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Transistors in Space

CIRCUITS USED FOR INSTRUMENTATION AND TELEMETRY

By L. H. BRACE*

UPPER-ATMOSPHERE and space probes have
required the development of new circuits to perform
the various tasks of voltage generation, current
detection, timing, calibration, and telemetry. In the
past, such tasks were performed by vacuum-tube
dzvices. However, due to the limited volume and
energy available for the instrumentation in high-
altitude sounding rockets, circuits using solid-state
devices have decided advantages.
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Fig. 1. Scheme for obtaining stable amplification of a very
small d.c.

Fig. 2. Ring modulator/amplifier|/detector circuit corresponding
to block diagram Fig. I. Note that R, sets a.c. gain of amplifier.
Component values given apply to American semiconductor
devices used by author.
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The use of solid-state circuitry eliminates need
for filament power, reducés the problem of heat
dissipation, and increases reliability.

Current Detectors

The need for “direct-current’’ detectors—to convert a
slowly varying current of very low value (a few
microamperes) into a voltage suitable for telemetry—

occurs frequently in space research.

The semiconductor current detector shown in
Figs. 1 and 2 utilizes a diode modulator as an ampli-
fier of a.c. in conjunction with a bridge-rectifier
demodulator. The modulator is a ring-type using
four silicon.diodes, two miniature transformers, and
a unijunction transistor oscillator (V1), running
at 2kc/s, as the carrier or reference generator for the
modulator. .

On alternate half cycles of the carrier, D1 and
D2, D3 and D4 become forward biased. This
alternately completes a path for input d.c. to flow
through the upper half, then the lower half, of the
primary of T,. A full-wave chopping of the input
carrier results, which produces a square wave of the
modulator frequency at the secondary of T,. This
is the output of the amplifier; the amplitude of this
square wave is proportional to the magnitude of the
slowly-varying input current.

The amplifier is a high-gain miniaturized circuit.
Its output is coupled to the bridge rectifier by means
of step-up transformer T, The rectified output is
filtered by a low-pass network consisting of G,
C; and R;, providing a direct output voltage pro-
portional to the bridge-biasing current at its input
(Fig. 3).

Voltage-controlled Oscillator

Several factors indicate the type of oscillator circuit
bast suited for a voltage controlled oscillator use:—

(a) The available space requires a volume of less

than about 0.5in®.
(b) Low current consumption (less than 5mA) from

* Static Devices Co., El Paso, Texas, U.S.A.
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Fig. 3. Inputjoutput characteristic of Fig. 2. As demodulator
is not phase-sensitive reverse-polarity but equal-amplitude
inputs give outputs of one polarity only.

the power-supply battery would make possible
use of batteries of relatively small volume.

() A high input impedance is desirable to prevent
possible loading of the driving source.

(d) A linear relationship between frequency and
input voltage would simplify data recovery.
O]

The frequency must be relatively independent
of ambient temperature and supply voltage
changes.

The required deviation of the subcarrier fre-
quency is high—say 7.5 % of the centre frequency
of the channel used.

A transistor multivibrator is chosen because it can
be made to conform to these requirements by using
silicon transistors and fairly simple temperature-
compensation techniques. Also, the multivibrator
is inherently dependable in starting, uses smaller
components than a comparable audio L-C oscillator,
and has a relatively low output impedance so that
its frequency is relatively unaffected by the load.
However the multivibrator suffers from the disad-
vantage that its output is a square wave which must
be filtered in some manner to remove the high
harmonic content.

Fig. 4 shows the oscillator circuit.

®

The bias level

of silicon transistors V1 and V2 is set by R; and R,
respectively. By conventional multivibrator action,
V1 and V2 alternately conduct and cut off, producing
a square-wave output at each collector.

Transistor V3 is used as an emitter follower, pro-
viding the unit with a high-impedance input of
about 400k Q. The input signal is applied to the base
of V3 and appears at the emitter. The voltage
divider Ry, and R,, supplies a pre-determined
portion of this as a change of bias of V1 and V2,
causing a change in frequency of the oscillator.
Fig. 5 shows a typical curve of oscillator frequency
versus input voltage. This illustrates that the
curve is nearly linear within the band, and maintains
reasonable linearity up to twice the full-scale input
voltages (about 8V). V4, another emitter-follower
stage, provides a low output impedance and avoids
any difficulties that might be caused by loading of the
output affecting the functioning of the oscillator.
The filter formed by L, C4 L, and C, removes the
high harmonic content, so making the output an
approximation to a sine wave.

Range-changing Circuit

The range-changing circuit is a high-current-gain
silicon semiconductor amplifier designed to energize
a relay when the circuit input voltage reaches a
predetermined d.c. level (switching point). When
used for space-probe instrumentation, the relay
contacts are connected in an appropriate manner
to add a shunting resistance at the input of the
current detector and thereby change its current
sensitivity. -

When the input voltage (Fig. 6) is below the
Zener region of reference diode D1, virtually no base
or collector current flows in V1. Then the collector
of V1 and the emitter of V2 are both at the supply
potential (—22V), resulting in zero current through
the relay coil.

As the input voltage approaches the switching
point, D1 approaches its breakdown voltage and
begins to allow V1 base current. The resulting
collector current drops the collector voltage and D2
approaches its Zener region, allowing V2 to pass
base current. At the switching point, the relay
current reaches its pull-in value and switching
occeurs.

9 AAA—O —22V
Rl c l RII
680
8-2k Ry R, Rs Ro I O
470k 470k f2kg 150k V4
-
L L, ouTPUT
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m

Fig. 4. Voltage-controlled oscillator circuit for conversion of varying voltage into varying frequency.
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Fig. 5. Type of inputfoutput characteristic given by circuit
of Fig. 4.

Fig. 7 shows a typical curve of relay current
versus input voltage. The steep slope ensures an
accurately defined switching point. The relay current
levels out at about 20mA (over twice the pull-in
value) when thz limited supply voltage no longer
allows V2 collector current to follow the increases
in base current,

Sawtooth-voltage Generators

Two sawtooth-voltage generators have been developed
for use in prob: instrumentation.

Fig. 8 illustrates one circuit—which supplies a
clipped sawtooth waveform output, sweeping through
a maximum range from —7 to +7V with an output
voltage dividar arranged to provids amplitudes of
+2.2 and +6V.

Th= emitter output of a unijunction oscillator
providss a sawtooth waveform at a frequency
datermined mainly by C, and R;. This output
is amplified by V2 and directly coupled to the
emittar follower stage V3 which provid:s a low-
impedance output. Zener diode D2 establishes

\'H3

RELAY
ik

+

Fig. 6. Range-changing circuit. Rel&y contacts switch circuit
constants when preset level of input volts is reached.
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Fig. 7. Performance of range-changing circuit.

the zero reference so that the output waveform
varies equally above and bzlow zero with the emitter
of DI taken as zero reference.

The sawtooth output is clipped at both extremes
to provid: known reference levels and to maintain
amolitud: stability ind:pend:nt of supply voltage
and temperature changes. The clipping circuit uses

OCOMMON

/]

T T

TIME —>

WIRELESS WORLD, MARCH 1962

e )
+30V Jg
) DeZx R
) Re Ik
Ry R zzé — 03
> 10k §473k 1’3/‘
¢ y
(al-sh, Ve Ny s
| I
1 |
Vije {}——o0 3V =
T t Ry Y
33 100k
+
R 4 Rg T
‘ (? h 4] RS 20k -\
27k QUTPUT
°
Fig. 8. Sawtooth generator providing reference levels set by Zener devices at start and finish of stroke.
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Fig. 9. Good-linearity sawtooth generator employing constant-current charging for sweep capacitor Cy.

a silicon Zener diode (D3 and D4) for each output
polarity, and a germanium diode (D5 and D6) for
each Zener diode to prevent shorting of the output
during forward conduction of the Zener diode.
This provides the output waveform shown in Fig. 8,

The second sawtooth generator (Fig. 9) accom-
plishzs the more difficult task of producing a pure
sawtooth-waveform output having extremely good
linearity, amplitud= stability, and freedom from
dr.ft of the wavcform about the zero reference.
Furthermore, if the output is to be symmetrical

about ground, this circuit may use power supplies

having a common ground, thus eliminating need
for separate batteries, as is required by the sawtooth
generator shown in Fig. 8. This improved perform-
ance is obtained by using the more expensive silicon
semiconductor dzvices and by requiring both a
negative and positive power supply source.

Good amplitude stability, eliminating need for
clipping, is th= result of two features of this circuit.
The supply voltages are Zener-diodzs-regulated to
reduce bias level changes due to drift in the voltage
source and thz use of a silicon transistor and ther-
mistor in the amplifier stage reduce drift in bias
level due to temperature changes.

The sawtooth output of the unijunction and
trans stor oscillator circuit (V1, V2) is coupled to
the emitter-follower stage V3 which isolates the
oscillator from the input impedance of amplifier
V4. Emitter-follower stage V5 presents a low output
impedance to the load. V2 is a pnp silicon transistor
which acts as a constant-current generator in charg-
ing Cl, resulting in a more linear sawtooth output.
Zener-diode regulators D2 and D3 are selected so
that their differences in Zener voltage provides
sufficient bias. for V2, therefore for V3, to allow
maximum output without significant distortion
of the output sawtooth. :

The thermistor is selected to minimize changes to
output amplitudz with temperature changes. Ampli-
tude stability better than 1%, can be obtained through
the range of € to 80°C. '

The maximum output amplitude is about 25V
peak-to-peak, or 12,5V with respect to ground.
R, and R, are adjusted to provide necessary voltage

amplification for a given silicon transistor used for

WIRELESS WORLD, MARCH 1962

V3. Supply voltage changes of -4-259% cause less
than 1% amplitude change and zero drift.

A typical output waveform is shown in Fig. 9,
the linearity tolerance is reduced to less than 2% by
the use of silicon transistor V2.

CLUB NEWS

Barnsley.—Meetings of the Barnsley & District Amateur
Radio Ciub, wh.ch was formed in 1913, are held on the

. second and fourth Friday in each month at the King George

Hotel, Peel Street, Barnsley. At the meeting on March

23rd J. Kruse will speak on “ Hi-Fi Speakers.”
Bexleyheath.—Dr. A. C. Gee (GZUK), honorary secretary

of the British Amateur Radio Teleprinter Group, will talk

to members of the North Kent Radio Society on “RT.Y,”

as radio teleprinting is colloquially called, on March 22nd.

%h‘e club meets at 8.0 at the Congregational Hall, Clock
ower.

Birkenhead.—A lecture-demonstration on a transistor
direction-finding rece.ver will be given by L. Roberts on
March 7th to the Wirral Amateur Radio Society. wun the
21st the club is hold.ng a constructional contest. Meetings
are held at the Guide House, Ball's Road.

Birmingham.—A Mullard film meeting has been arranged
by the Slade Radio Society for March 9th. The fims are
“Particles Count!” and * Transistors.” Tickets are ob-
tainable from D. S. Chapman, 2 Orchard Road, Erdington,
Birmingham 24. Meetings of the Society are held at 7.45
at The Church House, High Street, Erdington.

Bradford.—Audio amplifier design and construction will
be discussed by P. L. Barowitz (G3LZW) at the March 13th
meeting of the Bradford Radio Society. The club meets
on alternate Tuesdays at 7.30 at 66 Little Borton Lane.

Halifax,—Mobile operation will be discussed by H. Brooke
(G3GJV) at a meeting of the Northern Heights Amateur
Radio Society on March 21st. Meetings are held at 7.45
at the Sportsman Inn, Ogden. .

Prestatyn.—]. T. Lawrence (GW3JGA/T), the chairman
of the Flintshire Radio Society, will demonstrate amateur
colour television transmission at the meeting of the club on
March 26th. Monthly meetings are held at 7.30 at the
Rallway Hotel.

Southampton.—At the meeting of the Southampton Group
of the R.S.G.B. on March 10th G. M. C. Stone (G3FZL)
will talk about v.h.f. transmitters. The group meets in the
Lanchester Building of the University at 7.0.

Spen Valley.—The March programme of the Spen Valley
Amateur Radio Society includes a talk on radio astronomy
on the 14th by L. Dougherty, of the Halifax Technical College,
and another on single-sideband operation (28th) by A. W.
Walmsley (G3ADQ). Fortnightly meetings are held at 7.30
at the C. of E. Infants’ School, Hill Top, Gomersal.
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HARMONIG ANALYSIS

GRAPHICAL METHODS DESCRIBED

THERE are several arithmetical methods for
analysing a repetitive waveform into its component
harmonics, and hence of deriving the first few terms
of its Fourier expansion, but if more than the first
two or three terms are required the work is very
laborious.

Where a high degree of accuracy is not wanted,
results can be obtained much more quickly and
pleasantly by graphical methods. It is possible to
devise a wide variety of such methods, and which
of these are the most useful in any particular case
depends upon the number of terms required, the
rapidity with which the series converges, the degree
of accuracy expected, and whether the final results
are to be expressed numerically or graphically. = It is
possible to describe in this article only a limited
number of such' methods, and these have been
chosen on the assumptions, (a) that the results are
ultimately required in numerical form, and (b)
that the type of waveform being analysed is that

YA
P (b a)
Ci . Fig. I. The construc-
b, : tion for obtaining
& amplitude and phase
m of €3,
Q,

®Y

0

encountered in studying the harmonic structure of
sounds produced by musical instruments.

The Fourier Expansion: The most usual form of
the Fourier expansion is:

y = by + a;8iné + a,8in20 + a,;sin36 +
+ bycos + byc0s28 + bycos30 + ...

and it is in this form that we shall obtain our results.

An alternative form is: '

y = by + ¢sin (¢, + 6) + csin (¢ + 26) +

cosin (¢ +38) + ...

and this is more useful in some cases, being expressed
directly in terms of the amplitudes and phase angles
of the individual harmonics. If the results are re-
quired in this form, they can be derived from the
first form equation by using the following relations,

which are not difficult to prove:

¢? = a,® + betc,

and tan ¢, = b,/a, etc.

These formulae lend themselves readily to graph-
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ical treatment. If a, and b, are known, and the
point (b,, a,) is plotted on rectangular co-ordinates,
as shown in Fig. 1, then OP represents ¢, and angle
POX is ¢,. In this way ¢, is derived by drawing,
and without calculation.

Note that the a’s and b’s may be either negative
or positive, but that the ¢’s can all be taken as positive.

The Sine-wave: Consider first a simple wave which
involves only a single frequency. The curve can be
expressed as
y = b, + a,sin 8 4 b,cos 0,

and one cycle is shown in Fig. 2. The values of
b, a1, and b, are readily found on this diagram if the
90° and 180° ordinates are drawn as shown. The
y-values of B, A and C are clearly b, + by, by + ay,
and b, — b, respectively. So if BC meets the 90°
ordinate at Q, then the y-value of Q is b,. A hori-
zontal line RQ can then be drawn through Q,
and RB must represent 4;, and QA must represent
a,, the sign, of course, being negative if B or A lie
below the line RQ.

Constructing a Mean of Two Curves: In dealing
with more complex waveforms, an important
technique is the construction of the mean of a pair of
superimposed curves. With a little practice this can
be done speedily as shown in Fig. 3. ~Each point is
plotted by laying the ruler along an ordinate with
its “ O ” mark on the lower curve, and mentally
halving the distance between the two curves on this
particular ordinate, as shown in the figure. It is not
necessary for these ordinates to be equally spaced;
points need to be plotted fairly closely only when
one or other of the curves is changing direction
rapidly. The plotted points are then joined with a
curve in the usual manner, using a broken line,
or somie other feature, to distinguish it from the
original two curves. This curve is the required

-mean.

Separation of Odd and Even Harmonics: By
using the above technique it is possible to separate
the odd and even harmonics from a complex wave.
Consider, for example, Fig. 6, which shows one cycle
of a sound wave. Firstly, a tracing is made of the
complete waveform, marking for reference the
horizontal axis and the 0°, 180° and 360° ordinates,
and printing “ TOP ” in appropriate position on the
tracing paper. This is then turned over, and instead
of scribbling, all the lines are carefully repeated on
the back, so that they will print through when
required, and furthermore, will do so either from
front to back or from back to front.

In order to isolate the odd harmonics, a complete
copy is made of the tracing. The tracing paper is
then turned over about a horizontal axis so that the
«“ TOP »” mark is at the bottom, but left and right
are not interchanged. With the tracing in this
position the right half of the curve is then superim-
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Fig. 5. Grid for the isolation of the fifth harmonic.

~)

Fig. 6. The waveform to be analysed.

(e.g., because they have already been removed) or are
negligible. The technique involves the preparation
of a “grid” on tracing paper, but if it is applied
frequently it is remarkably quick once the grid has
been drawn. B

It is necessary to decide in advance on a standard
scale for the horizontal axis. When working on
foolscap or quarto paper a suitable scale would be
18 cm to represent the full 360°, while double this
scale would be convenient for larger drawings. If it
is not convenient to use mechanical contrivances for
increasing or decreasing a given waveform to standard
scale, it is possible to do this freehand with sufficient
accuracy if a network of squares is drawn on the given
diagram, their size being such that they will become,
say, 2 cm squares on the standard scale diagram. The
vertical and horizontal scales will be changed, of
course, in the same ratio.

Fig. 5 shows the grid needed to isolate the fifth
harmonic. ® The cycle is divided into five equal
sections, and a full vertical line drawn at the start of
each section, and a broken vertical line one-quarter
of the distance along each section. If this grid is
placed in position over a waveform drawn to the
correct horizontal scale, with the line OX along the

108

Fig. 7. The broken line contains the odd harmonics.

horizontal axis, then the average of the y-values of
the curve on the five full lines is equal to b, and on
the five broken lines is as. These averages are
obtained by adding the appropriate y-values with
compasses, exactly as detailed earlier in the article,
stepping off this sum along any convenient line,
measuring, and dividing the result numerically by
five. These results may, of course, be either positive
or negative, but the sign may be ignored if only the
amplitude, and not the phase, is required. To find
the phase, a5 and b; can be stepped off along a pair of
perpendicular lines, and the diagonal measured as
explained earlier, and shown in Fig. 1.

An analogous method can be used for any harmonic,
and no further explanation will be needed.

Typical Application: We shall illustrate the use of
all these methods by analysing the curvey of Fig. 6
as far as the eighth harmonic. From the general
appearance of the curve it is clear that no higher
harmonic is unduly prominent. While those of
higher order than, say, the twelfth, may be com-
pletely disregarded, it is advisable not to assume,
for example, that the ninth is sufficiently small to
have no effect on the third, if we use a method which
fails to separate the two.

The stages in the analysis will be as follows:

(1) Reduce the given curve to standard _scale.
Fig. 6 is assumed to be already in this form.

(2) Prepare grids for the fifth, sixth and seventh
harmonics.

(3) Trace Fig. 6. By using the methods described
obtain the odd harmonics on Fig. 7 and the even
harmonics on Fig. 8.

(4) Mark the 90° ordinate on Fig. 8 and trace the
broken curve. By a complete repetition of process 3),
obtain on Fig. 9 the harmonics 2, 6, 10, etc. (i.e.,
the “odd” even numbers) and on Fig. 10 the
harmonics 0, 4, 8, etc. (i.e., the “even »? even
numbers).

(5) Trace the broken curve of Fig. 10 and repeat
process (3) yet again, to give on Fig. 11 harmonic 4,
and on Fig. 12 harmonics 0 and 8. Note that Fig. 11
will contain also the twelfth harmonic, but that the
effect of this can be largely eliminated by making the
broken curve not the best one that can be drawn
through the plotted points, but the best sine curve,
as judged by the eye. Drawing the 221° ordinate

WIRELESS WORLD, MARCH 1962

www americanradiohistorv. com


www.americanradiohistory.com

will then enable a, and b, to be measured. If Fig. 12
is too small to apply the construction illustrated in
Fig. 2, the axis of the sine curve can be drawn in
by eye, giving b,, and after marking the 11}° ordinate,
ag and by can be found.

(6) Find a, and b; by applying the appropriate
grid to the resultant of Fig. 9.* Note the advantage
of using Fig. 9 rather than the original waveform,
which may contain twelfth harmonic.

(7) Apply the appropriate grid to the resultant of
Fig. 7 to determine the fifth harmonic.

(8) Apply the appropriate grid to the resultant of
Fig. 7 to determine the seventh harmonic.

(9) Trace the broken curve of Fig. 7, mark the
120° and 240° ordinates and use the method of

* Only half the grid will be needed, and the totals will, of course, be
divided by three, not six.

0° 45 o0°

Fig. 9. The “odd"" even
harmonics, i.e., 2, 6, 10,
etc.

Fig. 8. The broken line
contains the even harmo-
nics.

o° 227

Fig. 1. Harmonic 4.

Fig. 10. The “even”
even harmonics, i.e.,
0, 4, 8, etc.
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Fig. 12.

Harmonics 0 and 8. Fig. 13. Harmonic 3. -
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superimposition to derive the third harmonic as
shown in Fig. 13. We use this method rather than
the quicker “ grid > method because of the possible
effect of the ninth harmonic. This can be allowed
for in Fig. 13 by drawing the best sine curve through
the plotted points. (Do not forget that the a and b
values derived from Fig. 13 must be divided by
three.)

(10) If the 45° ordinate is now drawn on Fig. 9
it is possible to derive the second harmonic by a
numerical method. Measure the y-values of the
broken curve on the 0° and 45° ordinates, and call
these b and a respectively. Then it is easy to see that

. 2 6
and almost as easy to show that
. a, =a -+ ag

(11) In a similar manner, the first harmonic can
be found from Fig. 7. Using a and & to have corres-
ponding meanings in this diagram, it can be shown
that

by =b — by — by — b,
and a, =a+ as; — as + a;
These are best worked out arithmetically.
This completes the analysis.

PUBLIC ADDRESS SHOW

THE 14th annual exhibition of the Association of
Public Address Engineers, will be held at the King’s
Head Hotel, Harrow-on-the-Hill, on March 7th from
10.0 to 6.0. During the exhibition, in which about 20
manufacturers are participating (see list below), there
will be a number of demonstrations of new equipment,
a series of technical films will be shown and there will
also be a p.a. quiz with John Gilbert as chairman of
the panel of experts—S. Kelly, H. Brittain, H, Warren
and A. Curtis. Admission is by ticket obtainable from
Alex Walker, 394 Northolt Road, South Harrow, Middx
(hocrlmrary secretary of the Association) or by business
card.

The new president-elect of the Association, who will
be installed at the a.g.m. held during the exhibition, is
David Lodge, of EEM.L,

Exhibitors include Audix, Chapman Ultrasonics,
C. T. H. Electronics, E.M.I. Electron.cs, Film Industries,
G.E.C., Goodmans, Lus:raphone, Magneta, Pamphonic,
Politechna (A.K.G.), Renda Instruments, Reosound,
Reslosound, S.T.C., Shure Electronics, Vortexion, Hay-
don Warren, Westrex, and Wrights (Cambridge).

R.S.G.B. ‘‘Amateur Radio Handbook’

THIS book provides a first-class course of instruction
for the intending amateur operator and a gold mine of
reference for those already experienced. The second
edition  (published 1940) was reprinted no fewer than
12 times during the pericd up to 1946 and proved its
popularity by selling nearly 190,000 copies. Revised
and re-written, the third edition has been considerably
extended and contains information on the latest tech-
niques, including a large section on single-sideband
operation and equipment. Many designs for construc-
tion are included and layout diagrams and mechanical
details are given where needed. It is difficult to imagine
an amateur’s problem that could not be solved by refer-
ence to Amateur Radio Handbook: it is nearly as hard
to imagine a professional problem, too, at least in the
communications sphere, to which the answer would
not be available, There are 552 pages and over 600
figures and the book is obtainable from the Radio
Society of Great Britain, 28, Little Russell Street, Lon-
don, W.C.1, price 34s (by post 36s 6d).

109

www americanradiohistorv. com


www.americanradiohistory.com

lonosphere Review: 1961

SUNSPOT ACTIVITY DECLINING RAPIDLY

By T. W. BENNINGTON*

SUNSPOT maximum occurred at the epoch Feb-

ruary/March, 1958,

has been decreasing.

activity, as indicated by the 1
age of the monthly sunspot num
decrease at a relatively rapid rate,
of the year the value of
activity, which a
had fallen to 52, a considerably lo

t sunspot maxim

and since then the solar activity
Throughout 1961 the average
2-month running aver-
bers, continued to
so that at the end
this index of the solar
um stood at 203,
wer value than had

been expected. The average level of ionization of
the ionospheric layers, as a consequence, also con-
tinued to decrease and the higher frequencies in
the short-wave band were useful for long-distance
communication for only very limited periods,
whilst the lower frequencies had to be used for a
much greater proportion of the total time.

Course of the Sunspot Cycle—The way ih which
conditions have varied throughout the present cycle
is illustrated by the graphs. The upper graph is a

* Research Department, British Broadcasting Corporation

plot of the sunspot numbers (indicative of the solar
activity) and the two lower graphs give the noon
and midnight F,-layer critical frequencies as
measured at the D.S.LR. station at Slough (indi-
cative of the level of F, ionization). The full lines
in each graph give the monthly mean, or median,
values, and the dashed lines show the 12-month
running average of these, and thus indicate the aver-
age conditions and the general variation in each
quantity. ‘

As is seen there have, since sunspot maximum in
1958, been large fluctuations in the monthly sun-
spot numbers, but by the end of 1961 the value had
fallen to 32. The twelve-month running average
value, which had decreased relatively slowly till
early 1959, has since then been decreasing quite
rapidly, and that decrease was maintained through-
out 1961. If the present rate of decrease, or some-
thing near it, continues in the future it would seem
that sunspot minimum might occur in 1963: much
earlier than it had been expected. But it is impos-
sible to say whether, in fact, the present rate of

decrease will continue, and
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WORLD OF WIRELESS

Balance of Trade

IMPORT-EXPORT figures for 1961 issued by the
Board of Trade show that the increase in the value
of radio and electronics exports was- over £11M
whereas imports increased by only £2.7M. The
overall total of exports was £68.9M and of imports
£235M. The main increases in imports were in
transmitting equipment £6.8M compared with
£5.5M the year before, domestic and car receivers
£14M (£0.6M) and industrial electronic gear
£1.3M (£0.75M). There were decreases in tran-
sistor imports (£1.26M against £1.32M) and in valves
and c.r. tubes (£4.4M against £4.6M).

It will be seen from the following table how the
209 increase in exports was made up:

1960 ‘ 1961

Valves, tubes and parts 7.1 10.0
Domestic radio s2ts and car radio 2.5 22
Television sets ... 1.0 1.6
Transmitters, navaids, etc. ... 18.2 2i.4
| P.A. equipment, loudspeakers, etc. ... 1.3 1.2
Components and accessories ... 152 177
Electro-medical apparatus 0.5 0.5
Industrial electronic gear 2.1 2.5
Instruments and test gear 9.4 1.8

£57.3M \ £68.9M

Telecommunications Developments

SATELLITE communications, all-electronic tele-
phone exchanges and the extension of subscriber
trunk dialling were all dealt with by the Postmaster-

eneral when speaking at the annual dinner of the
Telecommunication Engineering and Manufacturing
Association on February 13th. He announced that
the building was complete and equipment was being
installed in the ground station on Goonhilly Down,
Cornwall, for the forthcoming Anglo-American tests
of communications via satellites. The aerial should be
completed in April and the station is planned to
be operational by the late spring or early summer.
On the question of the planned round-the-world tele-
phone cable becoming outmoded by satellite com-
munication the P.M.G. expressed the opinion that in
the long term they will exist together as comple-
mentary Systems.

«The first all-electronic public telephone exchange
in Europe ” will be brought into service at Highgate
Wood, North London, later this year. ~The Post
Office and a consortium of -manufacturers have
developed the new electronic system and he re-
afirmed the policy that the Post Office should
change to fully electronic telephone exchanges.

Audio Festival & Fair.—We are again handling tickets
for this annual event which is being held at the Hotel
Russell, London, W.C.1, from April 26th to 29th.
Tickets, which admit two on any day excluding the
trade period from 11.0 to 4.0 on the 26th, are avail-
able free of charge from audio dealers and from this
office. Applicants are asked to send a stamped
addressed envelope. Applications for tickets for the
trade period must be made on business notepaper.
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Two New B.B.C. “Satellite” Stations Open.—The
BB.C’s new television and v.hf. sound broadcasting
stazions at Redruth, Cornwall, and at Beckley, Oxford,
have been brought into service. The Redruih station,
which is designed to work unattended, receives its tele-
vision and sound programmes by direct reception of
transmissions from the station at North Hessary Tor.
It re-transmits the TV programmes on Channel 1 and
the sound programmes on the following frequencies:
89.7, 919 and 94.1Mc/s. The Beckley station, also
designed to work unattended, re-transmits the television
programmes from Sutton Coldfield on Channel 2. In
each case both the television and sound transmissions
are horizon:ally polarized. The v.h.f. sound radio trans-
mitters at Beckley will be completed during the spring
and will operate on four frequencies—89.5 (Light), 91.7
(Third), 939 (Midland Home) and 95.85 (West of
England Home).

Dip. Tech. Awards.—The latest list of 374 awards of
the Diploma in Technology brings the total to 1059.
Among the latest L'st of diplomates is the first woman
to receive a diploma in electrical engineering. She is
M:ss J. Gardner, of AE.I (Manchester), who studizd
at the Royal College of Advanced Technology, Salford,
and passed with first-class honours. The total number
of students following courses leading to the award is
6,200 an increase of over 1,200 on the previous year.
Coursss leading to the award, which is equivalent to an
honours degree, comprise a 4 or 5 year sandwich course
of academic and industrial training.

T.E.M.A. Awards.—For the first time since the
scheme was introduced four years ago, a young woman
is among the three prizewinners in the competition
organizzd by the Telecommunication Enginsering &
Manufacturing Association for the best final year
apprentices among its membzrs. The prizes were
presented at the Association’s annual d:nner on Febru-
ary 13th. The winners in the three categories .are:—
J. P. Bennett, M.Sc,, graduate-in-training, of Ericsson
Telephones; R. M. Morris, Dip.Tech., student appren-
tice, of G.E.C.; and Miss M. A. Hardman, technician
apprentice, of A.T. & E.

Receiving Licences.—Last December’s increase in the
number of combined TV/sound licences throughout
Great Britain and Northern Ireland was 23,794, bring-
ing the total to 11,657,504 This compares with
11,076,004 at the end of December, 1960. Sound-only
licences remain around the 31M mark and last Decem-
ber’s total was 3,658,806, including 500,253 for sets
fitted in cars. :

Relay Services Association.—The new president of the
Association is Sir Fitzroy Maclean, Bt.,, C.B.E., who
succeeds the late Sir Walter Womersley, who held the
position from 1948 until his death last year. W. E.
Brooks, of Rediffusion, and G. Parker, of Macclesfield
Radio Relay Co., are respectively appointed chairman
and deputy chairman for 1962.

«Trader Year Book.”—Field-strength contour maps
for both B.B.C. and LT.A. television stations, con-
densed specifications of current receivers and tape
recorders, post-war receiver ifs, a directory of manu-
facturers” addresses and buyers’ guide are but a few of
the many features in the 1962 edition of the “Wireless
& Electrical Trader Year Book.””  First published in
1925, this year’s 436-page volume, issued by Iliffe Books,
costs 21s,
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Faraday Medallist.—Sir Basil Schonland, C.B.E.,
F.R.S,, director of the research group of the U.K. Atomic
Energy Authority until his retirement a year ago, is
awarded the I.E.E. Faraday Medal “for the outstanding
part he has played in the development of electrical
science and engineering, in particular in the field of
nuclear power.” Sir Basil, who was a signals officer in
the first world war and between the wars was a professor
of physics at the University of Cape Town, was from
1941-44 superintendent of the Army Operational Re-
search Group in the Ministry of Supply. After the war
he returned to South Africa but came back to the UK.
in 1954 as deputy director of the Atomic Energy
Research Establishment.

Semiconductor Documentation.—The full text of the
International Symposium on Semiconductors, held in
Paris in February, 1961, and reported in this journal
for April of thar year, has now been published. It
comprises 1,800 pages in two linen-bound volumes, the
first covering production techniques and the second
applications and reliability. More than 120 papers were
read by leading authorities, and this text, coming after
a period of intensive activity in semiconductor research,
will be a valuable source of information for many years
to come. Copies of the two volumes together are now
available at a cost of 192 NF from S.D.S.A. (Socié:é
pour la Diffusion des Sciences et des Arts), 23 rue de
Libeck, Paris, 16¢.

Physics Convention.—At the opening session of the
fourth annual convention of the Institute of Physics &
Physical Society at Harrogate on May 24th, Sir Bernard
Lovell, director of the Nuffield Radio Astronomy
Laboratories at Jodrell Bank, will deliver the 1962
Guthrie Lecture. Among the lectures on the second
day of the convention, which “is intended primarily as
a domestic affair,” is one by Dr. A. C. Rose-Innes, of
the Services Electronics Research Laboratory, on
“Physics of tunnelling between superconductors.”

National Gramophone Conference.—During the
annual conference of the National Federation of
Gramophone Socisties at High Leigh, Hoddesdon,
Herts, during the wezkend of March 30th-April 2nd,
Cecil Watts will be speaking on stéreo reproduction. A
new loudspeaker is to bz described and demonstrated

by F. R. Britten and B. J. Webb. The major part of

the programme is devoted to the =sthetics of music.
The coxaference secretary is G. E. Palmer, 106 Streat-
field Road, Kenton, Harrow, Middx.

Battery Symposium.—Contributions from Canada,
France, Germany, Poland and the U.S.A. are listed in
the p-ovisional programme of some 30 papers for the
third International Battery Symposium which is to be
he!d in Bournemouth from October 2nd to 4th. Details
of the symposium, which is being organized by the
Inter-Departmrental Commi‘tee on Batteies, are obtain-
able from D. H. Collins. Admiralty Engineering Labora-
tory, West Drayton, Middx, The registration fee is

4gn.

Comnuter Appreciation.—Courses, designed to give
the executive an aporeciation of whether the work of
“his organization could be carried out on a computer, and
if so what advantages, economic and otherwise, might be
expected to result, are being conducted by Leo Com-
puters L+d., Fartree House, Queensway, London, W.2.
Each course is of one week duration and the fee is
25en. Further details are available on application to
the training manager at the above address.

Automatic Control—At the West Ham College of
Technology, Stratford, London, E.15, a short evening
course in automatic control, intended for graduates and
holdsrs of H.N.C. in electrical engineering or applie
physics, begins on March 14th. :

WIRELESS WORLD, MARCH 1962

Radio and TV licences are no longer required in the
U.S.S.R. Instead, from January lst this year a sum
equal to about three-quarters of a year’s licence has
been added to the price of all new sets so as to “cushion
the loss of revenue to the State,” to quote Soviet News.
Licences have in the past been issued for 3-year periods
at the equivalent of approximately £5 per annum for
television and about 28s p.a. for sound radio.

Moroccan Television- Service Starts.—The Moroccan
Broadcasting System begins a television service on
March 3rd using the 625-line standard. An abortive
attempt at ielevision transmissions eight years ago by
a private company called Telma ended after a year’s
operation. Now the Moroccan Government is operating
the old studios and transmitters at Casablanca and
Rabat and has invested about £1M to get the service
operating. Much equipment for the Casablanca station
has been supplied by France and that for the Rabat
station by Italy. Imported television receivers are
subject to government price control. It is stated that a
commission of the Moroccan Ministry of Information is
examining the possibility of commercial television.

Amateur Constructors.—In addition to the two prize-
winners mentioned in our report of the Radio Hobbies
Exhibition (January issue) there were two awards
presented for the best home-constructed equipment from
amateurs outside the London area. Both went north
of the border; the first to H. R. Mackie (GM3FYB) for
a single-sideband exciter and the second to J. MacIntosh
(GH3IAA) for an “all-band ” transmitter.

Soviet Set Production Up.—According to the report
of the U.S.S.R. Council of Ministers’ Central Statistical
Board, the numbesr of television sets produced in the
Soviet Union in 1961 was 1.95M units—an increase of
223,000 on the previous year. Similarly production of
sound radio receivers and radiograms increased and
reached a total of 4.2M units.

The Society of Imnstrument Technology has recently
decided to re-group its specialized sections and has
accordingly formed four new sec:ions, namely : Measure-
ment Technology, Control Technology, Systems FEn-
gineering, and Automa‘ion. Reason given for the
change is that with increasing membership (now about
3,000) the sphere of the technical activities had grown
to such an extent that further sub-division was neces-
sary. Derails of the Socizty’s activities ray be obtained
from 20 Queen Anne Street, London, W.1.

Satellite Communication.—An international confer-
ence on satellite communication is to be held in Lon-
don early next December with the object of providing
an opportunity for the presentation of papers on. and
discussion of, all scientific and technical aspects of this
fast-growing field. Those wishing to attend the con-
ference are invited to apply to the Secretary of the
I.E.E,, Savoy Place, London, W.C.2.

R.T.R.A.—Headquarters of the Radio and Television
Retailers’ Association, formerly in Goodge Street, has
been moved to larger premises at 19-21 Conway Street,
Fitzroy Square, London, W.1. (Tel.: Euston 6040).

R.F.C.W.0.0.C.A, Dinner.—The Royal Flying Corps
Wireless Operators Old Comrades’ Association are to hold
their annual dinner in London on March 10th. Details
are ob*ainable from E, I. F. C. Hogg, M.B.E,, 57 Hend-
sham Rocad, London, S.W.17. (Tel.: Balham 6963.)

“ Automatic Tape Stop ”—a correction. In Fig. 2 on
p. 74 of our February issue, the right-hand relay contact
(shown closed) should be connected to the top of the
lamp voltage regulation resistor and not to the B.T.H.
VRI12-B Zener diode.
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Television Aids Leeds Buses.—Three small closed-
circuit TV cameras, built and installed by Pye T.V.T.
of Cambridge, are located at bus stops at City Square,
Briggate and Corn Exchange in Leeds. The cameras,
mounted on 22ft poles, are linked by underground
cable to the control room at the Corporation’s transport
headquarters, Here traffic officers can manipulate the
cameras by remote control to view traffic conditions
and see how many people are queueing at each stop.
Buses are then directed accordingly.

Advance Components Ltd. have reorganized their
former Mains Stabilization and Instrument Divisions so
that they are now virtually autonomous, linked by a
strengthened central administration giving common
services to both. They have been renamed the Volstat
Division and the Instrument Division. A number of
staff promotions have followed this reorganization and
these include that of R. J. Dunnaway to be an executive
director of the company and P. Sidey becomes general
sales manager.

Telemax-Southern Ltd. is the name of a new com-
pany, formed jointly by Southern Instruments Ltd. and
Telemechanics Ltd., to undertake the marketing of a
new wide-range frequency meter and synthesizer de-
signed by Telemechanics and manufactured by Southern
Instruments, Headquarters of Telemax-Southern are
at the Cambetley, Surrey, factory of Southern Instru-
ments.

Sigrist Distribution.—Southern Analytical Ltd., of
Camberley, Surrey, have relinquished their sole U.K.
agency for Sigrist Photometer AG. of Switzerland, but
will continue to supply spares and service for all exist-
ing Sigrist installations and are to remain active in
the field of continuous flow turbidity measurements,

Visual Electronics Corporation, U.S. representatives
for English Electric Valve Company television camera
tubes, have installed a complete EEV factory test set
at their headquarters at 356 West 40th Street, New

)c'ork, to facilitate their 24-hour adjustment service on
image orthicon tubes.

E.M.I, Tape Ltd. is the new title of E.M.I. Sales &
Service Ltd. the Emitape Division of which is now
trading under the new name, and all orders and com-
munications should now be addressed to E.M.I. Tape
Ltd. at Blyth Road, Hayes, Middx.

Mullard Equipment Ltd. advise that their service
department has been moved from Aboyne Road, Wim-
bledon, to the company’s new plant at Manor Royal,
Crawley New Town, Sussex. (Tel.: Crawley 28787.)

Dynamics Corporation of America has formed a
British subsidiary, Digital Measurements Ltd., with
12,500 sq ft plant and engineering laboratories at
Mytchett, Surrey, to design and produce factory auto-

mation and data processing equipment,

Jason Electronic Designs Ltd., of Kimberley Gardens,
Harringay, London, N.4, is now in the hands of a
receiver and manager, L. H. Cohen, of -Newman
I—\%}arris, Harcourt House, 19 Cavendish Square, London,

d.

The Ministry of Aviation has placed an order valued
at about £75,000 with Ultra subsidiary, Ww.S. Elec-
tronics Ltd., for a new wh.f. airborne standby trans-
mitter-receiver, which provides aircraft with air/ground
communications even In extreme emergency such as a
complete failure of the electrical power supply.

Solartron Servicing Courses.—A series of instruc-
tional courses has been started by Solartron to impart
the latest know-how to the service technicians from
their overseas companies and agents.
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OVERSEAS TRADE

Oslo Television Centre’s largest studio is being com-
pletely re-equipped with E.M.I. 4}in image orthicon
camera channels and associated equipment. As a part
of Stage I of the Norwegian transmitter Programime,
E.M.IL. Electronics have also recently supplied the Nor-
wegian Post and Telegraphs Department with a com-
bining unit and radio frequency measuring equipment
for the new Brown Boveri TV transmitter at Jonsknuten,
near Kongsberg. Orders have been placed with E.M.L
under Stage II to supply similar equipment for the
new TV transmitters at Vassfjellet, near Trondheim,
and at Nordhue, near Hamar.

Sound system for the new Hilton Hotel, Trinidad,
is being provided by Trix Electronics Ltd., the Totten-
ham Court Road, W.1, subsidiary of Ultra Electronics
TLtd. Nearly 300 bedrooms will be provided with a
3-programme sound radio relay, and the contract also
covers supply of a paging system, ballroom and ban-
queting sound reinforcement, kitchen calling equipment
and car parking control.

France is to have a civil ground secondary surveillance
radar system installed at its Northern Air Traffic Con-
trol Centre, adjacent to the Paris airport of Orly. The
equipment, consisting of an interrogator-responser and
an aerial system, is to be supplied by Cossor Radar
& Electronics.

Solartron’s Mobile Demonstration Unit is at present
undertaking a 3-month sales tour as part of the com-
pany’s export sales drive. Itinerary covers Sweden, Den-
mark, Holland, France and Germany, with return to
the UK. on March 31st. The demonstrator carries
a full range of data logging and tape recording equip-
ment, an analogue computer and instruments.

The Royal Netherlands Navy has placed 'a large
order with Marconi’s Maritime Division for 1-kW
broadband linear radio-frequency amplifiers, and have
also awarded a contract valued at £200,000 to Racal
Electronics for the supply of h.f. radio communica-
tion equipment.

Switzerland’s Minister of Defence has signed a con-
tract, valued at some £25M, for Bristol/Ferranti Blood-
hound Mark 2 surface-to-air guided weapons. Blood-
hound is the product of a consortium of British com-
panies including_Bristol Aircraft, Ferranti, A.E.L and
Bristol Siddeley Engines.

Twenty-four 6ft diameter paraboloids for microwave
pulsed data transmission use, part of a data recording
and telemetry system for a British Petroleum installa-
tion in the Persian Gulf, were dispatched recently by
the suppliers, Applied Electronics Department of Fer-
ranti Ltd., Edinburgh. :

Athens Airport is to equip its main runway with a
Pye Instrument Landing System. This brings the
number of airfields so equipped by Pye to nearly 140.

All tankers in the Niarchos Group fleet are to be dual-
radar equipped. An order for 36 Kelvin Hughes radar
equipments for installation in the Group’s vessels has
been received by the Kelvin Hughes Division of S.
Smith & Sons (England) Ltd.

The University of Ghana, in order to communicate
with an expedition in Greenland, has erected a 42ft
high wireless mast built in Dexion Slotted Angle.

Radio equipment for two s.h.f. radio relay systems for
the Australian Post Office, one between Sydney and
Orange and the other between Brisbane and Mount
Ic\DAoatIIlfs‘;m, is to be provided by the General Electric

. Ltd.
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flow about a conducting electrode
simulates gas flow about a stationary
bubble, and current flow about an
insulating electrode simulates solid
particle flow about a moving bubble.
By making the electrode bubble
analogue out of a number of fine
wires around an insulator, these con-
ditions of conductor or insulator
could be simulated by electrically
connecting or separating the wires
respectively. By switching between
these two conditions and summing
the two sets of probe outputs so ob-
tained in various proportions (de-
pending on the relative gas and
bubble velocities) streamlines or plots
of the flow of elements of gas rela-
tive to a moving bubble can be ob-
tained. Pathlines, or plots of ele-
ments of gas relative to fixed co-
ordinates, can be obtained by moving
the bubble electrode analogue at a
fixed velocity corresponding to the
bubble velocity and adding the same
velocity to the recording pen as it
attempts to trace streamlines. Streak-
lines, or lines formed by tracer
material suddenly injected at a fixed
point, can be obtained by using the
pen velocity information to join up
points corresponding to the same
time on diverging pathlines.

Arc discharges are used in optical
instruments because of their small
source and high brightness, but the
instability of the arc necessitates fre-
quent readjustments. Bendix-Eric-
sson were showing a simple servo-
system for the production of a
stationary image from a wandering
arc. A beam-splitter mirror in the light
path feeds the point image on to a
group of four phototransistors repre-
senting the four quadrants into which
the arc may wander. The outputs
from these are amplified and used to
til, by energizing four miniature
solenoids not unlike telephone-car-
piece coils, a focusing mirror in the
light path. :

Voltage discriminator using a modifi-
cation of the Schmidt-trigger stage
to give a very sharp and well-defined
triggering voltage level has been de-
veloped at the Cavendish Labora-
tory, Cambridge. The common
cathode resistor of the Schmidt stage
is split into two separate resistors
and the two cathodes are joined by a
diode. As long as the diode is cut
oft the first valve acts as a cathode
follower but when the potential rises
sufficiently to cut on the dicde, the
circuit reverts to the Schmidt state.
The trigger point is thus set only
by the diode going into conduction,
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which is not affected by supply
variations.

Vibration amplitude of an oscillating
quartz crystal varies linearly with
applied gaseous pressure. In a de-
vice developed by the Brunel Col-
lege of Technology this effect is em-
ployed in a vacuum gauge for
measurements in the range 0.1 torr
_25 torr. The crystal is connected
in a transistor Colpitts oscillator cir-
cuit, coupling being adjusted to the
minimum. The output of the tran-
sistor is rectified and fed to a meter
which can then be calibrated directly
in pressure.

Positive feedback usually reduces the
bandpass of a device, but in the case
of a hot-wire anemometer developed
by M. J. Somerville and G. F. Turn-
bull of the University of Manchester
and shown on the N.R.D.C. stand
positive feedback raises the upper
frequency limit, albeit indirectly, The
hot platinum wire, only 10*in in
diameter, if connected in a bridge
circuit and energized by d.c. would
give a bandwidth of about 200c¢/s,
ie. it would respond to variations in
airflow of up to 200/sec. However,
in Somerville and Turnbull’s circuit
the hot wire forms part of a poten-
tiometer across a centre-tapped out-
put transformer of an amplifier and
the feedback is taken from the poten-
tiometer, which is arranged to be
positive with the hot-wire at its
working temperature. As the air-
flow cools the wire the amplitude of
oscillation increases, so maintaining
constant the temperature of the wire.
The circuit oscillates at about
200kc/s, the amplitude of the r.f.
being equivalent to wind speed. The
rf. is thus rectified, when the d.c.
or mean level corresponds to the
average air speed-and the impressed
rapid variations represent the tur-

bulence. The gain in bandwidth de-
pends on the amplifier gain, but a
multiplication of 100 times is said
to be achieved.

Impedance transformer using cera-
mic elements has been made by
H. S. Wolff, of the Medical Research
Council, and was shown on the
N.R.D.C. stand. Providing an input
impedance that is mainly capacitive
—the leakage is about 10*°(Q—the
device consists of a pair of piezo-
electric bimorphs carrying, at their
free ends, a minute ferrite pot core
containing a coil and the ferrite disc
that completes the magnetic circuit.
When a potential is applied to the
bimorphs they bend by a few
microns for each volt impressed so
altering the reluctance of the mag-
netic circuit. The corresponding
change of inductance can be used to
vary the frequency of an oscillator
whose output is amplified and con-
verted back to d.c. by a Foster-
Seeley circuit: obviously this can be
followed by a d.c. amplifier giving
practically any desired output impe-
dance, If a closed-loop technique
is adopted, i.e. the output is fed back
to the piezo-electric bimorphs, the
input resistance can be raised by the
gain of the amplifier and the effective
capacitance reduced. The model
shown achieved an input resistance
of about 10**Q.

Electronic “spirit” level, shown by
G. V. Planer Ltd., can detect varia-
tions from level of at least 1 second
of arc and has a long-term stability
of 10 seconds of arc. In the level
tube are three electrodes which sense
the position of the bubble in the
electrolyte.  Variations of electro-
Iyte resistance change the conditions
in an associated bridge circuit and
the bridge signal is amplified for
display on a meter. .

INDUSTRIAL ELECTRONICS

Vibration measurement.—To avoid
the somewhat messy business of
arranging strain gauges and slip
rings with their attendant cooling
problems, Bristol Siddeley Engines
have developed an f.m. sysiem of
jet-engine turbine-blade vibration
measurement. Wire bent into the
form of a “square zig zag” is placed
round the periphery of the turbine
and a small magnet mounted in the
blade tip induces a roughly sinus-
oidal signal across the ends of the

wire. Two components are present,
the “carrier frequency” which is
proportional to the mean speed of
the turbine and an f.m. component
which is proportional to the speed
variations caused by vibration. The
signal is limited to remove ampli-
tude fluctuations and unidirectional
pulses are developed, the average
voltage of which is proportional to
frequency. The mean frequency is
fltered out to be indicated on a
meter, leaving the modulation due to
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mation is to display it on a storage
oscilloscope. The encoder is divided
into five sectors, each being dis-
played on ten displaced lines of the
oscilloscope. The relevant section is
triggered by a photo-electric sensing
device.

An application for a digital pulse
generator was exhibited by the
United Kingdom Atomic Energy
Authority, in which the velocity of
sound through a sample of material
was investigated by means of the
pulse generator and an oscilloscope.
The procedure is to fire a pulse
from the pulse generator through the
sample of material. A second pulse
derived from the pulse generator is
adjusted to coincide with the arrival
of the first pulse, and the detected
coincidence is indicated on the oscillo-
scope. The setting of the pulse
generator controls, and a precision
variable delay line, which is fitted
with a digital indicator, gives the
time delay. The pulse interval
generator is digital in operation and
so the time delay can be shown to a
fraction of a millimicrosecond, in a
total time of up to 100 microseconds.
The velocity of sound is therefore
known extremely accurately.

Stability of rotational speed of a
driving shaft is measured and dis-
played to within one part in 10* of
1 r.p.s. by an equipment shown by
Mullard, in which a standard fre-
quency is compared with that derived
from the output end of the system. A
glass disc marked with one hundred
fine radial lines is mounted on the
shaft and moves in an optical system,
thereby causing pulses to be devel-
oped on the collector of the photo-
multiplier. The measurement is
effected by triggering an oscilloscope
time base with the standard fre-
quency pulse and z-modulating the
trace by means of the output pulse.
The time difference between the
standard and output pulses is now
represented by the distance between
the start of the trace and the bright-
up spot. The process is repeated for
- each of the hundred pulses, succes-
sive sweeps being displaced vertically
in the form of a raster. Instability
of rotational speed is indicated by the
spot wandering from side to side.

A ferret would seem to be an unusual
exhibit at the “Phys. Soc.” But
“ferret” is the name applied to a
device passed through pipes, motive
power being supplied by pressure
from a fluid behind it. Water under-
takings clean out their mains by pas-
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sing a brush-and-scraper ferret
through the pipes. Unfortunately
the tools sometimes get stuck and
necessitate the digging up of con-
siderable lengths of main, so a device
that will indicate the position of the
ferret to an observer on the surface
is of great value. The Water Re-
search Association have developed
such a system: attached to the
scraper is a watertight enclosure
containing a solenoid energized by a
30-c/s transistor oscillator for a brief
period each second. Although the
iron pipe shunts much of the resul-

‘tant field, sufficient escapes for it to

be detected several feet away by a
portable apparatus. The pickup in
the detector is another solenoid hav-
ing an inductance of several hundred
henrys; the signal output from this
is amplified and used to “gate ” a
1-ke/s signal that feeds headphones,
so that the operator can follow the
ferret as it runs along the pipe. Itis
hoped that it will prove possible to
add some form of leak detector to
the ferret—this could help to reduce
the present wastage of more than
10% of the nation’s water supplies.

COMPUTING

Desk calculator shown by the Phy-
sics Department of Kings College,
Durham University, used relatively
simple circuits built round p-n-p and
n-p-n  transistors, bi-directional
Dekatron counters and cold-cathode
trigger tubes. A feature of this device
is that only very few switches are
needed, since the trigger tubes
(which set up numbers and instruc-
tions into the Dekatron accumulator)
are activated simply by touching a
finger across two electrodes so as to
bleed in a small extra current
(200pA) to the tube (they are already
biased nearly on).

Analogue multiplier/divider shown
by Texas consists of a pulse genera-
tor triggering a chopper modulator:
one input is fed to the pulse gener-
ator to proportionately vary its p.r.f.,
and the second is fed to the modula-
tor. One input thus modulates the
other, and it can be shown that if
the modulated output is integrated,
an output is obtained, which, de-
pending on the polarity of the chop-
per drive waveform, is proportional
either to the product or ratio of the
two inputs.

Analogue storage systems which do
not require the continuous expendi-
ture of power are being investigated
by the Medical Research Council.
The nearest equivalent to such a de-
vice . which is presently available
would appear to be a motor-driven
potentiometer, but it would be diffi-
cult to make such a device small and
cheap enough for use in quantity. In
an exhibit shown by the Council, the
information is stored as the opacity
of a thin metal film which can be re-
versibly electrolytically plated and
unplated on to a transparent con-
ducting base, the plating charge

(current X time) being determined by
the analogue quantity being stored.
Another possible system would be to
store the information as the degree
of magnetization of a hard magnetic
material. )

Film storage developments shown by
Plessey related to the use of low-
temperature superconducting films to
store information as the directions of
rotation of a number of continuously
circulating currents. These currents
must be stabilized, and rather than
do this by cutting a hole in each
storage element round which current
can circulate, Plessey propose simply
to use the non-superconducting (re-
sistive) region generated inside each
circulating current by the action of
its magnetic field on the film.

G. V. Planer showed an 8 X8 store
using separate cylindrical magnetic
film elements electroplated on to
non-magnetic tubes.

Dynamic diode-capacitor store shown
by A.E.IL reverses the normal pro-
cedure of using switching elements
to store the information (in the form
of whether they are conducting or
not) and capacitors to couple be-
tween stages, by storing the informa-
tion in capacitors (as charge or no
charge) which are connected (as
shown) by a chain of p-n-p-n switch-
ing diodes. The information is
applied as a positive pulse to the
first capacitor (C,). This information
is then moved by applying a positive
transfer pulse to the same capacitor
so that the resultant voltage across
it exceeds the strike voltage of the
p-n-p-n diode SD,. This diode then
transfers the charge from the first
capacitor to the second (C,). A simi-
lar pulse then transfers this charge
to the third capacitor and so on; the
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charge travelling down the chain
(from left to right). If the end
p-n-p-n diode (SD») is terminated
in a resistor Rm, this forms a mis-
match to the discharge of the last
" capacitor so that this capacitor
acquires a negative charge. This
negative charge then travels back
down the chain in. the reverse direc-
tion (from right to left). If when it
reaches the first capacitor, a trigger
pulse is applied to the p-n-p-n diode
SD, ., through a similar mismatch-
ing resistor, the first capacitor
charges positively through this mis-
match resistor. This positive charge
then travels down the chain as be-
fore (from left to right). The infor-
mation thus remains continuously
circulating in the line. The ordinary
diodes shown (D, ... Dn,,) pre-
vent the transfer pulses from causing
Zener breakdown in the p-n-p-n
diodes to-their left rather than as in-
tended, from striking over the
p-n-p-n diodes to their right.

Character recognition system shown
by the British Iron and Steel
Research Association follows the
character’s curve in a series of
equal-length steps, making a circular
scan at each point to determine the
direction of the next step. (Special
rules are necessary to cater for
crossovers, cusps and breaks in the
character.). This describes the char-

acter in s, y co-ordinates, where s.

is the distance- along- it and ¥ the
angle between an elementary step
length and a reference axis. If the
step length is made proportional to
the overall character size (which
could be determined by an initial
scan) the sequence of changes of
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direction of successive steps will be
similar for different forms of the
same character and be independent
of its orientation and size. An un-
known character can then be recog-
nized by normalizing its measured
¥ values to eliminate relative rota-
tion, and summing the squares of
their differences from the corres-
ponding various standard ¢ values:
the standard giving the smallest
summed squared difference being
the unknown character. Initial work
has shown that, in the case of the
numerals, even roughly scrawled
figures can be correctly identified by
this system, although some am-
biguity arises between badly drawn
6’s, 9s and 0’s,

“Laddic” multi-aperture devices
were shown by Mullard, Multi-
aperture devices consist in general
of a square-loop ferrite core with a
number of holes in it (threaded by
coils). Their action depends on the
fact that the switching in the volume
round an individual hole- depends
both on the locally-generated flux
and on the flux in the core as a
whole. This logically interconnects

-switching currents in the coils pro-

viding these fluxes, and this inter-

_connection can be .used to build up
-computer circuits.

Such circuits,
although possibly slower and. re-
quiring more_ drive power than more
conventional transistor - circuits, are
more- reliable; simpler, smaller and
lighter. In a laddic the square-loop
material is in the form of a ladder
with an even number of rungs (see
diagram): a set wire interlinks odd-
numbered ~side rails of the ladder,
and input, output and hold coils the
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end and even-numbered inter-
mediate rungs respectively. A satur-
ating pulse is applied to the set
wire (producing, for example, flux
in the directions shown) followed
by an input pulse producing flux
in the opposite direction in the
first rung: the hold windings produce
flux in the same direction as the set
winding in the even rungs. It can
be seen that the input current will
reverse the flux through the first
even rung whose hold winding is
not energized. Thus an output is
only produced if all the hold- wind-
ings are energized. This provides
an AND function. An OR function
may be obtained by winding several
hold windings on each rung, since
any one will be sufficient to hold the
rung. A fail-safe facility is provided
by the fact that any failure prevents
an output from being produced.

Tunnel diode fast computer circuits
were shown by I.C.T., Plessey and
Elliott. The Elliott circuifs were
built round the Majoritron or Goto
pair. This consists of a matched
pair of oppositely biased series-con-
nected tunnel diodes, and acts like
a flip-flop. Since this is only a two-
terminal device, a three-phase drive
input is necessary to fix the direc:
tion of signal transfer when ¢
number of Goto pairs are connected
in cascade. Plessey used hybrid
circuits of tunnel diodes and tran-
sistors.

I.C.T. showed a simple read-out
amplifier and low-level discrimina-
tor (see diagram). The output from
the core store is integrated by the
inductor L and applied to switch
the tunnel diode. The inductance
can provide both the required high
impedance for the tunnel diode and
low impedance for the core, since

_the core switching frequency is much

less- than that of the diode. The
triggering level can be adjusted by
varying the standing bias to the
tunnel diode set by R, and R,. Since
this diode is fed with the integrated
output from the inductance, this
circuit is little affected by transients
in the switching circuit.
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reproducibility  in performance
coupled with low weight and cost.
The lines shown were in the tri-
plate ” form which has a central strip
between two ground planes. An
alternative is to etch a strip on one
side of a clad laminate, but this un-
balanced form of line suffers both
from radiation and dielectric losses.
The losses and effects due to non-
uniformities in the dielectric which
arise in triplate lines when the strip
is supported in the centre of a solid
dielectric can be almost eliminated
by using an air-dielectric and making
the central conductor in the form of
two strips etched on opposite sides
of a thin supporting septum, since
then only fringing fields lie in this
septum,

Dielectric line components shown by
Mullard for the mm-wave region
utilize the HE,, mode propagated
near the surface of dielectric rod.
Such components offer the advantage
of being much larger than their con-
ventional wave-guide counterparts.
Examples shown were a probe-type
standing-wave indicator and high-Q
resonator, The latter consisted sim-
ply of two reflecting plates between
which was stretched a dielectric line.
By making the line out of a number
of fibres it can be given an elongated
cross-section. For a given field
spread the cross-sectional area and
thus the loss in the dielectric are then

less than with a circular cross-section,
and this technique allows Q’s of
90,000 to be achieved at 4mm. The
standing-wave indicator consisted of
a pair of crossed partially-reflecting
flat “ mirrors * made up of spaced die-
lectric threads: the dielectric line be-
ing at 45° to and threading each
« mirror.” The mirrors reflect equal
portions of the powers travelling to
and fro along the line; on summing
these portions in a detector any
standing waves are indicated.

Waveguide components shown by
Sanders included ranges of direct-
reading wavemeters, short matched
loads and high-isolation (110dB)
switches. In the switches, the high
isolation is achieved simply by ab-
sorbing material on the rotor, rather
than by resonant chokes. This
method has the additional advantage
that the isolated section sees a
reasonably good match. The matched
loads can be made about % the nor-
mal length (for the same perfor-
mance) by using two tapered absor-
bent wedges rather than the normal
one. In the direct reading wave-
meters the hyperbolic cavity piston
movement is converted into the re-
quired linear drive movement by
means of a wedge pivoted about a
point on the projection of one of
its sides: the drive bears on one
side of the wedge and the cavity
piston on the other.

SEMICONDUCTORS

Gallium arsenide may well prove to
be the semiconductor of the future:
it can be prepared with a wide range
of resistivities ranging from “nor-
mal” for a semiconductor up to at
least 1MQ/cm which is a typical
value for high-energy-gap materials
such as cadmium sulphide. In this
form gallium arsenide is referred to
as “semi-insulating”; but unlike
other © semi-insulators > it has a high
carrier mobility and thus can be used
not only for photo-resistors but also
for transistors and other such de-
vices. The Services Electronics Re-
search Laboratory were showing
some expected applications of gal-
lium arsenide, such as a field-effect
device oscillator running at 1lkc/s,
and some unexpected ones too. A
property of a gallium arsenide “re-
sistor ” is, for instance, that it departs
from ohmic behaviour and will oscil-
late if a field of more than about
200V /cm is applied. The frequency
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is affected by illumination, so a very
simple light-sensitive oscillator cir-
cuit is produced. Two most impor-
tant properties are the substance’s
upper temperature limit, which is
very much higher (possibly as high
as 300 or 400°C) than silicon and the
ease with which solid circuits can be
made up. The insulating form can
be used as the substrate, and can be
doped and provided with epitaxial
layers of gallium arsenide, gallium
phosphide and germanium with com-
parative ease. The material is most
useful for tunnel diodes too: S.E.R.L.
point out that a very small junction

area can be obtained by the use of -

both forms, without making the
assembly too fragile to be practical.
Experimental gallium arsenide tun-
nel diodes were shown by A.E.L
also: comparison of the curves ob-
tained with those for germanium
show a negative resistance region of
about twice the extent of that for

germanium as well as a better peak-
to-trough ratio. Top temperature
for these is about 120°C—above this
the indium contacts give trouble.

Photoconductive detectors for sub-
millimetre radiation could be made
with very pure indium antimonide:
unfortunately indium antimonide of
the required purity is not available.
The application of a magnetic field
of about 6,000 gauss and cooling to
about 2°K can, however, reduce
interaction between neighbouring
impurities in the purest samples ob-
tainable to the point where the
photoconductive effects can be ob-
served, not only at sub-millimetre
wavelengths but in the 1-10mm
region also. Response time is as
short as lusec.

In a detector shown by R.R.E. the
sensitive element is held at liquid
helium temperature, about 1.5°K.
The use of a permanent magnet,
though, has the disadvantage that
the stored heat boils off a large
amount of helium before stability is
reached. Instead a solenoid of
niobium wire (which superconducts
at liquid helium temperature) is
used, and a current, once started,

continues indefinitely. Starting the

current is, however, a difficulty, so,
to provide a finite resistance “insu-

lator” in the zero-resistance coil, a

segment of the coil is subjected to a
strong momentary magnetization
from a “quench” coil to destroy the
superconductive effect.

Transistor and diode development
has, in the main, been following
paths already laid down; thus the
news here is more of improvements
than of new breaksthrough”:
typical examples were the wide-
spread examples of solid circuits and
mesa devices. The application of
mesa techniques has given Texas,
for example, the “micro-G” diode,
which has a 40-MQ back resistance
at 10V and is only about 0.06-in long
by about 0.04-in in diameter.
G.E.C. were showing some fruits
of their “technical co-operation”
with G.E. (US.A) in three fast-
switching mesa transistors Types
2N705, 2N710 and 2N7110. High
frequencies are not the sole province
of the mesa type (Texas 28131 epi-
toxial, 200mW output at 230Mc/s)
though—Mullard have successfully
adapted their alloy-diffusion tech-
nique to give devices capable of
operation at 1,000Mc/s. These de-
velopment transistors, whose bases
are of the order of ix wide, were
demonstrated giving a noise factor
of 6.8dB at 815Mc/s. At 1Gc/s a
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Feedback, Distortion and Allied Topics

THE question of distortion is one which has
bothered designers since the earliest days of sound
amplification. The introduction of multi-channel
telephone systems depended on improved methods of
distortion control, analysed now as intermodulation,
while later still the designers of analogue computers
concerned themselves with the linearity of their
systems. It may be difficult for readers who are
under the age of 40 to realize that negative feedback
was an invention, that this whole wide use of feed-
back amplifiers has a sharply defined beginning. It
is rather hard for all of us to realize that this invention
was not made until after the theory of filter design
had progressed beyond the point which still satisfies
most of us who design filters from the simple rules in
the reference books.

On and off through the years I have recorded, in
pages now yellowing, some notes on various aspects
of these problems. Nowadays my jottings tend to
begin when I have said “ these things we hold to be
self-evident”, only to discover that they are not so
obvious at all. I have, for example, recorded a
convenient way of working out the distortion and
intermodulation in a valve stage: I have discussed
why negative feedback does not reduce distortion as
much as you expect. The combination of these two
results is straightforward: or is it> When I tried it
on a standard reader I keep for the purpose, with the
benevolent aid of the Commissioners of Inland
Revenue, I found that it needed the full treatment.
As I cannot and you will not refer to the previous
articles, let us go through the whole question of
finding just how much distortion reduction we can
get for how much feedback.

The first step is to find out how much distortion we
actually have. When I worked this out previously
for vaives I worked in terms of the mutual con-
ductance: the corresponding exercise now, for
transistors, might be in terms of current gain or,
more conveniently, in terms of mutual impedance
with a given load, which would mean using the
change-of-collector-volts to .change-of-base-current
ratio.
analysis general and we shall therefore work in terms
of the transfer gain, which is simply the size of the
change in output signal produced by a unit change in
input signal. The unit must naturally be very small.
For a valve we might take the unit as 10mV at the
grid, measure 50pA/10mV as the mutual conductance
and then modify the way we describe it to 5mA/V:
for an amplifier we might find it more convenient to
measure in terms of 1mV input, to get a gain of, say,
100mV/ImV or 100 times.

We are quite accustomed to the idea that the
mutual conductance of a valve varies with the bias.
Expressed in more general terms, the differential
gain varies with the instantaneous signal value. This
characteristic is the one we are going to consider in
detail. First of all, though, a special superposition
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There is nothing to lose by keeping the.

By THOMAS RODDAM

theorem is needed. It may seem almost (or com-
pletely) obvious but it saves carrying a lot of dead
terms through the mathematics.

If S,e= (py + l"'z)sin
then Sout = k3 Sin + ”’Zsin

Suppose that p, is a constant while p, depends on
the value of S;,. The term ,S,, contains no dis-
tortion and can be neglected in favour of p,S,,, the
distortion-producing term, as long as we are just
calculating the harmonics. An example will show
how we make use of this.

The characteristic shown in Fig. 1a might well be
the mutual-conductance/bias characteristic of a
valve. In general language it is a gain/input-signal
characteristic for a system having a gain of p, at the
centre of the range, which will be the nominal
working point. This can be split up in the way
shown in Fig. 1b, in which we see that we have

‘u; = constant and
Mg = x2S
We consider now a signal of the usual form
’ S, = a cos wt
and we obviously have

S, = Ky @ €OS wi............(undistorted)
+ @ €COS @ «evvvvrnnnnnnn. ... (distorted)
(@)
n H
Sin
7
Il
(b)
Sin
e ©
K2
Sin

Fig. 1. Typical gain curve (aj can be broken up into
constant factor (b) and linear variable (c).
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From the expression for p, the distorted part of
Sou ist—
kg .@ COS wl.a COS w?
= kya? cos? wt
= Kya?(cos 2wt + 1)/2

There is thus a second harmonic term of
1,a%(cos 2wt)/2 to compare with a fundamental of
1 a cos wt so that the distortion will be

(x2a/211)100%.

The gain/instantaneous-signal characteristic may
well be more like that shown in Fig. 2a. After g,
and g, (the overall slope) have been taken out we are
left with the shape shown, as ug. This is of the form
ps = #3592 , where x; is easily found by sub-
stituting known values for pand S,,. This harmonic
term gives usi—

ksa® cos? ot = kg a®(cos 3 wt + 3 cos wi)/4

You will notice that the p; term produces a
small contribution to the fundamental. The error
in ignoring this is not of any practical significance;
it is of the same order and same kind as the error
introduced by our loose way of accepting either
the harmonic/total or harmonic/fundamental ratio
and treating the figures as equivalent even though
one type of test equipment measures one, another
the other. The simple result is that the third har-
monic is (x; a?/4p;) . 100% of the fundamental.

It is merely a matter of patience to carry this
sort of analysis further and to see the factors which
govern the higher harmonics and the intermodula-
tion. I have already dealt with intermodulation
in a long-lost article and for the present I want
to go on in a different direction. Suppose that
you have constructed a bare amplifier and you want

/

L© @)

Sin

! ()

L2 / (c)

1C))

’“\’

Sin
Fig. 2. Here gain curve (a) is broken up (b), (c) and (o

as in Fig. . Additional term pg gives third harmonic
distortion.
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to know how much feedback is needed to get a
given performance. Let us write down the standard
expression gy = /(1 + pp) or 1/u = (1/u) + B.
To give us something solid to talk about we will
use the characteristic shown in Fig. 3 which has
#y == 100 and x,a = 20 at the limits of the defined
range. The distortion is all second harmonic and
is just 10%.
We now make up a simple table:

u 80 100 120

1u 0.0125 0.01 0.00833
(1/w) + 0.1 0.1125 0.11 0.10833

e 8.89 9.09 9.23

This corresponds to what we often call, rather
loosely, 20dB of feedback. We can plot out the
shape of g, in Fig. 4, and we see that instead of
the straight line of Fig. 3a we now have a curve
as we found turning up in Fig. 2. We have already
seen that this corresponds to the production of
third harmonic, which was absent in the system
without feedback. As the amplifier itself can only
produce simple product terms, this third harmonic
must be the result of feeding back second harmonic
to the input and intermodulating it with the funda-
mental on what is in effect a second passage through
the amplifier. The figures in the table enable us
to work out the various coefficients and we come
to the conclusion that the second harmonic dis-
tortion is 0.92% and the third harmonic is 0.16%.
I think it will be agreed that this is a good deal
better than the 109 second harmonic we started
with, but I am chary of putting a number to the
improvement: the main reason why we add the
harmonic terms on an r.m.s. basis is that it is con-
venient to build our measuring instruments in this
way. It used to be suggested that we should apply
weighting to the individual harmonics because the
higher the harmonic the more unpleasant the effect
but this sort of discussion has now died away as
we have realized that there is not much point in
determining the difference between shocking repro-
duction and absolutely horrible. )

There is no reason why we should worry about
the difficulty of determining the form which Fig. 3
takes for a practical amplifier. We can measure
the small-signal gain and we can also measure the
distortion at our maximum signal level. An oscillo-
scope connected to the distortion-factor bridge will
tell us whether the distortion is mainly second or
third harmonic. It is not really too difficult to
estimate the proportions when both must be
taken into account. From this information we
can get the form of Fig. 3 immediately. Suppose,
for example, that the small-signal gain is 100 and
that we have 10% second harmonic distortion.
Then (x, a/2u,) = 0.1 and thus x, a = 20. At
the ends of the gain-signal characteristic the gains
will be 100 + 20, the figures already used in the
table. From this point, of course, the procedure
is exactly as before.

Intermodulation calculations are handled in
exactly the same way except that the expressions
are slightly different, They are not too difficult
to work out for yourself so long as you can remem-
ber, or look up, the standard trigonometrical forms
like cos (A + B) = cos A cos B — sin A sin B
leading, of course, to the one you need, which is
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Fig. 3. (a) Gain curve for typical amplifier with nominal
gain of 100: true gain ranges from 80 to 120,
(b) Broken-up gain curve.

cos A cos B = [cos (A 4+ B) + cos (A — B)]/2.
Harmonic distortion is just a special case with A =
B and the first-order sum-and-difference products
are each equal to the second harmonic when the
peak excursion is the same. I have covered this
in much more detail before and I want to use some
space for a rather different topic which turns out
to impose much more rigorous conditions on the
unhappy designer.

An amplifier with sufficient gain has the property
that it will give a useful output for practically no
input. When an input signal is applied through
a substantial impedance the fact that the amplifier
needs almost no input must imply that all the signal
appears across the impedance. Several sources
can be used without mutual interference and they
also can provide, by adding suitable networks,
differential and integral terms. The simplest pos-
sible version of this sort of computing amplifier,
the basic stuff of the whole field of analogue com-
puters, has just one input and one output. The
applications of systems of this kind are so wide
that it is difficult to choose an example which can
fairly be marked “typical”’. Let us assume that
our experiment is the determination of the behaviour
of an anti-vibration system with different loadings
and that we have turned the spring deflection into
a voltage, somehow or another, and are using the
amplifier to drive a recorder.

When we load the system we shift the working
point. Let us stick to the amplifier of Fig. 3 and
assume that our three loadings give us values of
p = 80, 100 and 120. We put on over 20dB of
feedback, to give us, in ordinary terms, only 1%
distortion. We produce a unit vibration signal
and we find that the recorder shows records of
8.89, )9.09 and 9.23 units (compare with the table
for p). .

The range of these is 0.34, which is about 3.7%.
We should be tempted to believe that, as the ampli-
fier distortion is only 19%, there is a really signi-
ficant change in input signal, but the way we have
reached this 3.79, shows that this is just not so.

The audio-frequency amplifier designer will
recognize this effect as a variation on the inter-
modulation theme in which one of his two intermodu-
lating signals has been replaced by a simple shift
of the working point, a signal of zero frequency.
The two side-bands with which he is concerned
now fall on top of each other. He will not be sur-
prised to see that the figure for harmonic distortion
gives an optimistic picture of the situation.
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It is an exercise for the student to work out the
effect of more feedback, say 30dB, and to see how
this will improve the situation. One of the advant-
ages of the method is that the calculation is extremely
easy, requiring nothing more than a set of reciprocal
tables and the capacity to add two numbers together.
It has always been my belief that if you can calculate
something you should and it has been my experience
that if a calculation looks difficult a good many
engineers will shut their eyes and start building
in the hope that it will all be all right on the day.
In my bursts of literary energy, therefore, I feel
that these useful and important calculations which
really call for no thought are worth drawing to the
attention of those who would if they could.

What the mathematician might call a trivial special
case because it is especially simple has, to my mind,
exceptional significance. In the September 1961
issue of Wireless World ¢ Cathode Ray » discussed
the question of whether we should consider transistor
as voltage or current operated. Most transistor-
amplifier designers nowadays use local negative
feedback produced by a resistance in the emitter
lead. Apart from its importance in stabilizing the
working point this also holds. the gain at a more
defined level so that “limit > transistors do not
upset the stability of a multi-stage amplifier with
overall feedback.

A simple amplifier of this type will have an
apparent transconductance of (1/g, 4 R)%. In a
rearrangement of this :

I/gi = l/gm + Ro

an equation which is exactly the same as the standard
feedback amplifier expression quoted earlier. It
does not require much consideration to see that
once we have a few values for g, at different bias
levels we can construct the characteristic for g; by
elementary arithmetic. We can also construct a
table of distortion at various signal amplitudes.

Some of the arithmetic is right down to the do-it-
in-your-head class. Suppose, for example, we have
1,000-Q emitter resistance and 10,000-Q collector
resistance. A typical transistor has a g, reaching
50 at peak-signal current, so that 1/g, = 1,020Q: we
might drive it down to a g, of 25, giving 1/g, =1,040.
In this arrangement we have «,a = 10 and the
distortion is only $%. The gain is equally easily
obtained as g; is almost 1mA/V, giving us a voltage
gain with a 10-kQ collector load of just about 10
times.

It all stops being so simple once we start cascading

93
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Fig. 4. With 20dB of feedback curve of Fig. 3a becomes
this, showing appearance of a third harmonic term.
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stages.
a voltage source, but
tortion. The voltage at the base ¢
be pre-distorted by the
help.

of transistor having constant cur

region we want for operating.

The single stage with its input impedance
of about B x 1,000Q will be very happy fed from
fed from another similar stage,
which will look like a 10,000-Q source, variations
in the current gain will play havoc with the dis-
lectrode will itself
varying impedance and the
fact that the gain does no more distorting will not

There is room here for a good deal of ingenuity,
_mostly misplaced. We will naturally choose a type
rent gain in the
For the OC200,
taken at random, the current gain has a flat maximum
at just over 1mA, while for the OC83 it is about

any curves.

though I will not go with you,
the remaining gy
It is just a question
point, away from this
of course, far far better,

40mA. Most manufacturers appear to discourage
the use of g,, because they are careful not to give us
You can now go on to be very clever,

and try to balance
distortion against the 8 distortion.
of finding the best working
flat maximum. It is better,
to find some more gain

and put on some more overall negative feedback.

when that day

Calculations of the type discussed are so very
easy that I find it almost
why they are not an
amplifier construction.
dawns 1 shall stop writing.
you in your hopes.

impossible to understand
automatic prelude to any
One day they will be, and
1 join

TECHNICAL NOTEBOOK

Light Amplification by a factor of
two has been obtained by Drs.
P. P. Kisliuk and W. S. Boyle of the
Beil Telephone Laboratories. Ruby
optical masers similar to that des-
cribed on p. 614 of this section of
our December 1960 issue were used.
Although such masers, when oscillat-
ing, must amplify sufficiently to
make up for losses at their partly-
silvered end mirrors, such amplifica-
tion has not yet been measured
directly. One problem lies in dis-
tinguishing any light produced by
maser amplification from that pro-
duced by the normal fluorescence of
ruby. In the new experiment this
problem was solved by using a ruby
maser oscillator to provide a coherent
input source bright enough to swamp
any fluorescent light. The amplify-
ing maser was similar to the input
maser except that the ends of the
ruby were not silvered, The output
light was compared with a (partly-
reflected) portion of the input light
using two photomultipliers, and the
gain measured by comparing the in-
put/output ratios with and without
the amplifier maser in the input light
beam. )

Digital Q-meters ar¢ discussed in an
article by T. F. Heiting in the issue
of Electronics for September 29,
1961. Direct-reading results are ob-
tained for Q-values greater than 10,
with the attendant advantages of
rapidity of measurement and free-
dom from reading error. It is shown
that, in a damped train of oscillations,
the ratio of amplitudes between
which the number of cycles is equal
to Q is 23.14, or —~27.3dB. The
sequence of operations is initiated by
a free-running pulse generator, which
shock-excites the tuned-circuit under
test. When the amplitude of the
damped oscillations has fallen to a
reference level, a trigger circuit opens
a gate, whereupon the oscillatory sig-
nal is passed to a counter. As the
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amplitude decays to 4.3219% of that
when the gate was opened, a second
trigger level closes the gate, the dis-
played count giving Q directly.
Accuracy depends on the Q, and is
between +12% for a Q of 10 and
+29% for a Q of 1000. Successive
measurements tend to average out
and greater accuracy is obtained in
this way.

Remote Scaler Read-out was des-
cribed by Brun at the International
Atomic Energy Conference on
Nuclear Electronics held at Belgrade
in May 1961. The method em-
ployed affords non-destructive read-
our of a binary scaler and only
necessitates the addition of two leads
to each scaler. A pulse generator
feeds a delay-line which has n taps,
where 7 is the number of bits to be
read. The delay-line taps and the
toggles feed n AND » gates, whose
outputs are taken to an n-input
«QOR™ gate. The signal from the
«OR” is now fed to a second, iden-
tical delay-line which again provides
one input to each of n “ AND ” gates,
whose outputs are taken to the dis-
play devices, the order being the re-
verse of that in the scaler. At the
instant which all the pulses from the
scaler delay-line are stored in the
remote delay-line, a pulse is fed to
the second input of each of the
remote “ AND ” gates, and the read-
out devices are set up.

Cancellation of Loudspeaker Reson-
ances is possible according to an
article by W. C. Trautman in the
October 1961 issue of the Fournal of
the Audio Engineering Society.

weight is suspended symmetrically

inside the loudspeaker cone by
attaching it to a flexible flat
diaphragm; the diaphragm com-

pliance and weight being chosen to
provide a suitable anti-resonance at
the loudspeaker bass resonance. This

anti-resonance is  also  suitably
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damped by making the diaphragm
porous so as to add resistance to the
motion of the weight

Eyeball Pressure Measurement em-
ploying  the  pressure /frequency
characteristic of a crystal oscillator
was described by D. E. Newell et al
in the September 8, 1961, issue of
Electronics. A probe ‘is applied to
the eyeball, flattening a 3mm dia-
meter circular area, and the resultant
pressure is transferred by a glass rod
to the quartz crystal, which is in a
3-Mc/s Colpitts circuit. The output
of this probe oscillator, which will be
varied by an amount dependent on
the pressure on the crystal, is multi-
plied by 12 and mixed with the sig-
nal from a second oscillator working
at 36Mc/s. The difference, which is
now 12 times the original deviation,
is used to trigger a monostable flip-
flop, providing  constant-energy
pulses to an integrating discrimina-
tor. The output can be calibrated
and displayed on a meter and pen
recorder.

Stabilized-current supply developed
by N. Bett at Cavendish Laboratory,
Cambridge, has its stabilizing tran-
sistor switched alternately = from
saturation to cut-off to keep power
dissipation low, The potential drop
across a standard resistor is com-
pared with a standard cell—if the
potential across the resistor rises the
“on” time of the transistor is de-
creased, if the potential decreases the
«on” time is increased. An un-
usual feature of the circuit is that
the difference amplifier and stabilizer
transistor are made self-oscillating
by the connection of a capacitor be-
tween the current-stabilized output
(before smoothing) and a suitable
point in the difference amplifier:
variation of current is then used to
vary mark-space ratio of this 800c/s
multivibrator.
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LETTERS TO THE EDITOR

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

Transistor Circuit Gonventions

HAVING spent some considerable time in the last few
years in the arduous but stimulating process of tran-
sistorizing muyself, I have been continuously reminded
of the helpful part which can be played by good nota-
tion. I therefore feel reasonably qualified and certainly
strongly urged to weigh in with some contributions to
your discussion.

Your editorial in the February issue of Wireless
World expounds an admirable philosophy, though I
.am a little puzzled why you should apply this to tran-
sistor notation and not circuit convention in general,
since your “loop and bottle” convention can certainly
be described as “having had its origin in the past and
having ignored the passage of time.”

On the question of notation for transistors per se,
I feel that the two conventions which you discuss, viz

AND

are so nearly alike as to be equally explicit to any reader
and hence acceptable almost interchangeably. I have
previously expressed the view that principles rather than
rigid rules are the requirement and I fully support your
open verdict on this question. However, “he who
falls down a pit while searching the heavens for a
sign . . .”; and it appears to me that on page 70
(February), while discussing the fine points of two
alternative conventions, you have ruined both by the
inclusion of a superfluous and non-information-bearing
«envelope ”. The ensuing discussion by “ Cathode Ray ”
(who commands my greatest respect) verges on the
ridiculous. -But what is ridiculous is the envelope.

As regards “positive upwards”, Baxandall argues
strongly in favour of this. I believe him to be wrong,
but must admit that the issue is largely one of personal
taste. The convention which I have worked round to
I would describe, with common sense rather than with
rigour, as “Ground low, Rail high”, “Rail” being
that which feeds the collectors. It does not matter in
the least whether the Rail is positive (n-p-n) or nega-
tive (p-n-p). With Baxandall I like to imagine the
circuit diagram as carrying a voltage scale alongside it
on which voltage excursions can be mapped. If we
describe these excursions as “up, ie. towards Rail” or
“down, ie. towards Ground” then we do not have
to use the term positive and negative and the absolute

larity does not matter. In any case one should not
g(e) too d.c. minded; for most purposes both Rails are
Ground in the a.c. sense. Further, in some cases I
would have no hesitation in putting Earth on what I
have previously been regarding as Rail,

I am advocating this system as one which I have per-
sonally found very useful despite the fact that it makes
certain transistor circuits look extraordinarily like valve
circuits, while in fact they have to be thought of very
differently. We have all been taught to think of tran-
sistors as current-operated devices; but do we always
do it? An amplifier of cascaded grounded-emitter stages
is a good test case. Here one has to think almost ex-
clusively in terms of current gain, and to a first approxi-
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mation each collector current flows straight into the
next base subject only to current losses due to shunting
effects of the collector feed and base biasing networks.

Finally, some of your contributors admit to or com-
plain about the redrawing of circuits. In my opinion
this should be compulsory, since I believe that no one
cdn fully grasp a circuit without personally drawing it.
Better still, then go and make it!

Luton. L. H. BEDFORD.

A SCHOOL of circuit-drawing ignored by your contri-
butor Mr. P. J. Baxandall (Wireless World, January,
1962), possibly because it has few adherents in the
United Kingdom, advocates that all power lines and re-
turns should be assembled at the bottom of the diagram.
In these days of mixed p-n-p and n-p-n transistor cir-
cuits, I believe that this is the only logical thing to do.
Without offending the devotees of “collectors upper-
most,” the method can retain, though perhaps not to
the same degree, the advantages of Mr. Baxandall’s
“ positive uppermost ™ rule. )

Admittedly an increase 1n the number of crossing con-
ductors is almost inevitable, but these are scarcely
obscurantist and are counterbalanced by other benefits.
Signal paths can be conveniently swept clean of inter-
stage isolating filters, bias networks, and bric-a-brac of
that nature. The not-so-bright are reminded that a.c.-
wise all power lines can usually be regarded as earthed
returns. Even the Holford method of bypassing emitter
resistors is made to look familiar!

Edinburgh. H. H. BUSH.

SURELY Mr. Baxandall exaggerates the importance of
the polarity of the h.t. supply in suggesting, as he does
in the January issue, that a circuit including a p-n-p
transistor should be drawn upside down compared with
the equivalent circuit containing an n-p-n transistor or
valve. Such a system causes unnecessary difficulty in
reading circuit diagrams. For example, a resistor drawn
above a transistor symbol may be a collector load if the
transistor is an n-p-n type but an emitter load if it is a
p-n-p type. Careful examination of the diagram is thus
necessary to confirm the orientation of the transistor
symbol.  No such confusion is possible in the * collector
uppermost > system.

Mr. Baxandall claims that his system facilitates the
understanding of pulse circuits but there is no difficulty
in tracing the passage of a signal through the various
stages of electronic equipment provided one remembers
simple rules, e.g., that there is phase inversion in a
common-emitter stage but not in common-base or com-
mon-collector stages. These rules are independent of
the polarity of the h.t. supply and apply to transistor
circuits with a negative h.t. supply as well as to valve
circuits with a positive supply. Indeed, equivalent valve
and transistor circuit diagrams should, as far as possible,
have the same layout to facilitate circuit recognition.
Circuit diagrams are read by recognizing the patterns
for certain commonly encountered arrangements such
as those for RC-coupled amplifiers, blocking oscillators,
etc., and it is a great help to the reader if each common
arrangement is always drawn with the same basic layout
no matter whether the active element is a transistor, a
valve or any other type of active 3-terminal network.
The adoption of such standard layouts makes for maxi-
mum clarity of presentation which is the principal aim
of any circuit diagram. . In Mr. Baxandall’s system there
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are two standard layouts for every circuit arrangement,
one of which is inverted with respect to the other. This
gives the students twice as much work to do in memoriz-
ing the layouts and introduces a considerable element of
confusion, one example of which was mentioned above.

This subject is at present under active discussion by
the British Standards Institution which will doubtless
issue some relevant recommendations in due course.

Mr. Baxandall offers a challenge to the “collectors-
uppermost ” proponents concerning his Figure 10 and
we are glad to accept this challenge. We should re-draw
his Figure 10 (reproduced in the accompanying Fig. A)
as in Fig. B and would show the emitter and collector
voltage waveforms as in Fig. C. If this were included
in a Technical Instruction we should add the following
explanation.

“The blocking oscillator action of the p-n-p transistor
(Fig. B) is controlled by the time constant CR. During

the open-circuit period of the transistor capacitor C

+9V —asV

+9V
Fig. B.

EMITTER VOLTAGE

COLLECTOR VOLTAGE

Fig. C.

charges towards +9 volts. However, when the voltage
across C is slightly positive with respect to earth (making
the base-emitter voltage slightly negative) the transistor
conducts and C is discharged to a negative voltage
dependent on the potential divider action of the collector
load, transistor internal resistance and R. (This is given
as — 2.5 volts by Baxandall.) The transistor then open-
circuits and C begins to charge again towards -9 volts.

«The voltage on the collector is very nearly —4.5 volts
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at the end of the charge period of C and it rises nearly
to zero volts when the transistor short-circuits. During
the discharge period of C the collector voltage falls to a
value slightly above the emitter voltage, —2.5 volts. At
this point the transistor open-circuits and the collector
voltage falls, overshoots the —4.5 volts because of the
inductance in the collector circuit and then discharges
back to —4.5 volts.”

We claim that a student, comparatively unfamiliar with
transistor circuitry, would follow without difficulty our
diagram and explanation.

London, W.1. K. R. STURLEY.
S. W. AMOS.
Engineering Training Department,

British Broadcasting . Corporation.

MR. BAXANDALL defeats his own case when he says
that the opinions of the users, who “seldom have
occasion to consider in much detail what happens inside
the circuit blocks ” should not be considered when stan-
dards are being set Surely the whole purpose of a
circuit diagram is to convey the function of the circuit
to the user. ~Circuits are certainly not drawn for the
benefit of designers.

The user is presented with a dilsl.ién fait accompli.
His concern is not with the design difficulties but with
rapid assimilation of a mew circuit. Rapid assimilation’
is practical only if the circuit is so drawn that he can
recognize circuit configurations quickly. Circuits- drawn
to the “collectors uppermost » convention always have
the same configuration (Mr. Baxandall’s Figs. 2, 3 and 4).

It is perfectly legitimate to look upon transistors as
voltage-operated devices; they can be put in the same
category as thermionic valves. The circuit reader need
not concern himself whether valves, p-n-p or n-p-n
transistors are used; the circuit configuration is the same
for each and it is from this that he deduces the function
of a circuit. The type of amplifying device is relatively
unimportant and may be considered to be a 3-terminal
device which has an amplifying function. No useful
purpose is served by bogging the circuit reader down
with transistor physics.

In tracing the passage of a signal through a circuit
the polarity of the supply lines is quite irrelevant. Supply
lines are at reference (earth) potential from a signal
point of view. When a circuit reader sees a conve-
tionally-connected amplifier stage he knows instantly
that a positive-going input signal gives rise to a negative-
going output signal regardless of the type of 3-terminal
amplifying device used. When he sees a “cathode
follower ” type connection he knows that a positive-
going input signal gives rise to a positive-going output
signal. This facility of instant recognition is denied to
the user of a “ positive-uppermost » convention diagram.
He must invert his thinking for p-n-p transistors and
re-invert it for n-p-n transistors.

By virtue of the nature of the work he and his col-
leagues are doing, Mr. Baxandall may well have come
to look upon the more awkward circuits as common-
place. He must recognize that the vast majority of the
transistors produced today are soldered into conventional
circuits in digital computers, radio receivers, stabilize
power supplies and the like. We must not cloud this
issue by looking at a small minority of awkward cases.

Mr. Baxandall quotes the “ positive up—negative
down” convention in graphical representation as an
argument. [ think most people prefer to think positively
and the concept of quantities varying negatively is less
easy to appreciate, Does Mr. Baxandall prefer his tran-
sistor characteristic curves in the third quadrant? Prob-
ably he does and I think this demonstrates that this
whole subject is a matter of individual approach. 1
would certainly not seek to deny Mr. Baxandall’s school
their right to think negatively but he must also recog-
nize the rights of those who wish to think positively.

1 therefore strongly advocate that standardization on
this question is not a practical proposition. It is up to
the author of a circuit diagram to treat each case on its
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merits bearing in mind first and foremost the needs of
the ultimate user of the diagram.

One last point on transistor symbols. I agree with
Mr. Baxandall’s preference for symbol (a) in Fig. 1.
Symbol (b) has, however, been agreed upon internation-
ally at a recent meeting of the I.LE.C. The British
Standard will no doubt remain unchanged when it is
republished. Since no alternative is or will be provided
in B.S.530 in respect of transistor symbols, I submit
that we must now recognize the B.S.530 transistor sym-
bol whether we like it or not.

Wimbledon Park: A. C. B. CAIN.

I WOULD like to comment on a few of the ideas put
forward by Mr. Baxandall in his article in the January
issue. As regards transistor symbols, the use of his
Fig. 1(b) is so widely established that it is difficult to
believe that any alternative will prove acceptable. My
complaint about his Fig. 1(a) is that a torally different
symbol would be required to indicate a tetrode whereas
a straight continuation of the base line serves this pur-
pose in (b). Moreover, (a) looks too much like a con-
trolled rectifier, requiring merely the addition of a gate
electrode on the collector side of the base line. There
are so many semiconductor devices that it seems hope-
less to devise symbols for them based either on func-
tional properties or constructional details. How, for
example, could one show on a diagram that a particular
transistor was intended to operate in an avalanche
mode? We are left then to choose some purely diagram-
matic representation which is easy to draw, unambiguous
in meaning and recognizable at sight. To my mind, the
originators of new devices should give much more
thought to this question since it is so difficult to make
retrospective modifications. The situation is not new
and it has a parallel in the field of nomenclature, particu-
larly that associated with the fundamental particles of
modern physics. If “A” discovers a negative particle and
calls it an electron then “ B ” must take note of this when
he finds its positive counterpart. After hearing gracious
words like proton and neutron, what are we to think of
a physicist who digs out a “hole”?

Turning now to the question of circuit diagrams of
waveform generators, there is a great deal to be said
for Mr. Baxandall’s point of view that the most positive
supply line should be drawn at the top, proceeding to
the most negative at the bottom. I believe this conven-
tion should always be used when describing a new cir-
cuit, when drawing a waveform generator in isolation
and, more generally, until every such circuit becomes
an established unit, well known in the art. But when
such circuits form minor elements in some more com-
plex device the overriding need is for clear and simple
draughtsmanship giving segregation of various functional
blocks, involving the minimum number of crossing
wires. The use of detached earth points is a useful de-
vice even if, in the text of the article, the author stresses
the need for avoiding multiple earths.

When dealing with amplifiers, oscillators, modulators,
demodulators and the whole paraphernalia of con-
tinuous wave manipulation I am in favour of a scheme
which treats the circuits in the most logical way from
the point of view of the signal and regardless of the
polarity of the power supplies. Some years ago, .par-
ticularly in America, it was standard practice to draw
receivers and amplifiers with the h.t. feed, bias, a.g.c.
and decoupling circuits below the earth line, leaving an
uncluttered signal flow line above this datum. In some
ways this was instructive. For example, considering RC
amplifiers, it was easy to see which elements were effec-
tively in parallel (e.g. the anode load and grid bias re-
sistors). Bass lift due to inadequate decoupling, treble
cut due to valve output capacitance, coupling capaci-
tance to ground and valve input capacitance could easily
be understood. The scheme made it easier to visualize
the interstage phase shifts which might be expected. The
idea lost its elegance and simplicity as soon as negative
feedback, push-pull. working, a.f.c. and a.g.c. caused
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too much wiring to appear below the earth line.

In an oscillator, the points to be emphasized in the cir-
cuit diagram are the a.c. connections between the tuned
circuit and the maintaining amplifier. The power supply
connections, whether series or shunt feed, are of
secondary importance. Similarly, in push-pull circuits,
particularly those with complex feedback paths, it
proves next to impossible to follow the * positive-
upwards ” rule.

Fig. 1 is my version of Figs. 6 and 7 in Mr. Baxan-
dall’s article. The only merit I claim concerns the sim-
plicity of the drawing. My Fig. 2 is a re-draft of his
Fig. 10, carried out with the same idea in mind. I find
it reasonably easy to picture the waveforms in Fig. 2
but perhaps I have deluded myself by learning what to
expect from a study of his arrangement! The n-p-n
equivalent to Fig. 2 is given in Fig. 3

To conclude, I have a profound respect for the circuit
work carried out at R.R.E. by Mr. Baxandall and his
colleagues. I recognize too that the quality of this work
must owe a good deal to the soundness of the circuit
conventions which have been been adopted, which in

+ 9oV
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Fig. 3.
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turn tacilitate the understanding of known circuits and
Assist in suggesting new ones. In spite of this I feel that
we should put up with his Fig 1(b) as the preferred
transistor symbol because of its world-wide acceptance.
I think that in describing new waveform generators in
isolation we might well adopt his convention of “posi-
tive-upwards,” but that in complex circuits the aim
should be overall simplicity of draughtsmanship. In con-
tinuous-wave devices the object should be to show a
clear forward signal path. Supply voltage polarity con-

ventions should be subordinated to this overriding
requirement.
Cheltenham. F. BUTLER

STANDARDIZATION of symbols is, I am sure Wire-
less World and all its readers will agree, a very desirable
condition, and it is with this conviction that I am sur-
prised to find Wireless World (February issue) joining a
“splinter group,” whose aim appears to be to alter the
symbol recommended by B.S.I. for, the transistor.

The allegation that the B.S.I. 'symbol represents 2
point-contact transistor is incorrect, because the point
of its arrowhead does not reach the base, whereas ‘that
of the proposed alternative actually does (in the p-n-p
version). The B.S.L. arrow indicates the direction of
emitter current, and in that respect it is more consistent
than is the alternative, whose arrow as shown must adopt
a different position for p-n-p and n-p-n.

As has already been inferred, B.S.1. is not impervious
to enlightened change, and it is as well to air the subject
now if a change is sought. But once we upset an accepted
standard, widespread confusion could easily occur, with
a revival of several competitive patterns, that might last
several years. Already Wireless World is at odds with
a member of its own group, who considers the circle to
represent a short-circuit; the late L. Bainbridge Bell
considered it a gas-filled or evacuated envelope. And so
ad infinitum.

1 have no particular axe to grind, and I do not mind
how I am to draw a transistor symbol, but I do object
to changing an accepted practice without very good
reason, and I hope that the present form of symbol as
published in BS530 (Supplement 4) is continued.

Harrow. E. A. W. SPREADBURY.

“Qver the Hump”

1 HAVE read your editorial comment (Dec. 1961) con-
cerning the 60th anniversary of Marconi’s first trans-
atlantic radio transmission and Mr. Smith’s subsequent
letter on the same subject (Jan. 1962).

This transatlantic episode has been a controversial
subject for the past three decades, and will probably
remain so for ever. I have no doubt that Marconi was
well aware that he must use the longest wave he was
able to radiate efficiently if the test was to be successful.
1 do not believe, however, that Mr. Smith can be right
when he suggests that the more likely frequency to have
been used for the test was in the order of 45-50 kc/s
(6,000 metres) where absorption in the D-region is small.
We have it on the authority of Marconi’s personal assis-
tants—Vyvyan' and Solari?—that the wavelength used
for the transatlantic test was «2.000 metres.” I suggest
that this is in keeping with the techniques of the day,
for 1 do not think that in the year 1901 engineers had
the necessary knowledge to design aerial systems capable
of radiating long waves efficiently. In support of this
statement I append a graph illustrating the progression
to long waves for long-distance communication as
described in the relevant literature by Vyvyan', Solari?
and Fleming®. From this graph it would seem that 2,000
metres was about the longest wavelength which could
have been achieved in 1901. It was not until 1907 that
the frequencies mentioned by Mr. Smith were likely
to have been used.

1 agree with Mr. Smith to the extent that Marconi’s
reception of signals across the Atlantic in daylight cannot
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be fully explained by the favourable ” propagation con-
ditions existing at that time as suggested in the editorial
comment. The variation of propagation conditions in
the long and medium wave bands, due to sunspot activity,
is very small indeed, and I imagine it was probably one
of the least of the practical difficulties—and one certainly
unknown to Marconi—in his fight to communicate over
great distances in the early 1900’s. The 2,000-metre band,
generally assumed to have been used by Marconi, suffers
from the absorption which takes place in the D-region
of the ionosphere during the hours of daylight, and Mar-
coni’s transatlantic signals, intercepted in daylight, must
have suffered severely. because of this. It is fortunate
that he chose the month of December, when absorption is
at a seasonal minimum, for the tests. )

The signal/noise situation of the transatlantic tests
does not seem o have received the consideration it
deserves and it is interesting to note that, after making
allowances for the difference between day and night
absorption values on the one hand and the change in
intensity of atmospheric noise on the other, it is likely
that Marconi would have had a 10 dB signal/noise im-
provement had he delayed his experiment twelve hours.

Great Baddow, Essex, G. A. ISTED,

- Propagation Group,

Marconi Research Laboratories.

+ Vyvyan, R. « Wireless Over Thirty Years,” (George

N.
Routledge and Sons, London.)

3Solari, L. * Storia della Radio.” (8. A. Fratelli Treves,
Milano.)

3 Fleming, A. Fournal Royal Society Arts. 1937, Vol. 86, No.
4436.

D.C. Restoration—the Qverall Problem

IN an article appropriate to your journal, H. V. Sims
deals with the purely technical considerations involved in
«d.c. restoration and black level clamping” and it is
perhaps unfortunate that more space could not be de-
voted to the subjective offect of attenuation or loss of
d.c. component in the signal fed to the picture tube.

In the article referred to (W.W., January, 1962) it is
shown that as far as the transmission chain is concerned,
very great care is taken to see that the d.c. component
is given due consideration and that the signal as trans-
mitted has values appropriate to the brightness of the
scene being viewed by the camera. )
 In receivers, however, this matter, mostly for reasons
of an economic nature, is dealt with less successfully
and the subjective result is not as satisfactory as it
should be.

Consider a receiver with this failing that has been
adjusted to give a satisfactory picture during the run of 2
programme which is just concluding. It is reasonable to
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assume that in the short period before the next pro-
gramme starts, the screens at the transmitting source
will be not only blank but black, Our receiver screen,
however, will depict a degree of brightness intermediate
between . black and full brightness, namely grey.
Suppose now that a caption consisting of a small amount
of white lettering on a black background is transmitted.
The effect on the receiver screen will be a slight darken-
ing of the grey background and the lettering will be
over-bright and perhaps show signs of the tube’s
inability to depict this degree of brightness.

At this point the viewer may adjust his brightness
control so that the background is restored to black and
at the same time the lettering will be shown at no more
than maximum brightness, thus matching the picture at
the transmitting source.

If now the caption is followed by a programme with a
degree of average brightness similar to that of the pre-
ceding one, the viewer will find that his picture is too
dark and that he has to readjust the brightness control
to something like the original setting.

In his paper “The Importance of the D.C. Com-
ponent ” (Fournal of the Television Society, June, 1953),
Birkinshaw refers to this as “the long arm that reaches
out from the transmitter and adjusts the receiver screen
to the correct degree of brightness.” However, the receiver
discussed has made poor use of this facility and the
viewer, if he is to have a satisfactory evening’s
viewing, will have to make this adjustment himself. The
average viewer will not be aware of these failings beyond
perhaps a vague feeling that the lighting is not consist-
ently satisfactory.

Incorrect rendition of tonal values in a caption may not
be very important but let us consider a programme of
mainly average brightness which contains a scene where
the desired effect is of a dimly lit figure moving about
in a dark room. The Control Room monitors will cor-
rectly depict this as large areas of blackness with
perhaps little points of light reflected from bright objects,
but the receiver screen will show the black areas as
grey, the bright points will be too bright and the general
effect will be of a fog-bound atmosphere having no
artistic appeal or dramatic quality. :

Here again the viewer, should he be willing to do so,
may turn down his brightness control and once again
get the right sort of picture but he will have to repeat
the process for each and every change in transmitted
picture brightness during his period of viewing.

The “distortion of brightness values” can therefore

have an_ important subjective effect on the viewer’s
appreciat.on of the programme and there will be those
at the transmitting source whose efforts to coavey a
dramatic effect by brightness changes will be lost on the
viewer to a degree depending on the poorness of the
receiver,

Some efforts might be made to combat this situation
by having available in the studio Control Rooms a
monitor with less good d.c. characteristics, but the prob-
lem is complicated by the wide variations in the ability
of different receivers to handle the d.c. component.

Chipstead, Surrey. E. G. Dann.

Television Line Standards

THE suggestions put forward in what has been called
the “1.T.A. plan” for changing to 625 lines seem totally
devoid of imagination.

To assume that the adoption of a national 625 line
system in ten years time will be any less a technical
catastrophe than was the continuance of the 405 line
system sixteen years ago shows lack of imagination and
total disregard of the facts that even now exist.

Already the go ahead nations (television wise) are
- realizing the inadequacy of the 625 line systems with
increasing screen dimensions. If, as it seems, we are
* destined to follow the rest of the world in the application
of technical achievements to commercial fields let us
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wait until the west Germans or the Japanese produce a
system that is really worth changing to in ten years time.

Basildon, Essex. T. J. BURKETT.

Negative Feedback and Power Output

IN AUGUST, 1961, you published a paper by Mr.
S. W. Amos on which, late though it is, some comment
must be made. I am not concerned with the slips of the
pen (3dB loss does not mean half the current in the
load); indeed I should be the last man to complain. I
am very concerned about the attitude towards feedback
which Mr. Amos has adopted. )

Both “Cathode Ray” and I have shown in this and
other market-places that for the description of the pro-
perties of negative feedback to be simple it must be
used to make good amplifiers better. Mr. Amos will
find that if he hopes to cut distortion from-10% to 1%
with the usual tolerances on components, valves, sup- -
plies, he is going to have a rough time in the Test Room.
One thousand amplifiers which meet a specification can
be a pleasant sight: I would hate to see that number
relying on feedback to get down from 10% to 1% dis-
tortion.

What has Mr. Amos done? He has taken an amplifier
which would be 3dB down at 160c/s and might be
regarded as giving a good performance down to, say,
320c/s, added negative feedback and hoped it would
work at 50c/s. My guess, indeed, is that with the other
response limiting components taken into account the
feedback at 50c/s is positive. If the amplifier is to be
Hsed down to 50c/s, it is, quite simply, a 0.35W ampli-

er.

The two accompanying figures show the difference
in design philosophy which can be encountered. If the
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attitude exemplified by Fig. (a) is adopted Mr. Amos’
problem hardly arises: the characteristic of Fig. (b) is
one which appears to me to be opening the door to a
fraudulent specification.

In practice, of course, Mr. Amos’ bad transformer,
and in his place I should ask for my money back, will
itself be producing far too much distortion at 50c/s
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anyway. There is only one sensible course of behaviour
and ‘that is to decide the pay-off balance between over-
load point and frequency response. Current feedback,
from an undecoupled cathode resistor, will provide the
wanted reduction in distortion at constant output cur-
rent, leaving the response fixed by the output trans-
former. Voltage feedback will give a good low-level
response with overload trouble. A mixture of the two
will give a compromise. But whatever you do the valve
will only produce so much current and if this is used as
magnetizing current it cannot be used in the load.

But you cannot make a silk purse out of a sow’s ear.

. THOMAS RODDAM.

The Author replies:

I am grateful to Mr. Roddam for pointing out the slight
technical error in my article but I think he has missed
the main point. There has been a tendency among en-
gineers to regard negative feedback as a universal
method of correcting any deficiencies in equipment per-
formance. Previous articles by Cathode Ray” have
shown that this is not so, and have pointed out that there
are limitations to what can be done with feedback: my
article was intended to extend this argument. Far from
“hoping it would work at 50 c/s” as suggested by Mr.
Roddam, I devoted some time in my article in showing
why feedback could not help at 50 c/s.

The point is that feedback is a valuable tool but must
be used with care, and I am sure Mr. Roddam would
agree with this.

S. W. AMOS

Safety of Life at Sea

AS your correspondent, Mr. A. T. Ferguson, says, the
prime purpose of radio apparatus aboard ship and at
Coast stations is safety of life, and the automatic action
of an operator should be (a) to secure the message, and
(b) to obtain a bearing.

Even if (b) proves unnecessary it may be the greatest
value to guiding rescue craft to the position of the
distress. There are no other methods available and it
is wrong for anyone to imply that other systems exist
which may make the shore stations obsolete and super-
fluous, as far as shipborne radio is concerned.

It is deplorable that Britain should surrender such
services and abandon her proud and important role as
watch tower in the fairway of world maritime interests.

Rather than discontinue such service it should be
increased and extended by watch on the ever increasing
traffic working on 1625-2850 ke/s, and the Coastguard
Service might very well be incorporated.

The massive fixed D/F Stations could well give way
to smaller and more numerous receivers working on ship-
type frame aerials sited in suitable positions, but the
frequency range of such equipment should cover both
distress wavebands.

Bray. A. A. TURNEY.

“pipeless P.A. Pioneers”

WITH reference to “Free Grid’s » remarks in the
February issue, the idea of a microwave link for users of
p.a. equipment on stages, €tC., has been tried out a
long time ago by various members of our Association
and found excellent in its operation. Nearly two years
ago we tried the Japanese transistor transmitter, the size
of a packet of cigarettes, feeding into a receiver housed
beside the p.a. amplifier. That works excellently;
furthermore the cost of the equipment is very small
indeed, under £50 complete. .
Both B.B.C. and independent television have been and
still are using radio microphones for years, e.g., “ Sun-
day Night at the London Palladium.” They work excel-
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lently; very expensive; mostly made in Germany; cost
around £200; work perfectly into good-quality p.a.
equipment.

Now the snags. The Japanese product, most suitable
and at the right price, uses a frequency that is already
allocated to model boats, so that the G.P.O. cannot issue
the necessary licence. At present no equipment is avail-
able in this country for which the G.P.O. will issue the
necessary licence, and so it would look as if Southend
will have to remain the same as everyone else and rely
on making intelligent use of the p.a. system.

South Harrow. ALEX. J. WALKER,
Hon. Secretary,
Association of Public Address Engineers.

Electronic Ignition

REFERRING to Mr. F. Butler’s letter (Jan. issue) on
the Lucas transistor ignition system, and his SCR
alternative, he says the output current from his 100V,
d.c. source doubled on substituting a spark plug for the
1in point gap. The average plug imposes a load in the
order of 9 to 12pF. (cold) which, together with the higher
impulse ratio, is doubtless respnsible.

While it is doubtful if the cost of transistorized igni-
tion or SCR alternatives is justified for purposes other
than racing at present, a major advantage is the elimina-
tion of contact arm and cam with which timing can
often be far from accurate, Any “play” in the top
distributor bearing resulting from poor fit or wear can
result in several degrees of error, and slight cam eccen-
tricities or inaccuracies are almost bound to produce
timing variations as between different cylinders. These
are factors not to be tolerated on high-performance
engines, though if kept within reasonable bounds they
may be of small practical effect on run-of-the-mill pro-
ductions.

Seven or eight years ago I designed a transistor system
for a well-known racing engine of thai period for re-
placement of coils which had proved inadequate, though
in the outcome magnetos were made available before
this was implemented. In this, timing was effected by
a 3in commutator with narrow segments permitting
resolution to within 4°, a maximum error which could
be held constant irrespective of wear, etc. I would still
recommend present experimenters to consider commu-
tation timing of the very light control currents involved,
because use could conveniently be made of existing
distributor take-off gearing, and probably the automatic
advance-retard feature as well, while timing adjustments
would also be facilitated. The substitution of a com-
mutator for the rocker arm and cam arrangement would
be mainly a mechanical matter which could be per-
formed on a spare interchangeable distributor at leisure.

Mr. Butler is doubtless aware that a §in gap at atmo-
spheric pressure is not an adequate criterion. Allowance
must be made for a margin over that determined by the
compression ratio of his car, which might be 8:1 or
higher, and the correct plug gaps, the plug and cable
plus distributor capacitance (say 150pF.), and for a
minimum energy dissipation of the order of 0.004 Joule
per spark at the gap. In general it is advisable to allow
open-circuit voltages of about 15kV for plug gaps circa
0.025in and 20kV for gaps of 0.030in or more, though
in practice, of course, the voltage demanded will vary
with throttle opening, random impulse ratio, humidity,
engine condition etc., and can be reduced by gap reduc-
tion. But to carry the latter too far can prove very
unprofitable in terms of fuel consumption, easy starting,
even pulling and tickover, and performance.

The average ignition coil primary inductance (12 to
15mH is common) tends to be excessive in the circuit
proposed, having an adverse effect on the time constant,
and revision of the d.c. voltage and/or main capacitor
value suggested is indicated if adequate discharge energy
for efficient combustion is to be assured.

Little Melton, Norwich. J. R. C. MOORE.
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METERS AND SENSES

FOR those who prefer long words, the title ought
perhaps to be “Objective and Subjective Responses
Compared.” Wherever there is a discussion on
measuring the quality of sound reproduction, some-
one is almost sure to say, “ Well, of course, the ulti-
mate decision rests with the human ear.” So long
as “ear ” is understood to mean “mind, on the basis
of responses received via the ears ” that is true, but I
doubt whether all those who nod their heads to this
proposition are fully aware how totally different our
human responses are from those of instruments. If
they were, quite a lot of breath would be saved in
arguments on a great variety of subjects, from
whether or not it is a cold day to how much dis-
tortion is tolerable.

Perception of Sound

One of the main causes of the confusion is that
words are used without clearly defined meanings.
We have encountered an example already: “ear.”
It can mean the appendages at the sides of our heads,
or the acoustico-electrical transducers just inside, or
whatever it is in the brain that produces an impres-
sion when the impulses sent from them along the
auditory nerves reach it, or the response of the
brain to these impressions (“he plays by ear »), or
a combination of these. Even the word “sound ” is
used sometimes to refer to a physical vibration of
the air or other medium and sometimes to the mental
impression produced very indirectly by that kind
of sound—a vastly different thing.  Then there is
“colour ”; is it a property of materials or a subjective
impression?.

Of course, one can get into very deep philosophical
water over this, I don’t want us to become involved
in questions of whether ar not the physical universe
has any real existence apart from our consciousness of
it. But we agree, presumably, that our whole know-
ledge of it is received through our senses. We tend
therefore to assume the existence of a close relation-
ship between the sensations we get in this way and
their physical causes. Hence the use of words such
as “sound” and “colour™ to refer to both.

But there is absolutely no predictable relationship
between the two things in any pair so named. If the
whole human race had been blind, we might by use
of our other senses have become just as knowledge-
able about light in its physical or objective sense,
but no amount of study of this would have given
the slightest clue to the sort of sensation produced
thereby in a being possessing the sense of sight. If
you doubt this, try to explain the sensation of colour
to a person born blind. (Or read H. G. Wells’s
“The Country of the Blind.”) We have a well-
developed science of radio waves, in spite of having
no sense capable of responding to them directly.
For all we know, there may exist beings possessing
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By ‘“CATHODE RAY”

such a sense, giving them sensations which to us are
totally unimaginable.

It is hardly surprising, therefore, that trying to
correlate the objective and subjective aspects of
sound proves highly baffling, even when the distinc-
tion between the two is kept clear. They are so
entirely different in nature.

We can measure various kinds of distortion by
means of instruments without much difficulty. But
so far, no one has been able to trace any inherent
relationship between the instrument readings and the
unpleasantness experienced by even average listeners
(whoever they may be) who hear the distorted
sounds. In general, the more distortion there is of
a particular kind, other things being equal, the more
unpleasant—or unreal—the reproduction sour is;
but even that isn’t universally true, and if it were’
it wouldn’t get us very far, because of the restrict-
tions (e.g., “ ... of a particular kind, other things
being equal . . .”).

Since the listener is the ultimate judge, one’s
natural instinct is to use him. The first problem
is to find the “average listener.” He (or she) bears
no identifying marks or labels. So it is necessary to
employ a sufficiently large sample of the population
for there to be a reasonable probability that their
average is close to the average for all listeners. If
one wants to be able to make tests at any time one
likes, this comes expensive, if indeed it is practicable
at all in a period of full employment.

Conditioned Reactions

The next problem is that the answers the human
“meters ” give depend very much on whether these
are fresh, or tired and want to go home, or whether
they like or dislike the sort of sounds being heard,
distortion apart. Another problem is that they don’t
have pointers moving over scales, and one can’t be
sure whether any numbers or descriptions they give
are all in the same units. In fact, one can be pretty
sure they are not. . . )

Our “ultimate judge” having proved to be such
an outstandingly unsatisfactory one, we naturally
look again at instruments, which can be readily
bought, ask for no wages, and give definite numerical
readings. The one thing lacking is a generally-
applicable relationship between such readings and
the reactions of listeners. The search for this goes
on at no small expenditure of time, money and effort:

One of the most determined quests was that car-
ried out by a team in the B.B.C. Research Depart-
ment under the direction of E. R. Wigan, who re-
ported the main results in Electronic Technology,
April and May, 1961. (A brief summary was given
in Wireless World, December, 1961, p.611.) While
an empirical formula was certainly extracted from
the vast amount of experimental work, it was ad-
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mitted to be not a complete solution to the problem,

That referred to non-linearity distortion. Some
of the difficulties in tracing any consistent relation-
ship between frequency response curves and lis-
teners’ preferences for the reproducers characterized
by them were reviewed by M.G. Scroggie in the
April 1961 issue. The outstanding feature in that
connection is the persistent refusal of listeners to
prefer what theoretically they ought to prefer—
reproduction level over the whole audible range of
frequency.

Loudness,’ Pitch and Timbre

But why are we starting with the complicated and
notoriously intractable problem of distortion? The
division between objective and subjective can be
illustrated quite emphatically enough if we consider
the most elementary characteristics of sounds—
pitch, loudness and tone quality (or timbre). These
are the subjective aspects—the sensations we get.
It is still often supposed that they respectively cor-
respond in a simple way to the objective character-
istics of the physical sounds—frequency, intensity
and harmonic structure. Very approximately, they
do; but the influence of the other two characteristics
on each of the three sensations is not always negli-
gible, and is far from simple.

This was demonstrated nearly 30 years ago in a
paper by Harvey Fletcher, “ Loudness, Pitch and the
Timbre of Musical Tones and their Relation to the
Intensity, the Frequency and the Overtone Struc-
ture ” (Fournal of the Acoustical Society of America,
Oct. 1934, pp. 59-69).

For example, the pitch and frequency of a musical
note are often treated as almost interchangeable
things. Yet the pitch depends on intensity and
timbre as well as on frequency. Fig. 1 here is a
copy of Fletcher’s Fig. 8 in the paper just cited.
It shows two surprising things: that pitch (to which
most human listeners are sensitive to within a frac-
tion of 1%) can be shifted as much as 10% by vary-
ing the intensity of the sound, and that this effect
has a pronounced negative peak at 200 c/s. At
2000 c/s (where the ear is most sensitive to sound)
it is nil, and above that frequency it is positive and
relatively small.

At first this seems as if it would make nonsense
of music. For instance, suppose a trombone is
aiming at the conductor and is emitting air vibra-
tions with a frequency of 196 c/s. According to
Britist. Standard 661:1955, this is G below middle
'C. But according to Fig. 1, at 80 phons (a possible
loudness level in the circumstances), the pitch is
7% lower. This is more than a semitone flat, and
is Sir Malcolm pleased? If he tells the trombonist
to pull his slide in a bit to get into tune, the result
will sound about a semitone sharp to a distant
hearer.

Differences of about a quarter-tone would quite
often arise, one would think, and be more excruti-
ating still. So, highly sceptical about this phenom-
enon, I tuned my audio signal generator to 200
c/s, put on the headphones, and played about with
the attenuator. The effect, on bringing up the
sound from quiet to very loud, was most peculiar.
You know those “optical illusion” pictures of .a
lot of cubes stacked together, which can appear
either projecting outwards or hollowed inwards,
according to how one happens to look at them first?
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Fig. 1. Results of Harvey Fletcher’s comparison between fre-

quency and pitch. Here, pitch is reckoned in terms of
frequency at a loudness level of 40 phons (i.e., at a sound
intensity giving a loudness equal to that of a 1,000 c/s tone
40 dB above the normal threshold of hearing).

Quite an effort is required to change over from one
to the other. Well, it was much the same with the
sound. As I made it very loud, I could hear the
pitch change either down or up. At that loudness
there was, in fact, a sort of ambiguity of pitch that
made it difficult for me to judge it.

Another thing that might seem as if it would go
wrong if Fig. 1 were true was the relationship to
other notes. Since the percentage shift at 200 c/s
is much greater than at 400 c/s, what happens to
the octave relationship? Surely that is rigidly fixed
by the necessity for the higher note to make exactly
two vibrations to every one of the lower? Fletcher
thought of that one, and mentions an experiment to
illustrate it. At 40 phons, which is fairly quiet, tone
A and tone B, 200 c¢/s and 400 c/s respectively, and
therefore an octave apart, sounded an octave apart,
when played successively, and blended harmoniously
when played together. Next, 100-phon notes, C and
D, were adjusted to the same pitch as A and B
respectively. Their frequencies turned out to be
222 c/s and 421 c/s, in agreement with Fig. 1.
When played successively, they appeared to be an
octave apart—though of course, on a frequency
basis, they are not. But when played together they
sounded discordant. Presumably—this was not
stated—100-phon notes at 200 c/s and 400 c/s (or
222 and 444, or 2104 and 421), played together, would
sound harmonious, notwithstanding that in succes-
sion they would not seem to be an octave apart.

This, then, is one example of how conclusions
based on experiments with single pure tones are apt
to break down when applied to more than one heard
at a time. More familiar is the masking effect of one
sound on another. As we know, a loud sound tends
to make a weak one sound weaker or even altogether
inaudible. The effect depends on the relative in-
tensities and frequencies in very complicated ways,
shown by Fletcher in his famous book “ Speech and
Hearing ”.

These masking effects apply even when the sounds
heard together are in harmonic relationship to one
another; i.e., when their frequencies are exact mul-
tiples of one (fundamental) frequency. So it is
necessary to emphasize that Fig. 1 refers only to pure
sine-wave sounds, and one can’t apply the results
of any such experiments to complex sounds. All
musical instruments produce complex sounds, the
harmonics sometimes being much stronger even than
the fundamental; so Fig. 1 doesn’t apply to music.
Knowing the existence of the harmonics, one could
pretty well guess this, for even if one of the fre-
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quencies—the fundamental, say—happened to hit the
downward peak, the large pitch-shift indicated there
would presumably be “diluted ” by the relative ab-
sence of shift at the harmonic frequencies. Incident-
ally, the hearing sense, being more sensitive to these
higher frequencies, would almost certainly be dis-
proportionately influenced by them.

Because of the unpredictability of relationships
between objective and subjective—which is the main
point of this whole treatise—such reasoning, though
plausible, needs experimental confirmation. And
broadly it gets it, for tests with musical instruments
and other complex sounds disclose no appreciable
pitch-shift effects. That, then, seems to be answer
enough to our fears that the very foundations of
music may be insecure.

But there are more answers. Fig. 2 shows the
results obtained by W. B. Snow, also published
in .A.S.A. (July, 1936), quite soon after Fletcher’s.
Here the negative peaks, up to 100 phons, are at
100 c/s or thereabouts, and only when the loudness
level is above 110 phons does 200 ¢/s seem to come
into the picture.

But before we waste any time arguing about
that, let us come right up to date with the (at the
time I’m writing) latest issue of $.4.S.4., Oct., 1961.
Here are recorded the results of extremely carefully
and elaborately conducted experiments by A. Cohen
to re-check the pitch-shift effect. Not only was no
expense spared over the equipment, but two series
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Fig. 2. W. B. Snow'’s results, for comparison with Fig. 1.

of tests were carried out, using different teams of
young but highly trained musicians who were espe-
cially gifted in estimating pitch, and all the resources
of modern statistical processing were brought to bear
on the experimental results, In particular, deviations
from a simple frequency/pitch ratio were compared
with deviations as between one listener in the team
and another, and between different results for the
same comparisons, to try to disentangle a genuine
intensity/pitch relationship from irrelevant varia-
tions.

Summing up, it appears that although there is a
lowering of pitch with frequency in the 100-200 ¢/s
region, and a raising of it at frequencies above
1,000-2,000 c/s, the average amount of this at the
frequency where it is most marked is quite small
—only 1-29%,.

Before there is time for me to be hurried off to the
scaffold for leading you up the garden so long with
Figs. 1 and 2, I would like to point out that Cohen
applied the sounds to one ear by means of an ear-
phone, whereas Fletcher used a very high grade
free-field system with loudspeakers. I for one
would certainly not assume, without convincing evi-
dence, that such presentations are equivalent for the
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purpose. Unfortunately that point doesn’t seem to
have received much attention.

But it does all go to show how difficult it is to
obtain reliable and consistent results in subjective
tests.

That brings us to the question whether all the
attempts to arrive at scales of sensation are not
just wild goose chases. How far can sensation be
regarded as quantitative?

Judging Loudness

Anyone who can hear them at all can decide which
of two sounds is:the louder, if they are suitably
presented for comparison and differ only in inten-
sity—even if the difference is quite small. But does
it make sense to ask a hearer to say how many times
one of the sounds is louder than the other? For one
thing, the ratio of responses to the sounds conveyed
along the auditory nerve to the brain must depend
to some extent on the efficiency of the hearing
mechanism in the individual listener, so even if the
brain could give a scale reading it wouldn’t neces-
sarily be the same for all listeners. But assuming
the listeners are selected to have hearing systems
free from defects, and are of about the same age,
should they be expected to measure loudness
numerically?

I myselt can attach no definite meaning to the
statement that one sound is half as loud as another—
even though that is the simplest ratio, used as the
basis for most attempts to construct a scale of loud-
ness. That may be because my mind is full of
notions about sones and phons and dB and dynes
per square centimetre. But I have other people who
are undoubtedly free from this handicap, and they
too are entirely lacking in confidence that they
would recognize when a sound was half as loud.
They tend, however, mistakenly of course, to assume
that there is some definite half-way mark, which
they would just lack the skill or experience to hit
upon. |

Still more unlikely, one would think, is the pos-
sibility of comparing unlike sounds numerically; for
instance, low notes with high, or cello with flute.
Nevertheless, a scale of loudness has been made,
graduated in sones, and related to intensity and fre-
quency. The relationships between this and “loud-
ness level” (phons), “sensation level ” (dB), etc., were
described in “Loudness,” W.W., Nov. 1957. But
I would suggest that we don’t allow ourselves to
be unduly impressed by this appearance of objec-
tivity that has been given to loudness. It is based,
after all, on mere personal opinions, however care-
fully and systematically these have been collected.
The results of different authorities differ numeric-
ally by as much as 10-20 dB. And so, in place of
the familiar Fletcher-Munson curves, we have more
recently been offered the Robinson-Dadson version
of the same thing, which differs markedly (Fig. 3).

Yet loudness must be one of the least difficult
sensations to measure. For practical purposes, the
quality of unpleasantness or obtrusiveness may be
even more important; e.g., in drafting laws to deal
with road noises. Some members of the community
would ascribe a high negative value to the unpleas-
antness of a well-tuned motor cycle exhaust and a
high positive value to the rendering of a work by
Schoénberg; -others would entirely reverse these
assessments. -

Coming back to pitch, we find that it, too, has
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dB always seem to correspond exactly—for
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Fig. 3. (a) Fletcher-Munson and (b) Robinson-Dadson equal-Toudness tion of musical intervals. T understand

curves, - illustrating the discrepancies between different experimenters’
findings when subjective impressions are involved, even in a relatively

simple way.

been fitted with a subjective scale, calibrated in mels
(for melody!). How anyone sets about assigning a
numerical value to the sensation of pitch, without
reference to musical scales, which are based on the
objective property of frequency, I just don’t know.
As with loudness, part of my trouble is what I do
know. It is impossible for me to forget that a
pure tone having twice the frequency of another
blends with it in a particularly intimate way, pro-
ducing a distinctive sensation which is destroyed by
even a slight divergence from the 2:1 frequency
ratio. This particular sensation corresponds pre-
cisely ‘with that numerical frequency ratio, so if—
against my better judgment—I am pressed into
assigning a pitch ratio to the two tones it can hardly
be other than 2:1. Even if the tones are sounded
successively instead of together, I still mentally
judge them as a musical octave, rather than purely
as pitch—which, as I said, has no inherent numerical
significance whatever for me. If I didn’t happen to
know that the sort of pitch we call high is produced
by the source vibrating more times per second than
when its pitch is called low, I might not even give
it the larger number. (After all, one might as logic-
ally be guided by wavelength!)

- As the ratio between the two alternately sounded
notes is varied from 2:1 down to, say, 1:1, my
sensations due to this ratio—presumably my sensa-
tion of pitch—doesn’t change in a continuous way,
but periodically assumes special significance when-
ever it corresponds with a musical interval.

I would admit that pitch and frequency don’t
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there are “tone deaf ” people who find no
significance in musical intervals, and I
should have thought—but may be wrong—
that such people would be useless for
measuring pitch anyway. Even if they turned out
to be the only ones fitted for this purpose (because
unconfused by music) their findings would hardly
seem to be of much value for general application.

So I remain in a mood of profound scepticism,
from which I invite readers to rescue me.
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Fig. 4, “Measured "’ relationship between frequency and

pitch, How much reliance can be placed on such a curve?

Most of this discussion has been
Perhaps, in this hey-day of television,
given more space to seeing. Though less informed
on this subject, I do know that one’s judgment of
colour depends greatly on what it is compared with.
Turquoise, compared with blue, looks green, and
compared with green looks blue. This is rather
like the well-known experiment to show how un-
reliable human beings are as thermometers, A bowl

(Continued on page 143) .

about hearing,
I should have
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of luke-warm water feels hot and cold at the same
time, if one hand immersed therein has just been
taken out of cold water and the other out of hot.
But even without selective comparison, the unrelia-
bility remains. Our impression of hotness and
coldness does not correspond at all exactly with
temperature. It depends very much on humidity
and other things. So it is really futile feeling
annoyed with somebody who insists that it is warm
when you are sure it is cold, or vice versa.

We would become nicer people to live with if
we took more care not to confuse subjective im-
pressions with objective qualities on the one hand
or perverse imagination on the other. And if you
are wondering what this motto has to do with
Wireless World, I would point out that communica-
tions is a technology in which objective equipment
is devised to produce subjective impressions, so it
is desirable for practitioners therein to know how
they are related.
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SHORT-WAVE CONDITIONS

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

Broken-line curves give the highest frequencies that
will sustain a partial service throughout the same period.
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esssesevee FREQUENCY BELOW WHICH COMMUNICATION SHOULD BE POSSIBLE
FOR 25% OF THE TOTAL TIME

== = = PREDICTED MEDIAN STANDARD MAXIMUM USABLE FREQUENCY

FREQUENCY BELOW WHICH COMMUNICATION SHOULD BE POSSIBLE -
ON ALL UNDISTURBED DAYS
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FUNDAMENTALS OF FEEDBACK DESIGN

3. — SIMPLE RESPONSE CHARACTERISTICS

THE method which we shall adopt for studying
feedback systems, indeed the method which we must
adopt, is based on the combination of the relatively
simple individual circuit responses. This method
has certain limitations which in practice seem to
affect only the most sophisticated d=signs: these
limitations will be discussed very briefly in order to
disarm the critics rather than to suggest that the
reader should adopt the appropriate more elaborate
design methods needed for formal accuracy. .

We are concerned with systems made up of a chain
of active elements interconnected by passive net-
works. Most commonly we have several valves or
transistors coupled by capacitors and resistors or by
transformers. The assumption we make is that the
signal at the output electrode of an active device does
not affect the input electrode. In practical terms this
means that we do not take account of the anode-grid
capacitance of a valve or the feedback resistance of a
transistor. We can sometimes provide a first-order
correction for these without in any way complicating
the situation, but to take these factors fully into
account would mean that the system would have
multiple feedback loops all interacting. We shall see
later what the effect of this can be.

It will be necessary to make use of Thévenin’s
Theorem and Norton’s dual of it. Although these
are discussed in most of the standard textbooks it
may be as well to note the results here, because they
are absolutely basic to what we are doing and bitter
experience has shown that it is not difficult to avoid
any knowledge of them. Let us suppose that we have
a two-terminal black box which we know contains a
linear active device. If the device is an amplifier we
can include a unit signal input within the box. We
are free to make any measurements we like at the two
terminals. It can be shown that we need make only
two measurements to specify the external behaviour
of the box: there are instrumental reasons why we
actually make far more but we shall see these in a
moment.

The first measurement is of either the open-circuit
voltage or the short-circuit current. This defines the
activity, if we may misuse this word, of the contents
of the box. The other measurement is of the
impedance seen looking into the terminals, which we
may want to describe as an admittance.
may be frequency dependent we shall probably need
to make a number of data-observations to determine
this impedance. We can now say that the external
behaviour of the black box will be completely
represented by either of the circuits shown in Fig. 9.

In a practical measurement we may have to make
our calculations help us with our measurement. We
could in theory measure E with the system open-
circuited and then measure I with the system short-
circuited and just calculate-Z, = E/I and Y, = I/E.
However, when we try to do this in practice we may
find that the system is overloaded and that it becomes
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Since this.

By G. EDWIN

non-linear. We can connect a load and vary it until
the terminal voltage is halved, when the load is
equal to Z,, but in many systems this, too, can lead
to overloading. Sometimes we just change the load,
keeping in the safe region; sometimes we make use of
normal bridge measurement methods.

There are two quite separate reasons why this
equivalent circuit pair should be kept in mind all the
time. The first is that in almost all transistor circuits
we are dealing with a finite and not too linear input
impedance. The current fed into the input electrode,
usually the base, is determined by the sum of the
generator impedance and the transistor impedance,
so that a high generator impedance will dilute the
transistor non-linearity and reduce the distortion.
When the current gain is fairly independent of
current, this means that there is some economy of
effort in thinking of the transistor as a current-
operated device.

The second reason is connected with the behaviour
of reactive networks. Suppose that we connect one
or more reactances between our black box and a
resistive load: even a single capacitor will do. At
some instant the generator feeds energy into the

JRPRS PR ——

Fig. 9. Two alternative circuits representing the external
behaviour of a two-terminal linear active network.

reactance: some may reach the load resistance
immediately, but some is stored in some of the
reactances. At later times the reactances begin to pay
out the energy, usually with a lot of internal transfers
in the process. There are two possible final homes,
the load, and the internal resistance of the generator,
the resistive part of Z,. The amount of energy
which reaches the load thus depends on how much is
handed back to Z,. A filter response depends on the
source impedance just as much as it does on the load
impedance. This internal to-ing and fro-ing of
energy inside a reactive network is rather like the
accounting operations of a large group of companies
all paying each other for services and re-paying each
other in dividends. The shareholder, who is the
equivalent of the load resistor, may sometimes suspect
that the equivalent network is a band-stop filter or
that the internal elements have high dissipation (this
is not a reference to expense accounts).

The need for a clear understanding is particularly
exemplified by a practice, common in the thirties but
now probably extinct, of the less reputable trans-
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Fig. 10. Simple capacitance-resistance and inductance-resist-
ance low-frequency coupling networks.

T 1.

Fig. 1. Simple coupling networks (shunt capacitance and
series inductance) which limit the high-frequency response of a
system.

former makers (the adoption of this practice is itself
a sign that a manufacturer is not reputable). They
used to offer a response characteristic for their
transformers measured with constant terminal voltage
on the primary. This ingenious technique conceals
the fact that there are not enough turns to give a
decent operating low-frequency response and that by

reducing the turns they have also managed to save-

on iron.

The most common coupling network, for we must
now get down to the meat of the problem, is the
simple capacitance-resistance network. The resist-
ance will be taken to be the grid return resistance in
a valve stage and is the resistance looking in to a
transistor input electrode. Inductor or transformer
coupling is also used, and at low frequencies these
can be taken as equivalent. We may thus consider
the two circuits shown in Fig. 10.

For the first circuit we have

E, R +Z,+ 1jjuC
\2 R

and if Z, = R,, which is usually true in any simple
practical situation, .

E, R, 1
v“(l+R)+ jwCR

) R, 1
=(1+'E)P'chms+ko]

For the second circuit we have

I, 1 1,11
v =Yt L tCe=g TR
R, +R : Ry + R
= —ROR 1+ l/)wL( RR )
First let us take w—>00, when we have
S =1+R/R =R +R)R = R/R
I, Ry+R_
and V_— RuR = I/R,,

where R, = Ry + R
and 1/R,=Y, + G = (R, + R)/R,R.
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The terms in square brackets represent the frequency

effect and are
1 1
[1 T JaCR. ]and [1 T LR, ]

and if we write «,CR, = 1 and »,L/R, = 1 in these
two forms and then put wy/w = Q we get
[1 —jQ]and [l —jQ]

The substitutions have been chosen to lead us to
this convenient form for both circuits, We shall
leave these for a moment and turn to the other end
of the spectrum.

There are two simple ways in which the upper end
of a system frequency response may be limited.
The commonest of these is the circuit shunt capaci-
tance, but we must not overlook the effect of series
inductance, usually the leakage inductance of a
transformer.  Very many transformer problems
turn out to involve both capacitance and inductance
and the whole transformer question can become
extremely complex. At this stage we shall confine
our attention to the two circuits shown in Fig. 11.

‘For the first of these we have

1 . 1 .
’—\70=Y0+G+)wc=—R—‘p[l —l—]wCR,,]

and for the second

E . R .
T; = Ro + R +jul)/R = i—s[l - ]wL/RS]
Making, as before, the most suitable substitutions,
which are
R,+R=R,Y,+ G =1/R,, o,CR, = 1,
woL/R; = 1 and then taking w/w, = Q

we get the terms in square brackets both reducing to
the form
[1+jQ]

We saw earlier that we should want to deal
separately with the amplitude and phase response.
We are confronted by a common form throughout if
we combine the two forms as [1 4+ jQ], and .the
amplitude response, referred to the region where
Q — 0, is just 20 log (1 + Q2)} dB, while the phase is
given by 6 = arc tan -+ Q.

These two expressions are for the ratio of input to
output although normally we think in terms of

output/input. This merely means that we must
introduce minus signs to get
amplitude characteristic = — 20log(l + Q*# dB

phase characteristic

= arc tan + Q
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Fig. 12. Basic amplitude response characteristic of simple
first-order netwcrk.
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Fig. 13. Basic phase response characteristic of simple first-
order network. i

Looking back you will see that these shape char-
acteristics depend for their critical frequency w, on
the combination, in either series or parallel, of the
load resistance and the source resistance. This is
why the concept of source resistance is so vitally
important and why such stress was laid upon the
need to keep constantly aware of the implications of
Thévenin’s Theorem.

The frequency characteristic is expressed in terms
of a quantity Q which is a normalized frequency. If
we take first of all Q = w/w, = «CR,, we can write

log @ = log o — log w,
= log » + log CR,,

We shall be using a logarithmic scale for Q so we
are quite justified in working with log(frequency).
We see that log @ =0, or Q =1, when log o
= log g, and that the effect of changing w, is to
shift the value of log Q sideways. The same result
is obtained with Q = w,/w, which gives

log @& = log wy, — log w
except that log Q now runs from right to left as » runs
from left to right. The two forms are thus mirror
images of each other, a feature which in fact means
that we can construct a template and simply turn it
over to change from w/w, to wy/w.

The shape is rather simple, too, and in quite a lot
of problems has an even simpler approximation. At
Q = 1 the amplitude characteristic is just 3dB down.
At Q> 1 we can write

A = — 20 log(Q*)? dB.

= — 20 log QdB
so that piotted against log Q the response is a straight
line. When we double Q we get an extra 6 dB of
attenuation; when we increase Q by a factor of 10 we
get an extra 20dB. This basic slope of 6dB/octave or
20dB/decade is chacteristic of simple first-order
networks.

An amplifier design will involve the drawing of a
number of frequency characteristics. Both for the
sake of economy and also because log-linear graph
paper seems to differ in size from manufacturer to
manufacturer, it is found convenient to work either
directly on a drafting pad or on ordinary squared
graph paper. This is done by the simple process of
thinking in octaves and as we have already seen, the
amplitude characteristic approaches a straight line
with a slope of 45° if we have equal scales for 6dB
and for an octave. Using centimetric paper it is
found that 3dB/cm and 2cm/octave gives the right
sort of size for conventional amplifier designs with
feedback in the region of 20-30dB. Larger plots
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would use too much area for convenient filing: much
smaller plots would not be accurate enough.

For the phase characteristic we need room for the
90° phase shift of a single section and the 180° limit
of our whole system. Again we use 2 cm/octave and
it is convenient to use 10°/cm for the phase. The
basic responses are shown as Figs. 12 and 13. The
straight line approximations shown provide all the
information needed in a preliminary design, and with
freehand correction if it is required in a particular
region, will usually be as accurate as is justified by
the tolerances on practical circuit elements. It
would be possible to find a slightly closer approxima-
tion for the phase characteristic, but the one shown
has the great advantage that it has a slope of 45° and
is therefore very easily drawn.

Before we go on to apply these simple graphs to
practical amplifier design we must deal with some
other R-X circuits with only one kind of reactance
which we meet in amplifiers. These will give us an
opportunity of showing how easily the responses can
be composited, both in the approximate and the exact
form. We shall then be in a position to deal with
everything inside the amplifier except possibly the
transformers, which may behave as second order
networks and may be even more awkward.

Commercial Literature

Spring “nuts ” made by Simmonds Aerocessories under
the name “ Spire” are listed in great variety in a recent
“ Spire Speed Nut Manual” which is comprehensively in-
dexed and cross-referenced. Dimensioned “blueprints”
are given, as well as much useful general information. Copies
from Simmonds Aerocessories Limited, 7 Cleveland Row,
London, S.W.1.

Fuses are often regarded as something to put in circuit
if one has time: the result of this lack of thought is often
unsatisfactory performance, either as inadequate protection
or annoying “inexplicable” blowing. “Notes on Fusing”
(14pp), by G. F. Redgrave of Belling and Lee Ltd, is a
valuable guide to the various types of fuses available, their
performance and proper use. Belling and Lee Ltd, Gt
Cambridge Road, Enfield, Middlesex.

Travelling-wave Tubes: 40-page booklet from English
Electric Valve Co. explains how they work; offers hints and
tips on their use and lists abridged data on some E.E.V.
types. English Electric Valve Co. Ltd., Chelmsford, England.

Q and its measurement by meter is dealt with in a 44-
page booklet entitled “Measurements by Q meter ” issued
by Marconi Instruments Ltd. of St. Albans, Herts. The
booklet also contains abridged operating and service notes
for some Marconi Instruments equipments.

C.c. TV (closed-circuit television) equipment from Roy-
ston Industries’ ¢ Vistarama > range is described in a cata-
logue. “ Vistarama ” equipment can be used on 405- 525-
or 625-line systems and has 2.1 interlace. Full switching
and control facilities are available. Royston Industries Ltd.,
Canada Road, Oyster Lane, Byfleet, Surrey.

Coaxial relays in the well-known “Londex™ series are
available for use on d.c. (or a.c. with a bridge rectifier but
without smoothing). Power handling capacity 70W, s.w.r.
low up to 200 Mc/s, Zg 45, 50 or 700}, variety of con-
nectors. Type XCX has extra 50V 0.5A rated contact for
other circuits. Leaflet from Londex Ltd. of Anerley Works,
207 Anerley Road, London, S.E.20.

Synchronous motor-driven timer, by Elremco, gives time
cycles between 3sec and 24 hours. Switch rating is 5A at
250V a.c. and 24V d.c. and models are available for 50~ or
60-c/s supplies. Leaflet from Electrical Remote Control
Co., Ltd., Elremco Works, Harlow New Town, Essex.

Miniature soldering irons in the “ Oryx > range are listed

on a broadsheet from W. Greenwood Electronic Ltd., 677,
Finchley Road, London, N.W.2,
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CONFERENCES AND EXHIBITIONS

Further details are obtainable from the addresses in
parentheses,

LONDON

March 7
Public Address Exhibition
(Assoc. of Public Address Engineers, 394 Northolt Road,
South Harrow, Middx.)

March 20-24
Electrical Engineers Exhibition
(Assoc. of Supervising Electrical Engineers, 23 Blooms-
bury Square, W.C.1)

March 26-27 Imperial College
High Energy Nuclear Physics Symposium
(Inst. of Physics & Phys. Soc., 47 Belgrave Square, S.W.1)

April 17-18 Northampton College
Conference on Automatic Programmin%Languuges
(British Computer Soci.ty, Finsbury Court, E.C 2)

April 23-May 2 Olympia and Earls Court
London International Engineering Exhibition
(Industrial & Trade Fairs, Commonwealth House, New
Oxford Street, W.C.1)

April 26-29
Audio Festival & Fair
(C. Rex-Hassan, 42 Manchester Street, W.1)

April 30-May 5
Production Exhibition & Conference
(Production Exhibition, 11 Manchester Square, W.1)

May 8-18 Earls Court
Mechanical Handling Exhibition
(SA/lliecII;anical Handling, Dorset House, Stamford Street,

May 28-June 2 Olympia
Instruments, Electronics & Automation Exhibition
(Industria! Exhibitions. 9 Argyll Street, W.1)

May 31-June 7
International Television Conference
(L.E.E., Savoy Place, W.C.2)

July 2-6
The Tonosphere
(Inst. of Physics & Phys. Soc., 47 Belgrave Square, S.W.1)

Aug. 22-Sept. 1 Earls Court
National Radio & Television Show
(Radio Industry Exhibitions, 59 Russell Square, W.C.1)

Sept. 19-21 Savoy Place
Components for Microwave Circuits
(I.E.E., Savoy Place, W.C.2)

Sept. 25-27 : Imperial College

eutron Beam Research in Solid State Physics
(Inst. of Physics & Phys. Soc., 47 Belgrave Square, S.W.1)

QOct. 18-19 Savoy Place
Symposium on Electronic Equipment Reliability
(I.E.E., Savoy Place, W.C.2) -

BOURNEMOUTH
May 6-9 Norfolk Hotel
R.T.R.A, Conference )
(Radio & Television Retailers’ Assoc., 19 Conway Street,
London, W.1)
Oct. 2-4 The Pavilion
Battery Symposium .
(D. H. Collins, Admiralty Engineering Laboratory, West
Drayton, Middx.)

King’s Head, Harrow

Earls Court

Hotel Russell

Olympia

Savoy Placc

Imperial College

CARDIFF

Sept. 4-7
British Computer Society Conference
(Bét:ils)h Computer Society, Finsbury Pavement, London

The University

CRANFIELD

April 16-18 College of Aeronautics
International Flight Test Instrumentation Symposium
(College of Aeronautics, Cranfield, Bucks.) )

EXETER

July 16-20
Physics of Semiconductors
(Slx%%]t.lgf Physics & Phys. Soc., 47 Belgrave Square, London,

.W.1)

The University
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FARNBOROUGH
Sept. 3-9
Farnborough Air Show
(S.B.A.C., 29 King Street, London, S.W.1)

HARROGATE

Sept. 20-22 Old Swan Hotel
Standardization in Non-destructive Testing
(Institution of Production Engineers, 10 Chesterfield Street.
London, W.1)

HARWELL
Sept. 10-12
ow Energy Nuclear Physics Conference
(Sl%%t,lgf Physics & Phys. Soc., 47 Belgrave Square, London.

MANCHESTER

Sept. 19-28 .
International Factory Equipment Exhibition
(Industrial & Trade Fairs, Commonwealth House, New
Ozxford Street, London, W.C.1) - -

PEEBLES

May 25-31
Scottish Radio Congress
(Scottish Radio Retailers’ Association, 4 Forres Street,
Edinburgh, 3)

R.A.E.

A.E.R.E.

Bellée Vue

The Hydro

OVERSEAS

March 26-29 New York
LR.E. International Convention
(L.LR.E., 1 East 79 Street, New York, 21)

April 10-14 Paris

International Conference on Stress Analysis
(Joint British Committee for Stress Analysis, 1 Birdcage
Walk, London, S.W.1)

April 17-20
Sector-focused Cyclotrons
(Dr. B. T. Wright, University of California, Los Angeles)

April 24-26 : New York
Symposium on the Mathematical Theory of Automata
(Polytechnic Institute of Brooklyn, 55 Johnson Street,
Brooklyn 1, New York)

April 28-May 5 . Montreusx

~International Television Symposium & Exhibitior
(International TV Festival, P.O. Box 97, Montreux)

April 29-May 4 o . Los Angeles
Colour Motion Pictures & Colour Television -
(Society of Motion Picture & Television Engineers, 5%
West 42 Street, New York 36) :

April 29-May 8 Hanover
German {ndustries Fair .
(Schenkers Ltd., Royal London House, Finsbury Square .
London, E.C.2) :

May 3-4 Long Beach, Cal..
Congress on Human Factors in Electronics
(Dr. C. Hopkins, Hughes Aircraft Co., Culver City, Cal.)-

Los Angeles

May 8-10 . : : ‘Washington'
Electronic Components Conference .
(L.R.E., 1 East 79 Street, New York 21) o

May 14-16 Dayton.

National Aerospace Electronics Conference
(NAECON, 1414 E. Third Street, Dayton, Ohio)
May 18-June 3 o
British Trade Fair . ]
(British Overseas Fairs, 21 Tothill Street, London, S.W.1)
May 22-24 Chicago
Conference on Self-Organizing Systems

Stockholm

(G. T. Jacobi, Armour Research Foundation, 10 West
35 Street, Chicago 16)
May 22-24 Boulder-
Microwave Theory and Techniques
~ (LR.E., 1 East 79 Street, New York 21) -
May 24-26 Seattle
Space Communications
(I.R.E., 1 East 79 Street, New York, 21) .
May 27-June 11 Liege:
Liege International Fair
(R. C. Liebman, 178 Fleet Street, London, E.C.4
(Continued on page 148) o
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Paris

May 28-June 1 -
Computation &

Seminar on Modern Methods of

Industrial Automation

(J. Hoffman, 50 av. Franklin D. Roosevelt, Brussels)
June 18-19

Broadcast & Television Receivers Conference

(LLR.E., 1 East 79 Street, New York 21)

Chicago

June 25-27 Washington
Military Electronics Conference
(LLR.E., 1 East 79 Street, New York 21)

June 25-30 Copenhagen

Electromagnetic Theory & Antennas
(J. Brown, Department of Electrical Engineering, University
College, London) .
June 27-29
Integrated Automatic Control Systems

New York

Aug. 21-28 Copenhagen
International Congress on Acoustics
(Professor S. Ingerslev, Royal Techaical College, Ostervold-
gade 10, Copenhagen)

Aug. 27-Sept. 1
Information Processing & Digital Computers
(International Federation of Information Processing Societies,
fE/OC %ritish Computer Society, Finsbury Court, London,

Munich

Aug. 29-Sept. 1 Stockholm
Speech Communication Seminar
(Dr. G. Fant, Royal Institute of Technology, Stockholm 70)
Aug. 29-Sept. 5§ Philadelphia
International Congress on Electron Microscopy
(Prof. T. F. Anderson, Institute of Cancer Research,
Philadelphia 11, Pa.)

J. Hornfeck, Bailey Meter Co., 1050 Ivanhoe Road,

Cleveiand 10, Ohio)
Aug. 14-16

Precision Electromagnetic Measurements Conference
(J. F. Brockman, National Bureau of Standards, Boulder)

Aug. 21-24
Western Electronic Show

(Wescon, 1435 S. La Cienega Blvd., Los Angeles, 35)

Sept. 3-7
Boulder

Sept. 3-7
Los Angeles

Eindhoven)

The Hague

International Congress on Microwave Valves
(Congres Microgolfbuizen, Postbus 62, Eindhoven)

Brussels

International Symposium on Information Theory
(Dr. F. L. Stumpers,

Philips Research Laboratories,

MARCH MEETINGS

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

LONDON .

2nd. L.E.E.—Discussion on “ Methods
of measuring man’s environment tem-
perature” by Dr. R. H. Fox and C. R.
Underwood at 6.0 at Savoy Place,
Ww.C.2.

S5th. Women’s Engineering Society.
—“Colour television” by P. S. Carnt
at 7.0 at 45 Great Peter Street, S.W.1.

8th. Radar & Electronics Assoc.—
“Video tape recording ” by Dr. P. Azon
at 7.0 at Royal Society of Arts, John
Adam Street, Adelphi, W.C.2.

12th. LE.E.—“ The design and per-
formance of transistor - portable re-
ceivers ” by Dr. A. J. Biggs at 5.30 at
Savoy Place, W.C.2. =

14th. Brit.LR.E.—Papers on “ De-
velopments in c.w. position-fixing and
navigation” at 6.0 at the School of
Hygiene and Tropical Medicine, Keppel
Street, W.C.1.

14th. Royal Society of Arts.—*The
miniature wonders of transistors” by
L. J. Davies at 6.0 at John Adam Street,
Adelphi, W.C:2. L

16th. Institute of Navigation.—
“V.L.F. navigation ” by H. F. Schwartz
and L. C. Stenning at 5.30 at 10 Upper
Belgrave Street, S.W.1. .

16th. B.S.R.A.—“Modern studio
sound equipment” by E. W. Berth-
Jones at 7.15 at Royal Society of Arts,
John Adam Street, Adelphi, W.C.2.

20th. Inst. of Physics & Phys. Soc.—
Annual General Meeting of Electronics
Group, followed by “ Semiconductor
surfaces ” by Dr. P. C. Banbury at 5.30
at 47 Belgrave Square, S.W.1.

21st.  British- Computer Society.—
“The Atlas supervisor” by Dr. D. J.
Howarth at 2.30 at Northampton College
of Advanced Technology, St. John
Street, E.C.1.

21st. LE.E.—* Xerography ” by Dr.
A. T. Starr at 5.30 at Savoy Place,
w.C.2.

22nd.  Television Society.—“ Tele-
vision camera tube developments” by
Dr. R. L. Beurle, W. E. Turk and
D. A. Pay at 7.0 at Cinematograph
Exhibitors’ Association, 164 Shaftesbury
Avenue, W.C.2.
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26th. LE.E.—Discussion on “Elec-
tronics or power as a future career?”
opened by Professor M. G. Say at 6.0
at Savoy Place, W.C.2.

28th. Brit.I.R.E.—Symposium on
“ Practical electronic aids for the handi-
capped” at 2.0 at the School of
Pharmacy, Brunswick Square, W.C.1.

28th. Royal Society of Arts.—* The
electron microscope: past, present and
future” by Dr. V. E. Cosslett at 6.0
at John Adam Street, Adelphi, W.C.2.

30th. R.S.G.B.—V.H.F. Symposium
arranged by the London V.H.F. Group
at 6.30 at the LE.E., Savoy Place, W.C.2.

ARBORFIELD

26th. LE.E. Graduate & Student
Section.—* Principles and program-
ming” by D. Rowley at 7.0 at School
of Electronic Engineering,

BELFAST .

13th. I.E.E—~*“The characteristics
and protection of semi-conductor recti~
fiers” by D. B. Corbyn and N. L. Pot-
ter at 6.30 at David Ker Building,
Queen’s University, Stranmillis Road.

22nd. LE.E.—Faraday Lecture * Ex-
panding horizons in communications
by D. A. Barron at 7.30 at Sir Wm.
Whitla Hall, Queen’s University.

BIRMINGHAM
22nd.  Brit.LR.E.—* Cryotrons ” by
Dr. P. R. Stuart at 6.15 at The Univer-

sity.

26th, I.E.E.—“The use of compu-
ters in _process control applications ” by
J. F. Roth at 6.0 at the James Watt
Memorial Institute.

BRISTOL

14th. Brit.I.R.E.—*“Recent applica-
tion of and refinements in electronic
digital computers” by Dr. A. D. Booth
at 7.0 at the College of Science and
Technology (Joint meeting with the
British Computer Society).

CAMBRIDGE
19th. LE.E.—* The application of
electronics to the electricity supply in-

dustry” by Dr. J. S. Forrest at 6.30
at the College of Arts and Technology.

CARDIFF

7th. Brit.I.R.E.—* Transistors in
transmitters and communications re-
ceivers” by A. J. Rees at 6.30 at the
Welsh College of Advanced Technology.

CHATHAM :
21st. LE.E. Graduate & Student
Section,—* Transistors v. valves” by

A. W. Hart at 7.0 at Medway College
of Technology, Maidstone Road.

CHELTENHAM

2nd.  Brit.I.LR.E.—“ Modern trans-
mitter techniques” by W. J. Morcom
at 7.0 at the North Gloucestershire
Technical College.

23rd. Society of Instrument Tech-
nology.—* Applications of ultrasonics
in the processing field” by E. A.
Neppiras at 7.30 at Belle Vue Hotel.

CRAWLEY

21st.  IE.E.—“Problems in elec-
tronic control of machine tools” by
J. A. Stokes and M. Monk at 6.30 at
Crawley Technical Institute.

EDINBURGH
6th. LE.E—"“Women engineers in
the U.S.S.R.” by Miss R. Winslade at
7.0 at the Carlton Hotel, North Bridge.
7th, Brit. LR.E.—*“ Carrier tele-
phony” by J. L. Somervlle at 7.0 at
The University, Drummond Street.

FARNBOROUGH

20th. ILE.E.—*Air traffic control”
by Dr. E. Eastwood and Dr. B, ].
O’Kane at 6.15 at Farnborough Tech-
nical College, Boundary Road.

27th. Brit..R.E.—“ Heads for mag-
netic tape recording ” by E. C. Wildman
at 7.0 at Farnborough Technical College.

GLASGOW

8th. Brit.I.R.E.—* Carrier tele~
phony” by J. L. Somerville at 7.0 at
the Institution of Engineers and Ship-
builders, 39 Elmbank Crescent.

29th, I.E.E.—Faraday Lecture “Ex-
panding horizons in communications ”
by D. A. Barron at 6.0 at St. Andrews
Hall.
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UNBIASED

By “FREE GRID"”

Mesmerized by Maths

THE exhibition staged by the
Science Museum to commemorate
Marconi’s bridging of the Atlantic
by wireless on December 12th, 1901,
was of great interest, although small.
But I found the. all-too-frequent in-
terruptions by Marconi’s recorded
voice describing his feat, to be very
distracting, as it was audible all over
the room. Surely the organizers
could have cut out the loudspeaker,
and have provided several telephone
hand sets for those wanting to hear.

Since there seems to be some dif-
ference of opinion concerning Mar-
coni’s all-daylight feat with such
primdtive apparatus, I have often
thought of going to Newfoundland
myself, armed with a kite and the
other necessary odds and ends. The
trouble is that there are no spark

Manhandling *“ Maggie .

transmitters now operating. I won-
der if it would not be a good idea to
rebuild the original 25-kW trans-
mitter at Poldhu as a memorial to
Marconi, and thus enable his
original experiment to be repeated.

I thought the most interesting
things in the show were the exhibits
relating to a few years after 1901,
when ship-to-shore communication
had becomeé well established. The
magnetic detector of 1902 was par-
ticularly interesting, but I don’t
think it ‘was made sufficiently clear
to visitors .that although the com-
mercial version shown was perfected
by Marconi and his associates, it was
not his invention; in fact, a primi-
tive- version was used five years
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earlier, in 1897, by Rutherford to re-
ceive signals sent across Cambridge.

I was very fortunate when gazing
at the instrument to hear two very
academic types discussing the scien-
tific principle of magnetic hysteresis
upen which its working = depends.
One, who had a schoolboy with him,
gave a very learned dissertation
upon the subject for the boy’s bene-
fit, and mesmerized him and me by
a miasma of mathematics. He
juggled with sines and cosines with
such breath-taking dexterity that the
boy seemed to become a little giddy,
and when the learned man paused
for breath he shot an entirely ir-
relevant question at him concerning
the function of the two little white
knobs, one on each of the two
grooved wheels which transported
the soft-iron band.

It was at once evident to me from
his reply that although the savant
was an expert on magnetic hysteresis
he was completely out of his depth
in the matter of the unpredictable
womanlike hysteria of the driving
spring of the clockwork mechanism,
especially in humid tropical condi-
tions. The schoolboy must have
seen the pained look on the face of
an official standing by, because he
turned to him for further guidance.

The knobs were, of course, pro-
vided so that the mechanism could
be turned by hand if the driving
spring broke, the operator turning
with his left hand as he wrote with
his right. I have always thought that
the provision of a knob on each
wheel was to make things easy for
a left-handed operator who needed
his left hand for writing. If I am
wrong in my assumption I shall be
glad to know the correct answer.

Etymological Evolution

I WONDER if any of you can tell
me what the word *transistor” is
intended to mean? Now please don’t
all rush to send me a copy of Scrog-
gie’s book on semiconductors. Actu-
ally I already have one, and it is at

this very moment propping up one.

leg of the table on which I am writing
these few words, and so forming a
very good example of applied science.

What I want to get at is how this
magic word was arrived -at by Bar-
deen, Brattain and Shockley in the
Bell Telephone Laboratories where
they minted both the device and, I
presume, the name. We all know
that the word “radar” is built up
of the initial letters of a sentence
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;in the case of the “istor.”

describing its functions, but *tran-
sistor ” is not quite like that.
One is tempted to split up the

. word into our old friend “ trans ” and
“““istor” which is a fragment of the

word resistor, such fragmenting be-
ing an indication that the device is

‘not a full-blooded resistor but only
_partly so, or in other words, a semi-

conductor.

I am told this explanation is quite
wrong as far as the first part of the
word is concerned although correct
I am
informed that the initial “tr” of
transistor really represents the first

.two letters of the word “rtriode”
‘since the evolving' of the transistor

from the crystal diode in 1948 was
virtually on a par with the putting
of the grid in Fleming’s thermionic
diode.

It would seem logical to tidy up
our nomenclature and call the photo-
cell a photistor for, after all, it is a
device which varies its resistance and
therefore its conductivity under the

‘influence of light. But if we did that

we should have to use the word
thermistor—already booked—to des-
cribe a thermionic valve which varies
its inter-electrode resistance and
other characteristics when we turn
the wick up or down, as those of us

‘who used to work with soft-valve de-

tectors know full well.

*Your Tiny Hand is Frozen’

I THINK you will agree that a criti-
cism of pianos has no place in the
pages of this journal but in view of
the fact that they have gate-crashed

‘into the Radio Show, piano manu-

facturers cannot hope to escape criti-
cism. In any case I would like to
suggest a small but important im-
provement in their construction in-
volving the use of electrical tech-
nique and that can be my excuse
for talking about pianos in W.W.

I am not a pianist although my
father endeavoured to force me to
become one at a very early age. But
he damned any hope of success he
‘may ‘have cherished by forcing me to
practise in a bitterly cold room in the
depths of winter. - The result was
that instead of acquiring the skill of
a Paderewski, I developed chilblains
on my fingers from contact with the
icy ivory.of the piano keys. :

I have never forgotten this and
that is why T would like to suggest
with some bitterness that if .piano
manufacturers want to continue. to
be allowed into the Radio Show, they
should at least arrange to fit their
wares with electrically. heated keys,
for even in a room at a civilized tem-
perature ‘piano- keys ‘are uncomfort--
ably chilly things.

It would be such a very simple
thing to fit each key with a tiny re-
placeable heating elément; the cur-
rent consumption would be negli-
gible. The same thing, of course,
applies to typewriter keys.
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