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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
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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
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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
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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

» = 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 \AAA N -

i | osne—constanr  Fige 4. Circuit diagram of plotter.
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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
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Fig. 6. Tube of flux in two-dimensional field.
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