture.

The practical solution of the problem is tied up
with the driving circuit. There are many ways in
which the two inputs needed for the arrangement
shown in Fig. 6 can be achieved without the use
of a transformer. These can be classed as drive
circuits or they can be regarded as arrangements of
compounded transistors. It would seem appropriate
to delay any discussion of them until the more funda-
mental aspects have been cleared out of the way.

The full bridge circuit, as it is called, or the four-
transistor version of the output bridge as it is more
correctly described, requires that Z, and Z, should
be matched, and that Z, and Z, should be matched.
Ideally this is all and we can therefore use a variety
of combinations. These turn out to be less simple
than they look. Let us first consider the all p-n-p
system shown in Fig. 7. The drive to transistors
T3 and T4 can be applied to the bases and can have
C as a common point. We shall have a quite con-
ventional push-pull common-emitter mode of opera-
tion. T2 must be driven in phase with T3, while
T1 is driven in phase with T4. If we attempt to use
the same drive sources, with C as the common point,
we must accept the fact that T1 and T2 are operating
in the common-collector mode and they will require
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the very large voltage drive associated with this
mode. This means that two drive sources must be
provided on each side.

Transformer coupling can be, and indeed is, used
to enable T1 to be driven with respect to A while
T2 is driven with respect to B, leaving a separate
pair of windings commoned at C to drive T2 and
T4. This is an arrangement of basic simplicity which
suffers only from the defect that many designers
wish to avoid the limitations of the transformers.
The author is conscious of the fact that this attitude,
though common, is not adopted by all designers and
there are some who may feel that this stress on the
question of transformer elimination is out of place.
There is no doubt that more transformers are being
used today than ever before with the result that
deliveries of experimental transformers also take
longer than ever before. Here is the root of the
dislike for circuits with transformers.

The signal at B is, of course, in the right sense
to act as a drive for transistor T3 so that if T4 is
considered to be cut off while T2 is driven its
conducting half-cycle as a common-collector stage
we can use the emitter signal at B to feed the base
of T3 through an appropriate value of resistance.
Although this looks to be a plausible circuit when
drawn in outline it iooks a good deal less attractive
as one approaches the problems more closely. The
need to provide a small amount of forward bias and
to control this forward bias by means of a tempera-
ture-sensitive device make the circuit look very
much more uncertain as a solution. Indeed, most
of the forms which look quite straightforward when
drawn in their basic structures suffer from this
disadvantage.

We must, of course, recognize that these basic
structures exist. The most attractive of them all
is probably the one shown in Fig. 8. So long as
we close our eyes to the problem of biasing, this
circuit has an admirable simplicity and symmetry
as has the common-collector version of the circuit
shown in Fig. 9. These circuits may well be found
attractive for relatively low power amplifiers in
which the impedances are correspondingly high. A
transistor such as the OCS84 requires about 3mA
drive and about 300mV to produce this drive, so
that the input impedance in grounded-emitter is
in the 100 ohm region. This is very much more satis-
factory for the planning of capacitance coupling
than the 100mA base drive at 500mV, or Sohms,

AN——d
+
-0 INPUT o
Fig. 8. Common-emitter drive circuit.
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Fig. 9. Common-collector drive circuit.

input to the OC26.
would wish to use a four-transistor circuit to pro-
duce an amplifier of the 1,000mW class is uncertain.
The designer who did wish to do so would probably
be prepared to use a driving transformer so that
he would be able to adopt a modified version, modi-
fied by doubling up the half-bridge, of the circuit
given for a 500mW amplifier as Fig. 5, p. 172 of
the “Mullard Reference Manual of Transistor
Circuits.”

In practice only the basic form of Fig. 7 seems

to be used and it is common to find that the n-p-n/-

Whether in fact a designer

p-n-p structure is used for driving this simple
bridge. The theoretical attractions of the p-n-p/
n-p-n power system vanish when we settle down to
design in detail. The range of n-p-n transistors is
limited, even in the North American market, and
consequently the range of true complementary pairs
is even more limited. Few designers will be pre-
pared to provide an accurately balanced and well-
screened transformer to couple the balanced out-
put to the unbalanced feedback path and the other
circuits, which will be discussed later, that are avail-
able do not provide a high attenuation to push-push
signals. It must be noted that the attenuation called

~for here may be of the order of 50-60dB if no

attempt is made at balancing the upper and lower
arms of the bridge.

Much of this discussion is based on the properties
of real transistors. If ideal transistors having a
current gain of unity are used the circuits become
much more practicable. The use of compound pairs
in the Darlington configuration offers us what can
be regarded as almost ideal transistors and makes
the use of some of the forms we have been
considering, and implicitly rejecting, a matter of
common practice. New difficulties arise, not un-
naturally, and it will be necessary to see just what
these are. 'The backbone of power amplifier design
remains the common-emitter stage and there are
details in the design of common-emitter stages which
require critical examination before we can proceed
further. It it hoped that this topic can be discussed
in the next issue.

Commercial

“Sound > 4-track tape recorders will provide stereo play-
back when connected to the Sound Addon unit available as
an optional extra at 14 gns. Descriptive literature of all the
current Sound models is available from Tape Recorders
(Ele7ctr0nics) Ltd., 784-788 High Road, Tottenham, London,
N.17.

Morganite Resistors’ latest publication * Morganite Quali-
fication Approved Components,” gives N.A.T.O. catalogue
reference numbers to a wide range of variable resistors manu-
factured by the company. Morganite Resistors Ltd., Bede
Trading Estate, Jarrow, Co. Durham.

Ampex literature newly available includes illustrated
descriptions of the FL300 continuous-loop recorder/repro-
ducer and the SP300 portable instrumentation recorder.
gmpex Great Britain Ltd., 72 Berkeley Avenue, Reading,

erks. \

RCA Receiving Tubes and Picture Tubes Bookict, now
available in an enlarged edition, 1275K, contains a new tube
classification chart, a tube application guide, and a revised
characteristic chart giving data on more. than a thousand
RCA tubes. RCA Electron Tube Division, Harrison, New
Jersey, U.S.A.

Jetlite headphones and headsets, manufactured by Ampli-
vox Ltd., Beresford Avenue, Wembley, Middx., have applica-
tions in broadcasting, film monitoring, tape recording and
general communications, and are fully described in a leaflet
available from the company.

Plessey communications receiver Type PR152 is a compact
all-transistor model covering the m.f. band (550-1500 kc/s)
and the hf, band (1.65-30 Mc/s) with a film-scale tuning
system giving a total effective scale length of 18ft. Full
specification details are given in publication 238 obtainable
from Plessey’s Telecommunications Division, Ilford, Essex.

98

Literature

Elliott portable d.c. test sets and reflecting dynamo-
meter instruments are the subjects of two illustrated leafiets
available from Elliott Brothers (London) Ltd., Century
Works, Lewisham, London, S.E.13.

Q type relay contactors made by B. & R. Relays Ltd.
are detailed in a new leaflet available from the company
at Temple Fields, Harlow, Essex.

Specialized voltmeters produced by Dawe Instruments
Ltd., Western Avenue, Acton, London, W.3, are the subject
of two new leaflets. 611A deals with a d.c. valve voltmeter
which facilitates measurements over the range 300,V
to 1000V, and 616A describes a transistor millivoltmeter,

Varian potentionmeter recorders, marketed in the U.K.
by Livingston Laboratories Ltd., 31 Camden Road, London,
N.W.1, now include a Gl4 transistorized instrument using
63 in wide charts and having spans of 1, 10, 100 mV and 1V
with a pen speed of 0.6 sec. for full scale. An illustrated
leaflet describes Varian potentiometric instruments,

Mullard have produced a quick reference chart to their
special quality valves and equivalents; copies from the com-
pany’s Government and Industrial Valve Division, Mullard
House, Torrington Place, London, W.C.1. The component
Division has produced a 15-page illustrated booklet entitled
“ Mullard Microcircuits.”

“ Terminology,” an illustrated publication by Sealectro
Corporation, Hersham Factory Estate, Walton-on-Thames,
Surrey, details in its sixth issue, Sealectro sockets for retain-
ing semiconductor devices.

Daystrom Squaretrim sub-miniature trimming potentio-
meters are specified in a data sheet available from the com-
pany at Daystrom Incorporated, Potentiometer Division, Arch-
bald, Pennsylvania, U.S.A.
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What is an Electric Gurrent?

THE most difficult things to define are the elemen-
tary ones. This is because there may not be any
terms still more elementary with which to define
them. If you were to gather together a quantity of
learned Professors of Electrical Engineering and put
to them some very difficult-sounding questions you
“would no doubt get unanimous -and satisfactory
answers, all in a spirit of sweet reasonableness. But
ask them about something elementary, such as the
cause of induced voltages, and in next to no time
they’ll be heatedly contradicting and perhaps even
insulting one another.

Directly you saw my title question you may have
guessed that the catch was what is meant by elec-
tricity. If so, you were wrong. I am taking that
for granted. Then, you may say, surely there is no
difficulty? Electric currents are movements of elec-
tric charges.
as two months ago?

In circuits such as Fig. 1—or even vastly more
complicated ones such as an automatic telephone
exchange—that may be fair enough. One can
imagine a sub-miscroscopic road census clerk
stationed at some point along the wire, counting the
clectrons (tiny negative charges) as they pass by
in the opposite direction to the current arrow. For
every 6,240,000,000,000,000,000 of them counted per
second he would reckon 1 amp. Even if he wanted
to do it the hard way and stationed himself in the
acid between two plates of the battery, the principle
would still be the same, but of course it would be

Fig. I. Very simple electric circuit, in
which the rule that the amount of current
is the same all the way round is true.

more complicated in practice because he would have.

to count negative ions going one way and positive
ions the other and add them together. .

Fig. 2 looks simple enough too, and so long as the
clerk chose a point corresponding to any of those
available in Fig. I he would be in a position to give
a correct figure. But if he was an awkward cuss
and took up his position between the plates of the
capacitor he would, in accordance with the usual
definition of an electric current, invariably declare a
nil return, even just after switching on. This would
be in flat contradiction to the results sent in by an
inspector deputed to investigate by making an in-
dependent check elsewhere in the circuit. Anyboedy
who offered the bright suggestion that the current
might have come to a stop somewhere along the
circuit would be promptly squashed by reference
to Kirchhoff’s current law, which says that all the
current arriving at any peint must also be leaving it.

A less extreme discrepancy, but nevertheless a
discrepancy, would arise with circuits such as Fig.
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Haven’t I said so myself, as recently -

By “CATHODE RAY”

3, so long as the voltage across the capacitor was
changing, which it would do for some time after
switching on. The current through R, would not
be the 'same as that through R,, and there would
be none between the plates of the capacitor. Yet
no question would arise if the clerk observed the
capacitor current in the wires leading to it. _

Clerk Maxwell—that was his name, not his occu-
pation—saw this difficulty and dodged it by imagin-
ing a different sort of current. in the empty space

Fig. 2. In this simple circuit, although
current certainly flows nearly all the way
round, at least for a time after connecting
the battery, no movement of electric charges
can be detected between the plates.

Fig. 3. Here is a circuit where, although
no charges move across the space between
the plates, the current through Ry is not
always the same as through R;.

between the plates. He called it displacement cur-
rent. The reason for this name was that in the
theory of electrostatics there already existed a quan-
tity called displacement, to which Maxwell’s sup-
posed current was directly related. In case you
have forgotten (or never knew) about this, let us
recapitulate.

Very early in the history of electricity it was
discovered that an insulated conductor could be
charged; that is to say, made to have those peculiar
properties called electrical, such as attracting pith
balls, separating gold leaves and (if charged in-
tensely enough) producing sparks. Much later, when
the people who investigated these matters got
around to measuring them and their causes, they
found that the amount of the charge was directly
proportional to the voltage used to impart it, and
also depended on the dimensions of the charged
conductor and its distance from its conducting sur-
roundings (assumed to be at zero voltage) and on
the kind of insulating material in between. Broadiy
speaking it was directly proportional to the area of
the charged surface and inversely proportional to

.

T

(b)
Fig. 4. (a) Diagram of “charging a body” in the old electro-

static experiments. This is essentially the same as charging a
modern capacitor (b). '
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the distance of separation, but these quantities had
no simple meaning unless they were uniform all the
way, as when the charged body and its “surround-
ings ” consisted of equal parallel plates close to-
gether—or were related in some other simple way,
as with coaxial cylinders.*

For convenience, all the charge-determining fac-
tors other than the voltage were lumped together
as “capacitance” (in those days, “capacity”). In
the simple arrangements just mentioned, the capa-
citance can be computed from the dimensions and
the known multiplying effect of the material between
(relative permittivity, or dielectric constant) but in
general it is easier to measure the charge Q trans-
ferred by an applied voltage V and get at the capaci-
tance C from the equation '

Q=VC
which, as we have just recalled, sums up the results
of much experimenting. Of course, the units used
in the equation have to belong to an approved
system, or some constant coefficient would be
needed to relate them. Coulombs of charge, volts

Fig. 5. The current indicated near the
top of a sending aerial is much less than
lower down. Is this a breach of.
Kirchhoff’s current law?

Lo
SENDER
a2l

Ho—e

and farads are members of the usual approved
system.

We see that if the voltage is constant the charge
is constant; therefore there is none moving in or
out; therefore there is no electric curfent. But if
the voltage across the capacitance is varying, the
charge is varying in preportion, so there must be a
current in the wire connecting the source of voltage
to the capacitance, proportional to the rate at which
the voltage is varying. In mathematical symbols:

I=C P
This is how a capacitive path differs fundamen-
cally from a conducting path, in which the current
is proporticnal to the conductance (G, =1/R) and
to the voltage, as stated in a slightly modified form
of what is commonly known as Ohm’s law:

I=GV

Although capacitance exists between any conduc-
tors capable of being at difierent electrical potentials

* Beginners sometimes have difficulty in seeing that charging
a present-day capacitor is the same sort of thing as charging
a “body” in the old electrostatic experiments, so in Fig. 4 1
show them side by side. It is now known that when the + pole
of the battery is connected to the “body” it attracts electrons
away -from the body (leaving an excess of positive charge) and
transfers them (or an equal number) to whatever is in contact with
the — pole—in Fig. 4(a), earth, Since earth is conventionally
regarded as being at zero potential, the presence of this equal
negative charge is often ignored. But it must be there. In Fig,
4(b) it is indicated az — Q. For reasons which became clear when
the part played by electrons in atoms was discovered, the creation
of a charge of one sign necessarily creates an equal charge of the
opposite sign,
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—for example, the leads of a resistor—it will make
things easier to consider parallel plates close enough
together for all external capacitance to be reglected.
And to exclude another complication let us assume
a vacuum between them.

Although I said that capacitance depends on the
dimensions of the conductors, these are only signifi-
cant in so far as they are the dimensions of the
space between the conductors. For instance, making
the plates thicker alters their size without necessarily
altering the size of the space, so has no effect on
the capacitance. It is quite essential to realize. that
capacitance is a property of the space, not of the
conductors. They are needed only to specify the
space and enable the charges to move.

How empty space can do things, such as trans-
mitting waves and storing energy, is one of the great
mysteries. It is so inconceivable that for a time
a thing called mther was imagined to exist every-
where, solely to account for these effects. But all
attempts to demonstrate its existence having failed,
most authorities have abandoned it and simply
accept the experimental facts, relying on mathe-
matical statements of them rather than working
models that can be pictured in the mind.

This is all very well for the more penetrating
minds, but it makes things difficult for plodding
students like ourselves. However, most of us do
get some comfort out of describing the state of the
space between the plates of a charged capacitor as
“an electric field.” If that is still too vague because
it can’t be shown in a diagram, we imagine “lines
of force.” They are all right so long as we realize
they have no actual existence, being only a conven-
tional means of representing the intensity and direc-
tion of a state that exists throughout the space, in
the same way that lines might be drawn to indicate
water flowing through a pipe—streamlines, in the
strict sense.

Now the strength of an electric field is reckoned
in volts per metre (in the m.k.s. system) and denoted
by E (not to be confused with E denoting an e.m.f.).
So the closer together the plates of a capacitor,
charged to a given voltage, the stronger the field
between them. According to the lines-of-force con-
vention, each line is supposed to start with a unit
of positive charge and end with a unit of negative
charge. This could only be, of course, if there were
equal numbers of each, as we noted in connection
with Fig. 4. And the greater number of lines needed
to represent the field between plates closer together
is in agreement with the fact that the greater
capacitance means a large number of units of charge
on the plates, for lines to join.

Now let us fill the space between the plates with
some kind of insulating material or dielectric. We
know that this increases the capacitance; why it
does so is another story which we won’t bother about
just now. Therefore, if we still maintain the same
voltage, the number of units of charge on the plates
increases. So there are more lines. Yet the distance
between the plates is as before and therefore the
field strength is unchanged. So there are no more
lines.

This contradiction is because we are using lines
for two different things. We started by using them
as lines of force, to represent electric field strength.
This field causes what is called electric induction
or flux, which can also be shown as lines. It is
these that begin and end on charges. All this is
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Fig. 6. There is no e.m.f.
between second grid and
anode of a tetrode connected
like this (as in many output
stages). Yet current flows
from one to the other. What
about Ohm's law ?.

analogous to lines of magnetic force and lines of
magnetic flux; in iron, the latter are far more
numerous. And just as we have magnetic flux
density (lines per square metre) there is electric flux
density. But it is usually called displacement and
denoted by D. The name presumaby arose from a
mental picture of the displacement of an elastic
barrier when a force or pressure is applied to it.

But there is no reason to suppose that anything

actually is displaced between the plates of a capacitor
when it is charged. It just happens that the relation-
ship between E and D is the same as if there were.
That is to say, constant E causes constant D; for
motion (varying displacement) it is necessary to
vary E. This is also what is necessary for a current
in the leads to a capacitor, so Maxwell bridged the
gap between the plates with what he called displace-
ment current, proportional to the rate of change of
D, which is written dD/dt. Since D is electric flux
density, one has to multiply by the area of the
plates, A, to get the rate at which the whole electric
flux changes. :

Then, in a suitable system of units (such as m.k.s.),

1D
dr
where I, is the displacement current.

You may be wondering why Maxwell was so con-
cerned about describing what goes on between the
plates of a capacitor as a current, when such a very
great stretch of the imagination is needed. Clearly,
you may say, it is not a current within any reason-
able meaning of that word, so why try to make out
that it is? :

One reason is that as the frequency is raised
Kirchhoff’s current lawt becomes more and more
untrue, if “current” includes only what our traffic
census would reveal. An ammeter (of a type suit-
able for accurately reading h.f. current) gives quite
different readings in an aerial wire, depending on
where it is inserted. (Fig. 5). That is because of
the distributed capacitance of the wire. It is nice
to have a meaning of current that makes Kirchhoff
true even in such circumstances.

But there are yet more important electrical laws
that can only be saved in this way. We all know
that every current sets up a magnetic field—most
of electrical engineering depends on that fact. And
we, as readers of Wireless World, should know that
a magnetic field is also set up in space where an
electrical field is varying; that is to say, where Max-
well’s “displacement current” exists. All of radio
engineering depends on that fact. It was through
considering fields mathematically that Maxwell
arrived at his famous equations which led to the
conclusion that electromagnetic (or radio) waves
existed, and that they would travel through empty

t Although Kirchhoff’s laws may be first brought to our notice
in connection with resistive circuits, they are perfectly general and
provide the basis for a.c. network calculations,
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space with the speed of light. But in order to do so

it was necessary to take a wider view of what an

electric current is, including dD/dt as well as dQ/dt.
So much for that. But even currents consisting of
moving charges are not all the same kind. Probably
in Lesson 1 of electricity we learned that an electric
current is caused to flow by an e.m.f.; and that was
the cue for Ohm’s law, whereby we made the acquain-
tance of resistance, which determines how much cur-
rent a given em.f. will cause. Always some e.m.f.
was needed—until a year or two later, when we heard
of superconductivity. But nobody really understands
that, and anyway it only happens within a few de-
grees of the absolute zero of temperature, so is fortu-
nately far beyond the experience of all except a few
research physicists. So are you surprised to know
that right in your home you have current flowing
freely without eim.f.? That is, if it is reasonable to
assume that your home is not without a multi-elec-
trode valve or cathode-ray tube.
- For whereas (superconductivity apart) an em.f. is
needed to keep electrons flowing steadily through
even the thickest copper wire, nothing is needed to
keep them flowing all on their own through a vacuum.
It is true that quite a high voltage (it is called
“h.t.””) is needed to get them across to the anodes
of valves, and very much higher voltage (e.h.t.) to
do the same in c.r. tubes. But if you try the experi-
ment indicated in Fig. 6 you will find a substantial
current in the anode circuit, although no em.f. or
electric field exists to carry it across the space be-
tween second grid and anode. There is hardly any
need actually to set up such an experiment; it -is
probably going on already in the output stage of
your receiver. The fundamental difference between
this current consisting of electrons travelling on their
own through a vacuum and electrons travelling
through a conductor is shown by observing the result
in the conduction equivalent (Fig. 7); in both
circuits the resistances of the meters are supposed
to be negligible, So although we often think of
valves as having internal resistance (r.) this is less
truly resistance than displacement current is current.
Of the two kinds of “real” current, the sort that
flows in wires is called conduction, or, in plainer

Fig.7. Repeating the experiment with a
conductor gives quite a different result.

English, led current. The sort that has no conductor
is called convection or carried current. The flow
of electrons in vacuum tubes is the most familiar
example, but even if charges are mechanically carried
from one place to another they prove themselves to
be truly an electric current by causing a magnetic
field. Someone of the name of Rowland actually
demonstrated this by spacing a number of conduct-
ing areas around the rim of an insulating disk, charg-
ing them, and rotating the disk. The resulting
magnetic field—which reversed with direction of
rotation, and increased with speed of rotation—was
detected by a magnetized needle.

I’ll sum up by comparing the response of all three
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b=

Fig. 8. Currents in these three paths, A, B, and C, respond in
three different ways to an e.m.f.

kinds of current to a steady em.f. In Fig. 8 the
appropriate types of path are connected in parallel
to such an e.m.f., which sets up a uniform constant
difference of potential between the upper and lower
rails. .

The result, so far as path A is concerned, is a
constant electrical displacement, and because dis-
placement current is equal to rate of change of dis-
placement it is nil here.

In the conduction path, shown as a resistor, elec-
trons drift upwards at a constant rate. In a metal
conductor this rate is very slow (unlikely to be more
than a fraction of an inch per second) but because
there are enormous numbers of electrons in metals

the census clerk would st111 have a job counting
them going by

In the vacuum tube the electrons accelerate at a
steady rate all the way up. But their resulting thin-
ning out towards the top offsets their increased
speed, so the current is the same everywhere along
the tube, just as exactly the same number of cars
pass per second, on the average, along a fast straight
in a motor race as on a hairpin bend where many
more may actually be within visual distance.

If for simplicity we assume a uniform electric
field strength throughout the length of the tube,
then the electrons in it are subject to uniform acceler-
ation. With a given number of starters, the current
is inversely proportional to the time taken for the
journey, and calculation shows the reciprocal of time
to be proportional to the square root of the rate of
acceleration, which is proportional to the field
strength, and over a fixed distance that is propor-
tional to the voltage applied. In brief, then, the cur-
rent through the tube is proportional to ¥V, whereas
in a conductor subject to Ohm’s law (such as path B)
it is proportional to V. Convection currents there-
fore do not obey Ohm’s law, and if we do assign
their paths a figure of resistance this resistance is
non-linear—it depends on the voltage applied or the
amount of current flowing.

Is all this perfectly familiar? It certainly ought to
be, for Fig. 8, containing the natural routes of all
three different kinds of electric current, is typical of
even the simplest electronic circuits.

FEBRUARY MEETINGS

Tickets are required for some meetings ; readers are advised, therefore, to
communicate with the secretary o, the society concerned.

LONDON .
6th. British Kinematograph Society.

—“Film and world television” by 20th.

7.15 at the Royal Society of Arts, John
Adam Street, W.C.2.
L.E.E.—* Transmission pro-

BRISTOL

12th.  Television Society.— Space
communications system” by J. K, S.
Jowett at 7.30 at Royal Hotel, College

Green.
20th. Brit.I.LR.E, & R.Ae.S.—“ Com-
munications  satellites” by L. H.

Bedford at 7.0 at the University Engin-
eering Lecture Rooms, Queens Build-

Richard Cawston at 7.30 at Central
Office of Information, Hercules Road,
S.E.1.

7th.  Television Society.— Educa-
tion by television” by K. Fawdry at
7.0 at the Cinematograph Exhibitors’

Association, 164 Shaftesbury Avenue,
W.C.2. ‘

8th. ILE.E. & Brit.I.R.E.—Discus-
sion on “Physical methods of gas

analysis ” at 6.0 at Savoy Place, W.C.2.
11th. I.E.E.—*Ionospheric sounding
by incoherent scatter at very-high fre-
quencies” by E. D. R. Shearman at
5.30 at Savoy Place, W.C.2,
14th, ILE.E.—Faraday Lecture on

“ Electronics—the key to air safety” by .

Dr. E. Eastwood at 6.0 at the Central
Hall, Westminster, S.W.1.

14th. Radar & Electronics Assoc.—
“ Television outside broadcasts” by
L. F. Mathews and S. Wade at 7.0 at
the Royal Society of Arts, John Adam
Street, W.C.2.

15th. Institute of Navigation.—
“ Why ships collide ” discussion led by
Capt. F. J. Wylie and Capt. J. P. Stewart
at 5.30 at the Royal Institution of Naval
Archltects, 10 Upper Belgrave Street,
S.W.1.

15th. B.S.R.A.—Transistor audio
power amplifiers” by R. C. Bowes at
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blems on bands IV and V” by H. Page
at 5.30 at Savoy Place, W.C.2.

20th. Brit.I.R.E.— Electronics  in
nuclear power” by S. Young at 6.0 at
the London School of Hygiene and

Tropical Medicine, Keppel Street,
W.C.1.
21st, I.B.E.—Discussion on “ Ferro-

magnetic films > opened by C. E. Fuller
at 5.30 at Savoy Place, W.C.2.

21st. Television Society.— Téle-
vision relaying by artificial earth satel-
litess” by W. J. Bray at 7.0 at the
Cinematograph Exhibitors’ Association,
164 Shaftesbury Avenue, W.C.2.

BEDFORD

26th. Instn. of Prod. Engrs.— The
friendly electron and the unfriendly
missile” by I. A. Cuthill at 7.30 at
the Dujon Restaurant, High Street.

BOLTON

7th. Brit..R.E.— Transistor switch-
ing and logical element circuitry” by
M. W. Gribble at 7.0 at Bolton Tech-
nical College.

BRIGG

18th. LE.E—~* Electronic data pro-
cessing” by C. W. Mortby at 7.0 at
the Angel Hotel. -
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ings, University Walk.
BRIGHTON
20th. Instn. of Prod. Engrs.— Tape

control of machine tools” by J. R.
Thompson at 7.0 at the King & Queen
Hotel, Marlborough Place.

CARDIFF

6th. Brit.I.R.E— Space research ™
bv G. Ratcliffe at 6.30 at the Welsh
College of Advanced Technology. -

DONCASTER

27th. LE.E.—“Some problems in
the manufacture and design of fractional
horsepower motors ” by F. L. Flétcher
at 7.0 at the College of Technology,
Waterdale.

DUBLIN

21st. LE.E.—* Semiconductor static
switching ” by D. D. Jones at 6.0 at the
Physical. Laboratory Extension, Trinity
College.

EDINBURGH

6th. Brit. LR.E.— Some recent aids
to electronic production” by M.
Richards and D. G. Hall at 7.0 at the
Department of Natural Philosophy, The
University, Drummond Street.

WIiIRELESS WORLD, FEBRUARY 1963


www.americanradiohistory.com

12th ' LE.E.—“ Oscillation in feed-
back s};srems with periodic interference ”
by Z. J. Jelonek at 7.0 at the Carlton

Hotel, North Bridge.

FARNBOROUGH '
21st. Brit. LR.E.— Integrated semi-

conductor circuits ** by Dr. J. T, Kendall
a?r’17,(‘)lcat Farnborough Technical College,

GLASGOW « .
7th. Brit. LR.E.—° Some recent aids

to electronic production” by M.
Richards and D. G. Hall at 7.0 at the
Institution of Engineers and Ship-
builders. 39 Elmbank Crescent.

11th. LE.E—* Oscillation in feed-
back systems with periodic interfer-
ence” by Z. J. Jelonek at 7.0 at the

Royal College of Science & Technology.

22nd.  Society of Instrument Tech-
nology.— Principles of computers” at
7.15 at the Scottish Building Centre, 425
Sauchiehall Street.

LEEDS

19th. I.E.E.—“Direct current; its
uses and its conversion® by J. E. Boul
at 6.30 at the Leeds & County Con-
servative Club, South Parade.

LEICESTER

19th. Television Society.—" Propa-
gation and aeridls for bands IV and
V» by C. F. Whitbread at 7.30 at The
New Vaughan College, St. Nicholas

Street.
LIVERPOOL
- 20th. Brit.LR.E. — ¢ Microwave

valves ” by C. R. Russell and K. T. W.
Milne at 7.30 at the Walker Art Gallery.

LOUGHBOROUGH

25th. Brit.I.R.E. — * Productivity
through electronics” by J. A. Stokes
at 7.0 at Y.oughborough College of
Technology.

MANCHESTER

27th. I.E.E. & Instn, of Production
Engrs.—* Electronic control of machine
tools for production”™ by Dr. E. H.
Frost-Smith at 7.}5 at Reynolds Hall,
College of Science & Technology, Sack-
ville Street.

MORECAMBE

20th. Society of Instrument Tech-
nology.—* Solid state instruments for
process control” by 1. C. Hutcheon at
7.15 at the Imperial Hotel, Regent Road.

NEWCASTLE-ON-TYNE

4th, LE.E.—“Optical masers” by
I. L. Davies at 6.30 at Rutherford Col-
lege of Technology, Eltison Place.

18th. I.E.E.—* Data processing ” by
R. H. Tizard at 6.30 at Rutherford
College of Technology, Ellison Place.

OXFORD

13th. ILE.E.— Contactless switching
of the future” by D. D. Jones at 7.0 at
the Demonstration Room, Southern
Electricity Board, 37 George Street.

PORTSMOUTH

27th. Brit.LR.E.—* The specification
5f iron-cored transformers and reactors
‘or use in electronic circuits” by T. P.
Lynott and D. M. Fidler at 7.0 at
Portsmouth College of Technology.

RUNCORN . .

11th, IL.E.E.—“The training of in-
strument engineers” by Prof. J. E.
Parton at 6.30 at L.C.I., The Heath.
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NEW SIGNAL LAMPS

List No. D.653

List No. D.880-881

List No. D. 675/2-/6

D.855-856

Where lamp failure would be dangerous or costly
this double-supervision Signal Lamp holder should
be used. Containing two L.E.S. lamp-sockets,
which should be wired in parallel, each lamp
supervises the other, and whilst lamp failure is
apparent (by slight dimming of light) the signal
is not lost. :

D.828 } :

A mains Signal Lamp with open bracket con-
struction, allowing maximum heat dissipation,
and panel window which is able to take legends.
Legends can be supplied in any language and
colour, either secret-until-lit or always visible,
normally supplied secret-until-lit.

D.653

A Lens-less mains Signal Lamp for use with 15W.,
Mazda (and similar) coloured lamps. The lamp
which is globular, half projects from the bezel
and thus becomes its own lens. A clean, efficient
appearance results whilst the lit performance is
exceptionally brilliant,

D.880-881

A unique Bulgin Development (Patent Applied
for) offers a mains Signal Lampholder, for all
types of equipment, which has a number of
desirable ‘‘low wvoltage” features. Compara-
tively robust and small 50V., 50mA., 25W. fila-
ment lamps are used but the rear terminals take
FULL Mains Voltage (50 c¢/s only), other ¢/s can
be supplied to order.

D.675/2-/6

A range of Signal Lamps which employ the use
of symbols instead of legends for identification.
There is a choice of five symbols, Star (as #/lus-
tration), Roundel, Triangle, Hexagon and Maltese
Cross, and five transtucent colours, Red, Yellow,
Green, Blue and White, from which to choose.
When illuminated the symbol shows in silhouette
on a coloured background. '

FOR DETAILS OF OUR FULL RANGE, SEND FOR LEAFLET REF. No. 1592/C.

A. F. BULGIN & CO. LTD.
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BYE-PASS ROAD, BARKING, ESSEX.
Telephone : RiPpleway 5588 (12 lines).
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UNBIASED

Why Hams?

YOU have so often helped me when
I have been trying to dispel my crass
ignorance about something that I
appeal to you once again. I do it
with some trepidation because it 1s
something which probably every
reader of W.W. except myself knows.

I want to know why it is that a

wireless amateur, more especially a-

transmitter, is known as a “ham.”
Books of reference do not help me
much. In any case, I mistrust them
since the day one of them told me
that the word “phoney,” as in
“ phoney war,” was an American ex-
pression, whereas it is a Yankeg: cor-
ruption of the Erse word Famne"
(meaning “fake” or “pretended ™)
which the Irish took to the U.S.A.

I have, in my ignorance, usually
supposed that originally wireless
amateurs were called “ams” for
short and that somehow the “h”
became tacked on. I feel, however,
that there is some more subtle ex-
planation. All of us who have at
any time listened to incoming morse
(no matter whether it be transmitted

by an amateur or professional) have

now and again come across a ham—
handed Henry who sounds as if he
were using his clenched fist instead
of his fingers and thumb as advocated
by H. F. Smith in his book *“ Learn-
ing Morse.” '

Indeed, some key manglers sound
as though they were using a less
delicate anatomical instrument than
their clenched fist, namely one of
their hams which I understand to be
a part of the leg structure of both
sexes. At any rate I have, in my
time, heard a sender sometimes
implored not to use his foot.

But I feel this is not the correct
explanation, for it is my experience
that most amateur transmitters are
as expert at handling their type of
keys as Paderewski was at handling
his. I think a clue may be found
in the superlative expression “dyed-
in-the-wool ham.” The O.E.D. tells
me that cloth, when dyed—in—the-wogl
before spinning, represents what is
best in the dyer’s world, and so the
expression, when used figuratively,
means the best possible,

Thus a “dyed-in-the-wool ham
means the type of ham who is utterly
devoted to his pursuit, and we at
once realize that “ham” must be
the monosyllabic abbreviation of
hamadryad, the wood-nymph of
Greek mythology who was so utterly
devoted to the tree in which she was
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born that she remained with it until
it died. )
Surely such utter devotion to one

-thing is truly descriptive of a wire-

less ham? I know a hamadryad was
a female, but are there not plenty
of devoted YLs in amateur ranks?

I am very anxious to be corrected
if I am wrong, and, of course, to
know the real origin of the word.

One-Man Trams '

AT the time of the heavy fog last
December,  several newspapers
dropped hints that the Road Re-
search Laboratory at Crowthorne,
Berkshire, had something on the
stocks which would eventually enable
us to steer our cars through the en-
circling gloom by electronic means.

Naturally I made a few enquiries,
and it appears all to boil down to
a.c.-carrying cables buried under the
roadway which a driver, or a robot
driver, in the car could easily follow.
There is nothing very startling in this
because everyone knows that it would
be easy for even a pedestrian, armed
with a search coil at the end of a
walking stick, to pick up the a.c.
signal and convey it to headphones.
It is as easy as that and older than
radio for it is merely a question of
induction.  Naturally it could be
elaborated so that instead of signals
in headphones, the car could be
equipped with a c.r.t. showing the
line to follow. It could also be
equipped with servomechanism to
actuate the steering gear.

To adopt a system of this nature
would simply be to destroy the free-
dom of the open road, and convert
the car into a one-man tram. In

fact it would save a lot of complica-

tion if, instead of the buried cables,
tram lines were laid and each car
fitted with flanged wheels. After all,
a tram, whatever its disadvantages,
can at least find its way home
through fog.

What is wanted, of course, is some
self-contained apparatus in the car
without the necessity of buried a.c.
carrying cables. Naturally radar
suggests itself, but this would neces-
sitate each car being fitted with a
large trailer to carry the apparatus.

Frankly I can see no easy or
inexpensive solution to the problem.
A horse is still the most reliable
means of locomotion in a fog, as it
will always find its way home even
if the rider or driver is asleep. It
does this even without employing
acoustic radar as does a flittermouse.
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Slipped Discs

I'T is astonishing how much the pain-
ful 'malady popularly known as
“slipped disc” has come to the fore
in the past three decades or so. To
my mind the cause can be laid
squarely at the doors of the electrical
and radio industries. .

All of us who are in any way con-
nected with the technical aspects of
electrical engineering must take our
share of blame for the extra load we
have thrown on to the already
heavily burdened backs of doctors
and surgeons. We ought, therefore,
to do our best to relieve this pres-
sure on them, as we most certainly
can.

The chief cause of the trouble is
the growing use of electric fires and
TV sets; sound radio receivers,
owing to the growing popularity of
self-contained transistor sets, are
becoming less and less culpable. Fires
and TV sets are usually connected to
the mains by a length of flex run-
ning to a wall socket a few inches
above the floor. This means that
every time one of these devices is
switched on or off we have to bend
down in a disc-slipping posture.

It is useless for opponents of my
theory to point out that nearly all
radio sets, no matter whether TV or
sound, have a combined switch and
volume control, and that they are
nearly always switched on and off by
this device, instead of by the switch
on the skirting board, 7

Anybody with any experience at all
with the use of a radio set of any
kind learns to avoid wusing this
volume. control - switch. - Its use
means that every time it is desired
to switch off, the arm of the volume
control has to travel in a wide sweep
over its track before it triggers the
switch, If this is done several times
a day the track eventually becomes
unnecessarily worn and therefore
noisy. For this reason people
apparently prefer to risk slipping a
disc to quickly wearing out their
volume control.

Now obviously we could not have
our switch-plug mounted at the same
level as our lighting - switches,
because people would be continually
tripping over the flex. But there
seems no reason at all why the switch
and the socket of the usual switch-
plug should not be in two parts, the
socket remaining on the skirting
board, and the switch at a more con-
venient level. I can see no snags in
this idea at all. Can you?

WIRELESS WORLD, FEBRUARY 1963


www.americanradiohistory.com

