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Some Diamagnetic Problems

CCORDING to the dictionary diamagnetic
A means ‘ cross-magnetic —applied to anvy
substance, such as a rod of bismuth or glass,
which, when suspended between the poles of a
magnet, arranges itself across the line joining the
poles* in contradistinction to paramagnetic ;
1.¢., parallel to the line joining the poles. In the
Philosophical Magazine, April 1855, however,
there was published a letter from Professor
Thomson (later Lord Kelvin) to [Professor
I'vndall in which he maintained that if a rod of
bismuth is placed in a magnetic field obliquely
across the lines of force, ‘ the resultant of the
couples will tend to turn the whole mass in such a
direction as to place the length of the bar along
the lines of force.’” He then said ‘ Some
phenomena that have been observed are to be
explained by the resultant of forces from places
of stronger to places of weaker intensity in the
field, others by the resultant of couples depending
on crystalline structure, and others by the
resultant of such forces and couples co-existing ;
and nonc observed depend at all on any other
cause.” In 1852 in a report to the British
Association at Belfast Thomson had said that
“ what is known with certainty regarding magnetic
induction and magnetic action generally, shows
that an clongated mass, in a wniform magnetic
Jield, tends to place its length parallel to the lines
of force, whether its inductive capacity be
ferromagnetic or diamagnetic, provided it be
non-crystalline, because if ferromaguetic it
becomes more, or if diamagnetic, less intensely
magnetized, if placed in such a position, than if
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placed with its length across the lines of force.’
[he italics are not in the original, but that
Thomson realized their importance is obvious
from his further remark that ‘Al directional
tendencics in bars of diamagnetic substance
which have yet been, and probably all that can
cver be discovered by experiment are thus due
to the tendency of their ends or other movable
parts, from places of stronger towards places of
weaker force, in varied magnetic fields.” (These
italics are in the original.) Five years before
this, in 1847, when his address was St. Peter’s
College, Cambridge, Thomson wrote that ‘ such
a needle has no tendency to arrange itself across
the lines of magnetic force, but if it be very small
compared with the dimensions and distance of
the magnet, the direction it will assume, when
allowed to turn freely, about its centre of gravity,
will be that of the lines of force, whether the
material of which it consists be diamagnetic or
magnetic matter such as soft iron ; but Faraday’s
result is duc to the rapid decrcasc of magnctic
intensity round the poles of the magnet, and to
the length of the needle, which is considerable
compared with the distance between the poles of
the magnet; and is thus explained by the
discoverer [IFaraday] himseclf, “ The cause of the
pointing of the bar, or any oblong arrangement
of the heavy glass is now evident. It is merely a
result of the tendency of the particles to move
outwards, or into the positions of weakest
magnetic action.”’

Although Brugmans had discovered in 1778
that a piece of bismuth repelled a magnet pole,
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it was not until 1845 that Faraday showed its
diamagnetic properties and invented the name.

And now, a century later, the fallacy still
persists and has recently been the topic of letters
in the American Electrical Inginecring. Slepian
raised the question in Sept. 1947 and gave the
correct answer in Jan. 1948. In May Litman
suggested an interesting cxperiment which is an
exact converse of Faraday’s experiment. By
using pointed poles Faraday produced a field
that was strong at the axis and fell off rapidly
at a short distance from
the axis. Litman suggests
that if a magnet be made
as shown in Iig. 1 and
a paramagnetic or ferro-
magnetic rod be sus-
pended at the centre, it
should tend to set itself
transverse to the field,
especially if knobs be
fitted to the ends of a
thin rod. This would be
due to the tendency of
the ends of the rod to
move into the stronger
field, just as in l'araday’s experiment the ends
of the bismuth rod moved into the weaker field.

If one consults text-books of fifty years ago
onc finds a very confused state of affairs. Some
are just vaguc, some support the view held by
Kelvin—S. P. Thompson, for example, says
“There is no reason to doubt that in a magnetic
fiel¢ of uniform strength a bar of bismuth would
point along the lines of induction,’—while others
tecach exactly the opposite. Watson in his
“ Text-book of Physics ”’ says that * in a untform
field there is no measurable directive force . . .
but the manner in which a diamagnetic cylinder
will set itself in a very strong magnetic field can,
however, be at once foreseen.” Hu then shows
with the help of a diagram that ‘diamagnetic
bodics therefore tend to turn so that their longer
axis is at right angles to the direction of the
field.” Mascart and Joubert’s ““ Electricity and
Magnetism ~’ (1883) says ‘The coefficient of
magnetization for diamaguetic bodies is so feeble
that the reactions of the particles may be
neglected and their effect escape all means of
observation. For a diamagnetic needle, provided
it is not crystallized, is in mobile equilibrium in
a uniform magnetic field ; in all experiments in
which there seem to be phenomena of direction,
the effect is due to the magnelo-crvstalline
properties of the body.’

All this is now a thing of the past, and although
many people still believe that a diamagnetic
rod, if free to rotate, takes up a transverse
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position in a uniform field, this is disproved in
all reliable text-books that give serious con-
sideration to magnetic theory.

In the Phil. Mag. for January 1836, there
is a letter from Thomson addressed to Tyndall
giving his answer to a question propounded by
the latter. ‘The question was ‘Supposing a
cylinder of bismuth to be placed within a helix,
and surrounded by an electric current of sufficient
intensity ; can you say, with cerfawnty, what
the action of either end of that cylinder would
be on an external fragment of bismuth presented
to it ?’ To which Thomson replied ‘ In answer,
I say, that the fragment of bismuth will be
repelled from either end of the bar provided
the helix Dbe infinitely long . . . The confidence
amounts in my own mind to a feeling of certainty.’
Now we have a fecling of certainty that Thomson
was wrong. He says ‘ In every case in which the
forces experienced by a little magnetized steel
needle held with its axis reversc along the lines
of force, and a fragment of bismuth substituted
for it in thc same locality of a magnetic field,
have been compared, they have been found to
agree . . . In no casc has any discrepance from
this law Dbeen observed . . . In every case in
which any magnetic force at all can be observed
on a fragment of bismuth, it is such as the steel
magnet thus held experiences. Therefore I sav
it 1s in this case repulsion.” This may have
satisfied Tyndall but we think that it was a wrong
conclusion. Fig. z(a) shows a paramagnetic
rod and Fig. 2(h) a diamagnctic rod in the
magnctic ficld of a long solenoid. If the rod were
absolutely non-magnetic the field would not be
distorted in any way and B in the rod would be
woH, where p, is the permeability of space.
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(a) (b)
Fig. 2

With a paramagnetic rod the field tends to crowd
into the rod and with a diamagnetic rod it
tends to avoid it. In both cases B = u H -+
4mcH. In the first case /1 in the rod is less than
H, because of the demagnetizing cffect of the
poles but, notwithstanding this, B is greater
than poH , because the susceptibility « is positive.
In the second case H in the rod is greater than
H, because of the magnetizing efiect of the poles
but, notwithstanding this, B is less than peff,
because the susceptibility « is negative.

Now everyone agrees that in Fig. 2(a) a frag-
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ment of iron placed at X would move to the
right and a fragment of bismuth to the left,
the bismuth tending to move to the weaker
field. A magnetized ncedle held reversed at X
would, as Thomson said, do the same as the
bismuth. Although we talk of attraction and
repulsion it is really a matter of moving to a
stronger or weaker field. In Fig. 2(b) a fragment
of iron placed at Y would move to the left and a
fragment of bismuth to the right, because by
moving to the right the bismuth would move
into a weaker field. .\ magnetized needle held
reversed at Y would similarly move to the
right into the weaker field. Hence the bismuth
rod would appear to attract the fragment of
bismuth and not repel it as Thomson maintained.
The small loop and arrow-head on the rod merely
indicate the direction of the electronic currents
within the material. One must not be surprised
that in Fig. 2(b) flux enters the north pole and
leaves the south pole. This flux is the resultant
of that due to the diamagnetized rod and the
much greater flux duc to the helix. In Fig. 2(a)
the magnetic induction just above and below the
rod is weakened by the action of the poles,
whereas in Fig. 2(b) it is strengthened. Anyone
who dislikes poles can regard it as due to the
action of the electronic currents within the
material of the rod.

The same conclusion is reached by the following
reasoning. If both the cylinder and the frag-
ment are of iron, there is attraction, and if the
iron fragment is replaced by a fragment of bis-
muth, there is repulsion. Everyone agrees on
this. If now the iron cylinder is replaced by one
of bismuth, its polarity i1s reversed. and the
repulsion must surely be replaced by attraction.
It is difficult to see how Thomson came to a
contrary conclusion.

Probably the simplest way of showing why
a bismuth rod in a uniform field sets itself along
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the direction of the field is to follow up what
we said above about the effect of the poles
in increasing the value of A in the rod. In a
paramagnetic material the poles exert a demag-
nctizing force and therefore tend to weaken
the field, expecially if the path through the
material is short and the poles therefore close
together. In a diamagnetic material under such
circumstances the poles exert a magnetizing
force. One must remember that we are dealing
with materials that hardly affect the applied
field, and that conditions are very different
from those that obtain with a ferromagnetic

Fig. 3

rod. Fig. 3 shows (a) a paramagnetic and (b)
a diamagnetic rod placed at 45° to the direction
of the field H,. 1In the latter the polarities are
reversed, and, whereas in the former the longi-
tudinal magnetization B, 1s grecater than the
transverse B,, the reverse is true in the diamag-
netic case. The path of the magnetic induction
through the materials and the corresponding
poles will be as shown. In both cases the forces
exerted on the poles by the field, which are
indicated by the arrows, producc a clockwise
torque tending to bring the rod into line with the
applied field. This is practically the same as the
method of explaining the phenomenon given by
Thomson in his letter to Tyndall. In lig. 3
we have greatly cexaggerated the difference
between B, and B, ; 1in the actual material
the difference between them will be very small.
G.W. 0. H.



TRANSMISSION-LINE IMPEDANCE
MEASUREMENT

Balanced Lines at 100-1,000 Mc/s

By R. J. Lees, M.A., B.Sc.,* C. H. Westeott, Ph.D.*t and F. Kay, M.A. *}

I. Introduction

ONSIDERABLE experience of aerial design
and impedance mecasurement in the fre-
gquency range from 100 to I,000 Mc/s
was gained at T.R.E. during the course of
the war. The early work was at frequencies
near 200 Mc/s, on the design of the aerials

described by Taylor and Westcott.!  These
aerials mostly used a balanced twin open-
wire  feeder  of characteristic impedance

7o = 330 ohms, although for some receiving
aerials a 75-ohm coaxial feeder was used. The
carliest impedance measurements were made
using the method of Cork and Pawsey,? but
difficulties were experienced, particularly with
twin feeders, for which the attainment of a
truly balanced condition proved difficult. The
alternative method involving the measurement
of standing-wave patterns was therefore in-
creasingly adopted, and the present paper des-
cribes  the technique evolved for obtaining
satisfactory results with balanced-fecder systems
using this method, including the developments
which made the method reliable at higher fre-
quencies.

The alternative methods described by Essen3
were probably developed somewhat before ours,
but the two developments were essentially
independent. It is interesting to note that we
both experienced similar difficulties, in particular
the presence of unbalanced components on
balanced feeders. We believe that our methods
are particularly suited to aerial design problems
and other measurements where the standing-
wave ratio is fairly close to unity, although for
other purposes, such as cable-loss measurements
we are willing to concede the superiority of
Essen’s methods. The self-consistency of the
results which we have obtained gives us con-
siderable confidence in the accuracy of our
methods ; the results given by Westcott and
Goward? on the impedances of various dipoles
in parabolac may be cited as an example.

* Telecommunications Research Establishment, Malvern.
t Now at Physics Department, Birmingham University.
1 Now at Bolton Grammar School.

MS accepted by the Editor, December 1947

Although it must be admitted that measure-
ments on a balanced feceder are more difficult
than unbalanced measurements, we have generally
rejected the alternative of measuring a balanced
impedance by using a balance-to-unbalance
line transformer and an unbalanced measuring
device. The reason for this is that discontinuity
effects associated with the transformer may
cause secrious and incalculable departures from
the theoretical transformation laws. This effect
also occurs if the transformer is not correctly
adjusted for the frequency used. Where for
special reasons we have used such a transformer
with an unbalanced measuring equipment, we
have preferred the ‘Pawsey Stub’® type shown
in Iag. 1 (a) to the half-wave loop [or ‘trombone’]
Fig. 1 (b), or the slotted-coaxial type, Iig. 1 (c).
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Fig. 1. RBalance-to-unbalance devices : (a) Pawsey
stub; (b) half-wave trombone ; (c) slotted coaxial
stih [ a unhalanced feed : y, v/ balanced feed :

sliding shoviing bar.

(b)

The Pawsey stub, if designed so that the outer
conductors are symmetrical, gives pertect
balance,§ although if the shorting-bar (z) 1s
incorrectly adjusted a shunt reactance is placed
across the load being measured ; the adjustment
is, however, readily made if the load is dis-
connected. The trombone is more difhcult to
construct without introducing asvmmetrical
feeder discontinuities, and if the loop is not
exactly a half-wavelength long unbalanced com-
ponents arise on the balanced feeder. It may

§ Perfect balance is when the potentials 171 and V3, at corresponding
points on the two lines are equal and opposite. In the general case we
write 17y U Band 1 U B, where U and B are the unbalanced
and balanced components respectively. Either component may be
analveed into harmonics (if these occur) in the usual way.
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sometimes be of use when a 4 : 1 balance-to-
unbalance impedance transformation is re-
quired; the Pawsey stub, of course, gives 1 : 1.
Other arrangements, such as the slotted coaxial
of Iig. 1(c), while sometimes used in aerial
d.esign, are unsuttable for measurement purposes
since the transformations they introduce are
incalculable.

We thercfore recommend making the measure-
ments on a balanced system whenever practic-
able. The precautions necessary to cnsure true
balance and detect unbalanced compounents arc
described below. [t is important to eliminate
effects due to unbalanced components and
harmonics since the acrial under test, though
matched to its feeder for the wanted component,
may present a very different impedance to other
components, reflecting some of them strongly
and giving rise to large standing waves. It is
equally desirable to ensure that the measuring
device is relatively insensitive to such unwanted
components.

2. Early Work at 200 Mc¢/s

Our earliest work at frequencies of about
200 Mc/s was done using the Cork and Pawsey*®
method, in which the detuning and damping
cffect of the load when placed across a tuned
LC circuit was compared with the effect of stand-
ard resistances and reactances. At this frequency,
however, this equipment is approaching the limit
of its usefulness for several reasons. In the
tirst place it is difficult to make a truly symmetri-
cal tuned circuit and to
energize it in a properly
balanced manner. Second-
ly, standard resistors,
especially the  higher

Fig. 2.

uniquely on the load impedance (for a feeder
of given Z;), so that by measuring the ratio and
the position of (say) the minimum of the standing-
wave pattern the impedance of the load can be
determined. The calculation is most readily
made on a ‘ Smith chart’ or circle diagram$
which is a geometrical representation of the
standard transmission-line formula.

The aerials on which most of our measurements
were made were fed by 330-ohm open-wire twin
feeder consisting of 200-1b hard-drawn copper
wires (0.112-in diameter) spaced 0.875 in between
centres. Usually the feeders were tensioned,
a minimum of Distrene spacers being used, and
as a later refinement, these spacers were used in
pairs A/4 apart so that the reactance introduced
by one of the pair was cancelled to the first
order by that due to the other.

To measure the r.f. voltage across the feeder
at any point, a clip-on stub arrangement was
used (Fig. 2). The stub is A/4 long and is short-
circuited, so that it presents a substantially
infinite impedance at the point of attachment
and does not upset the voltage distribution on
the feeder by drawing current. Howcver, a
considerable wattless current flows in  the
shorting-bar, given by ¢ — V/Z,, where V' is
the voltage across the points of attachment to
the feeder and Z, the characteristic impedance of
the stub. Due to the self-inductance of the
shorting-bar there is a small voltage between the
ends of this bar, and this is measured by connect-
ing a vacuum thermocouple across it. The current

\4

200-Mc/s thermocouple measiving stub.

— e o

values, no longer present
the same impedance as

qa
o]

they do at low frequencies.

S I

FFurther, as generally con-
structed, the equipment
is most sensitive when measuring relatively
high impedances, and can be used with a quarter-
wave transformer to measure low impedances,
but is least suited to measuring the medium
impedances usually presented by acrials.

For reasons of convenience and accuracy, we
therefore developed the standing-wave measure-
ment method for balanced lines. In design work
on aerials the standing-wave ratiol is usually
fairly small (say not exceeding 2), which makes
this method convenient. As in the case of normal
coaxial-line measurements, the position of the
standing wave on the feeder and its ratio depend

|l Throughout this paper, this ratio is defined as that of the voltage
maximum to the voltage minimum (i.e., it is never less than unity).
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drawn by the thermocouple heater is very small
compared with the wattless current in the bar
so that the load on the feeder remains negligible ;
the power absorbed by the thermocouple is
naturally abstracted from the feeder system,
but it constitutes only a negligible fraction of th
power passing along the line to the load. An
oscillator with a mean output of the order of
I watt or more was necessary to encrgize the
feeder system, and a sensitive thermocouple
was uscd.

The thermocouple was connected to a milli-
voltmeter (2.4 mV full scale) for taking measure-
ments ; the reading of this meter was of course
proportional to the power dissipated in the
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thermocouple ; i.e., to the square of the voltage
across the feeder. As the stub was moved along
the feeder the standing-wave pattern could be
measured.  When plotted, a sine-wave curve
should result§ [V2oc a + & sin (zx/A + ¢)] from
which the ratio and position of the standing wave
can be determined. It is generally desirable to
plot the complete pattern from measurements
made at uniformly-spaced points along a line,
rather than just to look for and measure the
maximum and minimum, since the presence
of harmonics may be suspected if the curve is
not truly sinusotdal. No special precautions had
to be taken to screen the leads to the thermo-
couple, although erratic results and severe hand-
capacitance effects were obtained when using
faulty thermocouples in which electrical continuity
existed between the heater and couple elements.
Iissen experienced difficulties due to the same
causc.

Fig. 3. Diode-type standing-

A SHORTING
ware thdicator. BAR

mitter (3-5usec duration, repetition rate 500 c/s).
The choke stores energy during the pulse,
providing a back-c.m.f., and this, together with
the zoo-ohm series resistance, limits the peak
diode current and reduces the tendency to over-
load, as well as improving the linearity and
rendering the sensitivity of the system less
dependent on the diode-cathode temperature.
The choke also serves to lengthen the current
pulse through the diode and gives improved
sensitivity compared with that which would be
obtained with a series resistance giving an equiva-
lent back-c.m.f. When used with a 6,000-ohm
meter giving full-scale deflection for 15 volts, a
very ncarly linear calibration law (meter reading
against r.f. voltage on the feeder) was obtained,
although for accurate work the instrument was
calibrated against a stub fitted with a thermo-
couple. A standing-wave pattern plotted with a
diode measuring stub is not an exact sinusoid

since the reading is propor-
£450 4 PIN tional to V and not V=

SOCKET . g . _
I'he minimum 1s therefore

sharper than the maximtim,

el l 3

— — L —N\r

— ¢

which makes it preferable to
measure the position of the
former rather than the latter

to obtain greater accuracy.

As will be seen from IMig. 2, the position of the
shorting-bar is adjustable for working at different
frequencies.  The determination of the correct
shorting-bar position for each frequency is carried
out by using a second measuring stub clipped to
the feeder at a point nearer the oscillator. The
first stub is then moved along the feeder and the
position of its shorting bar adjusted so that the
reading of the other stub remains constant
however the first stub is moved. This can be
done at several frequencies and a calibration
obtained.

Although this cquipment is satisfactory for
laboratory use, it posscsses several disadvantages
for tests on actual radar installations. l'or such
work it is advantageous to be able to use the
radar transmitter itsclf as the generator. The
thermocouples are casily damaged by overload
and also require the use of sensitive low-impedance
galvanometers.  For field use, therefore, a more
robust equipment was designed making use of
an EAso type diode instead of a thermocouple.
The mechanical arrangement of this is shown in
[ig. 3, and the circuit in Fig. 4. The smoothing
circuit following the diode rectifier is designed to
work with the pulscs given by the radar trans-

§‘ Standing Waves and Impedance Circle Diagrams b -C. H. Westcott,
Ph.D. To be published in Wirdess Engineer.

S0

It will be seen from sym-
metry that these measuring
stub arrangements are insensitive to unbalanced
voltages on the feeder, the end of the stub
where the diode or therntocouple is connected

P

NN

DICOE UNIT

BATTERY BOX

Fig. 4. Circuit
of diode
standing-
wave indica-

lor.

being a current node for the unbalanced compo-
nents.  The r.f. chokes fitted to the diode model
help in this respect, reducing any scnsitivity
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due to the unbalanced voltage antinode. The
trouble experienced with faulty thermocouples
with a heater to thermocouple connection has
already been mentioned ; this fault might also
be expected to lead to sensitivity to the un-
balanced component. Although in theory this

T
Fig. 5. 6o0o0- ELoptd
Mc/s stand- [01] THERMOCOUPLE
ing-wave (ke
measuring i
section. ::
1y
I
1l SLID
1] SURF
_— - — —

|
hy

GENERATOR END

LOAD ENP

stub is sensitive to balanced harmonic components
no trouble was experienced due to these in the
200-Mc/s measurements, since it was found to
be fairly easy to design oscillators and coupling
systems which eliminated harmonics. It is, of
course, important when using the measuring stub
to attach it so that it is perpendicular to the
feeder, or when working near teeder junctions, to
keep it well clear of the other lceders, to avoid
mutual inductance cffects between the feeder
and the measuring stub. These would cause
errors due to a sensitivity to the currents flowing
along the line, which have a different standing-
wave pattern from the voltages across it.

It should be mentioned that besides its use for
measuring impedances, this stub finds applica-
tion in measuring the power on feeders. It was,
in fact, first evolved in connection with such an
application. The power passing along a feeder is
given by :

so that relative power measurements only require
a measure of the maximum and the minimum of
the standing wave. This can be used for moni-
toring transmitter output, or for checking the
power distribution to the separate scctions of a
complex array ; c.g., in setting up a ‘ tapered ’
array for the reduction of side lobes (cf. Ratcliffe’
and Taylor and Westcott?). The stub was also
used in the design of the capacitance switch
described by the latter authors and in other
work on r.{. switching, for checking the matching
through the switch and the switching efficiency.
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3. Measurements in 500-600 Me/s Band

The acrials used for frequencies in the 3500-
6oo Mc/s band were generally fed with screened
twin feeders.  Polythene-dielectric cable was
often used in production, but for experimental
work a standard form of fabricated line was
adopted. This consisted of two copper
tube feeders spaced $in between centres
surrounded by a screen of tube of out-
side diameter 2in, Distrene spacers being
used as necessary. The diameter of the
inner tubes was chosen according to
the characteristic impedance required
(usually 100-130 ohms). IFor making
standing-wave measurements on this
form of line, a special measuring section
was designed which could be attached
to, and form part of, the main feeder.
It consists of a length of line of similar
dimensions to this feeder, but with a
slot cut in the outer to allow a
measuring stub to project through
and slide along. The slot is arranged symmetri-
cally with respect to the inner conductors and a
subsidiary experiment has shown that its effect
on the characteristic impedance of the section
is negligible. Contact between the ends of the
stub and the inner conductors is made through
smoothly sliding shoes, and the stub is screened
within a tube fastened to a carriage which slides
between guide-rails and carries the whole stub
with it (see Iig. 5). The whole measuring stub
is telescopic so that its length can be adjusted for
working at different frequencies. In order to
reduce the sensitivity of the stub to harmonics,
the shorting-har used at 200 Mc/s is replaced by
a capacitance formed by two brass blocks in-
sulated by a slip of mica. The spacing of these
blocks determines the capacitive impedance which
shunts the thermocouple, and thereby fixes the
sensitivity of the measuring stub. Its value is
usually such that a stub length of about 0.20A
is needed to give infinite impedance. The use
of a capacitance instead of a shorting-bar helps
to reduce the sensitivity of the stub to harmonics,
since the impedance in parallel with the thermo-
couple is one the magnitude of which decreascs
with increasing frequency, in contrast with the
behaviour of an inductive shorting-bar. The use
of a capacitance also avoids a resonance for even
harmonics ; a simple shorted A4 stub would
behave for these modes like a short-circuit across
the line and most of the power available in them
would be fed into the thermocouple. It is also
important to choose the spacing of the capacitor
blocks from the outer tube to avoid such a re-
sonance for unbalanced modes.
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To reduce further the unwanted modes, a line
filter was used between the oscillator and the
measuring section. This is shown in [ig. 6. The
pick-up system in the oscillator compartment
consists of a balanced tuned circuit, which is
very helpful in rejecting harmonics. The output
of this circuit is fed through two equal coaxial

:

A

T
A
BALANCING UNLY
U

MEASURING SECTION

-

U

Ralancing unit and generator
coupling.

Fig. 6.

In
trombones are joined between the two lines at a
distance of A/4 apart.y These trombones bridges
are adjusted to be A/2 long, so that the voltages

cables into the balancing unit. this, two

at their ends are cqual and opposite. They act
as a short-circuited quarter-wave stub to the
balanced component, which therefore passes
unhindered, but for the unbalanced component
they behave as short-circuits, the two in succession
being a very effective filter. These stubs also
remove balanced even harmonics, but unbalanced
even harmonics are passed by them ; usually this
did not lead to any trouble, but on occasions
when it did, the unwanted modes were easily
removed by adding separate A/4 shorted stubs to
each of the two coaxial feeders. .\ convenient
point to attach such stubs is mid-way between
the balancing trombones.

The measuring stub and the filter elements
were all made telescopic and could be adjusted
for use at various frequencies. The tubes were all
calibrated, the adjustment of the measuring stub
length being made by substantially the same
method as described for the 2zoo Mc/s equip-
ment in Section 2. Prior to this, the oscillator
frequency was adjusted using an accurate
wavemeter, and the balancing stubs set approxi-
mately. The pick-up circuits were also tuned to
give a maximum reading on the thermocouple ;
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SECTION ON A-A

VARIABLE CAPACITORS
TUNING PICK-UP LOOPS

an h.t. voltage control for the oscillator was also
provided so that the magnitude of the thermo-
couple meter reading could be adjusted to a
convenient value. The balance of the system
could be checked by attaching a further A/2

trombone across the feeder at a suitable
point ; this trombone was like those in
the balancing filter, but the nud-
point of its inner conductor
could be short-circuited to its

outer through a small hole in the
latter. If any change in meter
readings occurred when this was
done, it indicated the presence
of unbalanced components, since
when the stub is shorted its
impedance to unbalanced compo-
nents changes from zero to
infinity while its impedance to
the wanted mode remains infinite.
As a further check on the reha-
bility of the results the standing-
wave pattern was plotted—as at
200 Mc/s it should be sinusoidal.

OSCILLATOR

cmﬂ

LINE

4. Experimental Results

Some of the results obtained
with this equipment have already
been published,? and some fur-
ther examples are given in this section. It
was required to design a radar aerial giving
horizontal polarization for any frequency in the
range 500-600 Mc/s with a minimum of standing
wave on the feeders, and giving a horizontal
beam-width of 5-6° and a vertical beam-width

Fig. 7. Radar aevial with siot
radiator.

of about 20°. The form of aerial used to meet
this specification was a wire-netting reflector of
aperture 26-{t wide and 7-ft 6-in high, consisting
of two 13-ft wide rectangular scctions of

€ A similar arrangement has recentlv been described by |. Tomiyasu
(Rev. Sci. Instrum.. 1045, Vol. 19, p. 675). \We were using this device early
in 1043
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paraboloids of revolution whose corners lay in
the focal plane. Each half of the aerial was fed
with a single radiator near the focus of the
reflector. It is necessary that such a radiator
should radiate over almost 180° in the horizontal
plane in order to illuminate the reflector properly,
while in the vertical plane the radiation should
be confined to a 110° sector in order to avoid
loss of power past the edges of the reflector. A
vertical half-wave dipole and reflecting plate
approximately fulfilled these requirements but
gave vertically polarized radiation. To reduce

Fig. 8  Variation of adwiitance of ideal slot with
[frequency, withou! paraboloid. Curve (1) adwittance
at slot ; curve (i) admittance at end of transformer ;
both mormalized to 260 ohms. The frequencies of the
500-, 550- and 600 Mc/s points ave marked ; inter-
mediale points ut 12.5 Mc's intevvals. C — centve of

diagram.

fixed ground echocs and sea returns horizontal
polarization was required, and therefore a
vertical slot radiator, 7 # cut in a hollow metal
cylinder was used. This gives nearly the same
radiation pattern as a vertical dipole but is
horizontally polarized.

The feeder to be used was a 125-0hm twin
polythene cable, but, owing to the high impedance
of a slot radiator, a quarter-wavelength of open-
wire line (£, =— 260 ohms) was first attached to
the slot. Ifor experimental measurements this
was connccted to a 4-ft 6-in length of fabricated
140-ohm feeder, which was clamped to the
netting reflector (one 13-ft section only) so that
the distance of the slot from the apex of the
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reflector could be varied (cf. Iig. 7). The
measuring section was then connected to the
feceder at the back of the paraboloid. The

cylinder uscd was 21.5-in long and 5.4-in diameter
(A and A/4 respectively at 550 Mc/s), and a 2-in
wide slot was found to be resonant at this
frequency at a length of 13.4in (0.6244). Its
g 8

impedance was then about 720 ohms.

Fig. 9. Frequency varia-
tion of admitlance of
ideal slo! with conipei-
sating stub (no parakbo-
loid).; lower ciurve wvov-
malized to 260 ohms;
uppcr curve  normial-
ized to 125 ohmms. The
500- and 600-Mc's
points ave marked,; in-
fermediate points are at
12.5 Mc sintervals. The
dotted civcle represents a
standing wave of 1.5 1.

shows the type of variation of admittance (the
reciprocal of impedance) with frequency obtained
for a slot of this type in free space plotted on a
circle diagram in terms of a unit of 1/260 mho,
the characteristic admittance of the matching
section (Z, — 260 ohm) used. Curve (i) of this
figure shows the admittance of the slot alone;
it will be seen that the impedance is capacitive
above the resonant frequency and inductive
below it, a behaviour opposite to that of a
quarter-wave dipole. Curve (ii) shows the
admittance as transformed by the quarter-wave
of Z, = 260-ohm matching section, and we sce
that at this point the sign of the reactance
variation is reversed (i.e., inductive above
resonant frequency). Since it is desired to have
as small standing waves as possible on the feeder
over the frequency band we use a method of

Fig. 10. Measured admit-
tance of slot in pava-
boloid ; frequencies in
Mcls as indicated. Solid
curve, 13.4-imch slot
dotted curve, 14.6-inch

slot.

compensating this change of impedance. A 3Xy/4
long short-circuited stub is connected across the
line, its characteristic impedance being chosen so
that its susceptance, which is of course zero at
the mid-frequency fy, = ¢/A,, just cancels that of
the slot plus transformer at the ends of the band.
This gives the result shown in the lower curve of
Fig. 9, which, when transformed into 1/140 mho
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units (i.e., the characteristic admittance of the main
feeder), gives the upper curve. This latter curve is
seen to lie entirely within the dotted circle, which
corresponds to a standing-wave ratio of 1.5: 1.
The impedance and bandwidth of the slot
radiator are modified upon insertion in the
paraboloid. It was found that by changing the
length of the slot so as to be no longer resonant
(1.e., non-reactive) at 550 Mc/s, a better overall
performance could be obtamed. IYig. 10 shows
curves for two slots to illustrate the effect, giving

Fig.11. Adnuttance mea-
sured at compensating
stih fmal design ;
frequencies in Mcls as
indicated. This systen
uses a feeder Z; 136
ohwmis ; a slot 36.8-cm
long and s5-cm wide ;
a cviinder 54-cin long
and 13.4-cm 1 dia-
meter ; a stub 38.35-cmn
long having Zy — 49.4
ohinis and a wmatching
section 12.45-cm long
having Z, — 262 ohns.

the admittances at the point of attachment of the
compensating stub. Tt will be noticed that the
longer (14.6in) slot gives a smaller variation of
the conductance component within the frequency
range required.  The longer slot also gives an
inductive impedance at mid- frequency (550 Mc/s),
which can be corrected by changing the length
of the 2060-ohm matching section or of the
compensating stub or both. In fact, at this stage
of the design, another parameter, the distance of
the radiator from the apex ¢f the paraboloid, was
altered to improve the polar diagram slightly.
This atfects the impedance of the slot in a manner
which may be predicted from the curve given
by Westcott and Goward.? In the final design
the slct length was 14.5i0 and the length of the

L e
/r T 05 b )(\\ 520 | B ’f .03
g
% Tj
/ 1o D{ ko
2\0 X&
(¢) (b)

Fig. 12, These diagrams show the measuved admit-
tance of supposedlv identical slot-feeder assemblies
(reproduced by courlesy of the I.E.I-). They indicate

admittance X 1135 niho.

compensating stub was also altered to centre the
curve on the diagram. Fig. 11 gives the final
curve so obtained, together with the constants
of the system.

&4

As mentioned above, the final system was
constructed with polythene cables and moulded
connections at the slot. This altered the
impedances a little, and the subsequent correc-
tion made use of the shight capacitive reactance
introduced by one of the r.f. plugs on the feeder.*
However, the main new feature was the fact that
the constancy of characteristic impedance of the
twin cable used was barely good enough for our
purpose, and different slots apparently identically
constructed gave different results when measured
at the transmitter end of the cables, due to
variation in the cable constants. A typical pair
of results is given in Ilig. 12 (reprinted from the
paper by Westcott and Goward already cited).
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DEPARTMENT OF SCIENTIFIC AND
INDUSTRTAL RESEARCH

Sir Ben Lockspeiser has been appointed Secretary to
the Committee of the Privy Council for Scientific &
Industrial Research in place of Sir Edward Appleton,
K.B.E., K.C.B., who relinquishes the appointment on
3oth April, 1949. Sir Ben Lockspeiser is at present Chief
Scientist, Ministry of Supply.

RADIO VALVE DATA

This Bo-page booklet contains the characteristics of
1,600 British and American receiving-type valves. The
data is tabulated and grouped under the headings: Fre-
quency-changers, Screened Tetrodes and Pentodes,
Output Valves, Diodes, Tricdes, Valve and Metal
Rectitiers, C.R. Tuning Indicators, Barretters and
Voltage Stabilizers.

Under each main heading the British valves are
grouped under manufacturers’ names and are further
sub-divided into obsolete, replacement and current
types.

The booklet is the post-war successor to the well-
known Wireless World Valve Data Supplements which
appearcd annually before the war. Compiled by Waire-
less World it is published by llitfe & Sons, Lid., Dorset
House, Stamford St., London, S.EE.r, and costs 35. 6d.
(postage 3d.).
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ROTATING H-ADCOCK DIRECTION
FINDER

System for High Frequencies
By B. G. Pressey, Ph.D., M.Sc.(Eng.), AM.LE.E.

(Communication from the National Physical Laboratory)

SUMMARY. -The paper describes a practical rotating H-Adcock dircction finder of small

dimensions for the frecuencv range 4-30 Mc/s.

The tuned aerial system, which has an overall

dimension of approximately 41t (1.22 metres), is inductively coupled to the receiver through a

secondary tuned circuit.

Its chiel features arc spheres fived at the ends of the acrials to increase

their capacitance and effective height and the measurcs taken to balance the acrial svstem and to

maintain that balance over the frequency range.

It is shown that by ‘splaying’ the points of

connection of the aerial coil to the horizontal f{eeders an appreciable reduction 1n polarization error

may be cfected.

The pick-up factor varies between 0.5 and 4 metres over the frequency range and the minimum-

usable field strength varies between 8 and 2.5 wV/m,

The instrumental error is not greater than o.3

and the polarization error is of the same order as that of a U-tvpe Adcock system. As standard-
wave error 1s not considered applicable to clevated systems the ratio ol the horizontal to the vertical

pick-up factors (p.u.r.) is suggested as an alternative.

0.02 to 0.13 over the frequency range.

The p.u.r. of this instrument varies from

Two models of the direction finder have been built, one 2 portable instrument covering the
whole frequency range and the other a fixed instrument covering a restricted range (10-20 Mc/s).
A feature of the latter model is the provision of an observer's seat which can be rotated with

the aerial system.

1. Introduction

OME years ago there arose a need for a high-

frequency direction finder of small dimen-

sions in conncction with an investigation
being conducted at the National Physical
Laboratory. The instrument developed has since
been used by other organizations for many
purposes and as it has proved to be of general
interest it is thought desirable to publish a
description, though certain aspects of the design
are somewhat out-of-date compared with modern
techniques.

The primary considerations underlving the
design of the direction finder were that it should
be of small dimensions and yet have an adequate
pick-up factor and reasonable immunity from
polarization error. [t was decided that the
rotating H-Adcock type of instrument would best
fulfil these requirements. Two models were
built, one a fived system covering a frequency
range of 10-20 Mc/s, and the other a portable
system covering the range 4-30 Mc/s. The
electrical systems of the two are similar, except
for the provision of additional tuning ranges on
the latter.

2. General Principles of Design
Some of the principles of design of H-Adcock

systems have already been set out in a paper by
W. Ress and R. E. Burgess'. The development

‘MS accepted by th?l?_ditor, November 19;;}
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of the present direction finder was carried out
before many of these principles were recognized
and, in fact, some of the experimental work on
which their paper is based was carried out on
this instrument. For this reason some of the
features of the present design do not conform
to the principles set out by Ross and Burgess.

It has been shown®! that for maximum
sensitivity the ratio of the aerial capacitance to
the total parallel acrial-circuit capacitance must
be as high as possible and that the cffective length
of the dipoles must also be as large as possible.
These requirements were met by end-loading the
dipoles, thereby obtaining an increase of both
aerial capacitance and effective height, and by
reducing as far as possible the other capacitances
of the aeral circuit. The acrial system was
coupled to the receiver by means of a transformer
with  both primary and secondary tuning.
Although it has been shown theoretically that the
use of a tightly-coupled transformer with
sccondary tuning only is capable of giving a
higher pick-up than the double-tuned type, the
latter was adopted on the grounds that the loose
coupling involved would greatly facilitate coil
switching and screening and balancing of the
primary circuit. In order to obtain high cfficiency
in voltage transfer from aerial transformer to
receiver, intermediate coupling circuits were
omitted and the secondary coil was connected
directly to the grid of the first amplifier valve of
the receiver, as shown in Fig. 1.
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The chief mechanical considerations were
portability and case of operation. It was decided
that 2 dimension of about 4ft* would be suitable
for both the length of the aerials and the spacing
between them and that the recciver should be of
the light-weight battery-operated type. The
second objective was achieved by reducing the
inertia of the rotating portion to a minimmum,
providing a large easily-read bearing scale and,
in the fixed model, providing a seat for the
observer which could be rotated about the axis
of the aerial system.

tig. 1 (left). Aeral

Across the centre of the feceder is connected the
primary coil of the aerial transformer which is
contained in the aerial tuning unit (2). Both
the primary and secondary coils are tuned and
the signal voltage developed across the secondary
is fed through a concentric feeder (3) to the input
of the recciver (4). The secondary circuit, the
feeder, the receiver, the battery box and the
battery leads are completely screened.  The
aerial system, receiver and batteries are rigidly
mounted on a turn-table (5) and swing as one
unit when bearings are being taken. The base
of the turn-table, upon which a protractor scale

8 it of the direc- is mounted is supported in the fixed model by a
tion finder. steel column (6) around wkich the observer’s
seat (7) rotates. In the portable model the turn-
Fig. 2 (below). I'ixed table is mounted on a tripod.
neodel of the divec-
o tion finder. 4. Details of Conslruction
L ' - 4.1 The Aerial Svstem
] i () : ]
: [ Y The system was designed so
! I [ that the feeder capacitance,
| | ’ tuning capacitance and stray
I I ! capacitances across the coil were
| | =< as small as possible. The feeders,
i | f: .
i } e
I [
L, T_U : f
it O, s C
|
i . “ ¢!
| : .
o : 8 4
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1L 1L~ »
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3. General Deseription

The circuit diagram of the acrial
system is shown i Fig. 1 and the
general external appearance of the
fixed model and of the portable model is shown
in Tigs. 2 and 3, respectively. The acrial
system consists of two dipoles 4ft long and
spaced 4ft apart. To the ends of each are
attached 6-inch diameter spheres. The dipoles
are coupled in anti-phase by a twin-wire feeder,
enclosed in the horizontal beam, (1, Fig. 2).

* The British svstem of units has been nsed in several instances in this
paper. The following are the conversion factors required to express the
appropriate quantities in metric units:-

ft 0.3048 metre 11b = 0 1536 kilogram
Dimensions corresponding to standard wire gauge numbers are as
follows :— 16 s.w.g. diameter 0.064 inch; 18 s.w.g. = diameter
0.048 inch; 22s.w.g. = diameter 0.028 inch.
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Fig. 3. Por-
table model.
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consisting of two 10 s.w.g. copper wires 4-ft
long and spaced 1-in apart, are enclosed
by a 24-in diameter tube of non-conducting
material. Both the feeder wires are in the same
horizontal plane, this giving a symmetrical
connection to the acrials. [t is important that
the cross connection of the feeder wires should be
effected at their ends,
as described above,
rather than at the
centre, since it can
be demonstrated
that, with the latter
arrangement  in-
equalityin magnitude
and phase between
the e.m.fs induced in
the two fecder wires
is a source of polari-

Fig 4. Side elevation
of aevial tuning wnif.

zation error. The aluminium aerial rods which are
3-in in diameter and 1-ft g-in long are screwed into
brass blocks fixed at the ends of the tube. Straps
connect these blocks to the feeder terminals.
The feeder tube passes right through the screening
box of the aerial-tuning unit and from the mid-
points of the two feeders connections are made to
two studs on the outside of the tube. Actual
contact to the feeder wires is made through small
collars which may be moved short distances along
the wires for purposes of aerial balance adjust-
ment. Access to these collars is obtained through
a window cut in the side of the tube. The casc
with which rapid swings of small amplitude may
be made is dependent upon a low moment of
inertia of the rotating portion. The use of
aluminium for the aerials in place of copper
reduced this moment by one half.

The aerial tuning unit (Fig. 4) consists of the
transformer (g), tuning capacitors (a), the coil
range switch (b), together with its operating
mechanism (c), all of which are mounted upon
the front panel of the screening box. Connection
to the studs on the horizontal feeder tube is
made through two German-silver strips  (d)
mounted on the primary tuning capacitor, and
connection to the vertical feeder by means of a
clip {e) mounted on the secondary capacitor.
Thus the complete unit can be readily withdrawn
from the screcning box for inspection or
adjustment.

The primary and secondary circuits of the
aerial transformer arc completely screened from
cach other and between the two coils is a radial-
type electrostatic screen (f). In the tuning unit
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for the fixed model the frequency band of
10-20 Mc/s is covered in three coil ranges and the
4-30 Mc/s band of the portable model is covered
in six ranges. It would have been possible to
cover the band in fewer ranges but this would
have necessitated the use of a considerably larger
tuning capacitor and, in consequence, a smaller
pick-up factor would have been obtained at some
frequencies.  The coils (g) arc wound on 14-in
diameter €alit formers with 18 s.w.g. copper wire.
The smaller values of inductance required for the
higher-frequency ranges are obtained by shorting
turns of the coils at the ends furthest from the
clectrostatic screen so that the coupling is
maintained at approximately its critical value.
The range switches (h and b) are ganged and
controlled through gearing by a knob on the front
panel.  The switch (b) on the secondary side is
of the low-capucitance multi-position type. The
switch (h) on the primary side is of special
design.  As will be shown later it is essential
that there should be negligible capacitance
(<o.1 pI') between the contacts and any earthy
point. This then, was the primary consideration
affecting the switch design. The low contact
capacitance is obtained by attaching the contacts
directly to the coil and mounting the wipers on a
section of ebonite cylinder so that as it is rotated
the contacts are shorted by the wipers. Con-
structional details of the three-range switch are

SHORTING WIPERS
\

T \
‘ 9/)z":xr ﬁ
Ve .

Ty ACTUA;ING

BAl
J ol \

PLAN

Fig. 5. Coil range switch.

shown in Iiig. 5. The construction of the six-
range switch is similar.  Preset balancing
capacitors of 12-pl* maximum capacitance (j) are
connected between cach of these wipers and the
carthed operating spindle,
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The two ganged tuning capacitors (a, Iig. 4)
which have a maximum capacitance of 4o pl
each, are controlled through a slow-motion drive
by a knob (k) and a trimming capacitor (I) is
provided on the secondary side. An aluminium
screen (m) is placed round the moving plates of
the primary capacitor and connected to them in
order that their capacitance to the screening box
might not change with their rotation. The
importance of this precaution is explained later.

A device for the determination of sensc is
fitted on the fixed model. The principle upon
which it operates is that of temporarily making
the aerial asymmetrical and so producing a
reciprocal difference.  The direction of the
resultant change in bearing enables the observer
to determine the sense. Aecrial asymumetry is
obtained by introducing a non-inductive resistor
of 8.5 ohms between the upper feeder contact
strip (d) and the lead to the coil (g). Across the
resistor is a low-capacitance shorting switch (n)
operated from the front of the panel.

The concentric vertical feeder (3, Fig. 2)
connecting the secondary circuit to the input of
the recciver is designed so as to have a low
capacitance. It consists of a single 22 sw.g.
copper wire running down the axis of a 2-in
diameter brass tube. The capacitance of this
2-ft long feeder is 12 pl'. At the lower end of the
feeder wire is a plug fitting into the input socket
of the receiver. A brass cup (8) which receives
the base of the screening tube ensures good screen
contact. A slot in the side of this cup and a key
attached to the tube prevent rotation of the tube
relative to the receiver.

4.2 The Recerver

The receiver is of a standard commercial
pattern and is operated from batteries. The
control grid of the r.f. amplifying valve is con-
nected through a coupling capacitor to the input
socket and modifications have been made in
order to reduce the input capacitance to a
minimum. The reduction of this capacitance is
important since it affects the tuning range of
the secondary circuit of the aerial transformer.
4.3 Supporting Structure

The receiver and aerial system are supported
by a wooden framework (11, Fig. 2) mounted on
a turn-table. A screened battery box, a loud-
speaker (12) and phone jack, and a container for
the receiver tuning coils arc fitted inside this
framework. The base of the turn-table carries
a 154-in diameter protractor scale (13) with
which are associated two pointers (15) fixed to
the front and back of the rotating top of the
turn-table.

In the fixed model the turn-table is mounted
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on a 2}-in diameter steel column, the base of
which 1s firmly imbedded in the ground. The
observer’s seat is attached to a tube (10) which is
capable of rotation about this column. A
platform (10) is provided so that the observer
when standing upon it may conveniently reach
the aerial-tuning controls. A turn of a small
hand-wheel (17) clamps the seat in any position.
The purpose of making the seat rotatable is that
th:e observer may quickly and accurately place
himself in the correct position when taking a
bearing. As will be explained later, the observer’s
position is of great importance for accurate
observations. The height of the centre of the
aerial system is 84ft from the ground.

The wooden tripod which supports the portable
model is shown in IFig. 3, and a ‘ shooting-stick ’
seat is used for the observer. The height of the
centre of the aerial system is 74ft.  For transport
the direction finder is readily dismantled into
four sections, the acrial rods, the transformer
box with the horizontal and vertical feeders, the
receiver and battery box, and the tripod. The
total weight of the equipment with batteries
is 75 1b.

5. Development

Antenna effect, the presence of which was
shown by flatness of bearing and reciprocal
difference, was eliminated by means of a trimming
capacitor connected between one end of the
aerial coil and the screening box. The cause of
this antenna effect and the reason for its elimina-
tion by this method is given in Appendix I.
The adjustment of this trimmer was very critical,
balance to within about o.1r pI' being required
for the best performance of the system.

= Tig. 6. Aevial
i tuning circui!t.
=
1 ) x
) ;1.1
I
I
/
3 y
Ce :I':
o L

It was found that the adjustment would only
hold at any one wavelength. Thus if the system
was balanced on the mid-frequency of one of the
ranges so that the reciprocal difference was less
than 0.5°, the difference at either end of this same
range was as large as 6°. Both the coil range
switch and the tuning capacitor were found to be
responsible.
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The original range switch used on the aerial
coil was of the low-capacitance multi-position
type. The circuit diagram of the coil and switch
showing the switch capacitance is given in Fig. 6.
The effect of the adjustment of the trimmer C,
is to equalize the currents flowing from points
x and y to carth including those through the
switch - contact capacitances, These contact
capacitances are small in value (1 pI¥ cach) but
since they are in series with sections of the coil
any balance obtained in this way can hold at
only one frequency. If the switch is to be
satisfactory the capacitance of its contacts must
be negligible (<o.1 pI).  This was achieved by
the new type of switch described in the previous
section, in which the contacts are fixed dircctly
on the turns of the coil.

Originally the tuning capacitor used was of
the ‘ series gap ’ type with the rotating plates
varthed. If the capacitance to earth of the
two ends of the aerial coil must be balanced
to within o.1 pF, it follows that the capaci-
tances of the two halves of this capacitor
must also be balanced to the same degree
for all positions of the rotating plates. The
best balance that it was possible to obtain
by adjustment of the plates was within
0.5 pF onlyv. The ‘series gap’ capacitor was
therefore abandoned in favour of a single capacitor
with the moving plates enclosed by a fixed screen
connected to them.

These changes to the coil switch and the
tuning capacitor resulted in a great improvement
over the whole band in the sharpness of bearing
(average swing on local transmitter +0.5%
and in a reduction of reciprocal difference to less
than 0.5°.

Preliminary measurements of polarization error
on the fixed model at a frequency of 15 Mc/s
indicated that it was of the order of 24° for an
angle of incidence of 64 and an angle of polariza-
tion of 45°. At the time of these measurements,
connection from the contact studs on the feeder
tube was made to the centre points of the feeders.
As shown in Appendix I, compensation for the
asymmetry of the aerial system, to which the
error is due, may be cffected by alteration of the
position of these tapping points. Movemenis of
these points in opposite directions along the
feeder wires for a distance of 14in resulted in a
decrease of error to 13°. It was found, however,
that this improvement was not obtained at other
frequencies and that readjustment of the taps
was necessary for optimum performance. This
was particularly so on the portable model, in
which a greater frequency range was covered, and
at the highest frequency (30 Mc's) the adjustment
was very critical, a movement of }in resulting in

WiIRELESs ENGINEER, MaRcH 1949

PICK-UP FACTOR (METRES)

a change of error of 2° or 3°. However, when
the optimum position for the whole frequency
range had been found the overall performance
showed a distinct improvement on that obtained
with central tapping points.

The polarization error was influenced to a
certain extent by the position of the observer;
Le., by whether he was facing or had his back to
the transmitter. The magnitude of this effect was
proportional to the degree of asymmetry of the
acrial system and of flatness of the bearing.
Howecver, its influence on the polarization error
measurement could be eliminated by taking the
mean of the errors measured in the two positions
of the observer.

I T T T T T
4 _l_ — 4 ﬁ._. —
o—~-0 FIXED MODEL
x x PORTABLE MODEL | |
3 T_ T T Tt
| [ “~
Ll | 1 ﬁL
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Fig. 7. Puick-up facto: of aerial system.

0. Performance
6.1 Sensitivity

The pick-up factor of the acrial system was
obtained from the mecasured value of the aerial
output voltage (i.e., the voltage across the lower
end of the vertical feeder) and the calculated value
of the incident field producing this output. The
output voltage was determined by a substitution
method using a standard-signal generator as the
calibrated voltage source and the receiver as the
indicator. The field was produced by a local
transmitter with a loop acrial containing a
current meter.

The results of these measurements on both
models are shown in Fig. 7. The increase in
pick-up at the high-frequency end of the bands
1s due to the increase of aerial spacing factor and
of effective height and the increase at the low-
frequency end is probably due to an increase in
the magnification of the tuned circuits.

The measured increase in pick up due to the
aerial spheres was approximately three times.
This is in agreement with the theoretical increase
in the aerial capacitance of 2 to 1 and in the
cffective height of 1.5 to 1.

Although the pick-up factor measures the
efficiency of the acrial system from the voltage
transfer point of view, it does not indicate the
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ultimate sensitivity of the direction finder in
opcration as the presence of circuit noise has been
neglected. As a more practical indication of
sensitivity the minimum field strength required
to give a bearing of reasonable accuracy was
measured. In order to obtain a bearing on the
fixed model with a swing of 4- 5° the field strength
required was 2.5 pV/m at a frequency of 15 Mc/s
and the corresponding figure for the portable
model was 2 uV/m at 25 Mc/s and 4 uV/m at
10 Mc/s.

6.2 Polarization error

For the first measurements of polarization
error and investigations into its reduction by
adjustment of fecder taps, a test transmitter with
a dipole aerial was used. Subsequently, however,
investigations at the National Burcan of
Standards (U.S.A.) into the technique of
measurement showed that serious inaccuracies
could be introduced by the use of a transmitting
acrial of this type. An improved technique
using a loop aerial has now been developed but
it has not been possible to repeat all the original
measurements, particularly those showing the
cfiect of feeder-tap adjustment. However,
sufficient measurements have been made on both
models to show the order of the performance.

The test transmitter was situated at the top
of a 72-ft tower at a distance of 1goft from the
direction finder. The angle of polarization of the
wave was 84°. The method of procedure was the
same as that already described in a previous

not altogether satisfactory for an clevated system
of this type. The s.w.e. is dependent upon the
height of the system from the ground, particularly
if this exceeds a quarter of a wavelength, and the
polarization error for an angle of incidence other
than 45° cannot be readily computed from it.
Another figure of merit is suggested ; viz., the
ratio of the horizontal to vertical pick-up-factors
(p-wr.). This has the advantage of being more
fundamental to the system and is substantially
independent of height, except when the aerials
are very ncar the ground. The p.u.r. values
have been calculated for a number of frequencies
by the method described in Appendix IT and arc
given in Table I.

TABLLE 1
Frequency P.U.R. of . P.U.R. of
(Mc/s) Fixed Model | Portable Model
6 0.13
8 0.09
12 0.00 0.05
20 0.02 | 0.02

‘The values of polarization error given are
probably pessimistic ones since, as mentioned
above, there was no opportunity of checking
that the aerial system was in the optimum
condition before the measurements were taken.
An improvement of as much as 2 to 1 might be
obtained by adjustment of the feeder taps.
Nevertheless, the figures given are of the

same order as those for a buried U-Adcock
system on a good site. It has been found!
that a large portion of the polarization crror

is due to the presence of the receiver
between the lower aerials partly on account

of the increased capacitance between them
and partly on account of its re-radiated
field.

6.3 Observations on distant slations
A short series of observations was made

20° H 1 =
~]
@ N
3 X N
b I~ o_
e " ™~ N
z s \0 T i
< N
= g0l ©===0 FIxED MoDEL N,
= x x PORTABLE MODEL ok
& ANGLE OF POLARIZATION,45° NI~
3 ANGLE OF INCIDENCE, 69° N
s 0871 >
2
0‘i
4 s s 8 9 10 s 20 25

FREQUENCY (Mcfs)

Fig. 8. Polarization error.
the swing

paper?.  Both the bearing error and
could be

were measured so that from them
calculated the total error, which is the error
obtained when the wanted and unwanted
pick-ups are in phase. The measured crrors were
converted to equivalent errors for 45° polarization
and are plotted in Fig. 8.

It was decided to present the results in the
above way rather than to convert them to
standard-wave errors as such a figure of merit is
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% with the fixed model on distant stations in
order to test the instrument as a practical
direction finder. A total of 75 bearings was
obtained on 4o difierent stations situated at dis-
tances up to 7,000 miles. The bearing obtained
in each case was the mean of five separate ob-
servations. All the mean bearings were within
7.5° of the true bearing while 319 were within
1°, 459 within 2°, 659 within 3° and 91%
within 5°.  The results of these observations
compare very favourably with similar observations
taken on other types of Adcock system.
6.4 Operation
The operation of the direction finder is gencrally
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satisfactory. The turn-table rotates very freely
and, in spite of the weight of the system, rapid
swings of small amplitude may be made without
difficulty.  The adjustments to the aerial-
balancing capacitor and to the feeder taps are
initial ones and require little further attention
after the instrument has been put into service.
Of the two the balancing capacitor is the more
likely to drift out of adjustment but this can
readily be checked by the measurement of the
reciprocal difference.  This difference does not
normally exceed 0.5° on the fixed model and 1° on
the portable model.

Operation of the sense switch on the fixed
modet produces a change in bearing of 10-13
degrees according to frequency. There is also a
small decrease in sharpness of the bearing,
particularly on the higher frequencies. Sense
determination on signals from distant stations
is quite definite provided that the swing is not
greatly in excess of L 10",

The position of the operator has a marked
effect upon the sharpness of the bearing. It is
necessary for him to be placed in exactly the
minimum position and for his head to be kept
central.  Although a slight inclination of his head
may increase the flatness of the bearing, an
appreciable movement is required in order to
produce a noticeable error.

7. Conclusions

The performance of the direction finder has
shown that it is possible to develop an instrument
of small dimensions which has a comparatively
high sensitivity. By means of suitable adjust-
ments on the aerial system the instrumental
errors can be reduced to a low value so that its
accuracy is comparable with that of the com-
monly used U-Adcock system. It has also been
shown how critically dependent the instrumental
error is on the balance of the aerial system in
relation to both the aerial circuits and the
position of the observer.

The performance of the direction finder may be
summarised as follows :

(i) The sensitivity is such that on the fixed
model over its restricted range of 10-20 Mc/s
bearings with a swing of - 3° may be taken on
stations giving a field strength aslow as 2.5 uV/m :
and on the portable model the corresponding
minimum field strength varies between approxi-
mately 8 pV/m and 2 pV/m over the frequency
range 4.5 to 25 Mc/s.

(i) The instrumental error when receiving
vertically - polarized radiation is not greater
than 0.5°.

(iii) The pick-up ratio varies between 0.02 at
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20 Mc/s and 0.13 at 6 Mc/s which results ie
polarization errors of the same order as thos
obtained with buried U-Adcock systems used
under the same conditions.
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APPENDIX I
Evrors dus to Electvical Asymmetry of the Aevial System

The condition for the system to be free from error is
that there shall be no current in the acrial coil when the
c.m.is induced in the aerials are co-phasal ; i.e., when the
planc of the aerials is perpendicular to that of propaga-
tion. The errors may be divided into two scctions,
those due to antenna effect and those due to horizontal
pick-up of the system. The cause and method of
elimination of some of these errors may be determined
by a detailed consideration of the system.

In Fig. 9(a) is shown the circuit of the aerial system
including the capacitances to carth of the aerials and
of the tuning circuit. The instantaneous directions of the
e.m.fs induced in the system by vertical and horizontal
fields are indicated by arrows. Fig. g(b) gives the
equivalent circuit of the system, the feeders being
represented by series impedances Z, . . . Z, and the
e.m.fs by equivalent generators. On account of the
symmetrical construction it may be assumed that the
magnitudes of the e.m.fs induced in the aerials are equal
to each other and that the four sections of the feeders
have the same impedance. The capacitances of the
aerials are not all equal owing to the fact that the lower
pair arc nearer the ground than the upper, but it
may be assumed that the two top ones are equal to each
other and that the two bottom ones are also equal.

Consider first the errors due to antenna effect, for
which purpose &, may be assumed to be zero and hence

&y [ €y ey (o8

If the current flowing round circuit 1 (Fig. o) is equal in
magnitude and in phase to that round circuit 4 then
there is no resultant current in C, Similarly zero
currentin C,is produced by equality between the currents
in circuits 2 and 3. However, as C, # C, and C, # C,,
there is a resultant current in C, and C,. But, if
C, Cyand C, — C, and C, 1s made equal to C, the
potentials of points “a’ and ' b’ with respect to earth
will be equal, and there will be no current in the aerial
coil. It is to be noted that if all the aerials have equal
capacitances there will be no antenna etfect and hence
no need for adjustment of C, and C,,.

Now consider the errors due to horizontal pick-up.
Owing to the incqualitics in aerial capacitances there are
additional resultant currents flowing through C, and C,
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due to the e.m.{s ey, ¢,, ¢, and ¢, induced by the horizontal
field &,. As points ‘a’ and ‘b’ are at the centre of the
feeders ¢, — ey and e, — ¢;. These additional currents,
however, tlow between ‘ a’ and ‘ b’ in the same direction
and thus give rise to a potential difference between these
points and, hence, to current in the aerial coil. Therefore
it is necessary that these resultant currents should be

é,
L] ;
-4 — G =N
ot} £2C
I‘~=‘§—‘ tEI E’t "-; ’
e e
i = a =hi, 3
Cias3 b 5'5;(.',‘ G,
= — ]
12 s - L,
be, o =c, &}

/-4 & i -
i o
gl iz
(a)

Fig. 9.

reduced to zero. This can be done by changing the
magnitudes of the e.m.fs e, ¢,, ¢, and e, and of the
impedances 7, Z,, Z, and Z, by moving the tapping
points ‘a’ and ‘ b’ along the feeders. 1f"a’is moved
so that e, and Z, are decreased and e, and Z, increased,
and ‘b’ moved so that e; and Z; are decrcased and
e, and Z, increased, the resultant currents through
C, and C, may be reduced to zero.

In the case considered above the feeders are unscreened
50 that the e.m.fs due to the horizontal field are induced
directly into the feeder wires. If the feeders are screened
the current induced in the screening tube will give rise
to a re-radiated field which will induce e.m.fs in the
vertical aerials. The equivalent circuit diagram will
st:ill apply, however, and the same conclusions will be
oltained, except that movement of the tapping points
will not change the magnitudes of the e.m.fs.

APPENDIX II
Cualculation of Hovizontal to Vertical Pick-up Ratio
I.et the vertical and horizontal components of the
ficld from the transmitter be & ,and & , respectively and
those of the resultant field at the aerial system be FE,
and E, respectively (see Fig. 10).
Then E,— & b + by

sin% i1 Py

and  E, = &1 + pn S+ il
where p retlection coefticient

1 angle of incidence of the wave
92

W phase angle change on retlection
¢ phase angle due to path ditterence between
direct and retlected waves.

In both cases the surface-wave component has been
neglected since, for the conditions of measurement, its
magnitude is less than one-tenth of the space-wave
component.

—
O
e
G
£
T S0

(b)

Actual and equivalent aerial systein.

Horizontal pick-up = F, vcos e

Vertical pick-up = E, v sin e sin ¢

where ¢ — angle of error
r and ¥ — horizontal and vertical pick-up factors
of the system.
&,
r
Fig. 10. Position of

transmittey and re-
cetver for polariza-
1103t measureinenlts.

The sharpness of the bearing depends upon the relative
phases of the wave components and of the pick-up
factors. I{ the phases arc such that the minimum is
silent, then e is equal to the total polarization error and
we may equate the horizontal and vertical pick-ups to
give the pick-up ratio as,

P.U.R. xi i Eol tan « sin i
¥l E,
Assuming ground constants of

k — 20and o = 3 x 10% e.5.u.

the values of £, and E, were calculated and from the
measured values of polarization error the values of the
p-u.r. were determined.

WIRELESS ENGINEER, MARCH 194¢



RESISTIVE FILMS IN

VALVES

Effect on Interelectrode Capacitance
By E. G. James, B.Sc., Ph.D.,, AM.LE.E. and B. L. Humphreys, B.Se.

(Communication from the Research Staff of the M.O, Valve Co., at the G.E.C. Research Laboratories, Wembley, England)

SUMMARY.—This paper applics Professor Howe’s analysis of the behaviour of resistances at high
ifrequencies, to the behaviour of interelectrode capacitances in the presence of resistive films between the

electrodes.

It is shown that the capacitance of such films varies inversely as the square root of the
frequency at high frequencies and tends to alimit at low frequencies.

The importance of the frequency

in the measurement of interelectrode capacitances is demonstrated experimentally.

1. Iniroduetion

N some mecasurements of the interelectrode

capacitances of radio wvalves, it has been

noticed that the capacitance measured with an
audio-frequency capacitance bridge, is frequently
higher than that measured with a capacitance
bridge operating at radio frequency. This
dependence of the measured capacitance wpon
the frequency of measurement, has been found
to be associated with the presence of resistive
films on the insulators supporting the valve
clectrodes. Such films may be caused by deposition
of getter or by the evaporation of metal from the
cathode either during the manufacture or during
the life of the valve. The value of the resistance
may be as high as 1000 megohms or more, and is
often sufficiently high not to affect the perfor-
mance of the valve at radio frequency. The
measured value of the capacitance is, however,
modified by the presence of the resistance and
cannot be used to predict the performance of
the valve at frequencies higher than that of the
measurement.

In his Editorial in Wireless Engineer of June
1935, Professor Howe presents an analysis ex-
plaining the decrease of the effective resistance
ol a resistor with increase of frequency. This
analysis involves the assumption that the re-
sistor behaves as a transmission line whose
characteristics are determined by the resistance
and capacitance per unit length of the resistor.
The method of calculating the capacitance per
unit length of a resistor, having a diameter small
compared with its length, is given in this Editorial
and the method for a resistor whose diameter
is comparable with its length is given in the
Editorial of November 1940.

2. Analysis

['ollowing Professor Howe’s arguments, a
resistor of length 2/ may be considered as a
transmission line of length ! whose impedance 7,

MS ;wcepted_ by the Edit;);, January 1948
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from the sending end, is given by the equation
Z = Zytanh (o) . .. . .. (1)

In this equation

Z A/ Ry
& JwC,

and 2 VjwCyR,
where R, and C, are respectively the resistance
and capacitance per unit length ot the equivalent
transmission line.

Inverting both sides of equation (1), we have

I
Y 7, coth (/)

o Al e aiy
EEe) L
2.1 Small Values of ol
Expanding and simplifying the
cquation (2) gives

R.H.>. of

y o & |zl + (d)'q! + (e)5)6! 7]
Ryl a1+ (ad)?/314(d) /5! + (ad) /7! H

Writing (/)2 — jd, where 4 — wC R /?,

v r []7517214}_ s ]{A 72! ~_A_3/6!_+ =H
Ryl —A%s51+... + j{A/3!—A%7!+ .}

I I:I + 442./370 T oo +_]}_4{»};+ 1{12/()3_0 I coo J
Ryl I+ A4%/g0 ...

i g (3)
When w is so small that second and higher order
terms in A are negligible, equation (3) reduces to

I AT
Y=gl +7%]
and putting ¥ = G 4+ juC
G = 1/Ry
and C = Cy//3

which, of course, are in agreement with the
calculations made in the Editorial, the resistance
tending to the d.c. value of the resistor, and the
parallel capacitance to one-third of the product
of the length and the capacitance per unit length
of the equivalent transmission line. The latter
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was pointed out by Hartshorn in his paper to
Wireless Engineer, July 1938.

The approximation for the conductance is
correct to within 59, provided that

A?/30 < o0.05

ie., wCoR* < 415

or wC/G 0.41

and that for the capacitance, provided
A%630 < 0.05/3

ie., wC R /2 V105

or wC|G I.I

2.2 Large Values of «l
The equation (2) may also be written

o 2
Y -I?o(I +e2“" I) 30 5 (4)
Now o — VjwCR,
wCoRy :
V()
and if 2= — &+ jo,

equation (4) becomes

wCy/ .
A/ER: { I+]) {I+2 (“‘H")}

A/‘2"72: [1+2(a—b)+j{1+z(a+b)}]
(5)

When o is sufficiently large, both a and & will
be small compared with unity and (5) reduces to

Co \
Y= [Z0(1 4
AR
and putting Y = G’} jwC’
,_ [oCy
¢ 2R,

’ CO
and C A/z(uRo'

These approximations will be correct to within
5% provided both ja —b| and [fa +b| arc
less than o0.023.

Now a -

b
J ¢#(cos B +7sinB) -1
where B= \/ZZ)CORO

and on rationalizing,

« i jy_ CoSB 1 jersinB
e — 2efcos B+ 1
Therefore
0 € (cos B H-sinB) -1

e?lf - 1
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ef (cos B —sin B) — 1
e®8 — 2¢8cos B -1
Thus both |a & ;1.1_1d |a — b ] are less than

anda + b

Hence the condition that the approximations
for the conductance and capacitance should be
valid to within 5%, is that

’\/2_68 1

S < 0.025
(eB . 1)2 J
e, ¢ —2e8(1+2002) 441 >0
This is true if e* > 357

or 1\/2505&\’}, > log, 57
Le., wCyRyI? > 825
or wClG > 2.8

2.3. The analysis shows that to a first approxima-
tion the efiective resistance and capacitance of
a resistor or a resistive film, remain constant
at low frequencies and are inversely proportional
to the square root or the frequency at high
frequencies. It will be noted that the range of
values of wC/G which is not covered by the two
sets of approximations is small, so that the
change of law for a particular resistor or resistive
film, takes place over a comparatively small
range of frequencies. The capacitance law
changes in just over one octave, while that for
the resistance changes in just under three
octaves.

Fig. 1. The
resonant line
length a
600 Mc[s v.
valve capaci-

tance.

LINE LENGTH (cm)

CAPACITANC

m
—~ "
)
3

3. Experimental

The interest in the problem first arosc from
measurements of the interelectrode capacitances
of certain experimental valves. These valves
were such that the anode and the grid were in
the form of discs and were separated by a glass
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tube 19-mm internal diameter and 7-mm long.
When the anode-to-grid capacitance was measured
by means of a bridge operating at 1,600 c/s,
certain valves appeared to have a capacitance
about twice that of normal valves. This varia-
tion of capacitance was not substantiated by
measurements of the line lengths required for
resonance at a frequency of 600 Mc/s, when the
valve was operated in & coaxial-line circuit.
The valves were then measured by means of a
bridge operating at 1 Mc/s and the two sets of

measurements are given in Table I. The con-
ductance measured at 1 Mc/s 1s also given.
———— 0’

|oo|7—-ﬁ»-

R

~ \ c [ =
R — SO — w8
< N &
00l —— +—
ool ] ]
10° 10 10° 10
FREQUENCY {c/s)
Fig. 2. The variation of effective capacitance and

vesistance with frequency.

It will be seen that when no conductance is
present, the rcadings at the two frequencies
arc approximately the same, but when some
conductance is present, the higher-frequency
measurements are lower than the lower-frequency
nicasurements.

Fig. 1 shows a plot of the resonant-line length
at 600 Mc/s against the capacitance measured
at 1 Mc/s. It will be seen that the valves having
a low conductance fall on a curve, while those
having a high conductance have a much higher
capacitance than the line length would indicate.

Making the assumption that the resistive
film was uniform betwecen the anode and the
grid of the valve, it was estimated that the
capacitance per unit Jength of the equivalent
transmission line was 14 pF per cm. The varia-
tion of capacitance and resistance of a film of
this nature having a low-frequency resistance of
100 meghoms, is shown in Fig. 2. At low
frequencies the calculated effective capacitance
of the film is 1.63 pI¥, while that at 1 Mc/s is
o.08 pF and that at 6oo Mc/s is 0.0033 pF.
Thus the film plays little part in the effective
capacitance of the valve at very high frequencies,
but an appreciable one at low frequencies.

WIRELESS ENGINEER, MARCH 1049

A similar effect has been noticed in the measure-
ment of the anode-to-grid capacitances of certain
pentode valves. Table I1 shows the comparison
of measurements made at T Mc/s and at 1,600 c/s.
It will be seen that when a resistive film is
present between the electrodes, the capacitance
measured at 1600 ¢/s is many times that measured
at 1 Mc/s but when no resistive film is present,

the two capacitances are approximately the
same.
TABLE [
! .
1-Mc/s Bridge 1,600-cfs |
Bridge | Line length
Valve for resonance
Cap- Conduct- Cap- at 600 Mc/s.
acitance ance acitance
(PF) | (wmho) | (pF) (cm)
A 1.64 0.15 3.15 15.74
B 1.83 0.35 3.52 15.09
C 2.75 2.85 3.97 15.69
D 1.80 0.05 1.90 15.68
E 1.75 0.0 1.85 15.67
F 1.80 0.0 1.90 15.60
G | 1.85 0.0 1.90 15.65
H 1.98 0.3 2.93 15.62
I 3.18 1.7 5.00 15.59
il 2,12 0.4 4.00 15.55
K 2.20 0.0 2.20 15.49
TABLE II
1-Me/s Bridge 1,600-¢/s
Bridge
Valve — I —
Capamt(mue Conductance Capacitancr
| {pF) {1 mho) (pF)
I 0.0067 0.0 0.0005
2 0.0068 0.002 0.027
3 0.0060 i 0.006 0.036
I

4. Conclusions

The analysis and the experimental evidence
given show the importance of the frequency of
measurement when measuring capacitances which
may be accompanied by resistive films. Such
conditions are often encountered in valves and
this paper has been written to emphasize the
existence of the effect, which does not seem to
have had the same universal appreciation as the
associated resistance effect.
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SPIRAL-PHASE FIELDS

Possible Applications

By E. K. Sandeman, Ph.D., B.Sc., A.C.G.I,, M.LE.E.

1. Carrier Fields

F four vertical aerials are arranged onc at each
corner of a horizontal square of side equal to
less than a quarter of a wavelength, and if

each diagonal pair is driven in mutual anti-
phase and in quadrature with the other diagonal
pair, a carrier-frequency  spiral-phase field is
originated. Such a field was first used by Chireix
to obtain low-angle radiation, free from high-
angle lobes, with a structure not large compared
to the wavelength ; for this purpose the spiral-
phase pattern produced had no significance
other than that it was the concomitant of a
circular polar diagram in the horizontal plane.

It is useful here to define the carrier frequency
referred phase difference as the difference in
phase between the carrier-frequency field at
any point in space and any arbitrary standard
of fixed phase at the transmitter location.

With the arrangement described above, con-
tours of constant referred phase difference lving
in the horizontal plane are substantially in the
form of Archimedes spirals of pitch equal to
the wavelength. An Archimedes spiral is one in
which the length of the generating radius vector
increases in direct ratio with the angle through
which the vector turns. True Archimedes spirals
are only produced when the spacing between
acrials becomes zero.

Fields having the above characteristics may
be called horizontal Archimedes fields.

Figs. 1 and 2 each show two sets of contours
of which each set defines the lines of constant
phase in the plan view of a horizontal Archimedes
field. The direction of rotation of the spirals
depends on the phasing of the four acrials:
reversing the phase of either pair of diagonally
opposed aerials reverses the direction of rotation
of the field.

In Fig. 1 each spiral rotating in a clockwise
direction defines a line of constant phase, constant
phase spirals being drawn at intervals of 30°
in phase, and the whole set of spirals defining
an Archimedes field. The spirals rotating in an
anticlockwise direction define an Archimedes
ficld with the opposite sense of rotation.

It will be seen that in each field there is only
a single spiral defining the line of zero phase ;
these fields are therefore called single-phase
fields. As will be explained later, in the case of
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envelope  fields, etc.,
tields are possible.

In a single-phase field, during one circuit of
the centre a phase change of 27 occurs, in a two-
phase field the phase change per circuit is 4w
and so on.

Fig. 2 shows two Archimedes fields which
differ widely i frequency. The pitch of a spiral-
phase field 1s equal to the wavelength (at the
frequency generating the field) in the medium in
which the field exists.

A physical model of a spiral-phase tield has
been made using water as the medium. Four

two-phase, threc-phase,

plungers were arranged with their conical ends
dipping in water and were driven sinusoidally
with the phase relations prescribed earlier for
the case of four aerials, the locations of the
plungers being also analogous to the aerial
positions.

Fig. 1.  Avchimedes spirals defining constant phase
contours of two oppositely-directed spival-phase
fields of different pitch.

The result was a water wave consisting of a
spiral rather like the slow spiral in Fig. 2, the
whole spiral rotating at the generating frequency.

If a vertical aerial, radiating the same carrier
frequency as that radiated from the four aerials
radiating the spiral-phase field, is set up at the
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centre of the square of aerials it gives rise to a
carrier-frequency field of which the contours of
constant referred phase are circles, and, further,
the distance between circles defining phases
which differ by 27 radians is equal to the wave-
length at the carrier frequency. Such a field
will be called a circular-phase field. The circular-
phase field set up in this way will be said to be
concentric with the carrier-phase field.

The difference in phase between any two fields
at any point in space will be called the local-
phase difference.

The contours of constant local-phase difference
between a spiral-phase field and a concentric
circular-phase field are in the form of radi
originating at the common centre of the fields.
Such contours are obviously real and directly
observable and may be used by an aircraft to
home on to the common centre. The local-
phase difference defined by any one of such
radial contours will be called the radius phase.

With the arrangement described, the radius
phase is approximately proportional to the
bearing along which the radial constant-phase
contour lies; evidently by adjustment of the
phase reference, the radius phase can be made
substantially cqual to bearing. The change of
radius phase observed by a craft making a
circuit of the common centre is 2+ radians, and
a spiral-phase ficld in which this occurs has been
called a single-phase field. Under the heading
Envelope [Fields, means of producing multiple
ficlds, in which the change in phase per rotation
is a multiple of 27, will be described.

If the radius phase on bearing 0° is arranged to
be o, then the difference between the radius
phase and the bearing has a maximum deviation
which is reduced as the separation between the
aerials originating the spiral-phase field s
reduced. If, for instance, the diagonal separation
between aerials is 0.07 wavelength, the maximum
deviation is less than half a degree. This deviation
Is constant, known and capable of correction.

2. Envelope Fields

While the concept of carrier-frequency spiral-
phase fields has been used to introduce the
subject, it is considered that envelope fields offer
much greater promise of future application.
The terms referred-phase difference, local-phase
diffecrence, and radius phase will be applied
to the phase of the envelopes of fields, originated
by the radiation of sinusoidally-modulated carrier
frequencies, with definitions analogous to those
used for carrier-frequency fields.

Spiral-phase envelope fields in which the lines
of constant referred envelope phase difference
arc Archimedes spirals will be termed envelope
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Archimedes tields. In such fields, when horizontal,
the envelope radius phase is proportional to the
azimuth angle.

If the graph of » = « cos 8 is plotted on polar
co-ordinates, the resulting curve consists of two
circles of diameter « with centres on the horizontal
axis, kissing one another at the origin. In
gencral, if the graph of » — a cos 18 is plotted,
a diagram with 2» lobes is formed, the angular
widths of the lobes being imversely proportional
to #. By neglecting unwanted lobes, a cos né
diagram of the above kind may be made to
detine a kind of polar diagram which is of import-
ance in laying down envelope spiral-phase fields,

180

180
Fig. 2. crchunedes spirvals defining constant phase
contours of two oppositelv-divected spirval-phase

fields of widely diffevent pitch.

For the present purpose a cos #n8 polar diagram
will be considered to have only a single lobe
radiating into an angle in the plane of 6 lying
within limits + #/2n cach side of the direction
of maximum radiation. The radius vector
defining the magnitude of radiation in the
direction of maximum radiation will be called
the leading radius. ‘The plane of 6 is usually
horizontal.

If four aerial arrays are arranged with their
leading radii as shown in I“ig. 3 and if the carrier
currents fed to each array are modulated pro-
gressively, as defined below, with a sinusoidal
modulating frequency, then a ficld is set up in
which the contours of constant referred phase
arc true Archimedes spirals.

3. Archimedes Spirals
The term progressive modulation here refers
to the condition in which the phase of the
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modulation advances from array to array by an
angle equal to » times the difference in bearing
between arrays; in the case above the value of n
is unity. More generally, if a symmetrical system
of m arravs having cos n8 polar diagrams, where
n = m/4 and m is any multiple of 4, is set up,
with differecnces in bearing between adjacent
leading radii all equal to 27/m radians, and if the
carrier currents in the arrays are modulated
progressively, a multiple-envelope spiral-phase
field is set up in which the radius phase is pro-
portional to n times the bearing of the radius
contour defining the phase.

Within the limits of the above specification
a series of assemblies of arrays can be built.
This may be described in analytical terms as
follows :(—

4. Conventions

m = number arrays

B 360 “/m = space angle between arrays

% phase angle between arrays np

[/ angle in azimuth

¢ —— radius phase

" ¢/ 8 — coetficient of § in the expression cos n8

defining the form of the polar diagram of each
arrav of the assembly.

The series of series of assemblies of arrays is
then represented by Table I, each line of which
represents one series of which the different
assemblies are obtained by allocating different
values to =n.

TABLE |

Series No. a " B
2:n go | 1R 360° m
3:in 60 6n .
K 45 8n
5:m 36° 0% .

6 n | 30 12%

l

In any assembly which is capable of laying
down an Archimedes field, the number of polar
diagrams which overlap on any one bearing

is equal to m/2n, which 1s an integer. Such
an assembly will be called an
Archimedes  assembly. Any |

member of the above family |

in which m/2n 1s not an integer ¢ = tan

is a mongrel and exhibits the
feature that the number of over-
lapping polar diagrams on any
bearing varies from sector to sector. This means
that the lines of constant referred phase are not
Archimedes spirals. In the limiting case where
certain scctors are covered by only one polar
diagram the value of d¢/df in these scctors is
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zero : the spiral lines of constant referred phase
are degraded to arcs of circles.

It is evident that each series is characterized
by the number of polar diagrams which overlap
on any given bearing : this number constitutes
the first part of the series number given in the
first column of Table [. Each series is also
characterized by the values of %, « and m.

a

\k—

4
1
S
ar
Fig. 3. (Left). Kelative ovientation of polay diagrams
of four aerial arrays.
Fig. 4. (Right). Polar diagram of two vertical aerials

with half-wave spacing dviven in phase.

Each member array assembly of each series
is then characterized by the same quantities
and may be identified by two numbers, the
first giving the number of overlaps and the second
giving the value of n: eg., 2:1, 2:2, ectc,
3:1, 3:2 etc. In general only the assemblies
with few overlaps are of interest, and up to
now only an equivalent of the 2 : 1 array has been
used.

5. Practical Approximation to 3 : 2 Assembly

Iig. 5 shows an assembly of three of the
arrays shown in Fig. 4, which approximates to
the 3:2 assembly. It i1s not exactly a 3:2
assembly because the polar diagrams are only
approximations to cos 26 diagrams. If all arrays
are driven in phase at the carrier frequency
and such an assembly is progressively modulated,
the radius phase ¢ — 26 with a deviation of
about +3°, the actual value of ¢ being given
by :

1.732 sin L0.8667m’ coS 0] sin 7-T£i sin 6
7328 A |:2)\ ’ J

Y red T [of6bmd] . [
cos L —sin 8 cos | ——~— | cos 8 cos { = sin BJ
A A 2A

where d is the spacing between aerials of an
array (i.e., as in Fig. 4) and A is the wavelength.

Since the relation between ¢ and 6 is known,
it is evidently a comparatively simple matter
to calibrate any indicating instrument to read
directly in azimuth.
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The assembly of Fig. 5 (half-wave spacing
assumed) has the advantage that the form of
field is easily determinable, and depends on the
fundamental polar diagrams characteristic of
a simple arrangement : there is no question of
faking polar diagrams to approximate to a cos nf
diagramn. It has the disadvantage of ambiguity
in angular location as compared with a 2:1
assembly in which ¢ — 8, since one half of the
field of radius phase contours is duplicated in
the other half of the ficld. Provided means can
be introduced to offset such ambiguity (e.g., by
means of a compass and crude d.f. gear) such an
assembly has an advantage of two to one, over
a 2 : I assembly, in accuracy of angular location.

It will now be clear that the radius phase is
of particular significance and that in Archimedes
fields the radius phase is proportional to azimuth
angle measured from the centre of the field.
In spiral-phase  fields other than Archimedes
fields, while the radius phase is not proportional
to azimuth angle, it may be a known function
of azimuth angle, as for instance in the case of
the assembly of Fig. 5. It follows that, while
Archimedes fields appear to have one desirable
characteristic, practical conrsiderations may make
the use of other
types of spiral phase
tields more useful.

An  interesting
field which has not
yet been explored

1s the use of
non-sinusoidal en-
velopes.

Fig. 5.  Relative

orientation  of

polay diagrams

of three acerial
arravs.

6. Applications

In all applications, it will be assumed that
sinusoidally-modulated ficlds or their equivalent
are used, and that all references to phase refer to
envelope phase, unless otherwise specified.  The
contours defining phase relations in all fields will
be assumed to lie in a horizontal plane.

Three main applications appear feasible.

(1) Radar Range. By sctting up concentric
spiral-phase and circular-phase fields, and equip-
ping craft with meansfor selective reception of
these fields, or the envelopes of these ficlds, a
direct reading of radius phase can be given on a
simple form of phase-difference indicator carried
in the craft.

This evidently enables the craft to know the
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bearing of the centre of the field from the air-
craft.

(1) Lighthouse or Talking Beacon. By setting
up a single envelope spiral-phase field, a craft
may be equipped so that a gate in a radio re-
cetver in the craft, on an independent speech or
telegraph channel, opens at a time determined by
the referred-phase difference, and remains open
for any required short period of time. This
enables a time sclection system of communication
to be operated in such a way that in effect con-
tinuous information may be sent out on each
bearing characteristic of that bearing. This is an
extremely important application because existing
talking lighthouses only send out such informa-
tion at intervals which are so long that an aircraft
may pass the locality of the beacon without re-
ceiving an indication of bearing.

(1) Substitute for Narrow-beam Arrays. (a)
Secondary Radar. By setting up a single envelope-
phase field and a concentric-envelope circular-
phase field the radius phase can be used to define
asingle radius (e.g., where the radius phase is zero)
on which coincidence gates in a craft will enable
a signal to be received to initiate a return pulse
sent out by a responder in the craft. If the enve-
lope frequencies of circular- and spiral-phase fields
differ, the defined radius will rotate at the differ-
ence frequency. This gives rise to an interrogating
pencil of width dependent on the envelope fre-
quencies and the minimum practical gate widths
and pulse widths.

(b) Primary Radar. This operates on the same
principle as the secondary radar except that the
coincidence gates must now be located at the
interrogator, and the interrogator must be pro-
vided with some means of differentiating between
outgoing and incoming pulses.

Since this article was first written the question
of primary radar has been investigated further,
and while an apparently feasible system has been
evolved on paper it is rather complex. Further,
the range obtainable on primary radar with an
all round looking aerial system is small.

7. Radar Range

It has already been indicated that a craft can
be fitted with such equipment as will enable it to
measure radius phase and that this can be used
as an indication of bearing.

An American equipment making use of a 2 : 1
assembly laying down a single spiral-phase field,
in conjunction with a concentric circular-phase
field has been described.*

The application of spiral-phase fields to radar

*Report No. T.S. ELC/SP/2 issued by the Electronics Sub-division ot
Advisory Group, Air Navigation, Air Technical Service Command.
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range is described in British Patent Application
No. 13278/46.

8. 3:2 System

As the value of » is increased, an increase in
angular accuracy of location is obtained at the
expense of an increase in ambiguity of position.
The value of » in a 3:2 system is 2, so that the
ambiguity is only twofold ; one half of the field
repeats the other half, and it is a comparatively
simple matter to provide auxiliary aids to resolve
the ambiguity. The increase in angular location
with increase of » follows directly from the fact
that dé/df — a B — n.

Amplifying the last paragraph slightly, it has
already been pointed out that, in an Archimedes
assembly of arrays laying down cos #8 diagrams,
the phase rotation per circuit of the field centre is
2nw.  This means that in a horizontal field the
change of radius phase is » times the change of
azimuth bearing of the observation point from
the field centre; hence the accuracy of angular
location is increased » times.

A type of arrangement which approximates to
an ideal 3 : 2 system will now be described, making
use of the assembly in I'ig. 5. As has already been
explained, with this arrangement the radius
phase is not exactly proportional to azimuth angle
and correction has to be made for the deviation
of radius phase from the azimuth angle.

With this system it is possible to make use of a
single carrier frequency only. This is because the
phase of the carrier field due to the acrials in the
hexagon (sec Fig. s5) is everywhere the same as
that of an aerial located at the centre of the
hexagon and driven in phase with the aerials in
the hexagon. Hence the reference aerial at the
centre of the hexagon may be driven with a carrier
of the same frequency and in the same phase as
the carrier driving the acrials in the hexagon.
Also, if this central reference aerial is a plain
vertical aerial, the plane of polarization of the
field radiated by the central aerial is everywhere
the same as that of the field radiated by the aerials
in the hexagon. The net result is that the com-
bination of the fields from the aerials in the
hexagon and from the central aerial is always
dircetly additive: no distortion is introduced by
the addition of quantities in quadrature in time
or in space.

For convenience in explanation a distinction
will be made between the indicating waves
radiated by the aerials in the hexagon and the
reference waves radiated by the reference aerials
at the centre of the hexagon. It is evident that,
since the only information peculiar to either set
of waves is in the sidebands, it is immaterial
whether the unmodulated carrier component is
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radiated from the central aerial or simultancously
in equal amplitude and phase, from all aerials in
the hexagon, or from both sets of aerials together.

In the present description, for simplicity, it will
be assumed that the reference waves are obtained
by modulating the carrier radiated from the cen-
tral aerial with a frequency 4/ and that the in-
dicating waves are obtained by modulating the
carrier radiated from the hexagon aerials with a
frequency f, the frequency f being obtained from
the frequency 4f by means of a frequency-
doubler so that the two modulating frequencies
are mutually locked.

A receiver in a craft situated in the two fields,
when tuned to the carrier frequency, will deliver
at the output of its detector a frequency §f, of
phase depending only on the distance of the
craft from the central aerial, and a frequency /,
of phase dependent on the distance and bearing
of the craft from the central aerial. These two
frequencies are then separated by means of
filters and the frequency &/ is then doubled by
means of a frequency-doubler and the phase
of the two waves of frequency fis then compared
by means of any suitable form of phase-difference
indicating meter. The indication of this meter is
then equal to the radius phase plus any extra
phase shifts which may exist in the system. By
proper precautions the extra phase shifts may be
made constant, and may be eliminated by suitable
calibration of the indicating phase meter.

9. Lighthouse or Talking Beacon

A form of beacon using spiral phase ficlds is
described in  British Patent Application No.
13279/46.

This may make use of a single spiral phase
tield which will be assumed to be of the Archi-
medes type so that radius phase is proportional
to azimuth and by suitable orientation can be
made equal to azimuth. Departures from this
condition can however be compensated.

It is evident that the phase of the field can be
made to control the time at which a gate in a
receiver in a craft at any point P in the field opens.
Therefore a short-duration signal sent out by an
independent transmitter at the beacon location,
at a specified time in the cycle of rotation of the
spiral-phase field, may be sclected by the opening
of the gate, at a specified time for a specified
duration, to the exclusion of other short pulses
sent out at other times.

Consequently a time distributor or selector
can be provided at the transmitter to open a
number of gates in turn, each for a short
period, each gate connecting one communication
channel to a common transmitting path. Each
observation point will then receive communica-

WIRELESS ENGINEER, MARCH 1949



tions from a single communication channel only.
In order to achieve this it is necessary for each
gate to open for the same length of time as, and in
displaced isochronism (as defined below) with,
each of a number of gates under the control
of the radius phase at each of a number of
observation points remote from the transmitter
and on bearings from the transmitter which are
distinctively different.

Bearings are considered to be distinctively
different when, during the period of opening
of one gate at the observation point, one gate and
one gate only is open at the transmitting station.

The term ‘ displaced isochronism ' defines the
condition in which the time of opening of a gate
at P is delaved with regard to the opening of the
corresponding gate at the transmitter by a time
equal to the time of propagation of the waves from
the transmitter to P. It is evident that since the
opening of the gate at P is under control of a wave
originated at the transmitter, if the condition of
displaced isochronism exists at one range from
the transmitter to P, it exists for all ranges.

IFor simplicity a variation will be described in
which the radius phase defined by the beacon is
equal to the bearing of P from O, the centre of the
transmitter system. Continuing the description
on this basis, it is immediately apparent that the
facility is offered of arranging that one com-
munication channel is effectively in communica-
tion with each discrete sector (a discrete sector
will here be defined as a sector bounded by such
bearings that a gate at P controlled as described
1s open only during the period of opening of one
gate at the transmitting station delayed by
the time of propagation). Evidently each com-
munication channel may be arranged to send in-
formation characteristic of the bearing of the
centre of the sector with which it is effectively
in comnunication.

Any one period in which a communication
channel at the beacon site is in communication
with a particular sector is called a sector period.
The minimum element of intelligence which it is
convenient to convey as an integral whole, is
called a baud.

Two modes of use of the proposed system are
envisaged. In the first of these an intelligible
item of information such as a Morse letter or
number, or assembly of letters or words, or a word
or phrase of telephonic speech, is conveyed
during each sector period. In the second of these,
during each sector period there is conveyed only
one baud. The arrangement is however in no way
restricted to these limiting conditions ; during
cach sector there may be conveyed any inter-
mediate number of bauds, or any fraction of a
discrete intelligible phrase or assembly of symbols.
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[t will be evident that the first method of use is
subject to the disadvantage that the frequency
of repetition of each item of information on
any otte sector depends on the amount of infor-
mation being disseminated in other sectors.
If, for instance, it is required to transmit two
letters with one repetition on each of 300 sectors,
and the rate of signalling is 150 letters per minute,
which is a fairly high rate for beacon work, the
bearing mformation will be sent out to each
sector once every eight minutes approximately.
During this time an aircraft flying at the moderate
speed of 300 miles an hour will have travelled
40 miles. It is, therefore, very desirable that the
information should be sent out continuously in
cach sector.

The second method of use, where only one baud
is sent out per sector period, enables information
to be sent out effectively continuously to all sectors
simultaneously., Assume that letters are sent out
by Morse code using the first 300 pairs of letters
in the several series AA, AB, AC, etc., BA, BB,
BC, etc., ctc,, each pair being continuously
reiterated in its appropriate sector. Each sector
has an angular width of 1° 12", Assume also that
the letters are sent out by Morse code of standard
pattern in which the length of a dot 1s defined as
one baud, a dash is three bauds, a space between
dash and dot or dot and dash in the same letter
is one baud, space between letters in the same
group is 3 bauds, space between groups is 5 bauds,
The first group in the series is then AA and the
last group is LN and the total number of bauds
for onc cycle of sectors, involving the trans-
mission of 300 pairs of letters is about 7140.
Since, however, the cycle is not complete until
the last baud of the last letter has been sent
and since some pairs contain more bauds than
others it is more useful to think in terms of the
total number of baud intervals, whether occupied
or unoccupied, and this is obtained by multiplying
the number of bauds in the pair of letters contain-
ing the most bauds by 300 and adding 1500 to the
bauds in 300 inter-pair spaces of 5 bauds each.
The pairs JQ and JY contain 29 bauds each so
that the total effective requirement of baud
intervals per complete cycle of events is 29X 300

1500 = 10,200. It may be simpler to regard
the space between pairs as a necessary adjunct
of a pair so that the total number of bauds is
(29-+5) X 300 = 10,200.

In one complete cycle of events the rotating
field therefore makes 34 (i.e., 29 + 5) revolutions,
and sends out 300 pairs of letters, each pair being
sent out once into its appropriate sector only.

Suppose for instance that it is required to secure
an average transmitting speed of 6o letters per
minute on each channel; i.e., in each sector.
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This corresponds to a total number of letters
transmitted cqual to 60 X 300 per minute or
150 pairs per second It could therefore be
achicved by a system in which the rotating field
made 17 revolutions per sccond and sent out
10,200 bauds conveying the 300 pairs of letters
in a complete cycle of events lasting two seconds.
Every two seconds, therefore, the pair of letters
appropriate to each sector would be transmitted
to cach sector at a rate corresponding to a speed
in letters per minute of 6o. It may be useful to
note here that at the generally recognised rate
of 5 letters to a word, 6o letters per minute corres-
ponds to, the modest Morse speed of 12 words a
minute which is achieved with very little practice.

The modulating frequency necessary to rotate
the field, and give rise to a spiral-phase field, is
only 17 ¢/s, a frequency at which few difficulties
are likely to be experienced.

It is evident that by using bauds of sufficiently
short duration speech channels may be set up
from the beacon to each of a small number of
selected sectors.  Each channel is then con-
stituted as a pulse-modulated channel.

10. Substitute for Narrow-beam Arrays

Narrow-beam arrays are subject to undesirable
effects duc to side lobes which sometimes give
rise to spurious indications and errors. They make
it necessary either to use very high frequencies
or else to usec a very large array.

It is evident that for purposes where the scan-
ning of a region is required it should be possible to
make use of the rotation of a spiral phase field.
It appears that it is possible to produce by this
means a narrow exploring pencil, radiating from
and rotating round any required location, without
the use of mechanically rotating arrays, and
without the use of arrays having narrow polar
diagrams.

To this end a system is set up producing a
single Archimedes envelope field concentric with
an envelope circular phase field.

Definition :—The point in time at which any
sinusoidal varying quantity passes through zero
in a direction of increasing positive amplitude
will be called the zero plus point.

Secondary Radar—If the ecnvelope of the
spiral-phase field is of the same frequency as that
of the circular-phase field, the locus in space,
defining the location where the zero plus points of
each of the envelopes of each field observed sepa-
rately occur simultaneously, is a fixed radius
vector with one end located at the centre of the
system laying down the spiral phase-field.

This radius vector is called the simultaneous
radius.

If the envelope field frequencies ditfer by
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cycles per second, then the simultaneous radius
rotates making d revolutions per second, in the
same sense as the spiral-phase field if the envelope
of that field is of higher frequency, otherwise at d
cycles per second in the opposite direction.

If now a responder is provided which only
makes response when situated within a narrow
sector each side of the immediate vicinity of the
simultaneous radius, it is evident that a means
is available for locating the position of any craft
carrying such a responder, within the limits of
error defined by the minimum dimensions which
it is possible to realise for the said sector.

In order to enable the two envelope frequencies
corresponding respectively to the two envelopes
to be separated at the receiver, it is necessary to
arrange that cach envelope field is constituted
by the modulation of a separate carrier or sub-
carrier. More specifically one arrangement is as
follows. The carrier frequency of cach transmitter
connected to the arrays which are to radiate the
spiral phase fields is modulated with one or two
frequencies which will be referred to as sub-
carriers. These sub-carriers are arranged to be so
far apart in frequency that no difficulty is ex-
perienced in separating them by filters.  One
sub-carrier is then always modulated by the
spiral-phase-envelope-field-producing  (s.p.e.f.p.)
frequency and used to modulate the main carriers
fed to the array producing the spiral phase en-
velope field. The other sub-carrier is modulated
with the circular-phase-envelope-field-producing
(c.p.e.f.p.) frequency and used to modulate the
main carrier fed to the central vertical aernal.

After normal detection at the receiver, the two
sub-carriers appear, one modulated by the (s.p.c.
f.p.) in phase corresponding to the angular
position of the receiver with regard to the centre
of the region where the arrayv of arrays producing
the spiral phase envelope fields is situated, the
other modulated by the (c.p.e.f.p.) frequency.

One of these frequencies 1s arranged to open a
gate at the zero plus point in its cycle ; the other
frequency is arranged to initiate, at the zero plus
point in its cycle, a pulse of duration equal to the
period for which the gate is opened by the first
frequency. It will be immediately apparent that,
when the two zero plus points of the received
envelopes are substantially coincident, which is
when the receiver is on or near the simultaneous
radius, the transmitter is modulated by a pulse-
recurrence frequency equal to that of the c.p.e.f.p.
frequency. Evidently, if the gates are of zero
width in time the angular width of the sector each
side of the simultaneous radius over which trans-
mission of a pulse will occur will be zero. In
practice the gates and, therefore, the sector will
be finite in width.
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It will be further evident that the accuracy
of location provided by this system can be in-
creased at the cost of ambiguity by using any
form of envelope spiral-phase field in which the
change of phase shift with change of angular
position is greater than unity.

When, however, it is required to scan in a
limited sector, provided the sector does not sub-
tend an angle greater than 360°/n no ambiguity
need arise.

It has not been previously pointed out that in
order to produce a spiral phase field in a limited
sector it is only necessary to provide and drive
the aerials of the system laving down a spiral-
phase field system, which are so orientated and
have such polar diagrams that they radiate
energy into that sector.

For instance, in the case of a single-phuse
Archimedean envelope spiral-phase system in
which four acrials with unilateral cos 8 diagrams,
orientated respectively North, South, East and
West, are driven in progressive quadrature
it is possible to set up a spiral-phase field in any of
the quadrants NE, SE, SW, or NW, by using
only the two aerials which radiate into that
quadrant.

11. Theory

l'o establish that m arrays having cos #8 dia-
grams, with »n = 4n, when progressively modulat-
ed, will tay down lines of constant referred phase
which are Archimedes spirals and that in such

a field the radius phase is proportional to
bearing.

f frequency

w 27rf

v radial distance (of point I at which field is observed)

from centre of assembly of arrays.
¢ velocity of light

] “r phase shift retardation due to spatial dis-
c
placement by distance ».

4 bearing (or azimuth angle) taken from the centre

of the assembly of arravs.
¢, = referred phase ditference
¢q — radius phase — ¢, — ¢,

o phase angle between carriers or modulation
frequencies of arrays.
360
B =, space angle between arrays
; : 3
o by ) . S .
" ] 0 coefficient of 4 in the function cos #f

defining polar diagram of array
Note that o = »f
m number of arrays
M/¢, = field at point P distance r»
assembly on bearing §
maximum contribution of an array (i.e., on leading
radius) to field at distance » from centre of assembly.

from centre ol
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Then
M /¢ ¢ cos nd

- e/—oc———-(;%c cos n(8—p)
+ e;zoc_:dh cos n(6 — 28)
4+ el2a — ¢, cos n(f — 3B)

The number of terms in the series determining
M/¢, is equal to the number of polar diagrams
which overlap on any one bearing; i.e., to m/zn.

By taking any required number of terms in
the above series, the numerical values charac-
teristic of an assembly, with the corresponding
number of overlaps, can be found for both
Archimedes and mongrel (non-Archimedes) assem-
blies.

Two-term Arravs.

M/¢, = e |—¢.cosnb + e o — ¢.cosn(fd —p)
Making use of the transformation,
cosnf =1} /mb |- }inf
M [$, — e (1610 | n(6 — B) + o
WA
Since o = #f3, the first and third terms add up

to e /nf ¢ which represents a phase angle

proportional to n times the azimuth angle minus
the phase retardation ¢, : in other words ¢, = 6
¢. which is the condition defining an Archi-
medes spiral-phase field.
It remains to establish conditions which make
the remaining terms zero ; that is:

b — — (8 —f) a

This evidently occurs when

nB + o = 180°, and since nfS o
o = Qo
s ! - 360° 360
Evidently m i oin 4n
Summary : o 90°, m = 4n, B — %

This summary evidently defines the first of the
series of assemblies listed in Table L.

Three-term Assemblies
M [, =\ (10 + b + n(0 —B) + o
Fln(@— B —a+ /n( —2B) + 2
+ \n(0 — 28) + 20

Since x — #f the three odd terms add up to
g¢ /n@ — ¢, which defines an Archimedes field.
The three even terms are zero when thev
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constitute three equal vectors at 120°, that is

when nB -+ 120
so that 2 = 6o
360° 60
and m 3 3 61
o o/
. 6o
Summary : a. — 60°, m — btm, 8 -3”
7

This evidently defines the second series of
assemblies listed in Table 1.

The characteristics of the other assemblies can
evidently be found by taking four, five, six, etc,,
terms.

To show that the condition that M /¢, — enb
¢, defines an Archimedes field.
Evidently ¢, - b — n — wr
E4 17 c¢r £ no
w w

For any constant value of ¢, the radius r is
. . C o .
defined by a quantity —n8 which is proportional
w
to azimuth angle plus or minus a constant quan-
L C
tity — &,
yo4

The value of 7 is therefore proportional to
azimuth angle, and the curve so defined is an
Archimedes spiral

To show that in an Archimedes field the radius
phase is proportional to bearing.

In an Archimedes field,
difference = ¢, nl — ¢,.

In a circular-phase field the referred phase
difference = — ¢..

The radius phase is equal to the phase difference
between an Archimedes ficld and a concentric
circular-phase field and is therefore equal to the
difference between the referred phase of these
ficlds ; i.e

Radius Phase é, + ¢, né.

Example of a Theoretical Examination of a
Simple Practical Assembly.

the referred phase

In practice arrays with cos n6 diagrams are not
alwavs readily available and it is necessary to
choose some simple arrangement which conforms
approximately to an assembly of arrays with
cos nf diagrams. One such arrangement has
been indicated in Fig. 3.

Let the field due to any one aerial at any point
P distance r from any one aerial be E sin wf.
The phase retardation has been omitted because
it cancels out in the analysis below.

Assume a modulation depth (of each polar dia-
gram) m by a sinusoidal modulation of (angular)
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frequency M, and a progressive phase shift of
120° in phase from array to array.

The ficld at P due to array A\ in Fig. 5 may
then be represented by

(1 + m sin M¢)
2md /2 .

0

o sin )

2nd/2 .
il —Zsm 0 }

where d is the distance l)et\\ cen aerials and A is
the wavelength.

X [ E sin (w/

-+ E sin Kw[ —

This is equal to

. . ‘wd N\ .
2k (1 4 m sin Mt) cos | - sin 0/\ sin wi

Since the modulation advances 120° in phase
from array to array, and the azimuth angular
displacement from array to array is 60°, the fields
due to the other two arrays are :

2E(1 +msin Mty 120°) cos (1/? sin i—%“)sin wl

and

2F(1-+msin M{+240°) cos k— sin @ —120° |sin w!

Now let the amplitude and phase of the enve-
lope of the total field at P with regard to the
envelope of arrav AA be represented by 4/¢,.

Then adding the envelopes of the three fields
and resolving in time along axes parallel and
normal to the vector defining the modulation
phase of array AA :

.-1_@. 2mkE cos?sin 0 —mE cos ZZ{ sin #—60
E cos gk 0—12
mk cos(—/—\ sin #—120

7 1.732 mkE cos <7—}i sin 6 --()o°>

—7 1.732 mkE cos (T\d

sin 8—120" |
/

- nd .
—2ml cos— sin 8

A

2ml cos {%d (sin 6 —60° 4 sin §—120")

X cos {ﬂ—/\d (sin @ —60° — sin 6 -Tzo”’)}
47 3.464 mE sin (7{? sin 8 60°sin 6 —120° )

X sin {7 /\ (sm #—60°—sin (3—120")}
2

. nd .
2nkl cos = sin 6
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/md 3
2mk cos | 5 Sin 8—90° cos 30

can easily be corrected in any system where the
value of ¢ is required to indicate the value of 26.

il : TABLE H
X cos ( 3 cos #—go” sin 30
e ” @ 6 @ g é
47 3.46 mE sin | o sin 8- o~ cos 30 ‘ |
734 TN 9 T o o | 70 137 0 140 | 27717
Y] 10 17716 8o 1570 ‘ 130 30070
e : ) ) S0 3 o 2 2
sin { 5 cos §-—go° sin 30 0 3715 5o || U1, 10 ) 322 45
A N 30 [ele] 100 203 0 170 342744
wd 40 82 40’ .‘ 110 2234’ 180 360
2mkE cos— sin 8 50 | 102740 120 | 240 12
A (€9 120 130 257 22
. 0.8586 md \ md . :
2mle cos( - cos 8)cos (5 sinf .
A / 2A Appendix
. . [0.800 md L md CA.A. V.HI. Ommdircctional
464 mE sin : cos @)sin{ — s @ i s o ' o
43404 \ A 2A Range
/0800w o) s wd . 9) This is the first system to make
1.732 sIn N cosY)smi ysing) use of a spiral-phase field for
tan ! = - : — . Tre o akes
b, L rd 70.860 7d (ad - n wvigational purposes; it makes
cos { = sin 0 cos | N cos 6)cos| S 6)  use of a 2:1 assembly laying
/ ) down a single spiral-phase field.

The relation between ¢ and 8, as calculated by
slide rule, appears in Table I1. It is evident
that the deviation of ¢ from 26 is not large, al-
though the accuracy of calculation is not sufficient
for the deviation to be specified accurately. The
maximum deviation is however not more than a
few degrees, probably about 3 degrees, and as such

The credit for its development
belongs to American engineers, and it has been
recommended by P.I.C.A.O. as a short-range
navigational aid.

It is stated to provide bearing indications with
an accuracy better than 5°, operating on a wave
length of 2.4 metres.

American Standard Abbreviations and Symbols

HIE American Institute of Radio LLnginecrs
has recently published a 21-page report
(price 75 cents) entitled “ Standards on
Abbreviattons, Graphical Symbols, Letter Sym-
bols, and Mathematical Signs,” embodying “ the
Institute’s official recommendations to its mem-
bers, the industry at large, and the armed ser-

vices.”  Although, of course, there is much
agrecruent  between the American and the
British Standards there are many differences

which make one wish that such things could be
discussed internationally. [t should be pointed
out that the publication is not issucd by the
American  Standards  Association but by one
Institute, and, although mention is made of
co-operation with other bodies, it is possible that
the American Institute of Ilectrical Engineers
may not be in complete agreement with all the
recommendations ot the Radio Iingineers. Sonie
differences between British and American sym-
bols are to be expected since the anode of a
valve i one country is the plate of a tube in the
other, but there arc many quite unnecessary and
surprising differences. In the decimal prefixes
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the only difference is in the abbreviation of kilo
for which they give both k and K both are
undoubtedly largely wused although, as we
recently pointed out, kg and km are now standard
abbreviations in all Kuropean metric countries
which use these units in cveryday life.

One of the most surprising things is the
recommendation of small letters for all the
clectrical units except the ohm, for which the
capital € is retained. Kilowatts are thercfore
cither kw or Kw but not kW, microfarads are
uf and millihenrys mh. Ifor cvcles per second
they recommend cps which is further abbreviated
to c or C in combinations ; the latter is a strange
suggestion. Whereas we write ke/s for kilocycles
per second, the American radio engineer can write
ke or kC or Ke or KC, always leaving the unit
of time to the imagination. No misunderstanding
is likely to arise from the omission of the time as
the ‘per second’ is understood, and ¢ could
be regarded as an abbreviation, not of cvcles,
but of evcles per second.

The symbol for diclectric constant or capacitivity

permittivity is not nentioned—is e whereas
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the B.S.1. recommends «; e is certainly very
widely used even in this country by physicists.
Ilectromotive force and potential difference
appear to be lumped together, for in one place
we read E, e, V, v electromotive force, potential
difterence, voltage ; in another place “ V, v, E, ¢
potential differcnce, electromotive force, voltage ™
and yet in a third place “V, v, I, e, voltage,
clectromotive  force, potential  difference.”
Electric field strength is represented by E—
whereas the B.S.I. employs &-—magnetic tield
strength by H, and magnctomotive force hy a
capital script ¥.

Eleven pages are devoted to graphical svmbols
for circuit clements, coaxial and waveguide
elements and valves. This is a very big subject
and we would only rcfer to the fact that two

wires crossing without connection are represented
by + and not by 4 ; if the wires are connected
they are represented by either +— or 4. This
is a point that has recently been discussed by a
committee of the B.S.I. and the consensus of
opinion was in agreement with these recommenda-
tions. Although the older method is clearer and
more fool-proof it is quite impracticable when
there are a great number of crossing wires as in
telephone-switchboard diagrams, and the ques-
tion then arises as to whether it is not better
to be consistent and use the straight cross-over
even in the simplest cases. Some people will
undoubtedly prefer to use the old-fashioned
“hop over ™’ for uncounected crossings in simple
diagrams of connections.
G.W.O. H.

CORRESPONDENCE

Letteys to the Editor on technical subjects ave always welcome. In publishing such communications
the Editors do not necessarily endorse any technical ov geneval statements which thev may contain.

Ignition Interference

Sir,—I1 am writing to draw attention to the pheno-
menon of multiple-pulse interference (sce Eaglesfield,
Wireless Engineer 1946, p. 265) the importance of which
is, in my view, greatly underestimated in the majority
of papers on the problem of ignition interference. Thus
Nethercot (Wiveless World, October 1947) does not
deal with the phenomenon at all, while Pressey and
Ashwell (Wireless Engineer, January 1949) argue that
since, on their measureéments, the rest of the train is
usually some 20 db down on the initial pulse, the (uestion
is nct important.

Scme ten years ago I observed the empirical fact that
interference under actual television listening conditions
from some cars was much worse than that from a
laboratory generator, even when the input from the
latter was very large, and I followed this up in the course
of experiments upon noise suppressors. With the aid
of such suppressors it was found quite ecasy to reduce
nois¢ from the laboratory generator (which generated
single sparks spaced by 10 to 50 milliseconds) to near
inaudibility for any reasonable input. On some cars,
or on a special laboratory generator prodncing multiple
sparking, however, quite loud interference still occured.

The reason for this is not far to seck: in the outer
half of the television service area, where the problem
of interference is most severe, the receiver gain is set to
receive signals of 0.1 to 0.5 mV/mm. From Pressey and
Ashwell's paper, the interference ‘ peak field * will
exceed 10 mV/m at goft for an aerial 3o-ft high. The
receiver will thus be overloaded to the extent of 20 db or
more by the initial pulse, which will then appear at the
output to have the same amplitude as the succeeding
ones. Now it can be shown (p. 103 of Radio Research
Report No. 13, confirmed by tests by the writer) that
the apparent loudness of the noise is proportional to
the total area of the output pulse. or pulse train, pro-
vided this does not excecd some 300 psec. A car pro-
ducing a typical half-millisecond train of a hundred
pulses will thus give enormously louder interference
than that from a single pulse (duration at detector order
of 5 usec). This difference in loudness is more or less
independent of the integrating action of ‘top-cut’
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circuits in the a.f. portion of the set since these cannot
alter the total area, but the difterence will be increased
rather than otherwise by the action of a.f. noise suppres-
sors, most of which tend (a) to equalize the amplitudes
of the pulses in a train by limiting, or (b) to lose ctticiency
on long continued pulse trains.

This reasoning is supported by listening tests using an
ordinarv television receiver, incorporating a noise
suppressor, on an aerial soft from a main road. Those
cars which gave ‘serious’ (or ‘loud’) interference
showed pulse trains which were relativelv long (50 to
1,000 psec), and more or less uniform in height, when
examined at the output of the noisc limiter with an
oscilloscope arranged to synchronize olf the first pulse
in cach train.

In order to reduce interference with television sound
reception to a level where it is not in practice serious,
T conclude that it is quite as important to reduce the
number of pulses in the train as to reduce the field
radiated. Similar conclusions probably apply to vision
reception under practical conditions, though it is some-
what more difficult to find a measure for subjective
interference in this case.

I suggest further that the reasons for multiple pulse
generation should be seriouslv investigated, since the
reduction of tield obtained from the addition of the
usual 3,000-ohm suppressors is not always sufficient
completely to remove interference in ditficult cases,
and since manufacturers often object to the fitting of
suppressors.  From a cursory examination it appears
that two separate phenomena are at times concerned :
first, an electrical resonance involving the leakage
inductance of the ignition coil and producing several
main sparks spaced by the order of 100 psec, and secondly
some phenomenon in the spark itself causing €ach main
spark to consist of a train of sub-sparks spaced by the
order of 1o psec. .\ research into this question (by
ignition equipment makers, by the E.R.A., or by the
National Physical Laboratory) might well throw light
upon the problems of the ignition of mixtures for
internal combustion engines as well as upon radio
interference.

Southend-on-Sea, Essex. M. V. CALLENDAR.
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NEW BOOKS

Elektronen Strahl Oszillographen

By Paur E. Kruin.  Pp. 210 with 325 illustrations.
Weidmannsche Verlagsbuchhandlung. Blumenstrasse
3, Frankfurt on Main. Price 19 Marks.

This book is the first of two volumes planned by the
author on electron-beam oscilloscopes and their many-
sided applications. The object of this first volume is to
describe the tube itself and the auxiliary devices necessary
for the practical application of the methods of measure-
ment employing cathode-rav oscilloscopes. The second
volume will deal with these practical applications. This
is really the sccond edition of a single-volume book
entitled ‘ Dic praktische Verwendung des Ilektronen
Strahl Oszillographen 7’ ; instead of revising it the
author decided to rewrite it completelv in two volumes.
The first chapter eals with the tube, the various methods
of focusing and deflecting the beam, calculation of
deflection, etc. Successive chapters are devoted to the
production of the necessary high voltage, methods of
connection to the detlecting plates, brightness control,
amplifiers, time-base circuits, multiple oscillographs,
cathode-rav photography, and the construction and
operation of complete outfits. The bibliography con
tains 35 refercences, all German with one exception.
The quality of the paper and hinding and some of the
photographic reproductions show the difhculties under
which such books are being produced in Germany, but
this is no excuse for ‘ Lissjous-Figue ' under Fig. 281.
The book is well illustrated and can be recommended to
anyone wishing to study the development of the cathode-
ray oscilloscope in Germany.

G. W.0. H

Vacuum-Tube Circuits

By LAWRENCE BAKER ARGUIMBAU. Pp. 608 | vi with
574 illustrations. Chapman & Hall Ltd., 37, Essex St.
London, W.C.2. Price 36s.

This book is of American origin, the author being
Assistant Professor of Electrical Communications at the
Massachusetts Institute of ‘lechnology. Anyone skim-
ming the book will receive the impression that it is just
another book on radio and a fairly clementary one at
that.

Appearances are deccptive, however, and this is by
no means an ordinary book. Most readers will receive
a shock when they reach p. 26 and meect the first set of
problems. Up to then everything has been very easy.
\fter an opening chapter devoted to a very simple
explanation of the processes used in communications, a
start is made with ‘ Diodes and Rectifiers.” About 54
pages are given to emission and diode characteristics
and then 2} pages to the diode as a peak voltmeter.
It is to be emphasized that the treatment is quite ele-
mentary and largely descriptive; two equations only
appear so far and neither refers to the voltmeter usage
of the diode.

The problems then come and refer to a simple diode
circuit having a load resistance R and a reservoir
capacitance C. The first is— Show that when T<CRk
in Fig. 8 the average condenser voltage is given approxi-
mately by E. = Epu (1 — T/2CR)’; another is
‘" Assuming a very large value for C in Fig. 8, show
that the effective impedance presented to the source
s Rj2.”

The reader’s tirst reaction will undoubtedly be that it
is quite impossible to solve such problems as these with
the information given in the preceding pages. When he
thinks about it, however, he will realize that he needs
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only two things,—a good knowledge of circuit theory
apart from valves and the explanation of the diode
given in the book,——in order to solve them and that the
solutions are, in fact, quite simple.

Further reading shows that the author adopts such
shock tactics throughout. After describing the mode of
operation of a circuit in quite simple language, a problem
is given and worked out in full as an example; then come
a number of problems to which answers are not given.
These problems require for their solution a good know-
ledge of general theory, but they also demand that the
relevant text in this book shall have been read carefully
and wunderstood.

The method is a very sound one and it is refreshing
to find a book which ditters so much from the general
run of text-books. To benefit from it, the problems must
be worked out and although they are not reallv difficult
ones, some ol them need quite hard thinking.

It is a fault of the book, which may mislead some, that
the author does not point out the need for considerable
prior knowledge of circuit theory apart irom valves.
This need for prior knowledge also detracts from the
usefulness of the book to radio technicians who, quite
often, tend to be weaker in circuit theory than in their
knowledge of the general modes of operation of valve
circuits. To those whose training has been largely
etectrical rather than radio, however, the book should
he extremely useful.

The contents cover all the ordinary valve circuits, and
amplifiers (class A, B and C) and oscillators are treated.
Some circuit theory is included, notably in dealing with
the stagger-tuned and band-pass r.f. amplifier and with
the transient response of v.f. amplifiers. Most of the
book requires only simple mathematics but there arc
patches of calculus and Tourier series which some will
find sticky going.

The squegging oscillator (called a blocking oscillator)
is rather poorly treated, neither is the blocking oscillator
(called a multivibrator) well done. The author treats
them as distinct phenomena and very inadequately.
Similarly, the treatment ol a magnetic-detlection circuit
in television ignores the circuit capacitance and thereby
makes it of little practical value. On the whole, however,
the treatment is good and the book can be recommended
to those who have the necessary knowledge of circuit
theory but lack a familiarity with valve circuits and the
application to them of their circuit theory.

W. T. C.
Telephony

By J. ArkinsoN, AM.LE.E., Vol [, General Principles
and BManual Exchange Svstems. Pp. s13 with 694
illustrations. Sir Isaac Pitman & Sons, Ltd., Kingsway,
London, W.C.2. Price 335s.

This book is described on its title page as a new edition
of ““ Telephonv,” Herbert & Proctor, and it bears the
sub-title ““ A Detailed Lxposition of the Telephone
Exchange Systems of the British Post Office.”” Vol. T[,
which isin course of preparation, will deal with automatic
exchange systems and the two volumes are together
designed to cover Grades I, IT and III of the new City
& Guilds’ Examinations in Telephone Exchange Systems
and the telephony aspects of Elementary Telecommuni-
cations Practice.

Radio, Television and Electrical Repairs

Edited by Roy C. Norr1s. Pp. 448 with 429 illustra-
tions. Odhams Press Ltd., Long Acre, London, W.C.2.
Price 108, 6d.
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WIRELESS PATENTS

A Summary of Recently Accepted Specifications

The following abstracts ave prepaved, with the permission of the Controller of H.M. Stationery Office, from
Specifications oblainable at the Patent Office, 25, Southampton Buildings, London, W.C.2, price 2{- each.

AERIALS AND AERIAL SYSTEMS
599 387. Trailing aerial for aircraft in which the tuning
1s automatically controlled through the winding and
unwinding gear.
Autophion A.G.
December, 1943.

DIRECTIONAL AND NAVIGATIONAL SYSTEMS
598 609.—Pulsed signalling svstem lor visually indicating
to the pilot of a mobile craft his position, in terms ol
azimuth and distance, relatively to a fixed refercence
point.

Hazeliine Coiporation (assignees of A. V. Loughren).
Convention date (U.S.4.) 15th September, 1944.

Convention date (Swilzerland) 24th

598 672.— Automatic gain-control system, particularly
for a radiolocation receiver in which the echo signals
are presented sicde-by-side, or on separate indicator
tubes, for comparison.

/. V. Dunworth. Application date 28th fune, 1945.

598 jor.——Radiolocation equipment for centimetre waves,
wherein the time interval is accurately measured in
terms of the number of complete cveles of an auxiliary
synchronized oscillatory voltage.

J. D. Cockerojt, P. E. Pollard, I3. Newsom, The DBritish
Thomson-Houston Co. Ltd. and G. S. C Lucas.  Applica-
tion date 3oth March, 1943.

598 goo.-——Radio signalling system {for marking-out a
water-channel, or other tortuous course, by the radiation
from a number of electromagnetic ‘ horn’ aerials placed
at strategic points.

IWestern Electvic Co. Tnc. Convention date ({7.5.4.)
sth April, 1940.
508 948 —Radiolocation receiver wherein  automatic

gain-control is applied to increase gradually the sensi-

tivity of the indicator to the more-distant objects.
Sperry Gyroscopic Co. Inc. (assignees of G. F2. White).

Convention date (".S5.4.) 22nd Junnary, 1943.

568 973.-—Circuit  arrangement for generating the
exponential voltages used for controlling the cathode-
rav indicators in radiolocation.

Marconms's W.T. Co. Ltd. (assignees of M. I{. Mesner).
Convention dale (U.S.A.) 20th Jugust, 1942.

598 977.—Beam aerial comprising a given length of
waveguide with spaced and graded apertures, which
are backed by rotary retlecting discs in order to swing
the beam to-and-iro.

Marconi's W. 1. Co. Lid. (assignees of H. I3 de 17ore).
Convention date (U.S.A4.) oth June 1044.

599 o87.—Direction-tinding system, operating on pulsed
signals and comprising a switch-controlled receiver for
separately comparing the response {roin two aerials of
different characteristics.

B. S. Smith and F. . ]. Girling.
30th June, 1945.
509 114.—Radiolocation apparatus utilizing the Doppler
frequency-shift, wherein a .local reference-frequency
having a fixed phase-relation with the exploring pulses
is derived from supersonic oscillations set up by a

Application date

ol

piezo-electric crystal along a mechanical line resonator.
A. L. Solley. Application date 13th Septeinber, 1945.

599 389. —~Automatic gain-control system applied to
the echo signals received in the different sectors of a
rotary exploring beam, in radiolocation.

J.- M. Robson. Application date 2nd May, 1945.

509 497.—Coupling bridge-network, including a phasing
device, arranged to allow two aerials having different
polar diagrams to be continuously interchanged, say for
radiolocation.

C. H. Westcott.

399 55I1.—Direction finder using a rvotating aerial and
a visual indicator, wherein auxiliary optical means are
provided for adjusting the normal alignment of the
signal on the indicator.

Standard Telephones and Cables Lid. (assignees oj
G. S. Burronghs). Convention date (17.S.4.) 26th [anuary.
1944
600 166.-—Automatic gain-control system, particularly
for regulating the output of a radiolocation receiver.

Sperry Gyroscope Co. Inc. Convention date (U.S.A.),
29th Septenber, 1944.

Application date 9th January, 1945.

600 327.-—Dircctive aerial system comprising a para-
bolic retlector with a focal length only one-fifth that ol
the carrier wave, and a broad-band radiating element
located at the focal point.

Marconi's W.T. Co. Ltd. (assignees of G. H. Brown and
O. McD. Woodward Junr). Convention date (U.S.A4.)
22nd  January, 1944.

600 433.— \erial for ultra-short waves in which the
action of an electromagnetic horn or parabolic mirror
is controlled or modified by resonant slots.

H. G. Booker. Application date 31st October, 1945.

600 483.—Direction finder with a switched c.r. indicator
which is fed through a common amplifving chanuel,
wherein periodic damping is applied in order to prevent
distortion.

E. Cuaplin and J. H. Bagley.
June 1945.

0600 494.—Radiolocation equipment in which the gain
control is automatically varied between given limits by
a multivibrator device, in order to minimize the effect of
ground signals, ‘ clutter,” and the like.

Application date 7th

R. H. 4. Carter. Application date 14th Septenber,
1945.
600 512.—Control circuit for the electrodes of a c.r.

indicator {ube, particularly for preventing misalignment
between the line-of-sight and the beam axis, in radio-
location.

R. S. Webley. Application date 2nud May, 1945.

600 514.-——Time base and marker pulse generating and
triggering circuits, applied to the measurement ot short
time intervals, particularly in radiolocation.

A. Harrison. Application date 2nd June, 1945.

600 546.— Pulsed radiolocation equipment for use on a
mobile craft, wherein provision is made to otfset the
effects of vawing and pitching.
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Spervy Gyroscope Co. Inuc. (assignees of J. J. Caldwell,
Jr. and R. F. Havs, Jr.). Cownvention date (U.5.A4.)
19th May, 1942.

600 586. Radiolocation equipinent in which the echo
signals from two flat exploring beams arc applied to
follow the course, and indicate the origin, of a shell or
other projectile.

1. E. RKempton and D. 1. Chick.
23rd October, 1045.

A pplication date

600 622.- Direction finder in which signals from different
aerials are fed to a cathode-rav indicator through separ-
ate amplifiying channels, the gain ol which is auto-
matically equalized by means of an auxiliary oscillator.

Soc. Frawcaise Radio-Electvique.  Convention dale
(France), 141h February, 1942

600 633.—Adapting a normally non-directive aerial of the
* Alford Loop ' tvpe so that its radiation pattern is made
directive.

Standard Telephones and Cables Lid. (assignees of
A. G. Kandoian). Convention date (U.S..A) 17th

July, 1944,.

RECEIVING CIRCUITS AND APPARATUS
(See also under Television)
508 398 —Super-regencrative receiver, with cathode
load resistance, for responding to interrogating signals
and triggering an identification signal in reply.
Fevvanti Lid., M. K. Taylor and F. C. Willicms.
Application date 5th November, 1943.

508 399.—Coupling arrangement between the super-
regenerative receiver and the triggered transmitter of
an automatic ‘ responder’ or identification unit.

Fevvanti Ltd. and M. K. Tavlor. Application dale
5th Novemnber, 14945.

598 j00.—Control arrangement for stabilizing the opera-
tion of an identification unit designed to respond auto-
matically to interrogating signals.

Levvants Lid., F. C. Wilhams and J. R. Whitehead.
dpplication date 5th Noveinber, 1943,

598 401.—Controlling the sensitivity of the super-
regenerative receiver, and the stability of the associated
transmitter, in an identification unit which responds
automatically to interrogating signals.

Fervanti Ltd. and H. Wood. Application date 5th
Noveniber, 1945.

598 662.—Selective coupling arrangement, say for a
superheterodyne, in which an increase in coupling
causes the separate peaks of the respective circuits to
move further apart.

Murphy Radio Ltd., P. C. Cullen and C. C. Holines.
Application date 24th November, 1944.

598 721.-—Band-pass coupling, comprising first and
second transformers, wherein the secondary winding of
the first is reactively coupled to the primary winding
of the second, and conversely, in order to widen the
response curve.

K. W. Horner. Application date 7th Septeinber, 1945.

598 807.—Super-regenerative receiver wherein the input
circuit is coupled to the oscillatory circuit ol the amplifier
in rhythm with the quenching frequency, in order to
prevent re-radiation.

‘“ Patelhold ”’ Patentverwertungs &c. ..
date (Switzerland), 11th September, 1944.

Convention

598 868.—Receiving circuit for Irequency-mnodulated
signals, comprising a cathode-follower amplifier and a
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pair of diodes, arranged so as to throw very little load
across the input circuit.

Marconi’s W.T. Co. Litd. (assignees of K. Schlesinger).
Convention date (U.S.A.), 21st September, 1944.

509 201.—Intervalve coupling for h.f. and i.{. amplifiers
in which a tapped inductance is used both to provide
a band-pass characteristic and to match the valve
impedances.

P.R.T. Laboralories L.1d. and W. E. Benhamn. Applica-
tion dates 11th Mav, 1945, and 11th April, 1946.

599 341.—Construction, mounting, and processing of
contact detectors of the silicon type, particularly for
high-lrequency work.
Western Electric Co.
24th March, 1944.
500 424.—Super-regenerative  receiver in  which a
grounded-grid valve is directlv coupled to the regencra-
tive circuits and serves as a buffer to prevent re-radiation
from the aerial.
Hazeltine Corporation (assignees of B. D. Loughlin).
Convention date (U.S.A.) 1st March, 1945.

Inc. Convention date (U.S A.)

TELEVISION CIRCUITS AND APPARATUS
IFoR TRANSMISSION AND RECEPTION

598 364.—Projecting large-scale television pictures from
a photographic film that is prepared from the image
produced on the sensitive screen of a cathode-ray tube.

F. B. Dehn (communicated by A. B. Dumont Labora-
tovies Inc.). Application date 13th Maich, 1945.

508 792.—Television receiver in which the fluorescent
screen of a cathode-ray tube is of globular form, and is
rotated svnchronously with the scanning speed, in order
to project the picture on to a viewing screen.

The General Electric Co. Ltd. and L. C. Jestv. 1 pplica-
tion date 10th September, 1045.

598 802.—Television receiver in which the electron
stream scans a thin film of oil on a slowly-rotating glass
disc, so as to vary its transparency to an external source
of light, thus allowing the picture to be projected on to
an external screen.

W. I-hvenberg. Application date 1ith Sepiember, 1945.

599 134.—Colour television system in which the effective
arcas of the different filters are automatically inter-
related so as to preserve a correct colour balance for all
adjustments.

Radio Corporation of Ainerica.
(U.S.A.) 29th Noveiiber, 1943.

TRANSMITTING CIRCUITS AND APPARATUS

(See also under Television)

598 375.—Coupling-device between two  offset  and
relatively-rotatable waveguides, in which the opposite
ends of a complex coaxial-line connector serve as
probes.

R. G. Garfitt.

598 493.—Waveguide or transmission line composed of
materials having graded values of magnetic permeability
and dielectric constant, chosen to secure a predetermined
mode of propagation.

Huagzeltine Corporation (assignees of H. A.
Convention date (U.S.A.) 16th November, 1944.

Convention date

Application date 7th May, 1945.

W heeler).

508 494.— Waveguide or transmission line composed of
materials of selected magnetic and diclectric values chosen
to secure an optimum characteristic impedance.
Haczeltine Corporation (assignees of H. A. Wheeler).
Convention date (U.S.A.) 16th November, 1044.
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598.640.—Fecdback circuit, comprising a phase-control
line, an amplitude-control line, and a connecting line,
for a valve of the grounded-grid tvpe.

Standard Telephones and Cables Ltd. (assignees of

A. G. Kandoian). Convention date (U.S.A.) 28th October,
19.44.
599 061.—Frequency-modulator for centimetre waves
in which the flexional movements of a piczo-electric
crystal are uscd to varv the tuning capacitance of the
master oscillator.

““ Patelhold ** Patentverwertungs &c. A .G, Convention
date (Switzevland) 14th July, 1945.

500 333.— Variable capacitor arranged in series with a
high-reactance ‘stub’ to serve as a radio-frequency
switching device for transmission-line circuits.

Mavconi’s W.T. Co. Ltd. (assignees of O. McD. Wood-
ward). Convention date (U.S. A}, 27th Febvuary, 1943.

SIGNALLING SYSTEMS OF DISTINCTIVE TYPE
598 644.—Keving and control arrangements for multiplex
signalling systems using carrier-frequency shift modula-
tion.

F. B. Dehn (conununicated by Press Wiveless Inc.).
Application date 22nd October, 1945.

599 338.—Signalling system in which two intercalated
series of pulses are uscd, and modulation is effected by
varying the timing or phasing of one series relativelv
to the other.

S Jefferson. Application date 14th September, 1945.

599 339.-—Discriminator circuit, based on the selection
of odd and even harmonics, for detecting or translating
time-modulated pulsed signals.
Standard Telephones and Cables I.td.
D. D. Grieg).

(assignees of
Convention date (U.S.A.). 11th September,

1944.
600 052.—Receiver for a time-modulated svstem of
pulsed signalling, wherein the detected signals are

derived {from the movement of the electron beam in a
cathode-ray indicator.

Standard Telephones and Cables Lid.
E. Labin and D. D. Grieg).
13th November, 1944.

(assignees of
Convention date (U.S.A.)

600 148. —Receiving circuit for detecting time-modulated
pulsed signals by utilizing an unmodulated carrier
frequency which is derived from the incoming signals.

Standard Telephones and Cables Ltd. (assignees of
L. Labin and D. D. Grieg). Convention date (U.S.1)
28th October, 1944,

600 255.—Receiving circuit, including a blocking oscil-
lator, for detecting time-modulated signals which are
radiated in pairs of constant-width pulses.

Standard Telephones and Cables Lid.
E. Labin and D. D. Grieg).
24th May, 1943.

(assignees of
Convention date (U.S.A.}

600 291.—Receiving circuit for detecting time-modulated
pulsed signals by comparing them with waves of charac-
teristic form derived from the incoming signals.
Standard Telephones and Cables 1id. (assignuees of
D. D. Grieg). Convention date (U.S.A.) 28th September,
1942.
600 742.—Keying device for phase or frequency-
modulated waves, and for signalling systems utilizing
variable-frequency and variable-width puslses.
Marconi’s W.T. Co. Ltd. (assignees of M. G. Crosby).
Convention date (U.S.A.) 30th June, 1943.

600 955.—Multiple signalling svstem in which the
difterent channels carry trains of pulses, modulated by
time-displacement, and interleaved.
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Standard Telephones and Cables Lid.

D. D. Grieg).
1944.
601 124.—Detector circuit for pulsed signals which are
modulated in amplitude, wherein an electronic switch
is arranged to charge and discharge a reactive circuit
of given time-constant.

H. R. Whitfield and |[.
date 5th April, 1945.

{assignees of
Convention date (U.S.-1.) 19th August,

M. Dantels.  Application

601 128 —Receiving system in which a train of time-
modulated pulses is first converted into an amplitude-
modulated train, and is then rectified.

Standard Telephones and Cables Ltd. (assignees of
D. D. Grieg). Convention date (U.S.A.) 20th [ulv, 1044.

601 135.—Modulating svstem in which a train of pulses
is applied to a highly-damped circuit so as to vary
the pulse-width in accordance with the applied signal.

Standard Telephones and Cables Litd. (assignees of
D. D. Grieg). Convention date (U.S.A.) 20th July, 1944.

601 442.—Multiplex signalling svstem for point-to-
point communication on frequency-modulated waves of
the order of decimetres.

Soc. Francaise Radio-Electrique.
(France) 11th June, 1942.

Convention  date

CONSTRUCTION OF ELECTRONIC-DISCHARGE
DEVICES
601 230,—Electrolytic method of depositing a metallic
screen and of sealing the joint between the glass bulb
and pin-socket of a thermionic valve.
Callender-Suchy Developments Lid. and K. T. Suchy
Application date 21st February, 1945.

601 563.—Construction of a shielded mounting with
pin-and-slot connection, for a thermionic valve.

Cinch Manufacturing Corp. (assignees of S. M. del
Camp). Convention date (U.S.A.) 20th Decesnber, 1a4.4.

SUBSIDIARY APPARATUS AND MATERIALS
598 386.—Dircct-coupled relay circuit of the pentode
type, designed to respond, without backlash, to an applied
voltage ditference of given value.

B. M. Hadfield. Application dates 3rd August and
31st Decemnber, 1945, and 9th January, 1046.

508 g15.—Construction of electronic tube for detecting
the presence of radiated energy by its ionizing effects.

Bendix Aviation Corporation. Convention date (U.S.4.)
13¢th March, 1944.

598 u70.—Valve circuit for transmitting voltage varia-
tions, between points at different potentials, as in
cathode-ray operation, or as a voltage stabilizer.

The General Electric Co. lLtd. and R. B. Mackenzie.
Application date 11th May, 1945.

599 080o.—Stabilizing the operation of a cross-coupled
multivibrator circuit, particularly for frequency control
or modulation.

L. E. Currah. Application date 23rd April, 1945.

509 1.49.—Valve-oscillation generator in which the rate
of feedback is automatically controlled so as to maintain
a constant output voltage over a wide range of frequencies

The Geneval Electric Co. Ltd., D. W. Berry and R.
Mawson. Application date Sth [une, 1945.

599 274.—Electro-mechanical resonator formed by a
magnetic ring element, which is supported at its nodal
points and is energized by a triode oscillator, for which
it forms the feedback path.

Mavrconi’'s W.T. Co. Ltd. and P. J. Neilson. Applica-
tion date 15th June, 1945.
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