EDITORIAL COMMENT

]NFORMATION THEORY AND BROADCASTING

Broadcasting techniques are now pretty well established, both on the
engineering and programme sides. 'But, all the same, it might be a
worth-while New Year’s resolution for broadcasters to decide upon a
re-examination of these techniques in the light of information theory.
That theory, it will be remembered, did not originally concern itself
with the meaning of the message or symbols transmitted. Of recent
years, however, there has been a growing tendency to widen the scope
of the theory, even to the extent of trying to fit the human mind into
its place as a link of calculable capacity in a chain of communication.

There is already quite a formidable and highly esoteric literature on
this widened aspect of information theory. “Formidable” seems to

_ be a singularly appropriate word in this context; any attempt directly
to apply the principles enunciated to say, the improvement of broad-
cast programme techniques, leads us into deep and turgid waters. But
even an unsuccessful attempt may bring up useful ideas.

For instance, the rate at which the human mind can assimilate infor-
mation is always strictly limited, though it varies with the individual.
This truism is brought out in an easily digestible form (though it must
be admitted with no reference to information theory) in Professor
Kapp’s book* on technical writing. All the author’s principles are
applicable to some extent to the presentation of any kind of factual
information (as opposed to imaginative writing or speaking) whether
by the written or spoken word. The information in many broadcast
talks seems to us to be presented at a rate that is far too high for the
medium of communication. Some of them, indeed, can hardly be
assimilated at a first reading when they are reprinted in The Listener,
except perhaps by specialists. '

What appears to be another fundamental misuse of broadcasting,

 considered purely as a means of communication, is the employment of
it for disseminating information of purely local interest. ~Surely that
is a function that can be much better carried out by local newspapers.
The inhabitant of, say, a small town is almost certain to waste a vast
amount of time in waiting for news of happenings in his own little
community—if it ever comes. And, taking the South-Eastern broad-
casting region of England, what common denominator of local interest
can be found to link a London suburb, a New Town, a cathedral city
and a secluded village?

This technically indefensible use of the radio medium for parish
pump broadcasting, though representing an error of principle, is not
highly significant in volume. On the wider issue, much of the
philosophy behind the concept of regional programmes, to which the
B.B.C. has long been devoted, seems to be based on an almost equally
serious misconception of the proper use of the radio medium. For a
small country like England, surely radio is essentially adapted to dis-
tributing material of nation-wide interest. For example, a high pro-
portion of listeners served on medium waves by the West Region must
feel a much closer affinity with London than with the robust and rural
West Country.

* “The Presentation of Technical Writing” by R. O. Kapp. Constable.
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Single-heam Colour Tuhe

0NE of the main brakes on the development of

colour television at present is the absence of a really

cheap .and simple colour display device that will
make possible a low-cost receiver. It is doubtful
whether the well-known three-gun shadow-mask tube
is the best basis for this. Not only do three guns
add to the expense of manufacture but they bring
with them all the problems of registration (which are
by no means solved in existing designs) and necessi-
tate two extra wideband video cutput stages capable
of plroviding about 100 volts swing and a stable black
level. : )
Fundamentally, what is required is a single electron
gun controlled by a brightness signal, and a screen

SCREEN (27kV)

COLLECTOR (30kV) %
== SECONDARY |
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~

WRITING AND
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Principle of operation of the INDEXING

beam-indexing tube (details TIVE

not to scale). Plan view. ICK-UP
COATING

consisting of a mosaic of differently coloured phos-
phor dots or strips, with some mechanism which
ensures that the spot excites only appropriately
coloured dots or strips depending on the colour
signal.

The Chromatron, or Lawrence tube, is one device
that goes some way towards the ideal (see July,
1953, issue, p. 329). Another, more recent, design
is a single-beam tube developed by Philco in
America which has hitherto been known by the code
name “ Apple.” . In this, as shown by the figure, the
screen comprises a pattern of vertical phosphor strips
arranged in the cyclic order R G B R G B, etc.
There is no internal structure comparable with the
shadow-mask in the three-gun tube or the colour-
controlling grid in the Chromatron, but on the inside
face of the aluminium film backing the phosphor
strips there are strips of magnesium oxide which
register with a particular one of the phosphor strips.

The principle of operation here is that the incom-
ing colour information is switched to modulate the
tube according to the position of the beam. In other
words, when the beam is passing across the red phos-
phor strip the red signal is switched to the electron

2

gun, when the beam is on the green strip the green
signal is switched on, and similarly with the blue
strip.

In order to do this, some means must be incor-
porated for continuously giving information on the
position of the beam across the screen. This is
achieved by means of a “pilot” beam (travelling
parallel with the normal “writing” beam) in con-
junction with the magnesium oxide strips on the
screen. Magnesium oxide has a higher secondary
emission coefficient than the screen’s aluminium
backing, so that when the pilot beam crosses the
strips it produces a greater secondary emission cur-
rent than from the aluminium between; and a regu-
lar pulsation is obtained. The secondary electrons
are picked up by the conical collector electrode,
which is at 30kV relative to the screen’s 27kV.

The pulsation of secondary emission current gen-
erates a signal at the screen, which is taken off
capacitively by an external conductive coating. This
waveform is known as an “indexing ” signal and is
combined with the colour signal to gate the writing
beam at appropriate moments to produce the desired
colours.

In the absence of the colour signal the “ Apple”
tube produces a good black-and-white picture,
simply because the writing beam energizes all the
phosphors equally as it passes over them in rapid
succession. No critical adjustments are required as
in the three-gun tube, where the three separate beams
must be correctly aligned and matched to give satis-
factory colour—and monochrome—reproduction.

Tubes of this kind are known generally as “beam
indexing * tubes. The main advantage claimed for
the Philco version is that the task of maintaining
tight tolerances is relegated to the manufacturing
equipment rather than to the tube itself, where it
would have to be faced every time a tube is made.
Another important point is that no high-voltage
power is wasted through interception or deflection of
the beam by an electrode structure near the screen.
Technicians in this country have, however, com-
plained of a pattern of vertical dark lines on the pic-
ture which results from the screen construction. Full
details of the tube have been published in the
September, 1956, issue of Proc. I.R.E.

Tubeless Colour Television?

LOOKING forward beyond the single-beam tube and
the flat tube (described last month), many people believe
that the ultimate colour display will be a * picture-on-
the-wall ” device utilizing some solid-state phenomenon
such as electro-luminescence. This method of pro-
ducing light from phosphors by directly applied poten-
tials* is now being actively investigated, mainly for
lighting purposes and image intensification, but there is
no doubt that the research workers have their eyes wide
open for possible applications in television.

The problem of constructing such an electro-lumines-
cent colour display was raised by a speaker at a recent
Brit. L.R.E. lecture on the light amplifier given by Dr.
T. B. Tomlinson of G.E.C. It has been discovered that
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i stted from the phosphor can be made to
d}zle hghct:ofou:nwith different frequencies, of a.c. excita-
o angand the speaker suggested that this effect might
ggn ::xploited in some way. In reply Dr. Tomlinson

id that the change with frequency could only be
20c mplished between green and blue, and in practice
ihcgomgthod was only suitable for producing an overall

lour change in complete sheets of phosphor. )
COHe felt that a more likely solution would be a mosaic

o of screen made up of phosphor dots of different
tyI'pectro-luminescent materials, w1t1} some arrangement
gor activating the dots separately in synchronism with
the scanning DIocess. A method which has already
been suggested involves a matrix consisting Of‘horlzontal
wires on one side of the screen and vertical wires on the
other. Each phosphor dot is placed at the intersection

oint of an x wire and a y wire and, in theory, can be
activated separately by applying the appropriate voltage
10 these electrodes. Apart from the elaborate and high-~
speed switching system required for scanning the mat-
rix, one of the major difficulties, as Dr. Tomlinson

pointed out, would be the inevitable stray cross-coupling
between the electrodes.

Earlier, the lecturer had demonstrated ™ electro-
luminescent panels of different compositions giving blue,
green and orange lights. A good red, he said, was very
difficult to obtain chemically. Other problems to be
overcome were the low light efficiency and slow response
time of the phosphors to activation, but the efficiency
in particular was being steadily improved.

In discussing the light amplifier itself, Dr. Tomlinson
thought that it might possibly be incorporated in the
screens of conventional television cathode-ray tubes.
This would make possible lower velocity electron beams
and hence lower e.h.t. voltages and reduced scanning
power. However, one speaker who had seen an Ameri-
can light amplifier in operation said that, although the
amplification and picture quality were both good, there
was a considerable time lag in response which would be
a disadvantage on moving television images.

* See April, 1955, issue, p. 153.

Drilled-Ferrite Switching Circuit

AN unusual form of construction for two-state switch-
ing and computing circuits recently developed at the
Radar Research Establishment consists of a block of
ferrite with small holes drilled in it, with transistors
mounted on top so that their leads pass directly through
the holes. This has arisen from the need for switching
circuits which are small, reliable and economical in
operation. . .

The idea of using small, square hysteresis-loop
ferrite cores, with transistors to drive them from one
state of remanent induction to the other, is becoming
quite a well-known technique. Unfortunately it brings
difficulties in manufacture in that the tiny cores—which
are only 2mm across—require a great many turns of
fine wire to produce the necessary switching m.m.f.
from the small transistor driving currents.

The desirable simplification is a one-turn winding,
but to attain this it would be necessary to have a core
shaped like a thin-walled tube which would be capable
of being switched by a low m.mf. In the absence of
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Fig. 1. Construction of transistorymagnetic-cell two-state
elements arranged as a shift register.

such cores on the market, the nearest practical alter-
native that can be switched by low currents is the
“magnetic cell” or narrow hole drilled in a block of
ferrite. This principle was described by D. S. Ridler
and R. Grimmond at the recent LE.E. Ferrites Con-
vention (see December, 1956, issue, p.596), and the
RR.E. device was actually disclosed by G. H. Perry
In a discussion following the paper.

Fig. 1 shows diagrammatically the construction of a
group of the transistor/magnetic-cell two-state elements

WIRELESs WORLD, JANUARY 1957

arranged as a shift register. The change of flux in
each magnetic cell resulting from the switching action
causes a current to bé induced in a one-turn winding
connected to the base of the associated transistor. The
amplified current change at the collector is then passed
through a single-turn winding of the next magnetic cell,
which accordingly changes its state and applies an
induced current to the next transistor . . . and so om.
The action is initiated by a third single-turn winding
in each magnetic cell, which serves to introduce shift
pulses for moving the pattern of 0 and 1 digits along
the length of the register.

The three pieces of 37 s.w.g. wire passing through
each cell actually take the place of some 100 turns of
47 s.w.g. that are necessary on a conventional ferrite
core performing the same action. The only disad-
vantage in using the magnetic cell is that it does not
saturate. This means that the stored flux is largely
dependent on the applied current, so that the two states
are not so well defined and uncritical as in the ferrite
toroidal core.

Equipments based on the transistor/magnetic-core
element already give something like a 3,000:1 reduction
in power consumption over valve circuits and about
100:1 reduction in size.

Student Exchange

SINCE the foundation of the International Association
for the Exchange of Students for Technical Experience
in 1948, nearly 29,000 students from 22 countries have
taken advantage of the facilities provided by the
Association whereby they can obtain practical experience
abroad during the summer vacation. The 9th annual
report records that in 1956 a total of 5,711 students went
abroad under the scheme. By far the greatest numbei
was from Germany (1,284) with Great Britain second
(743). Sweden, who sent only 415 students abroad,
received the greatest nmumber (1,305) with Germany
second (1,019). A total of 774 overseas students came
to this country.

Although the radio and electronics industry is not
given a separate classification—it is included in electrical
engineering—it is obvious from the lists of the parti-
cipating companies and research organizations in this
country and abroad that a large number of them are in
this field.

Details of the Association are obtainable from J.
Newby, Imperial College, South Kensington, London,
S.W.7.
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IN BRIEF

Receiving Licences.—During October the number of
television licences current in the UK, increased by
151,299, bringing the total to 6,291,072. The total
number of broadcast receiving licences, including those
for television and 310,301 for car radio, was 14,419,741.

Test transmissions from a 1-kW pilot transmitter will
begin on March 1st from the site of the first Scottish
LT.A. station at Black Hill, Lanarks. The station will
operate in Channel 10 (199.75 Mc/s vision and
196.25 Mc/s sound) although the carriers will actually
be offset by —19.5kc/s and —10.5ke/s, respectively.

In preparation for the opening of the Scottish LT.A.
station at Black Hill, Lanarks., at the end of August, the
programme contractors, Scottish Television, Ltd., are
arranging a series of weekly exhibitions from February
to June in the principal burghs to be served by the
station. The Scottish Radio Retailers’ Association is
participating, and advice on the conversion of existing
sets will be given to enquirers.

Lichfield Increased Power.—By adding 20-kW
amplifiers to both the sound and vision transmitters
at Lichfield the e.r.p. of the L T.A. station was increased
on November 23rd to 200 kW. Duplicate sets of trans-
mitters were previously operated in parallel to bring the
e.r.p. up to 100kW, The spare sound and vision trans-
mitters are now being kept as standbys in case of
breakdown of the main equipment. All the transmitting
equipment at Lichfield was designed and installed by
Pye, Ltd.

The B.B.C.’s eighth v.h.f, sound broadcasting station,
Holme Moss, was brought into service on December
10th. It is radiating a three-programme service on 89.3,
91.5 and 93.7 Mc/s with an e.r.p. of 120kW. The six
10-kW transmitters (two for each service) were installed
by Marconi’s.,

Four of the seven gold medals awarded to British
manufacturers for goods displayed at the California
State Fair, held in Sacramento in September, were
won for radio and electronic equipment. Two of the
medals went to Trix. Electrical for their Trixonic
amplifier 800 and record player A720, one to Pye for
their “ILeadsman” echo sounder, and one to Fonadek
for their telephone amplifier. The medals were pre-
sented at a conference of the Dollar Exports Council by
the Minister of Economic Affairs at the U.S. Embassy.

Sea-going trials of Gee (the Cossor hyperbolic navi-
gational aid) have shown that sea-level ranges up to
300 nautical miles from coast chains can be relied upon.
This was accomplished using the South Western chain
which operates on a frequency around 25 Mc/s. The
long range is attributed to tropospheric propagation.

Ferranti-Ekco Link.—Domestic radio and television
receivers with the Ferranti trade mark will, in future,
be marketed by a new company being formed by E. K.
Cole, Ltd.

The scope of this year’s Radio Society of Great
Britain exhibition is to be widened considerably and
the title changed to Radio Hobbies Exhibition. It will
be held in October at Seymour Hall, Seymour Place,
Tondon, W.1, and is again being organized by P. A.
Thorogood (G4KD), who is chairman of the London
u.h.f, group.
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JUBILEE of the invertion of the triode valve by Dr. Lee
de Forest is commemorated on this franking on a recent
letter from the United States.

American Facts and Figures.—Dr. W. R. G. Baker,
head of the General Electric Company’s Electronics
Park, at Syracuse, N.Y., in a review of the progress of
the electronics industry, stated that one out of every
forty jobs in the United States is in electronics, and that
759% of these did not exist ten years ago. Moreover,
whereas the electrical industry in the States approxi-
mately doubles every ten years, the electronics in-
dustry is doubling every five or six years. Dr. Baker
forecast that the use of semi-conductor equipment will
increase 100% in the U.S.A. during 1957. Incident-
ally, during the past ten months the price of G.E.
transistors has been reduced 35%.

« W.E.” Editorials.—For nearly 30 years Professor
G. W. O. Howe contributed editorials to our sister
journal Wireless Engineer (now Electronic & Radio
Engineer). An index to these contributions, including
chronological, author and subject indexes, was com-

_piled by Dr. A. J. Small, of the Department of Elec-

trical Engineering at Glasgow University, some two years
ago. An addendum bringing it up to date has now been
prepared, and this, together with the original index
(covering the period January, 1926, to March, 1955, the
last of his regular editorials) is obtainable from Dr. Small,
price 5s. )

The Radio Trades Examination Board has issued a
reminder that the closing dates for entries for this year’s
Servicing Certificate Examinations are January 15th for
television and February 1st for sound receivers. Forms
and regulations for the examinations, which will be held
in May, are obtainable from the R.T.E.B., 9, Bedford
Square, London, W.C.1.

Danish TV.—The information regarding Denmark
included in the E.B.U. television map on page 605 of
the December issue was incomplete. Three trans-
mitters have been in use for the past eight months—
Copenhagen (5kW), Fyn, near Odense (5kW) and
Aarhus (2.5 kW).

“ Audio-Frequency Response Measurements,”—The
equipment described under this heading in our
December, 1956, issue was developed by the staff of
Grundig (Great Britain), Ltd., in the company’s
laboratories.

Two nine-week courses on digital computers and on
colour television will be held at the Southall Technical
College, Middlesex, on Wednesday evenings, beginning
January 16th. An eight-week course on experimental
servomechanisms will also be held on Wednesday even-
ings, beginning February 6th. The fee for each course
is £1.

A radio and television maintenance and servicing
course will again be held during the spring term’ at the
Wesley Institute, Wesley Road, London, N.W.10, on
Monday evenings, beginning January 7th. (Fee £1)

Transistors.—An evening course of eight lectures on
transistor physics and transistor applications commences
on Thursday, February 7th, at the South-East London
Technical College, Lewisham Way, London, S.E.4.
(Fee £1.)

Eight lectures covering the theory and practice of
electronic instruments used in chemical analysis will be
given at Battersea Polytechnic, Battersea Park Road,
London, S.W.11, on successive Wednesday evenings
commencing February 6th. (Fee £1.)

Most of the courses set out above deal with the
technology of electronic communication, But, before
information can be communicated, whatever the
means, it must be clothed in words. To find the best
words for the job becomes more and more difficult as
the complexity of life increases. Managements of firms
are realizing to an increasing extent that clear presenta-
tion of information, technical and otherwise, by their
employees is important. Courses of instruction in
various aspects of this subject are offered by Osmond
Turner Mead Associates, of 3, Gower Street, London,
W.C.1. A booklet describing the courses is issued.
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Limiters and Discriminators

|—Wide or Narrow Bandwidth

By G. G. JOHNSTONE, Bsc.x

WE shall begin by considering the bandwidth
required in a discriminator, more especially in view
of the arguments put forward by Prof. Arguimbau
and his colleagues in favour of wide-band discrimina-
tors,

If two f.m. signals interfere, they may be on the
same carrier frequency (i.e., co-channel) or on
nearby carrier frequencies (i.e., adjacent channel).
Briefly Arguimbau maintains that in the presence
of co-channel or adjacent-channel interference, the
interfering- signal will produce unwanted audio
output even when the difference between the
frequencies of wanted and unwanted signals is above
the audible limit. The two signals add together to
produce a composite signal which varies in ampli-
tude and frequency according to the relative magni-
tudes and frequencies of the two signals, This is

Fig. I. Vector diagram
of wanted signal ()
and interfering signal
(a) with a small fre-
quency difference.

shown in the vector diagram of Fig. 1, where the
ratio” of the amplitude of the unwanted signal to
that of the wanted signal is @¢:1. The wanted-
signal vector is assumed stationary and the unwanted-

_ signal vector rotates at a relative angular frequency
wg, which corresponds to the difference f; between
the frequencies of the two signals.

The magnitude of the resultant, R, varies between
(1 +a) and (1 — @); this amplitude modulation
can be removed by limiting and need not concern
us further. The phase displacement (¢) of the result-
ant swings between the limits indicated by the
dotted lines in Fig. 1. The phase displacement
can be calculated and, since the instantaneous
frequency shift is equal to 1/2» times the rate of
change of phase angle, i.e., f = w/27 and-w = d¢/dt
we can determine the frequency shift at any instant.
The calculation is straightforward, but rather long,
and it is sufficient for our purpose to note that the
interfering frequency-modulated signal has the
form shown in Fig. 2. The peaks at « occur when
the vectors are in line as at A in Fig. 1; the
peaks at 8 occur when the vectors have the position
Bin Fig. 1. The peak value of the frequency shift

o is given by afy/(1 + a) and at B by af,;/(1 — a).
Thus as the ratio of unwanted signal amplitude
approaches that of the warted signal @ approaches 1

* B.B.C. Engineering Training Department.
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Basic Equivalent Circuits

The Round-Travis Discriminator

and the peak shift 8 becomes very large. The positive-
going and negative-going excursions of the wave-
form of Fig. 2 have a different form but the areas
included between the curves and the horizontal
axis are equal, the mean resultant frequency shift
is zero and there is no d.c. component in the output
of the discriminator, provided that the discriminator
is linear over the range of frequency excursion.

The period of the wave of Fig. 2 is 1/f; and, if
the frequencies of the two signals differ by more
than the highest audio frequency, there will be no
audible output under the steady state conditions
postulated. If the frequency difference is less than
the highest audible frequency, there is a heterodyne-
whistle; this is true whether the discriminator
is “ wide-band >’ or not.

To carry the argument furthber, suppose the
difference between the frequencies of the two
signals exceeds the highest audible frequency and the
discriminator is narrow band. As the unwanted-
signal amplitude approaches that of the wanted
signal the ratio a tends to unity and the peak fre-
quency shifts become progressively larger, tendmg
to a limit of f;/2 in one direction and infinity in the
other, We shall concentrate on the peak at 8 because
this is always greater than that at «. For an idealized
narrow-band discriminator characteristic of the
type shown in Fig. 3, the peaks at 8 are ¢ clipped »
as shown in Fig. 4. The areas under the positive-

%a— -——— --_—/.\ m---— —-;I-ME

ﬁ

Fig. 2. Form of frequency modulation produced as a result
of the conditions shown in Fig. |

T FREQUENCY

Fig. 3. |Idealized narrow-band discriminator character-

istic.
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for FM. Receivers—

A GREAT deal has been written about the performance of various types of limiter and discriminator for use in f.m.
receivers, but much of this information is contradictory and the choice of a limiter and discriminator for a particular
application may appear difficult, particularly to the newcomer to the subject. It is the purpose of this and subsequent
articles to discuss the performance of the basic types of limiter and discriminator in an attempt to clarify the subject.

The discriminators to be discussed fall into six classes: (I) the Round-Travis (2) the Foster-Seeley discriminator
(3) the ratio detector {4) the locked oscillator (5) the phase-difference comparator and (6) the counter. Types (3)
(4) and (5) have a degree of inherent limiting action.

The types of limiter to be discussed comprise (1) the grid limiter (2) the anode limiter (3) the dynamic limiter and
(4) the ** clipper.”
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Fig. 4. Clipping of the frequency peaks by the characteris- ~J_ 1.3
tic of Fig. 3 results in a displacement of the average
frequency.

going and negative-going portions of the waves are
row no longer equal. There is a shift in the average
frequency and a d.c. component in the output from
the discriminator; it is shown in dotted lines in Fig.
4. If now the unwanted signal is modulated, its
frequency swings about the mean value and the TIME
difference between the frequencies ot the two
signals alters correspondingly. The waveform of
Fig. 2 now becomes that shown in Fig. 5(a); for
comparison the graph of the frequency difference is
shown at Fig. 5(b). If now the waveform of Fig. 5(a)
is “clipped  as indicated by the dotted line, the
dc. component has superimposed blips” as
shown in Fig. 5(c). These have the same repetition
rate as the modulating signal, and have components
at multiples of the modulating-signal frequency.
This represents cross-modulation between the two Fig. 5. (a) Waveform when the unwanted signal is
received signals-accompanied by distortion. With a modulated by a sine wave. The frequency difference is
“wide-band >’ discriminator there is no clipping shown in (b), and the distortion product due to clipping
and this effect does not occur. is shown at (c).

We may summarize the conclusions of the previous
paragraphs as follows. In receiving co-channel
signals some interference is inevitable because the
difference between the frequencies of the two
signals must, for part of the time, lie within the
audio frequency range; this effect occurs whatever
type of discriminator is employed. The peak hetero-
dyne output is given by afs/(1 — a) which decreases
rapidly as g falls below unjty and the stronger
signal rapidly ¢ swamps’ the weaker as the ratio
of the amplitudes of the signals a departs from
unity; this is, of course, the well-known  capture

FREQUENCY DIFFERENCE

CLIPPING ~——>

(<)

el

MEAN OUTPUT DUE TO

TIME

o
160 /e

. .

INCREASING
\ DISCRIMINATOR
V' BANDWIDTH

IGNAL |

V)

INTELLIGIBILITY

effect, D R

For signals on adjacent channels the difference == @ = RaTio SIGNAL!
between the frequencies of two carriers is always SIGNAL 2
greater than the highest audible frequency; there is
no cross-modulation if a wide-band discriminator Fig. 6. Interference between signals on adjacent chanels
is employed. This is illustrated in Fig. 6 which as a function of discriminator bandwidth.
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shows that for an infinite bandwidth only the
stronger signal is received even if its amplitude is
only slightly greater than thet of the other; but as
the bandwidth is made smaller, the ratio of signal
strengths for which interference is experienced
becomes greater,

The behaviour of a discriminator toward ignition
interference can be deduced by similar arguments.

~—
3 INTERFERENCE

SIGNAL T
(b)

AMPLITUDE

| ——

N—— T
(2)
Fig. 7. (a) Waveform of i.f. output due to a pulse of

inte*f>rence and (b) vector reiationship of signal and
interference.

2 Fig. 8. Frequency shift
] ‘(and hence discriminator
output) due to inter-
Time ferenze of the form of
\/ Fig. 7(a).
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Fig. 9. Signallnoise ratio with impulsive interference for
(a) wide-band and (b) narrow-band discriminators.

Fig. 10. Unidirectional
double pulse produced
in the discriminator
output in some cases
when the interfering
pulse amplitude exceeds
that of the carrier.
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Fig. Il.  When the
interference pulse coin-
cides with a peak of
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modulation,  clipping

may remove part of the

pulse and increase
CREEERE noise.
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The waveform of a pulse of interference is modified
in the i.f. amplifier to a shape similac to that shown
in Fig. 7(a). The shape of this pulse varies little
with the source of the interference, but depends
almost entirely upon the characteristics of the
i.f. amplifier itself. The duration of the pulse is
very short, approximately 7 microseconds for an
i.f. bandwidth of 200 kc/s. The figure shows the
envelope, which modulates a ‘ carrier > at the centre
trequency of the if, amplifier, which we shall
assume equal to the signal carrier frequency. The
signal carrier and interference carriers may have
any phase angle with respect to each other, because
tke exact moment of incidence of the interference
pulse is fortuitous. Thus the signal and interrerence
carriers add as shown in Fig, 7(b); the phase angle
between the carrier vectors ¢ has been arbitrarily
selected. The interference signal vector grows and
decays as shown in Fig. 7(a). Consequently, if the
ratio of peak interference envelope to the peak carrier
is small, the phase angle of the resultant follows a
wave similar in shape to that shown in Fig. 7(a).
The rate of change of phase angle, and hence the
frequency shift then follow a curve of the type
shown in Fig. 8. When the number of tuned circuits
preceding the limiter exceeds four, the maximum
value of the frequency shift due to the intecfering
signal is given approximately by 4aF where a is
the ratio of the peak value of the interfering signal
to that of the carrier, and F is the bandwidth
measured between 3-dB points.  The aadible
noise output is proportional to the net area under
the frequency-shift envelope, and hence to a.
However, the area uader the positive-going excur-
sion is nearly equal to that under the negative-
going excursion and the net area is small. The
spectrum of this output rises linearly with frequency,
and the output has the sound of a ““click.” If a
succession of constant-amplitude impulses are

presented to the receiver, the magnitude of the

output pulses varies with the relative phase angle
between the carrier and the interfering signal at the
occurrence of each impulse. If the amplitude of the
interference signal is less than that of the carrier, a is
less than unity and the signal-to-noise ratio falls
linearly with a, as shown in curve (a) of Fig. 9. If
the amplitude of the interfering signal exceeds that
of the carrier, a is greater than unity and a new
mechanism comes into play by which some of the
output-signals have the form of sharp spikes, each
pulse of ignition interference producing two spikes
of the same polarity;as shown in Fig. 10. The net
area beneath the curve is now no longer small. The
spectrum of this waveform is level over the a.f. band
and the output has the sound of a “ pop.”” For such
high-amplitude interfering signals, as the amplitude
of the interfering signal is increased the signal-to-
noise ratio falls abruptly and thea levels off as shown
in curve (a) of Fig. 9.

Consider the effect of reducing the discriminator
bandwidth on impulsive interference of this type.
If a is less than urity, and the signal is at one extreme
of its frequency swing, one of the peaks due to
impulsive interference in the discriminator output
signal may be clipped as shown in Fig. 11. The net
area increases and the signal-to-noise ratio is poorer
than for a wide-band discriminator as shown in
Fig. 9 curve (b). On the other hand, in the region
where a is greatet than unity, a reduction in dis-
criminator bandwidth causes the amplitude of the
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spikes (Fig. 10) to be
reduced and the signal-
to-noise ratio is better
than for a wide-band
discriminator. Thus for

Fig. 12. The basic phase-
difference discriminator
transformer (ad) may be
represented by either of the
equivalent circuits (b) or (c).

impulsive interference a
narrow-band discrimina-
tor is anadvantage because
the worsening of the

r
I
signal-to-noise ratio in 2

the region where this ratio
is good in exchange for
an improvement in the
area where it is bad is in
general desirable. Thus

LI - LPLs

we may summarize the
conclusions so far reached
as follows:

(1) - If the principal
source of interference is
co-channel and adjacent

L$_4Lp
¢’ = Cp—aCs

Ry R
R = P S

Rs—4R,

channel, a wide-band
discriminator is best.

(2) If the principal
source of interference is
of the impulsive type; a
narrow-band discrimina-

T, IS CENTRE-TAPPED
“IDEAU TRANSFORMER

tor is best.

In this country co-
channel and adjacent
channel interference
would not appear to

LyL
L" pls
alp—Lg

present a serious problem,
and heuce ignition inter-
ference may be the
principal type of inter-
ference to be overcome.
In U.S.A., however,

I(“)
o

C”’Cs— :

4R, R

”n
R 4Rp—Rs

_ignition interference is
probably less troublesome .
than co-channel and

adjacent-channel inter-
ference. Thus it
would appear that

British and American practice in discriminator
bandwidth may tend to diverge, with a tendency in
Britain to use narrow bandwidth discriminators.

We shall now consider the performance of dis-
criminators in detail and in the subsequent discussion
we shall make extensive use of one or other of two
equivalent circuit diagrams for the phase-difference
discriminator transformer, Fig. 12(a), used in the
Foster-Seeley discriminator and the ratio detector.
These equivalent diagrams are shown in Figs. 12 (b)
and (c), and their derivation is given in the Appendix.
Depending on the constants of the original circuit
only one of the two equivalents is physically realiz-
able. The equivalent circuit for one special case
reduces to two tuned circuits fed with equal currents,
and resonant at frequencies equally displaced from
the centre frequency of the transformer from which
they are derived. Thus the Foster-Seeley and
Round-Travis circuits shown in Fig. 13 have identical
performances, This circuit transformation simplifies
the analysis of the Foster-Seeley discriminator and
the ratio detector and we shall analyse the per-
formance of the Round-Travis circuit in detail in
order to extend the results to the Foster-Seeley and
ratio detector circuits.

Round-Travis Circuit. In this discriminator two
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(b)

Fig. 13. Identical performances are given by these forms of
(a) the Foster-Seeley and (b) the Round-Travis circuits
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Fig. 14. Dependance of shape of discriminator character-
is*ic on the value of x;.

+HT

50pF
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Fig. 15. Basic practical Round-Travis circuit.

tuned circuits are employed, one tuned to a frequency
slightly above the centre frequency and the other
tuned to a frequency an equal interval below the
centre frequency. This circuit has appeared in a wide
variety of forms, the variations being principally in
the method of applying the signals to the two circuits.
We shall consider the circuit in its general form,
where the driving stage is represented by a constant
current generator. as shown in Fig. 13.

We can write the response of a tuned circuit,
comprising L., C, and R in parallel as
1 1 1 .
Z~-R L T7C
In the frequency range near resonance (w,) We can
write » as (w, + dw), where dw is small compared
with @, Using this substitution we can make the
approximation that

1 . 1 dw 1
7=R + 2jdwC R + 2 o el
=(14+ yda . _13__>,/R
wy | woL
If we let x = 2Qdw/w,, where Q is R/w L, then
Z = R/(1 + 7x)

in which x is a variable directly proportional to the
frequency shift.

If one tuned circuit is tuned above the centre
frequency and displaced by an amount x = x, and
the other is tuned below and displaced by an amount
x = — x, we can represent the impedance of the two
circuits at any frequency in the neighbourhood of the

12

centre frequency . by Z, = R/[1 +j(x — x,)] and
Z, = R/[1 — j(x + x,)] respectively.

The two diodes rectify the voltages developed
across each tuned circuit independently, as shown in
Fig. 15, and for 100% rectification efficiency, the
output voltage is equal to the difference between the
peak values of the voltage developed across each
tuned circuit. If I is the peak value of the input
current the output voltage is given by

E = IR[{l + (x — x4 —{1 + (x + %)%}~
A family of curves for various values of x,, is shown
in Fig. 14. These are the output-voltage frequency-
shift curves for the discriminator, and ideally should
have a linear region about the centre frequency. As
shown in Fig. 14, for small values of x; the char-
acteristic has continuous curvature and small peak
separation. Larger values of x, give better linearity
and grester peak separation, but above a critical
value of x, the characteristic develops a kink near the
centre frequency. Thus there would appear to be
an optimum value of x;.

The expression for E given above can be expanded
as a series in ascending powers of x. The expansion
is symmetrical about x = 0, and contains odd powers
of x only. We can thus write

E=ax + ax® +ax® ...
The first term represents the required output, i.e.,
an output varying linearly-with frequency shift. The
other terms indicate non-linearity, producing har-
monic distortion and intermodulation in the output.
This distortion can be minimized by making aj/a,,
as/a,, etc., as small as possible.

The evaluation of a,, a; a; in terms of x; is
straightforward but tedious. The values of the first
three coefficients are:

a; = 2x(1 + x,°)~3

a; = x,(2x,2 — 3)(1 + x,%) -¥

as = $x,(8x,* — 40x,® + 15)(1 + x,%) - %
From these expressions we have

as/a; = 3(2%,2 — 31 + %%

as/a, = }(8x,* — 40x,+15)/(1 + x%?
To minimize distortion, we can choose the value of

an.

APPENDIX

THE derivation of the equivalent circuit for a
phase difference discriminator transformer, Fig. A
on the opposite page, is obtained by the successive
manipulation of the portions enclosed by dotted
lines. In Fig. B. the secondary circuit comprising
Ls, Cs, Rg is transferred to the primary side of
the ““ideal ” transformer T1; this transformer has a
centre-tapped secondary, providing the two voltages
of opposite polarity in series with the primary volt-
age. In Fig. C, the “T” network is converted to
“z” form. In Fig. D1 the terminations of the
“ . * network are made equal. If the terminations
are made equal to the secondary components,
the sequence follows through Figs. D1 to HI,
and if to the primary components through Figs.
D2 to H2.

In Fig. E, the “#” network is transiated to a
lattice by means of Bartlett’s Bisection Theorem.
Figs. F show Figs. E re-drawn. Figs. G show
Figs. F re-arranged by the introduction of trans-
former T2, also of 1:1°1 ratio. Figs. H are Figs.
G with transformers T1 and T2 combined into
transformer T3. Figs. J show Figs. H re-drawn.

The derivation of these equivalent circuits is
an extension of the treatment due to H. Marko
(Frequenz, January, 1952).
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x; which makes one of these ratios zero; it is usual to
make a, = 0, because this is the dominant distortion-
producing term for values of x less than unity. This

gives x, = /1.5, and the expression for output
voltage becomes
E = IR(0.62x — 0.055x% . . .)

For this value of x,, the useful extent of the char-
acteristic is limited to values of x of less than unity.
This is illustrated in the calculation below where it
is shown that the distortion rises steeply for greater
values of x.

To evaluate the distortion likely to be obtained
with this circuit arrangement, we shall consider an
input signal frequency-modulated by a signal of
frequency f, to a maximum swing of f; kc/s on each
side of the centre frequency. The value of x corres-
ponding to f, is represented by x; and is given by
x, = 2Qf,/fo.  Substituting the value xCoswyt
for x in the expression above gives,

E = IR (0.62x, coswst — 0.055x5wyt . . )
We can expand cos®w,t by means of the identity
cos® 0 = & (cos® 8 4 5 cos® 8.4 10 cos )
which gives
E = I R[0.62x, cosw,t — 0.0034x,° (cos®w,t -+
5c083w,t - 10 cos w,1)]
= IR [(0.62x, — 0.034x,%) cosw,t —
0.017x,% cos 3 wat — 0.0034 x,° cos®w,1)]

The amplitude of the fundamental-frequency
component is less for an ideal characteristic but the
reduction is small and will be ignored, the values of
x, being limited to approximately unity. ‘The
percentage of third-harmonic distortion is then given
b 0.017 x 100

Y
harmonic is one-fifth of this figure. For x, = 1, there
is 2.7 per cent third-harmonic and 0.54 per cent
fifth-harmonic distortion. The magnitude of the
harmonic distortion is proportional to x, and thus
falls rapidly if a lower value of x, is considered. Thus
reduced distortion can be obtained by using a lower
value of x,, but this in turn means a smaller output at
the fundamental frequency.

With a broadcast signal, the frequency deviation is
fixed at 75 ke/s. If it is desired to operate the dis-
criminator with 75 kc/s corresponding to x, = 1, the
parameters of the circuit are determined by the
relationship x = 2Q dflf,. With df = 75 kc/s at
x = 1, and a centre frequency (f,) of 10.7 Mc/s, the
value of Q is 71. The resonant frequencies of the
two tuned circuits are given by 10.7 (14-4/1.5/142)
Mc/s, i.e., 10.7 Mc/s &+ 92 ke/s. Such a discriminator
would have very little margin to allow for oscillator-
frequency drift and mis-tuning and a value x; = 1
corresponding to 100 kc/s would be better. The
circuit parameters are then Q = 53 with the resonant
peaks at 10.7 Mc/s 4 123 ke/s. For such a dis-
criminator at 75 kc/s deviation the third harmonic
distortion is 0.84 per cent and the fifth harmonic
0.17 per cent. If we assume that the two tuned cir-
cuits each employ a capacitor of 50 pF, the dynamic
resistance, R = Q/«C of the circuits is approximately
53 x 300 = 16 kQ. The input current, I, is the
peak value of the fundamental-frequency component
in the output of the preceding limiter stage; a
typical value is 1 mA. The peak audio output is
given by 0.62 IR x, and in the example chosen,
x, for 75 ke/s deviation is 0.75, giving a peak audio
output of approximately 7.5 volts. The inductance

and the percentage of fifth
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required to resonate at 10.7 Mc/s with 50 pF is
4.45 pH; final adjustment of the resonant frequencies
of the two circuits is made by means of dust-iron
cores in the inductor formers. To secure the correct
value of Q, the usual procedure is to design the coils
for a higher value of Q than required and add damping
resistors. The diode detectors provide part of this
damping equivalent approximately to R,/2, where
R, is the value of each diode load resistor. The basic
practical circuit is shown in Fig. 15; coupling wind-
ings to the two inductors are employed to isolate
the tuned circuits from the h.t. supply. In practice,
additional precautions are necessary to eliminate
the effect of the primary circuit capacitance.

The Round-Travis circuit offers no real protection
against amplitude modulation. The audio output is
proportional to Ix, where I is the input current,
and x is a measure of the frequency shift, If there is
amplitude modulation the magnitude of I varies,
butif x = 0, i.e., if the signal is at the centre frequency
there is no output due to a.m. For any other value
of x, i.e., if the signal is mistuned or frequency-
modulated, there is an output due to the amplitude
modulation. Because the output is proportional to
1x the a.m. and f.m. signals are multiplied together
and there is complete cross modulation. Thus a
circuit of this type must be preceded by a limiter
stage.

(To be continued.)
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Residual Magnetism in Recording Heads

MOST tape recorders incorporate a long-time-constant
smoothing circuit in the h.t. supply to the bias oscillator
to ensure that the h.f. current in the record/replay head
dies away slowly when the instrument is switched off.
This is necessary because any “d.c.” component of
remanent magnetism in the head is known to cause an
increase in background noise from the tape.

Unfortunately, the amplitude of hf. bias for best
results from the point of view of either low distortion or
high recording level is much less than is necessary to
drive the core to a state of magnetic saturation, so that
if by any mischance the magnetic state is carried beyond
the maximum represented by the bias the head will not
be automatically demagnetized.

Fortunately, the head can easily be demagnetized by
bringing up a strong (saturating) external alternating
field and then removing it slowly. This field can con-
veniently be provided by a small 50-c/s transformer
with an air gap arranged to coincide with the gap in
the recording head, but it is not too easy to devise suit-
able means with conventional components, due to the
smallness and inaccessiblity of most recording heads.

Wright and Weaire have recently developed a
« defluxer ” for this purpose in which projecting poles
are arranged to give easy contact with the face of the
record/playback head. The transformer is housed in a
cylindrical case which falls conveniently to hand, and a
press-button switch is provided for operation.

The “de-fluxer,” which can also be used for selective
erasure when editing tape records, costs £2 10s.
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