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INTRODUCTION

N this seventh edition of Hi-Fi Year

Book we make two major changes.
First, we accept the prodding of our many
regular readers, and retrace our steps (more
or less) to the point at which we first came
in—to 1956, Edition No. 1. In that year
book we published a series of very infor-
mative articles on almost all the subjects
which the book covered in directory form;
and we have been asked, annually, ever
since, to revert to that original line for
future editions.

In point of fact we have often tried to do
so, but many things have stood between us
and our intentions. For instance, in our
second edition (1957) we were caught up
in the complications which seemed to
envelop the whole business of “‘hi-Fi”’; and
reference to our first and second editions
will bear this out. 1956 saw the awakening
of the general public as a whole to a hobby
which had previously been the very personal
affair of a limited few. A dozen manu-
facturers suddenly appeared on the horizon
to join company with every one who had,
previously, laboured enthusiastically to
fill the demand. Scores of items of new
equipment demanded attention and recog-
nition.

*

Then came stereo. Then tape. Then
home construction. And so on. And
what we had originally planned to be a
fairly “leisurely’’ type of production got out
of hand and pulled us along with it.  And
also, in fairness to our own specialist con-
tributors (who by then were working over-
time in order to cope with our demands for
a newly established ‘‘Hi-Fi News”’) we were
forced to agree with them when they argued
with us that they were saying monthly, and
in full, what we were urging them to say

again annually. And so it was that the
‘“Year Book’’ developed more and more
into a catalogue of the available products,
with the addition of occasional informative
articles to cover the various sections, as and
when the genuine demand made them
applicable. Then, two years ago, with the
increasing overlap of the interests of audio
and cine enthusiasts, we introduced a Cine
Section. And that, finally, brought about a
drastic change of policy—for cine sound
also began to expand to a size and im-
portance that demanded that we must
either drop it entirely or do considerably
more justice to it.

*

This year, therefore, we have dropped all
cine subjects from the ‘‘Hi-Fi Year Book”’,
and have published a completely separate
¢“Cine Year Book’’ in its first edition. And
to make full use of the space thus vacated
we have endeavoured to cover the present-
day scene of Audio and Hi-Fi subjects
with full-length articles by experts. Some
of the writers are comparatively new to our
regular readers: others have been followed
for several years in this and our monthly
publications. Stanley Kelly has found
time to produce two welcome contributions
for this edition—on pickups and on micro-
phones; and his knowledge and practical
working experience with both need no
bouquets from us. George Tillett again
contributes a most informative article on
amplifiers. Arthur Wayne provides a
much needed clarification of the ‘‘tuner”
position. Ralph West writes once more on
speakers. Graham Balmain brings Deci-
bels under control and also strikes a new
and unusual line of approach to tape
recorders.



Each of these contributions is, in its own
way, a unique and valuable essay. There
is a gap of some six years between these
writings and those which surveyed the Hi-Fi
sCene as it was when we first published this
Year Book. In the intervening period
much has happened—not only in the
laboratories and the manufacturers’ pro-
duction departments, but also in the art of
sound recording and reproduction as a
whole. Though the production side of
things may truly be said to have ‘‘settled
down”’, enormous strides have been made,
in terms of thinking and of practical
development. ‘‘Hi-Fi Year Book’’ (1962
Edition) summarises all this in its cus-
tomary Directory Sections, and it also
brings its readers the very readable views,
discussions and thoughts which link up the
unspoken questions of the enthusiast with
the practical achievements of the industry.

*

It is universally accepted that “Hi-Fi”
equipment, as made in the factories of
England, is the best obtainable. It has
been our privilege to list and to present
the details of this equipment to the world
for several years in this annual.  We hope
that this seventh edition will be as useful
to its readers as.its previous editions have
proved to be, and that its revised editorial
policy will provide its regular followers

with even greater pleasure and valuable
reading material. To those readers who
have found the ‘““Cine Section” in our 1960
and 1961 editions a useful guide, we
apologise for its 1962 omission—but we
sincerely recommend to them the newly
created ‘‘Cine Year Book’’ which now deals
with the whole subject of Cine, in all its
sub-sections, far more comprehensively
than was ever possible in its previously
condensed form in the parent ‘‘Hi-Fi
Year Book”’.

*

In conclusion may we say that, to the
best of our ability, this edition carries as
complete and as accurate a summary of the
available products that a continuous and
co-operative association with the many
manufacturers has made possible. Also,
so far as it has been possible to do so, all
details of equipment have been listed and
illustrated under their appropriate headings.
We do, however, recommend that our
readers study the ‘‘post script’” pages
which we have included as an additional
service for manufacturers who were unable
to provide us with data by the press dates
laid down.

Whilst every effort has been made to
check all details and prices foraccuracy, and
to include all items of equipment currently
available on the market, no responsibilitycan
be accepted for omissions or inaccuracies.




THE DYNAMIC DECIBEL

By

“'T"HE DeciBel is a unit representing
electrical power ratio. One-tenth of a
Bel, q.v.”.

“The Bel is a dimensionless logarithmic
unit representing (originally) the ratio of
two electrical powers, and defined by the
expression:

P.
N = Log,, P_j Bels.

It is now used widely of ratios between
other electrical quantities and is also
applied to analogous relationships in
magnetism, acoustics, etc. The unit is
named after Alexander Graham Bell,
inventor of the telephone, in which industry
it was first used (under the name of “Trans-
mission Unit’) to replace the ‘standard
mile’ as a measure of loss in cables”.

And that, some would say, is all there is
to it. Yetit would be wrong and sometimes
misleading to consider Bels and deciBels
only in terms of the prosaic formula above.
Although there is little hint in these imagi-
nary glossary entries of their being anything
more than an engineering convenience
based on a mathematical device, the log-
arithm, the more romantic idea that they
are an explicit acknowledgement of a
natural law does clothe the bare sticks a
little by giving some logical background to
their use. One can’t always, so to speak,
see the wood for the logs. However, let
us start at the beginning.

x 10,000,000

By setting up suitable microphones,
amplifiers, voltmeters and other acoustical
engineering paraphernalia, we can measure
the intensity of sounds ranging from the
just-audible level at the ‘‘threshold of
hearing’”’ to an uncomfortable volume at
the “‘threshold of pain’’. On the average,
the intensity of the latter would be about
10,000,000,000,000 (ten million million)
times that from- the former, and this
evidently represents the possible variation
of useful sound level at our ears.

Yet who can say that the loudest bearable
noises actually sowund that much louder
than the quietest audible? Or that an
orchestral tutti, fortissimo, sounds twenty
million times louder than the softest

Graham Balmain

“threshold of pain’’.

violin solo, or normal speech one hundred
times as loud as a whisper?

It is in fact very difficult to judge loud-
nesses in terms of ratios at all. One finds
it much easier to think of differences;
thus one can fairly readily say that the
difference in loudness between sound
A-and sound B is about the same as that
between B and C, and so on. Various
investigators have in this way built up
scales of loudness differences covering the
whole useful range, a typical example of
which is reproduced in the table:

The typical sounds, though interesting
and perhaps wryly amusing, are not really
very helpful to us. What is useful is the
arrangement of the two left-hand columns
of the table, where the horizontal lines
are spaced to represent equal differences
in loudness, as detected by the ear. The
figures they indicate in the ‘Intensity’
column represent the corresponding
measured intensity ratios, expressed as
‘powers of 10° as well as in clear.

Add to Multiply

First, you will notice that wherever the
intensity is multiplied or divided by ten, a
corresponding constant amount is added
to or subtracted from the loudness. This
holds also for other factors, of course;



Intensity Loudness Scale Typical Sounds
10,000,000,000,000 = 10*® —— 13 Bels = 130dB | Threshold of pain.
1,000,000,000,000 = 10'2 —|— 12 Bels = 120dB | Jet Aircraft at 100 ft.
100,000,000,000 = 10! —|— 11 Bels = 110dB | Hammering on steel at 20 ft.
10,000,000,000 = 10*® —|— 10 Bels = 100dB | Pneumatic drill at 20 ft.
1,000,000,000 = 10° —|— 9 Bels = 90dB | Diesel truck at 15 ft.
100,000,000 = 108 —|— 8 Bels = 80dB | Very loud radio.
10,000,000 = 10 —|— 7 Bels = 70dB | Busy city street.
1,000,000 = 108 —|— 6 Bels = 60dB | Noisy office.
100,000 = 105 —|— 5 Bels = 50dB | Normal speech.
10,000 = 10* —|— 4 Bels = 40dB | Average house.
1,000 = 102 —|— 3 Bels = 30dB | Whispered speech.
100 = 102 —— 2 Bels = 20dB | Quiet country garden.
10 =10 —|— 1 Bel = 10dB | Minimum outdoor noise.
1=10° —— O0Bels = 0dB | Threshold of hearing.

in general, equal intensity ratios result in
equal loudness differences.

Second, you will see that the powers
of 10 for each ratio also change by equal
amounts for equal differences in loud-
ness, and they would therefore serve well
as units in a loudness-difference scale. In
fact they are already wused as such; the
intervals between them are each one Bel,
corresponding to an intensity ratio of 10.
Thus for instance 2 Bels means a.ratio of
100, 4 Bels means a ratio of 10,000, and
13 Bels covers the whole useful intensity
range of 103:1. However, these units are
inconveniently large for practical work, so
they have been divided each into ten deci-
Bels (dB), which have become the familiar
working units. This gives us the loudness
scale in the middle column of the table.

Eleven minus one plus

Readers whose school mathematics has
not escaped them entirely will probably
remember that the power to which 10 is
raised to produce a given number is called
the logarithm of that number. The loud-
ness scale is therefore a logarithmic one,
and since it was constructed from listening
tests, it follows that the hearing sense
itself must have a logarithmic response to
changes in sound intensity.

At first sight this may seem a rather odd
state of affairs. That the ear, potentially
so- sensitive to distortion of sound, should
itself be a non-linear device -is perhaps
hard to imagine. Nevertheless, there are
sound physiological reasons for its being
so, and it is in good company; all the
other bodily senses—touch, taste, smell and
vision—have logarithmic responses to ex-
ternal stimuli. If they had not, we should

6

either lead most uncomfortable lives or
have a much more massive nervous system.
As things are, you will see that it is quite
natural to judge the intensity of stimuli
such as sound in terms of our logarithmic
reactions to them, and to express them in
logarithmic units.

Once this idea is accepted, it seems con-
venient to use the same kind of scale when
dealing with physical quantities which are
related directly or indirectly to such stimuli,
or are analogous to them. The logarithmic
sensitivity rating of photographic film is
one example, the expression in dB of
differences in the electrical output of audio
amplifiers another.

The use of the Db

Thus we refer to the frequency response
of a piece of audio gear as being flat within
a dB or two over a certain range as a
measure of how* well the tonal balance of
the input is preserved in the output, or as
so many dB up or down at some point
when it differs. We speak of the gain of an
amplifier being so many dB when the out-
put is that much higher than the input
which produces it. We say that a pickup
is X dB more or less sensitive than another
in terms of output voltage, a recording
head y dB more or less sensitive than
another in terms of input current require-
ments. We can even use deciBels to
describe variations in the mechanical
modulation velocity of a disc groove or
the magnetic flux in a tape track.

All this can become rather confusing,
and no less so because the deciBel seems
such an elusive quantity. A volt is a volt,
but deciBels are jacks-of-all-trades, root-
less, shifting and entirely dependent. on



circumstances. You cannot reasonably
ask ‘“where is a deciBel” any more than
“where is an inch”’; it all depends on where
its ends happen to be, and this in turn
depends on what you are measuring. The
only constant in either case is the distance
between the ends, the difference in position
or level between two points.

So every time we use deciBels we must
have some point of reference. The phrase
“a loudness of 100dB” is meaningless
(however much that pneumatic drill annoys
you!) unless we add ‘‘above the threshold
of hearing”’.*

We normally avoid the clumsiness of
that expression by calling them “phons’
instead of dB, which immediately refers
the measurement to this particular loud-
ness scale. Electrical engineers have similar
ways of tying down their reference points;
for example, the symbol ‘“dBm’’ implies a
level in dB relative to a power of one
milliwatt developed in a 600 ohm resistor.
But there is neither the need nor much
opportunity for any such device in hi-fi
practice; we must see that every deciBel
has two ends. Beware of the specification
which says: “Noise-60dB’’. It should mean
60dB below maximum useful output—
which should in turn also be defined—
but it could mean almost anything, and,
expressed in this way, probably does.

For power ratios only?

To return for a moment to the rather
severe definition of the unit at the begin-
ning, we have, I think, accounted reasonably
well for ‘dimensionless’ and ‘logarithmic’,

which leaves : °. . . representing
(originally) the ratlo of two electrical
powers. . . .. It is better not fo dig too

deeply here, lest one falls into one’s own
pit.

The purists would say that deciBels
should only be used of power ratios, and
even then only when the impedances in
which the powers are developed are equal.
This idea may have been influenced by

* Normally assumed to correspond to sound pressure
0f 0.0002 dynes/cm?.

N

Average house.

practice in the telephone industry, where
transmission levels in lines are perforce
measured always across a standardised
line impedance of 600 ohms or 75 ohms
or whatever, but it certainly has little
relevance to general audio work. For one
thing, the impedances encountered in a
recording or reproducing chain may range
from ohms to megohms; for another, the
only point at which the actual power
developed is of any interest at all is the
output of a power amplifier.

We are usually much more interested in
voltages (or sometimes currents) because,
as well as being proportional at any point
in the chain to the sound input, they are
directly and usefully comparable from
point to point. The latter is not true of
power levels; it is quite possible, for
instance, to have a pre-amplifier with a
power gain of unity (0dB) in which the
signal voltage is nevertheless raised by a
very useful factor of 100 (40dB) or more,
solely because the output load impedance
differs from the input impedance.

At this point you are probably complain-
ing loudly that according to the table a
factor of 100 converts to 20dB, not 40.

Ratio 02 025 03 0-4
dB —-14 —-12 —-10 -8
Ratio 1-0 1-1 125 1-4
dB 0 +1 +2  +3

05 06 07 08 09 10
-6 —4 -3 —2 -1 0
147 20 25 30 40 50
+4F  +6 48 +10 412 414
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So it does, for power ratios. But however
much we apply deciBels to voltage or
current ratios, they remain basically a
measure of power ratio. Since power is
proportional to the square of the voltage
or the current involved, a voltage gain of
100 times implies a power gain of 10,000
times, which gives us our 40dB.

A point for purists

Here the purists will—quite justifiably—
join you in complaining. An amplifier with
a power gain of both 0dB and 40dB? It is
impossible, of course, and again the differ-
ences in impedance are responsible for the
anomaly. What we are in fact doing is
adopting, quite openly, a convention that
voltage ratios are expressed in dB without
accounting for impedance differences. It
is frankly an expedient for getting the
benefits of a logarithmic scale without
having to conform to all the rules, but one
which has already been made respectable
by usage.

Under this convention, then, a voltage
or current ratio is represented by twice
as many dB as an equal power ratio.
Thus a power ratio of two corresponds to
3dB, a voltage ratio of two to 6dB (approxi-
mately). Note, however, that there is no
basis for the popular misconception of
‘power dB’ and ‘voltage dB’ as separate
units. If the signal level into a power
amplifier increases by 6 dB, the voltage
and power fed to the loudspeaker both
increase by 6 dB also; the difference is that
the voltage is doubled while the power is
quadrupled.

Conversion tables

The table gives a useful range of approxi-
mate ratio/deciBel conversions for voltages
and currents, and analogous quantities
such as disc modulation velocity or tape
modulation flux.

More accurate and detailed tables are
published in various radio and electrical

diaries, most electronic and audio text-
books, and in pamphlet form by the British
Sound Recording Association.

There are several incidental advantages
in using logarithmic scales, quite apart
from their natural relationship to our
hearing. The most obvious is that of using
logarithms at all, that one can get away
with merely adding or subtracting where
one would normally have to multiply or
divide. Perhaps more familiar to readers
of this journal is that it saves paper by
compressing unwieldly ratio scales in
graphs, frequency-response curves and so
on.

Compressed curves

More than this it saves paper economically.
If that sounds redundant, or just plain
silly, bear with me a moment and look at
the curves in Fig. 1. The “first shows the
frequency response of a medium-priced
tape recorder in the usual, familiar form,
with a logarithmically proportioned fre-
quency scale on the horizontal axis and a
linear dB scale vertically. This recorder is
typical of its kind with a slightly uneasy
bass quality and a noticeable treble peak:
appreciable variations to the critical listener,
but by no means intolerable.

Curve (b) shows parts of the same thing
plotted on linear frequency and voltage
output scales—to ‘draw the whole curve
to the approximate scale of the bass end
would need about 14 feet horizontally.
Finding suitable * paper would obviously
present problems, and inspecting the curve
even more; apart from the length overall,
the treble scale is quite ridiculously
expanded. And we can certainly do without
the exaggerated corrugations in the bass.
The recorder just doesn’t sound that bad.
Compress the whole horizontal scale?
The treble peak would look reasonable,
to be sure, but one couldn’t really learn



IS
/
I
ol A =
g Y
g l
[N
2
5
O os
00 20 40 GO 80 100 140 180 220 14,900 15000 15100
FIG.1B. FREQUENCY C.P S,
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much from the whiskers at the left-hand
end. One wastes paper either way.

On the other hand, the curve based on
logarithmic scales shows significant infor-
mation clearly wherever it occurs (which is
often true, incidentally, of other kinds of
relationship where large ratios are encom-
passed). They are equally helpful when one
merely tabulates a series of suitably spaced
readings, or simply watches a dB meter.

This little exercise in absurdity brings
out another point: our sense of pitch is
also logarithmic. The curves do not prove
it, of course, but they do serve to remind

us that for example, the musical octaves
we appreciate as equal intervals of pitch
represent 2:1 frequency ratios. Again, as
you can see from curve (a), equal ratios
correspond to equal differences (of pitch
as represented by length, in this case).

However, one must always be careful
to see that the scales one uses are compatible
if graphs are not to be misleading. Fig. 2
gives an illustration of the danger of not
doing so.

Much the same kind of awkwardness
can result in a more practical way from so
apparently trivial a matter as the wrong
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choice of a volume control for an ampli-
fier. Use a linear potentiometer (in which
the resistance and voltage tapped-off by
the slider is directly proportional to its
rotation angle), and the sound leaps out
at you suddenly as soon as you begin
to turn the knob clockwise from zero,
increasing only slightly thereafter.

What is needed is a control whose resis-
tance/rotation characteristic offsets the
logarithmic loudness response of the ear

greater than 1dB, provided that the whole
process does not occur too rapidly. How-
ever, we find that such a change becomes less
and less impressive as its period decreases
below about 50 milliseconds, so that a
loudness pulse shorter than this, measured
at so many dB on fast-acting instruments,
might sound much less than the measured
value.

Changes of Loudness

by making the voltage rise more slowly -

at first and then progressively faster and
faster as the knob is turned, so that the
loudness of the output is proportional to
rotation; in short, a reversed logarithmic
(or ‘exponential’) law. This kind of control
is called ‘logarithmic’ for reasons which I
have yet to discover. Perhaps the man
who named it had been reading ‘Alice
Through the Looking-Glass™ . . .

Returning to those busy city streets, full
of pneumatic drills and diesel trucks, sur-
rounded by noisy offices with jet aircraft
at 100 ft. overhead, I find there is one
rather obvious loose end to tidy up. Loud-
nesses have been treated here as though they
were always steady values, as from a siren
sounding ‘‘all clear’’ or the B.B.C.’s tuning
signal, and changes in loudness as though
they were clear-cut and discrete; whereas
we know from experience that the sounds
mentioned above, and most others, vary
considerably in loudness from moment
to moment and between examples. Change
is the essence of informative or entertain-
ing sounds: change of pitch and rhythm
as well as of loudness.

The way in which the loudness of every-

day sounds changes is usually pretty com-*

plicated, but is fairly easy to imagine in
terms of fluctuations about an average
value. Consider first a steady sound which
suddenly changes in loudness to a new
steady value. The minimum such change
which the average ear can detect in everyday
sounds is about' 1dB at medium values of
pitch, so any change greater than this will
be detected almost however quickly it
occurs. There is a lower limit, of course;
a drift of 1dB in ten seconds or even 6dB
in a minute might easily be overlooked, but
in general one can readily detect a step in
loudness as opposed to a drift.

Now consider the same sound starting
at loudness A, stepping to loudness B and
returning after a moment to A. In general,
this also will be readily detected if A-B is

Our hard-won loudness scale is obviously
in danger of breaking down here, unless
we have an instrument for measuring
everyday sounds which reacts to their
loudness fluctuations in the same way as
our ears do. Such an instrument is the
‘Volume Unit’ (or VU) meter, which is
used widely by professional engineers as a
modulation indicator in sound systems.
The Volume Unit might well be called a
‘dynamic deciBel’, for the meter has a
speed of response approximating to that of
the ear; while it will register the true values
of loudness steps or slow variations, its
response to rapid fluctuations represents
their aural effect.

The VU meter

The VU meter is not, in my view, a good
modulation indicator, precisely because it
cannot respond fast enough to register even
the average value of the rapid transient
loudness peaks which so easily overload a
sound system. It is perhaps a pity that the
application has been emphasised to the
exclusion of any acknowledgement of this
limitation, because the meter really is very
useful when that limitation is recognised
as an intentional design feature.

We have wandered far from the ‘dimen-
sionless logarithmic unit’ which started us
off, but I hope some of the implications
of the title will have become clearer along
the way. Although the deciBel is indeed a
useful practical unit for the engineer, the
hi-fi enthusiast and the writer of euphemis-
tic advertising copy, it is far from being the
lifeless number which this might suggest.
It is a symptom of a natural law, and a
fairly precise expression of our personal
reactions to one element of sound. It
represents change in quantities whose
essential Tinterest is in change, in circum-
stances where Nature works to resist
change by compressing its effect. In the
widest sense, the deciBel is truly a dynamic
unit.

10



THE

DISC STEREO

PICTURE [962

by Stanley Kelly

HE year 1961 saw no startling innova-

tions but rather a steady consolidation
of development and techniques in the art
of disc record reproduction. The record
companies are now consistently producing
magnificent stereo discs which aesthetically
and technically are pretty nigh perfect. At
the same time the pickup manufacturers
have now thoroughly assimilated the
radically new techniques of stereo hill and
dale reproduction, as opposed to the
lateral ‘“‘push/pull” reproduction which has
existed since Berliner invented the lateral
type recording on disc some 70 years ago.

It should be remembered that at the
advent of stereo the first pickups available
were crystal, and of necessity the techniques
were immature and the results crude (by
comparison with 1962) in the extreme.
The active element of the pickups was
Rochelle Salt with concommittent variability
with temperature and humidity. With
monaural reproduction this not very serious
but with stereo reproduction, where there
may be a difference in the temperature
gradient of the two crystals, variation in
sensitivity of each channel and crosstalk
would be the inevitable result.

*

The first serious attempt at producing
stable magnetic design was of Continental
origin and for a short time it held the field.
Some years previously the Decca engineers
had been working on the problem of
reproducing stereo, parallel to their develop-
ment of the Teldec recording system.
This is logical because it is foolish to put
something on a disc unless you have at the
same time the means of getting it off again.

The result of from 7 to 10 years of
research was the Decca ff5s pickup, which
at the time was years ahead of anything
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produced anywhere in the worna. Its
frequency response was remarkably ex-
tended and smooth, crosstalk was more
than adequate and the needle tip impedance
remarkably low, and even today it is still
in the top three or four pickups available
irrespective of price.

In the meantime the Brush Clevite Cor-
poration of America have developed an
entirely new crystaline material under the
pseudonym of PZT: these letters stand for
lead zirconate titanate. This crystal, which
is a ceramic material, has a sensitivity
several times greater than the original
barium titanate elements and due to the
novel form of construction known as
Multimorph, the mechanical parameters
were such as to render the crystal ideally
suitable for transducers in stereo pickups.
The crystals operate in flexure and by
means of suitably proportioning the drive
members between the stylus and the
crystals it is possible to obtain crosstalk
factors in excess of 26 dB over the middle
range of the spectrum.

*

The magnetic pickups have in the mean-
time developed into two classes, (1) the
lateral hill and dale summation system
outlined in Blumlein’s Master Patent of
1951 and exemplified in the Decca ffss and
(2) the moving magnet transducers used
almost exclusively in America. There is
no doubt that the hill-and-dale lateral
summation system is capable of giving
superior results to any .other form of
transducer, but it is a difficult and costly
pickup to manufacture, requiring precise
limits which would normally be outside the
capabilities of the average pickup manu-
facturer. With the moving magnet system
considerably wider production tolerances



can be used but with a small reduction in
performance, and it is to the credit of the
American manufacturers concerned that
they have now produced some very fine
transducers using the moving magnet
system, but there is no difficulty in proving
mathematically and demonstrating with
suitable test equipment that the English
system is capable of lower tip mass and
greater consistency of performance both
with temperature and other conditions on
an individual pickup and from pickup to
pickup, under conditions of quantity
production. All of which brings us to the
measurement of the various parameters.

The starting point of any pickup is
record and stylus wear and it is important
that these be reduced to an absolute
minimum. It can be shown that in order
to render the life of a record practially
indefinite the playing weight of the pickup
should not exceed half a gramme. This at
present is an impossibility, but at playing
weights of 2 to 3 grammes the life of the
stylus is in excess of 2,000 hours and the
life of the record (especially when kept
clean and static free by means of Dustbug
or similar device) is certainly many hundreds
of playings. Be it noted in parenthesis
that the writer has one of the first ffss
pickups using 1 thou point and adjusted
for 31 grammes playing and the flats did
not exceed 0.00035 in. diameter until 1,600
playing hours.

It is normally accepted that a flat of the
above dimensions is about the maximum
that can be expected for high fidelity wide
range reproduction. With less stringent
requirements the flat could be increased to
possibly 0.0005 in. and this would have
increased the life of the stylus by several
hundred hours.

*

Intimately associated with the playing
weight is the restoring force—or as it is
usually termed, the compliance of the
pickup—and the stylus tip mass; although
fundamentally these are static units it is
usual to treat them as dynamic values, the
compliance being measured at some low
frequency usually 30 c/s, and the tip mass
at a high frequency generally about 10 k/sc.
With modern crystal pickups, where there
is a considerable amount of mechanical
resistance associated with the systems, in
order to render the response substantially
flat it is tacitly assumed that the mechanical
impedance so measured is purely reactive,
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and it is then equated in terms of com-
pliance or mass. To the purist this is
wrong but in practical politics it is‘not very
important because it does relate to the
ability of the pickup to satisfactorily trace
record, and also it relates these values in
terms which are commonly appreciated by
the enthusiast.

Generally there are several methods of
measuring compliance and mass, and
photograph Fig. 1 shows a basic static
method of measurement. This consists of a
calibrated microscope and a method of
playing a known force (actually a spring
balance). The balance arm is connected to
the stylus by a stiff member and the dis-
placement of the stylus for known forces is
measured by the travelling microscope.
The micrometer is calibrated in microns
(one millionth of a meter) and taking a
gramme approximately being equal to
1,000 dynes each micron in displacement
of the stylus per gramme of applied force
is equal to 1077 cm/dyne, and with average
pickups it is possible to measure the com-
pliance of the pickup to two significant
decimal places. This method, as stated
above, is a static measurement and does not
take into account any frictional or other
forms of loss resistance associated with the
dynamic system of the pickup.

*

Fig. 2 shows a dynamic compliance and
mass measuring system by the resonance
method. It consists of an electro magnetic

‘drive on to a free armature of known mass

(actually 10 grammes). The pickup under
test is clamped on to the massive arm which
to all intents and purposes is infinitely stiff
and cannot move in a lateral direction



because 1t 1s supported on Kknife edges.
The coil is driven from a beat oscillator and
the velocity of the armature is measured by
a capacitative probe. The resonance of the
pickup compliance and the free armature
is indicated by maximum output from
the millivoltmeter connected to the capaci-
tative probe, and the compliance is then
calculated from the known driving mass of
the armature and the resonant frequency of
the system. This gives the true dynamic
compliance which is not effected by the
resistance associated with the restoring
force of the pickup.

This latter value is determined by
measuring the frequencies at the —3 dB
points relative to the peak frequency from
which the mechanical losses are then
computed. At the same time the pickup
is then driven in the high frequency spectrum
(10 to 25 kc/s) and the resonances due to
the mass of the stylus tip and the stylus
recording compliance is shown by the
usual rise in output from the pickup associ-
ated with this form of resonance. Knowing
the record compliance, the mass is easily
computed. Unfortunately with extremely
highly damped pickups of current crystal
variety the resonance is so effectively
damped that it cannot be easily detected
and recourse to the ‘“‘non-tracking’ method
is used. This method consists of playing
the . pickup at a known frequency and
velocity (from standard test records) and
then reducing the playing weight until the
pickup just does not-track as shown by the
discontinuities in the sine wave trace on
the oscilloscope; from the playing weight
and velocity the needle tip impedance can
be computed and from that the equivalent
compliance and/or mass.

*

The use of these techniques in develop-
ment during the past two years have
enabled designers to produce the very
superb pickups which are now available.
The Decca ffss has now been joined by the
EM.I. EPU.100 pickup which is of the
same general type, namely hill-and-dale
lateral summation. A photograph of the
assembly is shown in Fig. 3 and the dia-
grammatic representation in Fig. 4, and
the schematic of the connections in Fig. 5.
It will be seen that the lateral sensing coils
are connected in series and are actually on
the two outer poles of the magnet system,
and being a balanced system these coils will
only respond to impulses in a lateral
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direction, whilst the vertical system coils is
actually one coil centre tapped, the centre
tap being connected to the upper end of the
lateral sensing coil and the two outers being
the respective left and right hand channels.
This is assembled obn the centre limb
magnet system which is terminated under-
neath the armature. Provision is made to
adjust the spacing between the armature
and the vertical sensing pole in order to
obtain absolute equality of output between
the two channels and reduce crosstalk to a
minimum. The response curve of this
excellent pickup is shown in Fig. 6.

*

Crystal type of pickups are exemplified
by the Decca Deram, which is a high
fidelity, medium priced, cartridge using the
PZT cereamic material. It has a remark-
ably low effective mass of approximately
14 milligrams and a very high compliance
and, when used with a suitable arm, will
satisfactorily reproduce any stereo record
at playing weights below two grammes.
The output is equalised to give a flat
response without correction in the pre-
amplifier, and this type of cartridge will
probably be seen on the majority of medium
priced, high fidelity reproducers in the
future. Because of the Versatility of the
PZT transducers it is possible to produce a
dual purpose cartridge for playing both
monaural and stereo recerds from two
separate styli. Photograph Fig. 7 shows
the “works’’ of one such cartridge produced
by the Goldring Manufacturing Company.
This is a relatively high output cartridge
rendering the use of expensive pre-amplifiers
unnecessary. The compliance and dynamic
mass are such that it will satisfactorily
play the majority of /p records at 24 grammes
and all that have been produced at present,
at 3 to 3} grammes when used with the
G.60 tone arm. The response is not as
smooth as the Deram or magnetic type



but this is to some extent compensated for
by the very high output and the excellent
crosstalk figures obtained, and we can
expect to see many more examples of this
type -of cartridge on general purpose
equipment of superior grade to the average
run-of-the-mill radiogramophones.

Tone arms are now beginning to get the
attention they deserve and the tone arm
associated with the EPU 100 pickup is a
case in point. E.M.I. state this this is an
integrated stereo pickup and that in their
opinion (with which the writer fully concurs)
it is not possible to design a high fidelity
cartridge to the precise limits required
without at the same time designing a tone
arm as part of the general system.

The EPU.100 Integrated Arm

During experimental work on this pickup,
it became apparent that conventional arms
had several disadvantages when used with a
high compliance pickup. Extremely careful
adjustment was needed to eliminate rattle
at the pivots without introducing excessive
friction, and the low frequency resonance
of the head and arm were excited by the
slightest external disturbance. These reson-
ances, due to the necessary compliances
of the pickup and the effective mass of
the head and arm, are at 8 to 10 c/s in
the lateral direction, and 14 to 16 c/s in the
vertical direction. The lateral resonance
was particularly easily excited and this
caused the pickup head to oscillate violently,
often jumping several grooves of the
record, while the vertical resonance pro-
duced an undesirable increase in sensitivity
to motor rumble.

Although the application of a viscous
compound to the pivots of the arm had the
desired effect of damping the low frequency
resonances, considerable difficulty was
experienced in preventing the compound
flowing from its correct position.. A solu-
tion to these difficulties was found with a
novel design of unipivot arm with built-in
damping. This arm has the damping com-
pound, now a viscous silicone fluid, situated
away from the pivot, which allows closer
control of the damping characteristics and
suppression of the undesirable effects due
to the low frequency resonances. The
offset angle of the head is set to the minimum
distortion value, which produces a larger
than normal tracking error at the beginning
of a record but allows only a small error to
occur in the region of the inner grooves.
This feature has enabled the production of

a compact arm with a pivot to stylus
distance of 9 inches.

The arm is largely constructed of alu-
minium alloy protected by a satin anodized
finish. A cylindrical hub contains the
unipivot and damping mechanism and from
this projects the cranked arm with the
pickup socket at its front end. Lateral
balance of the arm is ensured by an offset
counterweight carried on a spigot projecting
from the rear of the hub. At the top of the

Qﬁ:@
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'E.PU. 100" PICK-UP
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Fig. 4
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hub are the precision-finished cone and
unipovot; the lower edge of the hub is re-
entrant, forming an annular gallery which
contains the damping fluid. The stationary
part of the damping system is provided by
an inverted cup attached to the pivot
support. The lip of this cup is immersed
in the damping fluid. Vertical movements
of the arm cause the hub to rock about the
unipivot, thereby displacing the fluid;
lateral movements of the arm cause the
hub to rotate with respect to the cup,
producing a drag. The viscosity of the
damping fluid has been carefully selected so
that the effects of the low frequency re-
sonances are considerably reduced. To
prevent fluid leaking during transport, a
plastic washer is inserted between the hub
and the pillar, thus raising the hub and

pressing the upper edge of the annular
gallery against a rubber sealing washer
in the inverted cup.

Incorporated in the supporting pillar is a
lever-operated lifting and lowering mech-
anism which allows a controlled descent of
the pickup on to the record. Although the
height of the pickup above the base board
has been made adjustable over a wide
range, the lifting mechanism, being an
integral part of the arm, does not need
separate adjustment.

*

Finally, although development is never
stationary, and it is extremely difficult to
gaze into the crystal ball with any degree of
certainty, it would appear that present day
high fidelity cartridges and associated

equipment are approaching the ultimate in
reproduction from disc as we now know it,
and without radical rethinking on recording
techniques we may well see a static period
in innovation for the next few years.

.
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This photo is of the historic Blumlein stereo pickup. The stylus armature @ is pivoted_at (5) in
such a manner that the stylus point (2) can move in the vertical and horizontal directions.
The inclined pole pieces are shown at (3)

FLASH BACK

The experimental ** moving iron > complex cutter head used by Blumlein in 1933 for making his

stereo- discs. The armatures of the two heads are shown in (1) lateral and (6) vertical. The

stylus (3) is held by a tie wire (5) and is connected to the vertical armature by the link (7) and to
the lateral armature by the links (4) and (2)
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DIRECTORY OF PICKUPS AND ARMS

% In the abridged specifications of this directory, the following abbreviations are
used for economy of space: S.p.—stylus pressure recommended by manufacturer;
Cms—centimetres per second; Il denotes stereo equipment.

Audio Dynamics Corporation, New York,
U.S.A. Sole UK. agents: K.E.F. Elec-
tronics Ltd., Tovil, Maidstone, Kent. Tel.:
Maidstone 55761. Cables: Kenteg, Maid-
stone.

ADC Professional Cartridge. Stereo
cartridge. Moving magnet. Fixed head.
Stylus 0.6 thou. diamond. Load imp.
47,000 ohms. Output voltage 1.27 mV.
Range 10-20,000 c/s £+ 2 dB. S.p. 0.75-
1.5 gm. Price £20 10s. (U.K. purchase tax
£6 16s. 9d.

Pritchard Stereo Pickup Arm. Details
and prices on application.

*

Bang & Olufsen, Struer, Denmark. Sole
U.K. importers: Aveley Electric Ltd., Ayron
Road, South Ockendon, Essex. Tel.: South
Ockendon 3444,

ADC Stereo Moving Magnet

Orthophonic balanced 8-pole variable
reluctance pickup. Available as single stylus
or dual stylus. Sapphire or diamond.
Output voltage I.p. 100 mV; 78 200 mV.
Range 20-16,000 c/s. S.p. l.p. 5-7 gm.;
78 9-12 gm. Load imp. 10-100 K. Price,
Cart. only £1 10s. (U.K. purchase tax 10s.).
Styli for above: L.p’s and Standards,
sapphire £1 10s. (U.K. purchase tax 10s.).

B & O ST |A Pickup Arm
[l Stereodyne 11 stereo magnetic cartridge. 5 S T
Stylus 0.7 thou. diamond. Output voltage
7 mV per channel at 5 cm/sec. Channel
separation > 22 dB. Range 30-15,000 c/s
+ 2 dB. S.p. 2-4 gm. Rec. load 47,000
ohms or higher. Price £5 10s. 3d. (U.K.
purchase tax £1 16s. 9d.).

BST/A Arm. Tone arm with plug-in
shell (will take all standard cartridges).
Price £9 9s. (U.K. purchase tax £3 3s.)

BWST/P. Professional 12-in. pickup arm- . - .
less cartridge. Accepts only B and O .

“Stereodyne” ST/L/T2-7 plug-in type car- B & O ST/L arm and Stereodyne Pickup
tridge. Price £9 9s. (U.K. purchase tax imp. 47,000 ohms per channel. Output

£3 3s). voltage 1.4 mV per channel. Range 30-

WST/L Arm and moving iron stereo pickup 15,000 c/s + 2 bB. S.p. 3 gm. Price

complete. Diamond stylus 0.7 thou. Load £13 7s. 9d. (U.K. purchase tax £4 9s. 3d.)
17



B v o Stcre()(yne 11 Picku

BJ. TAN/[11 arm

B.J.-Elac 310 Stereo

Collaro T X88 cuartridge

Burne-Jones & Company Ltd., 18 Bruns-
wick Road, Sutton, Surrey. Tel.: Vigilant
5050. Cables: Burjomag, Sutton.

lB.J.-ELAC210. Magnetic stereo cart-
ridge. Diamond stylus 0.5-0.7 thou. Output
voltage 20 mV for 10 cm/sec. Range 30-
15,000 ¢/s +6 —3 dB. S.p. 4-6 gm. Load
imp. 1,500 ohms. Price £13 3s. 9d. (U.K.
purchase tax £4 4s. 8d.)

HB.J.-ELAC310. Magnetic stereo cart-
ridge. Diamond stylus 0.5-0.6 thou. Out-
put voltage 15 mV for 10 cm/sec. Cross-
talk better than 25 dB at 1,000 c/s, and 14
dBat 15 Kc/s. Range 30-15,000 c/s +2 bB.
S.p. 3-6 gm. Load imp. 1,500 ohms.
Price £16 12s. 6d. (U.K. purchase tax
£5 6s. 8d.)

B.J. Tan/11 arm. Designed to overcome
“tracking error . Total tracking error less
than 1 degree. Height adjustable. Price
£3 3s. (U.K. purchase tax £1 0s. 3d.)

B.J. Super 90 MKk. II pickup arm. Two
models. 12 in. and 16 in. Price (including
two plug-in shells to carry standard cart-
ridges) Super 90/12 in. £11 "11s. (U.K.
purchase tax £3 14s. 2d.); Super 90/16 in.
£12 5s. (U.K. purchase tax £3 18s. 8d.)

B.J. plug-in shell for holding cartridges.
Price 17s. 3d. (U.K. purchase tax 5s. 9d.)

*

Collaro Ltd., Ripple Works, By-pass Road,
Barking, Essex. Tel.: Rippleway 5533.
Cables: Korllaro. Telex: Barking 28748.

Studio O. Turnover crystal cartridge.
Output voltage 200 mV. Range 50-10,000
c/s & 5 dB. S.p. 8 gm. Price with two
sapphire styli £1 10s. (U.K. purchase tax
9s. 9d.)

Studio TX88. Turnover crystal cartridge.
Output voltage 1.p. 125 mV/cm/sec. at
1 Kc/s. Range 30-18,000 c/s. Load imp. 1
megohm. Price with two sapphire styli
£1 15s. (U.K. purchase tax 11s. 8d.)

l‘‘Studio’’ Stereophonic ‘“Type C’’. Turn-
over ceramic cartridge. Output voltage
50 mV. Price £2 5s. (U.K. purchase tax
14s. 8d.)

lStudio stereophonic Type R. Turnover
crystal cartridge. Output voltage 250 mV
per channel + 10 dB. S.p. 6 gm. Price
including two sapphire styli £3 (U.K.
purchase tax 19s. 6d.)
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Collel Ltd., All Saints Passage, Wands-
worth High Street, London, S.W.18. Tel.:
Vandyke 4377. Cables: Elcoll, London.

B Collel S.C.1. stereo ceramic turnover
cartridge, sapphire or diamond stylus.
Output voltage 140 mV. Range 20-20,000
c/s. S.p. 3-4 gm. Load imp. | Megohm.
Price, with 2 sapphires, £2 8s. 3d. (U.K.
purchase tax [5s. 8d.); sapphire and dia-
mond £3 Is. 9d. (U.K. purchase tax
£1 0s. 1d.)

[l Collel SK.1. stereo crystal turnover
cartridge.  Sapphire or diamond stylus.

Output voltage 170 mv. Range 20-20,000 5

c/s. S.p. 4-6 gm. Load imp. 1 Megohm.
Price, with two sapphires £1 15s. (U.K.

purchase tax 11s. 5d.); one sapphire and ;
one diamond £2 10s. 6d. (U.K. purchase

tax 16s. 5d.)
*

Cosmocord Ltd., Eleanor Cross Road,

Waltham Cross, Herts. Tel.: Waltham

Cross 5206. Cables: Cosmocord, Waltham
Cross.

Acos ‘‘The Black Shadow’’. Complete
arm and slide-on HGP 39.3 head. Output
voltage l.p. 30 mV/cm/sec. Range 40-
16,000 c/s + 3 dB. S.p. 4-6 gm. Load
imp. 100K ohms or higher. Diamond
stylus fitted. Price complete £4 13s. 2d.
(U.K. purchase tax £1 9s. 11d.). 78 heads
available.

Acos GP67-1. Turnover crystal cartridge.
Output voltage 200 mV. Load imp. 2
Megohms. Range 30-14,000 c/s. S.p. 4-6
gm. Price 18s. (U.K. purchase tax Ss. 9d.)

B Acostereo 71-5. L.p. only. % thou. stylus.
Output voltage 140 MV. Load imp. 2
Megohms. Range 40-12,000 c/s. S.p. 3-4
gm. Price with diamond £2 (U.K. purchase
tax 12s. 10d.).

B Acostereo 73-2. Turnover crystal stereo/
standard. Output voltage l.p. 150 mV.
Load imp. 2 Megohms. Range 40-12,000
c/s. S.p. 3-4 gm. Price with sapphire
£1 15s. (U.K. purchase tax lls. 2d.), dia-
mond £2 13s. 6d. (U.K. purchase tax
17s. 2d.)

B Acostereo 81. Stereo ceramic turnover
cartridge, sapphire or diamond styli. Load
imp. 2 Megohms. Output voltage 110 mV.
Range 50-14,000 ¢/s + 4 dB. S.p. 3-5 gm.
dependent upon arm. Price £2 (U.K.
purchase tax 12s. 10d.)

Acostereo 81-2
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~‘A costereﬁo 73-2

Decca Deram Stereo ceramic

“Audio IEIH[).I;I‘(; 108 Sterco

M Acostereo 81-2. Turnover ceramic cart-
ridge. Output voltage 110 mV. Load imp.
2 Megohms. Range 30-12,000 c/s 4+ 4 dB.
S.p. 4-6 gm. Price £2 (U.K. purchase tax
12s. 10d.)

M Acopoise. Pickup arm suitable for stereo
cartridges. Recommended playing weight
4 gm. . Price £1 18s. 6d. (U.K. purchase
tax 12s.)

M Acos Hi-Light. Ultra-lightweight adjust-
able arm for stereo and mono. Plug-in

. heads. Sapphire styli 0.5 thou. Load imp.

2 Megohms. Output voltage 40 mV (mono
and stereo). Range 20-20,000 c/s + 3 dB.
S.p. 1 gm. (mono), 2 gm. (stereo). Price
with both heads £14 6s. 2d. (U.K. purchase
tax £4 11s. 10d.)

*

Decca Radio & Television, Ingate Place,
Queenstown Road, London, S.W.8. Tel.:
Macaulay 6677.

HMDecca ffss. Magnetic stereo pickup with
slide-on head. Diamond 0.5 thou. stylus.
Output 1.4 mV/cm/sec. r.m.s. per channel
stereo 1 mV/cm/sec. mono. Response with-
in + 1 dB of R.I.A.A. characteristic. S.p.
3.5 gm. Load imp. 50,000 ohms. Price
£15 18s. 2d. (U.K. purchase tax £5 2s.)

lDecca Deram. Stereo and mono ceramic
cartridge. Diamond stylus. Load imp. 2
Megohms. Output voltage 50 mV per
channel. Range 40 c/s to 12 Kc¢/s + 3 dB.
S.p. 3.5 gm. Price £4 4s. (U.K. purchase
tax £1 1s. 11d.)

Also available: other heads, with 1 thou.
diamond for mono L.P.’s; with 2.8 thou.
diamond for 78’s. Price (each) £8 6s. 4d.
(U.K. purchase tax £2 12s. 10d.)

*

Dyna-Empire Inc., New York, U.S.A. U.K.
agent: J. de Villiers, 16/20 Strutton Ground,
London, S.W.1. Tel.: Abbey 5960. Cables:
Devils, London S.W.I1.

MAudio Empire 108. Stereo and mono
moving magnet cartridge. Diamond stylus
0.0007, 0.001 or 0.0027. Load imp. 47,000
ohms. Output voltage 8 mV per channel.
Range 15-30,000 c/s + 2 dB. S.p. 1-5 gm.
Price £14 17s. (plus U.K. purchase tax).

20



Electronic Reproducers (Components) Ltd.,
Hedley Road, St. Albans, Herts. Tel.:
St. Albans 50701. Cables: Saphobear,
St. Albans.

Powerpoint Models 51 & 56 ceramic
cartridge. 56 (blue) 1.p/78; 51 (red) l.p/lL.p.
plug-in. Sapphire or diamond styli. Load
imp. 1 meg-100 pfd. Output voltage 240
mV. Range 40-10,000 c/s. S.p. 7 gm.
Price 14s. (UK. purchase tax 4s. 6d.).

E.R. 703. Crystal turnover cartridge.
Sapphire or diamond stylus. Load imp.
1 meg-100 pfd. Output voltage nom. 500
mV. Range 30-10,000 c/s + 4 dB. S.p.
5 gm. Price 16s. 6d. (U.K. purchase tax
Ss. 3d.)

HE.R. 705. Crystal turnover cartridge.
Sapphire or diamond stylus. Load imp.
1 meg-100 pfd. Output voltage 420 mV.
Range 30-10,000 c¢/s + 4 dB. S.p. 5-7 gm.
Price to be advised.

BE.R.60. Stereo ceramic cartridge. Turn-
over. Output voltage 140 mV. Range 40-
12,000 c/s. S.p. 5.6 gm. Load imp. 1
Megohm. Price to. be announced.

*

Expert Pickups Ltd., 82 Belsize Lane,
Hampstead, London, N.W.3. Tel.: Swiss
Cottage 6324.

Pickups, moving coil, output 0.75 mV
approx., impedance 10 ohms, for use with
amplifiers with magnetic input correction
requiring transformer or transistorised
input. Available complete on Expert Arm
(94-in. centres (base pillar to t/t spindle),
with diamond styli 0.0025, 0.003, or 0.001.
Price £14 14s. 9d. Also as heads adaptable
to most shells having £ in. internal clear-
ance, with diamond styli as above. Price
£10 10s. 4d. Complete pickups for minia-
ture thorns £12 12s., or head £8 15s. 6d.

-

*
The Garrard Engineering & Manufactur- : v
ing Co. Ltd., Newcastle Street, Swindon, Pickering Unipoise 198

Wilts. Tel.: Swindon 5381. Cables: Gar-
rard, Swindon. Telex: 44-271.

TPA. 12 Transcription pickup arm with
plug-in moulding to take almost all makes
of cartridge. Price £3 11s. (U.K. purchase
tax £1 3s. 2d.)

HMEV26A. Ceramic turnover cartridge. o ) “
Sapphire or diamond stylus. Output Goldring G60 pickup arm
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Goldring M X2 crystal

o

Goldring “100” Stereo cartridge

Goldring 600" cartridge

voltage 100 mV. S.p. 3-6 gm. Price
£1 15s. 6d. (U.K. purchase tax 11s. 7d.)

*

Goldring Manufacturing Co. (Great Britain)
Ltd., 486/488 High Road, Leytonstone, E.11.
Tel.: Leytonstone 8343. Cables: Echovox,
London.

HMX1/D Turnover crystal cartridge fitted
with diamond l.p. and sapphire 78 styli.
Output voltage 500 mV. Range 30-16,000
c/s. S.p. 5.7 gm. Load imp. 1 Megohm.
Price £1 17s. 6d. (U.K. purchase tax 12s.
2d.)

HSX10/D stereo turnover cartridge. Fitted
with diamond l.p. and sapphire 78 styli.
Output voltage 150 mV. Range 30-14,000
c/s. Load imp. 1 Megohm. S.p. 4 gm.
Price £2 5s. (U.K. purchase tax 14s. 8d.)

‘600°°.  Variable reluctance turnover
cartridge 4 in. centre, mounting holes.
Diamond stylus for l.p. sapphire for 78.
Output voltage 3.2 mV/cm/sec. Range 20-
21,000 c/s +: 2 dB. S.p. 7 gm. Load imp.
68,000 ohms. Price £8 8s. (U.K. purchase
tax £2 14s. 7d.)

¢“580°°. Variable reluctance turnover
cartridge. Diamond stylus for I.p. sapphire
for 78. Output voltage 3.2 mV. Range
20-18,000 c/s. S.p. 6-7 gm. Load imp.
68,000 ohms. Price £4 4s. (U.K. purchase
tax £1 7s. 4d.)

BG60. Transcription arm wired for stereo.
Incorporates new slide-in head that will
accommodate most cartridges. Height
adjustable and S.p. variable from 2 gm.

upwards. Price £3 (U.K. purchase tax
19s. 6d.)
MX2. Crystal turnover cartridge fitted

with diamond or sapphire l.p. and sapphire
78 styli. % in. fixing centre. Load imp. 1
Megohm. Output voltage 500 mV. Range
30-16,000 c/s. S.p. 5-7 gm. Price £1 Is.
(U.K. purchase tax 6s. 10d.)

CMS50. Ceramic turnover cartridge
fitted with diamond or sapphire l.p. and
sapphire coarse groove styli. Load imp. 1
Megohm. Output voltage 120 mV. Range
30-14,000 c/s + 2 dB. S.p. 6-8 gm. Price
£1 5s. (U.K. purchase tax 8s. 2d.)

MLenco L70. Stereo and mono transcrip-
tion pickup arm. S.p. adjustable. Price
£6 6s. (U.K. purchase tax £2 1s.)

MLenco L80. Stereo and mono transcrip-
tion pickup arm. 12 in. model for use with
16 in. records. S.p. adjustable. Price £8 8s.
(U.K. purchase tax £2 14s. 7d.)

700 Mk 2. Magnetic variable reluctance
stereo cartridge. Diamond 0.0007 in. stylus
(replaceable at works only). Load imp. 50
K ohms per channel. Output voltage 3 mV
rms per channel. Range 40-16,000 c/s.
S.p. 3-4 gm. Price £7 7s. (U.K. purchase
tax £2 7s. 9d.)

WPickering 380. Magnetic stereo cartridge.
Diamond red V Guard 0.0007 in. stylus.
1 in. fixing centres. Output voltage 15 mV
per channel, American standard 5 cms.
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Range 20-15,000 c¢/s 4+ 2 dB. S.p. 4 gm.
Price £12 12s. (U.K. purchase tax
£4 1s. 11d.)

WPickering 380A. Magnetic stereo cart-
ridge. Details as for 380 model but with
Diamond yellow V Guard 0.0007 in. stylus
and S.p. of 2 gm. Price £28 7s. (U.K.
purchase tax £9.5s. 3d.)

WPickering 381. Magnetic stereo cart-
ridge. Calibration standard model for
recording channel calibration and record
evaluation by engineers etc. Diamond
yellow V Guard 0.0007 in. stylus. Load
‘imp. 47-100 K ohms. Ouput voltage
10 mV per channel. American standard
5 cms. Range 20-10,000 ¢c/s + 1 dB, 10-15
Kc/s +- 2 dB. S.p. 2-3 gm. Price £37 16s.
(U.K. purchase tax £12 Ss. 8d.)

PWPickering Unipoise. Integrated arm and
magnetic cartridge for stereo. Employs a
single pivot bearing giving almost infinite
freedom of tracking. Diamond yellow V
Guard 0.0007 in. stylus. Range 20-15,000
c/s + 2 dB. S.p. 2-5 gm. Price £44 2s.
(U.K. purchase tax £14 6s. 8d.)

*

H. J. Leak & Co. Ltd., 57/59 Brunel Road,
East Acton, London, W.3. Tel.: Shepherds
Bush 1173. Cables: Sinusoidal, Ealux,
London.

Dynamic pickup Mk. II. Moving coil,
interchangeable heads, both with diamond
stylus.  Output voltages l.p. and 78,
8 mV/cm (at transformer secondary). Range
40-20,000 c¢/s - 1 dB. S.p. Lp. 3 gm,
78, 5 gm. Load imp. 50,000-100,000
ohms. Price, with two heads, £16 (U.K.
purchase tax £5 19s. 9d.)

*

The Long Playing Record Library Ltd.,
Squires Gate, Station Approach, Blackpool.

Mackie ‘‘Delta’’ parallel tracking arm.
Designed to eliminate tracking error. Side
pressure less than 0.1 gm. Groove cueing
scale and pickup lowering device. Total
moving mass 35-40 gm. depending on cart-
ridge used. Takes all standard cartridges
and Decca ffss to special order. Height
above turntable 3 in. Price £14 [4s.

*

The Lowther Manufacturing Co., Lowther
House, St. Mark’s Road, Bromley, Kent.

Pickering 381 Sterco

&
L

Leak Dynamic arm and head

Mackie “Delta’” arm

Tel.: Ravensbournc 5225. Cables: Low-

ther, Bromley.

Moving coil fixed head.
Output voltage 10 mV. Range 20-20,000
c/s 4- 2 dB. S.p. 4-6 gm. Imp. 25 ohms.
Price, with sapphire stylus, £5 10s. (U.K.
purchase tax £2 3s. 10d.): with diamond

L.P. pickup.

stylus  £12  10s. (U.K. purchase tax
£4 19s. 9d.)
78 pickup. Moving coil fixed head.

Output voltage 18 mV. Range 20-20,000
¢/s -+ 2 dB. S.p. 6 gm. I[mp. 25 ohms.
Price, same as for L.P.
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Ortofon RMG /309 pickup arm

Ortofon Type C Mono head

Ortofon. Fonofilm Industri A/S Copen-
hagen. Distributed in the U.K. by Metro-
Sound Manufacturing Co. Ltd., 19a Buck-
ingham Road, London, N.1. Tel.: Clissold
8506/7. Cables: Metrosound, London.

Type A. Moving coil. Interchangeable
head with vertical coils. Diamond stylus.
Output voltage 1.p. 0.5 mV/cm/sec. Range
20-14,000 c¢/s 4- 2 dB. S.p. 5-6 gm. Load
imp. 2 ohms (transformer required). Price
£7 5s. (U.K. purchase tax £2 6s. 6d.)

Type C. Movingcoilasabove. Diamond
stylus. Output voltage l.p. 0.3 mV/cm/sec.

Range linear 20-20,000 c¢/s. S.p. 3.5 gm.
Load imp. 2 ohms (transformer required).
Price £14 (U.K. purchase tax £4 9s. 10d.)

Transformer for use with above pickups.
Price £2 7s. 6d.

WM Type SPU/G. Moving coil cartridge.
Diamond stylus 0.0065 to 0.0007 thou.
Output voltage 0.5mV. Range 20-20,000c¢/s.
S.p. 3-5 gm. Load imp. 2 ohms. Price £18
(U.K. purchase tax £5 15s. 6d.)

SPU/GT. Moving coil cartridge with
built-in transformers. Diamond stylus.
Channel sep. 20-25 dB. Range 20-20,000
c/s. Load imp. 50 K ohms. S.p. 2 gm.
Output voltage 2 ohms. Available with
pure stereo 0.0005 and 0.00065 diamond
for use with stereo l.p. Price £20 (U.K.
purchase tax £6 8s. 4d.)

SKG/212. 12 in. pickup arm with
adjustable playing weight. Price £4 15s.
(U.K. purchase tax £1 10s. 6d.)

BMSMG/212. 12 in. pickup arm for stereo
cartridges. Playing weight adjustable from
0-12 gm. Price £10 (U.K. purchase tax
£3 4s. 2d.)

RKG/309. 16 in. pickup arm. Details
as for SKG/212. Price £17 (UK. pur-
chase tax £5 9s. 1d.)

HRMG/309. 16 in. pickup arm. Details
as for SMG/212. Price £21 (UK. pur-
chase tax £6 14s. 9d.)

*
Philips Electrical Limited, Century House,
Shaftesbury Avenue, W.C.2. Tel.: Gerrard
7777. Cables: Phillamps.

AG.3016. Crystal head fitted with sap-
phire styli. Output voltage 100 mV.
Range 30-15,000 c/s. S.p. 7-10 gm. Load
imp. 470,000 ohms. Price 15s. 11d. (U.K.
purchase tax S5s. 1d.)

AG.3401. Stereo magnetodynamic head
with diamond stylus. Output voltage 2
mV per channel. Range 20-18,000 c/s.

S.p. 3-5 gm. Load imp. 68,000 ohms.
Price £7 3s. 1d. (U.K. purchase tax
£2 5s. 11d.)

AG.3301. Crystal stereo pickup cart-

ridge with turnover head. Sapphire styli.
Output voltage 120 mV per channel. Load
imp. 470,000 ohms per channel. Price
£1 6s. 6d. (U.K. purchase tax 8. 6d.)

HWAG.3060.
mond stylus.

Crystal stereo pickup. Dia-
Output voltage 120 mV per
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channel. S.p. 4-6 gm. Load imp. 470,000
ohms per channel. Price £3 3s. 7d. (U.K.
purchase tax £1 0s. 5d.)

BMAG.3063. Stereo crystal head. Micro-
groove only. Sapphire 18 microns stylus.
Load imp. 470 K ohms per channel. Out-
put voltage 120 mV. Range 30-12,000 c/s.
S.p. 4-6 gm. Price £1 2s. 11d. (U.K.

purchase tax 7s. 4d.)

BAG.3302. Stereo crystal turnover head.
Sapphire styli, Lp. 18 microns, 78 75
microns. Load imp. 470 K ohms per
channel. Output voltages 120 mV. Range
30-12,000 c/s. S.p.4-6 gm. Price £1 6s; 7d.
(U.K. purchase tax 8s. 6d.)

MAG.3304. Stereo crystal turnover head.
Styli: 75 microns sapphire for 78, diamond
18 microns for microgroove. Load imp.
470 K ohms per channel. Output voltage
120 mV. Range 30-12,000 c/s. S.p. 4-6 gm.
Price £3 8s. 4d. (U.K. purchase tax
£1 1s. 11d.)

WA.G.3305. Stereo crystal turnover head.
Details as for AG.3302 but with diamond
18 microns stylus for microgroove. Price
£3 8s. 4d. (UK. purchase tax £1 Is. 11d.)

*

Ronette.  U.K. distributors: H. K.
Harrisson & Co. Ltd., 73 Great Titchfield
Street, London, W.l. Tel.: Museum 5861.
Cables: Empirian, Audley.

DC-395. Crystal turnover cartridge.
Sapphire stylus. Load imp. 1 meg. 100
pfd. Output voltage 1,000 mV. Range
30-6,000 c/s. S.p. 6-10 gm. Price £1 10s.
(U.K. purchase tax 9s. 9d.)

DC-284-OV. Crystal turnover cartridge.
Sapphire stylus. Load imp. | meg. 100
pfd. Output voltage 230 mV. Range
30-10.000 c/s. S.p. 6-10 gm. Price £1 10s.
(U.K. purchase tax 9s. 9d.)

DC-284-T. Crystal turnover cartridge.
Sapphire stylus. Load imp. | meg. 100
pfd. Output voltage 600 mV. Range
30-8,000 c/s. S.p. 6-10 gm. Price £1 10s.
(U.K. purchase tax 9s. 9d.)

DC-284-P. Crystal turnover cartridge.

Sapphire stylus. Load imp. 1 meg. 100
pfd. Output voltage 105 mV. Range
30-12,000 c/s. S.p. 4-8 gm. Price £1 10s.

(U.K. purchase tax 9s. 9d.)

DC-395-S.
Sapphire stylus.

Crystal turnover cartridge.
Load imp. 1 meg. 100

Philips AG 3301 Stereo crystal pickup

Ronette Crystal cartridges
Output voltage 1,450 mV. Range

pfd.
30-6,000 c¢/s. S.p. 10 gm.
(U.K. purchase tax 9s. 9d.)

TX-88.
Sapphire stylus.
pfd. Output voltage
30-20,000 c/s. S.p. 2-8 gm.

Price £1 10s.

Crystal turnover cartridge.
Load imp. 1 meg. 100
150 mV. Range
Price £1 15s.

(U.K. purchase tax 11s. 8d.)
BEBF-40. Stereo single sided crystal cart-
ridge. Sapphire 0.75 mil stylus. Load imp.

I meg. 100 pfd. Output voltage 180 mV.
Range 30-12,000 c¢/s. S.p. 5-7 gm. Price
£2 10s. (U.K. purchase tax 16s. 3d.)
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M Stereo 105. Stereo crystal turnover cart-
ridge. Sapphire stylus. Load imp. 1 meg.
100 pfd. Output voltage 250 mV. Range
30-12,000 c/s. S.p. 3-6 gm. Price £2 11s.
(U.K. purchase tax 16s. 9d.)

BStereo 106. Stereo crystal turnover
cartridge. Details as for 105 but output
voltage 580 mV.

Bl Stereo 208. Stereo crystal turnover
cartridge. Details as for 105 but output
voltage 750 mV. Range 30-6,000 c/s.
Ronette Binofiuid BF40 S.p. 6-10 gm.

*

F. & H. Schumann, GmbH. Sole U.K.
importers: G. A. Stanley Palmer Ltd.,
Maxwell House, Arundel Street, London,
W.C.2. Tel.: Temple Bar 3721/3.

A range of crystal pickups, including the
Schumann-Merula stereo cartridge type
STK490 and the ceramic stereo cartridge
Type STC493.

*
Shure Electronics Ltd., 84 Blackfriars
Schumann-Merula Stereo cartridge Road, London, S.E.l1. Tel.: Waterloo

6361.

HM7D custom stereo dynetic cartridge.
Moving magnet. Diamond stylus 0.7 thou.
Load imp. 47,000 ohms. Output voltage
5 mV. Range 20-15,000 c/s. S.p. 5 gm.
Price £9 11s. 3d. (U.K. purchase tax
£3 1s. 5d.)

HM77 professional custom stereo dynetic
cartridge. Moving magnet. Diamond
stylus 0.7 thou. Load imp. 47,000 ohms
per channel. Output voltage 9 mV.
Range 20-17,000 c/s. S.p. 3-6 gm. Price
£10 12s. 6d. (U.K. purchase tax £3 8s. 4d.)

HlM3D professional stereo dynetic cart-
ridge. Moving magnet. Diamond stylus
0.7 thou. Load imp. 47,000 ohms. Output
voltage 5 mV. Range 20-15,000 c/s -
3 dB. S.p. 3-4 gm. Price £18 1s. 3d.
(U.K. purchase tax £5 15s. 11d.)

HMM33-5 professional stereo dynetic cart-
ridge. Moving magnet. Diamond stylus
0.5 thou. Load imp. 47,000 ohms per
channel. Output voltage 6 mV. Range
20-20,000 cfs. S.p. -3 gm. Price
£14 17s. 6d. (U.K. purchase tax £4 15s. 8d.)

HWM212 studio stereo dynetic pickup. Com-
plete unit with moving magnet head. Dia-
: mond stylus 0.7 or 0.5 thou. Load imp.
Shure M33-5 Stereo cartridge 47,000 ohms. Output voltage 4.5 mV.
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Range 20-20,000 c/s = 2.5 dB. S.p. 1.5-2.5
gm. Price £36 2s. 6d. (U.K. purchase tax
£11 11s. 2d.)

M232 and M236 Precision Tone Arms.
Suitable for monaural and stereo heads.
S.p. 0-8 gm. Price M232 (12 in.) £12 15s.
(U.K. purchase tax £4 1s. 10d.), M236
(16 in.) £13 l6s. 3d. (U.K. purchase tax
£4 8s. 8d.)

*

S.M.E. Ltd., Steyning, Sussex. Tel.:

Steyning 2228.

Model 3009 (9-in.) precision pickup arm.
Extremely low vertical and lateral friction.
Hydraulically damped lowering control.
Rapidly adjustable for a wide range of
cartridges and heads. Price complete with
shell £18 15s. 0d. (U.K. purchase tax
£6 5s. 0d.)

Model 3012 (12-in.) precision pickup
Details as above. Price complete with

arm.
shell £20 12s. 6d. (U.K. purchase tax
£6 17s. 6d.)

*
A. R. Sugden & Co. (Engineering) Ltd.,
Market Street, Brighouse, Yorkshire. Tel.:
Brighouse 2142. Cables: Connoisseur,
Brighouse.

Connoisseur Super Lightweight Pickup
MK. III. Suitable for mcnaural and stereo
heads. Height adjustable. Heads avail-
able: Mk. II monaural, magnetic, with
choice of 1, 2.8, 3.5 thou. stylus; stereo
ceramic with 0.5 thou. diamond stylus.
Price arm only £3 (U.K. purchase tax
19s. 11d.)

[l Connoisseur stereophonic Pickup Arm
CS1. Also suitable for monaural heads.
Height adjustable. Pickup lifting device
fitted. Price arm only £3 [5s. (U.K.
purchase tax £1 4s. 11d.), complete with
stereo head £9 15s. (U.K. purchase tax
£3 4s. 10d.)

M Connoisseur Stereo Head. Ceramic canti-
lever system. Diamond stylus 0.0005/6 ins.
radius. Output voltage 20 mV. Load
imp. 50,000 ohms. Range 20-16,000 c/s
-+ 2 dB. Channel separation 20/25 dB.
S.p. 3}-4 gm. Price £6 (U.K. purchase
tax £1 19s. 11d.) Prices of Mark II heads
available. Mark II L.P. Diamond £6 10s.
(U.K. purchase tax £2 3s. 3d.) Mark 1I
Std. or L.P. Sapphire £3 10s. (U.K. pur-
chasc tax £1 3s. 3d.)

Shure M212 Stereo Dynetic pickup

Connoisseur Stereo CS1
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Tannoy Vari-Twin MK. 11

Tannoy Variluctance cartridge

Tannoy Products Ltd., West Norwood,
London, S.E.27. Tel.: Gipsy Hill 1131.
Cables: Tannoy, London.

Variluctance turnover cartridge. Out-
put voltages: Lp. 10-12mV; 78 18-20
mV. Range 20-16,000 c/s 4+ 2 dB. S.p.
5-6 gm. Load imp. 50,000 ohms. Price,
with 2 diamonds £12 (U.K. purchase tax
£4 17s.); with 1 diamond and 1 sapphire
£9 10s. (U.K. purchase tax £3 16s.);
with 2 sapphires £7 (tax. £2 16s. 7d.)

Single stylus version of Variluctance
for Lp. also available. Price with diamond
£6 15s. (U.K. purchase tax £2 14s. 7d.)

W Vari-twin Mk. II. Magnetic stereo
cartridge. Balance 4-pole system. Dia-
mond stylus 0.5 or 0.7 thou. Output voltage
7 mV per channel. Range 30-15,000 c/s
4+ 1.5 dB. S.p.4 gm. Load imp. 100,000
ohms. Inductance 350 mH. Price £9 19s.
(U.K. purchase tax £3 7s.)

*

Trianon Electric Ltd., 3 Violet Hill, Lon-
don, N.W.8. Tel.: Maida Vale 2255.

The All Balanced Pickup Arm 2400.
Suitable for stereo or mono cartridges.
Tone arm length 9 ins. Interchangeable
heads. Price £10 (U.K. tax £3 4s.)

M Reuter St.D.1. Crystal turnover stereo
cartridge sapphire stylus. Range 30-13,000
c/s += 3 dB. S.p. 3-5 gm. Load imp. 1
Megohm. Price £1 10s. (U.Ktax 9s. 8d.)
Reuter St.D.2. Crystal turnover stereo
cartridge. Sapphire stylus. Range 30-
16,000 c¢/s + 3 dB. S.p. 3-4 gm. Load
imp. 1 Megohm. Price £1 10s. (U.K.
purchase tax 9s. 8d.)

MReuter St.D.3. Crystal stereo cartridge.
Sapphire stylus. Range 30-13,000 c/s +
3dB. S.p.3-5gm. Load imp. 1 Megohm.
Price £1 10s. (U.K. purchase tax 9s. 8d.)

*

Worden Audio Developments Ltd., 54
Chepstow Road, London, W.2. Tel.:
Bayswater 4996.

Worden Articulated pickup arm. Radi-
ally operated single arm with articulated
head piece. Tracking correct to + %%.
Moveable counterbalance for weight ad-
justment. Suitable for stereo and mono
heads with adaptors for Decca ffss, Expert,
etc. Price complete with one shell £12 5s.
(U.K. purchase tax £4 1s. 8d.). Extra
shells 13s. 6d. (U.K. purchase tax 4s. 6d.)
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ACCESSORIES

Auriol (Guildford) Ltd., By-Pass Works,
Guildford, Surrey. Tel.: Guildford 66712.

Auriol Pickup Control. This unit elimi-
nates accidental damage to the record by
the stylus, the control provides air
cushioned lowering and positive vertical
lifting and lowering of the stylus. The
supporting arm is serrated and calibrated
for accurate positioning of the stylus at
any pre-selected position within 1-2 micro-
grooves. Three cursors are provided to
mark starting positions and an indexing
clip is supplied to suit any specified pick-
up arm. Price £2 I1s. (U.K. purchase tax
17s.).

Auriol Pickup Control Mk. II. This is
dimensionally similar to the above but
the arm will swing clear of the turntable
to allow its use with the Autochanger/
Manual player units. Price £3 Is. 6d.
(U.K. purchase tax £1 0s. 6d.).

*

Burne-Jones & Co. Ltd., 18 Brunswick
Road, Sutton, Surrey. Tel.: Vigilant 5050.
Cables: Burjomag, Sutton.

Counterweight Unit. The addition of
this unit to a B.J. pickup arm permits
speed and accuracy in weight compensa-
tion. Price 12s. (U.K. purchase tax 3s. 11d.).

Alignment Protractor. For measuring
the tracking accuracy of all pickup assem-
blies. Made in plastic ivorine. Price 7s.

*

Colton & Co. (Lapidaries) Ltd., The Cres- Hi-Jack Cuematic
cent, Wimbledon, London, S.W.19. Tel.:
Wimbledon 9401.

Antistaticloth. A soft cloth impregnated
with an anti-static material, for cleaning
records. Price 2s. 6d.

*

Cosmocord Ltd., Eleanor Cross Road,
Waltham Cross, Herts. Tel.: Waltham
Cross 25206.

Acos Changer Dust Bug. Developed in
conjunction with Cecil Watts. Clips on to
changer arms. Price 17s. 6d. (U.K. pur- :
chase tax Ss. 8d.) Cosmocord Stylus pressure gauge
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Acos Stylus Pressure Gauge. A spring
balanced gauge calibrated 0-15 gm. Accurate
to within 0.5 gm. Price 9s. 6d. (U.K.
purchase tax 3s.)

*

Decca Radio & Television, Ingate Place,
Queenstown Road, London, S.W.8. Tel.:
Macaulay 6677.

Decca Microlift. A device for raising
and lowering a manual pickup arm at any
point on the record for minimising risk
of damage either to record or stylus
through handshake. Easy to fit to any
back-pivoted pickup. It does not hinder
record handling by over-lapping the turn-
table. Price £1 2s. 8d. (U.K. purchase
tax 7s. 4d.)

*

M. B. Fitch, Distributed by The Metro-
Sound Manufacturing Co. Ltd., 19a Bucking-
ham Road, London, N.1. Tel.: Clissold
8506. Cables: Metrosound, London.

‘‘Hi-Jack’’ Model ‘“D”’. A raising and
lowering device specially designed for
direct attachment to the Decca ffss pickup
pedestal. All metal chrome plated con-
struction, positive stops in gully raised and
lowered positions. Price £1 2s. 6d. (U.K.
purchase tax 7s. 6d.)

‘‘Hi-Jack’’ Universal Model ‘“U”. A
raising and lowering device specially
suited for use with the Garrard 4HF motor
unit for which no extra fixing hole is

The Parastat

required. 14 in. height adjustment by
means of sliding head. All metal chrome
plated construction. One 3/16 in. hole
needed for fixing. Price £1 2s 6d. (U.K.
purchase tax 7s. 6d.)

‘‘Hi-Jack Cuematic’’. A precision groove
locating  device with independently
operated local and remote pickup lifting
control. By selection of the appropriate
groove on the lifting bar and adjusting
the dial to a pre-determined setting, any

one groove can be selected. Price
£11 15s. 7d. (U.K. purchase tax £3 19s. 5d.)
*

Franell Laboratories, Ltd., 486 Finchley
Road, London, N.W.I1. Tel.: Speedwell
7512 (Sole agents for U.K.)

Rexon. An automatic record cleaning
device which cleans discs as they are being
played. A lightweight arm resembling
that of a moulded plastic pickup with a
head carrying a pad on a self adhesive

base. Price 24s.
*

The Garrard Engineering & Manfg. Co.
Ltd., Newcastle Street, Swindon, Wilts.
Tel.: Swindon 5381. Cables: Garrard,
Swindon.

S.P.G.3.  Stylus pressure gauge. 0-12
grammes with + gram. indication. Price

15s. 3d. (U.K. purchase tax Ss.)

The Goldring STB1
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W. N. Gay, 14 Tower Road, Worthing.

Disc-C.. A pure alcohol anti-static

cleaner for all 1.p. records. Price 6s.
*
Goldring  Manufacturing  Co. (Great

Britain) Ltd., 486/488 High Road, Ley-
tonstone, E.11. Tel.: Leytonstone 8343.
Cables: Echovox, London.

Anti-static Cleaning Pad. Removes dust
from records and is fitted with a detach-
able brush for keeping stylus clean. Price
4s. 6d. (U.K. purchase tax Is. 6d.)

STB.1.  Stylus balance, a simple yet
accurate gauge which operates at record
level. Stylus pressure is read directly in
grams off the calibrated scale. Price 3s. 6d.
(U.K. purchase tax Is. 2d.)

Stylus microscope designed especially
for the examination of pickup styli; it
has variable magnification from X 50 to
X 150 providing illumination both under
and behind the stylus tip. A clip is fitted
to hold any stylus in position under the lens.
Price on application. Trade only.

*

Q-Max (Electronics) Ltd., Napier House,
High Holborn, London, W.C.I. Tel.:
Holborn 8534.

Stylovue. A device for projecting a
magnified shadow of a stylus on to a screen
facilitating inspection of a stylus in situ.
Powered by torch batteries. Price £1 8s. 3d.

*

Rimington van Wyck Ltd., 42/3 Cranbourn
Street, London, W.C.2. Tel.: Gerrard 1171.

Hi-Jack Model “D”
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Clendisc.
preserver for records.

*

M. Tietze, 25 Castellain Road, London,
W.9. Tel.: Cunningham 2846.

An anti-static cleaner and
Price 3s. 9d. & 6s.

Maey Spring Balances. A range of
spring balances from 1 gm full scale up
to 10 Kg. Prices from £1 9s. 6d. to £3 5s.

*

Cecil E. Watts Ltd., Darby House, Sunbury-
on-Thames, Middx.

The “‘Dust Bug’’. Claimed to be the most
efficient method of removing all static and
dust from records as they are played.
Instantly fitted, suitable for all types of
records. Record quality is improved,
surface noise and wear reduced. Price
17s. 6d. (U.K. purchase tax Ss. 10d.). Note:
A model suitable for use on autochangers
is produced in co-operation with Cosmo-
cord Ltd.

The ‘‘Parastat’’. For cleaning both sides
of an Lp. disc simultaneously and making
it inert to all static charges. Principally
for trade us. Price Mk. II £18 10s. (U.K.
purchase tax £6 3s. 4d.)

Garrard S.P.G.3



DIRECTORY OF MOTOR UNITS

GOLDRING
GL-70
VARIABLE

SPEED
TURNTABLE

B&O
MODEL 608
4-SPEED
TURNTABLE

GARRARD 4HF
4-SPEED
TURNTABLE




Bang & Olufsen, Struer, Denmark. Sole
U.K. importers: Aveley Electric Ltd.,
Ayron Road, South Ockendon, Essex.
Tel.: South Ockendon 3444.

Model 608 transcription turntable. Four
speeds. Belt driven. Stroboscope mat
fitted to turntable mounted in teak case
complete with B and O ST/L pickup. Price
£25 14s. 0d. (U.K. purchase tax £8 11s. 4d.).

*

Garrard Engineering & Manufacturing Co. .
Ltd., Swindon, Wiltshire, England. Tel.: .
Swindon 5381. Cables: Garrard, Swindon. °

Model 301 Transcription Motor. Three
speeds. Variable speed adjustment. Price :
£17 14s. 6d. (U.K. purchase tax £5 15s. 3d.)

Stroboscopic Turntable, extra cost, £1 i.. : A s
4s. 9d. (U.K. purchase tax 8s.) Connoisseur 2-Speed Turntable

Garrard 4HF. Four speed record player
complete with pickup arm. 12-in. pressed
steel turntable. Rheostat speed control
4+ 39%. Automatic stop may be discon-
nected. Price with GC8 cartridge £14
13s. 3d. (U.K. purchase tax £4 15s. 4d.)

Laboratory Series Type A Turntable,
Transcription type record player with
facilities for changing records if required.
Heavy sandwich typ¢ non-magnetic turn-
table and weight counter balanced pickup
arm. Price, less pickup head, £15 18s.
(U.K. purchase tax £5 3s. 5d.)

Thorens TD 124 Turntable

CONNOISSEUR
3-SPEED
CRAFTSMAN

111
TURNTABLE
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Goldring Manufacturing Co. (Great Britain)
Ltd., 486/488 High Road, Leytonstone,
London, E.11. Tel.: Leytonstone 8343.

Lenco Transcription Unit GL58. In-
finitely variable speed adjustment with
pre-selected stops for 16, 334, 45, and
78 r.p.m. Groove location arm lowers
pickup on to record as on/off is operated.
Fitted with G.60 arm. Price £13 15s.
(U.K. purchase tax £4 9s. 5d.)

GL70 Transcription Unit. Non-ferrous
turntable, weight 8 Ib. Speed may be con-
tinuously adjusted from above 80 r.p.m. to
below 30 r.p.m. and from 15 to 18 r.p.m.
Pre-set standard speeds. 4-pole constant
velocity motor. (15 watts). W & F max.
0.29%. Incorporates L.70 pickup arm.
Pickup lowering device. Price £22 10s.
(U.K. purchase tax £7 6s. 3d.)

A. R. Sugden & Co. (Engineers) Ltd.,
Market Street, Brighouse, Yorkshire. Tel.:
Brighouse 2142. Cables: Connoisseur,
Brighouse.

Connoisseur Transcription Motor Type B.
Three speeds 334, 45 and 78 r.p.m. with a
49 wvariation on all speeds. Precision
ground and lapped revolving shafts. All
bearings adjustable. Large stroboscopic
disc beneath the turntable viewed though
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60 cfs.

mirror with its own internal light source.
Price £20 10s. (U.K. purchase tax £7 6s. 1d.)

Connoisseur “‘Craftsman’®> two speed
transcription motor. Operates at 334 and
45 r.p.m. fixed speeds. Full 12-in. turntable
of non-ferrous material. All bearings are
adjustable throughout the life of the unit.
Synchronous motor. Price £14 (U.K. pur-
chase tax £4 13s. 1d.)

Connoisseur “Craftsman”’
transcription turntable.
mounting space. Heavy non-ferrous 12-in.
turntable. 33, 45 and 78 r.p.m. 49
variation on all speeds. Neon lit strobo-
scope fitted. Dynamically and electrically
balanced synchronous motor. All bearings
are adjustable. Provisional price £18 10s.
(U.K. purchase tax £6 11s. 10d.).

three speed
Requires minimum

Thorens. Distributed in the U.K. by
Technical Suppliers Ltd., Hudson House,
63 Goldhawk Road, London, W.12. Tel.:
Shepherds Bush 2581, 4794. Cables: Tek-
nika, London, W.12.

Thorens TDI124 Transcription Turn-
table. Four speeds with ‘“OFF’ position
of selector switch between each speed.
Eddy current speed control 4 3 9%, Built-
in stroboscope for four speeds at 50 and
Price £39 Ss. 6d. (tax £11 11s.)

3-SPEED MOTOR WITH STROBO' TURNT ABLE



RADIO

by Arthur

HE intending purchaser of a specialized

radio tuner as a satisfactory adjunct to a
high fidelity system must be sure, before
buying, what he really demands, and how
much this is worth to him in terms of cash.
Firstly, and this is absolutely fundamental
to the economics of the whole matter, he
must accept that he will get what he pays
for, and nothing more; and that all other
things being equal, the more expensive
specimens in a group are usually better value
in terms of lasting satisfaction.

n

What programines?

The second problem is also a personal
but, in addition, a technical one. What sort
of programmes are wanted? If the require-
ment is for a limited range of material of the
highest possible quality, then, for reasons
to be explained, the choice must be VHF/
FM; but if a wide choice of programmes is
needed, including T.V. sound and the
foreign stations, then there is no alternative
to AM. Alternatively, both may be wanted,
and many kindly manufacturers provide
apparatus just for that, with FM as well
as the AM bands available at the tgrn
of a switch. But don’t be carried away
by advertisers’ copy-writers! We are now
considering Hi-fi—by which we understand
the best possible sound and performance in
our homes; and it is my experience that, in
general, combined tuners, well designed as
most of them are, offer but a compromise
when viewed from the standpoint of the
nearest approach to perfection. No doubt
there will be many dissenters from this
opinion, although it appears to be con-
firmed by one of the most (justly) respected
manufacturers in the Trade, for Quad make
sure of the best by offering for sale either
FM or AM tuners, but not both together in
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one unit. Quad, as we all know, don’t
compromise.

So here is the point of decision. How
much can be afforded? Then, for pro-
grammes, is it the best, is it the most, or is
it a fair bit of both? (Incidentally, for the
benefit of those insomniac persons who
spend the small hours listening to Gluk in
Upernavich discussing aerial rigs with
Wun Lung Tu in Peking, even this depraved
taste is catered for.)

For the uncompromising hi-fi listener,
there are many makes of purely FM tuners
on the market. Some of these take their
power supplies from the amplifiers with
which they are used, while others, enjoying
the appellation ‘‘self-powered”, come with
these facilities built-in. While the advantage
of this second sort of unit with its independ-
ance of external apparatus is not to be
gainsaid, it must not be overlooked that the
inbuilt extra has to be paid for, so if tuner
“A” complete with integral power-supplies
costs the same as tuner “B” without them,
it may be assumed with some confidence
that ““B”’ is the better job from the point of
view of its basic function, i.e. to be a tuner.
Small power-packs are available for use in
conjunction with non-powered gear at quite
reasonable prices, while they are also very
simple to construct. A suitable circuit is
shown in Fig. 1.

Local Stations

FM tuners are, in effect, local .station
receivers, as the range of an FM trans-
mitter is comparatively limited; but, pro-
vided adequate coverage is provided by a
multiplicity of transmitters sited so as to
effectively serve the areas in which they are
located, this curtailment of range constitutes
one of the most valuable features of FM
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broadcasting—there is little or no inter-
ference from more distant stations, of the
kind so distressingly apparent in AM recep-
tion. These local station characteristics
operate, to the great satisfaction of the
discerning listener, in another way, too,
as the modulation bandwidth can be con-
siderably extended without encroaching on
the preserves of other transmitters.

It is well known that, owing to the large
numbér of powerful AM transmitters of
considerable range in Gt. Britain and in
Europe, very severe limitations in respect of
bandwidth are, by international agreement,
imposed, in order to permit some sort of
modus vivendi among the competing
stations. On the medium and long wave-
bands, the maximum permissible deviation
around the carrier frequencies is 9 Kc/s,
ie. 4+ 45 Kcfs, a figure far below that
demanded for acceptable listening; so it
can be seen that AM can hardly achieve
high-fidelity standards. But there are other
even more serious disadvantages.

After Dark

After dark, when most listening is done,
the effective range of the transmitters
increases, and whistles, squeals and monkey-
chatter add random distractions to detract
from an already inherently unsatisfactory
situation. Add the circumstance that most
impulse interference, such as is caused by
sparking at switch-contacts on refrigerators
etc., commutators on vacuum-cleaners and
electric shavers, ‘trolley-bus pick-ups and
the like is AM in character, and that the
demodulation sections of AM tuners are so
designed as not to discriminate against AM
signals, it will be clearly seen that confusion
can become worse confounded at the turn °
of a knob. (It does too—don’t we know!)

Now, an FM demodulator—‘‘demodu-
lator” including the limiter in appropriate
circuits—if well-designed, is insensitive to
AM signals, so that random interference,
which, as we have seen, is largely AM, is
rejected at this stage of the tuner circuits,
and unwanted background noise due to
external causes is virtually eliminated. (The
one most serious possible cause of proximal
station interference, ‘‘capture effect”,
whereby closely adjacent transmissions with
signal strengths above a certain critical ratio
to the desired signal will compete to the
entire degradation of reception, is rarely
troublesome where we are concerned, owing
to the comparative sparseness and wide
physical separation of the transmitters.
Intelligent design helps, too. In America,
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however, capture effect sometimes presents
quite a problem, as there, many hundreds of
broadcasting stations serve small local areas,
some of which operate in closely adjacent
territories.)

FM offers many advantages additional to
those outlined above. Because of the
requirements in the way of bandwidth of
FM transmissions, these must be located in
VHF, Band 2 being allocated for the
purpose. (This is the reason for the local-
station characteristic of FM broadcast
transmitters.) Itis thus permissible to allow
the greatest possible bandwidth per trans-
mitter—in fact, it is so generous that
quality of signal is determined more by
economics and engineering limitations than
by proximities. That this is so is clear when
the medium and VHF (metre) bands are
compared.

The medium wave-band extends, in
round figures, from 500 Kc/s to 1500 Kc/s,
and into this 1 Mc/s are compressed x trans-
mitters, x being a fairly large number, so that

1,000,000

x (a large number)’
Now consider Band 2, which extends for
well over 10 Mc/s. The equation is:

transmitters per district, and the 200 Kc/s
bandwidth allowed per station is obviously
not going to rub elbows with its neighbours.
As a matter of fact, the stations are separated
by about 2 Mc/s.

available bandwidth =

, x being the 3

Pre- and De-emphasis

Another useful feature of FM broad-
casting is “‘pre-emphasis and de-emphasis”,
which helps very considerably to reduce
background noise in the tuner. It must be
explained at the outset that much of the
noise in any tuner is self-generated, and at
VHF can present a quite difficult problem.
It is caused to a great extent by the emission
and thermal agitation of electrons in con-
ductors, chiefly in the valves themselves, and
is generally quoted in the form ‘“equivalent
noise resistance’ or Regq.

(Req is greater in pentodes and other
multi-grid valves than in triodes, the rele-
vant equations being:

2.5

Triode Req = — Q,
gm
Ia (25 20Ig,
Pentode Req = 17 T 1g? (ﬁ gm? )Q’

which is why VHF tuners use triodes in
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R.F. and mixer stages, often to the bewilder-
ment of newcomers to VHF.)

De-emphasis is nothing more than what is
done when scratch becomes intolerable on
worn records. We turn down the treble
control. It is simply a top-cut. Now,
ancients like myself may remember, in those
far-off 78 days, certain American manu-
facturers emphasized the upper frequencies
on their records, the idea being that, when
the tone-control was used to minimize
scratch during replay, just about enough
top-cut would be brought into effect to
reduce the previously recorded emphasized
higher frequencies back to normal. In
other words, the top was pre-emphasized on
record, and de-emphasized on replay.

The device then wasn’t particularly
successful, as those who bought pre-war
*“Orthacoustic” records learned to their
sorrow, although it is of course standard
practice under the more sophisticated
conditions of today; but it works very
well in FM radio transmission and recep-
tion. All FM transmitters are so designed
as to pre-emphasize the upper modulation
frequencies by a certain fixed figure, — 50us
in Gt. Britain—and the tuners are arranged
to de-emphasize by precisely the same
amount, so that hiss and similar noises
are dealt with along with the transmitter
pre-emphasis (Fig. 2).

As we have already seen, “‘x” = only 3,
i.e. Home, Third and Light, and some
means of selecting only these programmes
without having to chase a pointer over the
dial is bound to appeal to lazy folks. Such
indolents will gravitate, naturally, to the
switched variety of tuner, wherein the
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required station is selected at the turn of a
knob. It will be appreciated that such
tuners must be absolutely stable so that,
once correctly adjusted, they will not drift;
and stability, at VHF, is no easy matter to
achieve. The capacitances and inductances
that comprise the tuning circuits of ‘any
VHF dpparatus are very small indeed, as
the following simplified formula demon-
strates:

L = henrys

159200 Kc/s
= C = pf

f LC

and slight variations in L and C resulting
from, say, temperature changes, can cause
considerable changes in the proportions of
these constants; and cyclic and/or per-
manent mis-tuning can and does result in
all but the most carefully designed gear.
Various techniques are in common use to
counter these possibilities, from most careful
disposition and use of temperature com-

TYPICAL DE— EMPHASIS CIRCUIT.

FiG.2. R=47000A0n. C= I100O0OFPF.




pensating components to automatic means
of controlling frequency—A.F.C.—whereby
- capacitance is added to the drift-prone
circuits.

While it is possible to construct circuits
that are virtually drift-free without A.F.C.—
for example, my ownfirmusesthis method—
it is certainly easier and, on a commercial
scale, probably cheaper to include it, and
switched tuners (and many continuous tuned
units) incorparate this type of frequency
control. Unless sensibly designed, A.F.C.
can, under certain conditions, introduce
distortion, and it is possibly significant that
it is becoming less popular in U.S.A., where
formerly no tuner of any standing would
have been without it.

With continuous tuned units, the user
is compelled to perform the quite skilled
operation of tuning to the centre of a wide
pass-band, so some form of tuning indicator
is absolutely necessary, and one is almost
always incorporated. This may range from
the familiar ‘‘magic eye” to an elaborate
arrangement of two valve-voltmeters, the
best in my opinion being the two-neon
circuit fitted by Quad. The magic eye does
well enough, but is not always to be trusted,
the phenomenon of maximum signal else-
where than in the position indicated by the
eye being not entirely unknown. The cause
is too involved to be discussed in this short
essay, but has its roots mainly in misalign-
ment, particularly towards the demodulator
sections; and, indeed, with some types of
demodulator, the ordinary magic eye is
virtually useless.

emodulators

The demodulator’s—detector’s in O.E.—
job is, basically, to convert the amplified FM
signal to AM, and two types are in general
use, the Foster-Seeley discriminator and the
Ratio detector (Fig. 3). There are others,
but these cover nearly all FM tuners ordin-

,arily available. It is generally held that the
Foster-Seeley is less liable to distortion than
the ratio detector, but this is not always true,
at least in commercial apparatus. It is
certainly easier to set up, but experience
proves that, by very careful and painstaking
adjustment, the ratio detector can be at
least the equal of the other in the way of
quality, while it has the indubitable advan-
tage of requiring one previous stage less for
efficient working. Both types can be
equally effective in rejecting AM inter-
ference, but as the Foster-Seeley does not
inherently discriminate against AM signals,
provision has to be made in the shape of an
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extra limiter valve to do the job for it,
whereas the ratio detector, when accurately
balanced, is a very efficient AM rejector of
itself.

A much quoted term in FM 'tuner specifi-
cations is ““quieting”’, which, ffom the user’s
point of view, may roughly be described as
signal against background noise. Thisis not
quite the whole truth, but does convey what
it usually means from the subjective angle.
It is given in the form ‘““xdb quieting for y
microvolts input”, y being the signal
strength at the aerial input, and obviously the

. X ..
greater the ratio ; the better; but it is as

well to take catalogue figures with a little
discretion, as it may be reasonably assumed
that quoted figures refer often to what can
be done rather than what is done, although
of course this is not always true. Caveat
Emptor!

Good Aerials Help

Should the preceding paragraphs arouse
in the reader’s breast the feeling that FM
provides all the earnest listener desires, it
should be pointed out that there are some
disadvantages too. Some of these are (1)
a proper aerial is essential. Here, any old
piece of wet string won’t do at all. It must
be constructed to suit the situation, and, as
with all V.H.F., unless the location is close
to transmitter, an aerial dimensioned so as
to tune to the correct frequency is necessary.
On Band 2, the length is just under 5 ft.,
taking into consideration the effect of
adjacent structures on its performance, and
it is split to form a dipole. While in good
reception areas a piece of lighting flex
unravelled to length and tacked round the
picture-rail will suffice, in less fortunate
homes the dipole must be substantially con-
structed and mounted as high above its own
and neighbours’ roofs as possible. Also, in
areas towards the limits of transmission,
reflectors and directors may be needed as
well; but it must be appreciated that a good
aerial can quite easily be the equivalent of
adding a noise-free valve to the tuner, so the
extra cost and trouble involved will be
well repaid. Perhaps a short description of
“why” may not be out of place.

A straight conductor is, in effect, a
resonator similar to a closed pipe—it
resonates at a wave-length of twice its own
length. Broadly speaking, its self-induct-
ance and summed self-capacitance form a
parallel-tuned circuit, with maximum current
appearing at a point equi-distant from the
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Two types of demodulator— (1)
terminations. This centre-point is clearly
the place whence to take the signal, so it is
cut to form a dipole—with a characteristic
z of about 70Q—and a matching twin
feeder of this impedance connects it to the
input of the tuner. (Mis-matching to 300Q2
inputs does not, as a rule, seriously affect
performance.)

A dipole is directive, and is turned towards
the local transmitter, so eliminating inter-
ference from programmes emanating from
most other directions. However, the
response is the same at the back as at the
front, but if another conductor, the reflector,
be mounted behind it, the response in the
forward direction will increase; and for
most locations this is a satisfactory arrange-
ment. In poor reception areas a further
improvement in gain can be achieved by the
addition of yet another element, this time
in a forward direction. It is known as the
director, and the whole comprises the
familiar three-element array.

Fig. 4 shows a plan view of the array,
together with dimensions which, although
not strictly theoretically precise, do not
show any marked inefficiency in practice.
There are many other configurations of
aerial, most of which are in use in fringe
reception areas. It should be noted that,
with the most effective of these, gains of up
to 5 or 6 dB are possible.

(2) Bound up with (l1) is the matter of
signal. 1If this falls below a certain level,

background noise— —and distortion

quieting
increase out of all proportion, whereas with

Foster Seeley—(2) Ratio Detector

AM this phenomenon rarely presents
serious problems.

(3) The tuned circuits. These must be
very accurately aligned, with the “‘ears” of
the pass-band unpronounced and absolutely
symmetrical about the reference frequency.
Admittedly this should also be the case
with AM broadcast tuners, but misalign-
ment in this type is not so distressingly
obvious, nor is it likely to develop in the same
way at the lower frequencies employed. It
is always difficult to precisely align and keep
aligned VHF circuits, and while A.F.C. can
and does often help, it can also do the
opposite in the way of quality.

(4) Re-radiation from the local (tuner)
oscillator. In most commercial tuners
intended for the hi-fi market, this particular
spectre can be considered as laid; but there
was—and possibly still is—one popular
make of receiver that was notorious in the
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Trade for its transmitting capabilities. The
importance of the matter will be apparent
when it is realized that second harmonic
radiation would fall within Band 3.

Combined AM-FM tuners

With most of these, an excellent AM per-
formance comparable with that of a purely
AM receiver is normal, so that, dependent
on the number of wave-bands on the dial,
most of the continentals in addition to the
usual British broadcasts can be picked up
with a reasonably clean background during
daylight hours, and with the usual accom-
paniment of whistles, clicks, bangs, crashes
and monkey-chatter at night. FM will
usually be average to fairly good, although
there are one or two manufacturers who
manage to make a little more than the best
of both worlds in this direction. Normally
VHF/FM together with the long and/or
medium bands are offered, but on some
makes short-wave bands are available as
alternatives or in addition. Outstanding
among these latter is the Chapman type
S6BS/FM with a truly striking performance
on its AM bands—it has nearly the lot—and
quite good reception on FM.

One or two tuners include the T.V. Sound
programme, which is often considered to be
the best quality transmission of all, although
here the eye—or ear—of faith is sometimes
discernible.

Purely AM tuners

The Hi-fi Year Book for 1961 lists only
two, one of these being a 3 wave-band
hi-fidelity unit, while the other is of com-
munications type, with 9 wave-bands includ-
ing the band-spreads. Both are outstanding
in their own fields, and are, of course, the
Quad AM2 and the Chapman S6BS.

Things to Come

Obviously there will be considerable
developments in FM tuners in the future, as
transistors alone are stimulating much
thought in all electronic fields. The use of
these devices demands much more than
simple adaptations of circuits, and their
possibilities in the way of stability are
obvious, if only for the elimination of the
“‘warming-up period”. The probable
increasing incorporation of the pulse-
counter type of demodulator has its natural
counterpart in the substitution of semi-
conductors in the earlier sections of the
receivers, particularly in view of the lower

L.F. frequencies involved. (Incidentally, it is
an interesting fact that a pulse-counter
demodulator was described as long ago as
1942, while Scroggie’s article describing its
adaptation to broadcast receivers was pub-
lished in 1956.)

Do-it-yourself tuner Kits

There were and probably still are a
number of such kits on the market, but the
most advanced appears to be the Heath-
kit FMT series, which, as is usual with
Heathkit, enables the amateur, with an
uncanny certainty of success, to produce
professional results.

Advice on Choice

There is such a bewildering variety of
excellent commercial tuners on the market
that selection, for the newcomer or the man
contemplating a change, can cause con-
siderable heart-searching and sleeplessness.
It may be stated, at the outset, that all of
the tuners described in the Directory section
will do their jobs efficiently and well, and
any advice that will be given in this
invidious situation can be only on’ the
basis that personal prejudice is likely to be
a deciding factor.

It is clear that I cannot discuss my own
firm’s products, but of the few other makes
that have passed through my hands, the
two Quad tuners and the Lowther Mark V
impressed me most. I liked the Armistrong
AM/FM and the HMV 558/ AM/FM also,
although the Armstrong appeared to suffer
some slight curtailment of the upper audio
frequencies; but this, I understand, has
now been corrected. The Chapman S6BS/
FM on its AM short-wave bands was a
delight to handle, even at 3 a.m.! and
although the specimen I tested had had
much use over quite a long period without
any service attention whatsoever, it might
have come direct from the factory, so
excellent was its performance. Its FM
reception I found average.

The Goodsell tuners are very good value,
and, as I know from experience extending
over some years, most reliable. The Dulci
FMT/2 and H4T/2 do their work excellently,
although the FM performance of the
H4T/2 is not quite equal to that of the
FMT/2, which has the excellent feature of
switchable A.F.C.

It would seem that progress in this field
has been steady but unspectacular, with the
old favourites proving how well they were
designed in the first instance.
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DIRECTORY OF RADIO TUNERS

v Inthe abridged specifications of these directory entries the following abbreviations have
been used: P.s.n.—Power supply needed; A.F.C.—Automatic frequency control.

Acoustical Manufacturing Co. Ltd., St.
Peter’s Road, Huntingdon, Hunts. Tel.:
Huntingdon 361 and 574. Cables: Acous-
tical.

F.M. Tuner. Variable tuning. Range
87.5-108 Mc/s. Special double neon dis-
play ind. P.s.n. 330v at 27 mA; 6.3v at
1.85 amps. Size 103 X 3% X 6ins. Price
£21 (U.K. purchase tax £7 17s. 6d.)

A.M. II Tuner. Variable tuning. Range
5.8-18.5. Mc/s, 185-588 and 800-2070
metres. Magic Eye ind. P.s.n. 330v at
35SmA; 6.3v at 1.2A. Size 103 x 34 X6 ins.
Price £24. (U.K. purchase tax £9.)

*

Armstrong Wireless & Television Co.,
Warlters Road, Holloway, London, N.7.
Tel.: North 3213/4.

F.M. Tuner T4B. Variable tuning.
Range 87-108 M/cs. A.F.C. Ratio disc.
Self-powered A.C. 200-250v. Size 10} X
4} x 7% ins. Price £17 (U.K. purchase
tax £5 9s. 1d.)

A.M./F.M. Tuner. ST3 Mk.2. Variable
tuning. Range F.M.: 87-108 Mc/s;
AM.: M.W. 187-570 metres, L.W. 1053-
2,000 metres. A.F.C. Ratio disc. Minia-
ture bright line ind. Self-powered A.C.
200-250v. Size 123 x 5% x 7% ins. Price
£21 1s. 3d. (U.K. purchase tax £6 15s. 3d.)

A.M./F.M. Jubilee Mk.2. Tuneramplifier
chassis. Variable tuning. Range F.M.:
87-108 Mc/s; AM.: MW. 187-570
metres, L.W. 1053-2,000 metres. A.F.C.
Ratio disc. EM. 81 ind. Self-powered
A.C. 200-250v. Size 12 X 7 x 8 ins.
Price £23 9s. 3d. (U.K. purchase tax
£7 10s. 8d.) Also see Amplifier Section.

Stereo 12 Mk. 2 A.M./F.M. Tuner ampli-
fier chassis. Variable tuning. Range 87-
108 Mc/s, 187-570, 1053-2,000 metres.
A.F.C. Ratio disc. Magic Eye ind. Self-
powered. Size 14% X 9 x 5% ins. Price k SRR
£33 1s. 6d. (U.K. purchase tax £10 12s. 3d.) Armstrong T4B FM tuner
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Goodsell FMT701
Aveley Electric Ltd.,, Ayron Road, Aveley
Industrial Estate, South Ockendon, Essex.

Tel.: South Ockendon 3444. Cables:
Telex 24120 Avel Ockendon.
F.M. Dynatuner FM-1. Free tuned.

Range 88-108 Mc/s. Drift-free design
F.C. Balanced bridge discriminator. Magic
eye ind. Self-powered. Size 13 X 3% X
7% ins. Price £44 12s. (U.K. purchase tax
£16 14s. 6d.) Also available in kit form
£38 12s. (U.K. purchase tax £14 9s. 6d.)

Chapman (Ultrasonics) Ltd., Sales Divi-
sion, 24 Upper Brook Street, London,
W.1. Tel.: Hyde Park 2291.

F.M. Tuner FM90. Switched, 4 posi-
tions. Range 87.5-100 Mc/s. A.F.C. ratio
disc. P.s.n. 250v at 40 mA; 6.3v at 2A.
Size 5 X 4% X 6% ins. Price £14 9s5. (U.K.
purchase tax £5 1s.)

F.M. Tuner FM91. Free tuned. Range
87.5-100 Mc/s or 88-108 Mc/s. A.F.C.
Wide band ratio det. Bright Line tuning
ind. P.s.n. 250v at 40 mA; 6.3v at 2A or
self-powered. Size 12 X 44 X 6% ins. Price
£17 6s. 8d. (U.K. purchase tax £6 Is. 4d.)
Self-powered £20 Ss. 7d. (£7 1s. 11d.)

FM95 A.M./F.M. Tuner. Variable
tuning. Range 87.5-100 Mc/s, 195-550 and
800-2,000 metres. A.F.C. Ratio det. EM84
ind. P.s.n. 250v at 30 mA; 6.3v 2 amps.
Size 12 X 4} x 8% in. Price £20 Is. 9d.
(U.K. purchase tax £7 0s. 9d.) Self-powered
version £23 1s. (£8 Is. 6d.)

A.M./F.M. Tuner SSE/FM. Free tuned
Range (F.M.) 87.5-100 Mc/s or 88-108
Mc/s; (A.M.) 12.5-37, 35-100, 90-250, 190-
550 metres. Ratio det. plus limiter. Magic
eye tuning ind. P.s.n. 200/250v at 40/50
mA or self-powered. 134 X 6% X 9 ins.
Price £25 3s. 8d. (U.K. purchase tax
£8 16s. 4d.) Self-powered £28 3s. (£9 17s.)

A.M./F.M. Tuner S5/FM. Free tuned.
Range (F.M.) 87.5 100 Mc/s; (A.M.) l6-
50, 195-550, 800-2,000 metres. Ratio det.
plus limiter. Magic eye tuning ind. P.s.n.
200/250v at 40/50 mA or self-powered.
134 x 6% x 9in. Price as SSE/FM above.

A.M./F.M. S6BS/FM. Free tuned.
Range (F.M.) 87.7-108 Mc/s; (A.M.) 6
bandspreads: 11, 13, 16, 19, 25, and 31

metres; also 15-43, 43-140, 175-570 metres
wide band ratio det. Magic eye ind.
Self-powered. Size 133 X 13 X 8% ins.
Price £52 10s. (U.K. purchase tax £19 5s.)

A.M. Tuner S6BS. Free tuned. Range
6 bandspread ranges: 11, 13, 16, 19, 25,
and 31 metres, also 13-43, 43-140, 175-570
metres. Magic eye ind. P.s.n. 250v at
30/40 mA; 6.3v at 1.5A, or self-powered.
Size 132 x 11 x 8% ins. Price £32 19s. 2d.
(U.K. purchase tax £11 10s. 10d.) or £37
8s. 2d. self-powered (U.K. purchase tax
£13 1s. 10d.)
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Clarke & Smith Manufacturing Co. Ltd.,
H.M.V. High Fidelity Components Divi-
sion, Melbourne Works, Wallington, Surrey.
Tel.: Wallington 9252. Cables: Electronic,
Wallington.

A.M./F.M.H.M.V.558. Variable tuning.
Range F.M.: 87.5-108.5 Mc/s; A.M.:
M.W. 184-575 metres, L.W. 1110-2,050
metres. EM 84 magic eye ind. Self-
powered. Size 14} x 3§ x 8% ins. Price
£26 4s. 6d. (U.K. purchase tax £8 19s.)

*

Goodsell Ltd., Gardner Street, Brighton,
Sussex. Tel.: Brighton 26735.

F.M. Tuner FMT701. Manual tuning
(permeability). Range 85-100 Mc/s. Ratio
det. Magic eye ind. P.s.n. 250v at 20 mA.

‘ Price £10 10s. (U.K. purchase tax £3 8s. 3d.)

*

Grampian Reproducers Ltd., 19 Hanworth
Trading Estate, Feltham, Middx. Tel.:
Feltham 2657. Cables: Reamp, Feltham.

F.M. Tuner 571. Free tuned. Range
85-98 Mc/s. Ratio det. Magic eye ind.
P.s.n. 300v at 35/40 mA, 6.3v at 2.5 amps.
Size 10% x 5% x 6% ins. Price £17 10s.
(U.K. purchase tax £5 17s. 11d.)

*

Jason Electronic Design Ltd., Kimberley
Gardens, London, N.4. Tel.:  Stamford
Hill 5477.

F.M. Tuner -FMT/4. Variable tuning.
Range 88-108 Mc/s. Transistor amplified.
A.F.C. Foster-Seeley disc. Self-powered.
Size 11} x 6§ x 4% ins. Better than 5pV
for 40 dB quieting. Price £17 S5s. (U.K.
purchase tax £5 10s. 8d.)

JTV/2 F.M. and A.M./TV Sound Tuner,
Switched turret tuning. Automatic fre-
quency control. Range 88-96 Mc/s, plus
all Television channels. Discriminator.
Self-powered. Size 11} x 7% x 4% ins.
10nV for 40 dB quieting. Price £19 4s.
(U.K. purchase tax £6 3s. 3d.)

Monitor. F.M. and A.M./TV Sound
Tuner. Switched tuning. A.F.C. Range
40-212 Mc/s. Foster-Seeley disc. P.s.n.
230v at 35 mA; 6.3v at 1.5A. Size 5 x 5%
X 7 ins. Price £15 (U.K. purchase tax
£4 16s. 3d.)

Chapman FMY0 switched tuner

i

- LMA Trough-Line 11

Jason FMT |4 tuner

H. J. Leak & Co. Ltd., 57/59 Brunel Road,
East Acton, London, W.3. Tel.: Shepherds
Bush 1173. Cables: Sinusoidal, Ealux,
London.

F.M. Tuner, Trough-Line 11.
tuning. Range 88/108 Mc/s. A.F.C. giving
tuning stability from the instant of
switching on. Foster-Seeley disc. Magic
eye ind. Self-powered. Size 113 X 4% X
73 ins. Price £25 (U.K. purchase tax
£8 15s.)
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Lee Products (Great Britain) Ltd., 10-18
Clifton Street, London, E.C.2. Cables:
Leprod, London, E.C.2.

F.M. Tuner FMT/2.  Variable. tuning.
Range 88-100 Mc/s. A.F.C. Foster-Seeley
disc.  Self-powered.  Cathode follower
output. Size 124 x 3% x 9% ins. Price
£18 13s. 6d. (U.K. purchase tax £519s. 10d.)

AM./F.M. Tuner H4T/2. Variable
tuning. Range 87-101 Mc/s, 16-50, 187-540
and 1,100-1,900 metres. Ratio det. Magic
eye ind. Self-powered. Size 12% X 6} X
10 ins. Price £19 10s. (U.K. purchase tax
£6 5s. 2d.)

*

The Lowther Manufacturing Co., Lowther
House, St. Mark’s Road, Bromley, Kent.
Tel.: Ravensbourne 5225. Cables: Low-
ther, Bromley.

F.M. Tuner Mk. V Self-Powered.
Twin gang tuning, horizontal scale. Range
87.5-108 Mc/s. A.F.C. Foster-Seeley disc.
Switched ind. 50 c/s ‘injection. Self-
powered. Size 13} x 5% x 5 ins. Price
£24.10s. (U.K. purchase tax £8 2s. 11d.)

F.M. Tuner Mk. V. Variable tuning.
Range 87.5-108 Mc/s. A.F.C. Foster-
Seeley disc. Switched A.F.C. and hum
checkind. P.s.n.250v30mA; 6.3v2amps.
Size 10} x 4% x 7 ins. Price £22 (U.K.
purchase tax £7 6s. 4d.)

F.M. Tuner MKk. V Crystal. Switched
3 station tuning. Range Pre-set 87.5-100
M/c A.F.C. Foster-Seeley disc. P.s.n.
200-240v 50 c/s. Size 10} x 4% X 5% ins.
Price to be announced.

*

Pamphonic Reproducers Ltd., Westmoreland
Road, London, N.W.9. Tel.: Colindale
7131.

640 F.M. Tuner. Variable tuning.
Range 86-103 Mc/s. Ratio sel. Magic
eye ind. P.s.n. 200v at 30 mA, 6.3v at 2
amps. Size (panel) 94 x 3% ins. Price
£15 15s. (UK. purchase tax £5 5s.)

F.M. 646. Manual tuning. Range 88-108
Mc/s. A.F.C. Ratio det. Self-powered.
Size 6 X 13 X 4} ins. Price £21 13s. 3d.
(U.K. purchase tax £7 4s. 6d.)
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Pye Ltd., High Fidelity Division, P.O. Box
49, Cambridge. Tel.: Cambridge 58985.
Cables: Pyrad, Cambridge.

A.M./F.M. Tuner HFT113. Variable
tuning. Range (F.M.) 88-108 Mc/s (A.M.)
190-550 metres. A.F.C. detect. Self-
powered. Size 104 X 33 X 5 ins. Price
chassis £29 8s., in metal case £31 10s.

F.M. Tuner Mozart HFT.108. Variable
tuning. Range 88-108 Mc/s. A.F.C.
Self-powered.  Size 10} x 33 X 5 ins.
Price £17 9s. 9d. (U.K. purchase tax
£5 12s. 3d.) chassis only or in metal case
£19 1s. 7d. (U.K. purchase tax £6 2s. 11d.)
117v model available.

*

Rogers Developments (Electronics), Ltd.,
“Rodevco Works”, 4-14 Barmeston Road,
Catford, S.E.6. Tel.: Hither Green 7244
and 4340. Cables: Rodevco, London.

R.D. Junior Mk. 11 Variable F.M.
Receiver. Variable tuning. Printed circuit
coil pack. Range 87-107.5 Mc/s. A.G.C.
Foster-Seeley disc. Twin limiters. Tuning
Indicator. Twin Cathode Follower Out-
put. Self-powered. Provision for Multi-
plex Adaptor. Size: 8§ X 5% X 10§ ins.
To operate with any Rogers Control Unit.
Available in Teak case to match HG88
Mk. 11.  Price to be announced.

F.M. Tuner R.D. Junior Switched.
Switched tuning. Range 87-96 Mc/s.
A.F.C. Foster-Seeley disc. P.s.n. 250v
35 mA; 6.3v 1.7 amps. Size 9 X 5% x 5%
ins. Price £11 5s. (U.K. purchase tax £3
16s. 10d.) Also available to match HG88
amplifier without case £11 18s. (U.K. pur-
chase tax £4 1s. 3d.)

*

Shirley Laboratories Ltd., 3 Prospect
Place, Worthing, Sussex. Tel.: Worthing
30536.

F.M. Tuner R/6. Variable tuning. Stan-
dard range. Ratio det. Magic eye ind.
P.s.n. 200-300v 30 mA; 6.3v 2.5 amps.
Price £27 10s.

Rogers RD Junior Switched FM tuner

Rogers RD Junior tuner in matching cabinet

*

Sound Sales Ltd., Works and Acoustic
Laboratories, Farnham, Surrey. Tel.:
Farnham 6461/2/3. Cables: Sounsense,
Farnham.

A-Z F.M. Synchrolock Unit Mk. IV 108. I o
Variable twin gang tuning. Range 75.8- T'ansley-Howard Archon P.F.41
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Sound Sales Synchrolock MK. IV

W B Stentorian F.M. tuner

Whiteley Electrical Radio Co. Ltd., Vic-
toria Street, Mansfield, Nottinghamshire.
Tel.: Mansfield 1762-5. Cables: Whitebon,
Mansfield.
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108 Mc/s. A.F.C. Foster-Seeley disc.
Magic eye ind. Self-powered. Size 11§ X

4} x 6} ins. Price £22 (U.K. purchase
tax £7 Is. 2d.)

*
Symphony Amplifiers Ltd. (Distributors

Northern Radio Services (London) Ltd.),
16 Kings College Road, London, N.W.3.

Tel.: Primrose 3314/S.
F.M. Tuner Symphony No. 1. Variable
tuning. Range 87-101 Mc/s. Ratio det.

P.s.n. 250v at 40 mA; 6.3v at 1.5A. Size
9 X 6 X 6 ins. Price £11 1s. 10d.- (U.K.
purchase tax £3 12s. 2d.) Power pack
available. Price £3 7s. 6d. Magic eye
available. Price £1.

A.M./F.M. Tuner Symphony No. 2.
Manual tuning. Range 87-101 Mc/s, 16-
50, 190-550, and 1,000-2,000 metres. Ratio
det. Self-powered. Size 134 X 8% X 74 ins.
Price £18 2s. 3d. (U.K. purchase tax
£5 17s. 9d.) Magic eye available. Price £1.

*

Tansley-Howard Ltd., 95 Kensal Road,
London, W.10. Tel.: Ladbroke 7195.

Archon PF41 F.M. Tuner. Variable
tuning. Range 88-108 Mc/s. A.F.C. Self-
powered. Size 12 X 6 X 2% ins. Panel
124 X 3 ins. Price £18 15s. (U.K. purchase
tax £6 2s.)

*

Technical Suppliers Ltd., Hudson House,
63 Goldhawk Road, London, W.12. Tel.:
Shepherds Bush 2581. Cables: Teknika,
London, W.12.

F.M. TSL. Fully transistorised. Variable
tuning. Range 87.5-108.5 Mc/s. A.F.C.
Sensitivity: 0.6 mV. Selectivity 350 Kc/s
bandwidth. Powered by one 9v and one
3v battery. Size 8 X 2% X 71 ins. Weight
3 Ibs. Price £19 9s. 6d. (U.K. purchase tax
£6 5s.)

*

W/B Stentorian F.M. Tuner Mk. IIL
Variable permeability tuning. Range 88-
108 Mc/s: Foster-Seeley disc. P.s.n. 200-
240v at 45 mA, 6.3v at 2 amps. Size
113 X 4 X 7% ins. Price £16 2s. 5d. (U.K.
purchase tax £6 19s. 7d.)



NEW DEVELOPMENTS IN
TRANSISTOR AMPLIFIERS

by George S. Tillett

HIS last year has seen very few note-

worthy developments in the amplifier
field although there is no doubt that much
work is going on behind the scenes—
especially with transistors. Before dis-
cussing transistor applications, let us take
a look at the valve amplifiers. One of the
new models released quite recently is the
Armstrong PCU-25 and A20 combination
which was reviewed in the Hi-Fi News for
April 1962. The most interesting feature
of the control unit is the ingenious method
of using the treble control in conjunction
with the low-pass filter in order to obtain
a variation of ‘‘cut-off” frequency and
attenuation; in other words, as a type of

“‘slope control”. Fig. 1 shows the circuit
in which VR2 is a conventional passive type
treble control with a ““hinge” around 1,000
c/s. Operation of the switch SI (which
short circuits R15) changes its characteristics
to those shown in the diagram (Fig. 2).
Note that the filter itself is basically a
bridged “T type (R10, II, C7, 8 and 9).
The negative feedback loop necessary to
make the response asymetrical is formed by
R13 which is connected around V2. A
second feedback loop is taken at point X
to the output of the 3rd valve.

Obviously this arrangement is not so
versatile as a system having both treble and
slope controls, but it is a very good com-
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promise. As far as many people in this
country are concerned—the fewer the knobs
to fiddle with the better! I said as far as
this country is concerned, because the
situation is rather different in America
where the designers feel that the more knobs
they can cram on the better—and it is not
uncommon for an amplifier to have as
many as 15 controls, including volume,
loudness, centre channel, blend plus tone
controls for each channel. Whether this
trend is due to the ‘‘audiophile’s” pre-
occupation with the ‘“mechanics” of the
thing, rather than with the end product, is
a moot point. In the fullness of time
doubtless the reaction will set in, and
already it is worthy of note that the new
American Heathkit amplifier has a hinged
cover to hide the non-essential knobs!

Rogers redesigned

The Rogers HGB88 has been redesigned
and now has an increased power rating of
12 plus 12 watts. The output valves are
ECLS86’s and the switched step-style volume
control has given way to the more conven-
tional close matched variable composition
type. Other new models from Rogers
include the ‘“Cadet” stereo amplifier and
control unit. This model has an output of
6 plus 6 watts at a distortion of 0.259% and
the input sensitivity of 75mV makes this
an ideal combination to use with the Decca
“Deram” ceramic pickup. Although this
is a relatively inexpensive amplifier costing
but £27 10s., it is noted that a filter switch is
fitted. From Radford comes news of
further developments in amplifier design
technique. Fig. 3 shows the circuit of the
latest MA15 amplifier which is claimed to
have a phase margin of just under 90
degrees up to 3 Mc/s, with an amplitude

margin of 25 dB. The HF step network
(RI, CI) does not attenuate appreciably
below 15 Kc/s, thus nearly full feedback is
applied up to that frequency and the
distortion at 15 watts is only 0.69% at
20 Kc/s. Note that a triode-pentode is used
as a phase-splitter instead of a double-triode.
R2 and C2 form the low frequency step
network to maintain stability at the low end
of the scale. Note also that the feedback
loop is switched with the change in load
impedance. Also to bereleased is a doubled
up version of this power amplifier known
as type STA15. Improvements have also
been made to the DSM control unit now
re-named the SC2. Triodes are used in
place of the pentodes with an increase in
signal to noise ratio of from 3 to 6 dB.
Other features of the DSM, such as the
rumble filter cutting at 35 c/s and the
cathode follower output stage, have been
retained.

Transistors for Hi-Fi

The advantages of transistors for portable
radio receivers are well known, but what is
less certain is their suitability for Hi-Fi
amplifiers—in other words, just what can we
expect to gain? After all, it can be argued
that valve amplifiers with their low distor-
tion, wide frequency range etc., can hardly
be improved on—or can they? Let us take
a look at the transistor claims. (1) Greater
efficiency (lower power consumption). (2)
Lower heat dissipation. (3) Higher damp-
ing factors possible for the output stage.
(4) Lower hum level. (5) Lower voltages
mean a saving in components. (6) No
output transformers needed. (7) Greater
compactness. (8) Transistors have a longer
life. A formidable list, to which must be
added the possible advantage of no warm-
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up time (I cannot see that this is important
but it is quoted by the American adverts!).
The modern valve amplifier is still
relatively inefficient and the average 10 plus
10 watt unit would consume some 150 to
200 watts from the mains, thus most of the
power is dissipated in the form of heat. In
contrast, a transistor amplifier of similar
rating would use between 50 and 70 watts.
This is partly due to the inherent efficiency
of transistors, the absence of heater current
and also to the fact that high power tran-
sistor output stages are of the “‘class B*’ type
or similar. The lower heat dissipation is of
course a function of the higher efficiency.
Higher damping factors are explained by
the large amounts of negative feedback
necessary to extend the bandwidth and
reduce the inherent distortion, as well as
for stabilising the operating parameters.
Feedback loops of 40 to 60 dB are quite
common with resulting damping factors of
100 and over. The lower hum level is
mainly due to the absence of a heater supply
for the first stages, but the smaller mains
transformer means a worthwhile reduction
in hum fields which are always a problem
with small integrated amplifiers. So what
do these claims add up to in practice?
First, the lower power consumption is
obviously not too important as it means

but a saving of a few pence per week at the
most. (No doubt I will be contradicted by
Mr. MacTavish of Aberdeen!) The lower
heat dissipation scores a point, for it does
enable an amplifier to be mounted quite
near to (even underneath) an FM tuner
without causing any dire effects. It could
also mean that an amplifier could be enclosed
in a small wooden free-standing cabinet if
so desired. The higher damping factor as
such is of no great importance, as any
increase over 20 (which equals an output
impedance of 4 ohm) is quite negligible
compared with the 15 ohms of the speaker
itself.

Lower Hum Level

Lower hum level is undoubtedly a factor
to consider—especially with amplifiers
working at inputs of 2 or 3 millivolts. The
saving likely to result from the lower
voltages used would not be very much, and
the reduced cost of the mains transformer
may well be offset by the higher cosfs
elsewhere. The inherent low impedance of
transistors does mean that output-trans-
formerless stages are a practical possibility,
and in theory at any rate the scrapping of

the output transformers offers better
stability, better frequency response and
superior transient reproduction. In any
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case, transistor output transformers are far
less elaborate and costly than valve types;
in some circuits simple centre-tapped chokes
can be used instead. There is no doubt
that smaller, more compact amplifiers
will give greater scope for styling and
presentation whilst being somewhat easier
to install. How about longer life? At
present this is certainly true of the ordinary
small types of transistor but it is rather less
certain of the higher power devices. For
Hi-Fi applications a power of 10 plus 10
watts is usually considered necessary, and
most valve amplifiers are in this class. If
a lower output is acceptable, a transistor
amplifier could be operated from batteries
and even a 20 watt amplifier could be
powered by a car battery. (I should say
two car batteries, as most high power tran-
sistor amplifiers will use a 24-volt or higher
supply.) This may well have applications
for those living in remote parts of the world
without an electric power supply so I must
include battery operation in the possible
list of advantages.

Some disadvantages

Now let us take a look at the other side
of the picture; are there in fact any snags?
Yes, here are some of them:

(1) Transistors are ‘heat-conscious ™.
(2) The spreads in characteristics are much
larger- than we have become accustomed to
with valves. (3) The frequency response is
restricted at the H.F. end. (4) The noise
level is higher.

The operating condition of transistors,
especially high power types, is related to the
working temperature. Furthermore, if the
collector current can increase without
control, a condition known as ‘“‘thermal
runaway” is reached, when the transistor

will destroy itself. These problems can be
overcome by the provision of heat sinks and
reasonable ventilation plus the proper
stabilising precautions, which take the form
of DC feedback loops, potentiometer bias
supply, thermistors etc. Variations in gain
and other parameters can be dealt with by
using large amounts of negative feedback,
which will also increase the amplifier band-
width—provided the right types of transistor
are used. Asfornoise level, again provided
that the right types of transistor are used,
this is no longer a serious problem. The
real difficulty—at the time of writing—
centres on the production of suitable types
of transistor (low-noise and output types)
at a reasonable price. It is now possible
to produce a 20-watt transistor amplifier
in the laboratory—an all-transistor ampli-
fier which is quite comparable with a valve
type but the cost is prohibitive. This situa-
tion will of course change, and probably
sooner than many people anticipate.

Transistors versus Valves

Before considering some design features
of transistor amplifiers it will be as well to
compare the operation of transistors with
valves:. The theory of transistors was very
ably dealt with by Stanley Kelly in the 1957
Hi-Fi Year Book, and more detailed
information is available from a number of
publications!, so it is not proposed to go
very deeply into the mathematical analysis
of semi-conductors. However, for those not
conversant with transistors the following
simple facts must be borne in mind;
transistors are low-impedance devices and
are current operated—unlike valves, which
are basically high impedance and nearly
always voltage amplifiers.

The material used in the making of a

EMITTER COLLECTOR
BASE S
N.PN.
CONSTRFUCTION
3 LAYER TRANSISTOR. TRANSISTOR SYMBOLS.
FIG 4 FIG.S.
Fig. 4. Construction of 3 layer transistor. Fig. 5. Transistor svmbols (NPN and PNP).
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transistor is known as a ‘“‘semi-conductor”
and is usually of germanium or silicon.
Fig. 4 shows the arrangement of a junction
type, the middle layer of the “sandwich” is
called the base and one outside layer is
called the emitter and the other the collector.
Two basic types are made, one PNP and the
more common NPN—the letters indicating
the kind of germanium used. ‘‘P” means
that there is an electron deficiency, or ‘‘hole”’,
in the structure and “N” implying an
excess of electrons. Fig. 5 shows the
symbols for both types, in the NPN kind
the collector roughly corresponds to the
anode of a valve, and provided it is biased
positively, with respect to the base, it will
absorb electrons therefrom. Varying the
base current changes the voltage across the
emitter junction, and thus controls the
emitter-collector current. PNP types func-
tion in reverse, with the collector connected
to the negative supply and the emitter to
the positive. As mentioned before, most of
the transistors used at present are of this

kind. Now for some comparisons, Fig. 6
shows a valve amplifier and a transistor
equivalent.

The input is applied to the base (grid), and
the output is taken from the collector
(anode), with the emitter (cathode) com-
mon to both input and output. A typical
input impedance would be about 1,000
ohms with an output impedance of some
30 K. The phase relationship would be
180 degrees. Fig. 7 shows a valve cathode-
follower stage with its transistor equivalent.
Here the collector is grounded and the out-
put is taken from across the load in the
emitter circuit. Like the valve cathode-
follower, the gain must always be less than
unity and the output impedance low. Typical
figures are: input impedance 1 megohm
(varies with frequency) and output 100 ohms
or-less.

Practical Circuitry

Now let us turn to some practical cir-
cuits: Fig. 8 shows a low-level pickup input
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Fig. 7. Transistor collector grounded and valve equivalent.
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Fig. 8. Input stage using two low-noise

stage using the new Mullard low-noise
ACI107 transistors (or equivalent). The
two are directly coupled, and equalisation
is effected by the selective loop R3, Cl and
C2. The omission of the by-pass capacitor
across R1 gives a degree of negative feed-
back for stabilising purposes and increases
the input impedance. Further stabilising is
provided by the connection of R2 from the
emitter of the second transistor to the base
of the first, thus forming a DC loop. With
an input of 3 millivolts this “front end’ will
give an output of about 0.5 volts at 1,000
c/s.

Fig. 9 shows another input circuit using
two transistors. Here the equalising is
effected by a loop in the second stage (R2,
C1). Note that feedback is introduced into

transistors.

both stages by the un-bypassed resistors in
the emitter circuits (R3 and: RS). With
both these circuits the correct equalisation
depends to a certain extent on the induct-
ance of the pickup used, and thus the values
of the emitter resistors and feedback con-
stants will only suit one particular pickup.
A circuit which is effected less by the input
characteristics is given in Fig. 10. This is
a more elaborate arrangement using 3
transistors.

Note that the second transistor is of
the NPN type and that both positive and
negative voltage supplies are necessary.
Equalisation is obtained by a feedback loop
connected between the emitter of the first
transistor and the collector of the second
(R4, C2 and C3)—rather like the first
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circuit, but in this case a ldrger portion of
the emitter resistor of the first stage is left
unbypassed. This helps to increase the
input impedance to something like IOOK.
The output transistor is connected as an
emitter follower as shown earlier in Fig. 7
and the output impedance is of the order
of 100 ohms. Cl and R5 form a DC loop
necessary for stabilising purposes.

Tone Control Systems

After the input stages come the tone
control systems.. Fig. 11 shows a typical
passive network for both bass and treble
controls. At first sight this circuit appears
to be identical with those used by valve
amplifiers, but here they must be considered
as current transfer networks rather than
voltage networks. V1 is the volume control

treble.. All these control§ would be about
50,000 ohms and Cl would be 0.25 mfd
and C20.25mfd. Typical valuesfor C3 and
C4 would be 0.1 mfd and 0.01 mfd respec-
tively. These values are considerably
larger than those used by the equivalent
circuitin valve amplifiers. Several American
amplifiers including TEC and KNIGHT use
a modified Baxandall tone control circuit
and P. J. Baxandall himself has given details
of a tone control circuit in an article on
transistor amplifiers published recently.?

Output Stages

A straightforward amplifying stage (or
stages) which may incorporate a filter
brings us to the output section which is
associated with the driver stages and phase-

and V2 is the bass control and V3 the splitter. Fig. 12 shows a typical class
CcS
< c2 ca
|——~§ St
VOL. | BASS
TREBLE
cl \
c3 ) ]
3
T { T
o —0
FIGIL
Fig. 11. Tone control system using passive network.
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Fig. 12. Class “B™ output stage.

B driver and output stage, as used in many
portable record players and radio réceivers,
giving an output up to 1 watt with tran-
sistors of the OC81 class. This basic circuit
is also used with larger transistors for
transmitter modulators and public address
amplifiers but is not satisfactory for High-
Fidelity applications. In class B push-pull
operation one transistor conducts while the
other is “cut off ”°, thus the two transistors
amplify alternate halves of the waveform.

The three main advantages are (1) greater
efficiency—a theoretical 78.5 % against 50 %
for class A; (2) the power handling capacity
related to the maximum .collector dissipa-
tion is much higher, and (3) the amount of
current taken from the power supply is
related to the signal being amplified and
under ‘““no signal” conditions the power
taken—the ‘‘quiescent current”’—is very
small.

Distortion Risks

How about the disadvantages? The
answer is-that unless immense care is taken
with the design a class B stage will have a
far greater distortion than a Class A system.
The main causes are as follows: (1) “Ring-
ing” can occur when the signal polarity
changes at the ““cross-over’ point. This is
most serious in the driver transformer (T1 in

the diagram) and it can be reduced con-
siderably by using a transformer with
bifilar windings. (2) As the input swing
approaches the point where one transistor
takes over from the other, the input resist-
ance of the working transistor increases to

{—
PNP 3
Il °
3 .
3
b
[ S———
4F OUTPUT |
INPUT
;3 .
3 3
o—~¢ 3 i T ' T
<
3 $ -L I_ l
< ('
< <
_II1 OUTPUT 2
<
$
II °
>4 '
NPN Q
FIG.14. S+ -
Fig. 14.  Phase-splitter using PNP and

NPN transistors.
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a very high value causing a similar type of
distortion to (1). This non-linearity is
known as ‘ cross-over ” distortion and is
very objectionable even when present in
quite small percentages. The effect is not
unlike that given by a faulty loudspeaker and
is particularly noticeable with the reproduc-
tion of a piano. It can be reduced by apply-
ing a small forward bias so that under
quiescent conditions a small amount of
emitter current flows. In the diagram this
potential is provided by the divider RS and
R6. (3) The current gain factor may vary
over the range of applied signal swing.
This type of distortion can be reduced by
the application of negative feedback. (4)
Mismatching the output transistors can
cause considerable distortion.

Single-ended Push-pull

Apart from the obvious soiution, the use
of negative feedback will reduce the distor-
tion but the maximum output will be
restricted if one transistor overloads before
the other. Fig. 13 shows another class “B”
output stage, this is known as the single-end
push-pull arrangement and offers one or two
advantages over the previous circuit. As far
as small portable receivers are concerned,
naturally the cheaper cost and possible
reduction in size are important considera-
tions but the absence of an output trans-

former is the great attraction to Hi-Fi
designers. The majority of the American
transistor amplifiers use this basic type of
circuit known to audiophiles as the OTL
(Output Transformerless) amplifier. Look-
ing at the diagram it will be seen that the two
transistors are in series across the power
supply and in parallel across the load. The
load impedance needed to match the
transistors is .one quarter of that required
by the conventional type of circuit shown
in the previous diagram. This drastic
reduction in load impedance means that
direct matching can be made with low
impedance speakers. For instance using
transistors of the OC81 class the load
would be around 25 to 30 ohms falling to
15 ohms or less for high power transistors in
the OC23 series. The resistors R8 and R9
set the D.C. stabilisation and help to keep
the operating points at levels which are
independent of temperature and varying
transistor characteristics. The other resis-
tors in the chain (R4, S, 6 and 7) provide
the slight forward bias needed to reduce
cross-over distortion.

Crossover Distortion

When a signal is fed to T1, equal out-of-
phase voltages are applied by the trans-
former to the bases of the output transistors.
These are driven to conduction on alter-

[ —9v.
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3 L T2
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[ 1
F
INPUT s R8
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o
O
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o
>
>
>
>
< -
\ T P
' i +
FIG. 13, d
Fig. 13. Class “‘B” stage with single end outpui.
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nate half-cycles and the collector to emitter
currents thus flow alternately through the
capacitor Cl1 and the speaker. We have
already noted that one source of the
unpleasant cross-over distortion is the
driver transformer and these components
are very rarely used in amplifiers having
any pretensions to Hi-Fi. Fig. 14 shows a
phase-splitting arrangement using the com-
plementary characteristics of a NPN and
PNP transistor. Apart from polarity these
‘have to have very similar parameters and
the values in the circuit shown are applicable
to the Sylvania PNP type 2N34 and.the
NPN 2N35.

*

The same type of complementary cir-
cuit is used in the 10 watt amplifier shown
in Fig. 15. Thisisa prototype unit developed
by Texas Instruments and it must be
emphasised that some of the transistors are
not available at present. The input tran-
sistor VTI1 is direct coupled .to VT2, the
load for this stage being R5 with C2
defining the upper limit of the overall
frequency response. The rectifiers MR1 and
MR?2 are continuously forward-biased and
provide temperature compensation for the
quiescent current in the driver stage VT3
and VT4. These form the complementary
circuit, VT3 being the PNP device and VT4
the NPN. They are directly coupled to the
output transistors VTS and VT6 which

function as a class AB2 stage. Negative
feedback is applied from the collectors to
the emitter of the input transistor. This
loop is no less than 57 dB and together with
R12 and C4 helps to define the overall gain
and bandwidth of the amplifier. The
quiescent current of the output stage is
determined by the zener diodes MZI1, MZ2
and the rectifiers MR1 and MR2 which also
control the driver é\tage. Now for some
performance figures:

Performance Table

Output: 10 watts

Output Load: 15 ohms

Output Impedance: 0.01 ohm in series
with 500 mFd

Distortion: 0.029% total har-
monic

Bandwidth: 20 cycles to 50,000

Noise: — 88 dB ref. 10
watts

Power supply: 45 volts at 1.5 A
max.

The power output is maintained to 50,000
cycles where the distortion is still less than
0.5%. Truly an amazing specification which
is more than comparable with the best
valve amplifiers.

A similar amplifier was described recently

R3 R4 R9 SRI3 R4 +asv.
Q33K 2820 2K T 82 3
VTS
26 240 *
R2
330K
INPUT +|0JL C3 300 OUTPUT
C i Ny
c 33K RII
) C4 le
VT6
25025
RI SRI2
22K S 220
.0
FIG. I5. r
Fig. 15. Complete low distortion 10 watt output stage (Texas Instruments).
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in the Wireless World®. Coming back to a
less complicated arrangement, Fig. 16 gives
a circuit developed some time ago by
Mudlard and used by EKCO in a car radio.
It is a very simple circuit which may well
have possibilities for low power Hi-Fi
amplifiers. The driver transistor is a
OC72 and the output is a OC16 giving a
power of some 4 to 5 watts. Part of the
output signal is passed back and rectified by
MR1 and applied to the base of the OC72.
This potential is passed back to the output
transistor since the first emitter and the
base of the second are coupled together;

thus the bias of the transistor is auto-
matically adjusted according to the ampli-
tude of the signal resulting in a gain in
efficiency. Negative feedback is applied by
C2 and R3 and the direct coupling between
the transistors provides excellent D.C.
stabilisation.

(1) Mullard reference manual of transistors 1960.
Transistors, circuits and servicing, B. R. Bettridge,
1liffe Books Ltd.
Principles of Transistor Circuits, Amos.
(2) BSRA Journal, November 1961, Low Distortion
Amplifiers, P. J. Baxandall.
(3) Transistor High-Fidelity Amplifiers, Tobey &
Dinsdale, Wireless World, November 1961.
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DIRECTORY OF AMPLIFIERS
& CONTROL UNITS

% The following abbreviations are used in this directory section: H.D.—Harmonic Dis-
tortion; <—less than; H and N—Hum and Noise; P.a.t.—Power supplies available for
tuner; R.M.S.—root mean square; N.L.—Noise level; Sel.—Selector switch; [l§—Stereo

equipment.

Acoustical Manufacturing Co. Ltd., St.
Peter’'s Road, Huntingdon, Hunts. Tel.:
H'don 361 and 574. Cables: Acoustical.

Quad II Q.C. II Control Unit. Inputs:
radio/tape 100 mV; mic. 1.5 mV’; gram. to
suit pickup. Treble, bass, vol. and on/off,
filter slope. Switch filter 5, 7, 10 Kc/s and
“out”’. Tape record socket, switched play-
back socket. H.D. <0.1%. Hand N — 70
dB. Size 10} x 3% x 6} ins. To operate
with Quad IT power amp or similar. Price
£19 10s.

HQuad 22 Control unit. Inputs: Radio/
tape 70 mV at 100 K; mic. 1.5mV at 100 K;
pickup dependent on adaptor unit used,
Vol. and on/off bass, treble, filter slope,
filter switch 5, 7, and 10 Kc/s. Push-button
selection of channels, mono-stereo, and
record equalisation. H.D. <0.029%. H and
N — 70 dB total, P.a.t. 330v 35mA each
tuner, 6.3v 3 amps. Size 10+ x 3% < 6 ins.
Price £25. To operate with QUAD II
amplifiers.

Quad IT Amplifier. 15 watts. Dist. total
3rd harmonic and higher. <0.19% at 12
watts. Input for spec. output 1.4v. R.M.S.

for 15 watts. Response 20-20,000 c/s.

0.2 dB; 10-50,000 +0.5 dB. Feedback in-
corporated in original ultra-linear arrange-
Out. imp.

ment. N.L.—80 dB at 15 watts.

7 and 15 ohms. Output KT66’s. Original
combined anode/screen current circuit. Size
123 x 4% x 6% ins. To operate with QCII
or Q22 control units. Price £22 10s.

*

Allegro Sound Equipment Ltd., 91a Heath
Street, Hampstead, N.W.3.

lAllegro 66 Integrated Stereo Amplifier.
Inputs mic. 30 mV, tape 30 mV. 7 watts per
channel. Dist. 0.59% at 4.3 watts. Response
25-20,000 c/s -3 dB. N.L.—60 dB. Out.
imp. 15 ohms. Output ECL82's. Size 134 -
9% 2 5} ins. Price £29 8s.

*

Altobass Ltd., Percy Road, Aylestone Park,
Leicester. Tel.: Leicester 31616. Cables:
Altobass, Leicester.

‘‘High Fidelity 510> Control Unit. In-
puts: tape/radio 100 mV; P/U (1.p.) 50 mV;
P/U (78) 60 mV; mic. 10 mV 5-pos. sel.,
treble, bass vol. and on/off. Tape replay
socket. H.D. 0.15%. H and N—64 dB
mic.; — 71 dB on other inputs. Size 10 x
3} > 4L ins. Price £8 8s. Sold only with
510 power amp.

‘‘High Fidelity 510°° Amplifier. 10 watts
nom., 11 watts max. Dist. 0.19% (10 watts
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at 400 c/s). Input for spec. output 40 mV.
Response 15-20,000 c¢/s 4+-0.6 dB. Feedback
—20.5 dB. N.L. —78 dB relative to 10
watts. Out. imp. 3.75 or 15 ohms output
EL84’s. Ultra-linear. Size 13} x 5} x 5%
ins. Price £15 15s.

Altobass Seventy Control Unit. Inputs:
Pickup 4 and 50 mV; Radio 250 mV; Tape
Sand 250 mV; Aux. 50 mV. 6-position sel.,
. bass, treble, volume and on/off, switched
Quad Q.C. 11 control unit high pass filter 100 c/s, switched low pass

o filter 5.5 Kc¢/s. H.D. 0.015%. H and N
Tape — 52 dB, others — 56 dB. Size
10§ X 4 x 4% ins. Price £16 16s. To
operate with Altobass 510.

[l Altobass Stereo 70 Control Unit. Inputs:
pickup 4 mV; radio 220 niV; tape 3 mV;
mic. 5 mV; aux. 100 mV. 5-position sel.,
bass, treble, volume, function switch and

. on/off. H.D. 0.015%. H and N —54 dB.
Allegro 66 integrated stereo Rumble filter. Size 134 x 7 X 3%ins. Price
‘ £24 3s. To operate with Altobass Twin
Twelve.

1

[l Altobass Twin-Twelve Stereo Amplifier.
10 watts each channel, 12 watts max. Dist.
0.1% at 10 watts. Input for spec. output
150 mV. Response 20-20,000 c/s 4+0.5 dB.
20 dB feedback. N.L. —78 dB relative to
10 watts. Out. imp. 4, 8 and 16 ohms.
Output EL84’s. " Ultra-linear. Size 14} X
7 X 6%ins. Price £309s. To operate with
Altobass Stereo 70 Control Unit.

AEL Mk 1 control unit M Altobass Twin II Amplifie<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>