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WHEN Heinrich Hertz confirmed experimentally
the mathematical predictions of Clerk Maxwell that
electromagnetic waves could be generated and would
be propagated with the speed of light he was too
preoccupied with the physics of the phenomenon
to give much thought to the possible application
of cause and effect across the width of a room to
the transmission and reception of messages over
greater distances. It was lefi to others to develop
the possibilities of this new knowledge and in par-
ticular to pioneers like Henry Jackson and Marconi
whose vision and persistence were strong enough
to break through the contemporary restrictions of
inadequate techniques and official scepticism.

Once the first few yards had been extended to
miles, the course of future development seemed
clear. All that remained was to increase transmitter
power and to improve receiver sensitivity. But
before ranges had reached hundreds of miles the
curvature of the earth’s surface appeared as a pos-
sible limiting factor. It was once again the persist-
ence of Marconi which cut through all pessimistic
arguments and successfully sent a signal from Corn-
wall to Newfoundland in 1901. Yet another triumph
of practice over precept was scored in 1920 by Ameri-
can and British amateurs in spanning the Atlantic on
the “usealess ” short wavelengths of 200 metres or so;
this several years before Appleton had established
the existence and started to explore the exact nature
of the ionosphere.

In the years since 1924 the ionosphere has been
the subject of intensive study by means of con-
tinuous-wave and pulsed reflections from ground-
based stations and the results form the basis of
precise forecasting of optimum frequencies and
paths of transmission for economical point-to-point
radio communications over the whole surface of the
globe. The work of the I.G.Y. has considerably
extended this study, particularly near the magnetic
poles, and the early results, reported elsewhere in
this issue, show that the possibilities of conventional
sounding techniques are by no means exhausted.
But from the scientific point of view they have one
serious limitation, namely, that while they give
information of the underside of the laminated
jonospheric “mirror ” they cannot tell us anything
about the backing. Signals of frequencies capable
of penetrating the iqnosphere are either lost in space
or, if they are reflected from the moon or if signals
originating from satellites are used, they can give
only the total electron content of the intervening
space. This has proved to be many times greater
than the known numbers below the F layer, a fact
which suggests a much further extension of the
earth’s atmosphere (or alternatively of the sun’s
atmosphere) than had hitherto been supposed. The
whistling atmospherics investigated by L. R. O.
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Storey* led to the conclusion that atmospheric con-
duction extended to a height equivalent to at least
two earth radii, and the recent discovery by van
Allen and his colleagues of radiation belts at dis-
tances up to seven or eight earth radii now confirms
the extent and complexity of the earth’s immediate
environment.

Although these discoveries may have little impact
on day-to-day terrestrial radio communications they
will be of great interest to radio astronomers, for
it is through the window of the earth’s atmosphere
that they must receive their signals from the limits
of the universe. A detailed knowledge of the struc-
ture of the window and of possible aberrations is
vital. The bandwidths of the visual and radio
“holes” in the transmission spectrum of the atmo-
sphere are relatively narrow and the electromagnetic
information which penetrates to the earth’s surface
is often blurred by scintillation. Optical observa-
tories are sited on mountain tops to get as far as
possible above thermal turbulence, and it has been
suggested that future radio observatories working on
frequencies above 30 kMc/s and below 1 Mc/s
would have to be mounted on satellites and other
space vehicles. It now seems likely that they will
have to travel much further than was at first thought
necessary in order to get a clear “ view.”

All this has some bearing too on the possibility
of interplanetary communication with civilizations
in other solar systems, a topic much discussed
recently and the subject of a note on page 87 of this
issue. Knowing the diversity of planetary atmo-
spheres in our own solar system we must hope that
the radio “windows” of other planets supporting
intelligent life will coincide with or overlap our own
at least to the extent of including the 21-cm hydro-
gen line.

That interplanetary communication between
different solar systems can be now seriously con-
sidered is due in large measure to the novel methods
of amplification such as masers and mavars{ (para-
metric amplifiers) which do not depend primarily
on electronic emission currents with their discrete
and random noise generating properties. This is a
landmark in receiving technique comparable with
the change from wiring to “plumbing” and the
transfer of energy in confined fields rather than as
currents in conductors.

We have travelled a long way since Hertz, and
the history of our progressive extension of the range
of radio commuanication is punctuated by successive
“break-throughs” in our knowledge, not only of
the techniques of generating and receiving signals,
but of the medium through which they are propa-
gated.

* See Wireless World July 1953, p. 338. .
1 See Wireless World April 1959, p. 197, and May 1959, p. 242,
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RADIO AND THE I.G.Y.

By R. L. SMITH-ROSE,* CB.E, D.Sc., Ph.D., F.C.G.l, M.LEE.

THE International Geophysical Year denotes the
period 1st July, 1957, to 31st December, 1958, during
which the scientists of some 66 nations worked at
over 4,000 observatories throughout the world on
a co-operative programme concerned with the
physical properties of the earth and its atmosphere,
and with the related solar and terrestrial phenomena.
As described in an earlier article,’ the 1.G.Y. was
the direct descendant of two earlier enterprises
known as the First and Second International Polar
Years which took place in 1882-83 and 1932-33
respectively. In the second of these, radio was used
for the first time to study the characteristics of the
ionosphere in Arctic regions; and as it happens, this
took place during a period of minimum sunspot
activity, whereas the I.G.Y. was conducted 25 years
later during what turned out to be an epoch of the
highest solar activity for the past 200 years.

In addition to a calendar of observation days
drawn up in advance, provision was made during
the progress of the I.G.Y. for the declaration of
Special World Intervals when the state of the sun
indicated the likelihood of a geophysical disturbance
which might affect, for example, the ionosphere, and
the earth’s magnetic field. For this purpose an
international network of radio and line communica-
tions was used to alert all participating observers
and warn them that such a S.W.I. might, subject
to confirmation, begin sixteen hours later. During
the I.G.Y. 44 such alerts took place; of these, 22
culminated in a Special World Interval, during 17 of
which, major solar and terrestrial disturbances
occurred. In addition, there were 6 severe and 33
mild disturbances for which no previous warning
or alert had been issued.

Provision was also made in advance for the
setting up of a number of World Data Centres. The
two main centres in U.S.A. and U.S.S.R. collect
data relating to all disciplines in the programme;
while in the radio field two additional centres in
England and Japan were set up. The former is
at the D.S.I.LR. Radio Research Station at Slough,
where, up to date, over a million sheets of iono-
spheric records and results, together with atmos-
pheric noise and auroral data, have been received.
It is likely that the mass of material brought together
in this way will provide the basis of research in
geophysics for many years to come, and in this brief
review it is possible to refer to only one or two
examples of the results which have already been
achieved.

Physics of the Lower Atmosphere

The first International Polar Year, 1882-83, arose
from the desire of meteorologists to know more
about the physical characteristics of the atmosphere
in the less accessible places. This applied par-
ticularly to the regions of the north and south poles,

* Director of Radio Research, Department of Scientific and Industrial
Research.
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as it was considered that a knowledge of atmospheric
conditions in these areas would lead to a better
understanding of the factors which determine
weather and the climate of the world. Today the
network of meteorological observatories provides the
basis of what is probably the most detailed inter-
national scientific organization throughout the world.
Under the auspices of the World Meteorological
Organization, with its comprehensive radio and line
communications system, a very rapid reporting
system has been developed which provides the most
up-to-date weather and forecasting information for
the needs of the whole world.

The primary aim of the meteorological programme
for the I.G.Y. was to obtain a more nearly complete
global picture of the mechanism of the general circu-
lation in the atmosphere and its smaller-scale
systems. To this end special stations were estab-
lished in the polar regions, equatorial areas and on
oceanic islands to supplement the observations made
at permanent stations. Efforts were made at aero-
logical stations to extend radio-sonde measurements
to greater heights—to about 30 km where practicable
—and to make more frequent soundings during the
World Meteorological Intervals and on other World
Days. Special mention should perhaps be made
of the great expansion of observational facilities
in the Antarctic. Some 50 stations made surface
weather observations at least four times each day:
added to this there were twice-daily upper-air
soundings at 16 stations to an average height of
about 20 km. For the first time in history it has
now been possible to construct charts showing broad
circulation patterns at various atmospheric levels
above the Antarctic.

Thunderstorms and Atmospheric Radio Noise.—
For many years past, the meteorologist has used a
network of radio direction-finding stations to locate
the existence and movement of thunderstorms which
make themselves evident by the emission of radio
waves from lightning flashes. Having provided this
kind of tool to the meteorologist, the radio scientist
is further interested in obtaining measurements of
the intensity and structure of the waves comprising
atmospherics, which can so disturb radio reception
in various parts of the world. As a result of past
work involving international co-operation, tentative
charts? have been produced indicating the order of
magnitude, and probable frequency of occurrence,
of the atmospheric radio noise likely to be encoun-
tered at different seasons throughout the world.

The main objective of the I.G.Y. noise programme
has been the establishment of a network of stations
for the measurement of a specific characteristic of
the atmospheric noise received from lightning flashes.
The characteristic chosen was the received noise
power, averaged over a period of about an hour.
The measurement of various parameters, including
the noise power which is related to the r.m.s field
strength, was made at 13 stations during the 1.G.Y.
At a few of these the observations were made by
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COLLECTION OF DATA :

IONOSPHERE AND OF OUTER SPACE

both manual and automatic
recording methods, and
some apparent discrepan-
cies between the two sets
of results are under investi-
gation. A third method,
which has been in use for
many years at 15 stations in
different parts of the world,
was continued during the
I.G.Y. In this, the strength
of a locally generated signal
is determined which is just
sufficient to be intelligible
through the noise.

Other I.G.Y. projects
were designed to study the
nature of the noise as it is
radiated by the source—
the lightning flashes—and
the manner in which it is
modified as it is propagated
through the atmosphere.
Records of the noise near
to the source have been
made, at several frequencies,
on magnetic tape, and are
being analysed to deter-

METHODS OF ANALYSIS

NEW KNOWLEDGE OF THE

ft— 0+ SEC —

mine their energy, and
other characteristics. Fig. 1
shows a record of atmos-
pherics recorded at the
D.S.I.LR. Radio Research Station, Slough, on two
frequencies, from a flash which struck the ground
half a mile away. The upper record shows charac-
teristic large impulses at 6 kc/s, from the ground
strokes, and the more complex nature of the records
at 11 Mc/s. Reproduction of the records at higher
gain shown below, reveals that the atmospherics
are more complex than first appeared even at 6 kc/s.
Many of the features of these records cannot be
readily explained on present theories of the light-
ning discharge.

As an example of the studies of the effects of
propagation, low-frequency atmospherics from the
same lightning flash were recorded at several sta-
tions in Europe; and comparisons are now in pro-
gress to examine how their form changes with the
distance, and possibly with the direction of propaga-
tion.

Fig. 1.

Study of the Ionosphere

The exploration of the ionosphere by vertical
soundings using pulse techniques was established
on a regular basis in the UK. and U.S.A. over 25
years ago. Only two or three stations were working
during the second International Polar Year, but some
80 were in regular operation before the I.G.Y. began,
and about twice this number were established during
the I.G.Y. The work of these stations has produced
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Waveform of atmospherics from a very near lightning ash. Peak amplitudes
I.4mVim at |1 Mc/s, 3.5 VIm at 6kc/s

over one million tables of measurements and photo-
graphic records which refer to the period of the
I.G.Y. The study and assimilation of this vast
accumulation of data will take many years; but to
illustrate how some of these data have already been
used, two examples may be referred to here. One
of these deals with small quantities of data which
have been examined in great detail and very
accurately: the other is concerned with the approxi-
mate statistical treatment of a large amount of data
referring to specific ionospheric characteristics.
Distribution of Ionization and M.U.Fs.—The
calculation of maximum usable frequencies (M.U.F.)
for radio communication circuits is based on the
assumption that the electron density in the F2 layer
increases with height according to a parabolic law.
The refractive properties of a non-parabolic layer
might be expected to lead to maximum usable fre-
quencies above or below those at present in use.
Now it is arduous to derive the actual distribution
of electron density from the observational records by
manual methods. During the I.G.Y., first in the
United Kingdom and later in other countries, digital
computers have been programmed to calculate these
distributions of electron density with height on a
routine basis. These distributions are termed N(h)
profiles, and they are often found in practice to be
far from parabolic in form®. By tracing the ray-
paths through ionized layers conforming with the
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measured profiles, it has been shown that, although
the actual M.U.F. factors do not differ by an ap-
preciable amount from those calculated assuming a
single parabolic F2 layer, the angle of arrival of
the waves for a given distance between the transmit-
ter and receiver tends to be greater than that for a
parabolic layer of the type usually assumed. Thus
the practical conclusions reached are that while
the maximum usable frequencies now in use are not
seriously affected by the shape of the layer, it may
be desirable to use aerial systems which project
the radiation at a greater angle of elevation than
has hitherto been considered the most appropriate.

Solar-Cycle Changes in fJF2.—In the previous
example, the whole of the observational data for
about ten ionograms have been studied in very great
detail. The next example deals with the critical
frequency of the F2 region using data obtained from
many thousands of ionograms from all parts of the
world.

During the I.G.Y., solar activity was considerably
higher than it has been since regular visual observa-
tions of the number and magnitude of sunspots
were begun about 200 years ago. As a consequence,
the ionizetion and hence the critical frequencies of
the ionospheric layers have reached unprecedented
high levels as illustrated in Fig. 2 which shows the
critical frequencies observed at the Radio Research
Station, Slough, during the past 27 years. This new
information on ionospheric behaviour at very high
solar activity is unique and is unlikely to be repeated
for many years to come. This is important because
it adds a great deal to earlier knowledge on the
relations between solar activity and critical fre-
quencies, an understanding of which is essential to
the accurate forecasting of M.U.Fs for communica-
tions.

Drifts.—The normal methods of sounding the
jonosphere pay no attention to the fact that the re-
flecting layers are not at rest, but appear to be
moving with horizontal velocities’ which vary with
the height of reflexion. Special techniques are re-
quired for the measurement of these velocities and
these have only been developed in the last decade
to a stage where they can be used with some con-

’

fidence. Although only 20 to 30 observatories under-
took measurements of ionospheric drifts during the
1.G.Y., the information already available has given
results which tend to fall in to a consistent pattern.

The drifts of lonization follow a diurnal variation;
for example, at Ibadan in Nigeria, the prevailing
directions are to the west by day and to the east
by night at all seasons. It was also found that on
magnetically disturbed days the drifts are less pro-
nounced than on the quiet days.. At the more tem-
perate latitude of Cambridge, there is also a marked
north-south component in the drift velocity. This
has been found to have a long term variation related
to the solar cycle; at the period of maximum activity
the drift was towards the equator, whereas at the
epoch of minimum activity the direction was re-
versed. It is likely also that the vertical movement
was subject to similar changes in direction.

It is becoming increasingly evident that in some
parts of the world the vertical and horizontal move-
ments of clouds of ionization play an important part
in determining the characteristics of the ionosphere,
which are not simply related in time to the locally
incident radiation from the sun.

Ionospheric Investigation in the Antarctic

The 1.G.Y. provided the impetus for a scientific
survey of Antarctic and Arctic jonospheric condi-
tions on a scale which had not previously been
attempted. In the Antarctic, British ionospheric
stations were operated by the Royal Society, at
Halley Bay in the Weddell Sea, and by the Falkland
Islands Dependencies Survey, at Port Lockroy in
Grahamland. Other stations were operated by
France, U.S.S.R., and other countries, including one
at the South Pole where the U.S.A. had a large
base.

The Jodrell Bank radio astronomy observatory
made a continuous survey of auroral and meteor
activity in co-operation with Halley Bay throughout
the I1.G.Y. Preliminary results have already shown
that radio echo auroral activity at Jodrell Bank cor-
responds to the peaks in activity at Halley Bay. The
incidence of meteors was observed by the range of
reflection of radio echoes produced by the trails
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Fig. 2. Measured noon values of f,F2 at Slough, 1932-1959
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of ionization left behind the meteors as they burnt
up in the atmosphere. Drifts of ionization were
measured at heights of 85 to 105 km; the resulting
pattern of these drifts or “winds” in the ionos-
phere was found to be very regular, unlike the winds
at the surface of the earth. The speeds of these
ionospheric drifts are about 100 miles per hour?,
and their directional vector rotates clockwise twice
each day. They are towards the north at 6.0 a.m.,
to the east at 9.0 a.m., south at noon, west at 3.0 p.m.,
and so to the north again at 6.0 p.m. local time.
This regular behaviour is due to tidal and heating
effects of the sun in the upper atmosphere, which
cause the atmosphere to expand and contract twice
per solar day in the same way that the moon causes
the seas to rise and fall twice each lunar day.

Ionospheric observations made at high latitudes
have a special significance; and the complicated be-
haviour of the F layer in the Antarctic may be
clarified considerably by attempting to separate those
phenomena due to electrons produced by the sun’s
radiation on the upper atmosphere from those due
to horizontal or vertical movements of electrons from
other locations.

Movements of ionospheric layers are almost en-
tirely generated by electrical forces interacting with
the earth’s permanent magnetic field; and the
velocity of the movement therefore depends on the
direction of this field, and, in particular, on the
angle of dip. The interpretation of detailed studies
of a layer thus depends on the magnetic dip in the
ionosphere above the sounding station. There is a
unique dip anomaly in the Weddell Sea area due to
the asymmetry of the magnetic field in relation to
the centre of the earth. This anomaly is so great
that the dip angle at the Royal Society Base at
Halley Bay, 75° S, is the same as that at Canberra,
35° S, or at similar latitudes in Florida in the
northern hemisphere. As a result the interpretations
of ionospheric phenomena are relatively simple for
such a high latitude where the rate of photo-ioniza-
tion in the F layer near midwinter is zero. For the
same reason, it varies only slightly through the day
near midsummer. Thus any changes in ionization
generated by movements in the layer are more easily
seen and interpreted than in locations where photo-
ionization may be changing rapidly during the day.

The diurnal variation of the F2 layer critical fre-
quency at Halley Bay in midwinter is shown by the
curves linking the circles in Fig. 3, which also shows
the corresponding midsummer curve marked by
crosses. It is to be noted that, despite the absence
of any photo-ionizing radiation from the sun in mid-
winter, the noon critical frequency exceeds that
found in midsummer, when the sun never sets’.
Clearly the behaviour of the layer must be almost
entirely determined by movements of ionization and
not by direct solar influences. The curves also
show that the critical frequency of the F layer is
over three times as high at noon as at midnight in
midwinter; this corresponds to an increase of about
ten times in the ionization density.

The changes in shape of the layer show that the
total electron content below the maximum 1is also
much increased at noon. Detailed studies of the
ionograms confirm that these changes are mainly
due to horizontal movements of ionization; a new
layer moving in and replacing the old during a
period of about eight hours. This is the cause of the
discontinuity in the curve; for several hours there
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Fig. 3.  Monthly median values of f,F2 at Halley Bay
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are simultaneous reflections from a regular layer
which is already overhead and from a second, much
denser layer which gradually moves into an overhead
position.

The differences between the summer and winter
diurnal variations at Halley Bay illustrate a world-
wide phenomenon, namely that the phases of the
diurnal components of velocity reverse with season.
This is responsible for most of the seasonal varia-
tions found in practice. Consicerable further work
will be needed before the regularities discovered
during the I.G.Y. can be used as the basis for a
theory of the F layer, since the density and shape
of this layer in any part of the world depend on the
difference between the amount of ionization moved.
into a zone and that moved out of it. Very small
changes in these components can cause enormous
differences in the shape of the resultant layer.
Nevertheless, the data from the high-latitude
stations during the 1.G.Y. provide a firm and use-
ful starting point for fuller investigations.

Use of Rockets and Satellites

During the past decade rockets have been used
for research purposes to investigate the phenomena
and characteristics of the upper atmosphere by
direct measurement in a manner which ground-
bascd experiments are unable to provide. Follow-
ing this work, it was recommended that during the
1.G.Y. observations with rockets should be supple-
mented by means of artificial earth satellites carry-
ing instruments for the measurement of solar radia-
tion—ultra violet, X and cosmic rays—and its effect
on the ionosphere. This recommendation culmin-
ated in the successful launching on 4th October and
3rd November, 1957, respectively, by the U.S.S.R,,
of the instrumented earth satellites known scienti-
fically as 1957z and B, or more popularly as Sput-
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Fig. 4. Structure of radiation belts around the earth (J. A. van Allen). The figures shown indicate the particle density in

counts per second.

niks I and II. This was followed on 31st January,
1958 by the U.S.A. satellite 1958x—Explorer I
and others have followed at intervals during the
past two years. At the present time, there are about
a dozen satellites in orbit round the earth, while two
others are pursuing courses round the sun and
moon.

These space vehicles contain instruments for the
measurement of the properties of the atmosphere,
the electron density of the ionosphere and the in-
tensity of cosmic and solar radiation in outer space.
The output of these instruments is in electrical form
and is either transmitted directly by radio® to the
ground observing stations, or is recorded on mag-
netic tape and sent later on receipt of a command
signal from a radio station on the earth. Some of
the telemetry systems are relatively simple, provid-
ing information in only a few channels; others are
more complex and use up to 48 channels. For
example, the system used on the 20 Mc/s transmis-
sions from Sputnik III (19588) contains three chan-
nels, one to indicate whether solar or chemical
batteries are in use, and two to record cosmic-ra
data. A pulse width system of modulation is used,
the information being given by the time interval be-
tween successive changes of the pulse width from
one discrete value to the next. The American
satellites have transmitted the information on a
frequency of 108 Mc/s supplemented more recently
with higher frequencies. In one of the systems
used, the modulation consists of 16 bursts of tone,
the information being carried by the tone frequency
(5 to 12 kc/s), the duration of the bursts and the
interval between them, giving 48 channels in all. The
power of transmitters in continuous operation varies
from 10 to 100 mW, while for intermittent operation
on command, a few watts have been used.

Apart from: the need to extract the observational
information from the satellite, radio transmission
is used to track it and to supplement the positional
information which may be obtained visually under
favourable clear sky conditions. Radio interfero-
meters and tracking equipment have been installed in
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a number of countries to give round-the-world
coverage by international co-operation. °Additional
information provided by the radio signals includes a
determination of successive orbit periods, from a
knowledge of which information is obtained as to
the shape of the earth, variations of gravity at
different altitudes and the drag of the rare atmosphere
at the orbit levels. Moreover, measurements of the
total electron density between the earth and the satel-
lite have been made by comparing the speed of the
received waves at a frequencyjust above thecritical fre-
quency of the ionosphere, and at a much higher fre-
quency. The difference in speed at these two fre-
quencies depends upon the total number of free
electrons along the path; so the distribution of this
number with height can be determined from a con-
tinuous record of the difference between the two
received frequencies. Both the U.S.A. and U.S.S.R.
results have shown no clearly defined minimum in
the electron density between the E and F layers;
and in the U.S.S.R. results there has been a negli-
gible decrease from the maximum of the F layer up
to a height of about 470 km. British experiments
with Skylark rockets used a different technique, the
change in conductivity and dielectric constant of the
ionized air being used to change the frequency of
an oscillator. This system has a very rapid response
and is capable of showing the fine structure of the
ionosphere. In view of the fact that radio methods
of sounding the ionosphere from the earth’s surface
are limited to the lower portion up to the maximum
of the F layer, and that it is estimated that there is
at least as much more ionization above this layer,
the satellite clearly provides a very powerful tool for
future ionospheric research.

While research on cosmic rays at high altitudes
was in progress before the 1.G.Y. by means of
balloons and rockets, the scope of the work has been
considerably extended by the use of satellites carry-
ing instruments for measuring the intensity and the
energy distribution of the radiation. Observations
made by U.S. Explorers I and IIT showed a steady
increase in intensity with increase of both altitude
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and geomagnetic latitude. Similar trends were
shown by observations made with the U.S.S.R. Sput-
niks IT and III. The American observers also noted
a very rapid increase in intensity at a height of about
1,000 km; and further observations with Explorer
IV have confirmed the existence of regions of intense
radiation extending partly round the earth. The
release of information on the coding of the telemetry
signals used in both U.S.A. and U.S.S.R. satellites
has enabled confirmatory observations to be made
at Slough on Sputnik III in transit over this country,
and on Explorer I in Japan.

The discovery by van Allen’ and his colleagues of
the high-intensity radiation belts which surround the
earth is one of the outstanding results of the L.G.Y.
Later observations made with Explorer IV and
Pioneer III have indicated the existence of two belts®
of high-intensity radiation around the geomagnetic
equator, the first at a height of about 10,000 km and
the second at about 22,000 km, as illustrated in Fig.
4. These belts consist of charged particles, the
density of which, measured by the rates recorded
on a Geiger counter, varies over a range of 10,000
to 1 under different conditions. Much specula-
tion has taken place as to the origin of the radiation,
but it is thought that the charged particles are trapped
in the earth’s magnetic field. On this hypothesis,
the particles, travelling towards the earth, are sub-
ject to a force at right angles to both their initial
motion and the magnetic field, causing them to
pursue a spiral path. As they approach the earth,
the increasing strength of the field results in a
steadily increasing transverse velocity and the
particles move in a closer and closer spiral. This is
the result of the gradual translation of the initial
energy of the particles from that of forward motion
along the path into transverse rotational form. At
a point in the earth’s outer atmosphere where the
magnetic field is sufficiently intense, the motion of
the particles along the lines of force is reduced to
zero (see Fig. 5). This, however, is virtually an
unstable condition, from which the particles can be
displaced by collision with other particles or mole-
cules. Since they cannot advance further towards
the earth, the streams of particles start to retrace
their spiral path along the lines of magnetic force to
the conjugate point of the qarth’s
field, where the process 1s re-
peated. Thus, although there
may be some leakage of particles
in the course of their travel, the
incoming streams of particles
may be regarded as virtually
trapped in the earth’s magnetic
field, and as travelling in spiral
paths about the lines of force and
being subject to reflection between
the conjugate points of the field
near the earth’s surface. As the
earth rotates these spiral paths may
be regarded as revolving in a
direction depending on the sign
of the charged particles, so that
toroidal belts of high intensity
will be formed around the earth
as indicated in Fig. 5. Further
research and observations are re-
quired to establish the properties
and structure of these radiation
belts, but the knowledge of their
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existence must be taken into account
investigations of the space beyond
atmosphere.

In concluding this section, attention may be drawn
to the fact that radio signals from the American satel-
lite Pioneer IV (1959 &) sent in orbit round the sun
on 3rd March 1959 were received out to a distance of
400,000 miles®. This has established a record for
direct radio communication with man-made sending
and receiving equipment. Furthermore, the Russian
satellite, Lunik III, which made a circuit of the moon
towards the end of October, established a distance
record for photographing the far side of the moon
from a distance of the order of 300,000 miles, and
transmitting the pictures back to earth by radio
technique.

Although it was not strictly part of the I.G.Y. pro-
gramme, reference may be made to the Argus experi-
ment conducted by the U.S. authorities in August
and September, 1958, when three small nuclear
devices were detonated at an altitude of about 480 km
(300 miles) in the South Atlantic. One of the LG.Y.
satellites, Explorer IV (1958 ¢), contained instru-
ments designed to measure the natural radiation in
the van Allen belts. On 27th August a large increase
in the intensity of the radiation was recorded by the
satellite as it passed through the locality of the
explosion some 3} hours later. Similar, though
smaller, effects were observed after the second explo-
sion four days later, together with residual effects
from the first event. Although observations were
made on very low frequency radio propagation and
on the atmospheric noise level, no definite results
were recorded.

in future
the earth’s

Conclusion

In concluding this very brief review of the manner
in which the LI.G.Y. was associated with radio, two
points must be emphasized. First, that the success-
ful exploration of our atmosphere and the outer
space beyond depends to an increasing extent on the
technique of electronics and radio communications.
Secondly, it is clear that the international exercise
which was designated the I1.G.Y. did not end on
31st December, 1958. The following year was termed

Fig. 5. Diagram showing spiral path of charged particles trapped along
magnetic lines of force
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International Geophysical Co-operation—1959; and
it has also been recommended that as far as prac-
ticable the various observatories should continue to
work in their respective disciplines to extend our
knowledge of the earth and its surroundings. It has
further heen recommended that the World Data

- Centres established for the I.G.Y. and extended for
the results obtained with rockets and satellites,
should be continued indefinitely as international
repositories of the observational information which
is to be freely available for research workers in the
future.
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S'gnal-‘!‘l&w D agrams

|.—Graphical Aids to the Solution of Complicated Circuits

By THOMAS RODDAM

A SIGNAL-FLOW diagram is a topological
model of a system of linear simultaneous equations.
In less dignified language, like what you expects of
the likes of me, it is a map of what goes on inside
a circuit and, like all good maps, it gives you a chance
of finding a short-cut or two. The signal-flow
diagram is starting to become fashionable in America,
where it was first described six years ago by S. J.
Mason in Proc. I.R.E. for Sept. 1953 (p. 1144),
so that in any event you need to know something
about it. This article is an attempt to explain what
signal-flow diagrams are and how you use them
without actually being blinded by science. It
does not quite follow the line taken by R. F. Hoskins
in Electronic and Radio Engineer (August 1959, p.
298) for a reason I shall make clear when I get to it.

We must start off with some rather dreary-looking
G.C.E. or O.N.C. algebra before getting to a practical
circuit. Bear withk me, because it is necessary to
get this first step clear: after all you would never
have learned French if you had let your aunt’s
gardener keep that pen. Suppose we have a system
with three points, which could be anode, cathode

%)
[+
(2)
(] (2]
Lo X2

Fig. 1. Construction of the “signal flow diagram of the two
equations (1) in the text.

2 a+a,
x|0<:>0xz % 6———ax,

2,

(a) (v)

Fig. 2. Simplification of a signal-flow diagram with parallel
branches.
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Xo ag(a+az)a; x3 ()

Fig. 3. Simplification with series and parclilel branches.

and grid of a valve, and we associate a variable,
which could be voltage, with each. The variables
are Xy, X;, X; and by ordinary circuit methods we
find that:

agxXo + a, x; -+ AyXy =

boxe + byx, - byx, = 0
where the a’s and b’s are constants.

These equations can be solved by ordinary algebra,
or by using determinants. We could write
_ a a,

X p x, a0 Xy
which Hoskins virtually does, but there is a risk in
starting off like this because you then need to apply
special tests for stability if @, = 0. It seems a pity
to be forced to choose between doing this and
manoeuvring round the concealed infinities which
may be scattered through the algebra. Another
method seems indicated and it is found by writing

%y = agxo + (@, + 1) + axx, } 1))
xg = boxo + byxy + (by + L,

Now let us construct the signal-flow diagram,
starting from X, the input signal. Operating in easy
stages, Fig. 1(a) shows the three points, x4, X3, X,.
Notice that the points on the signal-flow diagram
have the same names as the variables, because this is
essentially a map of the signals. Looking at the
first equation of (1) we see that we reach x, by taking
aex, so in Fig. 1(b) we draw a line from x4 to x;, put
an arrow on it to indicate “to x, >’ and write a,
alongside the arrow; we add the line a,x, from x,
and the “ round-the-houses » line (a; + 1)x, from
%, to x;. From x, to x, involves the same sort of
operations and is shown in Fig. 1(c). Since the
equations are simultaneous the two partial maps
must be put together and they then form Fig. 1(d).

We can now use this map to study the way in
which maps of this kind can be simplified. Suppose
we look at Fig. 2(a). The signal entering x, is
provided by two branches and gives us

Xy = a1%; + axxy = (@, + ax,
so that we can reduce this little map to the even
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Fig. 4. Simplification with a reversed loop does not just mean
writing a minus sign.

simpler form shown in Fig. 2(b). This. same
simplification has been carried out to get from
Fig. 3(a) to Fig. 3(b), from which we see that.

Xy = Qg%
xy = (a, + a)x,
X3 = QAgX,
so that x5 = az(a; + az)asx,

which has the map shown in Fig. 3(c).

The diagram shown in Fig. 4(a) is deceptively like
the one shown in Fig. 3(a) and it is very tempting to
write — a, in place of a, and twist the arrow round.
This is quite fatal. You just mustn’t drive backwards
down a one-way street. Signal-flow, like traffic flow,
has its own rules and it is no good trying to use the
rules you learnt for something else. Let us see what

Cr = 0 a
xo a X, (2)
o - 5 3

o 1 Xa @ Zs 1 2, ®

Fig. 5. Introducing test points in a signal-flow diagram.

Fig. 4(a) means. We have
Xy = @gXo - asXx,
X; = a;Xx,
X3 = Q3Xy

so that substituting in the first equation

Xy = QgX¢ + a1a5x,

(1 — @13,) = agxq

X2 X,

X3 A3Xy
The first of the equations for x,, taken with the last
two, gives us the diagram shown in Fig. 4b). This
- has a self-loop at x;. We could have made the
substitution in the second equation, giving

Xy = Q@1 Xy + a1ayX,

X3 = QX
which gets rid of x; altogether and produées the
diagram shown in Fig. 4(c). Alternatively we could
go on from the form

x1 = agxo/(l — aya,)

Xy = a1 %y

X3 = ayx,
to get Fig. 4(d), which contains no self-loop. You
see how the self-loop a,a, at x, reacts on the aq term
entering x, from x, to give a,/(1 — a,a,). This
agrees with the idea of a self-loop, or indeed a
reversed loop like the one we began with, as a feed-
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Fig. 6. The step-by-step reduction of (a) (Fig. 1(d)) represent-
ing the equations (1) leads to the solution (g).

back loop. The last step in the reduction is shown
in Fig. 4(e).

Before we go back to try and simplify Fig. 1(d) we
might notice a trick which is convenient in avoiding
confusion. We can do the reduction of Fig. 3(b) to
Fig. 3(c) in reverse in the way shown in Fig. 5.
Here I have put in a couple of test-points x, and xg
without altering the overall flow from x, to x;.

Back, then, to Fig. 1(d). If we look first at x, we
see that we have a self-loop and two entering signals:
the figure is redrawn as Fig. 6(a) and the self-loop
has been eliminated in Fig. 6(b) by dividing both
entering signals by 1 — (¢ +1)= —4qa,. In
Fig. 6(c) the second loop has been eliminated and this
figure is then redrawn as Fig. 6(d). To get this even
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Fig. 7. Circuit of a cathode follower and the construction and
reduction of lits signal-flow diagram.

simpler we collapse the top-half of the map as in
Fig. 4(c) to give Fig. 6(¢). The two branches from
xg to x, are then run together in Fig. 6(f) and in
Fig. 6(g) the self-loop at x, is eliminated by the
method we have already described. The answer we
have reached is

agh, — a;b,.

ab, — ah, o

which those skilled with determinants could have
written down right away. Of course, the whole
operation is merely the elimination of x, between the
two original equations and in this particular case it
would have been much easier to solve the problem
directly. When you turn to more complicated
problems, however, there is a lot to be said for
working on each small area of the equations without
having to carry all the rest along with you and
without needing to make a lot of substitutions. You
do not need Kirchhoff’s laws or Maxwell’s circulating
currents to calculate a voltage divider but you will get
thoroughly tied up without these aids if you are
dealing with a three-stage ladder network with a
bridge across the top. So with the signal-flow

X, =
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diagram the more complex the problem the more
powerful the tool appears to be.

The moment has come to write down some of the
rules of the game in a neat list. As given by J. G. Truxal
in “Automatic Feedback Control System Synthesis”
(McGraw-Hill, 1955) they are:

1. Signals travel along branches only in the
direction of the arrows.

2. Asignal travelling along any branch is multiplied
by the transmittance of that branch.

3. The value of the variable represented by any
node (intersection point) is the sum of all signals
entering that node.

4. The value of the variable represented by any
node is transmitted by all branches leaving that node.

5. The diagram is always drawn so that no branch
enters the input node and none leaves the output
node.

There is nothing like a practical example to clarify
matters. The mapping and reduction exercise above
was devised, like all good exercises, to feature all the
procedures you may need. We may permit ourselves
something a little simpler, with one of the lessons
only a practical case can involve, in preparation for a
real problem next month. The circuit is shown in
Fig. 7(a) and is, of course, our old friend the cathode

follower. We can write down some equations for
this:

e, = e; — ;R

= }.Le”/(p o Rk)

e, = R,

These three equations give us the partial maps of
Figs. 7(b), (c) and (d), which we can put together
in the form of Fig. 7(¢). This time one of the nodes
is 1), a current, although all the others are voltages.
It does not matter, the rules are still obeyed, but you
will notice that when an arrow points from e, to
e, it bears a transmittance which has zero dimensions
but from e, to 7, the dimensions are conductance,
1/R, and from i, to e, they are resistance. Clearly
if two nodes are joined by several branches they must
all have the same dimensions and this forms a useful
check in complex systems.

The results which have been obtained and the
conclusions which may be drawn are worth re-
capitulation. The signal-flow diagram provides a
map of the passage of signals through the circuit.
Feedback loops are indicated very clearly, as you can
see in Fig. 7(e), and this is true even if there are a
number of loops. Although there is nothing in the
diagrams which was not in the simultaneous equa-
tions, elimination of the dependent variables is often
much easier because attention can be concentrated on
them one at a time.

Next month I propose to deal with a fairly com-
plicated circuit which most of us would think twice
about in its conventional treatment. This will give
the signal flow diagram a chance to show its
advantages.

“From Us To View,” a new Mullard film, sets out
to show something of the skill and care that go to ensure
the high quality of television pictures. It traces the
progress of the picture from its beginning in the studio
to its appearance in the living room. The 16-mm black
and white sound film, which runs for 23 minutes, is
available to clubs and other interested organizations on
free loan from Mullard House, Torrington Place, Lon-
don, W.C.1.
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Servicing Examinations

THE Radio Trades Examination Board’s syllabuses
for sound radio and television servicing have been
in operation virtually unchanged since the examina-
tions were first set some years ago. During the
past year (reviewed in the Board’s 15th annual
report) a complete revision of the two syllabuses
took place. Apart from revising the material itself
an opportunity was taken to combine the sound
radio and television subject matter so that there is
one syllabus leading up to the issuing of one certi-
ficate covering both subjects, The Board will now
provide an intermediate examination at the end of
the third year of a part-time course and a final
examination at the end of the fifth year.

The Board’s proposed scheme for certificates for
those engaged in installing and servicing “non-
domestic ” electronic equipment has moved a stage
further and a syllabus has now been prepared. It is
arranged so that the syllabus for the first two years
is common with that for sound radio and television
servicing, but separate intermediate and final
examinations in electronics are to be held. The first
examination will be at the intermediate level in
1961.

The domestic radio and television manufacturing
side of the industry is already represented on the
Board by BR.E.M.A. and an invitation has now been
extended to the Electronic Engineering Association
to be represented.

At the annual general meeting of the Board on
December 30th, E. A. W. Spreadbury, technical
editor of Wireless & Electrical Trader, was elected
chairman in succession to E. M. Lee (Belling & Lee).

I, T.A.i Masts

MODIFICATIONS to the aerials at three L.T.A.
stations are mentioned in the Authority’s recently
published report for 1958/59. “Whatever finally
happens about the siting of television stations in
London, there are good technical reasons for making
improvements as soon as possible at Croydon?”
where there is a temporary 200-foot tower. The
Authority is satisfied that experience has allayed
earlier fears that the radiation of signals from two
high towers, one at Crystal Palace (B.B.C.) and
one a mile away at Croydon (I.T.A.), might be
harmful to reception because of mutual reflection
between the two towers. Plans for a new 500-foot
tower and “tailored” aerial system have been
referred to the Television Advisory Committee. It
will be recalled that the height of the B.B.C.’s mast
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was extended at the instigation of the PM.G,, in
order to accommodate the aerials of both the BBC.
and I.T.A. stations.

At Black Hill, central Scotland, where the aerial
is unusual in that the elements are located centrally
within the 750-foot mast, both the aerial and the
mast are to be replaced; it is hoped by the autumn
of this year. The present mast will subsequently
be dismantled for use elsewhere.

At Lichfield the existing 450-foot tower is to be
replaced by a 1,000-foot mast with a new aerial
designed particularly to improve reception in the
south-westerly direction.

Dip. Tech.—A second list of students on whom the
National Council for Technological Awards has con-
ferred Diplomas in Technology, has been issued. Of
the 82 successful candidates, 49 took electrical engineer-
ing at the Birmingham College of Advanced Technology,
and all but three of these received their industrial train-
ing with the G.E.C. The total number of holders of
the Dip. Tech. is now 207. There are now 3,320 stu-
dents studying for the Diploma compared with 1,786
a year ago. .

Space Science Symposium.—A British delegation of
40 people led by Professor H. S. W. Massey, F.R.S,,
chairman of the British National Committee on Space
Research, attended the first International Space Science
Symposium held in Nice from Janu 11th to 16th.
Organized by the Committee on a-rsypao:e Research
(COSPAR) of the International Council of Scientific
Unions, it was attended by delegations from nearly 20
countries.

Stereophonic Broadcasting.—A time-multiplex system
for broadcasting stereophony has been developed by
G. D. Browne, of Mullard Research Laboratories, and
has been submitted to the European Broadcasting Union
for assessment. Details of the system have not yet been
released but it is known that stereophonic v.h.f. receivers
could be produced with the addition (apart from the
extra loudspeaker and audio stage) of not more than two
valves or possibly one transistor and two diodes. The
system is compatible for mono and stereo broadcasts.

B.S.R.A.—A one-day convention covering post-war
developments in recording, pickup design and cinema
sound systems, is being organized by the British Sound
Recording Association during the forthcoming Audio
Fair. It will be held on April 23rd at the London
School of Hygiene and Tropical Medicine, Keppel
Street, W.C.1. Registration will cost 5s for B.S.R.A.
members and 10s for non-members. Details are obtain-
able from S. W. Stevens-Stratten, Greenways, 40
Fairfield Way, Ewell, Surrey.

“The Computer in Production.”—The Institution of
Mechanical Engineers is arranging an informal discussion
on the computer in production in order to introduce
mechanical engineers and managers to the latest tech-
niques involving the application of computers in pro-
duction and to provide a forum for users to present their
views to computer manufacturers. The meeting will be
held on March 21st and 22nd. Further details are
available from the Secretary, Institution of Mechanical
Engineers, 1 Birdcage Walk, London, S.W.1.

Receiving Licences.—There were twice as many
combined television and sound broadcasting licences in
force in the U.K. at the end of November as sound-
only licences. The comparative figures were 9,987,005
and 4,960,788.
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Information Engineering is among the subjects for
which M.Sc. degree courses are being conducted by the
University of Birmingham. These courses, which are
“primarily intended for honours graduates of approved
universities ” differ from the traditional one of original
research leading to the degree of M.Sc. Suitably quali-
fied students (preferably with some industrial experi-
ence) can obtain the degree on the satisfactory com-
pletion of the 12-month course, of which the next session
starts on QOctober 1st, 1960. Subjects available in the
information engineering course include communications,
radar, computers and control systems, with some degree
of choice to suil individual requirements. Full details
are obtainable from Dr. D. A. Bell, Supervisor of
Graduate Courses, The University, Edgbaston, Bir-
mingham, 15.

The CIBA Fellowship Trust, which was founded for
the purpose of furthering the exchange of ideas between
scientists in the United Kingdom and on the Continent,
announces that several fellowships will be awarded for
tenure during the academic year 1960/61 at Continental
universities or institutions for research in chemistry,
physics or some allied scientific subject. They will be
awarded to graduates of U.K. universities or to members
of those universities graduating this year. The basic
award for Fellows will be £800 per annum, plus allow-
ances. Details are available from the secretary of the
CIBA Fellowship Trust, CIBA (A.R.L.), Ltd., Duxford,
Cambridge.

T.E.M.A. Awards.—For the third year the Tele-
communication Engineering and Manufacturing Associa-
tion has held a competition for the best final year
apprentices (graduate, student and technician) among
their member-firms. Awards to the value of £25 will
be presented to each of the following at the Association’s
annual dinner on February 17th: P. ]. Langlois,
graduate in training, of S.T.C.; P. N. T. Wells, student
apprentice, of G.E.C.; and ]J. R. Bryden, technician
apprentice, of Ericsson.

Hendon Technical College, London, N.W .4, is hold-
ing a ten-lecture evening course on electronic measure-
ments on Tuesdays from January 26th. Fee £1.

Twickenham Technical College, Middx., is providing
a special course of ten evening lectures on printed circuit
techniques. The course begins on February 3rd. Fee
£1.

e

U.S.A. Tour.—Malcolm Church (left) a 2i-year old ex-
apprentice of Plessey, Swindon, being congratulated by
the Mayor of Swindon on his selection for a six-month
tour of America to study engineering techniques and pro-
duction methods. On the right is F. B. Langworthy, *‘ the
best apprentice to complete his training’’ in 1959. The
Mayor presented prizes to nearly 50 apprentices. A. E.
Underwood, the company’s resident director at Swindon,
is second from the left. o
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Craftsmanship and Draughtsmanship.—With the
object of encouraging craftsmanship and draughtsman-
ship in the scientific instrument industry a competition
mainly for young workers of either sex is held each year
by the Physical Society. Twenty-four prizes were
awarded to successful entrants at the Society’s recent
exhibition at which the entries were on display. The
Silvanus P. Thompson prize was awarded to Christopher
Samms of Marconi’s W /T Cc. for a mechanical drive
unit. In the electronic circuitry section prizes were won
by David Elliot (Marconi’s), John Butler (Hilger &
Watts) and John Mills (Marconi’s), and in the micro-
wave components section by James Danbury (Services
Electronics Research Lab.), Roy Tucker (Hilger & Watts)
and Adrian Short (Services Electronics Research Lab.).

Paris Components Show.—Although listed in the
diary of conventions and exhibitions in our January
issue as the French Components Show, the exhibition
to be held in Paris from February 19th to 23rd is inter-
national in character. This is the third International
Components Exhibition to be organized by the Indus-
tries’ Association for Radio and Electronic Compo-
nents and Accessories (S.I.P.A.R.E.) under the patronage .
of the National Federation of Electronic Industries
(F.N.LE.).

Nigeria’s first two television stations, which have been
in service since the beginning of November, operate
on 625-lines in Band I. The station at Ibadan, the
regional headquarters of Western Nigeria, radiates on
66.25Mc/s vision, and 67.75Mc/s sound (European
channel 4), with an e.r.p. of 1.5kW. The station at
Abafon, serving the Lagos area, operates on 55.25 and
60.75Mc/s (channgl 3) with a 15kW e.r.p.

ELSIE, the Post Office Electronic Letter Sorting and
Indicator Equipment, will be among the features in the
display at this year’s Ideal Home Exhibition (Olympia,
March 1st to 26th), depicting the 300 years’ growth of
the G.P.O. since the King Charles II “Act for the
Erection and Establishing a Post Office.”

“ Teletype.”—The Western Electric Company have
informed us that the word “ Teletype,” used in our
report of the Radio Hobbies Exhibition (January, 1960,
issue) is a registered trade mark of the Teletype Cor-
poration who are associates of Western Electric Co.

CLUB NEWS

Bexleyheath.—At the February 11th meeting of the North
Kent Radio Society, W. J. Green (G3FBA) will discuss the
design and construction of a multi-band transmitter which
will not interfere with television. On the 25th there will be
a demonstration of mono and stereo equipment. Meetings
are held at 8.0 at the Congregational Hall, Chapel Road.

Birmingham.—A 160-metre mobile rally at Lickey Beacon.
Rednal, has been arranged by the South Birmingham Radio
Society for 10.30 a.m. on February 7th. The monthly club
lecture meeting will be held on the 18th at 9.30 at Friends
Meeting House, 220 Moseley Road, Birmingham, 12.

“15 watts in SO countries ” is the title of the talk to be
given by R. Roberts, of the B.B.C., to members of the
Midland Amateur Radio Socizty on February 16th. Meetings
are held at 7.0 at The Birmingham Midland Institute,
Paradise Street.

G. T. Peck, of Ernest Turner Electrical Instruments, will
lecture on electronics in the search for oil at the Februarv
26th meeting of the Slade Radio Society which meets on
alternate Fridays at 7.45 at The Church House, High Street,
Erdington.

Bradford.-—David Pratt (G3KEP), secretary of the Brad-
ford Amateur Radio Society will give a talk entitled
““ Inexpensive sound fidelity ” at the club meeting on Febru-
ary 9th at 7.30 at Cambridge House, 66 Little Horton Lane.

Reading.—A representative of E.M.I. Sales & Service is
giving a lecture-demonstration of high-quality sound equip-
ment to members of the Calcot Radio Society on February
18th. Monthly meetings are held at 7.45 at St. Birinus
Church Hall, Calcot.
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News from the Indusiry

Ultra Reorganization.—Two subsidiary companies
have been formed by Ultra Electric (Holdings) Ltd.
Mr. E. E. Rosen, chairman and managing director of the
company since its formation forty years ago, will con-
tinue as chairman of the holding company and of the
subsidiaries, with A. V. Edwards as managing director
of each of the subsidiaries. The two new companies
are Ultra Radio and Television Ltd. (which has its own
subsidiary, Pilot Radio and Television Ltd.), handling
domestic sound and television equipment, and Ultra
Electronics Ltd., which will handle the activities for-
merly covered by the Special Products Division. Trevor
C. Standeven, who joined Ultra eighteen months ago
from Radio and Allied Industries, is general manager
of Ultra Radio and Television, A. Bamford, technical
manager, and W. H. De Val, works manager. They are
also members of the board. L. R. Crawford is general
manager of Ultra Electronics, Dr. F. W. Stoneman, who
joined the organization from Smith’s Aircraft Instru-
ments last June, is chief engineer, J. S. Williams is
works manager and E. R. Wright, commercial manager.
They are also members of the board.

Camp Bird’s 57th annual report and statement of
accounts presented at the annual general meeting on
December 31st records that the group’s consolidated
earnings before taxation were the highest in the com-
pany’s history—£666,709, compared with £578,840 the
previous year. Reference is made by John Dalgleish
(chairman) in his review to the activities of the sub-
sidiaries, including Hartley Baird (see below), Electronic
Reproducers (previously known as E.V. Ltd,, but not
to be confused with E.V. Industrials) and A. Prince
Industrial Products, distributors of a number of over-
seas products, including such names as Blue Spot, Dual
and Akkord.

Hartley Baird Ltd., in their report for the year ended
last April, record a group profit of £54,402 after taxa-
tion. During the year under review the company dis-
posed of its share holding in Ambassador Radio and
Television Ltd., which is now owned jointly by Camp
Bird and an unnamed company. It is understood Am-
bassador are not continuing in the domestic sound and
television receiver field. The Hartley Baird group
includes Hartley Electromotives Ltd., manufacturers of
the Taperiter dictating machine, and Duratube & Wire
Ltd.

H.M.V. and Marconiphone sound and television
receivers and radio-gramophones will in future be dis-
tributed by British Radio Corporation Ltd. (21 Caven-
dish Place, London, W.1, Tel.: Langham 9291) instead
of by the sales companies (“ His Master’s Voice »” Radio
& TV Sales and Marconiphone Radio & TV Sales),
which ceased to operate on January 1st. Matters relat-
ing to accounts will be handled by B.R.C. at 270 Great
Cambridge Road, Enfield (Tel.: Enfield 5353).

Radio Rentals Ltd. announce a group net profit for
the year ended last August of £1,098,616, just over
£273,000 above the previous year. This was after
allowing £2,968,104 for depreciation and £851,279 for
taxation.

Decca’s recently introduced river radar, type 215,
meets the internationally agreed Rhine Radar Specifica-
tion issued by the Commission Centrale de la Naviga-
tion du Rhin. Compliance with this specification allows
vessels fitted with radar to continue their passages up
or down the Rhine under conditions of poor visibility.

G.E.C.—The Leeds branch of the General Electric
Co. has moved from Wellington Street to a new build-
ing in Gelderd Road.
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Firth Cleveland Group has recently acquired two
organizations in the radio and electronics field. With
the acquisition of Broadmead Ltd. on January 4th the
group now controls over 500 retail radio stores, includ-

ing Max Stone, Civic Radio Services and Escott
Brothers. The purchase price for Broadmead was
£5.8M. John James, the founder and chairman of

Broadmead, has joined the board of Firth Cleveland
Ltd. The Firth Cleveland Group has also acquired a
539% interest in the Solartron Electronic Group Ltd,,
which includes fourteen companies in this country and
abroad. Charles W. Hayward, chairman of Firth
Cleveland, becomes chairman of Solartron. John E.
Bolton, who is 39 and was chairman and managing
director of the Solartron group, which he joined in
1951, retains his managing directorship but becomes
deputy chairman.

Solartron Electronic Business Machines, a subsidiary
of the Solartron Electronic Group, have received an
order for an Electronic Reading Automaton from
Domestic Electric Rentals Ltd. The E.R.A. will read
directly, at a speed of up to 300 characters per second,
information recorded by National Cash Register
machines at each branch of the radio-TV rental or-
ganization. This information will then be automatically
punched on to 80-column cards for subsequent use in
a standard punched-card installation.

Daystrom Ltd. have moved to new premises at Two
Mile Bend, Bristol Road, Gloucester, from their tem-
porary address at Glevum Hall, and an official opening
ceremony by the Mayor of Gloucester took place on
December 7th. A. E. B. Perrigo, who is managing
director, disclosed that 25% of their output of British
“ Heathkits,” of which there are now twenty-two types,
is exported.

Wayne Kerr have set up a new section to be known
as the applications group of the Industrial and Elec-
tronics Division. It will be under the direction of G. G.
Gouriet, the company’s technical director. The admin-
istration offices of the new group are at 44 Coombe
Road, New Malden, Surrey.

Wolsey Electronics Ltd.,, of St. Mary Cray, Orping-
ton, Kent, have been appointed sole distributors in the
UK. for Grundig measuring instruments. The range
of equipment being handled includes b.f.0’s, wobbu-
lators, valve voltmeters, grid-dip oscillators, resistance
and capacitance decades and stabilized power supplies.

G. V. Planer Ltd. have recently completed an exten-
sion to their research laboratories at Sunbury-on-
Thames, Middlesex. The additional accommodation
has been allocated to the growing solid-state physics
section and associated X-ray crystallographic group.
The research facilities for printed circuit and related
techniques under L. S. Phillips have also recently been
enlarged.

Modac connectors, hitherto produced by Plessey’s
associate company, Modern Acoustics ‘Ltd., at Boreham
Wood, Herts., will in future be manufactured at Plessey’s
Wiring and Connectors Division at Cheney Manor,
Swindon.

E.M.L closed—circuit television is being used to en-
able one policeman to control four busy traffic lanes
at West Drayton, Middx., during reconstruction of a
railway bridge spanning the High Street and Station
Road.

Electro Methods Ltd. have moved their Electrical
Connector Division to new premises at Hitchin Street,
Biggleswade, Beds., (Tel.: Biggleswade 2086). The
divisional manager is D. P. Wright.
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General Electric Co. has reorganized its General
Products Group into five new groups each under the
control of a group managing director. The groups, with
the name of the managing director in parenthesis, are:—
Domestic Equipment Group, incorporating the domestic
equipment division (E. A. Fowler); Installation Equip-
ment Group, incorporating the installation equipment
division and Pirelli-General cable division (R. H.
Phillips); Lighting and Heating Group, incorporating the
lighting division and industrial heating department (D. L.
Tabraham); Osram Group, incorporating the Osram
lamp division and all glass and lamp component units
(A. E. Page); and Radio Group, incorporating the radio
division (M. M. Macqueen),

EXPORT NEWS

Sweden.—Alma Components Ltd. have appointed
AB Solartron, of Hedinsgatan 9, Stockholm NO, as
their agents for precision wirewound resistors in Sweden.

Multi-channel wh.f. communication equipment is
being supplied by Plessey for installation in vessels of
the South African Navy.

Ghana.—The Government of Ghana has awarded
Marconi’s the contract for the design and erection of
the transmitting station buildings, the supply and in-
stallation of the four 100-kW short-wave transmitters
and ancillary equipment, the masts, aerial and feeder
systems—in short, an entire external broadcasting
station on a “turnkey ™ basis. In addition Marconi’s
have contracted to supply technical staff for the super-
vision and maintenance of the station for a period of
four years and to be responsible for training personnel
of the Ghana Broadcasting System. Valves for the
transmitters will be supplied by English Electric Valve
Co. The contract for the complete station at Tema,
near Accra, is valued at over £600,000.

Canada.—A new microwave link between Moncton
and St. John, New Brunswick, using G.E.C. equipment
and operating around 2,000Mc/s, was commissioned
on December 12th. The installation was carried out
by Canadian General Electric Co. The link is primarily
for telephones but can be used for television, and work
has already begun on extending it from Moncton to
Campbellton and from St. John to Halifax and Sydney,
Nova Scotia.

Personalities

George Macfarlane, Dr.Ing, B.Sc, AMIEE,
F.Phys.Soc., a Deputy Chief Scientific Officer at the
Royal Radar Establishment, Malvern, has been
appointed Deputy Director of the National Physical
Laboratory. He succeeds Dr. Edward Lee, who be-
comes Director of Stations and Industry Divisions at
the Headquarters of the D.S..LR. Dr. Macfarlane, who
is 43, graduated in electrical engineering at Glasgow
University in 1937, and then did two years’ post-gradu-
ate research at Dresden, where he gained the Dr. Ing.
degree. He joined the
Telecommunications Re-
search Establishment
(now R.RE.) in 1939,
Throughout the war he
concentrated on mathe-
matical problems in radar
and microwave physics
and in 1945 became head
of the Mathematical
Group. Since 1953 he
has been carrying out in-
dividual research in the
Physics Department. Dr.
Lee graduated in physics
at Manchester University,
and after taking his M.Sc.
at the University and his
Ph.D. at Cambridge Uni-
versity, he joined the
Royal Naval Scientific
Service in 1939 and was
posted to the Admiralty Research Laboratory. He was
director of Operational Research at the Admiralty for
three years before becoming Deputy Director at the
N.P.L. in March, 1958.

W. G. C. Denny, AM.Brit.I.R.E., who since the war
has been in South Africa, has returned to this country
and joined the telecommunications division of Elliott
Brothers (London) Ltd. as technical sales manager. He
was commissioned in the R.N.V.R. in 1941 and from
1942-46 was radar liaison officer on the staff of the
Director of Radio Equipment, the Admiralty, Bath.
For six years before joining the Navy he was with
Western Electric Co., and prior to 1935 was with E. K.
Cole and Murphy Radio. Mr. Denny was chairman
of the South African section of the Brit.I.LR.E. on its
formation in 1949.

e e e o e

Dr. G. Macfarlane
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M. M. Macqueen, who
has been with the G.E.C.
since 1923 when he was
appointed assistant to the
manager of the com-
pany’s newly formed
Radio Department, has
become managing direc-
tor of the Radio Group
under the company’s re-
organization scheme (see
“News from the Indus-
try”). He is 61. Mr.
Macqueen has also been
appointed a director of
General Piped Television,
Ltd., a new company (in
which G.E.C. has an
interest) formed to pro-
vide a television relay
service to viewers. He has several times been chair-
man of BR.E.M.A. and has also served on the council
of the R.C.E.E.A. (now E.E.A.).

D. W. Heightman, M.Brit.I.R.E., chief engineer of
the Radio Rentals group since 1956, has been appointed
to the board of Radio Rentals Ltd. as technical director.
He was from 1951 to 1956 chief television engineer at
the Liverpool works of the English Electric Co. Prior
to joining English Electric he was on the board of Denco
(Clacton) Ltd., which he formed in 1938.

Lieut. P. Cave, AM.L.E.E,, RN., who contributed an
article on guided weapon techniques to our August,
1958, issue, writes in this issue on beam-riding. Lt.
Cave, who Is 35, started his technical career at the Post
Office Research Station, Dollis Hill, where he was
mainly employed on acoustical development work. This
was followed by a short period at the laboratories of
British Acoustic Films Ltd., before he entered the Elec-
trical Branch of the Royal Navy in 1949.

G. J. Pope, author of the article on page 88 describing
a transistor constant volume amplifier, is in the local
lines branch of the Post Office Engineering Department,
where he is concerned with the design of carrier re-
ceivers and amplifiers. He joined the Post Office soon
after leaving the R.A.F, He is 35.

P. Ransom, B.Sc., recently joined International Recti-
fier Co. (Gt. Britain) Ltd., as engineering manager.
He was previously in the A.E.I. semiconductor research
laboratories at Rugby. He joined the A.E.L. group in
1945 and since 1954 has been directly concerned with
the development of power diodes.

M. M. Macqueen

65
F




V. G. P. Weake has relinquished his directorships
of Pamphonic Reproducers Ltd., W. Bryan Savage Ltd.,
and Pye Marine Ltd., to become chairman of a new
group of companies io be known as the Derritron
Group. No details are yet available regarding the com-
panies constituting this group. Mr. Weake, who is
chairman of Audio Fairs Ltd. and of the recently formed
Society of: Environmental Engineers, is also a director
of Eastern Nigeria Broadcasting Ltd.

G. S. Taylor, commercial director of Grundig (Great
Britain) Ltd., which he joined on its formation in 1952,
has been appointed chairman and managing director of
the company in succession to the late A. E. Johnson
(see “ Obituary ). Mr. Taylor has also joined the board
of Gas Purification and Chemicals Ltd., of which
Grundig is a subsidiary.

J. F. Golding, contributor of the article in this issue
on alignment equipment for mobile radio, started work
in the test department of Marconi Instruments when
he left school in 1936. During the early part of the
war he joined the design department and, after the war,
he spent a short period in technical sales and publicity.
He then became a designer with E.M.I. Ltd., at Wells,
Somerset, but five years ago returned to Marconi’s as
a technical writer.

OBITUARY

Phiiip R. Coursey, B.Sc.(Eng.), M.ILE.E., F.Inst.P.,
F.Phys.Soc., at one time chief engineer and later tech-
nical director of the Dubilier Condenser Company,
which he joined in 1923, died on January 3rd in his
68th year. In 1957 he retired from the pesition of
technjcal director, which he had held since 1931, but
remained on the board as an ordinary director and was
retained by the company as technical consultant. He
was educated at University College, London, where he
became assistant to Sir Ambrose Fleming. During the
first world war he was Admiralty Inspector of Wireless
Telegraphy in H.M. Auxiliary Patrol, and in 1919 be-
came technical research assistant at H.M. Signal School.
From 1920 to 1923 he was assistant editor of Radio
Review and research editor of Wireless World until 1925.
He has contributed many fundamental articles to Wire-
less World and was the author of several books.

John R. (Jack) Binns, who, as mentioned by “Free
Grid ” last month, was the first ship’s wireless operator
to demonstrate the value of radio in saving life at sea,
died in New York on December 8th, aged 75. Jack
Binns, who was born in this country and was a Marconi
operator from 1905 to 1912, had been associated with the
Hazeltine Corporation since 1924. He was president in
1942 and chairman of the board from 1952. He was
operator in the liner Republic when it was in collision
in January, 1909, with the Italian vessel Florida. His
wireless messages relayed by the American station at
Nantucket Island resulted in the Baltic rescuing all the
passengers on board the two ships. Medals were struck
for the officers and crews of the three vessels, and Binns
was the recipient, at the hand of the Marchese Marconi,
of one of four struck in gold (the others went to the
three captains).

Admiral Arthur J. L. Murray, C.B., D.S.0O,, O.B.E,,
at one time during the war Director of the Signal
Department at the Admiralty, died on December 26th,
aged 73. He was in command of the Signal School,
Portsmouth, from 1937 to 1939. Admiral Murray was
president of the British Wireless Dinner Club in 1952.

Albert E. Johnson, chairman and managing director
of Grundig (Great Britain), Ltd., which he formed in
1652, died on November 25th after several months’ ill-
ness. He was also a director of Gas Purification and
Chemical Co., and a number of its subsidiaries. Mr.
Johnson had been associated with the radio industry for
over thirty years.

66

NEW YEAR HONOURS

Sir George Nelson, chairman of the English Electric
Co. and a number of companies within the group,
including English Electric Valve, Marconi’s W/T and
Marconi Marine, is to be a Baron.

Lt. Gen. Sir Ian Jacob, K.B.E., C.B., Director-General
of the B.B.C. from 1952 until the end of last year, and
president of the European Broadcasting Union since its
formation in 1950, is appointed a Knight Grand Cross
of the Order of the British Empire (G.B.E.).

Robert J. P. Harvey, C.B., Deputy Director-General
of the Post Office since 1955, and previously director of
the Radio and Accommodation Dept., becomes a Knight
Commander of the Order of the British Empire (K.B.E.).

Joseph F. Lockwood, chairman of Electric and
Musical Industries and a director of the National
Research Development Corp., receives a Knighthood.

Dr. Harrie S. W. Massey, F.R.S., Quain Professor of
Physics at University College, London, and a member
of the Radio Research Board, receives a Knighthood.

Among those appointed Commanders of the Order of
the British Empire (C.B.E.) are: L. J. Davies, director
of research and education, B.T.H. (now A.E.I.,, Rugby);
D. C. Martin, assistant secretary, Royal Society; W.
Stubbs, Director-General of Telecommunications,

Malaya; F. Williams, controller of sound broadcasting
engineering, B.B.C.

Newly appointed Officers of the Order of the British
Empire (O.B.E.) include: F. E. B. Clark, Director of
Posts & Telecommunications, Ghana; and A. W. H.
Marconi’s

Cole, manager, communications division,

W/T Co.

A. W. H. Cole (0.B.E.) L. G. Fowell (M.B.E.)

The following are among the new M.BE.s: A. Allen,
chief development engineer, Cossor Radar and Elec-
tronics, Harlow; S. R. Brown, signals officer, Ministry
of Aviation; F. N. Chadwick, higher executive officer,
London Communications-Electronics Agency; R. W.
Chandler, chief telecommunications supt, G.P.O.; A.
Draper, vice-principal Rugby College of Engineering
Technology; L. G. Fowell, executive engineer and
general manager, Pye Ltd., West Drayton; M. H. Hall,
engineer-in-charge, B.B.C. television studios; D. A.
Hewetson, telecommunications  technical  officer,
Ronaldsway Airport, Isle of Man; J. H. Kirk, executive
engineer, G.P.O.; W. J. Marshall, senior executive
engineer, Engineer-in-Chief’s Office, G.P.O.; N. G.
Payne, engineer-in-charge, I.T.A. station at Lichfield;
and G. H. Prince, head of Apparatus Engineering Dept.,
Ericsson Telephones, Nottingham.

Recipients of the British Empire Medal include: J.
Armitage, civilian instructor, R.A.F. Technical College,
Henlow; F. A. Loomes, technical officer, Post Office
Research Station; and J. N. N. Murray, civilian radio
operator, War Office, Cyprus.
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Ionosphere Review 1959

DECLINING SOLAR ACTIVITY

THE present cycle of solar activity reached its
maximum at the epoch February/March, 1958, and
since then the average activity, as evidenced by the
twelve-month running average of the sunspot num-
ber, has been declining. Throughout 1959, however,
the decrease in sunspot activity has been relatively

slow, so that, at the end of the year, the running -

average sunspot number was still above 160, a value
which is higher than that reached even at the maxi-
mum of any other solar cycle of which we have
records. The year 1959 was, therefore, one of
exceptionally high solar activity, and, consequently,
a year during which the frequencies of use for long-
distance communication remained particularly high.
Course of the Sunspot Cycle.—The graphs will give
an idea of the present situation. In the upper graph
are plotted the sunspot numbers (indicative of the
degree of solar activity) from the minimum year of
1954 until the end of 1959, and in the two lower
graphs the noon and midnight F2-layer critical fre-
quencies as measured at the D.S.I.R. station at
Slough (indicative of the level of F2 ionization) are
given. The full lines in each graph give the monthly
mean, or median, values and the dashed lines show
the twelve-month ‘running average of these, and so
indicate the average conditions and the general
variation in each quantity.

Since sunspot maximum early in 1958 there have
been some large fluctuations in the monthly value
of the sunspot number, but towards the end of 1959,
lower values were reached than for some years past.
The twelve-month running average has, during this
period, shown an almost continuous, but generally
slow, decrease.

The noon critical frequency was only slightly
lower during the summer of 1959 than during that
of 1958, but the winter values at the end of the
year were considerably lower than at the beginning,
and during 1958. The midnight critical frequency
peaked during the summer at a higher value than
during 1958, but towards the end of the year it, also,
had reached values lower than those for the previous
winter. The change in critical frequency since sun-
spot maximum has thus, on the average, been a
rather slow decrease, as is shown by the dashed-
line curves both for noon and midnight, and the
implication is that, during the year, the frequencies
of use for communications . should have remained
relatively high. In practice this was found to be so.
Usable Frequencies.—The highest broadcast fre-
quency band of 26Mc/s remained usable over many
daylit circuits throughout the year, and the 28-Mc/s
amateur band, whilst very often above the m.u.f.
during the summer months, became workable again

in most directions during the autumn. The highest,

frequencies receivable over the North Atlantic cir-
cuits, which were of the order of 50Mc/s at the
beginning of the year, decreased to about 26Mc/s
during the summer, and increased again to about

* Research Department, British Broadcasting Corporation
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44Mc/s during the autumn. The Crystal Palace
sound channel (41.5Mc/s) was very frequently re-
ceivable in South Africa during March but such
reception became rare in the period May to August.
During the September to November period it became
more frequent, but much less so than during March.
The annual pattern for the ionospheric propagation
of these high frequencies is thus that of good propa-
gation of the highest frequencies at the beginning of
the year, a big frequency decrease in the summer, and
an autumnal increase to frequencies which, whilst
relatively high, were considerably lower than those
propagated at the beginning of the year.

Ionospheric and Magnetic Disturbances.—The mag-
netic and ionospheric data for 1959 show that the
number of magnetically and ionospherically dis-

" turbed days was somewhat greater than during 1958.

On the other hand the number of sudden ionospheric
disturbances (which are associated with the occur-
rence of solar flares near sunspots) was slightly less
than during the previous year. As the frequency
of occurrence of sunspots and solar flares decreases
during the next few years so is the number of sud-
den ionospheric disturbances likely to continue to
decrease. The same is not true for magnetic and
ionospheric storms, however, for, during the de-
creasing phase of the sunspot cycle, many of these
are caused by corpuscles emitted from solar regions
where there is no sunspot activity.

The Coming Year.—During 1960 it is probable that
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the solar activity will follow a slow decline, but at
a somewhat greater rate than during 1959, and that
the twelve-month running average sunspot number
at the end of the year (applicable to the epoch June/
July) will be somewhere in the region of 115. If
this be so we may expect the higher daytime fre-
quencies to remain usable until early summer, and
then, following on the seasonal decrease which takes
place at that time, for there to be a definite ten-
dency for somewhat lower frequencies to be of more
use during the autumn and winter, and for the higher
frequencies to fail over certain circuits. For example,
over North Atlantic circuits the 26-Mc/s broad-
cast band is unlikely to be usable after March, and

with the 17-Mc/s or even the 15-Mc/s band being
best during the summer, the 21-Mc/s band is likely
to be the highest usable from September onwards.
For communication in more southerly directions the
26-Mc/s band may be usable at the end of the year
as well as at the beginning, though during the summer
the 21-Mc/s band is likely to be best. As to the
night-time frequencies there is already a tendency
towards more use of somewhat lower frequency
bands, and, following on the summer frequency
increase, this is likely to continue in the autumn,
resulting in the greater use, over all circuits, of lower
night-time frequencies at the end of the year than
at the beginning.

Demonstrating Electron Spin Resonance

A Simple Apparatus for Use in the Lecture Room

THE techniques of nuclear magnetic resonance and
electron spin resonance, both branches of radio-
frequency spectroscopy, are now firmly established
as research methods and are finding an increasing
number of applications in many fields of science'.
It would therefore seem desirable that the basic
principle of the magnetic resonance effect, which
is common to both n.m.r. and e.s.r., should be more
widely known. The phenomenon may be demon-
strated with modest apparatus; this article describes
such an apparatus and gives a simple explanation
of the effect.

The phenomenon of magnetic resonance is essen-
tially a quantum mechanical effect, but its descrip-
tion in terms of classical mechanics is very instructive
and leads to results that are in agreement with those
found quantum mechanically. Nuclei and electrons

Fig. I. Spinning charged particle (a), producing a mag-
netic field (b), acting like a flywheel with an axial bar
magnet ().
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By G. B. CLAYTON,* B.Sc.

may be thought of as spinning particles having both
charge and mass. Consider a spinning sphere having
positive charge uniformly distributed over its surface
(Fig. 1). The whirling charge on the surface of
the sphere represents in effect a circulating electric
current, which will produce a magnetic field. The
spinning mass of the sphere will give it an angular
momentum, so that we may think of the spinning
charged sphere as acting in a sense like a flywheel
with a bar magnet pointing along its axis.

Now consider this system placed in a steady mag-
netic field H, with the magnet inclined at some
angle to the field (Fig. 2). The magnet will experi-
ence a torque tending to turn it into alignment with
the magnetic field, but this will not take place
because the magnet is attached to the flywheel.
The torque acting on the angular momentum of the
flywheel will cause the flywheel to precess about the
direction of the magnetic field.

A mathematical treatment of the motion gives the
relationship:

u):'yH .. .. .. 1

for the angular velocity w at which the precession
takes place. 7y is a constant called the gyromagnetic
ratio and is equal to the ratio

angular momentum of particle
magnetic moment of particle

A simple analogy for the effect may be found in
the behaviour of a spinning top (Fig. 3). The weight
of the top acting through its centre of gravity pro-
duces a torque tending to make it topple over, but
because the top is spinning this torque actually
causes it to precess, as shown in the sketch.

Return now to the system considered in Fig. 2
and imagine that, in addition to the steady magnetic
field H, a second magnetic field H, (H, <€ H) is
applied, and that this field is rotating in a plane at
right angles to H with angular velocity », (Fig. 4).
This rotating field will also produce a torque on
the magnet, but if the field is rotating at a rate
that differs appreciably from the rate at which the

* Liverpool College of Technology
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magnet is precessing, the direction of the torque
will be rapidly changing and its value will average
to zero. In this case the rotating field will have no
resultant effect. On the other hand, if H, is rotating
at the same rate as the magnet is precessing it will
produce a steady torque on the magnet. This steady
torque will cause the magnet to precess about H,
while continuing in its precession about the steady
field H (Fig. 5).

The result of this precession about H, will be a
change in the angle between the magnet and the
steady field H. If the magnct was initially pointing
in the direction of the steady field the rotating field
would cause it to tip up and down; this tipping of
the magnet represents the phenomenon of magnetic
resonance.

The resonance condition is that the field H, should
rotate at the same rate that the magnet precesses
about H, and is given by the equation

wy=w==yH .. .. .2
The energy of the magnet in the steady field H
depends on the angle that it makes with this field.
It will be a minimum when the magnet points in
the same direction as H and a maximum when the
magnet points in the opposite direction to H.

The magnet will thus absorb energy from the rotat-
ing field H, as it turns against the steady field H and
will return this energy as it lines up with the steady
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Fig. 2. The magnet-flywheel of Fig. | placed in a steady
magnetic field.
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Fig. 3. Spinning top analogy for the action in Fig. 2.
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field. In a system containing a large number of such
magnetic particles there will be a resultant absorp-
tion of energy from a small field rotating at the
resonance frequency if there is always an excess
number of particles pointing in the direction of the
steady field. In practice this excess is initially estab-
lished and then maintained as a result of energy
exchange between the thermal vibrations of the
material containing the particles and the magnetic
energy of the particles.

The effect has been described for positive particles
(e.g., protons). A similar treatment is appropriate
for negatively charged particles (electrons). Vilues
of constants substituted in eq.2 give for the resonant
frequencies:

for proton resonance f(kc/s) 4.26H (oersteds)
for electron resonance f(Mc/s) 2.80H (oersteds)

Nuclear magnetic resonance observations are usually
carried out in a field of the order 10,000 oersteds,
in which field the proton resonance takes place at
42.6Mc/s. Electron spin resonance observations
are usually made in fields of the same order, making
the resonant frequency lie in the microwave region.

In certain cases where a narrow absorption line is
produced e.s.r. may be observed in quite small mag-
netic fields. For a field of 10 oersteds the resonance
occurs at 28Mc/s. Observations of e.s.r. at these
frequencies have been reported in metals?, in metal
ammonia solutions®, and in organic free radicals*. The
apparatus to be described has been used to observe
the e.s.r. absorption arising from the unpaired elec-
tron spins in the organic free radical diphenyl-picryl
hydrazyl.

Free radicals are formed when one of the covalent
bonds in an organic molecule is broken. Each frag-
ment takes with it one electron from this bond, and
these fragments are called free radicals. The distin-
guishing feature of free radicals is that they have an
unsaturated valency bond; that is, they have associated
with them an electron whose spin and magnetic
moment is not compensated by another electron with
spin and magnetic moment pointing in the opposite
direction. It is the presence of these*fompensated
electrons that makes the observation of &.s.r. possible.

Free radicals, because of their unsaturated valency
bond, are very reactive and are normally short lived.
Diphenyl-picryl hydrazyl, the specimen used, is a
substance that has an unsaturated valency bond, but
it is quite stable. It is a crystalline solid and no diffi-
culties are involved in handling itt.

t Diphenyl-picryl hydrazyl should be obtainable from any supplier
of fine chemicals. The organic free radicals tri-p-anisyl-aminjum
erchlorate, and tri-p-aminophenyl-aminium perchlorate have also
reported as giving an absorption signal at the frequencies used

and should be suitable for use in the apparatus.
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Fig. 7. Double absorption curve given by the oscilloscope

in Fig. 6.

The apparatus consists essentially of an oscillating
detector. The tank coil of this oscillator contains the
specimen and is positioned at right angles to the
magnetic field produced by a pair of Helmholtz coils.
The oscillating magnetic field produced by the coil
of the oscillator will, of course, be linearly polarized,
but a linearly polarized field may be thought of as
consisting of two fields rotating in opposite directions,
and the effect of the component rotating in the oppo-
site direction to the precessing spins is negligible. In
order to observe the absorption the frequency of the
oscillator is fixed and the magnetic field produced
by the Helmholtz coils is swept through its resonance
value. The detected output of the oscillator is made
to produce a vertical deflection on an oscilloscope
trace while the magnetic field sweep is used to pro-
duce the horizontal deflection (Fig. 6).

The current for the magnetic field sweep is sup-
plied by a transformer connected to the 50-c/s mains.
This a.c. sweep produces the double absorption
hump shown in the oscillogram Fig. 7. The double
hump in fact represents only one absorption line,
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for the magnetic field is made to pass through its
resonant value first in one direction and then in the
opposite direction. :

The circuit of the oscillating detector used is given
in Fig. 8. It is a modified Clapp oscillator. Absorp-
tion by the specimen lowers the Q of the tank coil
and produces a change in the level of oscillations
which is detected by a change in the voltage across
R.. Approximately 1 gm of the diphenyl-picryl
hydrazyl placed inside the oscillator tank coil has
been found to give a change of 400mV in the voltage
across R, when the magnetic field is swept through
its resonance value.

Radio frequency oscillations are eliminated from
R, by the filter C,L,C,. Capacitors C,C, are adjusted
until oscillations just commence; the circuit is then
most sensitive to changes in the Q of the resonant
circuit. C, is kept approximately equal to C,.

There is nothing very critical about the design of
the oscillator tank coil. It consists of several turns
of enamelled copper wire wound on the }-in dia-
meter tube containing the specimen. The coil is
connected to the oscillator circuit by a short length
of coaxial cable. Several coils were, in fact, wound
to cover the frequency range 15 to 30Mc/s. Ply-
wood formers, of diameter approximately 8in, were
used for the Helmholtz coils, each being wound with
100 turns of No. 24 s.w.g. enamelled copper wire.
An a.c. amplitude of 1 amp was found sufficient to
sweep right through the resonance.

The apparatus described is comparatively simple
and inexpensive, and the large and costly magnet
normally used in magnetic resonance investigations
is not required. It should be emphasized that the
primary purpose of the apparatus is for the demon-
stration of magnetic resonance absorption. If it is
required to detect very small absorptions or to study
broad absorption lines it is necessary to work with
much larger magnetic fields than can be produced
with simple coils.
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BEAM RIDING

By LIEUT. P. CAVE, AM..EE., R.N.

PRINCIPLES OF RADIO GUIDANCE TECHNIQUE FOR MISSILES

THE missile guidance system known as beam
riding is a popular method for medium range mis-
siles and has advantages over some other systems.
It is used in modern weapons and probably its use
will continue with longer range missiles even if it
has to be combined with some other form of guidance
for the latter stages of its flight to provide the neces-
sary accuracy.

The system relies on the automatic centring of the
missile in a radio beam, and hence the missile flight
path may be controlled by moving the beam. In
the simplest case the beam is pointed continuously
at the target either manually or automatically and
hence the missile will fly up the centre of the beam
tG the target. It will be seen that this guidance system
is in two stages, viz.:—

1. Pointing the beam at the target.

2. Making the missile “ride the beam,” i.e. follow
the beam centre.

For short range missiles, e.g. air-to-air weapons
such as FIREFLASH, the first step may be accom-

RADIATED
LOBE

LOCUS OF
LOBE AXIS

AERIAL

Fig. I. Production of a conicol sconning pottern.

plished by pointing the radio beam at the target using
an optical sight. For longer range missiles it is
necessary to establish the sight line by the use of a
lock-and-follow radar. In theory it is not necessary
to have any connection between the tracking radar
and the radio beam other than that they must both
point in the same direction. There is generally a
close connection between the two transmissions from
a viewpoint of mechanical and electrical convenience.
For instance, to lock the aim of the two transmis-
sions it is convenient to use the same radar aerial,
and electrical synchronisation is necessary to over-
come interference problems. In addition, there is
a similarity between the method used to obtain the
automatic following action and that used in riding
the beam. To develop this idea further let us exam-
ine the working of a typical automatic following
radar.

The most commonly used system is by conical
scanning of the radar beam, but other methods that
are used include “sequential lobing” and “simul-
taneous comparison ” gystems. In the conical scan-
ning system the radar transmissions are focused into
a pencil beam and this beam is offset from the axis of
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the scanner by a fixed angle. If the beam is now
rotated about the scanner axis it will trace out a
conical pattern with the apex of the cone at the
aerial as shown in Fig. 1.

Consider now the radar echo obtained from a tar-
get which is within the conical scan but displaced
from the aerial reflector axis as shown at T in Fig. 2.
Since the echo received by the radar depends on the
misalignment between the centre of the radar lobe
and the line of sight to the target, the echo received
will vary as the lobe rotates according to the distance
PT between the target T and the instantaneous posi-
tion of the lobe centre P. The shorter this distance
the greater the echo, reaching a maximum when the
distance is zero, i.e. when the radar lobe is pointing
directly at the target. In the case shown in Fig. 2
this distance does not fall to zero but is at a minimum
when the centre of the lobe is at A. This is the
instant of maximum echo and similarly a minimum
echo is received as the lobe passes through B and
PT is a maximum. Thus the echo strength will vary
from a maximum to a minimum and return to a
maximum once per revolution of the scanning lobe.

If a pulsed radar system is to be used, the output
of the radar receiver will consist of a series of pulses,
amplitude modulated at the conical scanning fre-
quency. The depth of the modulation is approxi-
mately proportional to the error of the target from
the reflector axis and especial note must be made
of the condition when this error is zero. In this case
the target is always displaced from the radar lobe
by the same amount and hence the echo ‘modulation
is zero. Similarly the maximum modulation occurs
when the target is on the circle formed by the focus
of the centre of the rotating lobe.

Following the block diagram of a simple auto-
matic following system as shown in Fig. 3, the echo
modulation signal may be extracted from the radar
receiver output by a filter tuned to the conical scan-
ning frequency. In order to discriminate against
unwanted echoes, the radar receiver must include a
gated amplifier whose operation is controlled by the
target range. The filter output signal contains two
pieces of information, viz.: (a) its amplitude is pro-
portional to the magnitude of the target misalign-
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Fig. 2. Cross-section of a conical scan.
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ment; (b) its peak positive swing indicates the instant
in the conical scanning cycle when the lobe sweeps
closest to the target.

In order to correct the error in aim, the error along
the target axis must now be resolved into component
errors along the elevation and training axes of the
aerial. In the same way that the target axis is de-
fined by the peak in the error wave, so may the
elevation (and hence training) axis be defined by the
positive peak of a local reference signal. This is
derived from a generator driven from the conical
scanning motor and phased so that the positive peak
of the generator output occurs as the radar lobe
passes through the elevation axis. The phase angle
between the reference and error signals is equal to
the angle between the elevation and target axis as
shown in Fig. 4.

The component errors in elevation and training
are given by:—

Training error=E sin ¢

Elevation error=E cos @
where E=peak value of error signal and ¢=phase
of error signal with respect to the reference signal.
These component errors are calculated in the resolver
which may be of the resistance modulator or of the
phase comparison variety. The outputs of the re-
solver are used to actuate the training and elevation
motors via suitable amplifiers which in turn will be
made up of a combination of an electronic amplifier
and an electric amplifier such as a metadyne “or
amplidyne system. The polarity of the system is
arranged so that the motors train and elevate the
aerial in the correct direction.

It will be seen that the overall arrangement is a
servo system whose input and output are the target
and aerial positions respectively and where the radar
and associated resolver form the error measuring
device. The performance of this servo may be re-
gulated by the usual servo devices, e.g. phase correct-
ing networks. These are frequently incorporated
into the amplifier section. Thus when the automatic
following system is working correctly, we have the
condition where the target lies on the scanner axis

y7:

whilst the beam performs a conical scan around it.

In order to guide the beam-riding missile, a separ-
ate conically scanning pulsed radio beam is radiated
and aimed in the same direction as the automatic
following beam. The missile is equipped with a
receiver and rear pointing aerial capable of detecting
the transmitted pulses when it has been launched
into the conical scanning pattern.

In theory, there is no reason why the transmission
used for the automatic following radar should not
be used to guide the missile, but in practice several
factors combine to make this undesirable and to give
better results when separate beams are used.

The displacement of the missile from the beam
centre will cause the missile receiver output to be
amplitude modulated at the conical scanning fre-
quency since the instantaneous output will be
governed by the displacement of the missile from
the centre of the lobe. An error signal may now be
derived by detection of this amplitude modulation.
The amplitude of the error signal will be indicative
of the missile’s displacement from the beam centre
and the peak positive swing will indicate the instant
when the lobe centre is closest to the missile. The
production of this error signal is a close parallel to
the case of the automatic following radar.

The majority of missiles use a Cartesian control
system, i.e., they are controlled by four control sur-
faces, which, by operating in pairs, cause the missile
to move in the pitch and yaw planes. Three further
steps are necessary to bring the beam riding missile
to the target axis.

(a) The error signal must be resolved into com-
ponent errors along the radar vertical and horizontal
axes.

(b) The missile must be stabilized in the roll plane
in such a position that its pitch and yaw axes are in
alignment with the radar vertical and horizontal axes
throughout the flight.

(c) The control surfaces must be deflected by an
amount proportional to the component errors in each
case in the correct direction to accelerate the missile
towards the centre of the beam.

In the case of the automatic following radar,
resolution of the error signal was accomplished with
the aid of a reference signal which defined the radar
axes. To enable the same process to be used in the
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Fig. 4. Phase relationship
of error and reference
signals.
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missile, the reference signal must be transmitted
independently to the missile. Whilst this could be
accomplished by the use of a separate radio link, a
more reliable and less bulky method is to pulse-
position-modulate the guiding beam with the refer-
ence signal, thus transmitting the reference signal to
the missile without interference to the amplitude
modulation/error signal process. This means that
when the instantaneous value of the reference signal
is positive the spacing between pulses of the guiding
transmitter will be small and hence the pulse repeti-
tion frequency will rise, but when the signal is in-
stantaneously negative, the spacing will be larger
and hence the pulse repetition frequency will be
lower.

In short, the reference wave is conveyed to the
missile by a sinusoidal modulation of the pulse
repetition frequency of the guiding transmitter.
Reference to Fig. 5 will show that the output of the
missile guidance receiver is taken to separate a.m.
and f.m. detectors which produce the error and refer-
ence signals respectively. The signals are then fed
to the resolver whose outputs are the pitch and yaw
component error signals.

Another method whereby a reference may be pro-
duced in the missile is to rotate the plane of polariza-
tion of the guidance beam in step with the conical
scan. The small dimension of the rectangular wave-
guide horn radiating the guiding transmitter signals
is kept radial to the scanner axis whilst it is rotated.
Hence the conical scan is produced simultaneously
with the rotation of the plane of polarization and
the instantaneous direction of the polarization (which
is parallel to the small dimension of the waveguide)
indicates the position of the lobe.

The direction of the polarization can be detected
in the missile by the use of two aerials. One aerial
is a circular waveguide horn which is not sensitive
to the changing polarization. This will enable the
amplitude modulation signal to be detected directly.
The second aerial consists of a rectangular horn from
which the received signal will vary as the polarization
rotates and thus the reference signal will be pro-
duced. If this system is used, it is not essential to
roll-position-stabilize the missile to keep it in line
with the radar axes, since the reference signal is being
produced with respect to the missile vertical as
defined by the rectangular waveguide aerial. A dis-
advantage of this system is that the rotating plane of

polarization introduces the problem of reflection of -

energy from the surface of the earth at low angles of
elevation.

The overall accuracy requirement for a missile
system, i.e., the maximum permissible miss distance,
is determined by the effective range of the warhead,
and the design of the guidance system must be
governed by this parameter. For instance, for the
beam riding missile to have a maximum miss dis-
tance of 150 feet at 20 miles range requires that it
must not deviate from the line of sight from radar to
target by more than four minutes of arc as measured
at the radar aerial. The guidance accuracy is deter-
mined by two factors, viz:—

(1) The tracking accuracy of the automatic follow-
ing radar, i.e., the maximum deviation of the scanner
axis from the actual line of sight.

(2) The maximum deviation of the missile from
the scanner axis.

In both cases the accuracy achieved depends on
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the performance of a complicated servo system. The
block diagram of the automatic following radar as
shown in Fig. 3 has already been discussed; the
diagram of the overall missile servo is shown in Fig.
6. In this servo the input, or required position, is
the scanner axis as defined by the beam, whilst the
output is the actual position of the missile. The
missile receiver is the error measuring device and
the error signal produced initiates movements of the
control surfaces in such a direction as to correct the
error and thus bring the missile position (output) into
line with the scanner axis (input).

The performance of both servos will eventually be
limited by the signal/noise ratio of the receivers,
i.e., the minimum error signal that can be detected.
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Fig. 5. Overall block diagram of control system in a
beam riding missile.
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Fig. 6. The beam rider as a servomechanism.

Since the maximum signal is fixed at 100 per cent
modulation of the pulse amplitude, corresponding to
a missile or target located on the locus of the centre
of the rotating beam, the minimum detectable error
signal may be expressed as a fraction of the conical
scanning angle. A figure of 1/20 will be used in this
example. If the overall error of four minutes,
referred to above, is split equally between the two
servos (two minutes each), then the radius of the
conical scan pattern must correspond to 40 minutes
of arc, i.e., 4 degree, and the total conical scan angle
will be 1} degrees.

Unfortunately it is not possible to launch the
missile directly into this beam as the flight path of
the missile when launched may differ by several
degrees from the aim of the launcher. This is partly
due to the low speed of the missile when leaving the
launcher and to manufacturing tolerances in the air-
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frame and propulsion system.

LINE OF SIGHT
AT LAUNCH

RADAR VERTICAL

In addition, it is not possible
to design the aerodynamics of
the missile so that it can be
controlled at low speeds, and
in most missiles the control
system is not effective until the
boost motor is exhausted and
the miszile is at full speed. As T
the missile thus travels for the
first few seconds without con-
trol, movements of the target
will cause the tracking beam
to :nove and hence the missile
may not be within the guiding
beam when the control system
is energized.

The launching errors may
be summarized as (a) predict-
able—such as wind effects and
target movement, and (b) un-
predictable—covering manu-
facturing tolerances. Where the errors can be pre-
dicted a computer can be used to “aim off” the
launcher to correct the missile’s flight path, but for
unpredictable errors the method generally adopted is
to use a wide-angle, low-accuracy beam whose coni-
cal-scan angle is wide enough to cover all possible
firing dispersions. This beam must be identical to
the narrow-angle high-accuracy beam in lobe position,
scanner axis and reference transmission, so that the
missile may be smoothly transferred from one beam
to the other when it comes into the coverage of the
narrow beam. The problem of reflections from the
ground denies the system designer the chance of
dealing with both predictable and unpredictable
errors by this means as the conical scan required to
do this would be very large.

It was mentioned earlier that roll stabilization was
used to keep the missile axes in alignment with the
radar axes, and although the roll gyro can have
negligible wander during the time of flight, it is pos-
sible for the two sets of axes to become misaligned.
This can be due to a variety of reasons, but assuming
that the axes are aligned when the missile is launched,
the main cause of error is due to the fact that whilst
the roll gyro axis is stationary in space, the radar
vertical direction will change as the aerial trains away
from the launching bearing in order to follow the
target. This effect is illustrated in Fig. 7. The
result of this error, as shown in Fig. 8, is to cause the
missile to fly in a spiral path to the beam centre in-
stead of in a straight line. This occurs because the
steering orders are derived with respect to the radar
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Fig. 8. Cross-se-tion of beam showing spiral trajectory
due to misalignment of verticals.
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Fig. 7. Three-dimensional diagram showing change of radar vertical with aerial bearing.

vertical (as defined in the missile by the reference
signal) but executed with respect to the missile
vertical.

The inherent time lag in the missile response will
now permit the missile to fly in the direction deter-
mined by its own axes before the modified steering
orders generated by the guidance receiver can be
effected, and hence the spiral trajectory depends on
the stiffness of the overall missile servo as well as on
the misalignment of the axes.

As this error occurs after launching, modification
of the missile vertical would necessitate extra radio
command signals to the missile to initiate precession
of the gyro, and this is inconvenient as well as in-
creasing the amount of equipment carried in the
missile. Since the radar vertical is defined in the
missile by the positive peak of the reference signal
the apparent position of the radar vertical may be
changed by altering the phase of the reference
signal, i.e., by varying the point in the conical scan-
ning cycle at which the positive peak occurs. The
axis misalignment is computed at the launcher and
the phase of the reference signal as transmitted by
the guiding beams is corrected by the amount of the
computed misalignment. This correction is most
important since not only does this error reduce the
missile range but the stability of the overall missile
servo is affected and loss of control can easily result.

Broadcasting Stations Guide

THERE are now well over 1,000 v.h.f. sound broadcast-
ing stations in Europe and most of these are listed in
order of frequency in the 12th edition of our book
“ Guide to Broadcasting Stations ™ just published. This
edition, which has been completely revised, also lists all _
the major television stations on the Continent as well
as giving operating characteristics of Europe’s long- and
medium-wave stations and over 2,000 short-wave broad-
casting stations of the world. The long-, medium- and
short-wave stations are listed both geographically and
in order of trequency.

Also included in the 112 pages of this enlarged edition,
costing 3s 6d, is standard time throughout the world,
international allocation of call signs, a wavelength-fre-
quency conversion table and other useful information for
the broadcast listener.
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Mobhile-Receiver

Alignment Equipment

DEVELOPMENT OF SPECIAL SIGNAL

GENERATORS By J. F. GOLDING*

THE primary problem arising from the continuing
increase in the number of mobile-radio operators is
that of congestion of the available bands of fre-
quencics. Two possible solutions to this problem
are the reduction of channel spacing and the use
of hitherto unallocated frequency bands. Both of
these solutions are being exploited; the allocated
frequency bands and the specified channel spacings
in Great Britain and the United States are shown in
Tables I and II respectively.

TABLE |
Mobile-radio Frequency Allocations in Great Britain

Frequencies Channel
Classification (Mcjs) S?l?cc/;?g
General Land Mobile 71.5-72.8 25
(low band v.h.f.) 76.95-78.0 25
85.0-86.7 25
86.95-88.0 25
Police, Fire, Ambulance 80.0-84.0 100
95.0-100.0 100
Marine v.h.f. 156.0-165.0 50
General Land Mobile 165.0-173.0 50
(high band v.h.f.)
General Land Mobile 460.0-470.0 100
(u.h.f.)
TABLE I
Mobile-radio Frequency Allocations in the U.S.A.
F q Channel
Classification gequencies Spacing
(Mc/s) (kefs)
Land Mobile 27.51-28.0 40
(low band v.h.f.) 29.71-49.98 40
Land Mobile 152.03-156.21 60
(high band v.h.f.) 157.53-161.79 60
Marine v.h.f. 156.3-157.4 50
161.9 and 162.0
Land Mobile 452.05-459.95 100
(low band u.h.f.) . i
Land Mobile 890.0-960.0 —
(high band u.h.f.)

In Great Britain all land-based motile systems,
with the exception of certain of the police forces,
employ amplitude modulation. Marine (ship-
borne) radio uses frequency modulation, and aero-

* Marconi Instruments Ltd., St. Albans.
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Marconi Instruments Type TF995A(5 f.m./a.m. signal
generator.

nautical mobile radio uses a.m.—both by inter-
national agreement. In most other countries fre-
quency modulation predominates for all mobile radio
except, of course, aeronautical.

It is outside the scope of this article to discuss
the merits and demerits of either type of modula-
tion. Indeed, it has become evident that the type of
modulation used has very little effect on the special
requirements of the mobile receiver as they affect
the signal generator design. These special require-
ments appear as secondary problems arising from
the steps taken to overcome the primary problem of
congestion.

The most important special requirement is that
of adequate suppression of adjacent-channel inter-
ference. A mobile station may well be operating
physically close to a transmitter of some other
system; and unless there is sufficiently good rejec-
tion of the strong signal from this transmitter, the
wanted signal may be masked by interference. At
the same time it is obvious that the receiver band-
width must accommodate not only the modulated
signal; but also the combined permitted drift of the
receiver and transmitter.

The narrow receiver bandwidth mandatory to
close channel spacing produces a further requirement
for accurate tuning and high stability, a requirement
which is met by using crystal-controlled local oscil-
lators. Most mobile receivers are of the double-
superheterodyne type using a comparatively low
second intermediate frequency; so there is little
likelihood of drift in the if. amplifier causing any
appreciable change in the tuning frequency of the
receiver. Nevertheless, the if. amplifier must be
accurately aligned to the correct frequency: the
reason for this will be pointed out later.

These requirements have two common effects on
the design of signal generators; a very high order
of stability is required, and the output must be free
from unwanted modulation—either a.m. or fm.
Very naturally, the purpose of the signal generator
also influences its design to a considerable degree;
and, in this connection, signal generators can be
divided into two main categories—those intended
for routine maintenance and service, and the more
elaborate instrument intended for acceptance tests
and design measurements.

Of the second category the most stringent require-
ments are those introduced to produce a signal
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generator capable of measuring adjacent-channel
rejection. For this reason the method of measure-
ment is outlined together with a brief description
of a suitable signal generator.

Adjacent-channel Rejection Measurements

Assuming that the stability of a f.m. mobile-radio
system is the same as that of its a.m. counterpart,
the inherently lower sensitivity of the f.m. receiver
to adjacent-channel interference is largely offset by
its necessarily wider bandwidth. In practice, it has
been found that similar adjacent-channel-rejection

SIGNAL GENERATOR
A
ouTPUT
MATCHING
RECEIVER POWER
NETWORK METER
SIGNAL GBENERATOR '
R T e

Fig. | Block schematic diagram of two-signal method of
measurement of cdjacent-cnannel-rejection ratio.

performance can be expected for the two types of
modulation. For this reason the requirements laid
down by the G.P.O. in the U.K. can be regarded as
being largely representative of common practice in
congested areas throughout the world.

Single-signal Method of Measurement.—Origin-
ally the rejection ratio was determined by plotting
the frequency-response characteristic of the receiver
using a single signal generator and comparing the
response at the centre of the acceptance band with
the response at the centre of the adjacent channel.
But the figures obtained in this way are not very
realistic; for, when the receiver is in the presence
of a strong unwanted signal—such as that produced
by a nearby transmitter of another system—the early
stages of the recciver may become overloaded.
Receiver “blocking” can reduce sensitivity whilst
not altering materially the noise level so giving an
effect similar to a weak signal and poor signal-to-
noise ratio. Thus the interference actually produced
can be worse than is indicated by the single-signal
response measurement.

Two-signal Method.—A standard method of
measurement has been evolved: this uses two signal
generators. The output of one signal generator
represents the wanted signal and that of the other
represents the interfering signal. The two signal
generators arc connected, via a matching network,
to the input of the receiver as shown in Fig. 1.
Signal generator “A,” delivering the “wanted”
signal, is tuned to the centre frequency of the
receiver’s acceptance band. Signal generator “ B ”
Is set to a frequency separated from that of “A ”
by slightly less than the channel spacing. A pre-
determined level of modulation is applied to both
signals—either a.m. or f.m. as appropriate—a dif-
ferent modulating audio frequency being used for
each of the signal generators in order that the
wanted component may be distinguished from the
interference component in the receiver’s output.

With the output of signal generator “ B ” reduced
to zero, the output of signal generator “ A ” is ad-
‘usied to give a signal-to-noise ratio of 10 dB. The

76

output level of “B” is then increased untl the
signal-to-noise ratio is reduced by 3 dB, the inter-
ference breakthrough from signal generator “B”
being deemed part of the noise. The adjacent-
channel-rejection ratio is then equal to the ratio
of the output levels of the two signal generators.

This is the method of test approved by the G.P.O.
for mobile reccivers: a rejection ratio of 70 dB' is
required.

Signal Generator.—Until recently, much difficulty
was cxperienced in making this type of measurement
at v.hf. due to the impure outputs of avauable
signal generators. It is not difficult to appreciate
that, if the output of signal generator “B” contains
components within the ideal acceptance band of the
receiver, the rejection ratio will appear to be less
than the true figure. So it is important that the
suppression of any such components should not be
less than the required rejection ratio of the receiver.

These unwanted components are caused in various
ways. Random noise may originate in the oscillator
or subsequent stages of the signal generator. If
amplitude modulation is used, harmonic distortion
of the modulating waveform may produce high-order
sidebands outside the channel bandwidth. Such
sidebands can also be caused by microphony, which
effect'vely produces both a.m. and f.m.

Good short-term stability is also essential.
Although the carrier frequencies are in the v.h.f.
range, it is necessary to maintain the tuning to
within a few per cent of the channel width. In
other words, for reliable measurement, facility for
tuning in small increments with an accuracy of a
few hundred c/s is necessary. So it is evident that,
at the higher frequencies used, the maximum drift
that can be tolerated is of the order of 0.0025% of
the carrier frequency during the time taken to make
a2 measurement—say 10 min.

These essential requirements for high stability
and purity are, in general, not met by the standard
type of v.h.f. signal generator. Therefore Marconi
Instruments, Ltd., devcloped a special narrow-
deviation version of their f.m./a.m. signal generator
—type TF 995A/5-—which is suitable for these
acceptance tests and laboratory measurements on
mobile receivers. This signal generator and the
problems that led to its development are described
in some detail elsewhere™ “. It is a signal generator
of the type employing a single-range oscillator fol-
lowed by a series of harmonic-multiplier stages. The
basic electrical arrangement of both signal generators
is shown in Fig. 2.

There are several v.h.f. signal generators of this
basic form available, a form which is very suitable
for general v.h.f. work. Not only does the arrange-
ment permit the use of the reactance-valve type
of frequency modulator; also, due to the application
of amplitude modulation to an output stage which
is virtually isolated from the oscillator, an a.m. signal
can be produced which is sensibly free from f.m.
Furthermore, the frequency modulator of an f.m.
signal generator offers a convenient means of pro-
viding a calibrated fine frequency control by the
application of a variable direct-potential bias.

The TF 995A/5 signal generator employs a vari-
able oscillator covering the frequency range 4.5 to
9.16 Mc/s. This is followed by a frequency-trebler
stage and three doubler stages in cascade. Range
switching is accomplished by selecting the output
of the appropriate multiplier and feeding it to the
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resistive output attenuator. These stages produce
four 2:1 frequency ranges covering from 13.5 Mc/s
to 216 Mc/s, and an if. range covering 1.5 Mc/s to
13.5 Mc/s is provided by beating the output from
the first doubler stage with that of a fixed frequency
30-Mc/s oscillator.

A very high order of frequency stability is another
requirement; this has been met by the use of tem-
perature-compensated components and the drift has
been reduced to 0.002% in a 10-min interval.

Random noise in the r.f. oscillator is inversely
proportional to the Q of its tuned circuit. This
is inevitably reduced to some extent by the loading
of the reactance valve. However, the maximum
deviation required for mobile-radio use is 15 kc/s,
compared with 75 kc/s for general purpose use; and
advantage has been taken of this reduction in
maximum deviation to reduce the coupling between
the reactance valve and the oscillator, so achieving
an improvement in circuit Q. This improvement,
together with the use of low-noise valves, has re-
duced the random noise to a level well below the
maximum permissible.

-The instrument is equipped with a special directly
calibrated incremental-tuning arrangement com-
prising a switched potentiometer for coarse adjust-
ment of frequency and a continuously variable fine

control which varies the screen-grid potential of the
oscillator itself. This control enables the operator
to tune accurately to the centre frequency of a
receiver’s acceptance band with the incremental
tuning contrels set to zero. A simplified diagram
of the tuning arrangements is shown in Fig. 3.

These facilities are of considerable importance
when the instrument is used for the two-signal
method of measurement. In order to tune the signal
generator to the “interference ” or adjacent channel
frequency, the operator first tunes accurately to the
receiver frequency and then changes the signal
generator frequency by the specified separation,
using the calibrated incremental controls. This
would be very difficult without the special incre-
mental tuning system.

In order to meet the requirement that the “inter-
ference ” signal should be modulated at a different
audio frequency from the “wanted” signal, the
Marconi TF 995A/5 gives the choice of three
switch-selected modulating frequencies. Attention
has been given to the purity of the modulating
waveforms to prevent high-order sidebands on a.m
and the f.m. content is naturally very small.

General Maintenance of Mobile Receivers
In signal generators for the general maintenance

control. There is also an uncalibrated fine-tuning of mobile receivers the requirement for a high-
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