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second stage which otherwise would

be badly mismatched.

The feedback network has a time

constant of 100usec and reduces the

+30

gain by 40dB at high frequencies,

providing the rising gain characteristic

called for by the C.C.LLR. (7%in/sec) 420

specification at frequencies below

about 3,000c/s.. The response of the

amplifier is shown in Fig. 2, the heavy +i0

X
s

line being the required characteristic

dB RELATIVE TO OUTPUT AT 10 kefs

and the points experimental. The

/x

feedback also raises the input resist-

ance, this being nearly 100k{} at fre-
quencies above 3,000c/s. The pre-
amplifier is thus suitable for the usual
medium impedance head which has
an inductance of about 0.5H: if the
head has an inductance of 1H the
output will be 3dB down at 16kc/s.

The measured noise level over the band 20c/s-
20kc/s is greater than 60dB below an input signal
of 6mV, which again is typical of the signal pro-
duced by available medium impedance heads.

Distortion is unmeasurable, at an output of 300mV,
over most of the frequency range, rising to 0.2%
at 60c/s (r.m.s. sum of components, major com-
ponent 2nd harmonic).

The gain is 15 times at Skc/s so that the average
recorded tape (half track) will produce about 100mV,
which is enough to drive most amplifiers, fitted w1th
control units, to full output.

Frequency response is within 0.5dB of the C.C.LLR.
specification from 30c/s to 20kc/s and is, in fact,
flat to about 50kc/s.

The construction is somewhat novel and is illus-
trated in the photograph. The “chassis ” is a piece
of 7s-in bakelite, and is drilled in the appropriate
places and hollow silver-plated rivets (as used in
Oak switches) punched in. Components leads are

20
40

Fig. 2. Response of circuit of Fig. I.
heavy line the required characteristic.
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Points are experimental results and

inserted through these rivets and soldered, while
inter-connections are made with ordinary wire. This
form of construction is easy, cheap to make, and
does not present the difficulties of a printed circuit,
while retaining its space economy. -

The feedback components R,, and C, will prob-
ably be adjusted by trial and error, the easiest way
being to use a nominal 0.03uF capacitor and try
various resistors until a rise of 10dB is obtained
at 530c/s, but if a bridge is available the capacitor
can be measured and then a resistor chosen so that
(200+R,,) C,=10", the 200 being the approximate
output resistance of the final stage

REFERENCES

1. “Transistor Tape Pre-anipiiﬁer ” by P. F. Ridler,
Wireless World, December 1958, p.- 572. .

2. G.E.C. Semiconductor Application Note No. 24.

SHORT-WAVE CONDITIONS

Prediction for February
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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 February.

Broken-line curves give the highest frequencies that
will sustain a partial service throughout the same period,
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‘®sessccses 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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ILRE. & A.LEE. Merger—Joint announcements
have been made by the American Institute of Electrical
Engineers and the Institute of Radio Engineers that they
are considering “the feasibility and form ™ of the con-
solidation of the two organizations. The resolution
approved by the two ‘institutes stresses that “the
advancement of the theory and practice of electrical and
radio engineering and the educational and scientific
objectives of both institutes may be better served by
merger or consolidation . . . into one organization.”

Solid-state Circuits Conference.—Five speakers from
the U.K. are included in the 46-paper programme of
the International Solid-state Circuits Conference, which
is taking place on February 14th, 15th and 16th in Phila-
delphia, Pa. The conference is sponsored by the I.R.E.
and a number of other interested bodies. The U.K.
participants are A. R. Boothroyd (Imperial College);
A. Cole, G. B. B. Chaplin and P. M, Thompson (Ples-
sey); and N. D. Richards (Mullard). Also taking part
will be J. J. Sparkes (British Telecommunications Re-
search) and R. E. Hayes (Plessey).

A writ has been filed in the High Court, states J. D.
Burke, of Hornchurch, Essex, accusing Thorn Electrical
Industries of “infringing his British Patent 877,450 by
manufacturing selling renting using television receivers
each having a final anode supply system for its cathode
ray tube explicitly and substantially described and
claimed in the specification.”

I.T.A. Tests.—In order to carry out aerial tests in
preparation for the construction of the LT.A’s new
Channel Islands’ station at Fremont, Jersey, which
will operate in the same channel as Croydon (9) but
with horizontal polarization, the trade tests from the
London transmitter have temporarily been discontinued
on Tuesday and Thursday mornings. The Authority
also announces that in future trade tests from Croydon,
Mendlesham, Caradon Hill and Stockland Hill will be
on half power on Friday mornings. The Black Hill and
Durris stations will be on half power on Monday morn-
ings. These reductions in power are necessary to enable
one of the two parallel transmitters at each station to
be serviced each week.

LE.E. Activities.—A conference and associated scienti-
fic exhibtion covering components in microwave circuits,
arranged by the Electronics and Communications Section
of the Institution of Electrical Engineers, will take place
at Savoy Place, London, W.C.2, next September 19th,
20th and 21st. It is also announced by the LE.E.
that a second symposium on electronics equipment
reliability is to take place on the 18th and 19th of
October this year.

« Measurement and Control,” the new interpretative
monthly journal covering mechanical, electrical and elec-
tronic instrumentation and control systems, was pub-
lished by Iliffe Production Publications in January.
Edited by T. E. Ivall, at one time an assistant editor
of Wireless World, its purpose is to “bring out and
into perspective the facts that matter to the engineer
who uses control equipment, or believes that control
techniques can help him in his everyday work.” Annual
subscription is £3.

Servicing Certificates—A mistake was made in. the
results of the R.T.E.B. Servicing Exam. issued by the
City and Guilds of London Institute from which we
quoted in our December issue (p. 617). Of the 717 who
took the final exam. last May 285 (39.8%) passed, 65
(9%) have to retake the practical test and 367 (51.2%)
failed. :

_Southern Instruments Digital Voltmeter-Counter.—In
our reference to this equipment on p. 46 of the January
issue, -the maximum clock, pulse p.r.f. was given as
10 ¢/s. This should read 10 kc/s.

56

Farnborough Air Shows.—It has been announced by
the Society of British Aircraft Constructors that it will
not be holding its annual Farnborough show in 1963.
Manufacturing members of the Society find the ex-
penses of two major airshows a year (Paris and Farn-
borough) to be excessive. Whether or not the shows
will be held in future in alternate years remains to be
seen—the next Paris show is in 1963. The dates of
the next Farnborough Show, which has for some years
included an increasingly large electronics exhibition, are
September 3rd to 9th, 1962,

Car Radio Licences Exceed 1M Mark.—There are
now over 500,000 licences issued by the G.P.O. for
sound radio receivers fitted in cars. At the end of
November last, sound only licences totalled 3.7M, and
combined television and sound licences 11.6M.

Personalities

Brigadier E. I. E. Mozley, M.A,, AM.IEE, recently
appointed Director of Telecommunications at the War
Office in succession to Major General E. S. Cole, has
been for the past three years Commander of the Royal
Signals Planning Wing at Catterick where he was con-
cerned with advanced planning in both the tactical and
technical aspects of army
communications. After
graduating at Pembroke
College, Cambridge, with
a 1st Class in the mech-
anical sciences tripos in
1936 he served for three
years in Malaya as assistant
chief signals officer. During
the war he held various
signals appointments at
Catterick, the War Office,
and in 21 Army Group be-
fore being posted to Lord
Mountbatten’s staff in S.E.
Asia where he was eventu-
ally chief signals officer.
From 1950 to 1953 Briga-
dier Mozley was in the
chiefs of staff secretariat in
Washington, and from-1955
to 1958 he was at the War Office dealing with research
and development of signals equipment. One of Brig-
adier Mozley’s recreations is reading for the Bar.

T. Kilvington, B.Sc.(Eng.), M.LLE.E., recently became
secretary of the technical sub-committee of the Tele-
vision Advisory Committee in succession to C. W.
Sowton, who relinquished the post on his appointment
as staff engineer in the Overseas Radio Planning & Pro-
vision Branch (see January issue, p. 14). Mr. Kilvington,
a graduate of University College, London, joined the
Post Office as a probationary assistant engineer in 1936.

D. W. Heightman, M Brit.L.R.E,, technical director of
Radio Rentals Ltd (which he joined in 1956 as chief
engineer) and of its associated company Baird Television
Ltd., has relinquished these appointments “in order to
engage in other activities.” He informs us that he is not
in a position to comment on his future plans as “nego-
tiations are incomplete.” From 1951 to 1956 he was
chief television engineer at the Liverpool works of the
English Electric Co., prior to which he was on the board
of Denco (Clacton) Ltd., which he formed in 1938. Tt
is announced A. Bamford, B.Sc., AAM.LLE.E.,, has been
appointed technical director of Baird Television Ltd.
He was until recently with Ultra, which he joined in
1942 after graduating at Birmingham University, and
has been technical manager of Ultra Radio and Tele-
vision Ltd. and also a member of the board since the
reorganization of the Ultra group two yearsago. :

Brigadier E.I.E. Mozley
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FIELD PLOTTING

RESISTANCE PAPER ANALOGUE

By G. H. OLSEN, B.Sc., A.M.Brit.l.R.E.

THERE is an important range of problems in
engineering and physics that depends upon a know-
ledge of the potential field distribution. Typical
examples are problems involving fluid flow, heat
flow, and gravitation, electric and magnetic fields.
In all cases the equation

Flow = Driving force X Acceptance ...... 1)
is obeyed. The driving force is a function of potential
V, and the acceptance depends upon the medium
involved and the geometry of the surfaces between
which the flow is taking place. Examples of eq. (1)
of particular interest to electronic and electrical
engineers are:— -

Current = e.m.f. X conductance .. .. @)

Magnetic flux = m.m.f. X permeance .. 3
Electric charge or flux = voltage X capacitance
@

The flow is real in the cases of heat, current and fluid,
but for electric and magnetic fields it is convenient to

Fig. 1. Field distribution within a coaxial cable.

invent the concept of flow of flux. Usually the flow
is in three dimensions. In the absence of sources
or sinks of flow materials between the boundary
surfaces, the unifying equation related to all of the
problems mentioned is due to Laplace. In its
cartesian coordinate form it may be expressed as

V.V DV 0 ’ ®)

ez T W dz? v v .
V is the function of potential, x, y, and 2z being the
conventional coordinate directions. It is this equa-
tion which must be satisfied at any point in the field
within the boundary surfaces.

In certain fields there is no change in field strength

58

in one direction, e.g. the electric field within a long,
straight coaxial cable, or the field associated with a
straight conductor in a long slot of uniform cross-
section.

If the field in this direction is denoted F, then

F, _V

2 bz
R %_:/' _0
Z
Eq. (5) thus reduces to the two-dimensional form

0V BV 0 )

0 o .. ..

Now the solution to this equation depends upon
the boundary conditions, and is obtainable mathe-
matically only in certain simple cases. For example
in Fig. 1, which represents the cross-section through
a coaxial cable, the potential of the central conductor,
radius Ry, is V,, and that of the outer conductor,
radius R,, is V,. If the outer conductor is earthed
V, = 0. By performing the partial differentiation
it is easy to show that a solution to eq. (6) is

r

V=klogei2 .. .. @)

When,

r = R,,V=kloge%- = Vy and when r = R,
r

=b, (a constant)

where r = +/x? + y? and k is a constant.

V=kloge%=kloge1 = 0.

The equipotential surfaces are therefore cylinders
concentric with the conductors. The cross-section
will have equipotential lines which are circles, the
radii of which can be calculated from eq. (7).

When the geometry of the boundaries becomes
more complicated a mathematical solution becomes
very difficult or impossible. It is under these circum-
stances that engineers employ analogues to obtain
solutions to their potential-field distribution problems.

The principle underlying the various devices used
depends upon the analogy that exists between the
various forms taken by eq. (1). For example, current
is analogous to magnetic and electric flux; voltage
and e.m.f. are analogous to m.m.f.; and conductance
is analogous to permeance and capacitance. It is
possible, therefore, for a system obeying one of the
equations (usually eq. (4) for convenience) to be used
as a model to solve problems involving any of the
other equations. The model is constructed so as to
have a field distribution that is geometrically similar
to the field which is to be investigated. A major
advantage in using a model obeying eq. (4) is the
ease with which it is possible to measure voltage
as compared with its analogues, m.m.f. in a magnetic
field or potential difference in an electric field.

In this article some aspects of one of the possible
models, viz. the resistance paper analogy, are dis-
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Fig. 2. Finding scale factor for anisotropic resistance paper.

cussed. Such an analogy makes use of the fact that a
flow of current through a thin uniform conducting
sheet produces a potential distribution that satisfies
the two-dimensional form of Laplace’s equation.
The model is therefore an analogue of a ‘two-
dimensional ” field. It is particularly easy to con-
struct and, with care, the inaccuracies need not
exceed two or three per cent. A useful paper by J. H.
Owen Harries! discusses some of the errors involved.
The model is particularly useful in schools and
colleges where, for teaching purposes, potential
distributions can be obtained quite rapidly.

Practical Details:—Telegraph resistance paper is a
convenient form of thin conducting sheet. It is
readily available? as ¢ Teledeltos *’* (L339, or equiva-
lent) low-resistance paper, originally developed for
use by telegraph engineers for handling ordinary
telegrams by facsimile or telephotograph methods.
The type used by the writer is available in rolls
50 feet long and 22 inches wide. The resistance
between opposite sides of a square was found to be
approximately 2,100 ohms in the sample examined.
The whole of the lengths of these opposite sides was
made conducting in the way described below. (The
size of the square is, of course, immaterial; the
resistance may therefore be quoted as 2,100 ohms per
unit square). Some variation is to be expected from
roll to roll; and the resistivity is dependent to some
extent on the relative humidity. Provided that the
paper is stored in a dry place,
however, no trouble ought to be
experienced because of local moist-
ure absorption.

A slight disadvantage with this
form of conducting sheet is that the
resistance of the paper is not quite
isotropic. The maximum variation
occurs between directions across and
along the roll. If the principal axes
are taken as being along and across

Fig. 3. Arrangement for plotting equipo-
tentials on model representing coaxial cable.

and CD. (For this the lines AB and CD are con-
ductors on the surface of the paper.)

_ »AD .. .. (8
Then R, 5
. B
Similarly R, = * % . .. . )

Now ideally when ABCD is a square and
Pz = Py Ry = Ry,

However when p, = p, the rectangle ABCD on the
paper represents a square when R, = R,, but now
AB = AD. To find the necessary scale factor,
combining egs. (8) and (9) gives

AB _ [py

AD N p,
The factor p,/p, can readily be determined by cutting
two squares from the roll in the correct directions and
measuring R, and Ry, when p,/p, = R,/R;.

For many purposes the variation of resistance with
direction is small enough to be ignored; e.g. when
using the analogy to calculate correction terms or to
provide no more than the starting figures for a
mathematical and exact solution, )

The temperature coefficient of this type of paper
is low (about 0.2% per °C). Excessive heating of the

paper should be avoided by limiting the power

dissipated to a maximum of 250 mW per square inch.

The electrodes of the model (corresponding to the
boundaries of the real system being simulated) are
painted directly on to the paper with silver paint.?
Care must be taken to stir the paint well before
application otherwise the electrode will not be at the
same potential throughout. The paper itself is laid
on some flat surface. Of the arrangements possible,
the writer prefers to use a large drawing board that
has previously been varnished, or painted with the
type of plastic coating often used as imitation
“ french polish.” The resistance paper can then be
held to the board with adhesive tape. The latter
may then also be used to anchor the wires making
contact with the electrodes. Connections to the
electrodes are effected by painting in thin wires so
that the latter are embedded in the paint. 28 s.w.g.
d.c.c. or enamelled wire, bared at the points of contact
with the electrodes, has proved satisfactory.

If only a single contact is made to a long, thin
electrode, the latter may not be a true equipotential.
The difficulty may be overcome by looping in the

the roll the anisotropic resistance of T0 PLOTTER T e
the paper can be taken into account TERMINALS "~ 5o
by ‘applying different scales to the S~

axes. Consider Fig. 2 in which p, AT
represents the resistivity across the
roll and p, the resistivity along the
roll. ABCD is a rectangle, with AB
and AD along the principal axes.
Let R, = the resistance between AB

* Standard Telephones and Cables Ltd.
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connecting wire at two or three points along the
electrode. Fig. 3 gives some idea of a satisfactory
arrangement for one model. This method is to be
preferred to that of increasing the width of the
electrode, since the silver paint is rather costly.

Field Plotting:—Since there are no polarisation
effects with graphite resistance paper, d.c. may be
used; the plotting is therefore extremely simple.

The apparatus requirements are modest. The
essentials are (a) a battery giving 6-12 volts, (b) a
calibrated potentiometer, (c) a detector and (d) a
probe. The power source will rarely be called upon
to supply more than 50mA. The calibrated potentio-
meter can take the form of a couple of resistance
boxes; the total resistance across the supply should be
approximately the same as that between the painted
electrodes for maximum sensitivity. No serious
reduction in sensitivity has been experienced however
when using a chain of ten 19, high-stability resistors
totalling 5000Q or when using a ten-turn helical
potentiometer of the Colvern type, the total resistance
being 10kQ. The detector used is a 50-0-50uA
(1600Q) meter with protecting resistances and
diodes. Fig. 4 shows the circuit used; the battery
has been replaced by a full-wave rectifier for con-
venience. The function of the high-voltage section
is explained later. The probe itself may con-
veniently be a 4H pencil, the graphite core at the top
being exposed and connected to the bridge via a
miniature crocodile clip and lead. If the electrodes
are painted on to the light grey side of the resistance
paper the plot of the equipotential lines can be drawn
on direct. Some workers have reported a deforma-
tion of the field when a particular equipotential is
being plotted. However, it is the writer’s experience
that provided the pencil is kept sharp and the
equipotentials merely dotted in at first, and inked or
pencilled in after the plot has been completed, no
appreciable deformation of the field occurs.

In order to become familiar with the technique
the first few plots should be of known fields. Exper-
imental results can then be compared with calculated
ones. There is much to commend starting with a
plot representing a coaxial cable since the radii
of the equipotential lines can easily be calculated
from eq. (7). The diameter of the outer painted

electrode may be about 8in and that of the inner
electrode lin. Connection to the inner electrode
is conveniently made via a 2in brass pin; this then
keeps the connecting wire up in the air out of the
way. The width of the silver paint representing
the outer cable need not exceed one quarter of an
inch; but a check must be made to ensure that the
electrode is a true equipotential.

After making such a plot with an inner electrode
diameter of lin and the effective outer diameter of
8in the 109 equipotentials were found to be circles.
The local variation of paper resistance therefore
was negligible for this sample. The following table
compares the experimental with the theoretical
results. Only in regions of high field intensity (i.e.,
near the central electrode) were the errors as great
as three per cent. Elsewhere the errors were low.
It must be remembered, however, that this electrode
system can be reproduced very accurately, that the
curvilinear squares can be drawn with ease and that
errors due to distortion of the current flow near the
edges of the paper are eliminated. In most other
systems the electrodes must be drawn at the centre
of a large expanse of paper to reduce these edge
distortions to a minimum.

Equipotential Observed Calculated Error
line radii radii
% (in) (in) (%)
0 - 4.00 4.000 0
10 3.25 3.248 —
20 2.63 2.639 —
30 2.14 2.144 —
40 1.75 1.741 —
50 1.42 1.415 —
60 1.12 1.149 3
70 0.92 0.933 1
80 0.75 0.758 1
90 0.60 0.616 3
100 0.50 0.500 0

The field existing between two long, straight paral-
lel conductors (Fig. 5) provides an example for
plotting on a large expanse of paper. The shape of
the field is well known, so the beginner is readily
able to note the effect of edge distortions. The shape
of the electrodes painted on the paper, and their
distance apart must represent an accurate scale

O FORCING
o POTENTIALS

P o \AAA N -

Fig. 4. Circuit diagram of plotter.
To obtain ‘plot shown in Fig. 11,
Ry = Ry = 2k. If several forcing
potentials are required this value
will need to be increased. Rz de-
pends upon value of constant current

CURRENT

1
b= A AA = = CONSTANT
> -\\ANA== SOURCES
'
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L

Fig. 5. Electric field between two long straight conductors.
Curvilinear squares must have W =L (see text).

drawing of the cross-section of the real system. A
suitable scale must be chosen so that the electrodes
are surrounded with a large area of paper. Care
must be taken to avoid creases when handling these
large areas prior to a plot, since the creases have the
effect of increasing the local resistance.

After plotting the equipotential lines it is then
necessary to sketch in the streamlines representing
the lines of flux. All flux lines must cut the equipo-
tential - lines orthogonally and must meet an elec-
trode normally. It can be shown that if a set of
equipotential lines and flux lines are drawn to form
a continuous network of curvilinear squares between
the electrode boundaries, then a solution of the
Laplace equation has been found. A curvilinear
square is an area bounded by four curved lines such
that the mean “ width * of the area is equal to the
mean “length.” The tangents to the boundary
lines at the corners must intersect at 90°. A test
for a curvilinear square is to subdivide the area by
equal numbers of intermediate equipotential and
flux lines. The smaller curvilinear areas thus created
must approach more nearly true rectilinear squares.
It will be realized that a particular advantage of

plotting and sketching such a network is that, with-

out the use of advanced mathematics, a solution to
the Laplace equation can be found which satisfies
boundary conditions that frequently are not capable
of mathematical expression. Useful information
on the sketching of networks of curvilinear squares
can be obtained from an article on purely graphical
methods of field plotting by E. G. Wright* and also
in a paper by E. O. Willoughby.*

The sketching of curvilinear squares is a matter
for trial and error, but for most fields, with the aid
of a pair of dividers, it is relatively easy to judge
equality of “width” between two equipotential
lines (known to be in the correct position) and the
“length ” between one flux line and the proposed
position of the next. A piece of thin transparent
sheet with a 90° corner assists in positioning the

WiIRELESS WORLD, FEBRUARY 1962

flux line at right-angles to the equipotential line.
The eye should be vettically above the paper when
this estimation is made. The edges of the square
must be tangential to the flux and equipotential
lines at the crossover point.

With fields where it is difficult to sketch the cur-
vilinear squares, trial and error can be almost elimi-
nated by adopting the following method. After
painting and energizing the electrodes, sufficient
points only are marked along the equipotential lines,
no continuous lines being drawn at this stage.
It is then usually quite easy to select and sketch with
accuracy two flux lines so that a line of curvilinear
squares could easily be drawn between them. The
original electrodes must then be cut away with a
sharp razor edge. The selected flux lines are then
painted in and form a new electrode system. (The
painting must be within the area between the two
lines.) A set of equipotential lines for the second
system are then obtained in the usual way. Provided
the interval between the lines of the second set is
correctly chosen, the first and second sets of lines
will combine to form a complete orthogonal plot.

Fig. 6 shows a tube of flux in a two-dimensional
field. The flux and the equipotential lines are in a
plane which is represented by the resistance paper.
The potential difference between equipotential
lines across all curvilinear squares is the same,
thus it is easy to deduce from the network and the
scale of the plot the potential gradient (i.e. the field
strength) at any point in the field. For curvilinear
squares that are not too unlike rectilinear (or true)
squares the field strength is approximately inversely
proportional to the length of the side of the square.
The field strength is thus highest in regions where the
curvilinear squares are smallest.

Behind each curvilinear square for a given depth
of field, d, there is a portion of the volume of a tube
of flux. Equal quantities of flux pass through each
volume section, so each square, irrespective of its
size, must represent the same amount of acceptance
(e.g. conductance, capacitance, permeance, etc.,
depending upon the nature of the flux). That this is
50 can be seen by considering Fig. 7. The volume

FLUX LINES
\EQUl:}T/E(NTIALS/

Fig. 6. Tube of flux in two-dimensional field.
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Fig. 7. Determination of conductance.

8v, behind a rectilinear square with length of side
3/ will have a conductance given by

G=0. % (10)

where d is the depth of field. For unit depth of field
the conductance of this volume is ¢. The volume
behind any curvilinear square can be considered as
being made up of a large number of volumes similar
to 8v. Since, by the definition of a curvilinear square,
there will be as many 8v’s along the flux line (i.e.
in series) as there are along the equipotential line
(i.e. in parallel) the conductance of a volume behind
any curvilinear square for unit depth must also be o.
If the plotting of a field between two electrodes
yields N, squares along a flux line and N, squares
along an equipotential line, then the total conduct-

ance between the electrodes will be oN,/N; mho.

(Unit depth of field is assumed in this and following
examples.)

Fig. 8 shows the plot representing the current
flow in a bus bar of uniform cross-section, made
from material of conductivity o, and pierced by a
bolt hole. The current density remote from the
hole is assumed uniform. To represent the bar a rect-
angular piece of resistance paper has a hole cut out
to represent the bolt hole, the model being to scale.
The conductance of the section shown is ¢.12/24 =
0.5¢ mho. The conductance without the hole would
be ¢.12/21 = 0.57omho; so the ratio of the two con-
ductances is 1.14: 1. It should be noted that N,
need not be an integer. Although N; need not be
integral either, it is usual to plot equipotentials at
equal percentage intervals between the electrodes.

By using a similar argument to that for obtaining
the conductance of a system, it can be shown that
the analogous quantity ‘capacitance’ is given by

edN,
C= N Farads (11)

f
where ¢ = e, (relative permittivity) X e, (8.85 X
102 F.m.”?). For a one centimetre depth of field
eq. (11) becomes
er N,
C=qsnF

Fig. 9 shows the shape of the field existing between
two deflector plates of a cathode-ray tube when a given
potential difference is applied. The effects of
‘fringing > on the trajectory of the electron, so
often ignored when calculating deflection sensitivity,
can be estimated. The field strength along the path
is determined by comparing the areas of the curvi-
linear squares. The capacitance of the plates shown
in Fig. 9 is 0.6 pF per cm depth of field (e, = 1).
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Referring to Fig. 5 the capacitance of the two
wires is 15 pF. per metre length when e, = 1.
In Fig. 1 the capacitance is 3.5 X 8.85 X 15.2/5 =
9.43 pF per metre length when e, is taken as 3.5.
The calculated value is 24.2 X 3.5/logy, (4/0.5) =
9.38 pF per metre length.

The procedure for finding the capacitance of any
electrode shape is therefore to paint, to scale, a cross-
sectional representation of the electrodes, to plot the
equipotential lines, draw in the flux lines to form a
network of curvilinear squares, determine the ratio
N,/N; and apply eq. (11). To determine the capaci-
tance of odd electrode shapes by mathematical
means alone would prove difficult or impossible.

A magnetic field in air may be plotted on the
assumption that the iron boundaries are magnetic
equipotentials. Since iron has a permeability of the
order of 1,000 this assumption is usually well
justified. Following the lines of egs. (10) and (11),
the permeance of an air gap is given by

P=pud % (webers per ampere turn) 12)
7
where p = p, (the relative permeability) X py

(1.26 x 10-®* H.m.”Y). Frequently in the design of
electrical machines the reluctance, S, of an air gap
is the more commonly used expression. Since
= 1/P the reluctance is easily calculated from
eq. (12). The reluctance of the air gap for the
portion of the field AB of an electric machine, shown
diagrammatically in Fig. 10, is 220,000 AT /weber.
(d = 1). The effect of the slots has been ignored;
but a further plot may be made to ascertain the
reluctance when the slots are taken into account.

A convenient way of plotting flux lines directly
is to make use of the fact that a field is completely
defined if the positions of either the flux lines or the
equipotential lines are known, since one set can be
obtained from the other by drawing in a set of
curvilinear squares. By painting in electrodes along
two known flux lines the resulting ¢ equipotentials ’
for these electrodes will correspond to flux lines in
the actual field. In plots used for the design of
electric machines, for example (assuming once again
a very high permeability for iron as compared with
air) on the inverse analogue the portions of the
paper representing the iron parts are cut away to
form insulators.

The determination of the inductance of current
carrying conductors that produce magnetic fields
in which there are no iron magnetic circuits may
be calculated from a field plot. When currents
are fed into the paper via electrodes representing

Fig. 8. Current flow and voltage equipotentials in bus bar
with bolt-hole.
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Fig. 9. Field associated with deflector plates of cathode-ray
tube.

the real current carrying conductors, the resulting
equipotentials on the paper correspond to magnetic
flux lines. The analogy assumes all the magnetic
flux to link all the current. The contribution of
that portion of the field within the conductors link-
ing only part of the current is ignored. Special
treatment is required to determine this contribu-
tion; but in many cases this is not necessary, e.g.
with high frequency currents.

m.m.f,
Flux (9) reluctance

(IN = ampere-turns)

= IN X permeance

flux linkages &N
amperes 1
= N2 X permeance.
Using the result of eq. 12 we have

L = N2 pd%: henrys (13)

In Fig. 1 the central core and outer screen carry
currents of I in opposite directions. The resultant
m.m.f. outside the cable is zero. Within the cable
the radial lines now represent m.m.f. lines and
the concentric circles represent magnetic lines of
flux. (Note that this is the inverse of the electro-
static case when capacitance was being considered.)
The inductance of the cable is
L =126 x 107 x 5/15.2 = 0.41 pH per metre
length
For Fig. 5 the inductance is 1.26 x 10—¢ x 12/20 =
0.76 pH per metre length. In both cases N = 1
and p, = 1.

Now Inductance (1) =

The characteristic impedance of a transmis-

sion line, Z,, can be obtained from a single plot
by combining the ideas of egs. (11) and (13). Dirzct
combination is not possible since, although N;
represents the number of squares along a flux
line in both cases, this symbol takes a different
value depending upon whether the plot represents
an electric field or a magnetic field produced by
the flow of current in the conductors. However
if we allow N,,, and N, to represent the numbers
of squares along a magnetic equipotential (i.e.
m.m.f.) line and magnetic flux line respectively,
and N,, and N,; to be the numbers of squares along

WIRELESS WORLD, FEBRUARY 1962

electric equipotential and flux lines respectively,
then N,; = N,, = N (say) and N,,, = N,; = M.

For a loss~free line Z = \/ 16

= \/ #d Nono/Nomg
ed Nee/Nef

M Jeer,
N €se,

M

. . 371 N A ohms (19
As an example, suppose a coaxial cable were made
from copper conductors the ratio of the screen
diameter to the diameter of the central conductor
being 8, as in Fig. 1. If the intervening medium
had a relative permittivity of 4 the characteristic
impedance of the cable would be

Z = 377 > 1

152 \/4 = 62 ohms

The paper by E. O. Willoughby® gives further
examples of the determination of characteristic
impedances for various conductor arrangements.

Fields other than electric or magnetic ones can
be simulated on resistance paper since the Laplace
equation is not confined to these cases alone. A
paper by Ross and Qureshi® describes the applica-
tion of the technique to determine the sum of the
principal stresses in plates under uniaxial tension

when these plates contain discontinuities in the -

form of cracks. Shear stress distribution is also
discussed by them. Streamline flow round aero-
foils and heat flow problems may also be undertaken.

In some of these problems it is necessary to

i REGION OF
UNIFORM FIELD

A

Fig. 10. Portion of field in an electric machine.

have intermediate forcing potentials. For example,
Fig. 11 shows the plot representing two pipes,
surrounded by insulating material, enclosed in a
rectangular box and carrying liquids at different
temperatures. To simulate the arrangements
electrodes representing the pipes are fed from
potential dividers. = The voltage between each
“pipe ” electrode and the electrode representing
the outer case may be adjusted with the aid of an
Avo 8 or similar meter. This voltage is analogous
to temperature difference; the equipotentials repre-
sent isothermals and the flux lines correspond
to heat flow lines. Fig. 11 is a reduced copy of a
plot obtained with a rectangular box 8in. by 6in,
the pipes being 2in in diameter. Electrode A was
maintained at 5V and electrode B at 3V. This
represents the position when the temperature differ-
ence between pipe B and the outer case is 609,
of that between pipe A and the case. Note that,
because of the symmetry of the system, it is not
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Fig. I1. Field plotting applied
-to temperature measurements.

inconvenient to connect
the measuring potentio-
meter directly across the
high voltage terminals.
To obtain readouts up
to 100%, thus allowing
more accurate measure-
ments, it is necessary to
connect a variable re-
sistor, R;, as shown in
Fig. 4.

It will be seen that the
resistance paper analogy
is very valuable for ob-
taining solutions when
the worker wishes to avoid
lengthy and often com-

necessary to perform the plotting over the whole
region. In this case the equipotentials on one side
of the straight line passing through the centre of
the two electrodes will be identical in shape to those
on the other side of the line. In general one should
look for lines of symmetry since, if they exist, the
work of plotting can be reduced.

In the example just described the electrodes
were maintained at constant voltages. In certain
cases the electrodes may be required to be fed from
a constant current source. Examples arise in the
design of electrical machinery where currents fed
into the paper give rise to equipotentials that corres-
pond to magnetic lines of flux. To obtain constant
current conditions each electrode is fed via a resistor
whose resistance is much larger than that of the
model. The supply voltage must be increased;
hence the presence of the high-voltage section in
the power supply. Since the voltages on the paper
are much less than the supply voltage it is usually

plicated mathematical an-
alyses. For those of
limited mathematical attainments an insight into
many field problems can be gained, when ploughing
through the mathematics would obscure the issues
involved,
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Commercial

Racks, trolleys and multibay assemblies of racking equip-
ment are described in a leaflet from Linvar. Feature of
Linvar's rack assemblies is a system of internal baffles that
ensures cold air is drawn in for each chassis and hot air
is expelled into a *chimney” so avoiding the overheating
of equipment “on the upper stories.” Linvar Electronic and
lgAechanical Engineers Limited, Balfour Road, Weybridge,

urrey.

Semiconductors used - during development of circuits fail
in two ways—either by suffering an electrical catastrophe,
or by breakage of their leads due to repeated reconnection.
Vero Electronics have designed plug-in holders, which are
small boards bearing contacts, to which the devices are
attached. Details from Vero Electronics, South Mill Road,
Regent’s Park, Southampton.

Car-radio aerials made by Valan Electricals include types
that can be retracted completely into the wing. Booklet from
Xalanlgilectncals, 7 Henshaw Road, Small Heath, Birming-

am 10.
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Catalogue of, we should imagine, nearly every component
that the home constructor (or the professional for that
marter) could ever need. Additions in the new Reprint
No. 5 include batteries and Continental-type valves. Price 2s.
Home Radio (Mitcham) Ltd., 187 London Road, Mitcham,
Surrey.

« Printed-Circuit Designer’s Handbook »: a guide for the
designer as to what can be expected from printed circuits,
how to prepare drawings for conversion into printed boards
and how to rate conductors and mount components. Copies
from Tectonic Industrial Printers Ltd., Denmark Street,
Wokingham, Berkshire.

Point plotter, with push buttons for setting in x and y
co-ordinates, can be used in conjunction with automatic
plotting table for quick production of graphs from data.
Four quadrants are covered by negative and positive keys
and the plotter may be used as precision d.c. source. Leaflets
from Bryans Aeroquipment Limited, 1 & 15, Willow Lane,
Mitcham, Surrey.
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Transistor Inverters: a Single View

THE first part of this study was devoted to the
derivation and examination of the negative resis-
tance characteristic of a transistor circuit, in which
positive feedback was provided between the collector
and the base. It was shown that this circuit could
only rest st:bly when the transistor was either cut-
off or bottomed though it was not explicitly stated
that with the inevitable rounding-off which we will
have in a practical circuit there will come a critical
loading, as the load resistance is made smaller, at
which the bottoming will not be very good. We also
saw how we can determine which direction the
system will move in seeking out one of the two possible
stable points. )

In the body of the article we also saw how the

B

Fig. 13. Basic inverter circuit.

load line or the negative resistance characteristic
can be regarded as time-dependent, so that after
the system has apparently locked over in one direc-
tion it can be dis-engaged so that it must fly over
to the other stable point.
appropriate to point out in the appendix that if the
load line lies above the whole of the negative resis-
tance characteristic, which is the dis-engaged
condition just mentioned, the whole action is in
regions I and IV of Fig. 12 and the trajectory will
be followed in the direction of cut-off.

We must now turn to the examination of how this
general theory does in fact apply to the inverter
circuits with which we are familiar. It will be con-
venient for reference purposes if we reproduce
the basic circuit (Fig. 1 of Part 1) as Fig. 13 and also
reproduce the expression for the negative resistance
region, which, with the minus sign dropped, is

=1[ZRe Ry  Zy(1-0a)
R_k[22a+a+ « :l

We are free to make this time-dependent by using
reactances for either or both of the Z’s and we are
also free to make the load line time-dependent by
using a reactance in the load.

Probably the best known of all the inverter cir-
cuits is that shown in Fig. 14. In this circuit we
have Z, =R, and Z,—>o so that R =[R, +

WIRELESS WORLD, FEBRUARY 1962

It was not considered .

2—APPLICATION OF GENERAL THEORY

By THOMAS RODDAM

(1—a)R;)/oe. This circuit is one in which the
negative resistance characteristic is fixed and
the transition takes place by the rotation of the load
line. It is, of course, a push-pull circuit, in which
one end or the other is latched except during the
transition at. the bottomed end, so that we need
only think about this end of the characteristic.

The first conclusion to be drawn is that the current
must run to the value defined by the top turnover
of the negative resistance characteristic in the way
already shown in Fig. 7. The second point to note
is the fact that if R, is at all comparable with (1 —«)R,
the negative resistance characteristic will be depen-
dent on R, (an internal transistor parameter) and
that if it does not depend on R, it depends on
(1—a), a fairly sensitive quantity which can easily
have a range for production transistors of 3 to 1.
Consequently the size of the current at which the
circuit will unlatch is very dependent on the transis-
tor parameter and in any design for large scale
production, when R, cannot be trimmed to match
the individual transistor, there must -be a good big
gap between B (Fig. 7), the useful load current, and
B”, the unlatching current.

As we have described the circuit the progress
towards unlatching along the path B, B’, B” takes
place at almost constant velocity. The current,
we say, runs up linearly. If we change the load
resistance to some different value we shall move the
point B with a proportionate change in the time taken
to reach unlatching. .A system of this kind is not
much good as a generator of alternating current
and is really not too good as a d.c. converter, either,
because we must arrange our smoothing to deal with
the lowest frequency we may encounter.

We come, therefore, to the standard version of

VAL AA A
'_z

R

Fig. 14. Classical push-pull circuit.
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Fig. 15. Using inductive element for Z,.

this circuit, in which the inductance of the trans-
former is not constant. I described the behaviour
of structures of this kind not too long ago! and you
may remember that in the idealized form we reached
the conclusion that virtually no magnetizing current
flowed for a short time, which is inversely proportional
to the voltage across the coil, and that then the struggle
is abandoned and the current rises very rapidly
indeed. If we use a core of this type for the trans-
former in Fig. 14 we shall not move steadily from
B, through B’ to B” in Fig. 7, but instead we shall
remain almost stationary at B for our allocated volt-
seconds and then, like Achilles in the fable, make
a mad rush for B”. Although we still demand the
same peak current, and this is still very dependent
on R, and on (1 —«) the wasted energy is very much
less and the timing is almost independent of the
10ad. These properties have been explored in more
detail by other writers and you will find the current
waveform illustrated in their papers.

In order to eliminate the current spike which
precedes the unlocking of the circuit we have just
considered we must somehow procure the action
shown in Fig. 10, with the load line stationary and
the negative resistance moving as time progresses.
Two basic methods of doing this are available.
We can make Z, capacitive or Z, inductive. It is
usual to make the other element non-reactive.
The circuit in Fig. 15 shows the elementary circuit
in which Z, is inductive. With a normal constant
inductance we shall get the constant velocity move-
ment of the point B, B, B” in Fig. 14 which we
associate with the equation V = LdI/d: and we can
expect to see again a serious dependence on transistor
characteristics, because of the terms R,and R; (1—).
Here again we can make the inductor with a saturable
core so that it dwells at the point B until it has, as it
were, run out of volts-seconds, when the negative
resistance line will drop sharply to unlatch the
circuit. Two practical versions of this arrangement
have been published, one by Jensen? using a trans-
former at the base and the other by Berlock and
Jefferson?® using only a simple inverter.

It may be noted that in all these circuits we have
discussed so far the term R, (1 — «)/a can be frequency
compensated in order to make the negative resistance
frequency characteristic an oa—dependent one
rather than one dependent on «’. The limitation on
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switching time then becomes partly a problem of
the load transformer.

An alternative arrangement is to make Z, a capacitor
and Z, a resistor. This is the circuit shown as Fig.
16 based on Fig. 10, page 296 of the Mullard Refer-
ence Manual of Transistor Circuits, and is also in
essence the classic RC-coupled multivibrator. Here,
as in all the linear timing systems, we have the
timing dependent on transistor properties so that
the frequency will not be particularly well determined.
I am not sufficiently up to date on non-linear
capacitors to be sure but I do not think that units
using the so-called ferro-electric materials are
available in sufficiently large capacitance values for
use at the audio frequencies which we normally
associate with transistor inverters.

It can easily be seen why transistor inverters
dislike reactive loads if this method of analysis is
followed. We can take the negative resistance line
as our reference and cover both forms in a single
discussion. The triggering should take place when
the load line has moved at a controlled, though not
necessarily constant, rate from its first rest point up
to the corner where unlatching takes place. With an
external reactive load this journey is controlled by
the reactance, which is no longer just the shunt
inductance we have been considering. When there
is some sort of tuned circuit in the load the load line
will swing up and down.

There seem to be two factors which must be
taken into account here. First of all, with a sub-
stantial capacitance the quantity dV/d: which was
derived in the appendix to Part I, will be relatively
small so that quite an important length of time is
occupied traversing the trajectory to the other
stable point. Unfortunately, this trajectory will
usually pass through a region of high dissipation
and we shall get heating problems. The second
factor follows from the slow movement along the
trajectory combined with the oscillation of the load
line. If the load line swings back to intersect the
negative resistance characteristic while the working
point is still in that part of region III, Fig. 12, in
which stability is sought with the system bottomed,
there will be a swing back to the original state.
Thus a tuned load may give us a complete mode
change, probably accompanied by high dissipation,

~Vee

B

Fig. 16. With Z, capacitive and Z, resistive, circuit is essen-
tially on RC multivibrator. (Based on Fig. 10 p. 296 Mullard
Reference Manual of Transistor Circuits.)
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Fig. 17. Two versions of single-ended converter.

or the appearance of part-sinusoidal bites taken out
of the square collector waveform. Both these con-
ditions are observed experimentally when saturable
elements are used for timing: the saturable inductor
continues to measure out its volts-seconds and keeps
some hand in what is going on.

Another very important effect in push-pull in-
verters can be examined rather easily from the basic
negative resistance characteristic. When the circuit
is unlatched the inductance in the load resistance
path, which is the transformer leakage inductance,
of course, will try to keep the current constant and will
thus send the trajectory off horizontally, parallel
to the voltage axis. If the two halves of the collector
winding are sufficiently closely-coupled, the latch-in
when the second transistor bottoms will catch the
collector voltage of the now cut-off transistor.
If, however, there is leakage between the two halves
of the primary the trajectory can extend well over
into a high-voltage area, We are familiar with the
appearance of these short spikes at the leading
edge and we know that they can cause the failure of
our transistor. This behaviour is not immediately
obvious when you look at Fig, 12 since the trajec-
tories moving to the right seem to be all below the
load resistance line and thus limited to below V..
The point is that the series inductance will flick the
load line up to the horizontal position from which
it will then droop, pivoted at the current axis.
The reactances in the circuit determine variously
how fast the barrier moves down and how fast the
trajectory is traced over to the right. They are in a
race, the prize being the price of a transistor to you.

De-spiking circuits are frequently used and we can
see how they fit into this way of treating the inverter.
In the push-pull inverter the load line immediately
after unlatching is horizontal, parallel to the voltage
axis, at the full unlatch current. The trajectory
target is fixed by the other transistor bottoming
and because of hole storage effects the turn-on will
in fact be faster than the turn-off. There are several
ways of expressing the same result now. We can
put a small capacitor across from collector to col-
lector in order to absorb the spike, in order to force
the trajectory of the unlatched transistor to have a
lower speed, in order to make it have a more con-
venient slope. We can say that as the load is R;+L
(the leakage inductance) with plus meaning connected
in series, a circuit consisting of R, -+ C; (the spike
stopper) will give a purely resistive load line if
L,/Cs=1R,% This last way, the power circuit
method, is the easiest to work out, because a reduced
voltage test will show us that the spike duration is =
and we then simply take Cg = /R to get an oversafe
value, since we must not forget we have stray capaci-
tances too, I make no apology for abandoning the

WIRELESS WORLD, FEBRUARY 1962

pure single-method discussion because it must give
the same sort of answer and will certainly take more
time. That is not engineering.

The push-pull inverter circuits are dominated
by the transistor which is bottomed. The single-
ended inverters are particularly interesting because
this symmetry is lost and the two transitions follow
quite different patterns. Single-ended inverters
are usually required for use as converters and even
if they are not being used simply to provide a change
of voltage in a d.c.-d.c. system there will be a
catching diode in the circuit to provide some of
the effects we must now consider. It is usual to
distinguish two circuits, the transformer-coupled
circuit and the ringing choke circuit. The basic
circuit is the same for both and in practice it is
the circuit of Fig. 1 in which we make Z, a resistance
and let Z, be infinite. The difference appears when
we add the diode as shown in Fig. 17, in which the
upper diode is used for ringing choke action and
the lower diode for transformer coupled action.

We must begin by considering the circuit bot-
tomed. Unlatching takes place by the sliding of
the working point over the corner which we assume
for the moment takes place in the linear transformer
mode. This brings us to the point P in both Fig.
18 and Fig. 19. When the diode is connected for

I i Ve v

Fig. 18. Working path in ringing-choke action.

transformer-coupled action it will be in the cut-
off sense for V increasing: when it is connected in
the ringing choke mode we assume a storage capaci-
tor, already charged, which will hold the diode
cut-off. We thus have a load line passing through
the point P but having a slope corresponding to
an open-circuit. The trajectory is therefore roughly
horizontal up to some voltage V,, the voltage to
which the storage capacitor was charged, a point
reached after a time determined by the velocity
along the trajectory which in turn depends on the
stray capacitances. As soon as V, is reached the
diode conducts and the load line becomes that of
the capacitor, almost a short-circuit. The trajectory
is now initially a wvertical, constant voltage line,
swinging round as the capacitor charge increases
its voltage, and becoming asymptotic to the slope
R;. This is shown in Fig. 18.

‘The transistor is now cut off, and so is the diode.
A new load line, again corresponding to infinite
impedance, lies close to the I = 0 axis (the effect
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v

- v, >

Fig. 19. Working path in transformer-coupled action.

of I, is neglected). The only intersection of this
with the R characteristic is right down near the
origin so that this point is now sought. We are
thus all prepared for the linear run up the so-called
diode line to the unlatching point.

Although in Fig. 18 the value chosen for V,
is below the supply voltage there is no reason why
it should be. The only real determining factor will
be the fact that the energy pumped into the capaci-
tor during the charging period must, in the steady
state, equal the energy flowing away through the
load resistance. This circuit seeks out that balance
and thus has very poor voltage regulation.

If we connect the diode the other way round we
do not get the sharp catching action at V.. The
trajectory depends entirely upon the storage and
takes the form shown pretty arbitrarily in Fig. 19.
Just how high the voltage will swing is anybody’s
guess and in all practical circuits a second diode, a
spill-over diode, is used to catch the trajectory. If
good regulation is wanted this diode is not used to
deliver power to the load but is used, instead, to
deliver power to the battery. The path along the
I = 0 axis is followed again, provided that there is
a storage capacitor, but when the voltage has dropped
by an amount equal to V, the diode begins to con-
duct. ‘The load line is now, for the moment, vertical
and we get the dog-leg shown in the lower left-hand
corner of Fig. 19. This phase ends when bottoming
is reached.

Since the working action of the transformer coupled
circuit takes place below the negative resistance line
we are free to allow this line to move. It is thus
possible to make use of a saturable core in this sort
of circuit. The ringing-choke inverter cannot be
operated in this way. The practical problem, which
makes this not too popular, is that the flux must be
re-set by an auxiliary winding. It will, I hope,
be clear to the reader that he could use the CR or
RL couplings to produce a single-ended inverter
and that in the transformer-coupled form he can
omit the storage capacitor if he wants a straight-
forward pulse generator. He may even find some
other circuits which I have omitted which fall
into the same broad class.

Obviously this survey of a number of inverter
circuits is by no means complete. It was not in-
tended that this should be an article on inverter
design. Any design study of a particular circuit
must take into account some of the factors which we
have omitted. A real transistor has a finite leakage
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current and does not start to conduct until a small
forward bias is provided at the base. Transformer
and inductor are not pure reactances and the cost
of these components is often closely related to the
amount of resistance which can be tolerated. Two
circuits which are theoretically the same may,
because of these factors, show important practical
differences.

From a beginner’s point of view, the point of
view of a man who wants to know how the circuits
work, this treatment seems to have quite consider-
able advantages. The similarities between the cir-
cuits and the really fundamental differences show up
clearly. There is a fairly simple mathematical treat-
ment which is common to the whole group and the
idea of making allowance for a less idealized system
is not really too repugnant; it only needs to be done
once, after all.
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Industrial Groups-VIi

AT the eighty-seventh annual general meeting of Gas
Purification & Chemical Co. Ltd., held recently in Lon-
don, Douglas D. Mathieson advised his intention to re-
sign the chairmanship, whilst remaining a director.
Joseph Green was subsequently elected to that office.

The “radio and electronics” content of the group,
whose original business, as its name implies, was (and
still is) in the chemical industry, has grown consider-
ably since it acquired Grundig (Great Britain) Ltd. seven
years ago. In the past eight years its gross trading
surplus grew from £14,000 to a peak of £800,000, but
last year there was a trading deficit of some £14,000.

In 1954 B. & R. Relays joined the group, and in 1955
Wolsey Electronics, the aeria]l and relay equipment
manufacturers, were acquired. In the following year
Staar Electronics was formed within the group to manu-
facture, in this country, the automatic record-playing
equipment developed by U. G. Staar, of Brussels. A.B.
Metal Products, component manufacturers, came into
the group in 1957.

Practically the whole of the 1960-61 loss is attributed
to those campanies in the group which are concerned
with radio, television and tape recorders.

During 1960-61 a number of changes affected sub-
sidiary companies: the name of Greencoat Electronics
(formerly Staar Electronics Ltd.) was changed to Green-
coat Industries Ltd., and the name of Johnson British
Electric Ltd. was changed to Johnson British Wood
Crafts Ltd. The following wholly-owned subsidiaries
were wound up: G.P.C. Electronics Ltd., Kingsway of
London Ltid. and Plastic & Metal Products Ltd.

It . was also announced that the sale of the machine
tool division of Smart & Brown had been effected for
£300,000, and that the electrical side was being trans-
ferred to A.B. Metal Products. The group’s present
constitution is:—

Grundig (Great Britain)

E. G. Irwin & Partners
Johnson British Wood Crafts
Modern Machine Tools
Plyglass

Precision Plastics

Smart & Brown (Connectors)
Wolsey Electronics

Gas Purification & Chemical Co.
A.B. Metal Products

B. & R. Relays

British Industrial Holdings
Francis Street Properties

Gas Purification

Greencoat Industries
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LETTERS TO THE EDITOR

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

Safety of Life at Sea

WE were very interested in Mr. A, T. Ferguson’s letter
(December 1961 issue), particularly in regard to the aid
to be given to crash survivors.

Economically, it is apparent that the suspension of
d.f. facilities from British coast radio stations is justified.
Originally, back in the nineteen twenties, the stations
were erected primarily to sell bearing information to
shipping. A nominal charge of five shillings was charged
for a “fix”, the resultant revenue being sufficient to
defray part of the maintenance costs. However, during
the last few years, the use of electronic navigational
equipment has become a standard facility in most
ships and consequently the service offered by the d.f.
stations has been more and more neglected.

Unfortunately, any method must be financed, and the
question arises—is the retention of the coastal d.f. facility
a major factor in the preservation of life at sea? A
review over recent years does not disclose any signifi-
cant event in which the present d.f. facility alone was
responsible for determining the position of suzvivors.

Currently, survival kits for dinghies and ships’ life-
boats contain radio equipment which operates within
the frequency band of the coastal d.f. stations. When
operated under ideal site conditions, a medium-frequency
transmitter has considerable range. Several variable
factors determine the range figure but the aerial system
is the one that is the most restricted when used in small
craft at sea. A quarter-wave aerial for 500 kc/s is
obviously prohibited by physical dimensions alone, and
furthermore the alternative method of lumping the in-
ductance to tune a shorter aerial results in decreased
efficiency of the radiating system. In practice, a life-
boat carries a 30ft. length of wire which can be rigged
as an aerial and, using such an arrangement, a range
figure of up to approximately 100 miles can be achieved.

Results are much worse when the equipment is
operated from a rubber dinghy. Under these con-
ditions, a whip aerial has to be utilized and as a result
the range is drastically reduced to perhaps only a few
miles. In both instances, the position of the lifeboat
or dinghy could be such that the signals received by
coastal stations would be so weak that accurate bearing
information could not be obtained.

Survival under these conditions depends largely on
nearby shipping or search aircraft and as a result the
present trend, followed by the Royal Navy and Royal
Air Force, is to rely more and more on the search and

" rescue method, utilizing S.A.R. Beacons working at v.h.f,
and w.h.f., the significant feature of the method being
the large search area which can be covered rapidly by
an aircraft. The equipment available takes various forms
but consists basically of a transmitter/receiver unit,
battery and microphone/loudspeaker/aerial unit and
because of its small overall dimensions and light weight,
the complete equipment can either be carried in a
specially designed belt to be worn by aircrew or stowed
in a dinghy pack.

Use of the equipmeént by a survivor enables search
¢raft to home in and effect rescue with the minimum
delay. Range figures depend on the type of equipment
used and the height of the aircraft. As a guide, an
aircraft flying at an altitude of 10,000 ft can pick up a
signal 60 nautical miles away representing an effective
search area of about 11,000 square miles. At about 15
miles range, two-way speech communication can be
established between the search craft and the survivor.
By using more than one aircraft, sections of each search
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area can be overlapped so that the combined search effort
can be concentrated in a specified area.

The equipment which operates in the v.h.f. and u.h.f.
bands is usually supplied to operate on the International
Distress Frequencies of 121.5 or 243.0 Mc/s and in use,
the beacon transmits a distress signal which consists
of a burst of carrier modulated by an audio tone. During
the period between tone bursts, a reduced level of un-
modulated carrier is transmitted. This facility, besides
reducing the drain on the battery, also permits continuity
of reception.

To use the equipment, the survivor releases a self-
erecting aerial by pulling a cord attached to the aerial
cover. The set is then automatically switched on in
the beacon mode of operation and continues to transmit
as a beacon for the duration of the life of the battery
without any further effort on the part of the survivor.
During beacon operation, the modulation tone is audible
to the survivor. For R/T operation, two levers are
provided on the transmitter/receiver unit, which can
easily be operated by the survivor even in conditions
of extreme cold with numbed and gloved hands. For
R/T transmission, the user depresses a *transmit”
lever and speaks into the microphone/loudspeaker unit.
When a “receive ” lever is depressed, the receiver back-
ground noise is audible and signals on the correct fre-
quency and within range will be heard. When both
levers are released, the set automatically reverts to beacon

operation.
Erith, Kent. W. R, TIBBENHAM,
Burndept Limited.

“Transistor Audio Power Amplifier”

MAY I congratulate Messrs. Tobey and Dinsdale on
their excellent article (November 1961 issue) describing
a direct-coupled audio power amplifier. I am consider-
ing the use of such a circuit over the frequency band
40-80c/s in which one tends to lose a lot of power in
the series capacitor C,. I should like to have the author’s
views on the use of a direct coupling to the speaker by
having a double rectified supply replacing, if you like,
the batteries shown in Fig. 3. The crux of the problem
is then the stability of the voltage level at the collector of
Vit6. Would this be sufficient?
Cambridge. . N. BETT.
(Electronics Section, Cavendish Laboratory.)

The authors reply:

The arrangement of the power amplifier described, with
capacitive coupling to the load, was felt to be the most
economical for music and speech applications.

The reduction in available output power due to the
output capacitor is small at the frequencies mentioned
by Mr. Bett, compared with the low-frequency reduc-
tion in output power in a conventional transformer-
coupled amplifier. The voltage across the capacitor is
in quadrature with that across the load at low frequen-
cies, so that a value of (say) 1,000uF in series with a
15-ohm speal)(gr gi\;'}egsz at 40c/s:—

Reduction in maximum available power is then:—

152 4 42

PEE —1~03aB 6%

If the output capacitor is doubled it will cause a reduc-

tion of 0-075dB, which is less than 29%. :
However, if operation down to zero frequency is re-
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quired, and lower sensitivity, more noise and less
economy in transistors can be tolerated, direct coupling
to the load is possible with some rearrangement of the
basic circuit as suggested in the figure.

It will be seen that a long-tailed input stage is used
for the following reasons:—

1. To keep the offset d.c. through the load low under
all conditions, including inequality of supplies and
variations in ambient temperature (in the standard cir-
cuit the output-stage working point is slightly tempera-
ture-sensitive due to V. variations in the single-tran-~
sistor input stage).

2. In the standard circuit the reference point for the
application of negative feedback is the positive side of
the supply, so that if a centre-tapped supply is used,
any ripple voltage between the earthy side of the load
and the positive supply rail will appear across the load.
In the circuit shown the earthy side of the load is the
reference point for negative feedback so that the effect
of any positive supply ripple is reduced by the negative
feedback.

Incidentally, to get the lowest possible distortion in
Version 2, it has been found desirable to put a resistor in
sir(i)es with the bootstrap capacitor C,. A suitable value is
1kQ.

With some transistors the high effective load imped-
ance presented to Vt2 by the action of the bootstrap con-
nection causes operation on a non-linear portion of the
transistor characteristic at high voltages. The result
may be second harmoniq distortion which disappears
when the bootstrap connection is disconnected.

The extra resistance in series with the bootstrap
capacitor prevents the generation of second-harmonic
distortion in this way, but the bootstrap connection still
helps the amplifier to give the maximum negative swing
without clipping of the waveform.

The effect does not occur on Version 1.

R. TOBEY.
J. DINSDALE.

Collectors Up or Positive Up?

NO doubt Mr. Baxandall (January issue, p. 23) is right,
though his opponents are perhaps not so inexpert as
he suggests. I feel, however, that his arguments are
incomplete and invalid. My own demand for a published
circuit is that it should be in a form which most nearly
resembles all other published circuits of the same kind:
it should be a passport photograph, a configuration by
which it can be recognized quickly. Since we are un-
likely to persuade the Americans and the Western
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Europeans, the Russians and for all I know the Chinese,
to adopt the form he and, I suspect, you favour we
need to accept two forms if his proposals are adopted.
We also lose much of our stored knowledge of valve
circuit configurations, This seems, in all, a high price
for a small gain.

When we turn to consider circuits in detail, surely we
redraw them if we must. In Mr. Baxandall’s Fig. 10,
for example, we should put the capacitor across the
resistance to get it out of view and remove all evidence
of earth from the circuit. We might even start with
something like Fig. 1, page 17 of the same issue. Work-
ing drawings, however, can be redrawn in different ways
to focus attention on different aspects, but they are
drawn for oneself.

Communications are our business, communication is
our problem. Surely, sir, we are the last people to
insist on using our own private codes.

THOMAS RODDAM.

Transistor Symbols

ANY of your readers who may have followed my writ-
ings over the years should be in no doubt that I couldn’t
agree more with P. J. Baxandall in favouring the transis-
tor symbol repeated here (a), and that in expressing his
firm intention of continuing to use it he and I stand
together as one man.

(2) (b)

Many other writers in W.W., plus M. G. Scroggie
(Radio Laboratory Handbook, Principles of Semicon-
ductors, and Foundations of Wireless, all with the same
symbol) form a not negligible body of agreement, and I
invite others to join. Admittedly the B.S.I. currently
specifies the old point-contact symbol, but it is not
impervious to enlightened change, as has been shown
on several occasions.

Besides the reasons given by Mr. Baxandall for prefer-
ring (a), there is the advantage that in sketching circuit
diagrams one can draw a recognizable version of it in
a measured 1.3 sec., whereas the point-contact one takes
longer. And (a) fits in better with a unified exposition of
transistors and valves,

I suspect however that Mr. Baxandall and the other
authors are not responsible for the version actually
appearing in your January issue, (b). According to the
universally accepted standard, it means that ali the tran-
sistor electrodes are dead shorted together. The blobs
are not only quite unnecessary (they would never be
included in a. sketched circuit) but quite incorrect.

As regards Mr. Baxandall’s main theme—“earth
down > or “negative down ”?—I used to be torn apart
by this dilemma, when all transistors were p-n-p and
everyone knew a lot more about valves than transistors.
But now, with both kinds of transistors available and
students approaching transistors and valves together
from scratch, I am convinced that Mr. Baxandall is
right. :

CATHODE RAY

[It has long been a Wireless World practice to use
“blobs ” to indicate connections to valve electrodes, and
this has been extended to transistors. Rightly or wrongly
we have also adhered to the practice of using “hop-
overs” to leave no doubt when wires cross without a.
connection, so “Cathode Ray’s” figure (a) could be
wrong in Wireless World if he insists that the envelope is
conducting.—ED.] .

WIRELESS WORLD, FEBRUARY 1€62

www americanradiohistorv. com


www.americanradiohistory.com

www americanradiohistorv. com


www.americanradiohistory.com

www americanradiohistorv. com


www.americanradiohistory.com

Splitting the Load

OUTPUT STAGE USING TRANSISTOR WITH EMITTER AND COLLECTOR LOADS

THE natural approach of an engineer who is
required to design an amplifier to deliver a fair amount
of power is to begin by choosing a Class-B output
stage. When the amplifier is to use transistors his
move towards Class B is, if anything, even more
pronounced. When he is called on to provide a
very low output impedance his reaction is quite
different. He may fly to positive feedback to help
him out or he may adopt the cathode-follower or
common-collector circuit but he will probably
accept the inconvenience of Class-A working. In
the more exacting cases this is not as bad as it seems,
because frequently the requirement imposed on a
transistor amplifier is that it should work satisfac-
torily up to a stated temperature which implies that
the junction temperature will be very near its limit.
Ingenious biasing circuits which use temperature-
dependent biasing elements have been proposed
for Class-B systems but these literally cannot be
kept well enough in step with the junction to cope
with practical operation even when, on steady-state
tests, the tracking is good. The penalty is cross-
over distortion, from which Class-A operation is
the only escape.

The common-collector circuit would be ideal if
it did not require so much drive: the base must be
driven with a voltage which is roughly equal to the
voltage across the load. Current is still required
and it is found that the real problem has merely
been moved back one stage. Even with valve stages
it is often difficult to get sufficient swing at the grid
to drive a cathode follower fully.

A common-emitter transistor can be driven very
conveniently by a common-collector driver and this
may in fact be achieved by forming the two into a
compound pair. If this is done there is direct
coupling between the two transistors: the leakage
current of the first may upset the bias conditions
of the second and, when this difficulty is avoided
by a.c. coupling, we are faced by the problem of
the very low impedance level.

The real trouble is that there is too much dif-
ference between the common-emitter connection
and the common-collector connection. Each has
its advantage, to excess, and each its disadvantage.

-3

Fig. 1. Basic
split-load stage.
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-and the transistor is inserted at the division.

By O. GREITER

We require a circuit in which we trade a loss in one
characteristic against a gain in another. Fortunately
such a circuit exists, although it seems to receive
rather less than its due in the literature. This may
be because it is possible to analyse it in a way which
makes it almost incomprehensible: it can, however,
be treated quite simply, so simply that one can
only wonder why any other circuit is used.

Split Load Circuit

The skeleton of the circuit is shown in Fig. 1.
It will be seen that instead of the primary of the
output transformer being connected in the collector
line of the common-emitter circuit, or in the emitter

N

Fig. 2.  Circuit of
Fig. | re-drawn to
show “ application of
feedback ™’ principle.

—~AAN

line of the common-collector circuit, it is divided
By
re-arranging the circuit in the form shown in Fig. 2
it becomes apparent that this is a way of providing
negative voltage feedback round the output stage
and it is well known that voltage feedback reduces
the output impedance. It would appear to be a -
waste of time to go further, for the effect is known
to involve a factor of (1—uB). The difficulty is
that p is the unloaded gain and here there can be
no doubt that even when the load resistor is re-
moved the emitter path must constitute some sort
of loading on the transistor. Referring, as one always
does in these situations, to Bode* we see that we
need to use the fractionated gain defined in Chapter V
(5.11) and that this is the gain which would be
obtained if it were possible to open the B circuit
without affecting its impedance at either end. It
may be that Mr. Roddam or Mr. Ray (Cathode
variety) will care to show that this is easily done:
it appears unlikely.

An approach which does not involve too much
mathematics, and which will at least provide an
approximation, begins by writing the a.c. equivalent
circuit shown in Fig. 3a and then rearranging it

* Network Analysis and Feedback Amplifier Design, by Hendrik W.
Bode, Ph.D., Van Nostrand Company Inc., New York, U.S.A. (1945).

71

www americanradiohistorv. com


www.americanradiohistory.com

RL Fig. 3. (a) Ac. equiva-

I lent circuit of split-load
stage (b) Rearrangement

leading to (c) in which the

. I' -
B %G E(l +n) %RL =
I ‘ g |

(a)

as in Fig. 3b. By taking the transformer secondary
winding to have simply the ratio (1-+#) to the two
windings z and 1 we get rid of » altogether in the
final simplified form (Fig. 3c). Using the standard
form for the transistor as a current generator we
have the conductance G and we shall interchange
between G and R (=1/G), Ry and G;, (=1/R,) to
suit the convenience of the analysis.

We see at once that the voltage which appears
across the load is I/(G+Gy). It will be convenient
to work in terms of the transistor mutual conduc-
tance in producing a first approximation and we
can write I = g,vp,.

Across the section cA of the transformer we shall
get a voltage of I/(G + G.) (1+#x) and this must
be added to v, to find what the input voltage will
be, thus

U =, + [1/(G+Gy) (1+)]
= I[l/gy + 1/(G+Gy) (1+n)]

This expression can be * processed ” to obtain
the gain but our first concern is with the output
impedance. We remove R, and from a source of
infinjite impedance we force in a current I, , as
shown in Fig. 4a. Turning this drawing round we
find we can deal with the very simple form shown
in Fig. 4b.

The voltage is v = (I, — IR and the impedance
must be /I, which we proceed to find. We have,
as before, I = g,,9/(1-+n), for now Gy, is zero and
there is no external input supplied. Thus

v/I, = R/[1+g,R/(1+n)].
It is slightly more convenient to write this as an

output conductance.
G, = G + gn/(1+n).

(b)

Typical Values

An indication of the order of magnitude may be
useful at this stage. The Westinghouse WT10
series have an R of about 1002 and a g,, of about
2A/V, or 1/g, ~ 0.5Q. If we take as a dividing
line the point at which G = g,,/(1+#n) we see that
as n falls below about 50 the second term becomes
the dominating one. A typical load for such a
transistor might be of the order of 10Q and this
could be matched by making (1+#)/g,, = 10 or,
quite roughly, » = 20. By making # = 4 we should
get an apparent source impedance of only 2.5Q.
We can thus move the impedance to any point we
choose in the range 0.5 to 100Q. The price we
‘must pay is loss of gain. We can get an idea of
the input impedance by writing I = /4,7, and sub-
stituting this in a simplified form for the gain
equation based on the fact that G is much smaller
than G;. Then
Vin/ly = hge(Ligm + 1/(n + DGy.)
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G term n has disappeared.

(c)

Generally we shall find that 1/(z + 1)Gy, is suffici-
ently greater than 1/g,, for us to write R;, = Ry2;./
(n + 1) so that, as we might expect, the reduction
of n leads to an increase of input impedance. When
we have Ry, = 10Q, n = 4 and hs, = 5 we get an
input resistance of 8Q, for example.

A very simple approximation shows that the
power gain is about (1 + m)h,,, for the output
voltage is multiplied by a factor of (1 -+ #) if the
mutual conductance is high enough while the
current is multiplied by a factor of 4,,. This approxi-
mation is very useful in the preliminary stages of
design, when the transistor types to be used must
be selected. Either a limit can be set on # or the
size of the driver transistor estimated as soon as
the output transistor is specified. Attention can
thus be concentrated on the essential of the design.

Approximations and Their Effects

A defect of the approximations made is that it
has been assumed that the system is driven from
a zero-impedance source. Although the transistor
requires to have current fed into its base to provide
the transistor action it is assumed that this current
will be produced by the voltage indicated on the
w1, characteristics. For the transistor we have
selected the input resistance is only about 2Q:
only when the source resistance is well below this
will the approximation be valid. An examination
of the gain will show us what happens: the circuit
to be considered is just the base-emitter path shown
in Fig. 5, with an input signal v,, , a voltage at the
emitter of /(1 + n), an external source resistance
rs , and a base current of 7,
For this we have:—

b= [vim — o/l + n)]/R, + Ry
I = ijy, ando = RI
= Ryhg[vin — 0/(1 + n)/(R s + R;,)] so that
7’[1 -+ Rthe/(l - n)(Rs + Rm)] =
vinRthe/ (RB + Rin)
Io

<€

—

(a) . (b)
Fig. 4. (a) Current |, is supplied from infinite impedance to
determine output impedance. Form of circuit shown in (b) is
simplified from (a).
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Automatic Tape Stop

By G. V. BUCKLEY,*A.M.LE.E.

USE OF LIGHT REFLECTED FROM ADHESIVE METAL MARKER

lT is often desirable for a magnetic tape or film
machine to be stopped automiatically at selected
points of the programme and one effective method
was described by B. H. Parks in the July, 1958, issue
of Wireless World (page 308). The device to be

Fig. 1.

Marker detector of automatic stop device.

described was developed for use with a magnetic tape
recorder but could be used also on film machines.

A primary requirement for such a device in broad-
casting is that the marker which is applied to the tape
at the required stopping point should be easily
applied and removed and should not damage the
tape. This rules out methods employing holes in the
tape or removal of the magnetic oxide from portions

of the tape. Adhesive markers, however, are satis-
factory from this point of view and have been used
in the past to operate devices employing optical,
capacitive or direct-contact methods.

Direct-contact methods employ metallic markers,
either spliced into the tape or stuck on to it, which make
contact with a stationary switch device, but, although
this method is extremely simple, practical devices
cannot easily be made really reliable under operating
conditions. Optical methods have also been used in
which the passage of a white or coloured adhesive
marker on the tape is detected by diffuse reflection
of light from its surface, but similar adhesive mate-
rial is normally used for making joints in the tape
so that it becomes difficult to make a detecting device
distinguish between markers and joints, even if
different colours are used for each.

These disadvantages and weaknesses can be over-
come by using a metallic adhesive marker and
making use either of its highly reflective properties
for optical methods or its electrical properties for
capacitive methods. The method finally adopted for
this device uses an optical system, employing as a
marker self-adhesive tape normally used for jointing
video recording tape. The particular tape used for
this development is made available to the B.B.C. by
the Minnesota Mining & Manufacturing Co., Ltd.,
and is known as the “ Scotch ” brand of Aluminised
Splicing Tape (Type No. 390/VR/%in). (An alter-
native would be the same company’s Aluminium
Sensing Tape, Type No. 51-7/32S.) It is easily and
quickly applied and removed, and does not harm the
tape in any manner. There are other types of self-
adhesive reflecting metallic tapes on the market
which no doubt would be suitable for operating this

*British Broadcasting Corporation.

MACHINE
2 STOP SWITCH
-35V ' ] .
A X
\}}« Fig. 2. Circuit diagram of
automatic stop device.
SENSITIVITY RELAY LAMP VOLTAGE
CONTROL HOLD-ON REGULATION
FROM MACHINE 10k RESISTOR RESISTOR
_RELAY 15k 330 2W
POWER SUPPLY A
VITALITY
PROTECTION LILLIPUT TO MACHINE
blooe b 4 — 1 Smm LES. RELAY SYSTEM
ERICSSON 1A 12V 50mA
(4,0000))
MICRO-SWITCH
BULGIN TYPE M
Y
+
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device, but before using them it should be ascer-
tained that the adhesive does not “creep™ under
pressure as, if it does, adjacent layers of the magnetic
tape will stick together with unfortunate results.
The detecting device, together with a sectional
view of the head block, is shown in Fig. 1. A light
source (1) and a photoelectric cell (2) are housed in
tunnels drilled into the solid head. block (3). The
two tunnels are drilled at angles such that the light
from the lamp emerges from its tunnel and is
reflected from the tape (4) back up the tunnel hous-
ing the cell. The geometry of the light path favours
specular reflection and although the diffuse reflection
from jointing tape will reflect some light on to the
cell the ratio of light reflected from the metallic
marker to that from jointing tape is great enough
to ensure selective operation. Consistent results are
obtained by keeping the distance between tape and
head block constant and at its correct value, and this
is achieved by choosing a point of reflection in the
tape path where the position of the tape is fixed, such
as at a pulley (5). The head can be swung to its off
position (6) if it is not required or to facilitate tape

threading. When the head is moved a short way
from its operational position a micro-switch is
actuated which disconnects the device entirely from
the relay circuit of the machine. This feature also
acts as protection against the device being operated
accidentally by ambient light when being ‘moved to
its off position.

The device uses a cadmium sulphide type of photo-
cell which has characteristics particularly suitable for
this type of work. First, the photocell has a high
value of sensitivity and a high current output
enabling relay operation without intermediate am-
plification. Even where there are limitations of
supply voltage and luminous intensity the cell can
be used in extremely simple and reliable circuits for
providing the necessary amplification, a typical
example of which is shown in Fig. 2. Secondly, this
cell has a response time (change of cell current time
constant) of the order of tens of milliseconds, depen-
dent on illumination, and this characteristic can be
used for increasing the selectivity of the head by
specifying the lengths of metallic markers and joint-
ing strips to be used.

Very High Stage Gains

SELECTIVE AMPLIFIER STAGES USING HIGH-Q COILS

IT is possible, using a ferrite-cored inductor, to
make a tuned circuit with a dynamic resistance of
50MQ at lkc/s'. As this is much higher than the
anode impedance (r,) of any normal pentode valve,
and as impedance transformation is possible in the
tuned circuit, it is perhaps worth remembering that
in these circumstances a stage gain in excess of the
valve amplification factor (p) can be obtained by
matching the load to the valve. This has not been
generally done since the days when low-p triodes,
used as audio amplifiers, provided much of the gain
of a radio receiver and the meagre stage gains were
augmented by using step-up transformers for inter-
stage couplings.

A typical circuit is shown in Fig. 1, and to achieve
maximum gain the transformer turns ratio (N) is
chosen so that V1 sees a load equal to r,. This is
done by making N=+/(R,/r,) (In the present case
R, is the dynamic resistance r, of the tuned circuit).
The gain from grid to anode is p/2 when the anode
load equals the anode impedance, so the overall
gain becomes:

Aper = (w/2)V(Ri/r) .. . D
Putting in some typical quantities, suppose ¢=6000,
.= IMQ, and Ry, = 499M Q. Then A,,,=21,000,
or 86dB.
The question arises: which is the better valve,
one with high g, and low g, or one having high p
and low g,? From equation (1),

(Aper)® = pRy/4r,
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Writing p/g. for r,: .
(An)? = p*Ry/(4p/gn) = pguRi/4
Whence Ama. = %v(#ngL)
Evidently the best valve is one for which the product
pg, is high. .

The table lists some practical values. (Valve manu-
facturers often quote only g, and r, for pentodes.
Here it is easier to calculate g,%,, which is equal
to pgm.) These suggest that, where voltage gain

Vi

s Gmi &
-y

Fig. 1. Typical transformer-coupled amplifier stage where
step-up of transformer matches conditions in secondary circuit
to preceding valve anode.
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Valve

Type |gum (mA/V) | r. (MQ) ® Zup (AfV)
6AC7 9 1 9000 81
6F1 9 0.9 8100 73
6]7 1.25 15 1900 2.3
6SH?7 4.9 0.9 4400 22
6SJ7 1.65 1 1650 2.7
E180F 16.5 0.035 580 9.5
E810F 50 0.07 3500 175
EF50 6.5 1 6500 42
EF54 7.7 0.5 3800 30
EF86 1.8 25 4500 8
EF91 7.6 1 7600 58
EF95 5.1 0.69 3500 18
SP61 8.5 0.7 6000 50

alone is the criterion, the more old-fashioned types
of television pentode are a good bet. In a practical
amplifier however, noise and microphony may be
the deciding factors and, if there is a very-high-
impedance tuned circuit at both the anode and the
grid, it may be necessary to select a valve with low
grid-to-anode capacitance to avoid instability. How-
ever, an amplifier arranged for maximum gain by
the technique described above is more stable than
one with the tuned circuit connected directly in
the anode circuit, without a transformer.

Gain v. Bandwidth

The price paid for high gain is reduced bandwidth,
because there is a limit on the product of gain and
bandwidth when a lumped-constant load is employed.
This is of no consequence when the amplifier is
required to be selective, provided that the tuning
is not excessively sharp. (In the case of the coil
mentioned in the reference, the working bandwidth
(—3dB) would be about 13¢/s at 1kc/s.) Applications
which suggest themselves are a.c. bridge-detector
amplifiers and selective -amplifiers in harmonic-dis-
tortion-measuring instruments. Such equipment
is nearly always mains-operated and physically
large, so there is no particular advantage in using
transistors. Indeed, the valve is at a distinct ad-
vantage, since it can produce a much greater stage
gain. (In the case of a transistor current amplifier
the maximum current gain is not realizable, because
the following transistor presents a finite impedance.
To get the maximum gain, its input impedance should
be zero. In the case of a valve, where voltage
amplification is required, it is possible, with care,
to keep the input impedance of the following valve
high, even compared with 50M Q.)

If a high stable gain is required, the performance
of the valve can be improved, without reducing the
gain by stabilization of the anode current (which
keeps g, constant). The easiest way to do this is
to use a cathode-bias resistor of higher-than-normal
value and apply a stable positive potential to the
grid to bring the anode-current back to its normal
value (Fig. 2a). Then I, ~ 9,/R;. -

Selectivity can then be improved by replacing the
cathode bypass capacitor C, by an acceptor circuit
which presents a low impedance at the wanted
frequency, or by incorporating a parallel-tuned re-
jector circuit (Fig. 2b). In either case, the com-
ponent values should be chosen so that the imped-
ance of the tuned circuit is <(1/g,,) at the wanted
frequency and >(1/g,) at the unwanted frequency.
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— (a)

(b)

: \ TUNED TO

S UNWANTED FREQUENCY

TUNED TO
WANTED FREQUENCY
Ry

Fig. 2. (a) Use of high value cathode resistor for stabilization
of anode current and g,,: V,y is returned to normal by positive
potential applied to grid. (b) Improvement of selectivity by use
of two trap circuits in cathode lead.

The relevant mutual conductance here is that of
the valve connected as a triode, which is usually
about 259, greater than the pentode mutual con-
ductance.

This trick should be useful in distortion measure-
ments when a relatively weak harmonic signal has
to be separated from a relatively strong fundamental,
because it increases the signal-handling capacity of
the valve at the unwanted frequency and so dis-
courages the creation of spurious harmonics which
might give misleading results.

REFERENCE

1. M. Parkyn, ¢ Extended Q-Meter Measurement and
Measurement Accuracy.”  Marconi Instrumentation,
September 1961, p. 61.

The coil taken as an example is one of inductance
50H, with a Q of 150, and it is described as “ a practical
component using ferrites”. (Manufacturers’ data for
ferrite pot cores indicate that, using the largest cores,
inductances running into hundreds of henrys can be
made, using very fine wire. Despite the lower Q it would
seem possible to achieve dynamic resistances of several
megohms even at 100c/s.)
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TRANSISTOR AMPLIFIER PAIRS

-USE OF NEGATIVE FEEDBACK

THIS paper is intended to give the theory of a
certain class of feedback amplifiers employing a pair
of transistors in a phase-reversing circuit of a type
more commonly designed for use with thermionic
valves. Salient characteristics of the amplifiers will
be described and some measured performance
figures will be given and compared with calculated
results. The paper will conclude with a description
of some practical applications, all of which have
been tested experimentally.

It is assumed that the reader is familiar in a
general way with such properties of feedback ampli-
fiers as can be inferred from the standard gain
equation m = A/(1 + AB). From this it is clear
that the voltage gain m, with feedback, approaches
more and more closely to the limiting value 1/B
as the product AB is increased, A being the inherent
gain of the amplifier without feedback and B the
feedback coefficient. In practice the feedback net-
work is usually constracted from stable, linear,
passive elements and in the limiting case the per-
formance of the amplifier becomes independent
of A and is determined solely by the feedback
" circuit. It becomes linear and distortionless. By
contrast, if the feedback network includes reactive
or non-linear components then the complete ampli-
fier becomes frequency-dependent or non-linear in
its action and will in fact assume the characteristics
of the feedback circuit. To obtain useful gain with
feedback (m large), B must be small. Since AR
must be large in comparison with unity it follows
that A must be very large indeed if the full benefits
of feedback are to be secured. There would appear
to be no particular difficulty in constructing a multi-
stage amplifier to give high voltage gain but
unfortunately the term A in the gain equation is-a
complex quantity, since all practical amplifiers
exhibit some phase shift between the output and input
voltage. A phase displacement of 180 degrees
turns negative into positive feedback and instability
will result if the amplifier loop gain exceeds some
critical value at frequencies corresponding to a
phase reversal. Herein lies the basic difficulty of
feedback amplifier design.

Fortunately the problem is much simplified if
feedback is.applied over two stages only. With
reasonable care it is possible to hold down the
phase shift per stage to less than 90 degrees. More-
over, two tandem stages can easily produce a voltage
gain of 1000 or more and this is sufficient to allow
most of the theoretical advantages of negative feed-
back to be realized in practice. In what follows,
two-stage amplifiers only will be considered and
remarks will be confined to those in which there is
a deliberate reversal of the phase of the output
with respect to the input voltage.

The feedback system will be that shown schematic-
ally in Fig. 1, in which the positive and negative
signs show the instantaneous polarities of the
various voltages to be considered. In this diagram
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R, and R, form the feedback network while r
represents the input impedance of the amplifier.
At low and moderate frequencies r would be the
input grid resistance of a valve amplifier or the
input impedance of a transistor amplifier in parallel
with such biasing resistors as are required to set
the correct operating conditions for this stage.
The arrangement in Fig. 1 is best analysed by
means of the equivalent circuit shown in Fig. 2.
Let m = voltage gain of the feedback amplifier,
= E,/E,or E, = mE.
A = intrinsic gain of amplifier without feed-
" back,
= E,/e;or E, = Ae.

Kirchhoff’s equations for the two loops givei—

E =Ry, + e .. .. .. ¢

mE = Ry, — e, .. .. .. 2

e = mE/A = (i; — ipr, .. .. 3
From (3):—

i, — iy, = mE/Ar, .. .. )

From (1) and (3):—
' _’"_E) 1
A,

i = E-oR: = (E-"1 g

B o

From (2) and (3):—

_MEt+e < mENT
e R >
__mE 1 .. .. (6
~R, (1 + A>
From (4), (5) and (6):— _
mE E mE/ )

o= w8 TR R)

Rz

o
E
I<__g-_.

Fig. 1. Block diagram of feedback amplifier.

Ry

R; .
T - VANV 4 _'—T
/De r /ID E RS Eg=mE
D S

Fig. 2. Equivalent circuit of Fig. I.
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It is required to find an expression for m in terms
of the other quantities. Equation (7) gives, after
collecting terms and simplifying:—

AR,/R,
1

i .
A+1+ R,(r +Rl>
Note that E, is opposite in phase to E so that,
strictly speaking, the sign of m should be negative.

Some special cases can now be considered.
Assume first that the amplifier gain A is infinitely
large. The voltage gain is then m = R,/R,. This
is simply the ratio of the feedback resistances and
is independent of A. The actual values of R; and
R, are decided by practical considerations. In the
first place, R, should be large compared with the
amplifier load resistance R; in order to reduce
its shunting effect on the load. For transistors
with R of the order of 1 kQ it is convenient to
make R, about 10 kQ. Once R, is fixed, the value
of R, is settled by the desired value of m. If m
= 10 and R, = 10 kQ, then R, = 1 kQ.

With an amplifier of finite gain A the voltage
gain m with feedback is always less than the ratio

E,JE = m = (8)

15V 5mA
woy.'L ss% OC“/<
0C44 5k \‘
[ .
1
\4 100/
>
z7k§
;oop%: %3% ’ %Z'Sk
S +E
INPUT . R ] OUTPUT
1 2
A VAN —]—
oo 15k 10:6k 100

Fig. 3. Common emitter/common collector feedback amplifier.

R,/R;. Examination of equation (8) shows that
the discrepancy will be small if A is very large in
1

1
proportion to 1 4+ R, <7+-§—). In practice, A
: 1

will be of the order of 1000 and the inequality becomes
1

AS Rgc— +i)‘ On the right-hand side the
1 .

ratio R,/R, is fixed by the required voltage gain m,
leaving only the value of r to be considered. In a
valve amplifier » will be about 1 megohm and its
effect is negligible. For a common-emitter tran-
sistor amplifier » will be a few thousand ohms (com-
parable with R,), so that R,/r will not differ much
from unity. Again, its effect is negligible. For a
common-base amplifier, r may be quite small,
say 25 ohms. If R, is 10,000 ohms the ratio R,/r
is 400 and this figure is quite large compared with
the assumed value of 1000 for A. There will be a
reduction of about 40 per cent in the observed
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value of m as compared with the “ ideal > calculated
value m = R,/R,. Finally, the effect of the ratio
R,/R, in the denominator of equation (8) must be
taken into account. In practice this ratio will lie
between 1 and 10 or so, depending on the gain
required. If A = 1000 and Ry/R, = 10, the measured
voltage gain will be about 99 per cent of the com-
puted value, assuming for the moment that r is so
large that its contribution can be neglected.

To sum up, a feedback ampiifier of this type
will have its properties determined largely by the
two passive feedback elements R, and R, ifi—

(a) The inherent gain A is very much larger
than the ratio of the feedback resistances
Ry/R;.

(b) The amplifier input resistance r is so high
that A is very large compared with R,/r.

The input impedance seen by the signal source
E is a little higher than R,. If r is large the actual
value is R; + R,/(A 4 1). For some applications
this relatively low input impedance is a disadvantage.
One method of increasing it will be discussed later.
It is not good enough merely to increase the value -
of R, since, to preserve constant gain, a proportion-
ate increase must be made in R,, leading to possible
difficulties with shunt capacitance. Nor is it satis-
factory to precede the feedback amplifier by a
common-collector stage which will have a poor
noise figure when operated from a high impedance
source. It may also degrade the performance in
other ways. Experience shows that the noise figure
of most transistor amplifiers is a minimum when
the input impedance is a few thousand ohms and
when the amplifier is driven from a source having
an internal impedance of the same order of magni-
tude. Fortunately, many signal sources can be
designed to have this sort of output impedance.

Practical Amplifier Circuits.—Fig. 3 is the
circuit diagram of a two-stage feedback amplifier
on which some practical tests have been made.
The component values shown are as actually measured,
not just nominal figures. This does not imply that
the choice is particularly critical. ‘Tolerances of
about five per cent are allowable if the absolute
maximum undistorted output is not required. The
nominal gain is set by the feedback resistances R,
and R,. The first amplifier is a common-emitter
stage, unusual only in that the feedback resistance
R, also forms one arm of a base-bias potential
divider, the other arm of which is a 2.7 kQ resis-
tance, - The output stage is a species of bootstrap
circuit. Its thermionic-valve counterpart has been
extensively discussed in Wireless World,:s 2 3, ¢
and the transistor version calls for little further
comment., Briefly, the action of the second tran-
sistor is such that the effective value of its base-
bias resistance appears to be much higher than its
actual physical resistance. As this component
forms part of the collector load of the first transistor
the gain of this stage is abnormally high. To achieve
the same gain by standard R-C coupling would
require impracticably high values of load resistance
and supply voltage.

When constructing wideband feedback amplifiers
it is good practice to use r.f. transistors with alpha
cut-off frequencies of 10-20 Mc/s. If the response
is to extend far into the video-frequency range, then
v.h.f. transistors should be used. For the present
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—15V 8mA

GETI4

S 0w
6~ak§ =
) J‘}lk loo;LT'r%sso
+E

INPUT ‘ OUTPUT
p—3 VAAA
1000 1105k 855k 750/.1

Fig. 4. Feedback amplifier with common base input stage.

application OC 44 transistors or similar types are
entirely suitable.

Measurements on the amplifier gave the followmg
results:—

Ratio of feedback resistances: R,/R; = 7.07
Overall voltage gain with

feedback: m = 6.67
Ratio: R,/mR, = 1.07
Inherent voltage gain: A = 1250

Input impedance:
Output impedance
Maximum open-circuit out-

1.5 kQ at 1000 c/s
14 Q at 1000 c/s

put voltage: 4V r.m.s.
Frequency response: flat from 10 c¢/s to
22 kefs
Value of R, to give unity gain,
(m = 1) 9k

With a specially-filtered 1000 c/s signal source,
adjusted to give 3V r.m.s. output from the ampli-
fier, an attempt was made to measure the distortion
products using a bridged-T LCR network to sup-
press the fundamental frequency. It proved impos-
sible to measure the very low harmonic output
because of instability of the null balance point,
assumed to be due to random fluctuations of the
test-oscillator frequency. Since the amplifier gain
is reduced by feedback from 1250 to 6.67, i.e. by
a factor of 187, it is reasonable to expect that the
original distortion would be reduced by the same
factor. Assuming 5 per cent distortion in the
amplifier without feedback, this gives a figure of
0.025 per cent for the feedback amplifier. -

Lack of suitable measuring equipment has made
it impossible to give accurate gain figures at high
radio frequencies but rough tests show that the
response is well maintained up to at least 1 Mc/s.
The power gain, working into a 1.5 kQ load, is
16.5 dB, or 20 dB into 667 ohms.

Use of Common Base Input Stage.—A second
amplifier has been constructed using the circuit
shown in Fig. 4. The first stage is a common-base
amplifier, characterized by a very low input imped-
ance. The output stage makes use of a common-
emitter amplifier to provide the requisite phase
reversal. As before, R; and R, are the gain-setting
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feedback resistances. In essence the properties
of this amplifier resemble those of the one just
described, except that the output impedance is
much greater. The measured gain, with feedback,
corresponds rather less closely to the *ideal’’
figure determined by the ratio of the feedback
resistances, in spite of the fact that the intrinsic
gain is somewhat higher. This is due to the drastic
shunting effect of the low input impedance of the
first amplifier stage. From an examination of
equation (8), this is only to be expected. If r is
small, the numerical value of R,/r is no longer
negligible in comparison with A. Nevertheless
the dominating effect of a large value of A is sufficient
to permit the use of a common-base stage of very
low input resistance.

A useful modification of the circuit is to replace
the emitter bias resistance and by-pass capacitor
of the second amplifier stage by a Zener diode of
appropriate voltage rating. A 3.3-volt diode (Stan-
dard Telephones, Type Z2A 33), is suitable. It
will serve to remove a troublesome low-frequency
phase shift due to the usual CR bias network.
Salient characteristics of the amplifier in Fig. 4,
are:—

Rg)Rl = 8.13

Ratio of feedback resistances:
Overall voltage gain with

feedback: m = 6.82
Ratio: R,/mR, = 1.19
Inherent voltage gain: A = 1500

Input impedance:
Output impedance:
Maximum open-circuit output

1.05 kQ at 1000 ¢/s
163 Q at 1000 c/s

voltage: 3V r.m.s.
Frequency response: flat from 10 c¢/s to
22 kc/s
Value of R; to give unity
gain: 7.05 kQ

As before, there is useful gain up to 1 Mc/s.

An attempt was next made to modify this ampli-
fier for operation down to zero frequency (see
Fig. 5). For a start all capacitors were removed,
including that between base and earth on the first
transistor. The effect of this last operation is to
introduce some negative feedback which reduces
the internal gain of the amplifier. To offset this it

—15V 8mA
élk

12k
> . GETII4

47;%

<

GETI14

1 %Ik
. 5 +E

\ , (

INPUT OUTPUT
Ry Rz
A AAAA
1-05k 855k

Fig. 5. Circuit of F:g 4 modified for operation down to
- zero frequency.
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Rzi !

Fig. 6. Circuit with high or negative input impedance.

would be possible to use another Zener diode,
assuming that one could be found with the correct
operating voltage. Alternatively the resistance of
the elements of the base-bias potential divider could
be reduced, although this would result in drawing
a much larger curcent from the power supply.
The measurements quoted below were in fact made
without changing the base-bias resistances.

One miore precaution must be taken when using
the circuit of Fig. 5 as a d.c. amplifier. This is to
ensure that the input d.c. signal source and the
output load are supplied with sufficient standing
bias to maintain the proper quiescent conditions
in the amplifier. Provided that the power supply is
stabilized (say by using another Zener diode of
15 V rating), proper standing bias can be taken
from the sliders of two potentiometers connected
across the h.t. supply. Results of measurements
on the circuit of Fig. 5 are as follows:—

Ratio’ of feedback resistances: R,R, = 8.13
Overall voltage gain with

feedback: m = 6.45
Ratio: R,/mR, = 1.26
Inherent voltage gain: A = 345
Input impedance: 1.05kQat 1000 c/s

Output impedance: 170 Q at 1000 c/s
Maximum open-circuit output

voltage: 3V r.m.s.
The frequency response is exactly the same as

that of the other two amplifiers.

Amplifiers With High Input Impedance.—For
many purposes the low input impedance of the
amplifiers described above is no disadvantage and
indeed it can be turned to good account, particularly
if the feedbick network is proportioned to give an
input resistance of 600 ohms. This figure is stan-
dard in telecommunications practice, filters, equal~
izers, attenuators and transformers being readily
available to work at this impedance level.

On occasion, the low input impedance is incon-
venient. It can always be raised to any desired
figure by connecting an external resistance in series
wiih the amplifier input but at the cxpense of
reduced gain. A more elegant method has been
described in a recent paper by E. Katell®. The
principle is shown in Fig. 6. Two phase-reversing
amplifiers are connected in cascade, the output of
the second being fed back to the input of the first.
The signal source is connected as shown. The
variable resistances R, and R, serve to control the
individual gains of the amplifiers A; and A,, while
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R, permits adjustment of the output current of
A,. If i, is the input current of A, and i, the output
current of A,, the directions being as shown on
the diagram, it is clear that the current I drawn
from the slider of the input potentiometer is the
difference between 7, and iy or I = 4, — i, If
i; = I4 no current is drawn from the source which
thus sees an infinjte output resistance, looking into
the amplifier. If i, is larger than 7, the input resis-
tance is negative. This suggests that the system
would be unstable but provided that the signal
source has a sufficiently low resistance the net
resistance between the amplifier input and earth
remains positive and stability is assured. If R is
the source resistance and — r the negative input
resistance the parallel combination is — Rr/(R — r).
This must always be positive to maintain stability
so that, numerically, » must be greater than R.

Systems of this kind are notoriously difficult to
set up and to be successful the amplifiers must be
extraordinarily steble in gain and phase shift.
They must also be virtually distortionless since,
with reference to the signal source, 7, is being
partially or completely cancelled by i,. If one of
the currents contains distortion components not
present in the other, cancellation of these will not
take place. It is a tribute to the perfection of feed-
back amplifiers that the scheme can be made to
work satisfactorily, even with a moderate degree
of impedance multiplication, It is interesting to
observe the amplifier output waveform as the point
of infinite input impedance is approached. As the
level of the input signal is increased the output
waveform becomes progressively more and more
distorted, particularly if the signal source is of
high impedance. It is difficult to devise a more
sensitive indication of amplifier linearity and with
sufficient care in adjustment it might be possible
to detect distortion as low as one thousandth of 1
per cent. This corresponds to the detection of
distortion products which are 100 dB down on
the fundamental level, a feat which is well-nigh
impossible by any standard technique.

The negative-impedance amplifier can be used
as an oscillator or Q-multiplier at frequencies between
50 c¢/s and 100 kc/s. For use as an oscillator the
input gain control is removed and replaced by a
suitzble parallel-tuned LC circuit. The loop gain
is then increased to the point where the negative
input impedance is sufficient to neutralize the cir-
cuit losses.  Sustained oscillation then occurs.
Less than critical regeneration is used in the Q-
multiplier and the signal to be amplified is also
connected to the amplifier input, preferably through
a high resistance. In either case (oscillator or Q-
multiplier), outputs are available at points (1) and
(2) in Fig. 6. The outputs are at low impedance
and they are in antiphase. Their amplitudes are
individually adjustable so that a balanced push-pull
output is availzble if required.

An amplifier with icfinite or negative input
impedance is ideal for use after a diode demodulator
stage. It is well known that distortionless demodula-
tion of a deeply modulated a.m. signal calls for a
near-unity ratio of d.c. to a.c. load resistances. This
requirement is easy to meet and there is no trouble
with instzbility because of the presence of the
normal diode load resistance across the amplifier
input. This scheme warrants a fuller investigation
with reference to transistor circuits.  Although
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uneconomical as regards components, use of the
circuit would be justified where distortionless
detection is required as in measuring equipment.

Miscellaneous Uses of Feedback Amplifiers.—
The amplifiers shown in Figs. 3, 4 and 5 are ideal
for mixing or combining audio signals from a variety
of sources. Four programmes can be added, with
negligible interaction, using the circuit of Fig. 7.
The gain of each channel may be set or controlled
independently of the others by suitable choice of
the input resistance. The effective input resistance,
looking into the amplifier from the junction point
of R,, Ry, R; and R, is accurately calculable. It is
equivalent to a resistance R/(A + 1) in parallel
with the normal input impedance of the amplifier
(e.g. the grid resistance of a valve amplifier or the
input resistance of a transistor). If R = 10 kQ
and- A == 1000 the input resistance is close to 10
ohms, low enough to cause negligible interaction
between the individual channel gain control settings.

A low-frequency crystal oscillator circuit is
shown in Fig. 8. This is given more because of its
scientific interest than for its practical utility since
it is unnecessarily complicated. Two phase-reversing
amplifiers A, and A; give an output which is in
phase with the input. The quartz crystal forms the
series element of a pi-network, the shunt elements
being a low-value resistance and a thermistor, the
purpose of which is to provide amplitude control.
The feedback resistances are adjusted to provide
enough loop gain to ensure reliable oscillation.

Finally, a brief reference may be made to the
properties of amplifiers in which the feedback
elements are reactive, non-linear or temperature-
dependent. If either R, or R, is replaced by a pure
reactance the amplifier behaves as an integrator or
differentiator. A description of the basic principles
of these circuits has been given in Wireless World
by J. M. Peters®. Interested readers are referred
to this paper.

INPUTS R, R
o— &
—a—t
Rs A oUTPUT =
o——"V—1 SUM OF INPUTS
y T
o— — W— 4

Fig. 7. Adding signals from four sources.

R R
AN VWA
1k
—1 A| NV A 2 M
1 100ke/s sk
VA bt A
560 Q THERMISTOR
70001 (CoLD)

Fig. 8. Series resonant crystal oscillator.
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Fig. 9. Variable gain amplifiers.

In Fig. 9, schematic diagrams are given of four
amplifiers which have applications in the field of
control and regulation. Circuit (a) uses a thermistor
as a feedback element. A rise in the input signal
level causes an increase of energy dissipation in
the thermistor. Its resistance falls and this causes
a reduction of amplifier gain. The circuit can be
used to control the output amplitude of an oscillator
without causing distortion due to overloading and
waveform clipping. Circuit (b) gives an increasing
gain as the level of the input signal is increased.
Neither circuit gives an instantaneous response to
sudden level changes because of thermal lag in
the control element.

Circuits (c) and (d) provide facilities similar to (a)
and (b) respectively, but the response is instantane-
ous. They exploit the non-linear resistance of semi-
conductor diodes at low signal levels. Low-power
silicon rectifiers are ideal for this application. Unfor-
tunately both these circuits introduce some non-
linearity distortion and they should not be used
in high-quality audio equipment or in oscillators
which are required to give a strictly sinusoidal
output.

When thermistors or diodes are used as control
elements it is essential to remove any standing d.c.
by means of a blocking capacitor. These com-~
ponents are required to be responsive only to alter-
nating signal currents. Thermistors should be
protected from wide ambient temperature fluctu-
ations since these may cause resistance changes
large enough to swamp the changes due to electrical
heating of the element.

In all cases where reactive or non-linear feed-
back elements are employed the control characteris-
tics can be modified or ‘ diluted ” by the use of
series or shunt resistance. In this way the overall
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Fig. 10. Equalizer circuits.

gain characteristic can be tailored to suit almost
any practical requirement.

Fig. 10 shows two amplifiers with associated
equalizing networks. By proper choice of com-
ponent values, any desired frequency characteristic
can be provided. The list of examples given above
is by no means exhaustive. Feedback amplifier
pairs have been incorporated in RC oscillators,
selective amplifiers, wave analysers, in measuring
instruments and in pulse circuits. They are widely
used in analogue computers, in servo mechanisms
and in regulation or control equipment. In all
these cases their small size and low power require-
ments are useful attributes but their chief attraction
is that the performance comes close to the theoretical
ideal.

Conclusion.—Transistor feedback amplifier pairs
are easy to design when a.c. coupling is used between
stages but are less simple when d.c. coupling is

employed. Some care is necessary to establish
simultaneously the correct operating points for
both transistors. Minor errors in biasing will
commonly result in one transistor being bottomed
or cut-off and thereby rendered inoperative. The
best way to set up the correct working conditions
is to wire in permanently all the calculable com-
ponents like load resistances, emitter resistances and
feedback elements and to use variable components
for the bias potential dividers. A signal input can
then be applied and the output waveform examined
on an oscilloscope. Adjustments can then be made
to give maximum undistorted output, with sym-
metrical waveform clipping at the overload point.
The makeshift components can then be removed,
measured and replaced by fixed components of the
nearest standard values. This procedure will not
commend itself to the purist but it is a useful short
cut. The alternative calls for a fairly precise know-
ledge of the transistor characteristics and it takes
longer to measure these than to follow the line
suggested.
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FUNDAMENTALS OF FEEDBACK DESIGN

2. — STABILITY

STABILITY is the very pith and marrow of all
negative feedback problems. There are a number of
different aspects of the stability question which are
important to the practical engineer. It will be as well
to note these before going on to discuss them in
detail. First and foremost from the theoretical point
of view there is the rule for determining whether a
system will be stable. This is the foundation of all
that follows but this is by no means sufficient for any
constructor of hardware. Stable systems may be
conditionally stable, in which case an overload may
set them into an unstable state. The effect of
component variations may be sufficient to modify the
performance so that it becomes unstable, as many
amplifier designers have found. Stability alone is not
enough, for a system may be stable but still have a
pronounced peak in its response which can cause
ringing and overloading. _

A proof of the rules which can be found is beyond
our scope. The student who is sufficiently advanced
will certainly have Bode’s Network Analysis and
Feedback Amplifier Design (Van Nostrand and
Macmillan) at his elbow. Here it is probably
appropriate to sketch out the way in which Wiener
establishes a stability criterion in Cybernetics (M.1.T.
Press and John Wiley). Suppose that we have a
system which will give us, for an input f(¢) a delayed
output f(z — ), where - is the delay. This is our
amplifier path. At any time ¢ we know the values of
1(z) for all lesser values of z: we cannot know what f(z)
will be for > now because someone may pull out
the plug. The feedback path returns a portion of the
output to the input. The first signal can be regarded
as defined by a,f(t — +,), while this first return will
give us a,f(z — 7,). But this will in turn be recircu~
lated. If you consider the signal to be a very short
pulse which is simply delayed you will have no

INPUT

R Y

OuTPUT

Fig. 2. Output of delaying feedback amplifier with very short
single-pulse input.

difficulty in seeing that the result will be of the form
shown in Fig. 2. Overall the result will be to give an
output of n
‘ Zaf(t — ).
k=1

The next stage in generalization leads to the more
convenient form

[0}
Of a (‘r)f(t — 'r)d7.

The important point about this expression is that
the integration is from 0 to c and not from — o to .
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By G. EDWIN

Any physical system which converts an input f(z) into
[0
Ofa (7)f(l - 7)d‘T

with a(r) not zero for all negative values of = is
apparently predicting the future. Which of us would
dare to do that?

A passive system which illustrates the problem is
the simple low-pass filter. If we wish to provide
band-limitation for a television signal we must

L

Fig. 3. Simple circuit 0300

for introducing idea : R

of frequency func- b AAAA—
tions in the complex
plane. C

produce from a pulse input an output of the form
(sin x)/x. Equalizer systems using delay networks can
be made to give as good an approximation as you like
to this, provided you are prepared to wait. The
ideal system will have an infinite delay.

What actually happens when a system claims to tell
the future is that it ignores the past. It may oscillate
or it may lock over against a non-linearity: both of
these effects are useful in their own way. An ampli-
fier, however, must not set up in business for itself.

The analysis given by Wiener proceeds to convert
the time function above into a frequency function.
This can be plotted to describe a boundary dividing
the whole plane into two regions which can be called
inside and outside. In Wiener’s treatment the point
at infinity cannot be inside; for practical work we
transform the function to get a more convenient rule.

This question of frequency functions in the
complex plane seems to produce a psychological
block in some engineers, possibly because it is
followed usually by some steep mathematics. Con-
sider, however, the very simple circuit shown in
Fig. 3. This will frighten no one. The impedance
of this circuit is Z, where

Z-1' = R-!' + (1 — «?2LC)/joL.
If we now write vy*LLC = 1 we get
Z7' =R+ (1 — o?/we?)(w/wg)jw,L
and we can then substitute
Q= (1 — w¥w?)/(w/ag)
to get

Z1=R1—jQleL
so that
Z = R/1 — j QR/w,L).

It is not too difficult to show that if we write
Z = x + iy and plot the values of x and y for varia-
tions in O we get the circle shown in Fig. 4. This
circle is traced out on the end of the vectorZ. At

Q =0, where w = wy, Z is just R. At Q= »
where o = 0, Z is zero, as is also the case for
Q = — o, where w = ®. If o< w,,y is positive,
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Fig. 4. Frequency plot in complex plane for varying w and Q
of vector impedance Z of circuit of Fig. 3.

W INCREASING

(-1,0)

\

Fig. 5. Typical Nyquist diagram drawn in terms of — up, the
return ratio T.

w INCREASING

(-1,0)

/

Fig. 6. Nyquist plot of ampliﬁer' which can become unstable if
gain, p, or feedback, B, increases too much.

@ INCREASING

@y

Y,

Fig. 7. Nyquist plot of conditionally stable amplifier. Is A in-
side, or B, or both or neither ?

84

so the boundary is traced in the direction of the
arrow.

Fig. 4 is a frequency plot in the complex plane.
The fact that we have used Q instead of » means
little, because for each numerical value of w we can
find the corresponding Q. There are even tables of
x/(1 — x?) and (1 — x?)/x published. It is much
easier to work with Q , because then we keep special
cases off the graph. We can see at once that the phase
angle of Z will be -+ 45°if QR/w/,L = 1, for example,
and that the impedance is R/4/2 at these two points.
Since in ordinary language Q = R/w,L we have the
very simple expression QQ = 1 for the bandwidth
equation.

This figure gives a quite clear idea of what we
mean by inside and outside. We must now apply
this to the feedback amplifier. The mathematics is
concerned with the position of the point at infinity.
In the amplifier equation we have the form

pe= p/(1 — up).
By working with (1 — 1) and assuming that all will
be well when p = 0 (which is why we do not work
with) (1 — pf)/n), we can now demand that .the
expression (1 — pf) should not have the origin (0, 0)
inside it. After all, if we turn everything upside
down, the point at infinity must come down to (0, 0).

All this has been desperately simplified in an
attempt to show how the full formal treatment
proceeds and like all rough sketches it is neither
rigorous nor strictly correct. The crux of the matter
is, however, that if we draw a graph of (1 — ) in
the complex plane, remembering that ¢ and possibly
B are functions of frequency, the system will not be
stable if the origin is inside the graph.

We need not plot (1—up) of course. We can plot
pB or —up. Bode calls (1—gp) the return difference
or feedback, F;—up is the return ratio, T, and uf
is the loop transmission. If F is used, the origin
is the critical point: if T is used the critical point is
(—1, 0): if up is used the critical point is (1, 0).
As Bode points out, each valve produces a sign
reversal and we usually look after the minus sign by
using an odd number of valves or a suitable connec-
tion. After all, we know our target is negative feed-
back. Thus @ is normally negative and B positive
and we can most easily work with T and let the
mid-band signs look after themselves.  Strictly
speaking the Nyquist diagram is the plot of F which
we have discussed: in practice we talk of the Nyquist
diagram when referring to any of these three forms.
A typical appearance for a Nyquist plot is shown in
Fig. 5 and is drawn in terms of T. This seems to
agree with the reasonable feeling that around w,,
the middle of the working range, the quantity we are
considering should be at its greatest. With this
particular shape the system will always be stable.

Consider now Fig. 6. Remember that this is a
plot of pp (forget the minus sign) and that if we
double u or g the diagram will become twice the size.
As the figure is drawn this will just make it enclose
the point (—1, 0) nicely, so that here we have a dia-
gram of the kind we expect to find troublesome in
practice: too much gain or too much feedback will
lead to instability.

The diagrams shown in Figs. 5 and 6 are sym-
metrical about the real axis but this is by no means a
practical necessity. In any normal a.c. coupled
amplifier the characteristic will usually be considered
independently in the two regions, below and above
wq » and quite different circuit elements determine
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the shape of the Nyquist diagram. A direct-coupled
amplifier represents a rather different situation.

In an a.c. amplifier the gain at zero frequency is zero -

and parasitic capacitances ensure that the gain at
infinite frequency is also zero. For a d.c. amplifier
we should get, for example, only the lower half of
the apple of Fig. 5, with wy = 0. As  j(— o) = —jo

we can show that by considering negative frequencies/ ~ "' |

we shall generate the other half of the boundary,
a mirror image of the half-diagram for positive
frequencies. This will close the diagram up and
solve the problem of what is inside and what is
outside,

If you believe you can tell inside from outside,
examine Fig. 7. Is A inside, or B, or both or neither?
This is the type of characteristic which is known as
conditionally stable. The test applied is to draw the

vector joining the point under consideration, which

will, in fact, be (—1, 0), to the boundary and then to
find through what angle this vector rotates as the
boundary is traced. The result is shown in Fig. 8,
-from which it can be seen that going round the con-
tour rotates the A vector through an angle of 4,
while the B vector gets back to where it started. Thus
B is not inside the boundary at all. If the scale of the
diagram is such that Bis the point (—1, 0) the system
will be stable. In this arrangement, however, chang-
ing the scale by a reduction of gain will bring (—1, 0)
inside the boundary. The gain may be reduced by
overloading and the system can then begin to oscillate
and keep itself overloaded: the gain will be low when
the supplies are first connected and again oscillation
may begin. Although these conditionally stable
designs have been used, they are suitable only for very
carefully judged situations in which these factors
can be taken into account.

While an understanding of the Nyquist diagram is
necessary as a background, it is not a very convenient
graphical form for design work. The polar plot
records the complex value of uf at all frequencies.
If we want to change a single circuit element we
must re-draw the whole diagram. This makes it
rather hard to estimate what the effect of a change is
likely to be. Let us suppose that we have two

quantities [A,| /6, and |A,| /8, . If we multiply these

together the result will be |A;]|A,]/6i+0; An

even easier form is log (|A,]|A,]) log |A,| +
log |Ayl and. 8, + 8, = 6, + 8,. We can therefore
proceed by treating the gain in decibels (the engineer’s
way of using his logs!) and the angle of each circuit
section independently as functions of frequency and
then adding all these gain and angle components.
This will provide us with results in the form in which

we usually measure them and will, moreover, enable *

us to use very simple graphical methods for our de-
sign calculations. The fact that we now have two
diagrams instead of one is not a disadvantage, but the
fact that one of the diagrams is the familiar amplitude-
frequency response makes it extremely easy to
coordinate the design calculations with the experi-
mental results.

Before we are through we shall have seen all the
diagrams of this kind we could possibly want and
both energy and space can be conserved by not
including typical diagrams here. If we regard the
Nyquist diagram of Fig. 6 as typical of the sort of
behaviour with which we shall be dealing, we can
see that there are two basic criteria which can be
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Fig. 8. Plots against « of angles of vectors joining points A
and B to boundary of curve of Fig. 7.

applied to each end of the characteristic. At the
frequency at which the phase shift differs by 180°
from the mid-band reference phase, the quantity
|»8] must be less than unity, so that 20 log|ug|dB
must be negative. This quantity, without the
minus sign, is the gain margin. At the frequency at
which the value of |u8| is equal to unity, so that
20 log |uB| = 0, the phase must not have come
round through 180°. The amount by which it is
short is called the phase margin. ’

Another very important factor is measured by the
shortest distance on the Nyquist diagram from
(—1, 0) to the boundary. - This is called the stability
margin and is easy to calculate and even easier to
measure. It is also of special interest in connection
with the ringing on transients sometimes produced
in feedback amplifiers.

At this stage we can regard the foundations as
established. Although the discussion is elementary
it is sufficient for the design of systems which are
well beyond the range of the guess-and-see school.
We shall now proceed to erect, brick by brick, a
simple and practical method of, as it were, building
the amplifier on paper. :

Part 1: We regret that in some copies the first part
of the expression on line 25 of p. 28 was not printed
clearly : it should read [—ug/(1—up)]. . . . (Bd.)
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SUNSPOT CYCLES

TO WHAT EXTENT 1S LONG-TERM FORECASTING RELIABLE?

By T. W. BENNINGTON

SUNSPOT cycles are of interest to radio engineers
and amateurs concerned with long-distance com-
munication because they are indicative of the varia-
tions in the activity of the sun and hence in those
of the general level of ionization in the ionospheric
layers, which are produced by the solar radiations.
As there may be some readers who are new to this
subject we may, perhaps, be permitted to elaborate
a little.

The solar radiations alluded to are those emitted
by the sun in the ultra-violet and X-ray part of the
spectrum, and which, on entering the earth’s atmo-
sphere, expend their energy in ionizing the different
gases which exist at jonospheric heights. These
emissions are not constant, but vary according to the
sun’s state of activity, and one of the indications of
this activity is the number of sunspots which appear
upon the solar disc. This varies from day to day
and from month to month, but it exhibits a marked
long-period variation, such that the number and
frequency of occurrence of sunspots rises from a
minimum to a maximum and falls again to a mini-
mum within a period of about eleven years, which
variation constitutes a sunspot cycle. Thus the in-
tensity of the solar radiations and hence the general
level of ionization in the ionosphetic layers also vary
in sympathy with the sunspot cycle: at sunspot
minimum the ionization is at its lowest and at sun-
spot maximum at its highest. The frequencies which
are of use for long-distance radio communication are
dependent upon the prevailing ionization: when
this is high the higher frequencies are best, but
when it is low they become unusable and lower
frequencies have to be employed.

Some Characteristics of Sunspots

The average duration of the eighteen complete sun-
spot cycles for which records are available is 11.1
years: that is the average period which has elapsed

whilst sunspot activity has varied from a minimum
value, through a maximum and back to a minimum
again. Thus the phenomenon is generally referred
to as the eleven-year sunspot cycle.

The first spots of a sunspot cycle appear in solar
latitudes of approximately 30° N or S. As the cycle
continues there is a slow but definite change in the
latitude of the spots and by the time of sunspot
maximum the average latitude is about 16° N or
S. This drift of the spots towards the solar equator
continues throughout the cycle and towards the end
of the cycle the spots belonging to it appear only a
few degrees N or S of the equator. Thus the mean
latitude in which the spots appear at any epoch is
itself an indication of the progress of the cycle.
Towards the end of the cycle spots again begin to
appear in about latitude 30° N or S, and these are
the first spots of the new cycle. The cycles in fact
overlap each other by some two to three years, for
the spots continue appearing in the four solar areas—
two in high latitudes N or S of the equator, and two
just N or S of the equator—for about that time. At
the time of minimum they are about equally numer-
ous in the four areas, after which the iow-latitude
spots gradually die away, and the old cycle finishes.
These facts are of some assistance in predicting the
time of sunspot minimum, and the definite start of
a new cycle.

Another feature of interest concerns the magnetic
polarity of sunspot groups. Sunspots most often
appear in groups, consisting predominantly of two
spots, which move with the sun’s rotation from east
t0 west across the photosphere (the visible solar
surface). The most westerly of the two spots is
called the “leader” and that in the easterly position
the “follower.” The two spots have strong magnetic
fields which are of opposite polarity, as if an enor-
mous horseshoe magnet were embedded in the sun
with its poles protruding at the position of the spots.
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If, in the northern hemisphere of the sun, the leader
spot is of north and the follower of south magnetic
polarity, then in the southern solar hemisphere the
position is reversed, the leader spot being of south
and the follower of north magnetic polarity. And
this rule applies to all the bi-polar spots which are
observed during the course of any solar cycle. But
when the cycle is finished and the first bi-polar spots
of the new cycle are observed a complete reversal
of the magnetic polarities in both hemispheres has
taken place, the leader being of south and the fol-
lower of north magnetic polarity in the northern
hemisphere, and the leader of north and the follower
of south magnetic polarity in the southern hemi-
sphere. This offers another means of identifying
spots belonging to a new cycle, and assists in the
prediction of the cycle behaviour near the minimum
epoch. Incidentally, it means that (disregarding the
overlapping period) a complete cycle of solar activity
lasts on an average about 22, rather than about 11,
years, for the original conditions are not restored
until two cycles of variation from minimum through
maximum to minimum have elapsed. However, we
shall, in this article, continue to regard a solar cycle
as being the variation which occurs from minimum,
through maximum, to minimum again.

The Relative Sunspot Number

Sunspot activity is observed and recorded in differ-
ent ways, but the best-known criterion of the activity
is the Relative Sunspot Number. This is obtained
from solar observations made at different observa-
tories according to the formula of Wolf:
R=k(10 G+N)
where R=relative sunspot number,
G=observed number of sunspot groups,
N —observed total number of sunspots, either
singly or in groups,
k=constant depending on type of telescope
used.

It will be seen that this formula permits of the
observations made at different observatories being
reduced to a common basis, and also that it gives
greater weight to sunspot groups than to individual
sunspots. These groups are usually, in fact, the
most active areas so far as the ionizing radiation is
concerned and this weighting has produced a
criterion of the general solar activity which, when
compared with various phenomena which are known
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to depend upon solar activity, has shown remarkably
good agreement. The observations made at the
different observatories are correlated by that at
Zirich and issued in the form of the Ziirich Sun-
spot Numbers. A Number is issued for every day
but the monthly mean of the daily values is the most
widely used criterion of the solar activity.

The monthly sunspot numbers have been recorded
for many years, and have also been calculated from
former observations, so that there is a continuous
record of them from 1749 to the present day. The
monthly numbers themselves fluctuate widely from
month to month, and it is best, in order to examine
the general variation in the solar activity, to smooth
out the short-period fluctuations by taking a twelve-
month running mean value, each mean value thus
obtained applying to the epoch at the centre of the
twelve-month period which contains the monthly
sunspot numbers taken. On the basis of this
smoothed sunspot number we can now examine some
sunspot cycles.

Features of the Sunspot Cycles

Between the sunspot minimum of February/March
1755 and that of April/May 1954 there were eighteen
complete sunspot cycles. The records also include
part of a cycle which was in progress when they
began in 1749 and, of course, the present cycle, which
began in April/May 1954 and is still in progress.
The mean duration of a cycle in the eighteen com-
pleted cycles is 11.1 years but this figure is not a
very useful criterion, for the cycles, in fact, varied
in duration from 9.1 to 13.6 years. In Fig. 1 are
plots of the smoothed sunspot number during the
longest cycle (that which began at the epoch Septem-
ber /October 1784) and the shortest cycle (that which
began at the epoch May/June 1766) which the
records contain. Sunspot number is, in both cases,
plotted against time from the preceding minimum.
It is seen that though the time which elapsed between
the minimum and maximum was exactly the same in
both cases, the duration of the “declining” phase
was well over four years longer in the case of the
1784-1798 cycle than in that of the 1766-1775 cycle.
It should already be obvious, from these facts, that
the prediction of the sunspot number for a long
time ahead is likely to be a difficult and unreliable
business.

The cycles also varied very considerably in regard
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to the highest degree of activity that was reached
during their course. In Fig. 2 is plotted the smoothed
sunspot number during the cycle with the highest
maximum (that which began at the epoch June/July
1775) and that with the lowest maximum (that which
began at the epoch June/ July 1810) in the records
of the eighteen completed cycles. It should be re-
marked here that the present sunspot cycle reached
a maximum considerably higher than that of the
1775-1784 cycle, and is thus the cycle with the
highest maximum ever recorded. As to the signifi-
cance in the difference in the maximum sunspot
number as between different cycles it should be
remembered that the highest frequencies generally
available for long-distance communication  do not
become usable until the smoothed sunspot number
has a value of about 70, and thus, in a cycle like that
of 1810-1823, they would not be usable throughout
the entire cycle. Furthermore, there occurs one case
in the records where the sunspot number did not
reach a value near 70 during two consecutive cycles,
which means that the higher frequencies would have
been unusable for a period of some twenty-five years,
as these cycles were both of longer duration than
the average. It should also be borne in mind that
“ quasi-minimum ” radio conditions prevail during
the whole time the Number is below about 30, and
this varies considerably according to the height of
the maximum. During this period conditions for
radio communication are particularly difficult, for
only the lower frequencies are usable.

Characteristic Differences in the Cycles

It is evident therefore that, so far as radio communi-
cation is concerned, it is, at the beginning of a cycle,
largely a matter of conjecture as to what the future
holds in store, for both the duration of the coming
cycle and the height of its maxgimum may vary very
widely. However, in Fig. 2 the plots of sunspot
number are made against time referred to the maxi-
mum epoch of both cycles, and one big difference
in the two cycles is at once noticeable. Whereas, in
the cycle with low maximum the cycle is roughly
symmetrical about the maximum, having “increas-
ing” and “ declining ” phases which are not very
different in point of their duration, the cycle with
high maximum is markedly “saw-tooth” in shape,
having an “increasing » phase which has less than
half the duration of the “declining” phase. In fact
the records show that this is a general feature of sun-
spot cycles, i.e., the higher the maximum the shorter

Type
Min. to Max. to ‘Whole
Max. Min. Cycle
High Maxima .. 3.5 7.3 10.8
Medium-high
4 Maxima .. 4.6 6.5 11.1
Low Maxima .. 5.8 5.7 115

TABLE 1

Duration—Years

is the “increasing ” and the longer is the “ declining ”
phase likely to be.

The eighteen completed cycles were therefore
classified into three categories according to the height
of the maxima, i.e., High Maxima where the sunspot
number at maximum exceeded 116: Medium-high
Maxima where the number at maximum was 80 to
116: Low Maxima where the number at maximum
was below 80. There were eight cycles with High
Maxima, four with Medium-high Maxima and six
cycles ‘with Low Maxima. In each category the
mean value of the smoothed sunspot number for all
the relevant cycles was taken for the maximum
epoch, and for each monthly epoch from the maxi-
mum until the mean minimum epoch at the begin-
ning and end of the cycles. The result is plotted in
Fig. 3, the three curves of which may be taken as
representing the mean sunspot number throughout
cycles, respectively, with High, Medium-high and
Low Maxima. Table 1 gives the mean duration times
for the different phases of cycles in the three cate-
gories.

Thus the “mean” Low-Maxima cycle is almost
symmetrical about the maximum, whereas the
“mean » High-Maxima cycle has a “ declining ” phase
of approximately twice the duration of the “increas-
ing ” phase.

" The relationship between the sunspot number at
maximum and the duration of the “increasing”
phase is shown, for the 18 completed cycles, in Fig.
5, in which the straight line curve is the best fit for
the plotted points, and indicates that the higher the
maximum the shorter is the duration of the “in-
creasing ” phase. But Fig. 5 will not be of much
use to us in the early part of a cycle for predicting
what type of cycle it is likely to be, and one seeks
for a practical method of doing this. It would
appear that, in the early part of a cycle, the rate of
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increase would be the best indicator of the height
of the coming maximum and of the time when it
is likely to occur, In Table 2 are given, for
the first four six-monthly periods of the cycles
shown in Fig. 3, the rate of increase in terms of
sunspot numbers per month, and also the time
which elapses before the maximum is reached. This
shows that there is some relation between the early
rate of increase and the height of the maximum, and

TABLE 2
Increase per month—Sunspot .
Numbers Tg)ne
Type First | Second| Third | Fourth 1:1/11211;{111-
X Six Six Six Six Yea
Months| Months| Months; Months s
High

Maxima 14 1.7 2.8 4.0 3.5
Medium-
high
Maxima 0.6 1.1 1.2 1.8 4.6
Low '
Maxima 0.1 0.6 1.1 1.4 5.8

Cycle No.
19 ve 0.8 2.8 7.1 9.0 3.8

also the time of its occurrence. In the last line of
the Table similar data are given for the sunspot cycle
now in progress, i.e., Cycle No. 19.

The Present Sunspot Cycle

During the first six months of the present cycle,
therefore, the indication given by the rate of in-
crease was that the cycle would be one with a
Medium-high Maximum but, from then on, the rate
of increase clearly indicated that it would be a cycle
with a High Maximum, which indeed it was: ths
highest maximum yet recorded. The duration of the
“increasing” phase was only slightly greater than
that for the “mean” cycle with a High Maximum.

WIRELESS WORLD, FEBRUARY 1962
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In Fig. 4 are plotted the smoothed sunspot numbers
for this “mean” High-Maximum cycle, and those
for each month of Cycle No. 19 for which they the
available, against time referred to the epoch of maxi-
mum, We may notice one rather striking thing
about these two curves. Although the “increasing ”
phase of Cycle No. 19 was of relatively short dura-
tion, as would be expected for a cycle with a High
Maximum, the behaviour during the “declining”
phase has not indicated such a markedly saw-tooth
shape as is usual in such a cycle. True, the decline
has been considerably slower than the increase, but,
since the first year after the maximum, it has been
faster than that in the “mean” cycle. Thus, whereas
the “mean” cycle showed decreases of 17%, 29%
and 51% of the maximum value during each of the
first three years following the maximum, the corre-
sponding figures for Cycle No. 19 have been 13%,
409% and 65%. During the past two years, there-
fore, the sunspot activity has been decreasing at a
more rapid rate than would have been expected and,
up to the present, this rate shows little sign of
decreasing.

The epoch of minimum sunspot activity from
which Cycle No. 19 is assumed to take its start was
at April/May 1954, and, if the cycle were to run the
full course of 10.8 years which is the mean duration
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Fig. 5. Relationship between Sunspot Number at maximum
and duration of period minimum to maximum.
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Transistor RC Oscillator

lN phase-shift oscillators using transistors, a
common practice seems to be to use the conventional
phase-shift network of the old valve circuit and to
design so that the transistor input impedance is
high. A far more logical approach would be to
exploit the transistor characteristic and to change
the phase shift network to suit it. In this article
the Principle of Duality is employed in the design
of such an oscillator and the theoretical expectations
and practical results are compared. The variation
of oscillator performance with temperature is shown
graphically.

Current Dual of Wien Network

The conventional Wien network is shown in Fig. 1
and is suitable for applications where a low source
impedance and a high load impedance are available.
Although transistor circuits can be designed to
fulfil these requirements, it is preferable to use the
inherent transistor properties of low input impedance
and high output impedance. To do this, the Wien
network of Fig. 1 must be rearranged to form its
current dual. The requirement for such a current
dual is that its transfer function is the same as its
voltage counterpart, i.e.,

where Z,, Z, are the same as those of Fig. 1.
The arrangement which gives this transfer func-
tion is shown in Fig. 2.

CURRENT DUAL OF THE WIEN NETWORK

By C. STOTT,* B.Sc., Grad. L.E.E.

R

e

Ra
(138) Y

* 2900 H.S. RESISTORS

Fig. 3. Complete circuit of 34c/s oscillator

The conventional Wien network is thoroughly
analysed in many standard text bookst so time will
not be taken here to repeat the analysis. However,
the two principal results of this analysis are quoted
in equations (1) and (2) and are equally applicable
to the current dual considered here. It can be shown
that the frequency of zero phase shift is

1
—_— 1
%o 274/C.CRR, ) ()
and that at this frequency, the current attenuation is
7, R, G, ’
CA=C=1442 0 L
Lol TR TG @

Equation (1) gives the frequency at which an
oscillator employing this configuration will oscillate,
and equation (2) gives the value of current gain
needed to maintain oscillations.

Oscillator Configuration

By inspection of Fig. 2 and equation (2) the following
list of requirements can be compiled:

(a) The network must be driven from a high
impedance source.

(b) It must feed into a low impedance load.

(c) Somewhere between the load and source,
there must be a current gain of A and also
an amplitude limiter.

(d) There must be zero phase shift between input
and output.

The configuration of Fig. 3 fulfils all these require-

ments.

If the voltage gain of T1 is G, then if G is large

Vi
Z
—r—
l___
l;i‘l C[
z,T R, Cj Z, yio
R
T TN,

Fig. 2. Current dual of Fig. |

WIRELESS» WoRLD, FEBRUARY 1962

*English Electric Aviation Ltd.

tFor instance, Junction Transistor Electronics, by R. B, Hurley
published by Chapman and Hall

91

www americanradiohistorv. com


www.americanradiohistory.com

it can be simply shown that the input impedance
is approximately

_ R
-5 ®

and it is shown in the appendix that the current
gain from T1 base to T2 collector is

R,

A =1+ — .. .. . ()

The impedance looking out of the collector of
T2 is considerably increased by the presence of the
feedback resistor R, and is of the order of 1 or
2 megohms making T2 a good current source.
For T1 to be an ideal current load its input impedance
must be zero, but this is impossible to achieve in
this simple circuit and a low value of impedance
‘must be accepted. This can be achieved by making
R, small and G large.

The action of the circuit is as follows:

A current Isinwt flows from T2 collector into
the Wien network and if o = w,, the output current
is— —gsinwot. This flows to the virtual earth point
at the junction of R; and R, and undergoes a current
gain of (1+R,/R,) before emerging again at T2
collector as (14+R,/Rg) I'sin w,z/— A. Thus provided
that (1 + R,/R¢) > —A, oscillations will build up
because the loop gain is greater than unity. Ampli-
tude limiting is achieved by T1 just entering satura-
tion and the forward current gain must be sufficient
to ensure that it does this. When saturation occurs
T1 ceases to amplify and the base and collector
waveforms are then in phase, causing the Wien
feedback to change sign and reduce the total loop
gain. An equilibrium state is set up where the average
loop gain is unity and constant amplitude oscilla-
tions ensue. This means that theoretically the output
waveform will not be a pure sine wave, but in practice
quite low harmonic distortion figures are found and
are given later.

An important consideration in this type of limiter
is temperature stability and fortunately this is
achieved in the process of making T1 base a low
impedance point. Leakage current flows from T1
base into this impedance and causes a temperature-
dependent voltage to appear at the input. This
voltage is amplified by the d.c. gain G of T1 and
may cause T1 collector to enter saturation, making
the output amplitude decrease to zero.

Design Procedure

A convenient supply of — 25V was available and
therefore the oscillator was designed for this voltage.

T1 and T2 were chosen to be BCZ11 transistors
because of their low leakage currents and high 8

(8 = 30).
(i) Choose V;; to be low so that T1 can have high
d.c. gain. Set Vi = —1 volt.

(ii) This fixes V, to be approx. —0.4V as V,,
is of the order of 0.6V for a silicon transistor in
normal conduction. R; can now be chosen for a
given collector current in T1. If this current is
made say 1mA, then

A4
R, = OT = 400Q = 390Q.

(iii) We now have to fix a d.c. level for the collector
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of T1 and it is this level which will determine the
output amplitude of the oscillations.

A convenient value for R, is 22kQ so that V
is — 3 volts, allowing a 2.6 volt excursion before
T1 bottoms. This swing is multiplied by the voltage
gain of T2 to give the output voltage.

(iv) The total collector load of T1 is R, and is
composed of the 22kQ resistor R, in parallel with
the impedance looking into the base of T2. This
impedance is

R; R

RL =8 [m] ohms . . (5)

provided we assume that the junction of T1 base
and R, is a virtual earth.

R, + R
Now R,

R
.'.RLﬁB?;_.. . . .. (6)

Now if R, is large the loading on the collector of
T1 will be light and the gain will be well defined
by R, and R however, the input impedance will
be high. The requirements are for a well defined
gain and for a low input impedance and a com-
promise value of R, was chosen to be 3.3kQ.

From equations (5) and (6) R, is approximately
30kQ making R, = 13kQ. The voltage gain of
T1 is

=35

G = R,
R, +r,+r, 1—o)
where r, is the internal emitter resistance of T1
and r, is the base resistance.
For the transistor type used running at 1mA emitter
current, r, + r, (1—«) can be found from the
characteristic curves to be 40 Q.
13

= 0391004 "
The amplifier input impedance is from equation (3).
R;, = ?(;0 ohms = 110 ohms.
Because V, = — 3V, V,, sits at — 2.4V and 1.4

volts are dropped across R,. Thus a standing

10~

AMPLITUDE

°lo REDUCTION

1 I
0 20 40 60 80 100
TeMpeRATURE (°C)

Fig. 4. Variation of amplitude and frequency with temperature
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current of 0.425mA is drawn through it and is
supplied by R, which is therefore 2.2kQ. From
these figures it is seen that the actual current supplied
by R, is 0.455mA which is greater than that demanded
by R,. The result of this is that V,; will sit at some
potential a little more positive than — 1V causing
the other d.c. levels in the circuit to adjust slightly
to an equilibrium position.

(v) If the Wien network components are chosen
so that C, = C; and R, = R,, then from equation
(2) the current attenuation — A = 3. Therefore
R,/R; > 2 to provide the required current gain. In
the condition R,/R¢ > 2, a small resistor may be
connected in series with R, to adjust the current gain
to the correct value without seriously affecting the
d.c. levels in the circuit. With this type of gain
adjustment, the oscillator may be used down to
frequencies of fractions of a cycle/sec.

R, has been chosen to be 3.3kQ.

.. Ry = 1.65kQ.
By making Ry = 1.2kQ the output stage runs at
2.4mA and we have some current gain in hand.

(vi) The only thing left to determine as far as the
amplifier is concerned is the value of R, which is also
one of the Wien network resistors. For T2 collector
to sit half way between its top and bottom limits,
V.. should be — 13.7V. By choosing R, = 4.7kQ
then at 2.4mA, V,, is exactly — 13.7V which is
the optimum value.

(vii) We have previously stated that R, =R,
. R, = 4.7kQ. The oscillator frequency is there-
fore determined by the value of C, and C, which
again, are chosen to be equal.

From equation 1

1
“ T CR
1 108
'C_'—wo'R_znfo X 4.7 X IOSPF
33.8 W

fo
By choosing C; = C, = 1uF the frequency should
be 33.8c¢/s and this frequency is used for the practical
tests.

The design is now complete save for the deter-
mination of the gain adjusting resistor Ry which
will be of the order of a few hundred ohms and wil!
be connected to earth in series with R, The
inclusion of R, will not affect V,, but will affect to
a small extent V , by altering the available collector
current. The d.c. loop will therefore be unaffected.

If the oscillator is to be used at elevated tem-
peratures it is advisable to make the Wien resistors
R, and R, high stability types in order to make the
frequency dependence on temperature small. Also
if R,, Rs and Ry are made high stability then the
amplitude stability will be good. The change in
amplitude is due only partially to a change in forward
current gain of the amplifier which ideally should
remain constant. The main cause is a change in
the values of the base-emitter voltages of the two
transistors which have a marked effect on the collector
voltage of T1 and therefore a proportional effect
on the output amplitude.

Choice of Ry

This is determined experimentally by connecting
a 250Q potentiometer in series with Rg and earth.

WIRELESS WORLD, FEBRUARY 1962

With the potentiometer (R,) at its minimum value
the output waveshape should be seen to be distorting.
The value of R, should be gradually increased until
the distortion just vanishes and this represents the
condition of maximum tolerable bottoming of
T1. Further increase of Ry should produce no
change in output amplitude until the loop gain
becomes too- small, when the oscillations decay
rapidly to zero.

R, should be adjusted so that T'1 bottoms and the
output amplitude is on the “ flat ” part of its charac-
teristic. The potentiometer may now be replaced
by resistors made up to the same value. In the
present oscillator a value of 140Q was required and
was made up of a 120Q and an 18Q resistor.

Experimental Results

(a) Several values of C were connected in the
circuit and the output frequency was measured by
comparison with a decade oscillator using the
Lissajous method. A short table of results is given
below:

Capacitance Calculated Measured
(uF) Frequency (c/s) | Frequency (c/s)
50 0.686 0.7
1 33.8 33.7
0.25 135 135
0.1 338 340
0.02 1,690 1,690

It is seen from this table that the oscillator frequency
can be accurately determined by calculation at the
design stage.

(b) With the 1uF capacitors connected, the oscil-
lator was operated at temperatures up to 95°C and
changes in amplitude and frequency were noted.
The results are plotted graphically in Fig. 4.

(c) The total harmonic distortion was measured
for various temperatures up to 95°C. The maximum
total distortion found was less than 6% and at
temperatures up to 80°C the distortion was less than
4%.

(d) The supply voltage was varied 45V on the
nominal 25V with no change of frequency but the

“output voltage changed between +259% and —60 %.

This shows that the amplitude of the output is
very much dependent on supply voltage as would be
expected due to the nature of the limiter employed.

Improvement to Basic Design

If Fig. 4 is referred to, it can be seen that it is un-
wise to operate this oscillator at temperatures higher
than 80°C otherwise the change in frequency may
become intolerable. Also at this temperature, the
amplitude has decreased by 74 % and this may also
prove intolerable in more critical applications. The
amplitude may be made more stable by cancelling
the temperature drift of base/emitter voltages using
a temperature sensitive element to stabilize the d.c.
levels.

First let us examine the requirements of such a
device with respect to Fig. 3. Suppose that i,
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TECHNICAL NOTEBOOK

“Zebra” Colour Television display
tube was demonstrated recently at
Sylvania-Thorn Colour Television
Laboratories. Zebra is of the single-
gun beam-indexing type and bears on
its screen vertical stripes of phosphor
in the three primary colours. On the
back of the screen are indexing
stripes of an ultra-violet emitting
phosphor: light from these is picked
up by a photomultiplier and used to
time the conversion of the simultan-
eous N.T.S.C. information to a time-
sequence of primary colour signals.
At its present (experimental) stage of
development the tube has about 1,100
phosphor lines on its face, so that,
to achieve maximum purity of colour,
a very fine spot has to be used. To
avoid too severe a loss in brightness
due to the small area of phosphor
illuminated and a short life due to
very heavy cathode loading, an elon-
gated spot, formed by an elongated
aperture in the gun, is used, with its
major axis in the vertical direction.
This, of course, also helps to reduce
the visibility of the scanning lines
(and could well be applied to black-
and-white tubes). Zebra’s versatility
was demonstrated by plugging it into
a black-and-white receiver, where it
produced a satisfactory picture and
its major advantage is that, in pro-
duction, it should be little more ex-
pensive than a black-and-white tube.

Ultrasonic Amplification reported by
Drs. A. R. Hutson, J. H. McFee and
D. L. White of the Bell Telephone
Laboratories in the Sept. 15, 1961,
issue of Phys. Rev. Letters was ob-
tained by applying a direct electric
field (in the direction of propagation)
to a piezoelectric semiconductor
crystal. The gain depends both on
the applied electric field and on the
conductivity of the material. The
latter was adjusted by altering the
illumination, taking advantage of the
fact that cadmium sulphide—the
piezoelectric semiconductor actually
used—is photoconductive. In a 7mm
length of this substance gains of
18dB at 15Mc/s and 38dB at 45Mc/s
were obtained. Quartz transducers
were used to convert between the
electrical input and output and ultra-
sonic vibrations in the crystal. These
vibrations, because CdS is piezoelec-
tric, produce an associated travelling
longitudinal electric field: this in
turn, because CdS is also conductive,
causes electrons to flow in the crystal.
The periodic piezoelectric field
bunches these electrons and the direct
electric field causes these bunched
carriers to move in the direction of
propagation faster than the ultrasonic
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" voltage is

vibrations. This results in amplifi-
cation of these vibrations in much the
same way as electromagnetic waves
are amplified in a travelling-wave
tube.

Flow Velocity Measurement of river
water using ultrasonic equipment is
described by H. F. Messias in
Electronics for October 13, 1961.
Two pairs of transmitting and receiv-
ing transducers are set up facing each
other on opposite banks of the river,
one pair being downstream from the
other so that the signal path is at an
angle to the water flow. A pulse-
modulated carrier transmitted by the
upstream transducer is received
downstream in a time which is equal
to d/(vs+vw cos 6), where d is the
signal path, vs is the velocity of pres-
sure waves in water, and v is the
water velocity. The received pulse
is used to re-trigger the upstream
modulator, the result being a train of
pulses with a time between pulses
equal to the transit time of the pres-
sure waves. The same thing hap-
pens to the signal from the down-
stream transmitter, except that the
water velocity component is nega-
tive and the transit time is increased.
The two signals are detected, the
p.r.f’s multiplied to convenient fre-
quencies and used to drive a pair of
synchronous motors, which in turn
drive a differential tacho-generator
unit producing a d.c. output propor-
tional to half the difference frequency
of the two inputs. After allowance
for the angle between water flow
and transmission path, and setting-
up of transducer separation, the output
of the tacho-generator is used to drive
an indicator calibrated in feet per
second.

New Microwave Power Amplifier
suggested by P. A. Clavier in a letter
in the June 1961 issue of Proc.I.R.E.
(p. 1083) would consist simply of a
Lecher line or coaxial cable in which
one of the conductors (the cathode)
is made electron emissive. A direct
applied between the
cathode and the other conductor
(anode) in such a direction as to
repel electrons towards the cathode.
If a sufficiently large signal then
travels down the guide, the appro-
priate peaks of this signal will
counteract the repulsion voltage and
allow electrons emitted from the
cathode to reach the anode. It can
be shown that the anode current so
produced contains an a.c. component
in phase with the applied signal.
Theoretically, efficiencies as high as
60% for power gains of 50 should
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be achievable with this type of de-
vice. Essentially it can be considered
as a microwave class-C amplifier,
The series of harmonics thus pro-
duced may be of value: alternatively
the energy can be confined to the
fundamental by using a resonant load.

“Solid Circuit” Computer was re-
cently demonstrated by Texas
Instruments in conjunction with the
U.S. Air-Force, Occupying only 6.3
cu in and weighing only 10 oz, it is
functionally similar to a computer
using 8500 conventional components
and with 150 times the volume and
50 times the weight. The new com-
puter uses 587 of the Texas Series 51
digital silicon Solid Circuits, Each
of these is formed from a standard
silicon bar and hermetically sealed in
a package only } by § by 4 in. Six
different types of circuit are avail-
able and all can operate from —55 to
+-125°C. These circuits need so
little power that the whole computer
consumes only sixteen watts. Al-
though normally a general-purpose
device, for the demonstration it was
programmed as a desk -calculator
capable of adding, subtracting, mul-
tiplying and taking square roots. It
has an operand word length of 10
bits plus sign.

“ Colourless ” Artificial Reverbera-
tion delay system developed at the
Bell Telephone Laboratories is des-
cribed by M. R. Schroeder and B. F.
Logan in an article under this title
in the July 1961 issue of the Fournal
of the Audio Engineering Society.
In the normal type of artificial re-
verberation delay system the signal
is fed through a circuit producing a
fixed time delay and at the same time
the output of the delay circuit is
amplified (by a factor g say) and fed
back to its input. This normal system
has however two disadvantages: its
amplitude/frequency response is
comb-like (with peaks at integral
multiples of the reciprocal of the
delay time) and it also produces many
fewer echoes than a normal room.
The former disadvantage results in
a “hollow ™ sound and the latter in
“flutter” effects with transient
sounds. These disadvantages are
avoided in the Bell system: a flat
amplitude/frequency response is ob-
tained by multiplying the output
from such a normal system by 1—g°
and adding it to the undelayed sig-
nal multiplied by —g; and the num-
ber of echoes is increased sufficiently
by connecting in series five such flat
response systems having incommen-
surate delays,
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Britain’s “teenage ” market, found to be worth over
£1,000M in 1959, is to be surveyed again this year.
Covering 44M unmarried people between the ages of
16 and 24, the survey will concentrate on a range of
durable goods, including tape recorders, records, record
reproducers, and sound radio receivers. The report
will provide such information as ownership by make,
type and whether new or secondhand; purchases during
the past year; prices paid and method of payment. The
Survey will be made by Market Investigations Ltd., of
Berners Street, London, W.1,

S.G.S.-Fairchild Ltd. is the name of a new company
being formed in the UK. by Societa Generale Semi-
conduttori of Milan, to supply semiconductors. The
Fairchild Camera and Instrument Corporation, of New
York, has a substantial interest in S.G.S. of Italy, which
is the licensee for Fairchild semiconductors, with ex-
clusive distribution rights in Europe. The London
?Wfﬁces of S.G.S.-Fairchild are at 30 Berkeley Square,

iy

Radio Eireann have contracted Marconi’s Wireless
Telegraph Company for the supply and installation of
a Band I television transmitting station at Maghera, Co.
Clare, Ireland. The vision transmitter will be rated at
8kW, and it will operate on the 625-line system (8Mc/s
channel). Its associated sound transmitter will have an
output of 2kW.

Stock records of 90,000 -different types of naval stores
for H.M. ships, held at the Royal Naval Stores Depot
at Copenacre, Wiltshire, will soon be maintained by an
EMIDEC 1100 computer which was recently delivered
to_the Depot by EMI Electronics Ltd. The computer
will also maintain lists of components for each of some
1,500 different types of electronic equipment.

The new Trident airliners are equipped with h.f.
radio communication equipment, radio altimeters for
automatic landing, an aircraft inter-communication
system, and aerials by Standard Telephones & Cables
Ltd. It is also announced that Ekco Electronics Ltd.
has received an order for its latest Type E190 transis-
torized weather radar equipment for installation in the
twenty-four de Havilland Trident aircraft recently
ordered by British European Airways.

World-wide radiotelephone facilities are provided for
passengers of the new “hotel ® liner Transvaal Castle,
recently handed over by John Brown & Co. (Clydebank)
Ltd. to the Union Castle Steamship Co. Ltd. Two
powerful Marconi Globespan radiotelegraph/telephone
transmitters and two Atlanta receivers are installed in
the new liner, which will be engaged on the South
African Mail Service.

LT.A. in N. Ireland.—Koram Hill, near Strabane,
20 miles south of Londonderry, is the site of a new
1,000ft mast which the I.T.A. are having built to extend
their coverage to West Ulster. E.M.I. Electronics are
supplying the mast and aerial, which will be vertically
polarized and will transmit on channel 8. Sub-con-
tractor for supply and erection of the mast is B.I.C.C.
It is hoped the station will be completed by next summer.

Marine Radio Stations at Malin Head in the north
and Valentia in the south west extremity of Ireland are
to be re-equipped with a number of Pye 1kW m.f.
transmitters. The transmitters are equipped for 3-
channel operation and have remote control facilities.

“Resista” sub-miniature, high-stability resistors,
marketed by GASP (G. A. Stanley Palmer & Co. Ltd.),
Maxwell House, Arundel Street, London, W.C.2, now
include a new Type Rsxl composition film resistor.
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Another tactical control radar, which continuously
provides an accurate 3-dimensional picture of all air-
craft in the battle zone with facilities for rapidly “lock-
ing on” to selected targets the precision target illumin-
ating radar, has been handed over to the R.A.F. by
Associated Electrical Industries Ltd., who, in conjunc-
tion with the Royal Radar Establishment, Malvern, was
responsible for its design and manufacture.

The British Army is to adopt the Vickers Vigilant
one-man anti-tank guided missile, and will use it both
in the infantry role and by reconnaissance units of the
Royal Armoured Corps. Developed entirely with
private capital, the Vigilant will be put into quantity
production at the Stevenage factory of British Aircraft
Corporation.

Lunartron Electronics Ltd., of 42 Langley Street,
Luton, Beds., have formed a Process and Component
Heating Division, which undertakes to heat solids and
liquids in connection with various industrial processes,
and to provide heating elements, suitably insulated, for
attachment to customers’ assemblies.

Painton & Company, the Northampton component
manufacturers, are undertaking a £500,000 development
scheme which will provide additional manufacturing and
office space on an eight-acre site adjoining their exist-
ing factory. .

“ CABMA Register 1961-2,” appearing in its ninth
edition, is the Canadian buyers’ standard work of
reference to British goods and makers. 620 pages.
Price 15s 0d, post free, from Iliffe Books Ltd., Dorset
House, Stamford Street, London, S.E.1, .

Levell Electronics Ltd. have moved to new premises
at The Trading Estate, Park Road, Barnet, Herts. (Tel.:
Barnet 5028).

OVERSEAS TRADE

Ekco Export Ltd. has been formed as a subsidiary of
E. K. Cole Ltd. to handle the export of sound radio,
television and car radio receivers, electric heating and
plastics products produced by the Ekco Group. T. C.
Cleveland, formerly export manager of E. K. Cole Ltd.,
is director and general manager, the other directors
being W. M. York (chairman) and J. Corbishley. The
new company will operate from the main Ekco Works
at Southend-on-Sea and a Perscnal Exports Department
and showroom for sound radio and television receivers
will be opened in London at 41-47 OIld Street, E.C.1.
The previous Export Sales Department of E. K. Cole
Ltd, at 5 Vigo Street, London, W.1, has been trans-
ferred to Southend-on-Sea. -

Two Pye Installations.—A Pye Instrument Landing
System, incorporating a directional localizer, has been
selected by the French Aviation Authorities for installa-
tion at- their research and development centre at
Bretigny, near Paris, where work on military and civil
aircraft landing systems is carried out.

Cossor Equipment for Bahrein.—Cossor Communi-
cations Company have supplied a medium power v.h.f.
radio station to the Port of Bahrein Authority, where
it will be used to control marine traffic using the
harbour. In addition, public correspondence channels
provided, will enable ships’ passengers and crews to
converse with subscribers to the Bahrein public tele-
phone system.

Swedish Order for Marconi.—The Royal Board of
Swedish Telecommunications has placed another large
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order for television and sound broadcasting transmitters
with Marconi’s Wireless Telegraph Company. The
new contract calls for the supply of 21 vision trans-
mitters, 21 sound transmitters, 40 frequency-modulated
sound transmitters and a considerable quantity of pro-
gramme input, paralleling, feeder and ancillary equip-
ment.

The Swedish Navy Board has placed a substantial
order for radar display units with the Electronic Appara-
tus Division of Associated Electrical Industries Ltd. These
units are to operate in conjunction with coastal surveil-
lance radar equipment previously supplied by A.E.L

Belgrade’s new airport is being equipped with a com-
plete airfield radar surveillance system made by Cossor
Radar & Electronics Ltd., of Harlow, Essex. The equip-
ment, known as CR787, welghs over 10 tons.

The University of Sydney has ordered a KDF9 elec-
tronic computing system from the English Electric Com-
pany, for its School of Physics.

Greenland’s Narssarssuag weather station, at the
direction of the Danish Meteorological Institute, has
recently completed the installation of Decca Type WF2
windfinding radar equipment.

FEBRUARY

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

LONDON

7th. Women’s Engineering Society.

— Space research and radio” by E.
Golton at 7.0 at “ Hope House,” 45
Great Peter Street, Westminster, S.W.1.

8th. Radar and Electromcs Associa-
tion.—* Colour television” by L. J. P.
James at 7.0 at Royal Society of Arts,
John Adam Street, Adelphi, W.C.2.

9th. I.E.E.—“ The new transatlantic
telephone cable ” by R. J. Halsey at 5.30
at Savoy Place, W.C.2.

9th. Telev1s1on Society.—* Prob-
lems associated with the B.B.C. ‘To-
night> programme ” by W. Cave at 7.0
at Cinematograph Exhibitors’ Associa-
tion, 164 Shaftesbury Avenue, W.C.2.

12th. I.LE.E.—* Dilogarithms and
associated functions” by L. Lewin at
5.30 at Savoy Place, W.C.2.

14th. I.E.E.—Faraday lecture “Ex-
panding horizons in communications ”
by D. A. Barron at 5.30 at the Central
Hall, Westminster, S.W.1.

14th Brit.I.R.E.—*“ The application
of rapid access photographlc techniques
to radar display ” by S. R. Parsons at
6.0 at London School of Hygiene and
'Iwzrcglcal Medicine, Keppel Street,

1

16th. I.E.E.—Discussion on “ How
should we teach microwaves? ” opened
by Prof. A. L. Cullen at 6.0 at Savoy
Place, W.C.2.

16th. B.S.R.A.—“ Sound recording
in schools ” by John Weston at 7.15 at
Royal Society of Arts, John Adam
Street, Adelphi, W.C.2.

19th. Royal Society of Arts.—* The
influence of the industrial and techno-
logical professions on economic life ”
by A. M. Holbein at 6.0 at John Adam
Street Adelphi, W.C.2.

21st. 1E.E.—* Semiconductor static
switching” by D. D. Jones at 5.30 at
Savoy Place, W.C.2.

21st. Brit.I.R.E.—“ Some factors
which determine sensitivity of cells to
jonizing radiation ” by Dr. P. Alexander
at 6.0 at London School of Hygiene
and Tropical Medicine, Keppel Street,
Ww.C.1.

23rd.. Television Society.— Tele-
vision in flight simulators” by E. T.
Emms at 7.0 at Cinematograph Exhibi-
tors’ Association, 164  Shaftesbury
Avenue, W.C.2.

26th. Royal Society of Arts.—*The
influence of the scientific professions on
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by Sir Patrick Linstead
Adelphi,

economic life ”
at 6.0 at John Adam Street,
Ww.C.2.

27th. Society of Instrument Tech-
nology.—* On-line computers for pro-
cess control” by J. F. Roth at 7.0 at
Manson House, 26 Portland Place, W.1.

28th. I.E.E.—“The appl.cauon of
low noise reception techniques” by F.
Graham Smith at 5.30 at Savoy Place,
Ww.C.2.

28th. Brit.LR.E.—* Stereo pickups ”
by S. Kelly at 6.0 at London School
of Hygiene and Trop.cal Medicine,
Keppel Street, W.C.1.

28th. British Kmematograph Soc1cty

—“ Medium screen colour television
projector ” by Peter Lowrie at 7.30 at
Colour Film Services, 22-25 Portman
Close, Baker Street, W.1.

BELFAST

13th. LLE.E—“ The banana-tube
display system—a new approach to dis-
play of colour television pictures” by
Dr. P. Schagen at 6.30 in the Lec-
ture Theatre, David Keir Building,
Queen’s University, Stranmillis Road.

MEETINGS :

BIRMINGHAM

26th. I.E.E.—“High quality loud-
speakers” by D. E. L. Shorter at 6.0
at the James Watt Memorial Institute.

BOLTON

1st.  Britl R E.—“ Computers and
data processing” by J. A. Bailey at 7.0
at Bolton Technical College.

BRISTOL

14th. Brit.LR.E.— The radio inter-
ferometer systems” by T. Carter at 7.0
at the University Engineering Lecture

Rooms, Queens Building, University
Walk.
21st. Society of Instrument Tech-

nology.—Discussion on “ Instrument
design at 7.30 at Department of Phy-
sics, Umversny of Bristol, The Royal
Fort.

CARDIFF

7th. BntIRE—“ The function of
a computer” by Dr. A. D. Booth at
6.30 at the Department of Physics,
University College of South Wales.

CHESTER

22nd. Soqety of Instrument Tech-
nology.—* Electronic versus pneumatic
control ” by C. H. Gregory at 7.0 at
Stanley Place, Watergate Street.

1
1
| ‘““WIRELESS WORLD'" PUBLICATIONS
1 Net By
! Price Post
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CHESTERFIELD

21st. ILE.E. Graduate & Student
Section.— Recent trends in loud-
speaker design” by R. E. Cooke at 7.0
ar the College of Technology.

DUBLIN

5th., I.E.E.—“Engineering aspects
of Irish television” by T. Parker and
J. H. Harbison at 6.0 in the Engineers
Hall, Dawson Street. (Jo.nt meeting
with the Institution of Civil Engineers
of Ireland.) '

15th. I.LE.E.—“ The bgnana-tube dis-
play system—a new approach to display
of colour television pictures” by Dr. P.
Schagen at 6.0 in the Engineers’ Hall,
Dawson Street.

EDINBURGH

7th. Brit.LR.E.—* Transistors in
transmitters and communications re-
ceivers” by A. J. Rees at 7.0 at the
Department of Natural Philosophy, The
University, Drummond- Street.

GLASGOW

8th. Brit.I.R.E.— Transistors in
transmitters and communications re-
ceivers” by A. J. Rees at 7.0 at the
Institution of Engineers and Ship-
builders, 39 Elmbank Crescent.

LIVERPOOL

8th. Society of Instrument Tech-
nology.—* Modern trends in instrument
installation ” by A. J. Matthews at 7.0
at the Merseyside and North Wales
Electricity Board Industrial Centre,
Paradise Street.

MIDDLESBROUGH

7th. ILE.E.—“ Silicon power recti-
fiers” by A. J. Blundell, A. E. Garside
and R. G. Hibberd at 6.30 at the Cleve-
land Scientific and Technical Institu-
tion.

21st. Society of Instrument Tech-
nology.— Training of instrument en-
gineers ”” by Professor J. E. Parton at
7.30 at Cleveland Scientific and Tech-
nical Institution.

NEWCASTLE-UPON-TYNE

14th. Brit.LR.E.—“ Some physical
and physiological signal-to-noise ratios ”
by Dr. L. Molyneux at 6.0 at the Insti-
tute of Mining and Mechanical Engi-
neers, Neville Hall, Westgate Road.

NEWPORT

28th. Society of Instrument Tech-
nology.—* The training of instrument
engineers ” by J. C. Stone at 6.45 at
the Newport and Monmouth College of
Technology.

OXFORD

6th. Institution of Production En-
gineers.— Electronic data processing ”
at 7.30 at the Town Hall,

SOUTHAMPTON

28th. Brit. LR.E.— Some aspects of
the conversion of heat to electricity ”
by Dr. B. J. Hopkins at 7.0 at the Lan-
chester Building, The University.

TORQUAY

8th. ILE.E.—“ Microminiaturization ”
by L. J. Ward at 3.0 at The Electric
House, Union Street.

WOLVERHAMPTON

7th. Brit.LR.E.—*“ Some aspects of
industrial electronics ” by F. C. Riches
at 7.15 at Wolverhampton College of
Technology.
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CENTRAL—“OFF”
MOULDED SWITCHES

After many years of research and testing, The

House of Bulgin is proud to present their
new and comprehensive range of Moulded
Switches. Cdnsisting of sixteen models, eight
double pole and eight single pole, each has a
different contacting arrangement (see tables
below). The body is moulded in a highly
polished thermo-setting bakelite material, and
the front-of-panel fixing rings and dolly have a
brilliant chromed finish. Internal contacts are
solid fine silver (not plated!) and connections
can be either 6BA screw terminals, solder
tags or tags for “ AMP ” type connections.
Maximium Ratings 10A. at 250V. A.C., or
10A. at 0-28V. D.C. (Depending upon circuit

conditions).
DOUBLE POLE. SINGLE POLE.
List Switching List Switching
v No. Arrangement, No. Arrangement,
Rear View
8,780 | Change-over, Centre- | 5,790 | Change-over, Centre-

Off, Non-biased. Off, Non-biased.

8.781 | Change-over, Centre- | §,791 | Change-over, Centre-

Off, Biased one-way. off, Biased one-way.
§.782 | Change-over, Centre- | S.792 | Change-over, Centre-
Off, Sides biased to Off, Sides biased to
Off, Off.
$.783 | Change-over. Two | 8.793 | Change-over, Two
positions (no ocentre- positions (no oentre
off), Non-biased. off), Non-biased.
$.784 | ON/OFF Two posi- | 5.784 | ON/OFF Two posi-
tions, Non-biased. tions, Non-biased.
8.785 | ON/OFF, Two posi- | 8.795 | ON/OFF, Two posi-
tions, Biased “ON”’, tions, Biased ¢“ON",
§.786 | ON/OFF, Two posi- | 8.786 | ON/OFF, Two posi-
. tions, Biased ‘‘OFF”’, tions, Biased ‘‘OFF”’,
S.790-797 5.787 | Change-over, Two | S.797 | Change-over, Two
posiﬁqm (No centre- positions (No centre-
off). Biased One-way. off), Biased One-way,

FURTHER DETAILS, DRAWINGS, ETC., AVAILABI
REQUEST. LE ON

Full details of all these switches can be
found in the New Bulgin Catalogue
No. 202/C, price 2/6, post free, or free
to trade letterhead or order.

This is supplemented by a monthly News
Bulletin which gives details of any new
line developed by the House of Bulgin.
Rear View Are you on our Mailing List?

NEW ER:1"i, '8 COMPONENTS

A.F. BULGIN & CO.LTD.
BYE PASS ROAD,
BARKING, ESSEX.
RIP 5588 (12 lines)
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UNBIASED

By

Jet-Controlled A.V.C.

RECENTLY I spent a few days with
a friend who lives within a few miles
of one of our big airports and he is
in the approach area where the big
transoceanic jets are flying fairly low.

I can only say I was truly appalled
at the. difficulties of listening to
broadcasting amid the din of these
super aircraft. On some days it is
worse than others as the jets vary
their direction according to the way
the wind is blowing. The strangest
thing of all, to my mind, is that the
people most intimately concerned
don’t seem to bother much about it
although I notice they always seem
relieved when the uproar has tem-
porarily ceased. They remind me of
the man who frequently hit himself
on the head with a mallet as the
feeling was so pleasant when he left
off. No doubt our psychiatrists will
be able to furnish a glib explanation
of this, as they do of most other
quirks of human nature.

When a jet approaches, it is neces-
sary for listeners in the district to rise
from their seats and turn the volume
control to the “full-blast” position
and lower it again after the plane has
passed. Surely this could be done
far better by a microphone on the
roof or, better still, at some distance
from the house to obviate feed-
back, which, by means of the neces-
sary servo mechanism or electronic
“circuitry,” would regulate the

« Would outstentor Stentor himself "’
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volume of sound from the set in rela-
tion to the noise of the passing plane.

The modus operandi of my idea
would need carefully working out, for
we don’t need to increase the sensi-
tivity of the set, and thereby bring up
the background noise. It is merely
the audio gain we want to adjust and
so I think, therefore, that my title
of ““jet-controlled a.v.c.” is correct.

There is a still more unfortunate
class of listener, living on the very
fringes of an airport, to whom turn-
ing the wick of their sets full up is
quite inadequate. To them I would
suggest the installation of a powerful
p.a. system which the roof micro-
phone could switch into circuit when
necessary, so that the voice of the
announcer would outstentor Stentor
himself, and the most pianissimo
passages of music be raised to the
level of Wagner at his wildest,

We don’t want a lot of scrappy bits
and pieces added to sets, and so I
hope our big manufacturers will be
willing to turn out special sets fitted
with the necessary apparatus for sale
in areas near our great airports.
What is wanted is a set with a jack
into which it is only necessary to plug
the roof microphone.

Pipeless P.A. Pioneers

1LAST November I wrote in these
columns about a first class enter-
tainment I had seen on the pier of
a well-known seaside resort. I also
expressed the opinion that it was
marred by the trailing cable connect-
ing singers and others to the p.a.
system and I suggested that this be
replaced by a microwave link.

1 did not mention the name of the
resort but spoke of it in such glow-
ing terms that the entertainments
manager of Southend-on-Sea, Essex,
wrote to the editor saying, quite
rightly, that he felt sure I must have
been talking about the pierhead show
there. He also asked for details of
the cableless link which I advocated,
as he felt it would fill a need in cer-
tain of the resort’s entertainments in
the coming summer.

" The editor gave him the required
information together with the names
of some firms who make this equip-
ment commercially. It may be,
therefore, that in the approaching
summer Southend will find it
self hailed as the pioneer of pipeless
p.a. among the seaside resorts of this
country, but it will certainly not be
the pioneer as far as other countries
are concerned, A Singapore reader
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has written to tell me that this
system is in use in various places of
entertainment there, the apparatus
being of Japanese manufacture.

The midget Japanese transmitter
measures 5in x 24inx lin and so is
easily held in the singer’s hand. It
is fully transistorized and works on
27Mc/s, feeding 60 milliwatts into
an aerial of fine wire sewn into the
gown of a lady singer, presumably a
male singer would have it sewn into
the seat of his trousers.

My Singapore correspondent does
not give me details of the dimensions
of the aerial, but maybe a profes-
sional singer who would use the
apparatus frequently might have the
antenna tatooed on her in conductive
flesh coloured ink; in fact the printed
circuit itself could be tattooed on the
skin in the manner I suggested for
the “Torso T'wo > personal receiver
in these columns some time ago. It
would be necessary, of course, to
embed the tiny transistors under the
skin by means of plastic surgery.

However, in all seriousness, I do
hope to find a “pipeless p.a.” link
in use at Southend next season. If
50, I will certainly let you know of
it through these columns.

Debawling Device

IN the July issue of the Post Office
Magazine, 1 read an interesting
account of two special types of
>phone which the P.M.G. has made
available for the benefit of those who
have the misfortune to be aurally or
vocally defective.

First there is a ’phone for those
who are hard of hearing. In this in-
strument, a miniaturized amplifier is
built into the handset to boost in-
coming signals. The second instru-
ment employs a rather larger
amplifier in a separate case which is
intended to be screwed to the skirt-
ing board. This device amplifies the
voice of the person speaking into the
microphone.

While I admire the ingenuity of the
Post Office engineers in producing
these instruments, it astonishes me
that they have overlooked the neces-
sity of producing another special
type of telephone which, I think, all
of us need from time to time. Every
*phone user knows the type of per-
son who bawls with ear-splitting in-
tensity into the microphone. Such
people are presumably under the
impression that the telephone is a
speaking-tube rather than an electrical
instrument, although even with a
speaking tube, bawling does not
really help.

What we need is that every ’phone
be fitted with a simple debawling
device in the earpiece circuit so that
we can listen in comfort to those
who think they are on the parade
ground when using the ’phone. All
that is needed is a push button to
bring into circuit a simple fixed
attenuator when necessary.
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