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IT HELPS KEEP US IN TUNE.
You may think tuning forks only help
tune pianos.
Wrong. They also help tune Pioneer hi-fi
equipment.
How is this technical anomaly achieved?
Many years ago, we adopted the tuning
fork as the centrepiece of our company
trademark.
(We thought it eminently epitomised our
search for musical truth.)
Little did we realise how true that was.
With such apowerful symbol of
perfect pitch to live up to, we could hardly
affix it to equipment of imperfect pitch.

We found ourselves using our ears
ever more critically. Eliminating imperfections
ever more minuscule.
So next time you wonder what made
Pioneer the world's largest hi-fi manufacturer,
remember.
It isn't just our semiconductors and our
integrated circuits.
We owe it to our tuning fork.
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IT IS just seventeen years since Philips
launched the Compact Cassette system, and
by now alot of words have been written about
the achievements of this deceptively simple
looking
method
of
tape
recording.
Achievements, that is, in audio terms, in the
quality of sound which may be obtained from
such anarrow tape running at so low aspeed—
especially since Dolby- B came onto the scene
to open up genuinely hi-fi prospects.
But all the talk about frequency responses,
signal-to-noise ratios, overload margins, new
tape coating formulations, cunning electronic
circuitry, etc, has been paralleled by very little
published comment on the mechanical nittygritty. We all know that manufacturers have
worked wonders with tape transport mechanisms, but not much has been said in print about
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the practical business of manufacturing and
caring for cassettes and ensuring an optimum
interface between them and the associated
decks.
This being so, and noting that cassette decks
form the largest single category of reviews
printed in this Annual, we thought it appropriate
this year to devote our main feature to what goes
on mechanically in and around the cassette. We
believe that Mike Jones' article is the first
published in-depth exposition of this subject by
an engineer with day-to-day experience of
making cassettes and monitoring their behaviour in awide range of machines. His piece is
too long to put in the monthly magazine, and it
would be apity to cut it up, but we are confident
that it will prove its value in this longer- lasting
format. It's the sort of article that people will
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surely wish to refer back to long after a first
reading.
Otherwise the 1981 Annual conforms to a
well- tried pattern, with Peter Gammond's everpopular classical record listings, our usual updated guide to hi-fi brand names, put together
by our hard-working secretary Daphne Baker,
and reprints of equipment reviews from the
previous twelve-month period. As happened
last year, the latter are necessarily selective,
since we have only 92 pages of space in which
to house 147 pages of reviews if we are to avoid
pricing ourselves out of the market. But we hope
the right choices have been made. At least we
have packed in 62 reports covering nine categories of hi-fi equipment.
Cover photograph: Roger Phillips
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If everything were perfect...
... acontrol unit would consist of
an on/offswitch, avolume control
and aprogramme selector switch.
Unfortunately this is not the
case as any prospective high
fidelity buyer, be he neophyte
or hardened campaigner, quickly
discovers.
He is faced with achoice.
He can attempt to sift the vast
quantities of conflicting information gathered from high fidelity
magazines, retailers and "my
friend who is an electronics
engineer and knows quite abit
about high fidelity:
-or he can buy aQuad 44.
In the latter case he can be
confident that whatever the programme sources, he will be able to
4

match them correctly and apply
tonal correction when necessary
to obtain optimum results.
Moreover he can be confident
that he need not change his preamplifier to meet future developments.
To learn all about the Quad
44 he only has to write or telephone for aleaflet.
The Acoustical Manufacturing
Co. Ltd., Huntingdon, PE18 7DB.
Tel: (0480) 52561.

MAD

for the closest approach
to the original sound*,
QUAD is aregistered trade mark.

CASSETTES

-Ike inside story
Mike Jones offers a guided tour of the Compact Cassette and
associated deck mechanisms
LI AVE you ever tried to record a live broadcast only to discover
afterwards that you have failed? Either the cassette has jammed or
you find that one or both of the tracks are missing. Isuspect that the
majority of us who own cassette recorders have had this kind of
experience at one time or another.
How often have you experienced a poor stereo image, variations in
volume, or instability on your cassette recorder, thinking that these faults
were caused by the electronics? Yet it is probable that they were the result
of afault within the mechanics of the cassette, or the replay machine itself.
You may be surprisd to learn that something like 60 to 80% of 'faulty
cassettes' returned to manufacturers are due to faulty decks, the most
common problem with the latter being lack of maintenance—asubject to
which we will return later.
The cassette system is amixture of mechanics and electronics, each of
equal importance. But look at any of the reports on cassette decks and you
will find that usually the only measurement made of a deck's physical
performance is that of wow and flutter. No mention of capstan pull, takeup torque, hold- back tension or fast spooling tension. It's almost as
though they didn't exist. But they do, and very important they are. We shall
take acloser look at these and the transport system in due course, but I
shall begin with the cassette itself.
Although they are not all shown in fig. 1, the Compact Cassette can
contain up to twenty parts, from the tape itself to the small screws that
hold the halves of the body together. Each of these parts must be made
with care and precision, otherwise the cassette may fail. But before we
start looking at the individual bits, let's begin with the way in which the
cassette is manufactured.
-The majority of the components are made on mould injection machines,
where molten plastic is fed under high pressure into the cavities of the

mould. Once the cavity is full the plastic is allowed to cool, the mould
opens, and out comes the finished article. After all of the parts have been
moulded they are assembled into the completed cassette, either by
automatic machines or by hand. It sound simple doesn't it? It is, on paper,
but in practice it's alot more complicated. There are many pitfalls for the
unwary manufacturer to fall in, all of which will lower the quality of his
product.
As you will have gathered from the above, to produce amoulded article
we must first have amould, or a 'tool', to produce it from. Take aclose look
inside acassette and you will see how intricate and detailed the moulding
work is, all of which has to be repeated in the tool itself.
The drawings that the toolmaker works to are based upon the original
designs by Philips, and the physical dimensions of the cassette are
controlled by various international standards—such as BSI 1568 and I
EC
94A ( 1972), both of which give identical dimensions and tolerances. An
interesting point here is that the IEC are engaged in areview of the 94
specification, involving many changes in all aspects of tape technology
and not just cassettes. It is an important document, as it not only lays down
the physical dimensions but recommends tape groupings, calibration
tapes, test methods, and many other related subjects in nine separate
sections, instead of the present five. Further details can be obtained from
The British Standards Institute, 101 Pentonville Road, London. ( There is
also the interesting point that the original British Compact Cassette patent
expires at the end of November 1980, just after publication of this Annual.)
If we consider the overall dimension given in fig. 2, it seems fairly straight
forward, giving sensible tolerances. But remember that the toolmaker has
to make the body in two halves, so he could make one half 100.7 mm wide
and the other half 100.1 mm, and still be inside the specification. But such
acassette would have a ridge around the middle where the two halves
meet, which causes havoc in certain cassette players and on automatic
manufacturing lines.
More importantly, unless he makes his two dimensions the same the
cassette can jam, either because the tape path is not straight or the internal
dimensions are too tight to allow the tape to wind freely.
Of crucial importance is the accuracy of the ten guides found along the
tape path (fig. 2). If they are not upright and parallel to each other, the tape
cannot travel along the centre of the body. This is due to the fact that it is
under tension and will try to follow the shortest possible route.
A parallel can be drawn between this and aball rolling across the slope
of a hill. Gravity will try to pull the ball down the hill whilst it is rolling
across. In the case of the cassette, gravity is replaced by tension and the hill
by leaning guides, but with similar effect. In severe cases the edge of the
tape can become damaged, causing jamming—or at the least you will lose
the left-hand channel on one side or the other.
The guides that take the greatest strain are the two rotating ones, A and
B in fig. 2. Tests have shown that lubricated rollers on closely fitting steel
pins are the best type, as these have the lowest friction and highest guiding
accuracy. Indeed, the majority of high quality cassettes incorporate this
type of roller.
In fig. 3we can look at two rollers, one of good quality ( a) the other poor
(b). The tape path on agood roller should fit snugly, being 3.85 to 3.9 mm
wide, and should be deepenough to prevent the tape from riding up overthe
edge of the rollers. It must also be moulded correctly: an eccentric or
wobbly roller is of no use to anybody. You can assess the quality of the
guidance system very easily. Listen to how quiet ( or should Isay noisy?) it
is on fast rewind. Some cassettes Ihave heard actually sounded like diesel
engines, they were so bad.
So, if the toolmaker is careful and keeps his tolerances to aminimum the
cassettes produced from the tool will be of the highest quality. But no
amount of expertise during subsequent manufacture can correct shoddy
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SERIES III + COMPATIBILITY
Series III and IIIS precision
pick-up arms are suitable for all
cartridges having r fixing
centres, weighing not more than
12 grams and requiring a
tracking force not higher than
2.5 grams. They are adaptable to
suit the mass and compliance of
the cartridge, which may
employ amoving coil, moving
iron, moving magnet or any other
generating principle.
Series Ill arms are true low
mass designs with headroom to
increase effective mass as
desired whereas with high mass
arms reduction is generally
impracticable.
We shall be pleased to send
you information sheet No. 24
which tells you how to adjust
effective mass to suit your
cartridge. It could make all the
difference to your listening.

The best pick-up arm
in the world
Write to SME Limited,
Steyning, Sussex, BN4 3GY,
England

6

FIG.3 GOOD AND BAD ROLLERS
IA) GOOD ROLLER
01mm

11, ,if 0.911mm

387mm

l
•-0 5mm
0 1.25mm
HOLE NOT
CENTRAL

0.95mm
PIN TOO SMALL

3.98mm
/POOR QUALITY
MOULDING

MEMO ROLLER

workmanship at this stage.
Obviously, precision engineering spread over eight moulds or more in
one tool costs agreat deal of money, and in order to recoup his investment
the moulder is naturally anxious to produce as many cassette bodies as
possible from one tool. However, there is asnag to this, for tools wear as
they are used—only minutely so on each cycle, but as this happens the
tolerances widen and the performance of the cassettes produced falls off.
This is where the moulder has to make acritical decision. Does he carry
on moulding with a worn tool, making extra profit but producing an
inferior product? The alternative is to refurbish or replace the tool, but
unfortunately for the consumer, the short-term economic solution is often
adopted. But then, as they say, you get what you pay for.
Now we come to the moulding operation itself, and it is here that the
majority of transgressions take place. During the moulding cycle of a
cassette the plastic changes from solid to molten, then back to solid again.
Obviously it is designed for this, but the process needs very careful control
of both the heating and cooling periods, which should be carried out over
a 15 to 20 second cycle.
You don't need an A- level in mathematics to see that you can produce
more cassettes by reducing the moulding time. However, unless the cycle
is long enough the cassette bodies are likely to distort, either due to
internal stresses or because they were soft when ejected from the mould.
Some of the faulty bodies are rejected as scrap, and these scrap
cassettes are ground up so that the plastic can be used again. The problem
with re- cycled plastic is that its flow pattern is different from that of virgin
material. For example, the melting point may be higher so that it will not
flow so readily at the same temperature. Now, although it is safe to mix in
recycled plastic up to acertain percentage, if you go beyond that figure
internal stresses are set up in the body, leading to distortion which may not
show itself for several months. Some of the problems that distorted bodies
can cause are: jamming, loss of left channel, lack of top, azimuth errors,
poor stereo image. So you can see that correct moulding technique is
crucially important.
Next we come to rigidity of the body as an assembled unit, for if the
cassette is not rigid we will get the same kind of problems as with a
distorted body. What factors affect this? Basically three things: ( i)
thickness of the body walls, ( ii) type of plastic used, ( iii) how solidly the
halves of the body are fixed together.
The most common plastic used is high- impact polystyrene, because of its
mechanical performance balanced against price. There are stronger
plastics available, like acrylic, and some are even filled with fibre- glass to
make them more rigid. But the use of these materials would substantially
increase the cost of the body.
The walls of the body can be up to 2.2 mm thick, but there are clear
economic reasons for not making them so. Plastic is a very expensive
material, hardly surprising as it is made from oil. The better quality
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cassettes are moulded with 1.5 mm to 2 mm walls, whereas the cheaper
ones are thinner than this.
The method of fixing the two halves of the body together brings us to an
interesting controversy: should they be screwed or welded? Well, for my
money welding must come out on top because it bonds the two halves
together along the entire length of the seam. Screws can only hold the
body together in afew places.
Some users will want to dismantle their cassettes in order to get inside
and repair them. But think about this. If you have to get into your cassette it
will be because it has either jammed or the tape has broken. In both of
these cases the tape will be damaged, and once that has happened it is
useless. As Iwill explain later, if you want to save the recording your best
bet is to copy it.
To be fair to those in favour of the screw method of fixing, some of the
later bodies are very rigid indeed and are nearly as solid as welded types.
This is due to the interlocking action between the two halves, very similar
to amortice and tenon wood joint. Basically, you pay your money and take
your choice, but from the mechanical viewpoint welded types,still have
the edge in rigidity.
Windows are fitted each side of the cassette to reveal how much tape is
left on the supply or take-up spool during use—or indeed to see if the
manufacturers have put any tape in the cassette at all. It happensf Rigid
windows are best at keeping the dirt out; soft windows do not necessarily
achieve this, and neither can they protect the tape from damage as
effectively as the solid type.
Connecting the take-up spindle of your tape- deck to the tape are the
hub and leader, both of which have to withstand torques of 1kgm for
short periods—especially at the end of winding when the tape comes to a
rest.
As you can see in fig. 4, there are various faults associated with hubs and
leaders. The first ( b) shows the result of insufficient plastic being injected
into the mould, allowing the shaft to slip on the spiggots of the hub.
Secondly, in (c) we see adesign fault where the hub is tapered. Finally, ( d)
shows the leader out of line with the hub. The unfortunate result of the
last two conditions is ajammed cassette, as under tension the wind will
become displaced and in the end exceed the space available inside the
body.
The leader is about 30 to 40 microns thick compared with the tape's
maximum of 18 p, and is therefore somewhat stronger than the tape itself.
Its main purpose is to act as ashock absorber, preventing the tape from
being stretched when the machine stops. The leader is securely fixed into
the hub by either aclip or aspiggot, as shown in fig. 4(a) & ( b). However,
for this type of fixing to be effective close control over the thickness of the
leader and the dimensions of the clip or spiggot is essential. Otherwise the
leader will pull out and the poor consumer is left with acassette that is
difficult to repair. About the only thing you can attempt under these
circumstances is a salvage operation.
Between the tape and the inside of the body is aslip foil designed to
reduce friction inside the cassette. Initially these were made from
siliconised paper, but more lately there has been ageneral trend towards
lubricated plastic foils. These latter cannot absorb moisture like paper,
which used to distort and sometimes jam the cassette. The best foils are
PTFE coated PVC, which run very quietly and give fast rewind times.
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At Hitachi, we've found anew use for technology.
It's bringing prices down.
Nobody else can put together figures like 0.02% total
harmonic distortion, 50 Watts per channel and £119.
(Believe it or not, that's the recommended price of our
HA 4700: the class A type non-switching amplifier
shown below).
Our FT 4400 digital quartz tuner has automatic sweep
tuning and an electronic memory that gives you twelve
pre-set stations.

While the cassette deck is the D85S, which takes metal
tape. And the digital level indicator doesn't just come up
in coloured lights: they stay lit up for asecond so you can see
the peaks.
Hear these units at your Hitachi dealer, or write to Dept. H,
Hitachi Sales, P.O. Box 2, Feltham, Middlesex TW14 OTG.
They're slim. And they
sound very expensive indeed.
Which makes the price
sound even better.
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wait till you add
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Table One: thickness of tape in microns
Base

Type

FIG.? SLITTING PROBLEMS

Coating

Total
(maximum)

C60

11 4-12
.

4-5

18

C90

7k-8

4-5

14

3-4

9

(B) BLUNT BLADES

IA) SHARP BLADES

SHAFT

C120

5-51

With the majority of cassettes there is agap of 0 5-1 mm between the
side of the tape and the body, which in certain circumstances can lead to
staggered winds and possible jamming. To avoid this, some manufacturers have introduced pressure or 'floating' foils, fig. 5. They work very
well, but can lead to problems on battery recorders as their internal drag is
higher than with conventional flat types. Other manufacturers use little
guide arms, etc, although my view is that gadgets of this type are no
substitute for good basic engineering. They don't do the wow and flutter
much good either.
The functions of the hum- shield and pressure pad are self-explanatory,
but some are more effective than others. For instance, Mu- metal makes the
best hum shields but the majority of manufacturers opt for pressed- steel.
The efficacy of the various types is measured electronically by noting the
general level of hum picked up by the replay head of the recorder.
Pressure pads are rarely written about, but some interesting work has
been done on these in Sweden by Studio Decibel of Stockholm. They
discovered that some foam pads could cause severe mistracking of the
tape across the head, resulting in the loss of one channel. They further
found that the effective pressure from the foam reduced as it aged, and
concluded by expressing a preference for phospher- bronze springs
combined with a fluffless felt pad. The latter is an ideal combination
provided it is held in the right place, i.e. over the head gap. Unfortunately
many cassette manufacturers fail to control the wanderings of their
pressure pads due to poor design in the first place, compounded by lack of
control on the assembly line.
You may be relieved to know that Ihave at last got round to the subject
of tape. If Iwere asked to give asingle piece of advice about tape Iwould
say: 'treat it with great care because it is extremely fragile and easily
damaged; do this, and your cassettes will give you years of service'.
FIG 6 EFFECT OF PRE-TENSILISING
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Cassette tape is 3.81 mm wide (+ 0, - 0.05 mm) and is available in three
thicknesses as shown in Table 1. It should be noted that while maximum
figures are given in the total column, many modern tapes are thinner than
this, thus improving the mechanical reliability of the cassette. The basic
strength of the tape comes from the polyester base itself, while the majority
of tapes are made from pre-tensilised films ( fig. 6). These have the ability
to accept a higher tensile load than normal types before they stretch,
although it is quite safe to use un-tensilised polyester film for C60
cassettes because these have ahigher initial strength and are therefore less
at risk from high mechanical strains.
Another feature of the film is that it is not as smooth as one might think.
When it is manufactured fillers are mixed in with the polyester to provide a
microscopically rough surface on which the oxide lacquer can obtain a
key. If this were not done the oxide lacquer would not adhere so readily.
The flexibility of the base is quite important too, and as one might expect
from Table 1, C90 is more flexible than C60. This factor alone can increase
the HF sensitivity of aC90 over aC60 by adecibel or more, even if both
tapes are coated with the same oxide under identical conditions.
Obviously the tape must not be overstretched during the manufacturing
process, and great care has to be taken to ensure that the tensions applied
during the coating, slitting and loading stages are well below the
elongation point. In fact the majority of manufacturers run at as low a
tension as possible in all stages of production. Likewise, you should avoid
stretching the tape on your deck, because if you don't it will no longer
wind correctly and the cassette may jam. This is quite apart from the
disastrous effect such stretching can have on the sound.
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The area of manufacture most likely to give you problems is slitting. This
is the process where the wide roll of base, having been coated, is reduced
to the correct width by rotating knives which work in avery similar way to
scissors. The only snag is that there are dozens of knives mounted on two
shafts and the secret is to get them all to slit at the same time. Ican assure
you that it requires extremely precise engineering.
But Idigress—back to what causes the problems. Take alook at fig. 7
and you will see that as the tape is cut by the blades one edge is pushed up
and the other down. Now with asharp set of blades as in ( a) the resultant
tape edge has asquare and clean cut. But if the blades are blunt as in ( b)
the tape's edges become rounded and distorted.
In between the two extremes it is possible to get a crumbling of the
oxide along the tape edge which will deposit itself on your heads when
you use the cassette. This condition causes all sorts of nasties, from the
loss of high notes on the left-hand channel to atotal loss of sound on both.
So the manufacturer has to keep his slitting blades sharp if he is to
maintain agood edge, free from dusting.
Unfortunately the problems of avoiding dusting are compounded by the
formulation of the lacquer. What the coating process is trying to do is get
as much oxide on the tape as possible, to improve the sound quality, while
also securely bonding each particle of oxide to the base material. If the
oxide load is increased without improving the bonding method, then
dusting at the slitting stage is more likely. But if one goes the other way, the
dusting is good and the sound quality is worse. Obviously it is aquestion
of balance, and one that the majority of manufacturers maintain for most of
the time.
But how do the examples of slitting discussed above perform in the
cassette? Looking again at fig. 7, you can see the effect that good and bad
blades have on the tape, and if you now move on to fig. 8you can see how
the tape builds up layer by layer in cross-sectional diagrams. In ( a) the tape
layers up perfectly, producing agood wind, whereas in ( b) it leans over,
gradually increasing its width as each layer is added. The effect on the
sound of the operation of the cassette is identical to that caused by the
faulty hubs in fig. 4, and the cassette jams.
There are three other problems resulting from poor slitting, shown in fig.
9. For the tape to be slit accurately the wide roll of coated material must be
fed into the blades in aflat condition. If it isn't, small creases travel across
the slitting knives, the result of which is seen in ( a). Secondly, at ( b) we see
what happens if the tension varies across the blades; as it goes up the tape
FIG.8 GOOD AND BAD LAYERING
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Sorry, but there it is.
The way they manufacture records nowadays,
there's no such thing as aperfectly flat LP
Even your prized Supercut discs are chock full
of visible warps, invisible warps, micro-bubbles and
other vinyl imperfections. So what looks flat to you is
like aroller coaster run to your cartridge.
If you think all this doesn't really affect the
transcription quality of your hi-fi, we've some rather
bad news for you.
The trouble is, ordinary cartridges
cannot ride these imperfections without moving
in relation to the stylus.
At worst this causes mistracking and
serious record damage.
At best the movement is interpreted by the
cartridge as an ultra-low frequency of around 4-5 Hz.
This signal isn't audible, but it distorts those that are.

The whole process is called
intermodulation distortion, and it's quite as
nasty as it sounds.
But before you turn the page in
despair, we'd like to tell you about the new Ortofon LM
Series of cartridges.
LM stands for Low Mass. Which means that
this is one cartridge capable of handling warps and
imperfections with absolutely minimal stylus deflection.
Result? Drastically reduced intermodulation
distortion. Cleaner, crisper transients. And coupled with
astylus tip mass 30% lower than average, far more
accurate tracking of ultra-high frequencies.
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Why not send off for full details of the
Ortofon LM Series by posting the coupon below?
You'll find we've prepared acomprehensive
compatibility guide that will ensure aperfect match
between our cartridge and your turntible/tonearm.
You'll also find prices range from £21.50 tojust under
£60.00.
But then with technology this advanced,
and with aname like Ortofon,
you didn't expect
them to come
cheap did
you?

Please send nie
details of the new LM series
of Ortofon cartridges, together with a
comprehensive tone-arm matching guide.
Iwould also like details of the ultra low-mass
Concorde cartridge. 111
Name
Address

HFN.A

Harman U.K., St. John's Rd_ Tylers Green,
High Wycombe, Bucks. HPIO8IIR.

ortofon

Telephone: Penn (149 481) 5331.

accuracy in sound

Postcode
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narrows, and as it comes down it broadens again. And lastly, if the tape is
not steered straight through the machine it will wander, causing skew as at
(c). Although these faults are not very common with current technology,
you may be unfortunate enough to receive one.
It is possible sometimes for the tape to become creased or for small, pinprick- like dents to appear on the tape surface. These, along with nodules
of oxide or resin in the formulation itself, cause aproblem known as ' dropouts'. These are where you experience sudden loss of sound for short
periods and can be mistaken for modulation noise. Naturally any
interruptions to the signal, however brief, are undesirable and should be
avoided. Be careful, though, before you blame the cassette manufacturer
for these symptoms, especially creasing, because in the majority of cases
they are caused by dirty capstan rollers.
Loading the tape into the cassettes can also cause aproblem or two. If
the tension is too great the first few feet of tape can become distorted,
especially if the hub is not perfectly round. Secondly, if the cassette is
dropped heavily after loading, the wind can move on the hub and small
radial marks will appear on the wind by the spiggot or clip.
OK, so is it possible to tell if the cassette you have purchased is faulty
before you use it? Yes, to adegree you can. By acareful visual examination
of the cassette you will be able to detect many of the faults Ihave
described. Before you start, take up all of the tape slack by turning the
supply spool, then proceed as follows:
(1) See if any screws are missing.
(2) Grip the sides of the body with your hands and gently twist it. The
body should feel solid.
(3) Look at the four edges of the cassette. They should appear straight,
with no gaps between the two halves. See fig. 10(a).

(4) Using a BIC ball-point pen, turn the take-up hub slowly. It should
turn freely without any hint of binding.
(5) Are both record tabs in place, or if it's amusic cassette, have they
been removed?
(6) Is the solid window securely fixed?
(7) Gently shake the cassette, it should rattle as the hubs move freely
(8) Repeat Test 4, but with the tape facing towards you, and apply back
tension to the supply spool with your finger against the hub. The tape
should travel down the centre of the cassette and not wander from side to
side.
(9) Check to see if the pressure pad is accurately and securely in place
(10) Are there any creases or marks on the oxide coating of the tape?
(11) Look through the window. Is the wind flat and even? Are there any
radial distortion lines coming away from the hub? See figs 10(b) and
10(c).
(12) Wind through to the splices of the cassette and examine them
There should be no gap between the tape and leader.
(13) Fast- wind the cassette and see that the time taken corresponds
with the specification for your machine.
(14) Finally, before you commit your new cassette to that unrepeatable
broadcast, carry out a short test recording, finding out the best bias,
equalisation and level to use it at. After all, it wouldn't have been the first
cassette to have been loaded with either the wrong or inverted tape.
Iwould not like to think that manufacturers produce regular supplies of
cassettes exhibiting the above faults. In fact great care is taken to ensure
that you receive afirst-class product that will prove reliable in service. But
as with most things, you really do get what you pay for. It is normally well
worth paying that little bit extra for added mechanical reliability. However,
whilst not forgetting the foregoing remarks, the above listed faults do
occur in brand-new cassettes.
But before you start returning cassettes, aword of caution. Many of the
tests described above rely on subjective judgement and therefore depend
upon your experience of what agood cassette should be. So, Iadvise that
before looking at new cassettes you should take a long hard look at the
cassettes you already possess—especially those you have used a lot. I
think you will be surprised at what you see.
Now we move on to the mechanics of the cassette deck. If there were an
ideal tape transport, it would be one you couldn't hear, and it would never
damage the tape or allow the cassette to jam. Alas, such amachine is not
available, which is hardly surprising when you consider the size of the
system and the low operational speed of 4-76 cm/sec ( 1f, i/s).
Minute speed variations within the tape transport will not only alter the
pitch of the music, but will add coloration and distortion as well. For
example, try listening to apiece of jazz where the drums are prominent,
concentrating on the bass drums and cymbals. Are they in the same place?
They should be. Or does the drummer have long arms? Secondly, listen to
some piano music. Are the notes constant in pitch, or do they vary? If you
wish to be really critical of your cassette deck's performance, carry out an
A/B comparison between your deck and turntable, then Ithink you will
see what Imean.
If your cassette deck is to recover all the information that is on the tape,. it
is important that the tape tension across the head is kept constant,
otherwise the level will vary, especially at high frequencies. The tracking of
the tape across the head must also be accurate if the signal from the edge
tracks ( the left channel) is to remain constant.
To achieve good results acassette deck has to be engineered properly.
Particular attention must be paid to the design and alignment of the heads,
guides, capstan and pinch- roller, as any faults in these components will
give rise to problems similar to those above. There are of course many
types of cassette deck available, from battery portables to sophisticated hifi machines costing several hundreds of pounds. But whatever the price or
degree of complexity, they all basically work the same. Fig. 11 shows how
the various parts of the cassette are interfaced with the transport
mechanism—with the cassette body removed for clarity. Using this sketch
as aguide, Iwill explain the ideal operational sequence which applies to all
cassette decks.
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OPEN YOUR EARS TO BEYER DYNAMIC
If you demand the best from your hi-fi
equipment, Beyer Dynamic have madeithe DT440 headphones
just for you. This elegant ydesigned, open high
velocity stereophone is amarvel of superb technology aid
craftsmanship.
The DT440 brings-you beautifully
tght bass response, pinpoint accuracycn the midrange frequencies and W eclarity on the highs
makes them sound heaven sent.
The clean,
transparent quality,of the
overall sound proves that the
CT 440 is capabfe of

faithfully relaying all the nuances of the signal transmitted.
Beyer Dynamic believe that the discerning
audiophile canonly fully appreciate his music in comfort. So
we have designed the DT440 with just that in mind.
The adjustable headband is fully covered
by an extra soft padding and the foam ear cushions provide a
good sound seal without crushinc your ears.
The DT440 is just one of awide range of
headphones offered by Beyer Dynamic. Every model
gives you the ultimate in imovative
teclnology and provides the ideal finishing touch
to your sound system, whatever your needs.

For the complete ,atalogue of Beyer Dynamic Headphones send this coupon to the a ! dress be,

DT440 headphones l
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Beyer))))
Dynamic

Beyer Dynamic ( GB) Ltd. 1Clair Rd., Haywards Heath, Sussex RH16 3DP. Tel. (0444) 51003

When you buy acassette the tape inside may be loose, but if you attempt
to wind the tape forward while it is in this condition, it may jam. To avoid
this it is necessary to tighten the tape by operating the rewind for ashort
period, and you may find that your deck does this automatically.
Intimate contact between heads and tape is essential during record and
playback, and for this reason the heads are moved forward to contact the
tape, pushing it against the pressure pad. At the same time the pinch- roller
is allowed to push the tape against the rotating capstan, which pulls the
tape past the head at aconstant speed. The take-up spool is also set into
motion, pulling the tape from the capstan at atorque of 25-45 gm/cm.
During the pause mode, the pinch- roller is pulled back and abrake applied
to the supply spool. When you have finished playing your cassette and
press the stop key, the heads and pinch- roller are pulled back to their
original position and the brakes are applied to both spools.
It is worth noting here that there is no difference between record and
playback as far as the transport system is concerned. All that happens
when you select record is that the electronics are switched over to feed
signals to the record/replay rather than take signals from it. Perhaps it is
more important to remember that activating the record switch also
switches on the erase head, and that all previously recorded material will
be wiped out. While the machine is playing the tape should be supplied to
the head at aconstant tension. Therefore back tension should be applied
to the supply spool in the order of 7-10 gm/cm. To improve the stability of
the tape across the head even further, some recorders fit two capstans, one
before the heads and the other after. One of the latest machines controls
the tension so well with its dual capstan system that it actually pushes the
pressure pad away from the tape during the play and record operations.
The purpose of the machine in the fast rewind and wind modes is to
transfer the tape from one spool to the other as quickly as possible, while
maintaining full control. Unfortunately, many cassette recorders fall down
in this respect, especially the cheaper ones, for they fail to maintain the
correct tape tension while the machine is winding. In these modes the
drive motor is connected to the appropriate spool by aseries of pulleys
beneath the deck, and hold- back tension should be applied to the other
spool, the purpose of which is to ensure afirm and even wind. When the
brakes are applied at the end of winding, the supply brake should make
contact just before the take-up brake, other wise it is possible to get alot of
loose tape floating around inside the cassette, which may cause it to jam.
For this reason you should never go from one mode of the deck to another
without bringing the tape to rest first. Fortunately, many of the new logiccontrolled decks carry out this operation automatically.
Many decks employ asingle motor, which not only drives the capstan
but also the two spools, the drive to these being effected by various pulleys
and, in the play mode, via a clutch. The clutch, which is connected
between the motor and the take-up spool, is pre-set to the take-up torque
of 25-45 gm/cm. Unfortunately these clutches are prone to variations
according to the weather, especially dampness, which can affect the
torque and quality of the wind. A further problem with single motor drives
lies in the fact that any variations of speed caused by the drive or the
cassette will affect the capstan. This problem is overcome in many decks
by the use of two motors, the first to drive the capstan the second the
spools. Cassette decks using three motors use one for the capstan, with the
other two coupled directly to the drive spindles, variations in torque being
achieved by controlling the current to the motors.
As mentioned earlier, stabilizing the speed is of utmost importance, and
at the heart of the cassette deck's speed control system are the capstan,
flywheel and pinch- roller. To be effective, these have to be made very
accurately, and the flywheel has to be dynamically balanced. Although the
motor is controlled electronically, either by synchronous mains control or
by aDC servo, the main smoothing of speed variations is carried out by the
flywheel's mechanical inertia. Therefore the larger and heavier the
flywheel, the greater its smoothing effect on the speed. A typical belt
driven capstan can be seen in fig. 12, from which you can see that the
whole assembly is mounted onto asolid frame and into precision bearings.
If the tracking of the tape is to be correct, the capstan spindle must be
absolutely upright and the face of the pinch- roller parallel to the capstan.
Otherwise the tape will ride up or down the capstan as it is pulled through.
The diameter of the capstan is very small at around 2.5 mm, therefore
only asmall part of its surface is in contact with the tape at any onetime. So
if tape slippage is to be avoided the capstan and pinch- roller must be kept
very clean. A further problem with the pinch- roller is that as oxide builds
FIG. 12 FLYWHEEL,CAPSTAN & PINCH- ROLLER
ir 10/11.mm PINDI-ROLLER
1
-7TAPE

CAPSTAN
.--SPINOLE

g2 5/3mm

TOP BEARING

TOP PLATE

I
BELT

FLYWHEEL

BOTTOM PLATE
-- BOTTOM

THRUST
BEARING

BEARING

MOTOR

Li

Table Two: wow and flutter
Cause

Frequency ( approx.)
1-2 Hz

Pressure- roller
Guide rollers inside cassette

2 Hz
5-7.5 Hz

Capstan and flywheel

9 Hz

Take-up clutch or pad
Motor

34 Hz

up on its surface it can crease the tape, or even wrinkle it so badly that it is
damaged beyond repair. A good pinch- roller will have a flat surface,
without any damage, and have a matt appearance.
Wow and flutter measurements don't mean very much without further
analysis, because they fail to show what the causes of the variations are.
But it is now possible with instrumentation such as the B & K6203 and
2031 or the Radiometer RE402 and 403 to produce the results shown in
Table 2, which shows some of the causes of wow and flutter on atypical
deck. In my view, reviews of decks should contain some analysis of the
wow and flutter, so that the actual cause is shown.
Vitally important are the erase, playback and record heads, and the
accuracy with which they are installed in the machine if they are to resolve
the audio tracks on the tape correctly. If you look at fig. 13 you will see that
there is little room for error. The spacing between the outer edges of the
FIG.13 TRACK DIMENSIONS
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mm
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max.

min.

0.56

0.026

0.022

a

0.66

b

2.00

1.80

0.079

0.070

c

2.70

2.40

0.016

0.094

d

381

3.66

0.150

0.144

two inner tracks ( right-hand channel, Sides A and B) must be between 1.8
and 2 mm. This allows atolerance of only 0-2 mm for the head height. If
the head is high, the two inner tracks will become too close and you will
suffer from crosstalk of an unusual kind: the background sound from the
other track will be backwards. If the head is low, then the left-hand signal
will be of lower level than the right.
The azimuth of the head is the sideways tilt when looking from the tape.
This adjustment is critical because the head gap must be exactly scr to the
tape path to achieve maximum HF output. Normally the azimuths of the
heads are set up using special reference tapes and test instruments.
Zenith is the back and forward tilt of the head, which should be upright.
In in. machines the output from the two channels would be different if
there were azenith error. However, this is not so important on cassette
decks as the pressure pad maintains an equal pressure on both channels.
But when the head wears, if the zenith is out of adjustment the head will
wear unevenly. Obviously as you use your machine the heads and guides
will wear, and in the end they will become undercut by the tape. When this
occurs it is possible for the heads and guides to damage the tape's edges.
In addition, it has to be remembered that the head is constructed from
various materials which will wear at different rates, possibly causing
permanent tape damage through scoring of the oxide coating. Adjusting
tape heads to obtain the best results requires specialized skill and
equipment, and is best undertaken by experts.
When your tape deck is new it should be in its best condition, both
electrically and mechanically. But there is nevertheless alikely chance that
when you get the deck of your choice, it will require setting up to give the
best results. Unfortunately it is quite common to find the head alignment
incorrect on delivery, especially the azimuth, and although this may not
affect tapes recorded and played back on the same machine, incorrect
azimuth will cause tapes recorded on other machines—including music
cassettes—to sound lifeless and dull, because the high frequencies will be
suppressed. Apart from this, it is impossible for the manufacturer to align amachine
to suit every tape on the market and, whilst he may recommend certain
types, they may not be yourchoice. In any case, it is well worth asking your
dealer to check out and set up the deck for your particular brands and
types of tape. He will normally charge for this service ( assuming he can do
it!) because of the engineering time and equipment involved, but even so it
is money well spent.
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Spendor Audio Systems Limited
Station Road Industrial Estate, Hailsham, Sussex BN27 2ER
843474

Telephone: Hailsham

spendor

Spendor loudspeakers and amplifiers
are used extensively by professional
organisations such as the BBC, IBA,
RTE(Ireland), WDR(Germany) and
many other broadcasting and
recording studios.

All Spendor loudspeakers are of
studio quality and are generally
regarded as one of the most accurate
monitoring systems available.

Spendor Audio Systems Limited
Station Road Industrial Estate,
Hailsham, Sussex BN27 2ER
Telephone: Hailsham 843474
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SERVICE
HEADACHES
??
The agonising question of where to. have top-flight sound
reproducing equipment repaired, re- aligned, overhauled—
rebuilt, if needs be— has plagued the enthusiast and music lover
for decades.
Sometimes the manufacturer/importer will do the work, although not all operate an " open" service department. Very rarely,
a dealer may be found who has the necessary equipment,
expertise and time to undertake such work. More often though,
sophisticated hi-fi equipment is entrusted to well-meaning but
less able hands
with predictably unsatisfactory results. The
equipment may " work" after such attention but ii rarely does so to
the same high standards as when new.

NOW THERE IS AN ALTERNATIVE which will see your
equipment meticulously restored, with Test Certificate & Report if
you wish.

For some years now we have been quietly providing aspecialist
service and re- cal. facility for semi- pro. and top- grade hi-fi
equipments, aservice used mainly by studios and aselect group
of high-class Dealers.

THESE FACILITIES ARE NOW BEING MADE AVAILABLE
DIRECTLY TO ALL.
--maselecimm
Our reputation is extremely good ( you will see that we have
had the honour to be appointed as aService Centre by two of the
most respected names in the business and our standards very
high. We use much specialised instrumentation including the
legendary Sound- Technology FM generator ( ours has been
factory- fitted with aspecial broadcast- quality stereo encoder so
that we can deal with the finest tuners available). Our wow- andflutter measuring equipment is by Bruno Woelke of W. Germany;
it will ruthlessly expose the slightest flaw in a disc or tape
transport system. Our rumble analysers were built by those
masters of turntable technology, DUAL of W. Germany. Other
equipments—by
Gould,
Hewlett-Packard,
Farnell,
Schlumberger, Lyons, Telequipment, Sennheiser, Ferrograph and
Philips—are in constant daily use as are test discs by B & K, CBS,
DGG and calibration tapes by MRL Inc., BASF and TEAC. All
much- respected names in the measurement field. So when we
say that our facilities and skills are tailored towards the needs of
the hi-fi owner we mean just that!

THIS THEN IS THE ALTERNATIVE
If you own good- quality equipment write or phone us straight
away for more complete details of our facilities. We will be
pleased to send to you acopy of our latest brochure and details of
our forthcoming weekend Hi- Fi Clinics.

AUDIO LABORATORIES [ LEEDS]
3 KILDARE TERRACE
.W1-14-T-€.1401rL-L--Ren1reLEEDS LS12 1DB
Telephone 0532 4

But however excellent the results you obtain when you first buy your
deck, they will not last for very long unless you maintain it. Like cars,
cassette decks need regular cleaning and servicing if they are to perform
reliably.
We start with how to keep the various parts of your deck clean. All tapes
will deposit some of their oxide coating on the heads, guides and rollers of
your machine as they are used. The actual amount they deposit each time
they are used will depend on the type of formulation and the quality of
slitting. But after atime even the cleanest tape will leave some deposit
behind, which gradually builds up on the various parts of the machine. The
problem is, how to remove it effectively?
There are many proprietary brands of head cleaner on the market which
in my opinion are not very useful. Even if they manage to clean the heads
effectively they leave the rest of the machine dirty, especially the capstan
and pinch- roller. No cleaner, however well designed, can be as effective
as cotton buds and isoprophyl alcohol, both of which are readily
obtainable from your local chemist. Although acertain amount of care is
required when cleaning the transport system, it is afairly simple process.
Sometimes it will be necessary to remove the case from the machine to
gain access to the heads, capstan and pinch- roller. If this is so, don't forget
to disconnect the machine from the mains and from your amplifier before
you start.
The cleaning procedure is as follows. Dip aclean cotton bud into the
isoprophyl alcohol and gently clean the heads, capstan and pinch- roller,
in that order. As the cotton buds become dirty with oxide, replace them
with clean ones, finishing off by wiping the heads with aclean dry cotton
bud to remove any residue solvent from the head gaps. If there is any loose
oxide, or dust that has accumulated on the deck, this should be removed
with asmall camel- haired brush.
When you have finished, the heads and capstan should look bright and
shiny, with no traces of oxide, whereas the pinch- roller, which is designed
to grip the tape, should appear to be dull and matt, with no hint of ashiny
surface.
While you are cleaning the deck is an ideal time to examine it, to see if
any of the parts you have cleaned are worn. The front face of the head
should have asmoother surface, showing no deformation or scratches. If
the head is damaged you should ask your dealer or other competent
engineer to replace it. He will set it up with the specialised equipment
needed to ensure correct alignment and performance. Two things will
happen as the head wears: firstly the quality of the sound will fall off,
especially at high frequencies; secondly, if it is badly worn it will start to
damage the tape.
As the pinch- roller ages it can become barrel shaped, shiny or hard, and
sometimes the tape will wear grooves around the face of the roller. The
pinch- roller bearing can also become worn, allowing it to wobble about. If
the roller is faulty, replace it, for this is much cheaper than damaging
valuable tapes.
Some problems are associated with the take-up drive when the deck is
in the play mode. The take-up needs to be smooth and at a constant
tension, otherwise it will pull the tape from the capstan jerkily, which will
lead to excessive wow and flutter. If your recorder is fitted with a felt
clutch it may become affected by damp weather; also, as it wears the takeup torque can rise rapidly because the rough felt has worn the plastic
surface of the clutch, allowing it to grip more readily. This latter problem
will produce excessively tight winds inside the cassette, thus damaging
the tape.
Unfortunately, sometimes the clutch can wind too loosely, failing to
overcome the cassette's internal tensions. When this happens the take-up
spool stops and tape is spilled into the machine, unless the capstan is
stopped quickly. Under extreme circumstances the tape can wind itself
tightly around the capstan or pinch- roller, especially if they are dirty. If this
happens to you, exercise great patience, because it is very easy to damage
the machine permanently in trying to remove the tape. The only way is to
break away the cassette body around the capstan, then to remove the tape
layer by layer, being careful not to damage either the capstan or pinch roller.
You may find that your deck suddenly starts ticking when it is in either of
the two fast spooling modes. This is often caused by small pieces of rubber
that come from the belts and pulleys due to wear. These form themselves
into small lumps which adhere to the coupling pulleys, causing anoisy,
jerky operation. So it is agood idea when you are cleaning the heads, etc,
to look under the deck and clean there too. But whatever you do, forget the
oil can—unless the instructions specifically tell you to use one. The
majority of bearings are lubricated for life and only require the occasional
cleaning.
To round off, afew do's and don'ts:
DO Clean your deck regularly as outlined above. '
DO Get your deck set up by your hi-fi dealer, when it is new.
DO Get your deck serviced at regular intervals.
DO Buy good quality cassettes with good quality mechanics.
DON'T Hurry when you buy anew deck, and remember to check out its
mechanical specification as well as the sound quality.
DON'T Use cheap cassettes, or ones that shed oxide all over the place.
DON'T Adjust the heads or guides yourself, it's aspecialised job.
DON'T Oil your deck, unless told to by the manufacturer.
One final thought:
Treat your cassette deck and cassettes with the same love and care you
would your turntable and collection of discs, and they will give you many
hours of listening pleasure.
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AUDIO INDEX
Brand names of
equipment available in the U.K.
in September 1980, with countries of origin and details
of manufacturers and importers

ACCESSIT—U.K.
Band ive Ltd., 8 E. Barnet Road, New Barnet, Herts.
EN4 8RW.
440 9221
ACOUSTAT—U.S.A.
Transonic Imports ( Acoustical) Ltd.. Brooks Court,
Stamford, Lincs.
0780 55551

ALLISON—U.S.A.
Audio Pro. ( Hi -Fi) Ltd.

ACOUSTICAL—See Quad

ALTEC LANSING—U.S.A.
Altec Lansing International Ltd., 17 Park Place
Stevenage, Herts. SG1 1DU.
0438 3241

ACUTEX—U.S.A.
Natural Sound Systems Ltd.

See Yamaha

ADASTRA—U.K.
Adastra Electronics Ltd., Unit N22, Cricklewood
Trading Estate, Claremont Road, London NW2 ITU.
01-452 6288/9

See Audio Pro.

ALPHA—U.K.
Chelmsford Electronics, 20 North Street, Barking
Essex.
01-591 6962

AMBASSADOR—U.K.
Stereosound Productions Ltd.

See Stereosound

ASC—W. Germany
Audio System Components Ltd., 32 Crown Lane,
Theale, Berks.
0734 302108
A.T.C.—U.K.
Acoustic Transducer Co. Ltd., Worton Hall Estate,
Isleworth, Middlesex TW7 6ER.
01-568 6633
AUDAN—U.K.
Audan Audio Ltd., 188 Mill Trading Estate, Acton Lane,
London NW10 7NP.
01-961 4300 & 01-965 8179
AUDIO ADAPTOR UNIT—U.K.
Modular Audio Components Ltd

See M.A.C.

AMCRON—U.S.A.
HHB Hire & Sales, Unit F, New Crescent Works, Nicoll
Road, London NW10 9AX.
01-961 3295

AUDIO DYNAMICS CORPORATION
ADC
See BSR

AMPEX—U.S.A.
Ampex Great Britain Ltd., Acre Road, Reading
RG2 0011,
0734 85200

AUDIOKITS—U K
Graham Nalty, 6 Mill Close, Borrowash. Derby.
0332 67429

AMSTRAD—U.K.
Amstrad Consumer Electronics Ltd., 1-7 Garman Road,
London N17 OUF.
01-801 4431

AUDIO LINEAR—Spain
Wilmex Ltd., Compton House, 35 High Street, New
Malden, Surrey, KT3 4DE.
01-949 2545

AEG-TELEFUNKEN—W. Germany
Hayden Laboratories.
See Dual

AMTRON—Italy
Amtron U.K. Ltd., 7 Hughenden Road, Hastings, Sussex
TN34 3DY
0424 436004

AUDIOLOGIC—Fdr East
Network Marketing. Middlesex House. 29-45 High
Street, Edgware, Middx. HA8 7HH.
01-952 6225

AERIALITE AERIALS—U.K.
Aerialite Aerials, Whitegate, Broadway Chadderton,
Oldham. Lancs. OL9 9OG.
061-652 1111

ANTIFERENCE—U.K.
Antiference Ltd., Bicester Road. Aylesbury, Bucks.
HP19 3BJ.
0296 82511

AUDIO MAGNETICS—U.K.
Audio Magnetics ( Incorporated) Ltd., Loverock Road.
Reading, Berks.
0734 598036

AG FA- G EVAERT—W. Germany
Agfa-Gevaert Ltd , Great West Road, Brentford, Middx.
TW8 9AX.
01-560 2131

AR—U.K./U.S.A,
Teledyne Acoustic Research, High Street, Houghton
Regis, Dunstable, Bedfordshire LU5 50.J.
0582 60315

AUDIOMASTER—U.K.
Audiomaster Ltd., 33 Bridle Path, Watford, Herts.
WD2 4BZ.
0923 33010

AHB—U.K.
Allen and Heath Brenell Ltd., Pembroke House,
Campsbourne Road, Hornsey, London N8.
01-340 3291

ARC—U.K.
Audio Reproduction Co. Ltd., Horton House, 2 Urmston
Lane, Stretford, Manchester M32 9BP.
061-865 6494

AUDIO NOTE—Japan
Studio Beco, 16/18 Beak Street, Regent Street. London
W1R 3HA.
01-439 3070

A & R CAMBRIDGE—U.K.
Amplification and Recording ( Cambridge) Ltd., French's
Mill, French's Road, Cambridge CB4 3NP. ( Until end
1980) Industrial Estate, Denny End, Waterbeach,
Cambridge, CB5 9BP (from end 1980) 0223 354507

AUDIO PACKS—U K.
Tape Recorder Spares Ltd., 206 Ilderton Road, London
SE15 1NS.
01-639 7844

AD CA BI
N ETS—U.K.
A. Davies, Village Woodwork, 14A Vicars Road,
London NW5.
01-267 8504
ADC—U.S.A.
BSR Ltd.
See BSR
ADCOM—U.S.A.
Prof iAudio Imports.

See Glanz

AIWA—Japan
Aiwa Sales and Service ( UK) Ltd., Consumer
Information Dept., Aiwa Centre, 56-58 Brunswick
Centre, Marchmont Street, London, WC1.
01-278 2081 ( Open TuesSat.)
AKAI—Japan
Akai ( UK) Limited, 12 Silver Jubilee Way, Heathrow
Haslemere Estate, Parkway, Hounslow, Middlesex
TW4 6NF.
01-897.y-1-74— t,'?
AKG ACOUSTICS—Austria
AKG Acoustics Ltd., 191 The Vale, London W3 7QS.
01-749 2042
ALBA—U.K.
Alba ( Electronics) Limited, Bull Lane, Edmonton
N18 1SD.
01-803 4451

A/R/D—U.K.
Audio Research & Development Ltd., 1Tekels Way,
Portsmouth Road, Camberley. Surrey GU15 1HX.
0276 24684
ARISTON AUDIO—U.K.
Ariston Acoustics Ltd., Unit 176, Brieryside, Prestwick
Airport, Prestwick, Ayrshire, KA9 2RB.
0292 76933/4
ARMSTRONG— England
Armstrong Amplifiers Ltd., Warlters Road, London
N7 ORZ.
01-607 3213/6351
ARTIFACT—U.K.

ALLAN—See Richard Allan
ALL- SOURCE INTERNATIONAL—Various
Palletts Yard, Admirals Walk, Hoddesden, Herts.
EN11 OQP.
099 24 42866
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Artifact Designs Ltd., 35 Queen Street. Henley-onThames, Oxon. RG9 1AR.
049 12 6037
ARTY BEE—U.K.
Roy Martin Freeman ( RTB) Ltd.

See Nion

AUDIOPHILE PRODUCTS—Japan
Absolute Sounds.
See Koetsu
AUDIO PRO—Sweden
Audio Pro (
Hi -Fi) Ltd., Brook House, Crewe Road,
Wheelock, Sandbach, Cheshire.
09367 7520
AUDIOSPORT—Various
Disons Photographic Ltd.

See Prinzsound

AU D I
OSTATIC—Netherlands
Monitor Distribution Co. Ltd., 76 Bedford Road,
Kempston, Beds.
0234 854133
AUDIO TECH N ICA—Japan
Audio-Technica Ltd., Hunslet Trading Estate, Low Road,
110532 771441

IN VV9 bJ.1.

Various
House, The Hyde, Hendon
I - LtM 0444

New Thorens TD 160 Super.
In their 1980 review of over eighty turntables, the audio experts at
'1-1i Fi Choice' said, " Clearly in the top turntable group on our tests, we
could make few criticisms of this model's sound quality. Precis:on monLfactured in Europe, and benefiting from the some
quality engineering not goes into top, professional studio turntables the
high performance IC 160 Super allows you the freedom to pair it with the
finest tone- arms and cartridges.
At £ 190, list price, it's outstanding value for money.
Any of our dec lers will be pleased to demonstrate the TD 160 Super
and other Thorens turntables to help you create asystem with the sound
you want.
For further infornation, contact your local Thorens dealer,
or Cambrasound.

Sole U.K distributor:
Cambrosound Limited,
Freedex House, 4-10 North Rood,
London N7 9HN. Tel: 01-607 8141
Telex 264773 Metros G.

For

BI
G
DISCOUNTS
and the

WIDEST
CHOICE
come to

C»1111
Branches Nationwide
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AUDIX-U.K.
Audix Ltd„ Station Road, Wenden, Saffron Walden,
Essex CB11 4LG.
0799 40888
AUREX-Japan
Toshiba ( U.K.) Ltd.

See Toshiba

AUROTONE-U.S.A.
Industrial Tape Applications, 1-7 Harwood Ave.,
Marylebone Road. NW1.
01-724 2497
AVEL-LINDBERG-U.K.
Avel-Lindberg Ltd., South Ockenden, Essex
RM15 5TD.
04025 3444
AVON AUDIO-MAT-U.K.
Wilmex Ltd.
See Audio Linear

& W-U.K.
B & W Loudspeakers Ltd., Meadow Road, Worthing
BN 11 2RX.
0903 205611

CALREC-U.K.
Calrec Audio' Ltd., Hangingroyd Lane, Hebden Bridge,
Yorks. HX7 7DD.
042-284 2159

BANG & OLUFSEN-Denmark
Bang & Olufsen U.K. Ltd., Eastbrook Road, Gloucester
GL4 7DE.
0452 21591
BASF-West Germany
BASF United Kingdom Limited, 4 Fitzroy Square,
London W1P 6ER.
01-388 4200
B.A.S. SOUND-U.K.
Beard Audio Systems Ltd., 38A Oaklands Grove,
London W12.
01-749 4258
BECKER-U.S.A.
Marlborough Electronics Ltd., Grey Wethers, Ogbourne
St. George, Marlborough, Wilts. SN8 1SU.
067-284 241
RECORD-Japan
Studio Beco Ltd.
See Audionote
BELTEK-Far East
Laskys, Hardman House, The Hyde, London
NW9 6JJ.
01-200 0444

DCM-U S.A.
Absolute Sounds.
dbx-U.S.A.
BSR Limited.

See Koetsu

See BSR

CAMBRA-U.K.
Cambrasound Ltd., Freedex House, 4-10 North Road,
Islington, N7 9H N.
01-607 8141

DECCA-U.K.
Decca Special Products, Ingate Place, Queenstown
Road. London SW8 3NT.
01-622 6677

CAMBRIDGE AUDIO-U.K.
C. E. Hammond & Co. Ltd., 105-109 Oyster Lane,
Byfleet. Surrey KT14 7JH.
09323 51051

DENON-Japan
Eumig ( U.K.) Ltd.

CANTON-W. Germany
Uher Sales & Services Ltd.
BAKER-U.K.
Baker Loudspeakers Ltd., 337 Whitehorse Road, Croydon,
Surrey.
01-684 1665

DALESFORD-U.K.
Dalesford Speakers Ltd., Upper Carr Lane, Calverley,
Pudsey, W. Yorks. LS28 50E.
0532 550577

See Uher

See Eumig

DENYO-Japan
Uher Sales & Services Ltd.

See Uher

DIAMOND (LOUDSPEAKERS)-U.K.
Janorhurst Ltd.
See JBE Series Ill

CANNON-U.K. & U. S. A
Allotrope Ltd.
See PML
CANTORION-U.K.
Cantorion, P.O. Box 61, Cardiff CF1 1RB.
0222 594211
CAPRICORN-U.K.
Capricorn Electronics, 281 Balmoral Drive, Hayes,
Middx. UB4 8HD.
01-573 1566
CARLTONE-Hong Kong & Japan
C. F. Fraser Ltd., 21 Princess Road, London
NW1 8HR.
01-722 6633
CASTLE-U.K.
Castle Acoustics Ltd., Shortbank Road, Skipton,
N. Yorks.
0756 5333/4
CELEF-U.K.
Celef Audio Ltd., 130/132 Thirsk Road, Boreham Wood,
Herts.
01.953 8933 and 01-207 1150
CELESTION-U.K.
Celestion International, Ditton Works, Foxhall Road,
Ipswich I
P3 8J P.
0473 73131

DISCWASHER-U.S.A.
Zerostat Components Ltd.

See Zerostat

DOMINUS-U.K.
Dominus, PO Box 1, Cranleigh, Surrey. GU6 7JF.
04866 6477
DORAM-U.K.
Doram Electronics Ltd., Fitzroy House, Market Place,
Swaffham, Norfolk, PE37 7QH.
0760 21627
DSC-U.K. and Far East
D.S.C. ( Consumer Products) Ltd., Colwyn Bay, North
Wales LL28 5HD.
DSD-U.SA.
Wilmex Ltd.
See Audio Linear
DUAL-W. Germany
Hayden Laboratories Ltd. Hayden House, GladereifieicrEtiaacrChalfont St. Peter SL9 9EW.
02813'88447
DUMPA-France
Swisstone Electronics Ltd.

See Rogers

CERWIN-VEGA-U.K. & U.S.A.
C E. Hammond & Co. Ltd.
See Cambridge

DYNACORD-West Germany
Beyer Dynamic ( GB) Ltd.
See Beyer Dynamic

CHANNEL MASTER-U.S.A.
Jaybeam Ltd.
See Jaybeam

DYNASTATIC-U.K.
Audio Services Ltd.
See Shackman

BEVERIDGE-U.S.A.
Absolute Sounds.
See Koetsu

CHARTWELL-U.K.
Swisstone Electronics Ltd.

BEYER DYNAMIC-West Germany
Beyer Dynamic ( GB) Ltd., 1Clair Road, Haywards
Heath, Sussex RH16 3DP.
0444 51003

CH I
LTON-U.K.
Magnetic Tapes Ltd., Chilton Works, Garden Road,
Richmond, Surrey TW9 4NS.
01-876 7957

DYNATRON-U.K.
Dynatron Radio Ltd., 137 Ditton Walk, Cambridge
CB5 8QD.
022 05 2781

BOW-U.S.A.
Court Acoustics Ltd.

CLARK SPEAKERS-U.K.
Clark Speakers, 122 Hull Road, Anlaby, N Humberside
HU10 6UV.
0482 656706

BEN NEVIS-U.K.
Ben Nevis Aerials, Belmont Works, Belmont Site,
Stranraer DG9 7AS.
0776 2677/8

See Court

BIB-U.K.
Bib Hi -Fi Accessories Ltd., Kelsey House. Wood Lane
End, Hemel Hempstead, Herts. HP2 4RQ.
0442 61291
B.I.C.-U.S.A.
Cambridge Audio Ltd.

See Cambridge

BINATONE-Japan, Hong Kong, Korea & U.K.
Binatone International Ltd., Binatone House, Beresford
Avenue, Wembley, Middx.
01-903 5211
BLAK-U.K.
BLAK Audio Ltd., 14 School Road, Earith,
Cambridgeshire.
BLAUPUNKT-West Germany
Robert Bosch Limited.
See Bosch

See Rogers

CLEANOL-Denmark
Linn Products Ltd.
See Linn

EAGLE-Japan, Korea & U.K.
Eagle International, Precision Centre, Heather Park
Drive, Wembley HAO 1SU.
01-902 8832

COLES-U.K.
Coles Electroacoustics Ltd. Pindar Road, Hoddesdon,
EN11 OBZ.
099 24 66685/60060

EAR-U.K.
Esoteric Audio Research, St. Ives, Cambs.

COLTON-U.K.
S & B Trading.
See Musonic

EARC-Italy
Sounds Professional ( FWO Bauch Ltd.), 49 Theobald
Street, Borehamwood, Herts. WD6 4RZ.
01-953 0091

CONDOR-Japan, U.K. & Holland
Woodman Works, 204 Durnsford Road, London
SW19 8DR.
01-947 9511
CONNOISSEUR-U.K.
Obsolete, but spares from: D. B. Audio Ltd., 8 Rochester
Way, Crowborough, Sussex.
08926 3150

BOSCH-West Germany
Robert Bosch Limited, Rhodes Way, Radlett Road,
Watford, Herts. WD2 4LB.
0923 44233

CORAL-Japan
Videotone.
See Videotone

BOSE-U.S.A.
Bose ( UK) Ltd., Trinity Trading Estate, Sittingbourne,
Kent ME10 2PD.
0795 75341/5

COURT-U.K.
Court Acoustics Ltd., 35/39 Britannia Row, London
N1 8QH.
01-359 0956

BRADMATIC-U.K.
Bradmatic Ltd., 338 Aldridge Road, Streetly, Sutton
Coldfield, West Midlands 874 2DT.
021-353 3171

CRIMSON ELEKTRIK-U.K.
Crimson Elektrik, la Stamford Street, Leicester
LE1 6NL.
0533 553508

BRYSTON-Canada
KJ Leisuresound Ltd., Bridle Path, Watford, Herts.
WD2 4BZ.
0923 33011

CYBERNET-Japan
Shadow Audio Ltd.
See Shadow

BSR-U.K.
BSR Limited, Powke Lane, Cradley Heath, Warley, West
Midlands 864 5QH.
0384 65191

DYNAVECTOR-Japan
Dynavector Systems Ltd. 52 Park Road, Kingston on
Thames, KT2 6AU.
01-546 1434

DAHLGUIST-U.S.A.
Grant Lumley Products Ltd

0480 67788

ECC-U.K.
Edwards Construction Co., 4 Brunswick Drive,
Harrogate, Yorks.
0423 60921
ECHO-Japan
Adastra Electronics Ltd.

See Adastra

EDINBURGH WIRELESS-U.K.
Nytech Audio.
See Nytech

See Grant Lumley

EDWARDS-U.K.
Leartone Ltd, 696 Romford Road, London E12
EEI-U.K., Australia, Japan & Canada
Elite Electronics, 32 Cottimore Lane, Walton- on- Thames,
Surrey.
09322 46850
ELAC-U.K.
Electro Acoustic Industries Ltd., Stamford Works, Broad
Lane, Tottenham, London N15 4QU.
01-808 0505
ELECTROCOMPANIET-Scotland, U.K.
Webland International.
See KLH
ELECTROSPARES LTD:
P0 Box 50, Peterborough, PE2 OJF

0733 233600
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Super-Asound.
Or the undistorted truth about amplifiers.
Super-A is not just aname that we've
produced because we think it sounds
superior. It's the name that actually applies
to the superior sound we can produce.
So what does Super-A do? It achieves
that undistorted clean performance of a
Class-A amplification together with the high
efficiency of Class-B. With no compromises.
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than in any conventional Class-A amp. The
result is simply better hi-fi performance.

The A-X9.The 'dread amp.
If an amplifier's function can be defined
as accurate signal transmission under
actual performance conditions, our X-series
Amps have attained it.
Take alook at the A-X9.
It's the cleanest
"Milk sounding, most
accurate integrated
[
[
if E amplifier on the
•rf`rnî
irr-ri
market today. The
Super-A eliminates
- - .„
all trace of switching
• nn
e
distortion.
Indeed distortion is as low as 0.0005% at
lk Hz at rated output, because the transistors
do not switch on and off.
Naturally the Super-A power section in
all X-series amps is of advanced DC design
for even greater accuracy. Unlike
conventional models there are only two
amps inside. The tone control circuit is part
of the negative feedback network of the
power amp. Distortion is much reduced.
Thanks to the new DC servo technique
the phono input accepts moving-coil and
moving-magnet cartridges. Of course the
circuit operates in the Class-A mode as befits
the Super-A power amp section. Output is
100 watts R/VIS per channel, both channels
driven, into 8ohms, 20 Hz to 20Id-lz,
0.005% THD. Isn't that music to your ears?

[if [

r re

Which is why we ve filed for 10 patents
on the technique. Confused? Let's take a
guided tour of amplifiers before Super-A
came on the scene.

Class Aor B?
For power amplifiers in hi-fi the
Class-Bmode has been predominantly
popular — because it is efficient. Roughly
3times more efficient than Class-A. But it
achieves this efficiency by permitting its
power output transistors to switch on and
off. This leads to switching and cross-over
distortion. These forms of distortion often
make the final musical output sound harsh
and unnatural.
On aClass-A operated amp the
transistors remain on all the time. So they
yield acleaner, less distorted audio output.
But, Class-A is inefficient because it
eliminates switching distortion by the
constant application of afixed bias current.
At JVC's Audio Engineering Research
Centre we saw the way to obtain the best of
both worlds. So we went to work on a
unique variable bias circuit.

Super-A...the `cool'amp.
The all new Super-A amp has an active
bias-control circuit to adjust the bias current
as the output level varies. This prevents the
power transistors from switching
completely off by providing aminimum
bias when there's no signal present for the
transistor to amplify.
With less power wasted as heat it actually
saves on power consumption.
In short, we've achieved the "cool"
amp. Distortion is reduced and efficiency
improved. (The efficiency is equal to that of
Class-Bdespite its high-power output).
Linearity is higher and distortion is lower

Tell me more.
If they asked us, we could write abook
... and we have. So why not send for your
guide to Super-A sound and the X-series of
stereo integrated amplifiers?
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0: JVC (UK) Ltd., Eldonwall Trading Estate,
Staples Corner, 6-8 Priestley Way, London N\X'2 7AF.

NA1

Please send me further guidance on your Super-A amps.
Name
Address

vc,, the trode mor kof the Victor Company of Japan

HADCOCK GH 230 ARM

The Hadcock GH 230 arm is an entirely new 4 bearing conventional design developed from the
GH 228, but incorporates pre- loaded miniature stainless steel instrument bearings resulting in
extremely low friction. The method of weight adjustment is very accurate and by using a small
rider weight calibration is simple. The arm- tube is damped completely. The whole top arm is
detachable by means of two sets screws and gold plated plug and socket. The headshells are
available separately. Silicone fluid is provided for damping and the amount may be varied. The
phono cables are low capacitance with golden phono plugs.

e

Jo0

in,Lr

GH

Audio Division, Doveridge, Derby DE6 5NN, England
Telephone: Uttoxeter 2452

TWO BEAUTIFULLY PRESENTED AMPLIFIERS OF SUPERB
CONSTRUCTION
FOR
THE
DISCERNING
IN AUDIO
REPRODUCTION QUOTED BY MANY RESPECTED REVIEWERS
AND OTHER EXPERTS AS PROBABLY THE BEST THERE IS

At last!

The remarkable Moving Permalloy Cartridges of Nagaoka are available in the U.K.
In Japan, Nagaoka's cartridges and
styli outsell all other brands put together!

Both ranges are available with optional
headshell mounting.

Their low mass, high
trackability and their ability to
give crystal-clear stereo imaging,
outstanding channel separation,
and wide dynamic range, have
ensured their No. 1position.
Now, you can buy the
inexpensive OS range and the
brand new MP range from your
local hi-fi dealer.

0

NAGAOKA

MOVING PERMALLOY CARTRIDGES FROM

To: J. Osawa & Co. (U.K.) Ltd., 10 Forge Court, Reading Road, Yateley, Camberley, Surrey, GU17 7RX
Please rush me full details of the unique Nagaoka cartridge range and list of stockists.
Name
22

Address

The IVW50 has aboron
cantilever for truly excellent,
distortion-free sound reproduction.
Most important of all, its conical
diamond stylus tip has only one third
the mass of conventional tips.
THE OS RANGE ( OS- 100 MP OS-200 MP, OS-303 MP)
STARTS FROM AROUND £6
THE MP RANGE ( MP- 10, MP-20, MP-30, MP-40, MP-50)
STARTS FROM UNDER CIO!

SAWA

Exclusive Distributor for U.K. and Ireland

ELIZABETHAN - Japan & Hong Kong
C. F. Fraser Ltd.
See Cantone
ELNO-France
Douglas A. Lyons & Assocs. Ltd., 52 Morrish Rd.,
London SW2 4EG.
01-674 5062
EMPIRE SCIENTIFIC-U.S.A.
Hayden Laboratories Ltd.
See Dual
ENCORE-U.K.
Artifact Designs Ltd.

See Artifact

FUBA-W. Germany
Audio Workshops Ltd. 33 London Rd., Southborough,
Tunbridge Wells, Kent TN4 OPB.
0892 39222

HARRISON-U.K.
Gimar Ltd, 95 Grays Inn Rd., London WC1X 8TX
01-405 9665

FUJI TAPE-Japan
Pyser Ltd., Fircroft Way. Edenbridge, Kent TN8 6HA.
073 271 4116

HART JLH-U.K.
Hart Electronic Kits Ltd., Penylan Mill, Oswestry,
Shropshire.
0691 2894

GABRAPHONE-U.K.

HARVARD-U.K., Hong Kong. Japan, Taiwan, Korea &
Singapore
Harris Overseas Ltd., Harvard House. 14-16, Thames
Road, Barking, Essex.
01-594 5533/1473

Radio New Era, 4 Station Road West, Canterbury,
Kent.
0227 60431

ENIGMA-U.K.
Enigma Audio, 136 Portland Road, Hove. Sussex
BN3 5QL.
0273 723979

GALE-U.K.
D. W. Labs, Sales Officé, 88-90 Grays Inn Road,
London WC1X 8AA.
01-404 5140

ENTRÉ- Japan
Lentek Audio Ltd.

GAMMA LAB-Hong Kong
Grant Lumley Products Ltd.
See Grant Lumley

See Lentek

ENVIRONMENTAL SOUND-U.K.
Environmental Sound, Northallerton, N. Yorks.
0609 5434

GARRARD-U.K.
Garrard Ltd., Factory 103, Cheney Manor Trading Estate.
Swindon, Wilts. SN1 2LH. 0793 35381

EUMIG-Austria
Eumig ( UK) Ltd., 14 Priestley Way, London
NW2 7TN.
01-450 8070

GENELEC-U.K. & Worldwide
All Source International, P.O. Box 18, Harlow, Essex
CM18 6SH.
0279 414010

EUROTRONIC-U.K.
Eurotronic Loudspeaker Systems Ltd., also Eurotronic
Sound & Lighting Ltd., 178 Pinner Road, Harrow
HA1 4JP.
01-863 9898

G.H.-U.K.
G. F. C. Hadcock.

EXA-W. Germany
Audio Workshops Ltd.

See Fuba

EXATOR-W. Germany
Audio Workshops Ltd.
See Fuba
EXPERT-U.K.
Expert Pickups, P.O. Box 3, Ashtead, Surrey
KT21 2QD.
03722 76604
EXPOSURE PRODUCTS-U.K.
Exposure Electronics, Richardson Road, Hove, Sussex
BN3 5RB.
0273 777912
EXSTATIC-U.K.
Goldring Products Ltd.

See Goldring

See Hadcock

GLANZ-Japan
Prof iAudio Imports, 8 Harford St., Norwich, NR1 3AY,
Norfolk.
0603 616221
GOLDRING-U.K.
Goldring Products Ltd., Anglian Lane, Bury St. Edmunds
IP32 6SS.
0284 64011
GOODMANS-U.K.
Goodmans Loudspeakers Ltd., Downley Road, Havant,
Hants. P09 2NL.
0705 486344
GRACE-Japan
Linn Products Ltd.

See Linn

GRADO-U.K.
Transonic Imports

See Acoustat

FAIR MATE-Japan
Plustronics Ltd
See Plustron
FALCON-U.K.
Falcon Acoustics Ltd., Tabor House, Norwich Road,
Mulbarton, Norwich, Norfolk NR14 8JT.
0508 78272

GROOVAC-U.K.
R. I. Audio, Kernick Road, Penryn, Cornwall
TRIO 9DQ.
0326 72753

FANE-U.K.
Fane Acoustics Ltd., 286 Bradford Road, Batley
WF17 5SL.
0924 476431

GRUNDIG-W. Germany
Grundig International Ltd., 40/42 Newlands Park,
Sydenham, London 5E26 5NQ.
01-659 2468

FERGUSON-U.K.
Thorn Consumer Electronics Ltd., 284 Southbury Road,
Enfield, Middx. EN1 17J.
01-363 5353

GTR-U.S.A.
S 8i B Trading.

See Musonic

HI- BALL 750-U.K.
ExecutiveAudio Ltd., Unit 6, Worton Hall, Isleworth,
Middx. TW7 6ER.
01-568 6636
HI-FI AIDS-U.K.
Radix Marketing, P.O. Box 16, Wokingham, Berks.
RG11 2XX
HI-LECT-Japan
Studio Beco Ltd.
See Audio Note
HIRAOKA-Japan
J. Osawa & Co. (U.K.) Ltd.

See Osawa

HITACHI- Japan
Hitachi Sales ( U.K.) Ltd., Hitachi House, Station Road,
Hayes, Middx. UB3 4DR.
01-848 8787
HMV-U.K.
lntersound Electronics Ltd., Victoria Road, London
NW10 6ND.
01-965 6834/7
HOLDER PEARCE-U.K.
Holder Pearce Ltd., 66 Grove Road, Eastbourne, Sussex
BN21 4UH.
0323 26565
HOINLAND-WEST-Various
Howland- West Ltd.. 3/5 Eden Grove, London
N7 8EQ.
01-609 0293

I

A S-U.K.
Integrated Audio Systems, 18 High Road, Swaythling,
Southampton. SO2 2JH.
0703 553473
IMF ELECTRONICS-U.K.
IMF Electronics Ltd., Westbourne Street, High
Wycombe, Bucks.
0494 35576
INFINITY-U.K.
Infinity Systems ( U.K.) Ltd., P.O. Box 14. 17 St. Martin's
Street, Wallingford, Oxon. OX10 OEB.
0491 37353
INSTANT-U.K.
Osmabet Ltd.
See Osmabet
ISLEWORTH-U.K.
Techtronic Design Ltd., Unit 4, Staincliffe Mills,
Dewsbury, W. Yorks.
0924 409040

FERROGRAPH U.K.
North East Audio Ltd.
See NEAL

HACKER-GB.

FIDELITY-U.K.
Fidelity Radio Ltd., Victoria Road, London
NW10 6ND.
01-965 8771

Hacker Sound Ltd., 83/95 Stanley Road, Bournemouth,
Dorset.
0202 301959/301776

FIDELITY RESEARCH-Japan
Wilmex Ltd.
See Audio Linear

HADCOCK-U.K.
G. F. C. Hadcock, Audio Division, The Old Vicarage,
Doveridge, Derby DE6 5NN.
088 93 2452

FIESTA-U.K.
Fiesta Audio Products, Devonshire House, High Street,
Deritend, Birmingham B12 OLP.
021-772 7145

HAFLER-U.S.A.
Howland West Ltd.

FINE THOMPSON-U.K.
Fine Thompson Ltd., Felspar Road, Armington Industrial
Estate, Tamworth, Staffs. B77 4DP.
0827 4555

HAMPSTEAD-U.K.
Hampstead High Fidelity, 63 Hampstead High Street.
London NW3 1QH.
01-435 0999

FISHER-Japan
Fisher ( U.K.) Ltd., 8 Greycaine Road, Greycaines Estate,
Watford WD2 4QU.

HARBETH-U.K.
Harbeth Acoustics, 2a Nova Road, W. Croydon, Surrey.
CRO 2TL.
01-681 7676

FORMULA 4-England & Japan
Mayware Ltd.
See Mayware

HARKSOUND/CEC-Japan
Uher Sales & Services Ltd.
See Uher

FOSTER-Japan
Adastra Electronics Ltd.

HARMAN KARDON-U.S.A.
Harman U K, St Johns Road, Tylers Green, High
Wycombe, Bucks. HP10 8HR.
049 481 5331

FRIED-U.K.
Kingsbrook Marketing Co., 23 Kingsbrook Road,
Bedford.
0234 54950

HEYBROOK-U.K.
Mecom ( Acoustics) Ltd., Knighton Hill. Wembury,
Plymouth, PL9 OED.
0752 863188

GRANT LUMLEY-U.K.
Grant Lumley Products Ltd., Unit B. Pitcroft Lane, North
End, Portsmouth, Hants.
0705 699501
GRIFFIN-U.K.
H. K. Griffin & Co. ( Electronics), Dept. AD, Siddons
Factory Estate, Howard Street, West Bromwich
B70 OSU.
021 556 6823/5

See Adastra

HELLERMAN-U.K.
Allotrope Ltd.
See PML

See Howland West.

HARRIER- Hong Kong
Disons Photographic Ltd.

See Prinzsound

ISOPI40N-W. Germany
Hayden Laboratories Ltd.

See Dual

ITT-Various
ITT Consumer Products ( U.K.) Ltd., Chester Hall Lane,
Basildon, Essex SS14 3BW.
0268 3040

JAMO-Denmark

Jamo Audio Ltd., Wiltron House, 48 The Broadway,
Maidenhead, Berks.
0628 37575
JAYBEAM-U.K.
Jaybeam Ltd., Moulton Park Industrial Estate,
Northampton NN3 100.
0604 46611
JBE-U.K.
Janorhurst Ltd., Century House, Shortmead St.,
Biggleswade, Beds.
0767 314252.
JBL-U.S.A.
Harman U.K.

See Harman Kardon

JORDAN-U.K.
E. J. Jordan Ltd., Stonyway, Bovingdon Green, Marlow,
Bucks. SL7 2JH.
062 84 2526
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Still the same world-famous
name, but looking alittle
different now that Garrard is part of
the very successful Gradiente Group
of Brazil.
Garrard's traditional
engineering brilliance lives on,

and now works hand in
glove with Gradiente's
electronics skills.
The beautiful DDQ650 and
DDQ550 are two of the new
Garrard masterpieces.

DDQ550 Semi- automatic player with quartz lock, coreless D.C. direct drive with electronic button controls and L.E.D. indicators.
DDQ650 Semi- automatic player with quartz lock, coreless D.C. direct drive with electronic button controls, pitch control and stroboscope.

Also from Garrard:
DD455 Fully automatic player with coreless D.C. direct drive motor,
pitch control and stroboscope.
DD450 Semi- automatic player with coreless D.C. direct drive motor, pitch
control and stroboscope.
GT355AP Fully automatic player with D.C. servo motor, pitch control and
stroboscope.
GT255AP Fully automatic single player with A.C. synchronous motor.
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garrard
Garrard Limited
Cheney Manor Industrial Estate, Swindon SN1 2QQ
Telephone (0793) 35381. Telex 44271

JORDAN WATTS- U K
Jordan- Watts Ltd., Benlow Works, Silverdale Road,
Hayes, Middx. UB3 3BW.
01-573 6928
JOSTY-U.K.
Josty ( U.K.) Ltd., Dukes Way, Teeside Industrial Estate,
Thornaby, Stockton-on-Tees, Cleveland TS17 9LT.
0642 595800
JR-U.K.
JR Loudspeakers, 114 Ashley Road, St. Albans,
Hertfordshire.
0727 64337
JVC-Japan
JVC ( U.K.) Ltd., Eldonwall Trading Estate, Staples
Corner, 6-8 Priestley Way, London NW2.
01-450 2621

KEESONIC-U.K.
Keesonic Audio Products Ltd., Halldore Hill, Cookham,
Maidenhead, Berks.
06285 22726
KEF-U.K.
KEF Electronics Ltd., Tovil, Maidstone ME15 60P.
0622 672261
KEITH MONKS-U.K.
Keith Monks ( Audio) Ltd., 26-28 Reading Road South,
Fleet, Aldershot, Hants.
02514 20568/9
KENPRO-Japan
Jaybeam Ltd.
See Jaybeam
KLARK TEKNIK-U.K.
Klark-Teknik Research Ltd., Walter Nash Road West,
Kidderminster, Worcs.
0562 741515
KLH-U.S.A.
Webland International Ltd., 4 Cromwell Place, London
SW7 2JJ.
01-584 7735
KLIPSCH-U.S.A.
Prof iAudio Imports.
K.M.A.L.

See Glanz

See Keith Monks

KNOWIN-U.K.
Knowin ( U.K.) Ltd., Knowin House, 37 Churchill Way,
Fleckney, Leics. LE8 OUD.
0533 403331

LINN-ITTOK-Japan
Lunn Products Ltd.
See Linn

MICRO- Hong Kong
Disons Photographic Ltd.

LINN-SONDEK-U.K.
Linn Products Ltd.
See Linn

MICRO-ACOUSTIC-U.S.A.
Webiand International Ltd.
See KLH

LLOTTRON-U.K.
Lloytron Electronics Ltd., Audio House, Albert Place,
Bourges Boulevard, Peterborough.
0733 52431

MILLBANK-U.K.
Millbank Electronics Group Ltd., Bellbrook Estate,
Uckfield, Sussex TN22 1QL 0825 4811

LN B- U K.
LNB Audio Ltd., Duke Street, Loughborough, Leics.
0509 61229

MISSION-U.K.
Mission Electronics Ltd., Unit 9A George Street,
Huntingdon, Cambs. PE18 6BD.
0480 57151

LOCKWOOD-U.K.
Lockwood & Co. (Woodworkers) Ltd., 67/71 Lowlands
Road, Harrow, Middx.
01-422 3704 and 0768

MITSUBISHI-Japan
Mitsubishi Electric ( U.K.) Ltd., Otterspool Way, Watford,
WD2 8LD, Herts,
0923 40566

LOEWE OPTA- W. Germany
Tak Continental Importers, 16a High Street, Stone,
Staffs.
078 583 3792

MOBILE FIDELITY-U.S.A.
Lentek Audio Ltd.
See Lentek

LOGIC-U.K.
Logic Ltd., 6 Guy Street, Leamington Spa, Warks.
0926 20302
LOGICAL SYSTEMS-U.S.A.
Marlborough Electronics Ltd.
See Becker
LOWTHER-U.K.
The Lowther Loudspeaker Co„ Lowther House,
St Marks Road, Bromley BR2 9HO.
01-460 5225
LUSTRE-Japan
Hakuto International ( U.K.) Ltd., 557-563 Rayleigh
Road, Leigh- on Sea, Essex.
0702 526622
LUX-Japan
Howland- West Ltd.

See Howland- West

LANDER-Taiwan
Videotone.
See Videotone
LENCO- Switzerland
Goldring Products Ltd.

See Goldring

LEN NARD-U.K.
Lennard Developments Ltd., 206 Chase Side, Enfield,
Middx. EN2 00X.
01-363 8238
LENTEK-U.K.
Lentek Audio Ltd., Edison Road Industrial Estate,
St Ives, Cambs. PE17 4LF.
0480 62225
LIMPET-U.K.
Broadaker.
See Pivotelli
LINN-U.K.
Linn Products Ltd., 235 Drakemire Drive, Castlemilk,
Glasgow. G45 9SZ.
041 634 3860
LINN-ASAK-Japan
Linn Products Ltd.
See Linn
LINN-ISOBARIK-U.K.
Linn Products Ltd.
See Linn

MORDAUNT-SHORT-U.K.
Mordaunt-Short Ltd , Durford Mill, Petersfield, Hants.
GU31 5AZ.
073 080 721
MOTION ELECTRONICS-U.K.
Motion Electronics Ltd., Wistiria House, Tonbridge
Road, Wateringbury, Maidstone, Kent.
0622 812814

MUSHKILLER FM AERIALS-U.K.
Antiference Ltd.
See Antiference

M.A.C.-U.K.
Modular Audio Components Ltd.. 437 Westdale Lane,
Mapperley. Nottingham NG3 6DH.
0602 606996

MARCOF-U.S.A. •
Radford High Fidelity International Ltd.

LADDERAX-U.K.
Staples & Co. Ltd., Staples Corner, Edgware Road.
N. Circular Road, Cricklewood, London NW2.
01-452 1144

MONSTER CABLE-U.S.A.
Prof iAudio Imports.
See Glans

LYNWOOD-U.K.
Lynwood Electronics, 20 Stourcliffe Ave., Bournemouth.
Dorset, BH6 3PT.
0202 426299

KORTING-Germany
Europa Electronics Ltd., 9 Howard Place, Shelton,
Stoke-on-Trent ST1 4NW.
0782 25477

KS ELECTRONICS-Germany
Marlborough Electronics Ltd.
See Becker

MONOGRAM-U.K. & U.S.A.
Monogram Professional Audio, 281 Balmoral Drive,
Hayes, Middx. UB4 8HD.
01-573 1566

MO TOOL CO-U.K. & Worldwide
Mo Tool Co. Ltd., Palletts Yard, Admirals Walk,
Hoddesdon, Herts. EN11 OOP.
099 24 42866

MARANTZ-Japan
Marantz Audio UK Ltd., 193 London Road, Staines,
Middx. Staines (0784) 50132

KRAUS SYSTEMS ELECTRONIC-Germany
Shadow Audio Ltd.
See Shadow

MONITOR AUDIO-U.K.
Monitor Audio Ltd., 347 Cherry Hinton Road,
Cambridge CB1 4DJ.
0223 42898/46344

LYNDEN-U.K.
Lynden Audio Ltd., 38 The Street, Uley, Glos.

KOETSU-Japan
Absolute Sounds, 42 Parkside, London SW19.
01-947 5047

KOSS-Eire
Tape Music Distributors Ltd.. 114 Ashley Road,
Si. Albans, Herts. AL1 5JR.
0727 64337

See Prinzsound

See Radford

MARTELLO ( RESLOSOUND)-U.K.
Martell° Sound Ltd., Eagle Road, Rye, E. Sussex
TN31 7NE.
07973 3959

MUSONIC-U.K.
S & B Trading, 34-38 Verulam Road, St. Albans, Herts.
AL3 4DF.
0727 50611
MXR-U.S.A.
Atlantes Music Ltd., 34 Bancroft, Hitchin, Herts.
SG5 1LA.
0462 31511

N.A.D.-Europe-Various

Hi -Fi Markets, Unit 3, Colonial Way, Watford. Herts.
0923 27737
NAGAOKA-Japan
J. Osawa & Co. ( U.K.) Ltd.

See Osawa

MAXELL-Japan
Maxell (
UK) Ltd., Clayton Road, Hayes,
Middx.
01-734 5391

NAG RA-Switzerland
Hayden Laboratories Ltd.

MAYWARE-England & Japan
Mayware Ltd., P.O. Box 58, Edgware, Middlesex
HA8 9UH.
01-958 9421

NAIM AUDIO-U.K.
Maim Audio Ltd., Southampton Road, Salisbury, Wilts.
SP1 2LN.
0722 3746

Mc INTOSH-U.S.A.
linilet Hi -Fi, 35 High Street, New Malden, Surrey
KT3 4BY.
01-942 9567

NAKAMICHI-Japan
Natural Sound Systems Ltd.

MELCO-Japan
Studio Beco Ltd.

See Audio Note

M EMOREX-U . S.A.
Memorex U.K. Ltd.. Memorex House, 96-104 Church
Street, Staines, Middx.
0784 51488
MERIDIAN-U.K.
Boothroyd Stuart Ltd., 13 Clifton Road, Huntingdon.
Cambs. PE18 7EJ.
0480 57339
METROCARE-U.K.
Cambrasound Ltd.
See Cambra
METZ- West Germany
Paul Spring Electronics Ltd., 6 Oasthouse Way. St. Mary
Cray, Orpington, Kent BR5 3PT.
0689 31341
MICHAELSON & AUSTIN-U.K.
Hi -Fi Tubes ( M & A) Ltd., 140 New Bond Street.
London W1Y 9H F.
01-499 3510 ( Office &
Showrooms). 3 Balmoral Grove, London N7.
01-607 3517/3966 ( Factory)
MICHELL-U.K.
J A. Michell Engineering, Reference Audio Products
Ltd., 19 Old High Street, Headington, Oxford.
0865 60347

NAMCO-Japan
Shadow Audio Ltd.

See Dual

See Yamaha

See Shadow

NATIONAL PANASONIC-Japan
See Panasonic
NEAL-U.K.
North East Audio Ltd., Simonside Works. South Shields,
Tyne & Wear, NE34 9NX.
0632 566321
NEW ACOUSTIC DIMENSION-See N.A.D.
NICHOLS-U.K.
Nichols Acoustical Fitments, Bubwith. Selby,
N. Yorks
075 785 206
NIGHTINGALE-U.K.
Nightingale Acoustics Ltd., School Road, Bracon Ash,
Norwich, Norfolk NR14 8HG.
0508 70829
NIKKO-Japan
Laskys.
See Beltek
NION
Roy Martin Freeman ( RTB) Ltd 141 London Road,
Camberley, Surrey GU15 3JY.
0276 20572
NIPPRO-U.K.
Integrated Audio Systems.

See IA S
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NORDMENDE-W. Germany
Nordmende ( UK) Ltd.. Units 8/9 Faraday Road, Rabans
Lane Ind. Est., Aylesbury, Bucks. HP20 2RT. 0296 20501

PROAC-U.K.
30 Lodge Avenue, Borehamwood, Herts.

NYTECH-U.K.
Nytech Audio, High Street, Chew Magna, Bristol
BS18 8PW.
027589 3232

PROFILE-U.K.
Profile Acoustics, 9 George Road, Guildford, Surrey
GU1 4NP.
0483 31884

SAEC-Japan
Zeepa Instruments Ltd.

PYE-U.K., Japan, W. Germany, Netherlands
Pye Ltd., 137 Ditton Walk, Cambridge, CB5 8QD.
02205 2781

SANSUI-Japan & U.K.
Sansui Electronics ( U.K.) Ltd., Unit 10A, Lyon Way,
Rockware Av., Greenford, Middx.
01-575 1133

PYRAL-U.K. & France
Pyral Magnetics Ltd., Cowhands Road, Eastbourne,
E. Sussex BN22 8TR.
0323 638965

SANYO-Japan
Sanyo Marubeni ( U.K.) Ltd., Sanyo House, 8 Greycaine
Road, Greycaines Estate, Watford, Herts.
0923 46363

P.W.B.-U.K.
P.W.B. Electronic Distributors, 1Norfolk Gardens,
Leeds 7.
0532 682550

SATIN-Japan
J. Osawa & Co. ( UK) Ltd.

ONKYO-Japan
Audiotrend Ltd., 33 Bridle Path, Watford, Herts.
WD2 4BZ.
0923 33017
ONLIFE-Japan
Dynavector Systems Ltd.

See Dynavector

OPTONICA-Japan
Sharp Electronics ( U.K.) Ltd.

See Sharp

OPUS-U.K.
Opus no longer being made. Farnell manufacturing only
under other manufacturers names. Farnell Acoustics
Ltd.
See Farnell Acoustics
ORTOFON-Denmark
Harman U.K.
See Harman Kardon
OSA WA-Japan
J. Osawa & Co. ( U.K.) Ltd., 10 Forge Court, Reading
Road, Yateley, Camberley, Surrey GU17 7RX.
0252 879121 & 875919
OSMABET-U.K. •
Osmabet Ltd., 46 Kenilworth Road, Edgware, Middx.
HA8 8YG.
01-958 9314
OTARI-Japan
Industrial Tape Applications.

See Aurotone

PAC-SYSTEM-U.K.
Millbank Electronics Group Ltd.

See Millbank

PANASONIC-Japan
National Panasonic ( UK) Ltd., 300-318 Bath Road,
Slough, Berks, SL1 6JB.
0753 34522
PANDA-U.K.
Electrospares Ltd.

See Electrospares

PANOSONA-U.K.
Worden Audio Developments Ltd.

See Worden

PEERLESS- Denmark
Ross Electronics.
See Ross
PERFECTION-Japan
Micro- Image Technology ( Engineering) Ltd
Greenhill Industrial Estate, Riddings, Derby
DE55 4DA
0773 604411
PERMOSTAT-U.K.
M ilty Prod ucts Ltd., 173/191 Wellington Road South,
Stockport, Cheshire. SK1 3UA.
061-480 8142
PHILIPS-Various
Philips Electrical Ltd., City House, 420/430 London
Road, Croydon CR9 30R.
01-689 2166
PICKERING-U.S.A.
Sound Source, Station Approach, Rickmansworth,
Herts.
09237 75242
PIONEER-Japan
Pioneer High Fidelity ( GB) Ltd., Pioneer House, The
Ridgeway, lver, Bucks SLO 9JL.
0753 652222/7
PIVOTELLI-U.K.
Broadaker, Churn Road, St. Sampson, Guernsey, C.I.
PIXALL-U.K.
Milty Products Ltd.

See Permostat

PLATTER MATTER-Canada '
Elite Electronics.
See EEI

Q.A.S.-Various

Ariel Pressings Ltd., Wollaton Road, Beeston,
Nottingham NG9 2PB.
0602 256141
Q.E.D.-U.K.
Q.E.D. Audio Products Ltd., Unit 12, Ashford Industrial
Estate, Shield Road, Ashford, Middx.
0784 46236/7,
46241
QUAD-U.K.
Quad Electroacoustics Ltd., 30 St. Peter's Road,
Huntingdon, Cambs. PE18 7DB.
0480 52561
QUANTUM-U.K.
Quantum Electronics, 8 Albion St., Leicester LE1 6GB.
0533 546198
RADFORD-U.K.
Radford High Fidelity International Ltd., 4 Sommerville
Road, Bristol BS7 9AA.
0272 4087 8 /
4 6403
R.A.M.-U.K.

See Lennard.

See Zeepa

See Osawa

SCANDYNA-Denmark
Scandyna UK Ltd., 1-4 Dawson Road, Mount Farm,
Milton Keynes, Bucks.
0908 71611
SCANIA-Denmark
Jamo Audio Ltd.
See Jamo
SCHNEIDER-W. Germany
Schneider UK Ltd.. 1-4 Dawson Road, Mount Farm,
Milton Keynes, Bucks.
0908 71611
SCOTCH-U.K., U.S.A. & Italy
3M United Kingdom Ltd., 3M House, P.O. Box 1,
Bracknell, Berks. RG12 1JU.
0344 26726
H. H. SCOTT-U.K.
Clement Electronics Ltd., Unit 8 Road Three, Winsford
Ind. Est., Winsford, Cheshire.
SEAS LOUDSPEAKER KITS- Norway
Radio Components , td., Unit E2, Bridge Works
Industrial Estate, Bndge Road, Hunton Bridge,
Nr. Watford, Herts.
092 77 68399
SECK-U.K.
Band ive Ltd.

RECORD HOUSING-U.K.
3 Nobel Sq., Burnt Mills, Basildon, Essex.
0268 727781

SENNHEISER-W. Germany
Hayden Laboratories Ltd.
See Dual

RED-U.K.

SEOUM-Korea
Videotone.
See Videotone

Red Acoustics Ltd., 15 Lots Road, London
SW10 1QH.
01-351 1394.
REFERENCE-U.K.
Reference Audio Products Ltd.,-19 Old High Street,
Headington, Oxford.
0865 60347
REGA-U.K.
Rega Research Ltd., Swain • ustrial Estate,
Ashingdon Roa
ord, Essex.
e
546674

Repseape Recgitiers) Ltd., ( Service & spares only),
13.Regina Road, Southall, Middx.
01-574 3645
REVOX-Switzerland & Germany
F.W.O. Bauch Ltd., 49 Theobald Street, Borehamwoo
Herts. WD6 4RZ.
01-953 0091
RICHARD ALLAN-U.K.
Richard Allan Radio Ltd., Bradford Road, G
Cleckheaton, W. Yorks.
0274 87244

ersal,

ROGERS--U.K.
one Electroni ., 4-14 Barmeston Road.
London
01-697 8511
ROSITA-W. Germany
Tak Continental Imports.

See Leowe Opta

•

ROTEL-Taiwan & Japan
Rotel Hi -Fi Limited, 2-4 Erica Road, Stacey Bushes,
Milton Keynes, Bucks.
0908 317707

PLUSTRON-Far East
Plustronics Ltd., Hempstalls Lane, Newcastle, Staffs.
ST5 OSW.
0782 615131

ROXY-Far East
Plustronics Ltd.
See Plustron

PML-Sweden
Allotrope Ltd., 36/38 Lexington Street, London
W1R 3H R.
01-437 1892

Realistic Sound Centres Ltd., Audio House, Henconner
Lane, Leeds LS13 4LQ.
0532 577631

RSC-U.K.

P & N-U.K.
Peter and Nicholas Engineering Co. Ltd., Tretorest Industrial Estate, Mid Glamorgan CR37 5UA.
044 385 2453

RTJ--U.K.
RTJ ( Electro Mechanical) Ltd., P.O. Box 67, Barnet,
Herts. EN5 1LF.
01-441 3978

PRINZ/PRINZSOUND-Various
Disons Photographic Ltd., Prinz House, 54/58 High
Street, Edgware, Middx.
01-952 2345

RUFUS-U.K.
Rufus Electronics, 46 Wellington Road, Norwich,
NR2 3HT.
0603 60889
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See Cambridge

RAM. Ltd., 19 Old High Street, Headington, Oxford.
0865 60347

ROSS-U.K., Denmark, Japan, Taiwan, U.S.A.
Ross Electronics, 32 Rathbone Place, London
W1P 1AD.
01-580 7112

PLATTER PAD-U.S.A.
Audiotrend Ltd.
See Onkyo
PLAY-FAIR-U.K.
Lennard Developments Ltd

SAE-U.S.A.
C. E. Hammond & Co. Ltd

See Accessit

SES-U.K.
SES Audio Ltd., Unit 5, Beach Mews, Royal Parade,
Eastbourne, E. Sussex BN22 7HP.
0323 642212
SHACKMAN-U.K.
Audio Services Ltd., 82 East Barnet Road, New Barnet,
Herts.
01-499 6605
SHACKMAN-U.K,
Shackman Instruments Ltd., Mineral Lane, Chesham,
Bucks. HP5 1NU.
02405 4451
SHADOW-U.K.
Shadow Audio, Shadow House, Mill Road, Royston,
Hertfordshire,
0763 46631
SHARP-Japan
Sharp Electronics ( U.K) Ltd., Sharp House, Thorp Road,
Newton Heath, Manchester M10 98E.
061-205 2333
SHERWOOD-U.K
Modular Audio Components Ltd.

See MAC.

SHURE-U.S.A.
Shure Electronics Ltd., Eccleston Road, Maidstone
ME15 6AU.
0622 59881
SIGNET-U.S.A.
Audio Technica Ltd.

See Audio Technica

"S.K.S.-U.K.
S.K.S. Products, Cannington Farm, High Street, Nailsea,
Avon.
02755 7419
SMC-U.K.
SMC Loudspeakers, 76 Bedford Road, Kempston, Beds.
MK42 8B B.
0234 854133
SME-U.K.
SME Ltd., Steyning, Sussex BN4 3GY

0903 814321

SNELL ACOUSTICS-U.S.A.
Hi -Fi Tubes ( M & A) Ltd.
See Michaelson & Austin.
SOLAVOX-U.K & Japan
'Comet Radiovision Services Ltd.
SOLUS-U.K.
Knowin ( UK) Ltd.

See Knowin

ff)

SONAUDA
rance
Falcon Acustics Lt .
SONDOR—Switzerland
Hayden Laboratories Ltd.

See Dual

VAN DER MOLEN—U.K.
Van Der Molen Ltd., 101 Hainault Road, Romford, Essex
RM7 7N U.
0708 22018

TAMON—Far East

VIDEOTONE—Hungary, Japan & U.K.
Videotone, 98 Crofton Park Road, London SE4.
01-690 8511

Wren Electronics Ltd.

SONUS—U.S.A.
C. E. Hammond & Co. Ltd.

See Cambridge

SONOTONE—U.K.
Vernitron Ltd., Thornhill. Southampton SO9 5QF.
0703 444811
SONY—Japan, U.K., W. Germany, Korea, Taiwan,
Spain
Sony ( U.K.) Ltd.. Consumer Inf. and Showroom,
134 Regent Street, London W1.
01-439 3874
SOUND BARRIER—Japan
Plustronics Ltd.
See Plustron
SOUNDCRAFTSMEN—U.S.A.
REW Audio Visual Co., 230 Tottenham Court Road,
London W1.
01-637 2624/5, and 114 Charing Cross
Road, London WC2.
01-240 3386
SOUNDEX—U.K.
Bulgin Electronics Soundex Ltd. Park Lane, Broxbourne,
Herts.
0992 64455
SOUNDISC—U.K.
G. A. Audio, 82 Bromsgrove Road, Redditch, Worcs.
B97 4RN.
0527 61165
SOUND GUARD -- U.S.A.
Pyser Ltd.
SP, 1uJi Tape

See Scandyna

TANDBERG—Norway
Unit 1, Revie Road Industrial Estate, Elland Road,
Leeds LS11 8JG, West Yorkshire. 0532 774844
TANGENT—U.K.
Tangent Acoustics UK Ltd., Viking Way, Bar Hill,
Cambs. C83 8EL.
0954 81377
TANNOY—U.K.
Tannoy Products Ltd., 77/79 High Street, Watford,
WD1 2DT.
0923 48868
TAPE RECORDER SPARES LTD.
'See Audio Packs
TAPE RECORDING HEADS—U.K.
Magnetic Components Ltd., Penryn, Cornwall,
TR10 8AR.
0326 72267
TDK—Japan
TDK Tape Distributor ( U.K.) Ltd., 11th Floor, Pembroke
House, Wellesley Road, Croydon CR9 1HR.
01-680 0023
TEAC—Japan
Harman U.K.
See Harman Kardon
TECHNICS—Japan
National Panasonic ( U.K.) Ltd.

SOUND TECHNOLOGY—U.S.A.
C. E. Hammond & Co. Ltd.
See Cambridge
SPECTRA— France
Name changed.
See Dumpa

See Panasonic

TELEDYNE ACOUSTIC RESEARCH
TELEFUNKEN

See AR

See AEG—Telefunken

SPECTRO ACOUSTIC—U.S.A.
Zeepa Instruments Ltd.
See Zeepa

TELETON—Japan
Teleton Electro ( U.K.) Co. Ltd., Somerton Works.
Prince Avenue, Westcliffe on Sea, Essex SSO OHU.
0702 337681

SPENDOR—U.K.
Spendor Audio Systems Ltd., Unit 12, Station Road
Industrial Estate, Hailsham, Sussex BN27 2ER.
0323 843474

TENOREL—Holland
Condor Electronics Ltd.

See Condor

STANTON—U.S.A.
\Nilmex Ltd.
See Audio Linear

TENSAI—Far East
Tensai U.K. Ltd., 1-4 Dawson Road, Mount Farm,
Milton Keynes, Bucks.
0908 71611

STATIK ACOUSTIC—U.K.
Klark-Teknik Research Ltd.
See Klark-Teknik

THORENS—W. Germany
Cambrasound Ltd.
See Cambra

STAX—Japan
Wilmex Ltd.
See Audio Linear

THRESHOLD—U.S.A.
Absolute Sounds.
See Koetsu

STD—U.K.
Strathclyde Transcription Developments, Midton Rd.,
Howwood, Renfrewshire, PA9 1AQ. Kilbarchan 5151
Distributors: C. W. & J. Walker Ltd., Brentwood, Red
Lane, Frodsham, Warrington, WA6 6RA.
0928 33326
STEEPLETONE—Far East & U.K.
Steepletone Products Ltd., Cinema House, Middle
Barton, Oxford OX5 4DA.
0869 47116
STEREOPACK FM ACCESSORIES—U.K.
Antiference Ltd.
See Antiference
STEREOSOUND—U.K.
Stereosound Productions Ltd., Capital Works, Wakefield
Road, Brighouse, Yorks.
0484 714355
STERLING—Various
Dixons Photographic Ltd.

See Prinzsound

STUDIOCRAFT—U.S.A.
Bose ( UK) Ltd.
See Bose
SUGDEN, J. E.—U.K.
J. E. Sugden & Co. Ltd., Carr Street, Cleckheaton,
W. Yorks. BD19 5LA.
0274 872501
SUPEREX—U.S.A.
Goldring Products Ltd.

See Goldring

SUPERSCOPE—Japan/Taiwan
Marantz Audio UK Ltd.
See Marantz
SUPEX—Japan
Linn Products Ltd.

See Linn

SWALLOW—U.K.
Swallow Acoustics, The Old School, St. Ann's Lane,
Godmanchester, Huntingdon, Cambs.
0480 59910
SWITCHCRAFT—U.S.A.
Allotrope Ltd
See PML
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SYRINX - U.K.
Syrinx Precision Instruments, 82 Orchard Road,
Edinburgh EH4 2HD.
031 332 6582

%.& (") t.ct ,)

TOSHIBA—Japan
Toshiba ( U.K.) Ltd., Toshiba House, Frimley Road,
Frimley, Camberley, Surrey, GUIS 5JJ.
0276 62222
TRANSCRIPTORS ( IRELAND)—Eire
.-anscriptors ( 1r1) Ltd., Industrial Estate, Carlow,
Ireland.
Carlow 41646
TRESHANI—U.K.
Tresham Audio Ltd., 32 Tresham Road, Orton
Southgate. Peterborough, Cambs.
0733 234340
TRIO—Japan
B. H. Morris & Co. ( Radio) Ltd., Precision Centre,
Heather Park Drive, Wembley, Middx. HAO 1SU.
01-902 9422

UAD—U.K.
Integrated Audio Systems

See IA S

UHER—W. Germany
Uher Sales & Services Ltd, 24 Market Place, Falloden
Way, London NW11.
01-455 1771/01-458 8491
ULTIMO—Japan
Dynavector Systems Ltd.
ULTRACRAFT—Japan
J Osawa & Co. ( UK) Ltd
UNISOUND—Japan
Condor Electronics Ltd.

VISONIK—W. Germany
Uher Sales & Services Ltd.

See Uher

VITAVOX—U.K.
Vitavox Ltd., Westmorland Road, London NW9 9RJ
01-204 4234
VOGEL—Holland
Condor Electronics Ltd.
VOGELS—U.K.
Knowin ( UK) Ltd.

See Condor

See Knowin

VOLT—U.K.
Volt Loudspeakers Ltd., Sales Office 88-90 Grays Inn
Rd., London WC1X 8AA.
01-404 0844
VORTASOUND—U.K.
Vorta Systems ( U.K.), 343/345 High Street, Cheltenham,
Glos. GL50 3HS.
0242 27782
VORTEXION—U.K.
Vortexion Division, Clarke & Smith Mfg. Co. Ltd.,
Melbourne Works, Melbourne Road, Wallington,
Surrey.
01-669 4411

WALTHAM—Eire
Waltham Electronics ( UK) Ltd., 155/159 Queens Road,
Watford, Herts.
Watford ( 0923) 24543
WATTS—U.K.
Cecil E. Watts Ltd., Darby House, Sunbury- on Thames,
Middx. TW16 5PJ.
09327 83252
,•
INIERCLIFFE—U.K.
Amos of Exeter Ltd., Exwick, Exeter EX4 2AG.
0392 72132
WESTRAK—Japan
Howland- West Ltd.

See Howland- West

WHARFEDALE—U.K.
Rank Hi -Fi. Highfield Road, Bradford, W. Yorks
0274 611131
WHITELEY—U.K.
Whiteley Electronics Ltd., Victoria Street, Mansfield,
Notts. NG18 5RW.
0623 24762
WIFONA—W. Germany
Paul Spring Electronics Ltd.

See Metz

WIN LABORATORIES—U.S.A.
Marlborough Electronics Ltd.
See Becker
WOELKE—Germany
Lennard Developments Ltd.
WOLLENSAK—U.S.A.
3M United Kingdom Ltd.

See Lennard

See Scotch

WOLSEY—U.K.
Wolsey Electronics, Cymmer Road, Porth, Rhondda,
Mid Glamorgan CF39 98T.
044 361 2711
VVOOLLETT—U.K.
Woollett Audiostatics, Anerley Station Road, London
SE20 8PY.
01-699 5296
WORDEN—U.K.
Worden Audio Developments Ltd., 54 Chepstow Road,
London W2 5BE.
01-229 4996
WYE—U.K.
Wye Audio Products Ltd., 27 Station Road, Brimington,
Chesterfield.
0246 70297

See Dynavector

See Osawa

YAMAHA—Japan
Natural Sound Systems Ltd., 10 Byron Road,
Wealdstone, Harrow, Middx.
01-863 8622

See Condor

UNITRA—Poland
Daltrade Ltd., 181-183 Warwick Road. London
VV14 8PU.
01-370 6181

ZEROSTAT—U.K.
Zerostat Components Ltd., Burrell Road, Industrial
Estate, St. Ives, Huntingdon, Cambridgeshire
PE17 4LE
0480 62099

VAC-O-REC RECORD CLEANER—U.S.A.
V 0 R International, Unit 16F, Knowsley Ind. Est.
Merseyside L34 9HX
051-548 7400

ZEEPA—U.K.
Zeepa Instruments Ltd., 15 Richmond Grove, Surbiton,
Surrey.
01-399 0966

‘
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An example of Class B amplifier waveform.

An example of New Class A amplifier waveform.

he rough with the smooth.
Even today, over 90% of power
amplifiers are in the B or AB class.
Chances are, then, our top picture
shows the kind of waveform you have to
live with.
Not apretty sight, is it?
Now our New Class A amplifiers
present you with an altogether smoother
picture.
Which, of course, translates into
better sound quality with less distortion.
Ah, but isn't there asnag with
Class A amplifiers? Something about poor
power conversion efficiency?
Quite right.
Three years ago, we came closer to
cracking the problem with our
revolutionary Class A+ amplifiers.
Indeed, many critics hailed them as
the first Class A amplifiers to offer
Class B efficiency.
Still, we weren't satisfied.
So instead we decided to take a
completely different approach by using a

synchro-bias technique.
Which in turn led us to develop new
circuit components that overcame the
problems of using transistors for tube
applications.
All that thinking has now gone into
our four New Class A amplifiers.
Called our ' V' series, they start at 40
watts per channel and rise to amighty
105 watts per channel.
Even at Technics we're convinced
they're the first amplifiers to combine
Class B efficiency with the joys of Class A
distortion-free sound.
Their warm vitality and effortless
clarity has to be heard to be believed.
Until then, you'll just have to
believe your eyes.

Technics
New Class A Amplifiers
300/318 Bath Road, Slough, Berks SL1 6JB. Tel: Slough 34522.

Aurex
by TOSHIBA

the new name for HiFi excellence.

Toshiba ( UK) Ltd., Toshiba House, Frimley Road, Frimle: Camberley, Surrey GU16

30

511

or Telephone Camberley ( 0276) 62222.

CLASSICS ON DISC
Compiled by Peter Gammond

Rhelp select alibrary of classical music built upon afoundation of
ECORDINGS included in the following lists have been chosen to

the most popular and/or important works of the best-known composers. This 'catalogue' is compiled primarily to assist the reader in
choosing a recording when several versions are available; consequently some quite important works are omitted if only one recording existed when the list was completed. This approach helps to save
space and keeps the list down to moderate ize. However, in some
cases works available in only one version are included when this
draws attention to an outstanding issue or important historical reissue.
Other exceptions are some operas and multi- record sets whose expense calls for guidance even though only one set might be in the
catalogues.
The quality ratings given (
A: 1, B: 2, etc) arise from the unique
'Recording Rating' scheme operated in HiFi News & Record Review,
details of which are listed in the panel. Such ratings given here are
generally the same as those appended to the original reviews, though
in afew cases they have been altered to accord with revised impressions conveyed \iia the Quality Monitor and Looking Back features, or
according to the findings of the author or editor.
The list has been fully updated to late summer 1980 and dates given
are those of reviews in HFNIRR, or in Record Review if before

composers are coupled on a record, the sign tshows that both are in
the recommended list. When an issue is duplicated by acassette
version, the sign
is included. The symbol ® means ' mono'. ft
means 'stereo transcription', and , 4) means quadraphonic ( stereo compatible), otherwise all recordings listed here are 'stereo'.
Recordings with asound- quality rating below A (
very good) are not
included except where a lower rating is offset by a1* performance, or
the compiler has decided that the interest of the work or the performance demands inclusion. Likewise there are very few issues listed that
fall below the 1 ( very good) performance rating. Our list will give
helpful guidance, but we could never claim that the version given is
necessarily the only possible alternative or that our choice must
inevitably suit all tastes or always agree with other expert opinions.
RECORD RATINGS
Recording
A

Performance
Very Good
1
Es
Good
2
C
Moderate
3
Poor
4
D
H
Historical
H ( or 1, 2, 3, 4
(pre- LP)
as appropriate)
Occasionally arecord may be worthy of special mention,
taking it beyond the 'very good' bracket. In such superlative
cases astar is added to the letter or figure as appropriate:
e.g. B: 1*, A*: 2 or ( exceptionally) A*: 1*.
© HiFi News & Record Review.

October 1970. They are generally the first date of issue, to give an
idea of arecording's true vintage. Where the works of two or more

ADAM, Adolphe ( 1803-.1856)
Giselle ( Cpte)
MCO/Bonynge
Giselle ( Ed) etc
PCO/Martinon
ALBINIZ, Isaac ( 1860-1909)
Cantos de España/
Larrocha
Iberia/Navarra
Suite española ( Orch) NPO/DurgOS
BACH, Johann Sebastian ( 1685-1750)
Art of Fugue
Paillard ( orch)
Rogg ( Org)
Brandenburg
ECO/Leppard
concertos
VOE/Davison
BFO/Menuhin
Musical
MA Kóln
Offering
ASM/Marriner
Orchestral suites
Malcolm/Menuhin
Hpd. concertos
Menuhin/etc
Violin concertos
Milstein
Violin partitas and
sonatas
Solo cello suites
Navarra
English/French
suites
Leonhardt
Goldberg variations
Leonhardt
Italian Concerto
Tureck
Toccatas
Verlet
Lute music
Williams
Organ works Vol. 1
Hurford
Vol. 2
Hurford
Vol. 3
Hurford
Vol. 4
Hurford
Mass in b
ECO/Somary
St. John Passion
ECO/Britten
St. Matthew Passion
PO/Klemperer
Christmas Oratorio
ASM/Ledger

3/70
7/59

A:1/1*

Dec SXL6586/7

10/73

A:1

Dec SXL6355

10/68

A:1

Era STU71121 ( 2)
HMV SLS782(2)
Phi 6747 166(2)0
CFP40010/10
HMV ASD327/8
DG 2533 422

4/80
10/69
4/76
9/72
5/60
11/79

A*:1*
A:1*
A:1*
A:1
A:1*/1
A*1

Arg ZRG687/80
HMV SLS5039
HMV ASD346
DG 2709 047(3)0

9/71
5/760
6;60
4/75

A:1*
A:1
A:1
A*1*

Cal 1641/3

5/80

A*/A:1*

Phi 6709 500(5)
HM 065-99710
CBS 76899
Phi 6780 500(2)
CBS 79203(2)0
Arg 0120D3(3)0
Arg 0138 D3(3)0
Arg D150D3(3)0
Arg D177D3(3)0
Van VSD71190(3)
Dec SET531/3
HMV SLS827(4)
HMV 4 SLS
5098(3)0
OSLO 572

907
9/78
5/80
4/76
11/75
11/78
5/79
9/79
12/79
7/75
7/72
4/62
11/77

A*:1*
A*1*
A:1
A*:1*
A*:1*
A*:1*
A*:1*
A:1*
A:1*
A:1*
A:1*
A:1*
A*:1*/1

1/80
Magnificat/AAM
0- L
Preston
Cantatas—The Harnoncourt Cantata series onTelefunken is favourably
recommended throughout—average A*/A :1*/2
DG 2708 031(2)
7/74
Motets
Schneidt
BARTOK, Bela ( 1881-1945)
Concerto for
LPO/Pritchard
orchestra
BPO/Karajan
Divertimento/Music
ASM/Marriner
for strings, etc
Piano concertos 1 & 2 Pollini/Abbado
Piano concerto 3
Katchen/Kertesz
2- Piano Sonata/etc
Argerich/Bishop
String quartets 1-6
Vegh Qt
'Bluebeard's Castle'
LSO/Kertesz
BEETHOVEN, Ludwig van ( 1770-1827)
Symphonies 1-9
CSO/Solti
Symphonies 1-9
VPO/Bernstein
Symphonies 1 & 2
ASM/Marriner
Symphony 3
BPO/Karajan

Symphony 4
Symphony 5

Dec SET433/4
Dec SPA3840

A*/A:1*

A*1* .*

CF P176
HMV ASD3046
Arg ZRG657

12/71
1/75
2/70

DG 2530 901
Dec SXL6209
Phi 9500 434
Tel FK6 35023(3)
Dec SET311

8/79
9/66
8/78
10/73
5/66

A*/A:1*
A:1
A:1*
A*:1*
A:1*

Dec 1166188/960
DG 2740 216(8)
Phi 6500 1130
DG 2531 1030

9/75
4/80
10/71
10/77

A*/A:1*/1
A*/A:1*
A:1*
A:1*

A*/A:1*
A:1*

Symphonies 5 & 8
Symphony 6
Symphony 7
Symphonies 6 & 7
Symphonies 8 & 9
Symphony 9
Piano concertos 1-5
Piano concertos 1-5
Piano concerto 2
Piano concerto 3
Piano concerto 4
Piano concerto 5
Violin concerto
arr. pno
Triple concerto
Romances & Dances
Septet/etc
Quintet/Sextet
Quartets 1 & 3
Quartets 2, 4-6
Quartets 7-9
Quartets 7-10
Quartets 7-11
Quartets 10 & 11
Quartets 12 & 16
Quartets 1-16
Piano trios
Violin sonas 1-10
Piano sonatas 1-32
Piano sonatas 2 & 3
Sonatas 6, 23
Sonatas 7, 23
Sonatas 8, 12 & 14
Sonatas 8, 21, 26
Sonatas 7, 14 & 25
Sonatas 24 & 29
Sonatas 28 & 30
Late sonatas
Diabelli variations
Eroica variations
Mass in C
Missa solemnis
'Fidelio'
'Prometheue
'Egmont'

LPO/Haitink
VPO/C. Kleiber
VP0/6i5hm
BBC/Davis
CO/Maazel
PO/Muti
VPO/Kleiber
Con. 0/Kleiber
LSO/Giulini
CSO/Solti
Ashkenazy/Solti
Brendel/Haitink
Barenboim/etc
Bishop/Davis
Barenboim/etc
Pollini/B6hm
Grumiaux/Davis
ECO/Barenboim
Beaux Arts/
Haitink
VPO/Boskovsky
Vienna
Vienna Octet
Qt. Italiano
Qt. Italiano
Qt. Italiano
Cleveland Qt.
Berg Qt.
Qt. Italiano
Qt. Italiano
Amadeus
Barenboim/etc
Zukerman
Kempff
Ashkenazy
Gilds
Ashkenazy
Eschenbach
Ashkenazy
Brendel
Brendel
Ashkenazy
Pollini
Rosen
Curzon
Giulini
CO/Jochum
Klemperer
Karajan
IPO/Mehta
Lorengar/Szell

BELLINI,Vincenzo ( 1801-1835)
'Beatrice di Tencla'
Bonynge/etc
'Norma'
Bonynge/etc
'I Puritani'
Bonynge/etc
'La Sonnambula'
Bonynge/etc

1/77
6/75
7/71
10/74
2/79
4/79
10/76
4/51
3/73
11/72
9/73
10/77
4/69
10/75
4/69
1/80
4/75
10/74
4/78

A*:1*
A:1*
A:1*
A:1*
A:1*
A:1*
A:1*
H:1
A:1/1*
A*1*
A:1*
A*/A:1*
A:1*
A:1*
A:1*
A:1*
A:1*
A*/1*
A*:1*

Dec SXL6436
6/70
DG 2530 799
4/77
Dec SDD419
11/70
Phi 6500 181
2/73
Phi 6500 646/7
5/76
Phi 6747 139(2)
12/75
RCA RL03010(4)
10/79
HMV SLS5171 ( 2)
Phi 6500 180
10/72
Phi SAL3703
4/69
DG 2721 071(10) 1/64
HMV SLS789(5)
12/71
HMV SLS871(5)
7/74
DG 2721 134(14) 12/66
Decca SXL68080 2/77
DG 2530 4060
5/74
Dec SXL66030
10/73
HMV ASD36950 7/79
Dec SXL67060
5/75
Phi 6500 4170
2/73
Phi 6500 1390
2/72
Decca SXL68090 7/77
DG 2740 166(3)
1/78
Sym SYM9
3/78
Dec SXL65230
1/72
HMV ASD2661
6/71
Phi 6799 001(2)
10/71
HMV SLS5006(3)06/62
HMV SLS954(3)
4/71
Dec SXL6438
7/70
Dec SXL64650
10/70

A:1
A*:1*
A:1*
A:1*
A*:1*
A*1*
A:1*
A:1
A*:1
A*:1
A:1
A:1*
A:1
A/B:1*
A:1*/1
A:1*
A:1*
A:1*
A:1*
A:1*
A:1
A/A*:1*
A*/A:1*/1
A:1
6:1*
A:1
A:1*
A:1*
A:1*
A:1*
A*1*

Phi 9500 2580
DG 2530 5160
DG 2530 062
Phi 6500 4620
CBS 76727
HMV ASD36460
DG 2530 7060
Dec El ECS549/5
HMV SLS841 ( 2)
Dec 66E1121/20
Dec SXL6594/70
Phi 6767 002(5)0
HMV ASD2608
Phi 6500 3150
HMV ASD2550e>
DG 2531 194
Phi 6500 775
DG 2530 4570
Phi 9500 3820

Dec
Dec
Dec
Dec

SET320/2
SET424/60
SET587/90
SET239/41

9/67
5/65
7/75
2/63

A:1
A:1*
A:1*
6:1*
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TRIO
CASSETTE DECKS: NOW THERE ARE SEVEN

Top- of-the-range is the 3head KX-2060 metal tape deck with
fine bias tuning control. ( If you're apurist you need that control
because of the disparity in bias requirement for different tapes
—particularly metal tapes).
On top of that, the 2060 has avibration-free motor, aconstant
tension tape transport, Dolby (R) noise reduction, fastresponding Dolby fluorescent peak- level meters, electronic
push buttons, amemory index, monitoring and mixing
facilities, and atimer standy-by.
If your requirements are just marginally less exacting, then
choose from one of these:
KX - 1060
*3 head system * Fully variable bias
with auto- switching calibration tones
*Off-tape monitoring facility * Metal
tape capability * Large VU meters
with peak level LED

KX-800
* 3- head system * Fully variable bias
*Soft-touch controls * Metal tape
capability * Large VU meters with 0,
+ 3,-* 6dB LED readout

KX - 600
*Sendust guard record/playback
head * Fully variable bias * Softtouch controls * Metal tape capability
*Extra-fast fluorescent level meters

KX- 500
*Sendust Guard record/playback
head * Fully variable bias * Softtouch controls * Metal tape capability
*Extra-fast fluorescent level meters

11.1M110

• lit
KX- 400
*Hard permalloy record/playback
head * Rugged, accurate tape
transport * Easy direct- loading system
*Recording mute facility

is • CD sa 0 0 Cl

KX- 440
*Identical features to the 400, but
styled to match the new Trio receivers
(440mm wide)

'TRIO
HI-FI STEREO

Send the coupon now for full information on the Trio range.

Please send me fu II information about Trio cassette decks, and the name of my
nearest dealer.

HFN A

NAME
ADDRESS

Exclusive United Kingdom Distributors:
B. H. Morris & Co. ( Radio) Ltd., Precision Centre,
Heather Park Drive, Wembley, Middx. HAO 1SU.
Phone: 01-902 9422.

BERG, Alban ( 1885-1935)
Violin concerto
Menuhin/Boulez
tLyric suite
NYPO/Boulez
Paris/Boulez
'Wozzeck Berlin Op/ BÔhm
tString quartet/
La Salle Qt
(Schoenberg/Webern)
BERLIOZ, Hector ( 1803-1869)
Symphonie
CO/Davis
fantastique
VPO/Haitink
NYPO/Mehta
Symphonie funebre
LSO/Davis
et triomphale
LSO/Previn
Overtures
Imai/LSO/Davis
Harold in Italy
PO/Barenboim
'Damnation de Faust
LSO/Davis
L'Enfance du Christ
CBSO/Frémaux
Requiem
LSO/Davis
'Romeo et Juliette'
LSO/Davis
'Beatrice et Benedict'
BBC SO/Davis
'Benvenuto Cellini'
ROH/Davis
'Les Troyens'
LSO/Davis
Te Deum
Crespin/Suisse/
Nuits d'Été
Ansermet
Baker/Davis
Cleopatra/etc.
BERWALD, Franz ( 1796-1868)
Orchestral works
RPO/BjÔrlin
Symphonies 3 & 4

LSO/Ehrling

BIZET, Georges ( 1838-1875)
Symphony in C
ASM/Marriner
CO/Haitink
Beecham/etc
'Carmen'
Abbado/etc
PO/Prêtre
'Pecheurs de Perles'
l'Arlesienne/'Carmen'
suites

RPO/Beecham
BPO/Karajan

HMV ASD2449
CBS 763050
DG 2740 213(4)0
DG 2707 023(2)
DG 2720 029(5)

3/69
9/77
1/80
12/65
11/71

Al*
A*:1*
A:1*
A:1
A:1

Phi 6570 0310
Dec SXL69380
Dec SXDL7512
Phi SAL3788

3/75
12/79
6/80
3/70

A:1*
A:1*
A*/A:1*
A:1

HMV ASD3212(4)
Phi 9500 026
DG 2709 087(3)
Phi 6700 106(2)0
HMV SLS982(2)0
Phi 6747 271(2)
O- LSOL256/7
Phi 6707 019(4)0
Phi 6709 002(5)
Phi SAL3724
Dec J8150

6/760
2/76
10/79
10/77
10/75
1/69
2/63
3/73
5/70
8/69
3/64

A*1 / 1*
A/A*:1
A:1
A/6:1/1*
A:1*
A*:1*
6:1*
A/B:1*
A:1*
6:1*
A:1*

Phi 9500 683

7/80

A:1*

HMV 'lit SLS
5096(4)
Dec SXL6374

11/77

A*:1*

11/68

A:1*

Arg ZRG7190
1/74
Phi 9500 4430
11/79
HMV SLS5021 ( 3)05/60
DG 2709 083(3)
12/78
HMV i4 SLS
6/78
5113(2)0
HMV SXLP30267 0 10/57
DG 2530 1280
5/72

BOCCHERINI, Luigi ( 1743-1805)
6 Symphonies, Op. 12 NPO/Leppard
tCello concerto in Ell)
Pré/Barenboim
Quartets
Qt. Italiano

Phi 6703 034(3)
HMV ASD2331
Phi 9500 305

9/77
10/67
2/80

BOITO, Arrigo ( 1842-1918)
'Mefistofele'
Rudel/etc

HMV SLS973(3)

5/74

BORODIN, Alexander ( 1833-1887)
Orchestral music
Tjeknavorian
String quartet 2
Italian Qt.
'Prince Igor'
Belgrade/Danon
BRAHMS, Johannes ( 1833-1897)
Symphonies 1-4
BPO/Karajan
Symphony 1
LPO/Boult
Symphony 2/Alto
LPO/Boult
Symphony 3/
DSO/Abbado
St. Anthony
Symphony 4/
LPO/Boult
Academic
HO/Loughran
Piano concerto 1
Barenboim/
Barbirolli
Gilels/Jochum
Gilels/Jochum
Piano concerto 2
Pollini/Abbado
Krebbers/Haitink
Violin concerto
Oistrakh/Szell
Suk/Navarra/
Double concerto/
Ancerl
Tragic
LSO/Kertesz
Serenade 1
tSerenade 21(Dvorak) LSO/Kertesz
Brymer/
Clarinet quintet
Prometheus
Czech Soloists
Clarinet/Horn trios
Piano
Piano
Piano
Piano
Violin

Quintet
trios 1 & 2
trios 1, 2 & 3
trios 3 & 4
sonatas

Richter/Borodin Qt
Beaux Arts
Rubinstein/etc
Beaux Arts
Zukerman/
Barenboim
Du Pré/Barenboim
Suk/Katchen
Klemperer/etc
Baker/Boult
Mathis/Neumann
Norman/Parsons

Cello sonatas 1 & 2
Complete piano/etc
Requiem
tAlto rhapsody
Volkslieder
Songs
BRITTEN, Benjamin (1913-1976)
ECO/Britten
Simple symphony/etc
LSO/Britten
Young Person's
Guide/Serenade
Marriner
tBridge variations
Tear/Marriner
Nocturne/(Mahler)
LSO/Britten
War Requiem
Tear/Ledger
Canticles 1-3
ASM/Willcocks
St. Nicolas
ECO/Bedford
Phaedra/etc
Britten/etc
'Albert Herring'
Britten/etc
Billy Budd'
Britten/etc
The Burning Fiery
Furnace'
Britten/etc
Curlew River'
ECO/Bedford
'Death in Venice'
Ledger/etc
The Little Sweep'
Britten/etc
A Midsummer
Nights Dream'
Del
Mar/etc
Noyes Fludde'

RCA RL25098(3)
Phi SAL3708
Dec GOS 562/5

9/77
5/69
7/55

DG 2740 193(4)0
HMV AS028710
HMV AS027460
DG 2542 121

10/78
4/73
12/71
11/74

A:1*
A:1*
8:1/1*
A*/A:1*/1
A/B:1
13:1*
A:1
A:1
A:1*
A*/A:1*
A/A*:1
A*/A:1*/1
A:1
B/C1
A:1*n
A:1*
A:1*
A:1*

HMV ASD2901 0 6/73
CF P40084
11/74
HMV SXLP30283 03/68

A:1*
A:1*
A:1*

DG 2542 1560
DG 2530 2590
DG 2530 7900
Phi 6580 0870
HMV ASD25250
Sup SUAST
505730
Dec SXL6340
Dec SXL63680
Pye GSGC15004

6/74
6/74
8/77
4/75
2/70
4/66

A:1*
A:1*
A:1*
A:1*
A:1
A:1

5/68
2/69
4/68

A:1
Al
A:1

Sup SUAST
1 11 0516
Sag 5448
Phi SAL3627
RCA LRL2 7528(2)
Phi SAL3628
DG 2709 058(3)

8/70

6:1

1/68
8/75
1/60
11/75

A:1
A:1
A:1*
Al
A*:1*
A:1
A/B:1/1*
Al*
A*:1*
A:1*
A*1 *

HMV ASD2436
Dec SDD261/9
HMV SLS821 ( 2)
HMV ASD3260 0
DG 2709 057(3)
Phi 9500 7850

12/68
9/70
2/62
10/76
10/75
8/80

Dec SXL64050
Dec SXL61100

6/69
9/64

A*1*
A:1*

Arg ZRG8600
Arg ZRG737
Dec SET252/30
HMV CSD3773
HMV ASD2637
Dec SXL6847
Dec SET274/6
Dec SET379/81
Dec SET3560

11/76
2/74
5/63
10/76
11/70
7/77
10/64
9/68
12/67

A*1*
A:1
Al*
A*1*
Al
A*:1*/1
A:1*
A*1 *
A:1*

Dec SET301
Dec SET581/3
HMV ASD36080
Dec SET338/40

1/66
11/74
1/79
5/67

Arg ZK1

12/61

Dec SET501/2
Dec SXL2150/20
Dec SET438
Dec SET492/3
Dec ® GOM560/1

6/71
10/59
6/70
6/71
8/55

A:1
A:1*
A:1
A:1
B:1

Dec SXL6573

11/72

A:1*

Phi 6717 002(12)
Tel ANG 41177
Phi SAL3785
DG 2535 2650
Dec 66E1171/20
DG 2702 1010
Phi 6500 164
DG 2726 054(2)
DG 2707 0850
HMV 4, ASD3382
Arg ZRG710

10/73
5/74
5/70
12/67
10/74
10/78
11/71
10/67
8/76
12/77
12/73

A/B:1/1*
A:1*
A:1*
A:1
A:1
A:1*
A:1
A:1*
A:1*
A*:1*
A:1

Dec JB10

10/65

A:1

CBS 79302(3)

12/76

A:1

DG 139 383
Dec SXL61740

1/69
9/65

A:1
A:1

CBS 61016
Phi 6500 133

11/71
12/71

A:1
A*1*

Dec SXL61430
Dec SXL67100
DG 2726 014(2)

3/65
2/76
6/67

A:1
A:1*
A:1

RCA SB6702
RCA SB6731/2
DG 2530 6590
Dec SXL6877
Dec SXL63340
HMV ASD3064
DG 2531 099
RCA SEI66000

5/67
2/68
12/76
7/79
4/68
8/75
3/80
2/65

B:1*
A:1*
A:1*
A:1*/1
A:2
A:1
A:1*
A:1*

CILEA, Francesco ( 1866-1950)
Adriana Lecouvreur'
NP/Levine

CBS :4 79310(3)

6/78

A*/A:1*

CIMAROSA, Domenico ( 1749-1801)
Matrimonio Segreto'
ECO/Barenboim

DG 2740 171(3)

9/77

A:1*n

COATES, Eric ( 1886-1958)
Orchestral works
NPO/Boult

Lyr SRCS 107

11/79

A*:1*

'Owen Wingrave'
'Peter Grimes'
The Prodigal Son'
'Rape of Lucretia'
'Turn of the Screw'

Britten/etc
Britten/etc
Britten/etc
Britten/etc
Britten/etc

BRUCH, Max ( 1838-1920)
Violin concerto 1/
Chung/Kempe
Fantasy
BRUCKNER, Anton ( 1824-1896)
Symphonies 0-9
CO/Haitink
Symphony 1
LG/Neumann
Symphony 2
CO/Haitink
Symphony 3
BRSO/Jochum
Symphony 4
VP0/8Ôhm
Symphony 5
BPO/Karajan
Symphony 6
CO/Haitink
Symphony 7/( Wagner) BPO/Jochum
Symphony 8
BPO/Karajan
Symphony 9
CSO/Giulini
Mass 2
Norrington
CHABRIER, Emmanuel ( 1841-1894)
Espana/Marche/etc
SRO/Ansermet
CHARPENTIER, Gustave ( 1860-1956)
'Louise'
NPO/Prétre
CHOPIN, Frederic ( 1810-1849)
Argerich/Abbado
Piano concerto 1
Ashkenazy/
tPiano concerto 2/
Zinman
(Bach)
PhO/Ormandy
Les Sylphides/etc
Beaux Arts
tPia no Trio/
(Smetana)
Ashkenazy
Ballades
Ashkenazy
Etudes
Vasary
Etudes/Impromptus/
Ballades
Rubinstein
Mazurkas
Rubinstein
Nocturnes
Pollini
Polonaises
Ashkenazy
Preludes/etc
Ashkenazy
Scherzi/etc
Barenboim
Piano sonatas 2 & 3
Gilds
Sonata 3/Polonaises
Rubinstein
Waltzes

COPLAND, Aaron ( 1900)
Appalachian Spring
LSO/Copland
(original)
CCO/Copland
Billy the Kid/Rodeo
NYPO/Bernstein
LSO/Copland
Symphony 3 (
Harris)
NYPO/Bernstein
Songs
Waterfield/etc/
Copland
DEBUSSY, Claude ( 1862-1918)
Orchestral works
PO/Maninon
Images/Danses
CO/Haitink
La mer/Apres-midi
NPO/Boulez
BPO/Karajan
Nocturnes/Iberia
WNSO/Dorati
tQuartet/(Rave/)
Melos Qt.
'Pelléas et Mélisande'
BPO/Karajan
Preludes 1 & 2
Rev
Images/Children
Michelangeli
DELIBES, Leo ( 1836-1891)
'Coppélia'
P0/ Mari
takme
Bonynge/etc
'Sylvia'
NPO/Bonynge
DELIUS, Frederick ( 1862-1934)
Cuckoo/Summer
HO/Barbirolli
garden
Brigg Fair/Cuckoo/etc RPO/Beecham
Brigg Fair/Appalachia HO/Barbirolli
Dance/Rhap/Florida
RPO/Beecham
Song of summer/etc
LSO/Barbirolli
tCello concerto/
Du Pré/Sargent
(Elgar)
Violin concerto/etc
Menuhin/Davis
Requiem/Idyll
Paris/Eventyr/Dance
Sea drift/High hills
'A Village Romeo
and Juliet'
'Hassan'
'Koanga'
'Fennimore & Gerda'
Mass of Life
tPart songs (
Eiger)

DONIZETTI, Gaetano
'Anna Bolena'
A*1
Don Pasquale'
A*1* ' La Favorita'
A*1 ' L'Elisir d'Amore'
A*:1 ' La Fille du Regiment'
'Gemma di Vergy'
A*1 * ' Lucia di Lammermoor'

CBS
CBS
CBS
CBS
CBS
CBS

728720
618940
72411
72888
61681
61993

HMV SLS893(5)
Phi 9500 509
CBS 725330
DG 2542 1180
Decca SXL6742
DG 2531 203
HMV SLS5172(3)
Saga 5391/5442
DG 2530 1960

6/72
6/80
4/61
2/71
7/67
6/63

A:1
A:1*
A:1
A:1*
A:1*/1
A/B:1*/1

2/75
A:1
2/79
A*1 *
8/67
A:1*
3/65
A:1*
10/76
A*:1
11/79
A*/A:1*/1
2/80
A*:1*/1
3/75 &
A:1*
12/77
12/71
Al*

HMV '41
SLS5091(2)0
Dec SET387/9
Dec SXL6635/6

11/77

A:1*n

5/69
6/74

A:1
A:1

HMV ASD2477

7/69

A:1

HMV
HMV
HMV
HMV
HMV

8/60
2/71
9/59
2/67
8/65

B:1*
A:1
C:1*
A:1
Al
A:1

ASD357
ASD2635
SXLP30415
ASD2305
ASD2764

HMV , 4
ASD33430
HMV ASD2397
HMV ASD2804
HMV ASD2958
HMV SLS966(3)

6/77

Harper/Davies
ALPO/Groves
RLPO/Groves
RPO/etc/Davies

9/68
8/72
3/74
3/73

A:1
A:1/1*
A/A*/ Cl
A/B:1

BS/Handley
LSO/Groves
DSO/Davies
LPO/etc/Groves
Halsey Singers

HMV AS037770
HMV SLS974(2)
HMV 4 SLS991 ( 2)
HMV SLS958(2)
Arg ZK23

2/80
6/74
1/77
4/72
6/69

A:2
A:1
A:1*
6:1
A:1

Dec SET446/9
Dec SET280/1
Dec D96D3(3)
Dec SET503/5
Dec SET372/3
CBS 479303(3)
Dec SET528/30

11/70
2/65
5/78
11/71
11/68
7/77
5/72

A:1
A:1
A:1
A:1/1*
A:1*
8:1/2
A:1

( 1797-1848)
VO/Varviso
Kertesz/etc
Bonynge/etc
Bonynge/etc
Bonynge/etc
ONY/Queler
Bonynge/etc
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Are you listening Comfortably?
Or are dirt, dust and static ruining your
listening pleasure?
If so, take a look at the new Zeepa range
of record and tape care products. Each
one has been
scientifically
developed and

Sonic Magic

A new breakthrough in anti- static
formulations which banishes static forever after just one
application. Crackles and pops disappear like magic,
never to return. Also lubricates record track, virtually
eliminating scratches.

Dust Bridge

The only dual-purpose record cleaner
which can be used either in the hand or while the record
is actually playing. Minute conductive fibres attract dust
and lift it right off the playing surface. Easily mounted to
record deck — detaches simply for manual use.

lei
Zee

«Whim

Complete Tape Recarder and Co ,;',

le : are Kit

tested and is guaranteed to perform as
claimed, dramatically improving the sound
of your records and tapes.
For a free catalogue of the entire Zeepa
range of products, plus the name of
your nearest dealer, fill in the coupon
below.

Disk Mask

Simply the most thorough and effective
record cleaning system ever devised. Actually lifts dust
and dirt right from the depths of record grooves. Restores
even old discs to showroom appearance and sound.

Dust Lifter

Most record cleaners simply move dust
and grit round the record, doing more harm than good.
The Dust Lifter is different because it lives up to its
name. Thousands of tiny conductive bristles actually lift
the dust right off the playing surface, at the same time
neutralising any static charges.

Z0npu

15 Richmond Grove,
Surbiton, Surrey KT6 6AH .
pm ma ma mi
mu mum gm um um am am
• To: Zeepa Instruments Ltd.,
• 15 Richmond Grove, Surbiton, Surrey KT6 6AH.
Please send me your catalogue of record and tape
care accessories together with the name of my
nearest Zeepa dealer.
If you are a dealer please tick here ( )
Name _

Tape Recorder Care Kit

To keep your tape
deck in pristine condition for pure undistorted sound with

Address

full frequency response. Contains cleaning fluids for tape
heads and rubber pinch rollers, specially- angled brushes
and tools and even a small mirror to help you clean outof- sight places.
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Postcode
NEB

MMI MIMI

NM

NM

BIM

MIR

BIM IMMM

AM

lucrezia Borgia'
'Maria Stuarda'
'Roberto D'Evereux*

Bonynge/etc
Bonynge/etc
Mackerras/etc

DVORAK, Antonin ( 1841-1904)
LSO/Kertesz
Symphony 1
LSO/Kertesz
Symphony 2
LSO/Kertesz
Symphony 3
LSO/Kertesz
Symphony 4
LSO/Kertesz
Symphony 5
LSO/Kertesz
Symphony 6
BPO/Kubelik
Symphony 7
CO/Davis
LSO/Kertesz
Symphony 8
CO/Davis
BPO/Karajan
Symphony 9

Slavonic dances
Piano concerto
Cello concerto

Scherzo/Carnival/etc
tSerenade Op. 44/
(Brahms)
Serenade/(Gounod/ .
Schubert)
tSerenade Op. 22/
(Greig)
Violin concerto/etc
Piano quartets 1 & 2
Piano quintet
Complete quartets
String quartet 12/14
Dumky triol(Novak)
Requiem
Mass in D
'The Jacobin'
'Russalka'

VPO/Kondrashin
VPO/Btihm
BRSO/Kubelik
Richter/Kleiber
Rostropovich/
Giulini
Casals/Szell
LSO/Kertesz
LSO/Kertesz
NWE/de Waart
ASM/Marriner
Perlman/
Barenboim
Trampler/
Beaux Arts
Curzon/Vienna
Prague Qt.
Prague Qt.
Czech Trio
LSO/Kertesz
LOC/Hoban
BrPO/Pinkas
PN/Chalabala

ELGAR, Edward ( 1857-1934)
tCello concerto/
Du Pré/Barbirolli
Sea pictures
Zukerman/
Violin concerto
Barenboim
HO/Barbirolli
Falstaff/etc
Serenade/etc
Marches
Wand of Youth 1 & 2
Symphony 1

Enigma/( Vaughan
Williams)
Enigma/etc
Orchestral Music
Wind Music
Chansons/Starlight
Crown of India/etc
Caractacus

ASM/Marriner
LPO/Boult
LPO/Boult
LPO/Solti
LPO/Boult
LPO/Solti
LPO/Boult
LSO/Boult
LSO/Pmvin
RPO/Beecham
LPO/Boult
Athena Ens
RPO/Collingwood
RLPO/Groves
RLPO/Groves

Coronation Ode/etc

NPO/Ledger

Dream of Gerontius
The Kingdom
The Apostles
Music Makers (
Parry)
Historical:
Symphony 1/etc
Symphony 2 (and
rehearsal)
Enigma/Falstaff

LSO/etc/Britten
LPO/etc/Boult
LPO/Boult
LPO/etc/Boult

Symphony 2

LSO/Elgar ( 1930)
LSO/Elgar ( 1927)

BBC/LSO/Elgar
(1926)
FALLA, Manuel de ( 1876-1946)
SRO/Ansermet/
El amor brujo'/
Argenta
'Master Peter'
PO/ Fru hbeck
Sombrero/etc
'Vide Breve/Amor'

Navarro/etc

FAURE, Gabriel ( 1845-1924)
Masques/Pelléas/etc
SRO/Ansermet
Piano music
Crochet
Requiem
St. John's/Guest
Songs
Partridge/
Partridge
Songs
Palmer/
Constable
FINZI, Gerald ( 1901-1956)
Clarinet Concerto
Denman/Handley
Dies natalis
LSO/Hickox
Garlands/etc
NPO/Handley
FRANCK, Cesar ( 1822-1890)
Symphony in d
CO/Waart
Symphony in d/SymRogé/Maazel
phonic variations
FNRO/Beecham
Violin sonata/
Perlman/
(Brahms)
Ashkenazy
Piano Quintet
Ortiz/Medici

A*:1*
A:1
A:1

Dec D93D3(3)
Dec D2D3(3)
HMV SLS787 ( 3)

3/790
6/76
3/70

Dec SXL62880
Dec SXL6289
Dec SXL6290
Dec SXL6257
Dec SXL62730
Dec SXL6253
DG 2530 127
Phi 9500 1320
Dec SXL6044
Phi 9500 3170
HMV (
4)
ASD3407
SXDL 7510
DG 2531 0980
DG 2530 466 &
593
HMV 4)ASD33710
HMV4)ASD3452

10/67
9/67
5/67
4/67
3/67
11/66
10/71
1/77
7/63
10/79
11/77

A:1
A*:1
A:1
A:1
A:1
A:1
A:1
A:1*
A*1*
A*/A:1*
A*/A:1*

7/80
6/79
11/75

A*:1
A:1*
A/A*:1

HMVeZeHL M7013
Dec SXL6348
Dec SXL6368

1937
7/68
2/69

H:1*
A:1
Al

5/71

A:1*

9/77
4/78

A:1*
A*/A:1*

GAY, John ( 1685-1732)
'The Beggar's Opera'
Cast/Sargent
GERSHWIN, George ( 1898-1937)
Piano concerto/etc
Szidon/Downes
Rhapsody/etc
Gershwin/Thomas
'Porgy and Bess'
Cast/Maazel
Overtures
BPO/Thomas

Phi 9500 6050
Dec SXL6823
HMV SXLP30256
Dec SXL6408

2/80
4/77
3/62
5/69

A:1
A:1
B:1*
B:1

HMV®ASD3546

8/78

A:1

A:1

DG 2535 2100
CBS 765090
Dec SET609/110
CBS 76632

4/71
2/77
4/76
12/77

A:1
A*/A:1*
A*:1*
A:1*

GIORDANO, Umberto ( 1876-1948)
'Andrea Chenier'
NP/Levine

RCA RL02046(3)

10/77

A:1*

GLAZUNOV, Alexander ( 1865-1936)
'The Seasons'
SRO/Ansermet
Violin concerto/
Sivo/Stein
(Prokofiev)

Dec SXL6269
Dec SXL6532

9/67
3/72

A:1
A*1*

Dec GOS574/6
Dec SET443/4
Dec SXL6339
Phi 9500 023

2/57
6/70
1/69
10/76

C:1*/1
Al
A:1
A:1

Dec SET327/300
DG 2530 1990

1/67
5/72

A:1
A*:1

HMV SXLP30206

7/64

A:1

Dec SXL67850

12/77

A*1*
A:1*

GLUCK, Christoph ( 1714-1787)
'Alceste'
Cast/Jones
'Orfeo ed Euridice'
Cast/Solti
'Don Juan—ballet
ASM/Marriner
Arias
Baker/Leppard
GOUNOD, Charles ( 1818-1893)
'Faust'
Cast/Bonynge
t'Fausf—ballet/
BPO/Karajan
(Offenbach)
Messe solenelle
Hartemann
GRANADOS, Enrique ( 1867-1916)
Goyescas
Larrocha

GRIEG, Edvard ( 1843-1907)
tPiano concerto/
Bishop/Davis
A*:1*
(
Schumann)
11/70
Arg ZRG670
ASM/Marriner
tHolberg/(Dvolék)
NCO/Tennesen
A:1*
String Music
10/75
HMV ASD3120
LSO/Dreier
'Peer Gynt'
BPO/Karajan
A:1 ' Peer Gynt' (exc)
1/74
Phi 6500 452
Gilels
Lyric pieces
Flagstad
B:1*
Songs
6/63
Dec SDD270
A:1*/1
DG 2740 177(12) 12/77
HANDEL, George Frederic ( 1685-1759)
A:1*
DG 2530 632
4/76
Concerti grossi.
ASM/Marriner
A:1
Sup 1 11 1089
11/74
Op. 3 & 6
Dec SET416/7
10/69
Concerti àdue cori
ECO/Leppard
A:1
Dis ABM18
2/75
Organ concerti 1-6,
Preston/Menuhin
B:1
Sup SU P2481 /3
1/80
8-10, 13-18
B:1
Sup SUAST50585/ 9/64
Oboe concerti
Holliger/Leppard
70
Royal Fireworks/
ASM/Marriner
Water Music
ECO/Leppard
12/65
A:1 / 1* Water Music
HMV ASD655
AAM/Hogwood
Fireworks/Water
RPO/Weldon
11 /76
A:1*
CBS 76528
(arr. Harty)
Overtures
ECO/Leppard
12/64
B:1*
HMV
Ballet music
ASM/Marriner
SXLP302790
A*1*
10/68
'Alexander's Feast'
ECO/Ledger/etc
Arg ZRG5730
A:1*
'Acis and Galatea'
EBS/Gardiner
11/77
HMV.4)ASD3388
'Admeto'
CB/Curtis
A:1*
3/68
HMV ASD2356
A:1*
8/72
Dec SXL65690
LSO/Bonynge
A:1
10/68
'Alcino'
Lyr REAM1
Pears/Willcocks
A:1*
l'AllegroVetc
6/75
Dec SXL67230
ECO/Leppard
A:1
Anodante
10/68
Lyr REAM2
Harnoncourt
A:1*
11/71
'Belshazzar'
HMV ASD2750
ECO/Mackerras
A*1 *
'Judas Maccabeus'
HMV ASD38570 4/80
ASM/Marriner
H:1*/1
'Messiah'
8/55
CBSQ61878
PB/Kuijken
A:1*
'Partenope'
HMV ASD3050
3/75
Cast/Malgoire
'Rinaldo'
A*1 *
7/78
RCA RL25144(2)
NSO/etc/Lewis
A:1*
11/64
'Semele'
HMV ESD70680
Cast/Malgoire
A:1
'Xerxes'
5/71
HMV ASD2672
A:1/2
7177
HMV 4)SLS998
HARTY, Hamilton ( 1879-1941)
(2)0
Olchestral Music
UO/Thomson
A*1
6/77
HMV 4ASD
HAYDN, Josef ( 1732-1809)
3345
7/72
A:1
Symphonies 1-19
PH/Dorati
Dec SET525/6
4/69
B:1
Symphonies 20-35
PH/Dorati
HMV SLS939(2)
12/74
A*1*
Symphonies
36
48
PH/Dorati
HMV 51.3976(3)
5/67
A:1
Symphonies 49-56
PH/Dorati
HMV ASD2311
Symphonies 57-64
PH/Dorati
1/71
Symphonies 65-72
PH/Dorati
H:1
WRC@SH139
9/71
Symphonies
73-81
PH/Dorati
H:1*
WRC@SH163
Symphonies 82-92
PH/Dorati
11/71
H1
Symphonies 93-104
RPO/Beecham
WRC@SH162
Symphonies 93-104
PH/Dorati
Symphonies ( add)
PH/Dorati
3/61
tCello concerto in C/
Du Pré/
B:1
Dec SDD134
Barenboim
(Boccherini)
11/64
Cello
concertos
in
C
Rostropovich/
Al
HMV
&
D
ASM
SXLP301870
11/78
Horn concertos 1 & 2 Tuckwell/Marriner
A:1*/1
DG 2707 108(2)
Trumpet concerto/etc
Stringer/Marriner
Quartets 44-9
Tokyo Qt.
B:1
3/62
Dec ECS805
Quartets 74/77
Berg Qt.
A:1
1/74
Vox TV37040/3
Piano Trios
Beaux Arts
A:1*
4/76
Argo ZRG841
The Creation
RPO/Dorati
A:1*
2/76
Pearl SHE524
The Seasons
RPO/Dorati
Masses 7-12
Guest/Willcocks
A:1*
8/76
Arg ZRG815
'Armida'
LCO/Dorati
'La fedeltà premiata'
LCO/Dorati
l'Incontro improviso"
LCO/Dorati
A:1
4/77
' Isola disabitata'
LCO/Dorati
Lyr SRCS92
5/79
A:1
' II mondo della luna'
LCO/Dorati
Arg ZRG896
11/79
LCO/Dorati
A:1* 'Orlando Paladino'
Lyr SRCS93
'La vera costanza'
LCO/Dorati
Phi 6500 163

HMV ESDW704 (2) 11/55

HINDENIITFI, Paul (1895-1963)
BRO/Kubelik
tMathis der Maier
Brain/Hindemith
tHorn concerto
Oistrakh
Violin concerto
PO/Ormandy
Symphonic Met/etc
LSO/Abbado
(Hindemith)t

Phi 6500 1660

3/72

Arg ZRG6700
BIS LP- 147
Uni RHS361/20
DG 2530 2430
DG 2530 476
Dec ECS622

11/70
8/80
2/79
11/73
3/75
6/57'

A:1*
A*/A:1*
A*/A:1*
A*1*
A:1
B/C1*

Dec SDD8294/7

10/71

A:1*

Phi 6570 1140
HMV SLS824(4)

8/77
6/72

Al

Phi 6500 2400
Arg ZRG6970

11/72
3/72

A:1
A:1

Phi 6570 0180
1/71
O- LDLSO 543
11/78
HMV SXLP
2/62
200330
Phi 6599 0530
11/72
Arg ZK68
6/72
HMV SLS5168(2) 11/79
DG 2708 038(2)
9/78
EMI(4) IC163 808/ 11/79
12
Dec GOS5509/11 9/62
O- LSOL60025/6 2/61
Phi 6769 025(4)
8/80
Tel EK6.35326(4)
1/77
DG 2723 050(3)
11/77
Arg D18D3(3)0
11/76
HM 1C15799855/8 12/79
CBS 79308(3)0
11/77
0- LMOLS111 /3
8/55
CBS 79325(3)
10/79

B:1
A*/A:1*
B:1

A:1*
A:1
A*1 *
A:1*
A:1
C:1
A:1
A*1*
A*1*
A*1*
A*1*
A*1*
Al
A/B:1

Cha DBR2001(2)

2/80

Dec HDNA1/6
Dec HDNB7-12
Dec HDNC13/8
Dec HDN D19/22
Dec HDNE23/6
Dec HDN F27/30
Dec HDNG31/4
Dec HDNH35/40
HMV SLS846(7)
Dec HDNJ41/6
Dec HDNK47/8
HMV ASD2331

9/73
4/73
9/72
5/71
1/71
9/70
9/71
3/72
10/74
4/74
10/67

A:1
A:1
Al
A:1
A:1
A:1
A:1
A:1
A/B:1*
Al
A:1
A:1*

HMV®ASD3255

9/76

A:1

Arg ZK6
Arg ZK6
DG 2740 135(3)
Tel AS6 41302
Phi 6768 077(14)
Dec 050D2(2)0
Dec D88D3(3)
Arg SDDG341 /6
Phi 6769 021(3)
Phi 6707 028
Phi 6769 040(3)
Phi 6700 119(2)
Phi 6769 003(4)
Phi 6707 029(4)
Phi 6703 077(3)

12/66
4/68
7/76
1/75
10/79
12/77
12/78
10/72
10/79
9/76
9/80
10/78
9/78
9/77
6/77

A*1
A:1*
A*1*
A*1 *
A:1

HMV®SLS5182 ( 3)
HMV HLS7001
Dec SDD465
HMV ASD37430
Dec SXL6398

12/79
12/59
2/63
11/79
5/69

A:1
Cl*
A:1*

A:1
A/B:1
A*1*
Al
A:1*/1
A:1
A*1*
A:1
A:1*

A*1 *
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NOLST, Gustav ( 1874-1934)
The Planets
LPO/Boult
LSO/Previn

HMV ASD23010
HMV(4ASD
3002
HMV ASD2831
HMV SAN354
Decca JB490
HMV ESD70780
Arg ZK74/5

3/67
7/74

A:1
A*1*

3/73
10/74
9/62
9/75
12/68

A:1
A:1
A:1*/1
A:1
A:1

HUMMEL, Johann ( 1778-1837)
Trumpet concerto
Cuvit/Ansermet
Wilbraham

Dec SXL6375
Arg ZRG669

3/69
4/71

A:1
A:1'

HUMPERDINCK, Engelbert ( 1854-1921)
'Hansel and Gretel VPO/Solti
PO/Karajan

Decca D131 D2(2) 12/78
HMV SLS5145(2)01/54

IBERT, Jaques ( 1890-1962)
tDivertissement' etc
CBSO/Frémaux

HMV®ASD29890 5/74

A:1

IVES, Charles ( 1874-1954)
Symphonies 1-5/etc
Bernstein/etc
Symphony 1/ (
Elgar)
LAPO/Mehta
Symphony 2/etc
LAPO/Mehta
Symphony 3/etc
ASM/Marriner
Songs
Fischer-Dieskau

CBS 77424(3)
Dec SXL65920
Dec SXL67530
Arg ZRG8450
DG 2530 696

8/74
9/73
7/76
7/76
8/76

A/A*:1
A:1*
A:1*
A:1
A*:1*

Dec SXL6398
CBS 76818
Uni MS1181/2
Sup SUAST
50705/6
Dec D144D2(2)
Dec D5102(2)0
Sup SUP2011/2
Sup 112 0878
Dec SXL66000

5/69
7/79
12/72
2/73

A*1*
A:1*/1
A/B:1
A/B:1

10/79
10/77
1/80
5/72
2/74

A*:1*
A:1/1*
A:1
8:1*
A:1*

St. Paul's/etc
Choral symphony
Egdon Heath/Hymn
Perfect Fool/etc.
Choral music

ASM/Marriner
LPO/Boult
LPO/Boult
LSO/Previn
ECO/etc/Holst

JANACEK, Leos ( 1854-1924)
tSinfonietta
LSO/Abbado
Taras Bulbs/Vixen
TSO/Davis
'Cunning Little Vixen'
PNT/Gregor
'House of Dead'
PNT/Gregor
'Makropoulos Affair'
'Katya Kabanova'
'Osud' ( Tate')
Male choruses
Glagolitic mass

Mackerras/etc
Mackerras/etc
BrSO/Jilek
Moravia/Tucpasky
RPO/Kempe

KHACHATURIAN, Aram ( 1903-1978)
Piano concerto
Larrocha/LPO
Gayaneh/Spartacus
Khachaturian
Symphony 2

Khachaturian

KODALY, Zoltan ( 1882-1967)
Orchestral works
PH/Dorati
Galanta/Hary Janos
LSO/Kertesz
'Hary Janos'
LSO/Kertesz
Psalmus Hungaricus/
LSO/Kertesz
Peacock
Misse Brevis/
Heltay/etc
Pange Lingua
LALO, Edouard ( 1823-1892)
Cello conc./SymTortelier/
phonie espagnole
Frémaux
LÉHAR, Franz ( 1870-1948)
'Giuditta'
VOP/Moralt
'Land des Lachelns'
PO/Ackermann
'Merry Widow'
'Paganini'

PO/etc/Matacic
Boskovsky/etc

A*:1*/1
B:1*

Dec SXL65990
HMV®ASD
33470
Dec SXL6001

6/73
6/77

A:1
A:1*

10/62

Al

Dec
Dec
Dec
Dec

9/74
1/65
12/69
5/71

A:1
A:1
A:1
A:1

12/76

A:1

SXLM6665/7
JB550
SET399/400
SXL6497

Dec SXL6803

HMV®ASD
32090

6/76

A:1*

Dec GOS583/4
HMV
SXDW3044(2)0
HMV SLS823(2)
HMV®SLS
5122(2)

7/58
2/54

B:1
B:1*

5/63
10/78

A:1*
A:1*

LEONCAVALLO, Ruggiero ( 1858-1919)
t'l Pagliacci'/
LSM/Karajan
t( Mascagni)
NPO/Patané

DG 2709 020(3)0 10/66
Decca 08303(3)
4/79

LISZT, Franz ( 1811-1886)
Piano concertos 1 & 2/ Brendel/Haitink
Totentanz
Berman/Giulini
tPiano concerto 1/
Gutierrez/Previn
• ( Tchaikovsky)
Faust Symphony
SRO/Ansermet
Tasso/etc
OP/Solti
Symphonic poems
LPO/Haitink
Orpheus/Mazeppa/etc LPO/Mehta
Malediction/etc
Brendel/Gielen
'Christus'
Hungarian/Forrai
Etudes
Arrau
Piano recitals:
Curzon
Brendel
(piano sonata)—
Arrau
Verdi paraphrases
Bolet

Phi 6500 3740
DG 2530 7700
I-IMV 4)ASD
32620
Dec SET370/1
Dec SXL6709
Phi 6500 0460
Dec SXL6535
Vox TV34269
Hun LPX11506/8
Phi 6747 412(2)0
Dec SXL6076
Phi 9500 286
Phi 6500 043
Pye NEL2013

7/68
5/75
8/71
4/72
6/71
2/71
2/78
11/63
5/78
5/72
6/74

A:2
A:1*
A:1*
A:1*
Al*
Al
A:1*
A:1*
A:1*
A:1*
A:1*

Dec SXL6445

12/70

A:1

LUTOSLAWSKI, Witold ( 1913)
tConcerto for
SRO/Kletzki
orchestral ( Hindemith)
Orchestral works
RSO/Lutoslawski
MAHLER, Gustav ( 1860-1911)
Prey/Haitink
Kindertotenlieder
Harper/Haitink
Klagende Lied
Norman/Haitink
Knaben Wunderhorn
Ferrier/Walter
Lied von der Erde
Baker/Haitink
Baker/Barbirolli
15 Rückert Lieder
CO/Haitink
Symphonies 1-9
LPO/Tennstedt
Symphony 1
LSO/Bernstein
Symphony 2
CSO/Abbado
CSO/Levine
Symphony 3
Symphony 4
VPO/Abbado
BPO/Karajan
PO/Klemperer
LPO/Tennstedt
Symphony 5
BPO/Karajan
Symphony 6
CSO/Solti
Symphony 7
CSO/Solti
Symphony 8
Symphony 9
PH/Levine
Symphony 10
NPO/Morria

36

10/73
12/76
9/76

A:1
A:1
A:1*
A:1*
A*:1*/1

EMI(4)165 03231/6 7/79

A*/A:1*/1

Phi 6500 100
9/71
Phi 6500 587
1/74
Phi 9500 3160
11/77
DecreACL305
11/68
Phi 6500 8310 • 10/76
HMVSLS785(2)
12/69
Phi 6768 021 ( 16) 2/79
HMV ASD3541
10/78
CBS 78249(2)
11/74
DG 2707 094(2)0 6/77
RCA RK01757(2)0 3/77
DG 2530 966
7/78
DG 2531 2050
12/79
HMV ASD2799
7/62
HMV SLS5169(2)012/79
DG 2707 106(2)
8/78
Dec SET518/9
10/71
Dec SET534/50
10/72
RCA RL03461
6/80
Phi 6700 067(2)
3/74

A:1*
A*:1/1*
A*:1*
H:1*
A*/A:1*
A:1
A:1*/1
A/A*:1*
A:1*
A:1*
A:1*
A*/A:1*
A*:1*/1
A:1*
A*:1*
A*:1*
A*:1*
A*:1*
A*:1*
A:1

MASCAGNI, Pietro ( 1863-1945)
tCavalleria RustiLSM/Karajan
cana' 1 ( Leoncavalle NPO/Gavazzeni
'Cavallena'—only
NPO/Levine
MASSENET, Jules (1842-1912)
Cigale! Valse
NPO/Bonynge
Scènes
NPO/Bonynge
'Cendrillon'
PO/etc/Rudel
'Le Cid'
ONY/Queler
'Don Quichotte'
SRO/Kord
'Esclarmonde'
NPO/Bonynge
'Manon'
OC/Monteux
'La Navarraise'
LSO/Almeida
'Thais'
NPO/Maazel
'Thérèse'
NPO/Bonynge
'Werther'
LPO/Plasson
'Le Cid' ballet
CBSO/Fremaux
MENDELSSOHN, Felix ( 1809-1847)
Piano concertos 1 & 2 Ogdon/Ceccato
2- piano conc./etc
Ogdon/Lucas/
Marriner
tViolin concerto
Perlman/Previn
Symphony 3/Hebrides BPO/Karajan
tSymphony 4
L50/Previn
Symphonies 4 & 5
IPO/Bernstein
3 String Symphonies
ASM/Marriner
Overtures
LSO/Chmura
Octetl(Boccherinh
ASM/Marriner
String Quartets
Bartholdy at,
Songs without Words Barenboim
'Elijah'
Frühbeck/etc
'Midsummer Night's
LSO/etc/Previn
Dream'
'St. Paul'
Frühbeck

DG 2709 020(3)0 10/66
Decca D83D3(3)
4/79
RCA RL13091
3/80

A:1
A:1
A:1

Dec SXL6932
Dec SXL6827
CBS 79323(3)
CBS 79300(3)
Dec D156D3(3)
Dec SET612/4
HMV SLS5119(3)
CBS76403
HMV®SLS993(3)
Dec SET572
HMV SLS5183(3)
HMV ESD®
70400

9/80
12/77
7/79
5/77
12/79
12/76
11/56
6/75
5/77
7/74
2/80
12/71

HMV ASD2546
Arg ZRG605

7/70
1/70

A:1*
A*:1*

HMV AS029260
DG 2530 1260
RCA SB6847
DG 2531 097
Argo ZK7
DG 2530 7820
Arg ZRG569
Aca 229130
DG 2470 104
HMV SLS935(3)
HMV®ASD33770

1/74
5/72
7/71
11/79
6/66
12/77
5/68
8/80
12/74
10/68
9/77

A:1*
A:1*
A:1*
A*:1*
A*:1*
A:1*/1
A:1*
A*:1*
A:1
B:1
A*:1*

A*1 *
A*/A:1*
A:1
B:1
A:1
A:1
B/C1
A:1
A:1
A:1
A*:1*
A:1

HMV®SLS5092(3) 2/78

A:1

MONTEVERDI, Claudio ( 1567-1633)
Lamento dell Ninfa
Purcell Consort
'Orfeo'
Harnoncourt
'Poppea'
Harnoncourt
'Il Ritorno d'Ulisse'
Harnoncourt
Madrigals Bk 3
LepPard
Madrigals Bk, 4
Leppard

Arg ZK66
Tel FK6 35020(3)
Tel FK6 35247(5)
Tel GK6 35024(4)
Phi 9502 0080
Phi 9502 0240

A:1
A:1
A:1
B:1
A:1
A:1

MESSIAEN, Olivier ( 1908)
Turangalila
LSO/Previn
Quatuor Fin de Temps Barenboim/etc
Catalogue d'oiseaux
Johnson

HMV(4)SLS5117(2) 6/78
DG 2531 093
8/79
Arg 28 BA1005/7
3/73

A*/A:1
A*:1*
A/8:1*

MEYERBEER, Giacomo ( 1791-1864)
'Les Huguenots'
NPO/etc/Bonynge
'Le Prophète'
RPO/Lewis

Dec SET460/3
CBS 79400(4)

10/70
5/77

A:1
A:1

MILHAUD, Darius ( 1892-1974)
Boeuf sur le Toit
Dorati
Creation du Monde
Bernstein
Wind Music
Athena Ens,
Vespers/etc
HEME/Schneidt

Phi SAL3637
HMMASD34440
Cha ABR10120
DG 2723 043(3)

2/68
3/78
8/80
11/75

A:1/1*
A:1
A:1
A*1*

4/71
3/70
3/75
4/72
1/74
1/74

MOZART, Wolfgang Amadeus ( 1756-1791)
Bassoon/Clarinet
Brooke/BrYmer/
HMV SXLP302460 7/60
Concertos
Beecham
Clarinet Conc./etc
ASM/Marriner
9/73
Phi 6500 3780
Horn concertos 1-4
Brain/Karajan
HMVEIASD
10/54
11400
Tuckwell/Marriner
HMV ASD2780
4/7::
Piano conc. 6 & 20
Ashkenazy/etc
Dec SXL63530
9/C8
Piano conc. 8 & 9
Ashkenazy/
Dec SXL62590
1/67
Kertesz
Piano conc. 13 & 14
Brendel/Marriner
Phi 9500 565
10/79
Piano conc. 13/etc
Haskil/
DG 2538 139
9/72
Baumgartner
Piano conc. 14 & 15
Barenboim/ECO
HMV ASD2434
11/68
Piano conc. 14 & 25
Engel/Hager
Tel AW6.41925
2/76
Piano conc. 18 & 22
Haebler/Davis
Phi SAL3740
10/68
Piano conc. 18 & 24
Barenboim/ECO
HMV ASD2887
7/73
Piano conc. 18 & 27
Brendel/Marriner
Phi 6500 9480
4/75
Piano conc. 20 & 23
Brendel/Marriner
Phi 6833 119
10/74
Piano conc. 21 & 25
Bishop/Davis
Phi 6500 4310
3/74
Piano conc. 21 & 27
Barenboim/ECO
HMV 'ASD24650 2/69
Piano conc. 22/etc
Brendel/Marriner
Phi 9500 1450
10/77
Piano conc. 23 & 24
Kempff/Leitner
DG 2535 204
1/61
2 & 3- Piano concertos Barenboim/etc
Dec SXL6716
6/75
Violin concertos 1-5
Zukerman/ECO
CBS 77381(3)
1/75
Dances, marches, etc
VME/Boskovsky
Dec D121 D10(10) 5/79
Petits riens/overtures
ASM/Marriner
HMV SXLP30213 10/72
Divertimenti
ASM/Marriner
ARG ZRG554
2/68
(Salzburg syms/Serenade 6)
Divertimenti 1 & 2
VME/Boskovsky
Dec SXL6366
12/69
Divertimenti 17
Vienna Octet
Dec SDD251
2/62
Divertimento ( Trio)
Coll. Aureum
Hat 065-99726
8/80
Serenades 3 & 13
VME/Boskovsky
Dec J8190
6/70
Serenades 4, etc
VME/Boskovsky
Dec .18540
2/68
Ser. 6/Symphony 40
ECO/Britten
Dec SXL63720
10/68
Serenade 7
VME/Bokovsky
Dec J13310
4/74
Serenade 9
VME/Boskovsky
Dec JB340
11/73
Serenades 10, 11, 12
PO/Klemperer
HMV SXDW3050 '66/'79
(2)
Complete wind music London Wind
Dec SDDL405/9
9/73
Serenade 13/Sym. 32 ASM/Marriner
Arg ZRG6790
11/71
tSinfonia concertante
ECO/Barenboim
CBS 730300
10/72
K3641(Stamitz)
Symphonies 1-24
BPO/etc/Bifihm
DG 2740 109(8) 9/68
Symphonies 13-16
ASM/Marriner
Arg ZRG5940
12/68
Symphonies 25, 29
ECO/Britten
Dec SXL68790
6/78
Symphonies 25-41
BPO/B6hm
DG 2740 110(7)0 9/68
Symphonies 32, 35, 38 ECO/Barenboim
HMV ASD2327
9/67

B:1*
A:1*
C:1*
A:1*
A:1
A*:1*
A:1*
B:1*
A*:1*
A*:1*
A:1*
A:1*
A/A*:1*
A*:1*
A:1*
A*:1
A*1 */1
A:1/1*
A/B:1
A*:1
A:1/1*
B:1*
A*:1*
A:1*
B:1
A:1*
A:1*
A*:1
A:1
A*1*
A:1*
A:1*/1
A:1/1*
A:1*
A:1*
A:1
A*:1*
A:1*
A:1
A:1

Symphonies 35 & 40
ASM/Marriner
tSymphony 38/
ECO/Britten
(Schubert)
Symphonies 39 & 40
ECO/Barenboim
Symphonies 40 & 41
VP0/136hm
Clarinet quintet/trio
Brymer/Allegri
Flute quartets
Bennett/Grum.
Violin sonatas 17-34
Lupu/Goldberg
String quartets 1-4
Heutling at.
String quartets 1-22
Italian Qt.
String quartets 20-23
Juilliard Qt.
String quintets 1-6
Grumiaux/etc
Complete piano
Klien
'Betulia Liberate'
SCO/Hager
'La Clemenza di Tito'
VSO/etc/Kertesz
'Cosi fan tune'
ROH/Davis
'Don Giovanni CG/Davis
'Die Entfuhrung'
ASM/Davis
'Idomenee
DSO/Elóhm
'Le Nome di Figaro'
BBC/Davis
VPO/Kleiber
'II Sogno di Scipione'
SMO/Hager
'Il Re Pastore'
SMO/Hager
'Thamos'
Faerber/etc
'Die Zauberflitne'
VPO/Solti
RPO/Beechant
Requiem
PO/Giulini
Requiem
VP0/138hm
Masses 10/16/etc
BR SO/Kubelik
MUSSORGSKY, Modest ( 1839-1881)
tNight on the Bare
BPO/Solti
Mountain/etc
Pictures at An
Ashkenazy/Mehta
Exhibition
CSO/Giulini
'Boris Godunov'
PRNSO/Semkow

Phi 6570 022
Dec SXL65390

6/72
7/72

HMV ASD24240 10/68
DG 2530 7800
6/77
Phi 6500 073
3/71
Phi 6500 034
6/71
Dec SD D514/6
10/75
HMV HQS1221
8/70
Phi 6747 097(6) ' 9/74
CBS 79204(2)
10/76
Phi 6747 107(3)
2/76
Vox TV37001/12 -/71
DG 2740 198(3)
3/79
Dec SET357/9
2/68
Phi 6707 025(4)0 3/75
Phi 6707 022(4)0 11/73
Phi 6769 026(3)
8/80
DG 2740 195(4)
4/79
Phi 6707 014(4)0 11/71
Dec GOS585/7(3) 3/59
DG 2740 218(3)
3/80
DG 2740 182(3)
12/79
Vox TV34697
1/79
Dec SET479/810 2/71
WRC@SH158/60 7/38
HMV ASD37230 1/80
DG 2530 143
2/72
DG 2530 3560
3/74

A:1*
A:1*
A:1*
A*:1*/1
A:1
A:1
A*1 *
A:1*
A:1
A*:1*
A:1/1*
A:1
A:1
A:1*
A:1*
A:1*
A:1*n
A:1
A:1*
C:1*
A:1*/1
A:1
B:1
A:1
H:1*
A*:1*
A:1*
Al

Dec SPA257

2/67

A:1

Dec SXL63280
DG 2530 7830
HMV®SLS
1000(4)0

12/67
4/77
10/77

A:1
A:1*
A*:1*

NICOLAI, Otto ( 1810-1849)
'Merry Wives'
BSO/Kubelik

Dec 086D3(3)0

3/78

A*1*n

NIELSEN, Carl ( 1865-1931)
Orchestral works
DRO/Blomstedt
Symphony 1
LSO/Previn
Symphony 2
LSO/Schmidt
Symphony 3
LSO/Huybrecht
Symphony 4
DRO/Markevitch
Symphony 5
SR/Kletzki
'Maskarade'
DRO/Frandsen
'Saul and David'
Horenstein/etc

HMV SLS5027(8)
RCA GL42872
Uni KPM7002
Dec SXL6695
Hel 2548 240
Dec SXL6491
Uni RHS350/2(3)
Uni RHS343/5

10/75
9/67
1/75
3/75
1/67
3/71
5/78
7/76

A:1 B:1*
A:1
A:1
A:1
A:1
A*/A:1*
A:1

Bar BAR90201/2
Dec SET545/7

11/79
11/72

A:1
A:1*

Dec PFS40960
DG 2530 1990
CBS 79207(2)
HMV SLS5175(3)
HMV SLS5076(2)
Dec SXL65880
HMV ESD70340

10/66
5/72
4/77
3/80
5/77
5/73
11/72

A*:1
A*:1
A:1*/1
A:1
A:1*/1
A:1*
Al

Phi
Phi
Phi
DG
DG

10/76
1/76
1/78
10/61
9/67

A*1*
A:1
A:1*
B:1
A:1

OFFENBACH, Jacques ( 1819-1880)
"La Belle Hélène'
SRO/Lombard
'Les Contes d'HoffCast/Bonynge
mann'
'Gaîté Parisienne'—
NPO/Munch
t ballet (
Gounod)
BPO/Karajan
'Grande Duchesse'
OCT/Plasson
'Orfée aux Enfers'
OCT/Plasson
'La Vie Parisienne'—
OCT/Plasson
'Le Papillon' ballet
LSO/Bonynge
Overtures
CBSO/Frémaux
ORFF, Carl ( 1895)
'Carmina Burana'
'Catulli Carmine'
'Trionfo di Afrodite'
'Antigone&
'Oedipus Tyrannus'

Leipzig/Kegel
LRSO/Kegel
LRSO/Kegel
BRO/Leitner
BRO/Kubelik

9500 0400
6500 815
9500 150
2740 226(3)
2740 227(3)

PAER, Ferdinando ( 1771-1839)
'Leonora'
SO/Maag

Dec D130133(3)0

8/79

A:1

PAGANINI, Niccolo ( 1782-1840)
Violin concertos 1-6
Accardo/Dutoit
tCaprices/Concerto
Perlman/Foster
11 (
Sarasate)

DG 2740 121(5)
HMV SLS832(2)

12/75
6/72

Al
A:1*n

PONCHIELLI, Amilcare (1834-1886)
la Gioconda'
Cast/Gardelli
Dance of the Hours/
BPO/Karajan
etc

Dec SET364/6
DG 2530 200

4/68
5/72

Al
A:1

HMV®ASD
34890
HMV ASD2835

6/78

A:1

6/62

Al

HMV®ASD
29890

6/74

Al

RCA SB68470
DG 2530 7830
Dec SXL6469
Dec SXL69450

7/71
4/77
10/70
3/80

A:1*
A:1*
Al
A*1 *

HMV SLS844(6)

3/70

A:1

POULENC, Francis ( 1899-1963)
Concert champètre/
Preston/Previn
Organ Concerto
Organ concerto/
Duruflé/Pretre
Gloria
Les Riches! (
lbertletc) CBSO/Frémaux
PROKOFIEV, Serge ( 1891-1953)
tSymphony 1/etc
LSO/Previn
CSO/Guilini
Symphonies 1 & 3
LSO/Abbado
Symphony 2/
LPO/Weller
Oranges
Symphonies 4 & 7
MRO/
(Shchedrin)
Rozhdestvensky
Symphony 5
LSO/Previn
Symphony 6/Russian
M RO/
Ov
Rozhdestvensky
Piano concerto 1
Gavrilov/Rattle
(Ravel)
Piano concertos 1 & 2 Ashkenazy/Previn
Piano concertos 4 & 5 Ashkenazy/Previn
tPiano concerto 3/
Katchen/Kertesz
(Ravel, Gershwin)
Violin concertos 1 & 2 Chung/Previn
Lt. Kije/Oranges/etc
PhO/Ormandy
Peter and the Wolf/
Connery/RPO/
(Britten)
Dorati

HMV SXLP30315
HMV SLS844(6)

5/75
12/70

A*:1
B:1

HMV®ASD
35710
Decca SXL6767 0
Decca SXL67690
Dec SXL6411 0

9/78

A*1 *

9/75
9/75
5/70

A/A*1*
A*1*
A:1

Dec SXL67730
CBS 721850
Dec SPA5200

3/77
7/64
9/66

A:1*
A*:1
A*1

' Ivan the Terrible'
'Romeo and Juliet'
'Alexander Nevsky'
'Cinderella'/Romeo &
Julie—suites
Piano sonata 7/
(Stravinsky)
Sonata 8/etc.

HMV®SLS
5110(2)0
Dec SXL6620/20
DG 2531 202
Dec SPA2260

5/78

A:1*

CLO/Maazel
LSO/Abbado
SRO/Ansermet

9/73
4/80
7/72

A:1*
A*1*
A:2

Pollini

DG 2530 225

6/72

A*1 *

Gavrilov

HMV ASD3802

6/80

A*:1*

Dec SET565/60
CBS®79213(2)
Dec SET236/8

8/73
1/78
12/62

A:1*
B:1
A:1

Dec SET584/60
DG 2709 078(3)

2/75
10/78

A:1
A*1

HMV SLS962(2)
RCA DPS2055(2)
Dec SET6270
DG 2707 121(2)0
Dec SET561/30

9/72
12/67
12/79
9/80
9/73

Decca SET615
Dec SET499/500
Era STU71275
Era STU71274
Arg ZRG724

6/78
1/72
8/80
4/80
11/72

Dec SXL6565/70

9/72

HMV ASD23610

5/68

Phi 9500 4450
HMV ASD2889 0
Phi 9500 3020
Decca 568221/20
HMV ASD2973
Decca SXL6718
Decca SXL6772
Decca SXL6832
Decca SXL6869
Decca SXL6940

1/80
4/73
6/78
4/76
6/74
7/75
1/77
12/77
2/79
9/80

RCADAVM3
0296(3).

8/75

H:1

Tel HF6.35048(4)
CBS 79314
Era STU70850/3

12/72
10/78
10/79

A:1
A:1
A*1*

HMV SLS5016(5)
HMV ASD27660
Dec SXL67030
Dec SXL64880

1/76
4/72
8/75
3/71

A:1
A:1
A:1/1*
A:1

DG 139 349

2/69

A:1

HMV ASD3845

6/80

A*:1

HMV ASD2506

4/70

A:1

DG 2531 203
Dec SDD168

11/79
6/55

DG 2709 089(3)

9/79

8:1

DG 2530 8900
HMV(4ASD
33270
DG 2530 8910

8/79
3/77

A*1*
A*1*

7/75

A:1*

1/74
5/59

A*1
8:1*

PO/Muti

PUCCINI, Giacomo ( 1858-1924)
'La Bohème'
Berlin/Karajan
'Edgar'
NYO/Queler
'Gianni Schicchi7"11
Florentiono/
Tabarro"/Suor
Gardelli
Angelica'
'Madame Butterfly'
Cast/Karajan
'La Fanciulla del
Mehta
West'
Bartoletti
'Manon Lescant'
Molinari- Pradelli
'La Rondinri
NPO/Bonynge
Suor Angelica'
BPO/Karajan
'Tosca'
Cast/Mehta
'Turandot'
PURCELL, Henry ( 1658-1695)
'Dido and Aeneas'
AF/Bedford
'The Fairy Queen'
Cast/Britten
'The Indian Queen'
EBS/Gardiner
'The Tempest'
MO/Gardiner
Choral works
Guest/etc
RACHMANINOV, Serge ( 1873-1943)
Piano concertos 1-4/
Ashkenazy/Previn
Paganini rhapsody
Piano concerto 2/
Anievas/Atzman
Paganini
Symphony 1
RPO/Waart
Symphony 2
LSO/Previn
Symphony 3/Rock
RPO/Weart
24 Preludes
Ashkenazy
Vespers
USSR/Sveshnikov
Siiderstróm
Songs

Historical:
Concertos/Paganini/
etc

Rachmaninov/
Ormandy

RAMEAU, Jean ( 1683-1764)
'Castor et Pollux'
Harnoncourt
'Hippolyte et Aricie'
Malgoire
'Indes Galantes'
Paillard
RAVEL, Maurice ( 1875-1937)
Orchestral music
OP/Martinon
La valse/Rhapsodie/etc PO/Karajan
Daphnis et Chloe
CO/Maazel
Dephnis suite/Mother LAPO/Mehta
Goosehtc
Piano concerto in G/
Argerich/Abbado
(Prokofiev) 3
Left hand concerto/
Collard/Maazel
Concerto in G
Intro and allegro/
Melos Ensemble
(Poulenc, etc)
tQuartet (
Debussy)
Melos Qt.
'L'Enfant et les
SRO/etc/
Sortileges'
Ansermet
REIMANN, Aribert ( b. 1936)
'Lear'
Bau/etc/Albrecht
RESPIGHI, Ottorino ( 1897-1936)
Pines/Fountains/etc
BSO/Ozawa
Birds/Botticelli
ASM/Marriner
Ancient Airs etc.

BSO/Ozawa

RIMSKY-KORSAKOV, Nikolais ( 1844-1 908)
Phi 6500 4100
Scheherazade/Tsar
LPO/Haitink
Dec SDD281
Russian festival/May
SRO/Ansermet
Capriccio espagnol
HMV SLS5102(4)
'The Snow Maiden'
MRSO/Fedoseyev
RODRIGO, Joaquin ( 1902)
Conceino de
Romero/Marriner
Aranjuez/etc
Williams/
Barenboim
Concierto/etc
Bream/Gardiner
ROSSINI, Gioacchino
Boutique fantasque
String sonatas 1, 3,
5, 6
String sonatas 2, 4/
(Donizetti)
Petite Messe
Stabat Mater
Barbiers di Siviglia'
'La Cenerentola'
'Le Comte Dry'
'Elisabetta'
'Italiana in Algeri'
'Otello'
'Semiramide'
'Turco in Italia'
'William Tell'
Overtures

Phi 9500 5630
CBS 763690

A:1
A:1
A*1*/1
A*/A:1*
A:1
A:1*
A:1
A:1
A:2
A:1
A/A*:1*
A:1
A*/A:1*
A:1
A*:1
A:1
A:1*
A:1*

A*/A:1*/1
A/B:1*

1/78

A*/A:1*

9/79
2/75

A*1*
A:1

RCA ARL1 11810 11/75

A:1

Dec PFS44070
Arg ZRG5060

10/77
5/67

A*1*
A*:1*

ASM/Marriner

Arg ZRG6030

12/69

A:1*

Sawallisch
LSO/Kertesz
PO/Galliera
RPO/Gui
LSO/Abbado
SW/Gui
M 30/Masini
MMF/Varviso
PO/etc/Cobos
LSO/etc/Bonynge
LS/Gavazzeni
RPO/Gardelli
ASM/Marriner

RCA SER5693/4
10/73
Dec SXL6534
2772
HMV SLS853(3)
3/59
HMV SLS5165(3)010/63
DG 2709 039(3)
6/72
HMV RLS744(2) 9/54
Phi 6703 067(3)
9/76
Dec SET262/4
5/64
Phi 6769 023(3)0 9/79
Dec SET317/9
10/66
HMV SLS5148
10/55
HMV SLS970(5)
11/73
Phi 6500 878
10/75

( 1792-1868)
RPO/Dorati
ASM/Marriner

A:1
A:2
A:1*
A:1*/1
À:1
C:1
A:1*
A*:1*
A:1
A:1*
B:1*/1
A:1/1*
A:1*
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LSO/Abbado

RCA R131379

7/79®

A/B:1*

SAINT-SAENS, Camille ( 1835-1921)
tCarnival of Animals
SNO/Gibson
Cello concerto 1/etc
Tortelier/Frémaux
Piano concertos 1-5
Ciccolini/Baudio
Violin concerto 3
Chung/Foster
Cello concerto
Du Pré/Barenboim
Symphony 3
CSO/Barenboim

CFP CFP40086
HMV AS030580
HMV SLS802(3)
Dec SXL67590
HMV ASD2498
DG 2530 6190

7/75
6/75
6/71
9/76
11/69
4/76

SATIE, Erik ( 1866-1925)
Orchestral works
USO/Abravanel
tParade
LSO/Dorati
Piano Music
Ciccolino
McCabe

A:1
A:1
A:1
A:1*
A:1*
A:1

Pye VCS10037/8
Phi SAL3637
HMV ASD2389
Sag 5472

6/70
2/68
9/68
7/80

A/B:1
A:1*
Al
A:1*

SCARLATTI, Domenico ( 1685-1757)
Sonatas
Leonhardt

RCA RL30334

4/80

A:1*

Dec SXL6390
CBS 76305®
DG 2530 627
CBS 78264(2)
CBS 76720
CBS 79201
Dec SXLK6600/4

8/69
9/77
3/75
4/75
2/79
12/75
9/74

DG 2530 216
DG 2530 5260
HMV SXLP30204
DG 2530 422

3/72
5/73
6/60
12/74

DG 139 162®
Dec SXL6539
Dec SPA4670
Enig K53582
Phi 6570 0530
Phi 9500 400®
HMV ASD2417
Phi 9500 4420
DG 2548 122®
CBS 61043
Arg ZK83
DG 2740 123
HMV@HLM7017
RCA ARL20731(2)
Phi SAL3782
HMV HOS1398

5/67
6/72
2/59
8/79
12/65
8/78
11/68
3/79
12/68
4/56
9/80
10/75
10/57
8/75
6/70
8/62

SCHOENBERG, Arnold ( 1874-1951)
Chamber symphony
LAPO/Mehta
tVerklârte Nacht
NYPO/Boulez
Variations/Nacht
BPO/Karajan
Gúrrelieder
Boulez/etc
'Pierrot Lunaire Boulez/etc
'Moses und Aron'
NYPO/Boulez
Chamber ensembles
LS/Atherton
SCHUBERT, Franz ( 1797-1828)
Symphonies 1 & 2
BPO/Bifihm
Symphonies 3 & 4
BPO/Btehm
Symphonies 3 & 5
RPO/Beecham
Symphony 6/
BPO/Bühm
Rosamunde
Symphonies 5 & 8
BPO/Bóhm
tSymphony 81(Mozart) ECO/Britten
Symphony 9
LSO/Krips
HO/Loughran
'Rosamunde'
CO/Haitink
Octet
ASM Chamber
Melos Ens.
'Trout' quintet
Brendel/etc
Demus/etc
String quintet
Casals/etc
Allegri/etc
Quartets 1-15
Melos Qt.
Piano trio 1 (
Haydn)
Cortot/Casals
Piano trios 1 & 2
Rubinstein/etc
String trios 1 & 2
Grumiaux/etc
Arpeggione sonata/
Tortelier/Weisz
(Grieg)
Impromptus 1-8
Kempf f
Dances/etc
Demus
Piano sonata 18/etc
Lupu
Piano sonatas 5 & 20
Lupu
Grand Duo/etc
Eschenbach/Franz
Part songs
Elizabethan
Song cycles
Fischer- Dieskau
Songs
Baker/Moore
Pears/Britten
'Alfonso & Estrella'
OC/Suitner
SCHUMANN, Robert
Cello concerto/ (Saint.
Saens)
Piano concerto/etc
Symphonies 1-4
Piano Music
Fantasie/
Kinderszenen/
Arabeske
Dichterliebe/
Liederkreis
Lieder
Lieder Vol. 3
Liederkreis/etc

( 1810-1856)
Du Pré/
Barenboim
Ashkenazy/Segal
DSO/Sawallisch
Arrau
Barenboim

Schreier/Shetler
Baker/Barenboim
Kruysen/Lee
Fischer- Dieskau/
Eschenbach
Ameling/Demus

SCHUTZ, Heinrich ( 1585-1672)
Christmas oratorio
Norrington/etc
St. Matthew Passion
Norrington/etc
Psalms of David
Schneidt/etc
Italian madrigals
Jürgens
SCRIABIN, Alexander ( 1872-1915)
Piano concerto/
Ashkenazy/
Prometheus
Maazel
SHOSTAKOVICH. Dmitri ( 1906-1975)
Cello concerto/
Rostropovich/
Symphony 1
Ormandy
tPiano concerto 1/
Ogdon/Marriner
(Stravinsky)
Piano concertos 1 & 2 Ortiz/Berglund
Violin concerto 1
D. Oistrakh/M,
Shostakovich
Symphonies 1 & 9
OSR/Weller
Symphony 2/Razin
SPO/Slovek
Symphony 4
CSO/Previn
Symphony 5
Shostakovich
Symphony 6/
LSO/Previn
(Prokofiev)
Symphonies 6 & 9
LenSO/Svetlanov
Symphonies 6 & 11
BSO/Bergland
Symphony 7
BSO/Berglund
Symphony 8
LSO/Previn
Symphony 10
BSO/Berglund
String quartets 1-13
Borodin Qt.
'Lady Macbeth'
LPO/Rostropovich
'The Nose'
Rozhdestvensky
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A:1
A*:1*
A:1*
A*:1*/1
A:1
Al
A:1/1*

Beaux Arts
Smetana Qt.
Chalabala

'The Brandenburgers'
'Dalibor'
'Libuse'
'The Two Widows'
Choral music

Prague/TichY
Krombholc/etc
Krombholc/etc
PO/Jilek
CPO/Veselka

A:1
A:1
6:1*
A:1

STRAUSS. Johann Il (1825-1899)
'Graduation Ball'
VPO/Dorati
'Die Fledermaus'
VSO/Boskosky
BSO/C. Kleiber
'Nacht in Venedig'
PO/Ackermann

A:1*
A:1*
B:1*
A:1*/1
kl
A:1*
A:1*
A:1*/1
Al
C:1*
A:1*
A/8:1
H:1*
A:1*
A:1
A:1*

1/67
1/67
8/76
9/77
7/80
9/67
11/62
9/71
6/75
6/79

HMV ASD2498

11/69

Decca SXL6861
HMV SLS867(3)
Phi 6768 084(9)
DG 2531 089

4/79
1/740
'67/78
7/79

DG 2530 353
HMV ASD3217
Tel EK6.48097(2)
DG 2740 200(3)

3/74
8/76
8/77
9/79

A:1/1*
A:1/1*
A*1 *
A*1*

Phi 6769 037(2)

8/80

A:1*

Arg ZRG671
Arg ZRG689
Arc 2722 007(3)
Arc 2708 033(2)

10/71
4/72
11/72
10/76

A:1
A:1
A:1
A:1*

1/72

A/B:1*
A:1*
A:1*
A*1 *
A:1*/1
A:1*
A:1
C:1*
"Al*
A:1
A:1
A*: 1*/1
Al
Alt/A:1*/1
A:1*

A:1*

CBS 72081

9/60

8:1*

Arg ZRG674

2/72

A:1*

HMV ASD3081
HMV ASD2936

6/75
1/74

A*/A:1*
A:1

Dec SXL6563
Sup SUAST50958
HMV(4)ASD34400
HMV ASD2668
HMV ASD30290

1/73
7/69
3/78

A:1
A:1
A*:1
A:1*
A*/A: 1*

12/74

HMV ASD3706
10/79
HMV SLS5177(2) 3/80
HMV SLS897(2)
11/74
HMV ASD29170 10/73
HMV ESD70490
3/76
HMV SLS879(6)
7/74
HMV SLS5157(3) 6/79
HMV SLS5088(2) 9/77

SMETANA, Bedrich ( 1824-1884)
Ma Vlast
BPO/Kubelik
tPiano Triol ( Chopin)
Quartets 1 & 2
'Bartered Bride'

DG 2542 111
DG 2538 237
Dec SXL6741
Decca SXL6771
HMV ASD3814
Arg SDD377
HMV SLS840(3)
HMV SLS812(2)
Dec SXL6722
EMI 157 30816/8

Dec SXL6527

SIBELIUS, Jean ( 1865-1957)
Violin concerto/etc
Belkin/ Ashkenazy
Finlandia/Karelia/etc
HO/Barbirolli
Finlandia/Swan/etc
BPO/Karajan
Symphonies 1-7
BSO/Berglund
Symphony 1/Finlandia BSO/Davis
Symphony 2
BSO/Davis
Symphonies 3 & 6
BSO/Davis
Symphony 4/Tapiola
BSO/Davis
Symphony 5/En Saga BPO/Karajan
Symphonies 6 & 7
BPO/Karajan
Songs
Flagstad

A:1*/2
A*:1*
A*/A:1
A:1*/1
A:1/1*
8:1/1*
A*/A/C: 1*
A:1

'Wiener Blut

PH/Boskovsky

'Der Zigeunerbaron'

PO/Ackerman

Waltzes/Polkas/etc

JSOV/Boskovsky
VPO/BokovskY

STRAUSS, Richard ( 1864-1949)
Orchestral works,
DSO/Kempe
• Vol. 1
Orchestral works,
DSO/Kempe
Vol. 2
Orchestral works,
DSO/Kempe
Vol. 3
Zarathustra
BPO/Karajan
Alpine Symphony
LAPO/Mehta
Le Bourgeois GentilECO/Barenboim
homme/Oboe Con.
Horn concertos 1 & 2 Tuckwell/Kertesz
tHorn concertos/
Brain/Sawallisch
(Hindemith)
tOboe concerto
Holliger/Waart
Complete concertos
DS/Kempe
Don Juan/Tod
Don Quixote
Ein Heldenleben
Symphonia domestica
Till Eulenspiegel/Tod
tMetamorphosen/
(Wagner)
'Âgyptische Helena'
'Arabella'
'Ariadne auf Naxos'
'Capriccio'
'Daphne'
'Elektra'
'Der Rosenkavalier'
'Salome'

DSO/Dorati
VPO/etc/Solti
LPO/etc/Solti
BRO/etc/Bühm
VS 0 /8 Ohrn
VPO/etc/Solti
VPO/etc/Solti
VPO/etc/Karajan

'Schweigsame Frau'

DSO/Janowski

VPO/Maazel
Tortelier/Kempe
RPO/Beecham
BPO/Karajan
VPO/Karajan
ASM/Marriner

STRAVINSKY, Igor ( 1882-1971)
tCapriccio/
Ogdon/Marriner
(
Shostakovich)
Violin concerto/
Chung/Previn
(Walton)
Histoire du Soldat
Gielgud/BSO
Symphony in C/Sym- CSO/Stravinsky
phony of Psalms
Concertos/etc
LAPO/Marriner
Apollon Musagete/
ASM/Marriner
Pulcinella
Firebird
CSO/Stravinsky
Firebird/Petrushka/
LPO/Haltink
Rite
Petrushka
CSO/Levine
Petrushka
CSO/Stravinsky
Pulcinella
LSO/Abbado
Rite of Spring/King
BSO/Thomas
Rite of Spring
CSO/Stravinsky
CSO/Solti
'Rake's Progress'
CSO/Stravinsky
SULLIVAN, Arthur ( 1842-1900)
Part- songs
Howard/etc
'Gondoliers'
PA/Sargent
'Grand Duke'

DC/Nash

'Trial by Jury'/
'Pinafore'
'Patience'

PA/Sargent
PA/Sargent

Dec SXL69530
6/80
HMV ASD22720 7/66
DG 139 0160
6/66
HMV SLS5129(7)071r76
Phi 9500 1400
3/77
Phi 9500 1410
4/77
Phi 9500 1420
9/77
Phi 9500 1430
9/77
HM\44 ASD 340904/78
DG 139 0320
10/68
Dec ECS794 0
7/60
Dec DG 2726 111
(2)0
Phi 6500 133
)4 11 2130
Sup(4.
Sup SUAST
50397/90
Sup 50541/3
Sup 50971/3
Sup 5070 1/3
Sup 112 2041/3
Sup 112 1143

A*:1*
A:1
A:1
A:1*/1
A:1*/1
A:1*
A*1*
A*1*
A:1*
A:1
A:1*

12/71
12/71
2/80
11/60
8/74
10/72
3/74
7/78
2/74

A:1
A:1
A:1
13:2/3
A:1*

Dec SXL 68690
5/78
HMV SLS964(2)
2/73
DG 2707 088(2) .... 10/76
HMV SXDWS
9/55
3043(2)0
HMV 4SLS
3/77
5074(2)
HMVMSXDW
10/58
3046(2)0
Col 1W0368
5/72
Dec SDD473 & SXL
6029/6040/62560/
6332/64190/64950/
6526/6582/etc
var.

A*1*
A:1*
A*:1*
8:1*

A:1/1*

HMV SLS861 (4)

10/73

A: 1/1*

HMV SLS880(4)

6/74

A:1/1*

A:1*
8:1*/1
Al*

HMV SLS894(3)
4/75
A*1*
TC-SLS8990—selected from above 3
DG 2530 4020
6/74
A.1*
Dec SXL67520
4/76
A*:1*
CBS768260
11/79
A: 1*/A/B
Dec J8170
HMV HLS7001

5/67
11/57

Phi 6500 1740
1/72
HMV SLS5067
11/76
(4)
Dec SXL6134
11/64
HMV SXLP304280 4/74
HMV SXLP302930 6/61
HMV ASD2955
3/74
Dec SDD211
4/61
Arg ZRG604
9/69

A:1*
A:1*/1
A:1
A:1*
A:1*
A:1*
A:1
A:1*

Dec Dl 76D3(3)
Dec GOS571/3
Dec D103D3(3)0
DG 2709 038(3)
DG 2721 190(2)
Dec SET354/50
Dec SET418/21 0
HMV SLS
5139(2)0
HMV SLS5160(3)

6/79

Arg ZRG674

2/72

A:1*

Dec SXL6601 0

5/73

A:1*

DG 2530 0690
CBS 721810

3/76
8/64

A:1
A:1

HMV ASD3077
Arg ZRG575

7/75
10/68

A:1*/1
A:1*

CBS 78307(3)
9/62
PHi 6500 458/482/ 10/74
4830
RCA RL12615
7/78
CBS 78307(3)
4/61
DG 2531 0870
7/79
DG 2530 2520
10/72
CBS 78307(3)
4/61
Dec SXL6691 0
11/74
CBS 77304(2)
3/65

8:1
A*1*

RRE SRRE179
HMV SXDW3027
(2)0
Decca SKL5239/
400
HMV SXDW
3034(2)0
HMV SXDW
3031(2)0

12/79
4/60
6/79
8/72
7/65
11/67
9/69
11/78

A:1*
C:1*

A:1
A:1*
Al
A:1*
A:1
A*:1
A:1*
A*/A:1*
A:1

A*1*
8:1
A:1
A*:1*
8:1
A*1*
8:1

9/79
5/59

A:1
A:1

12/76

A*/A:1

7/61

A:1*

9/62

A:1

2/59
12/59

A:1
A:1

'Princess Ida'
DC/Sargent
'Mikado'
DC/Nash
"Ruddigore'
DC/Godfrey
'Utopia Limited RPO/Nash
'Yeoman of the Guard DC/Sargent
The Zoo'/'Cox'
DC/Nash
'Pineapple PoII'
Mackerras
Di Ballo/Symphony
LPO/Groves

Dec SKL4925/60
HMV SXDW
3047(2)0
Dec SKL4708/90
Dec SKL5158/90
Dec SKL4504/50
Dec SKL5225/60
Dec SKL4624/50
Dec TXS1280
HMV ESD70280
HMV ASD2435

11/65
2/74
11/62
4/76
11/64
:12/78
6/62
2/69

A:1
A:1
A:1
A/A*:1
A:1
A*:1*
A:1
A:1

SUPPÉ, Franz von ( 1819-1895)
Overtures
BPO/Karajan
'Schiele Galatea:
VSO/Paulik
'Boccaccio'
BRO/Boskovsky

DG 2530 051 0
Saga 5418
EMI 30216/7

5/73
5/76
10/80

A:1*
A:1
A:1

SZYMANOWSKI, Karol ( 1882-1937)
'King Roger'
Mierzejewski

Aur AU R5061 /2 ( 2) 11/67

A:1*

TANEIEV, Sergi ( 1856-1915)
'Oresteia'
Kolomizeva/etc

DG 2709 097(3)

11/79

A:1

HMV(4)ASD3262
Phi 9500 6950
CBS 72385

9/76
5/80
4/66

Dec SXL6493
Dec SXL64480
Phi 6500 643
Arg ZRG5840
HMVAASD
31350
HM V(4)SLS
5099(7)
Phi 9500 4440
DG 2530 8830
Phi 6500 9220
Phi 9500 6100
HMV AS029540
HMV ASD3730
Dec JB26
Dec SET596/80
Phi 6747 364(2)
HMV SLS5001
(3)0
HMV4SLS5070
DG 2531 111

11/70
5/70
3/74
4/69
10/75

A*:1*
A:1
A*1*
A:1*
A*:1*

12/77

A*/A:1*

6/79
6/78
2/76
4/80
5/74
5/77
10/72
6/75
1/77
12/74

A*:1*
A*:1*
A*:1*
A*/A:1*
A:1/1*
A:1*
A*:1
A:1
A*:1*
A:1

'Pirates of Penzance'
'Iolanthe'

DC/Godfrey
PA/Sargent

TCHAIKOVSKY, Peter ( 1840-1903)
tPiano concerto 1
Gutierrez/Previn
Arrau/Davis
Piano concertos 2 & 3 Graffman/
Ormandy
tViolin concerto
Chung/Previn
1812/Romeo & Juliet LAPO/Mehta
Francesca/1812
CO/Haitink
Serenade/Souvenir
ASM/Marriner
Suite 3
LPO/Boult

'Eugene Onegin'
Nutcracker
Sleeping Beauty

LPO/
Rostropovich
CO/Haitink
BPO/Karajan
CO/Haitink
CO/Haitink
Tortelier/NSO
LPO/Rostropovich
VPO/Maazel
ROH/Solti
CO/Dorati
LSO/Previn

Swan Lake
Swan Lake- suite/
etc

LSO/Previn
BPO/
Rostropovich

Symphonies 1-6/etc
Symphony 2/etc
Symphony 4
Symphony 5
Symphony 6
Rococo variations
Manfred

12/76
9/79

A*:1*/1
A*/A:1*
A:1

A*/A:1*
A*:1*

TELEMANN, Georg Philipp ( 1681-1767)
Collegium
Concertos in F,
Aureum
A & En
Musica Antigua
Five Chamber
Cologne/Goebel
Concertos
Rampal
12 Fantasias for solo
flute
ASM/Marriner
Three Overtures
Debost/Galway
Six Sonatas Op. 2
Munrow/ASM/
Suite in A minor
Marriner
(Handel,
Sammartini)
Bruggen/Ku
liken,
Trios with flute and
etc
recorder
Harnoncourt, etc
10 Trio Sonatas
Holliger, etc
Works for Oboe
THOMAS, Ambroise ( 1811-1896)
'Mignon'
PO/etc/Almeida

CBS 79401(4)

10/78

A/B:1

Arg ZRG680

2/72

A:1

Phi 9500 107
Phi 6500 662
Phi 6500 534
Phi 6500 985
RCA SER5620

10/76
1/75
11/74
11/75
4/72

A*1*
A*1*
A*1 *
A:2
A:1* '

Phi 6700 063(2)

4/74

A*1*

Dec SLX6550
CBS 76520

9/72
6/78

Alk:1*
A*1 *

TIPPETT, Michael ( 1905)
Concerto for double
ASM/Marriner
string orch./etc
Symphony 1/etc
LSO/Davis
Symphony 3
LSO/Davis
Piano sonatas
Crossley
'Child of our Time'
BBC/Davis
'Vision of St.
LSO/etc/Tippett
Augustine'
'Knot Garden'
ROH/Davis
VARESE, Edgar ( 1885-1965)
Arcana/Integrales/etc
LAPO/Mehta
Arcana/Ameriques
NYPO/Boulez

HM 065-99674

9/78

A*/A:1

DG 2533 421

1/80

A:1

Era STU71030

9/79

A:1*

Arg ZRG837
HMV ASD1368
HMV ASD3028

4/77
4/77
11/74

A:1*
A*:1*
A:1

Era RL30343

6/80

A:1*

Tel EK6.35451
Phi 9500 441

5/79
5/80

A*:1*
A*1 *

VAUGHAN WILLIAMS, Ralph ( 1872-1 958)
RCA SER5585
Symphony 1
LSO/Previn
HMV AS02740
Symphony 2
LPO/Boult
HMV AS023930
Symphony 3/etc
LPO/Boult
RCA SB6861
Symphony 3/Tuba
LSO/Previn
HMV ASD2375
Symphony 4/Norfolk
LPO/Boult
HMV ASD2538
Symphony 5/Serenade LSO/Boult
RCA SB6769
Symphonies 6 & 8
LSO/Previn
HMV ASD2329
Symphony 6/Lark
LPO/Boult
HMV ASD2631
Symphony 7
LPO/Boult
RCA SB6842
Symphony 9/Elizabeth LSO/Previn
Arg ZRG6960
Tallis/Lark/etc
ASM/Marriner
HMV ASD3857
Tallis/Wasps/(E/gar)
LSO/Previn
HMV ASD2673
Job
LSO/Boult
HMV SLS5162(2)
'Hugh the Drover'
RPO/Groves
HMV SLS980(3)
'Sir John in Love'
NPO/Davies
HMV SLS959(5)
'Pilgrim's Progress'
Boult/etc
HMV HQS1236
Wenlock Edge/etc
Partridge/etc
Historical:
WRCODSH128
Symphony 4/( Walton) BBC SO/Vaughan
Williams ( 1937)
VERDI, Giuseppe ( 181 3-1901)
PO/etc/Giulini
Requiem
VPO/etc/Solti

HMV SLS
909(2)0 .
Dec SET374/50

4/70
10/71
9/68
10/72
6/68
4/70
10/68
10/67
11/70
6/71
10/72
4/80
4/71
6/79
9/75
2/72
2/71

Al
A*1
A:1*
A:1
A:1*
A:1*
A:1
A:1
A:1*
A:1
A*:1
A*1*
Al
A:1
A*.1*/1
Al
A*:1

6/70

H:1

7/64

Al*

10/68

A*:1

'Aida'
'Bailo in Maschera'
'Battaglia di Legnano'
'Don Carlo'
'11 Corsaro'
'1 Due Foscari'
'Ernani'
'Falstaff'
'Forza del Destino'
'Giorno di Regno'
'Giovanna D'Arco'
'I Lombardi'
'Luisa Miller'
'Macbeth'
Masnadieri'
'Nabucco'
'Otello'
'Rigoletto'
'Simon Boccanegra'
'La Traviata'
'11 Trovatore'
'I Vespri Siciliani'

VPO/Karajan
RPO/etc/Gardelli
10/Leinsdorf
ORF/Gardelli
CG/Giulini
NPO/Gardelli
ORF/Gardelli
RCAI/Schippers
RCA/Solti
LSO/Levine
RPO/Gardelli
LSO/etc/Levine
RPO/etc/Gardelli
ROH/Maazel
NPO/Muti
NPO/Gardelli
VO/etc/Gardelli
BPO/Karajan
LSO/Bonynge
LS/Abbado
MM/Pritchard
BPO/Karajan
NPO/Levine

VIVALDI, Antonio ( 1675-1741)
12 Concertos, Op. 7
IMusici
12 Concertos, Op. 8
Scimone
VCM/Harnoncourt
ASM/Marriner
The four seasons
ASM/Brown
La Cetra, Op. 9
Allard/Scimone
Bassoon concertos
Malgoire
Flute concertos,
AAM/Hogwood
Op. 10
Lute & mandolin/Conc. Yepes/Kuentz
Wind concertos
ASM/Marriner
Lastro armonica,
ASM/Marriner
Op. 3
La Stravaganza, Op. 4 ASM/Marriner
'Orlando Furioso'
ISV/Scimone
'Tito Manlio'
BCO/Negri
Sacred Music
ECO/Negri
WAGNER, Richard (1813-1883)
CO/Szell
Overtures/etc
CO/Haitink
ASM/Marriner
tSiegfried idyll/etc
CSO/Solti
'Fliegende Hollander'
VPO/Solti
*Gifitterdammerung'
BPO/Karajan
VPO/Kempe
'Lohengrin'
BO/Jochum
'Die Meistersinger'
VPO/Solti
'Parsifal'
VPO/Solti
'Das Rheingold'
BPO/Karajan
DSO/Hollrieser
'Rienzi'
VPO/Solti
'Siegfried'
BPO/Karajan
VPO/Solti
'Tannhäuser'
BPO/Karajan
'Tristan und Isolde'
VPO/Solti
'Die Walküre'
BPO/Karajan
Nilsson/Davis
Wesendonkr Rienzi'
VPO/Solti
'Ring' ( complete)
BPO/Karajan
Bayreuth/Bahm
WALTON, William (1902)
Sitwell/Collins
Façade
CG/Fistoulari
suite/(Lecocq)
LSO/Previn
Symphony 1
LSO/Previn
Symphony 2/etc
Chung/Previn
Violin Concerto
LSO/etc/Previn
'Belshazzar's Feast'
CG/Foster
'Troilus & Cressida'
WEBER, Carl ( 1786-1826)
Clarinet concerto 1/
De Pever/
Concertino/etc
Frühbeck
'Der Freischütz'
SD/C. Kleiber
'Oberon'
BRO/Kubelik
Symphony/Overtures
VPO/Stein

Dec SXL2167/90 12/59
Phi 6700 056(2)
5/73
RCA SER5710/20 10/67
Phi 6700 120(2)0 4/79
HMV SLS992(3)
7/71
Phi 6700 098(2)
6/76
Phi 6700 105(2)0 4/78
RCA RL42866(3)
9/68
Dec 21313104/60
5/64
RCA/RL01864(4) 10/77
Phi 6703 055(3)
9/74
HMV SLS967(3)
5/73
Phi 6703 032(3)
5/72
DG 2709 096(3)0 7/80
HMV SLS992(3 o 1/77
Phi 6703 064(3)0 9/75
Dec SET298/300
5/66
HMV SLS975(3)0 11/74
Dec SET542/40
5/73
DG 2709 071(3)
12/77
Dec SET249/51 0 8/63
HMV(eLS5111(3) 6/78
RCA ARL49/74
0370(4)
Phi 6700 100(2)
RCA STU70680(3)
Tel EK6.35386
Arg ZRG6540
Arg 09903(3)0
Era STU70837
CBS 76595
O- LDSL0519
DG 2530 211 0
Arg ZRG839/840
Arg ZRG733/4

9/76
4/77
3/78
9/70
7/78
10/79
5/77
4/77
8/72
11/77,
4/78
4/73

Arg ZRG800/1
RCA STU71138(3)
Phi 6769 004(5)
Phi 6700 116(2)

4/75
4/78
9/78
3/79

CBS 61263
2/67
Phi 6500 9320
11/75
HMV AS039430 7/80
Decca D24D3(3)0 5/77
Dec SET292/70
5/65
DG 2740 148(6)
11/70
HMV SLS5071(5)02/64
DG 2740 149(5)0 12/76
Dec SET550/40
4/73
Dec SET382/40
3/59
DG 2740 145(3)
9/68
HMV SLS990(5)
11/76
Dec SET242/60
4/63
DG 2740147(5)
11/69
Dec SET506/9
12/71
HMV SLS963(5)
1/73
Dec SET312/40
9/66
DG 2740 146(5)
5/67
Phi 6500 294
6/72
Dec D100D19(1
2/68

s)0,

DG 2720 051 ( 19)010/72
Phi 6747 037(16) 9/73

A:1*/1
A*:1*
A:1*/1
A:1
A:1*
A:1*
B:2/3
B:1/2
A:1/1*
A:1*
A*:1*
A/A*:1
A:1*/1
A*1 */ 1
A:1
A*:1*
A:1*
A/A*:1
A:1
A*:1
A:1
A*1
B1

A:1
A*:1*/1
A*:1*/1
A:1*
A:1*/1
A*1*
A:1*
A:1
A:1
A*/A: 1*/1
A:1
A:1
A:1
A:1
A*/A: 1*
A:1*
A:1*
A*:1*
A:1
A*:1*
A/A*: 1/1*
A:1*/1
A*:1
A*:1*
A:1*
A:1*
A:1/2
A:1*
A:1
A*:1*
A*:1*
A:1*
Al
A:1
A/A*: 1/1*
A/A*:' 1 / 1*
A/A*: 1/1*

DecIIIECS560
Dec ECS586
RCA GL427070
HMV ASD29900
Decca SXL6601 0
HMV SAN3240
HMV(4)SLS997(3)

11/54
7/59
1/67
5/74
6/73
11/72
6/77

B:1*
A:1

HMV ASD2455

5/69

A:1

A:1
A*1*
A:1
A:1/2

DG 2720 071(3)0 11/73
DG 2726 052(3)
7/72
Dec SXL68760
8/78

A/B:1
Al

WEBERN, Anton ( 1883-1945)
Orchestral works
LSO/Boulez
Symphony/etc
BPO/Karajan
String quartets
La Salle Qt.

CBS 79402(4)
DG 2531 146
DG 2720 029(5)

12/78
3/75
11/71

A:1*/1
A*1*
A:1*

WEILL, Kurt ( 1900-1950)
'Dreigroschenoper
BRO/Rüggerberg
Various
LS/Atherton

CBS 78279(2)
DG 2740 153(3)

6/61
11/76

B:1*
A*1 */ 1

WILLIAMSON, Malcolm ( 1931)
'The Happy Prince'
Cast/Dods
'Julius Caesar Jones'
Cast/Andrews

Arg ZNF5
Arg ZRG529

5/66
9/67

A:1
A:1

Dec SXL6533

2/72

A:1

DG 2530 584
DG 2707 114(2)
DG 2726 071

12/74
1/80
5/68

A:1
A:1
A:1*/1

Dec SET6170

11/76

A:1

Dec SDD452

5/60

A:1

WOLF, Hugo ( 1860-1903)
Malian serenade/
SCO/Münchinger
(SukIStrauss)
Márike Lieder
Fischer-Dieskau
Italienische Lieder
Fischer- Dieskau
Spanische Lieder
Schwarzkopf/etc
WOLF- FERRARI, Ermanno ( 1876-1948)
'11 Segretto di
CG/Gardelli
Susanna'
Overtures/etc
PCO/Santi
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Presenting both sides of aunique
cartridge breakthrough.

The new loo Serieepara-toroidal"
from Audio-Technica.
Yes, paratoroidal ft's an idea we've borrowed from
our expensive and highly accurate AT 24 cartridge which
utilises laminated ring core and toroidal coil technology.
It produces improvements in transient response and
uniformity while reducing -overall distortion levels and
cutting high frequency losses.
The breakthrough comes with applying this technology
to avolume production
cartridge which we've called
Record cutter head structure
the 'paratoroidal' 100 Senes
Yoke
Magnet
Yoke
In this design the coils are
wound directly onto a
continuous laminated core
with asingle wire, thus
eliminating joints in the
Cod
electrical circuit. This means
Right , Left
reduced magnetic losses and
channel ' channel
hence a more efficient
Cuttong stylus
generating element

Fewer turns of coil wire are needed to produce a
healthy output signal hence impedance is lowered too.
Not that we've forgotten the important moving element.
The AT 155LC sports an advanced linear contact tip
shaped from an incredible 0.12 mm square diamond rod,
nude mounted on a beryllium cantilever. The AT 130E uses
aprecision polished .2x.7 mil BiRadial stylus nude mounted
to atapered aluminium alloy
cantilever and even the bud100 series structure
get priced AT 120E employs a
.4 x . 7mil BiRadial tip on a
hollow aluminium tube. Add our
unique Dual Magnet principle
and you have avery special
cartridge. The 100 Series.
Give them an audition at
your Audio Technica dealer or
clip the coupon for the full
story.

155LC

Suggested

£5515

r

---

1
--

Please send the full story on the 100 Series and
an Audio Technica dealer list

audio-technica
INNOVATION 711 PRECISION El INTEGRITY

Name

Audio Technica Ltd. Hunslet Trading Estate, Low Road,
Leeds LS10 1BL Tel: 0532 771441

Address

HNA

II
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SEND FOR FULL DETAILS OF THIS
TECHNOLOGICAL BREAKTHROUGH
NOW!
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reviewed by Trevor Attewell
CASTLE CONWAY II
MANUFACTURER'S

SPECIFICATION

Three-way reflex enclosure. Drive units: 2'10 mm
bass, type 21BL2, 80 mm low- mass midrange
(11LS1), low- mass 30 mm tweeter (30V2). Crossover frequencies: 750 and 4000 Hz. Frequency
range: 35 Hz to 22 kHz. Power handling: 50 W
speech/music ( DIN 45 500), 100 W max. short
duration. Impedance: 7.5 ohms nominal, 6.2 ohms
minimum. Sensitivity: 10 W for 96 dB spi at 1m.
Amplifier rating: 25 to 100 W per channel into
4-8 ohms. Dimensions: 635 mm high x350 mm
wide x370 mm deep. Weight: 18.5kg. Finish: Teak,
walnut, mahogany, oak and rosewood as standard.
Special finishes to order. Price: £252+ VAT (Teak).
Manufacturer: Castle Acoustics Limited, Shortbank Road, Skipton, North Yorkshire.

ASTLE started in 1973 as a six- man
Cconcern,
and hag now expanded to about

45 staff. The company is run by audio
enthusiasts, and the designer is John
Collinson, formerly with Quad. Unusually for
a firm of this size, they design and manufacture their own drive units and cabinets,
and they are sufficiently happy with their
quality control to offer a 5-year guarantee.
The Conway ll is the leader of a group of
three loudspeakers, the others being the
Kendal Il and the Richmond II. It is beautifully
constructed in 19 mm chipboard, with a
polyurethane laquered wood veneer finish on
all faces, including the unit panel. The latter
is recessed by 6mm, and is normally covered
with slightly (and tastefully) contoured black
foam with bevelled edges. The three units are
vertically aligned in the centre of the panel,
with the port—also in line—at the bottom.
The units are in the usual order, bass downwards. Connection is by a 2- pin male DIN
fixed socket recessed into the rear of the
cabinet, with 4mm sockets as alternatives.
The bass and midrange units are of solid
die-cast construction, with front flanges
recessed into the panel, while the tweeter
has a moving mass of only 150 mg and uses
ferrofluid heat transfer. The interior of the
cabinet is cross- braced behind the bass unit
and also in the middle, the latter brace
helping to support the cylinder, well damped
with foam, which absorbs rear radiation from
the midrange unit. The very well made
crossover is mounted on the inner rear face,
behind the bass unit, and carries three fuses,
one for each driver. To gain access to these
(should they blow) it is necessary to unscrew
the bass unit, resting it carefully on the
cabinet—which should be horizontal of
course—and lift the foam block that covers
the crossover. It appears that blown fuses
are very rare, and this inaccessibility is
deliberate, being intended to discourage the
odd bodger from substituting unsuitable
fuses.. In my experience, anyone that thick
will be just as likely to persist, probably
slashing a cone with his nail-file into the
bargain— but Castle may well be right. Ihave
no statistics to justify my fears.
An interesting feature of the cabinet design
is a secondary Helmholtz resonator, formed
by a shelf above the tweeter that fills the
cross-section of the cabinet except for a
narrow gap along the rear of the unit panel.

The gap is covered by alayer of foam material
to adjust the Q. The idea is to absorb the
cabinet's vertical resonance—almost always
the most troublesome—without the need to
introduce large quantities of absorbent
material, which reduces efficiency. In the
Conway only small bituminous pads are used
on the walls, backed up by 25 mm foam on
sides and bottom, and 50 rnm foam on the
top and back faces.
The loudspeakers are accompanied by a
brief but very sensible instruction leaflet
which suggests an optimum height of 150300 mm. Castle do not offer stands at the
moment but intend to introduce these soon.
They rightly point out that the height is not
critical and that a low.table may be used,
though Iwould add that such atable should
be substantial enough not to exhibit any
structural resonances that might colour the
sound. For the listening tests apair of 310 mm
stands were available, and proved perfectly
satisfactory. The position of the loudspeakers
with respect to the walls was not at all critical
within the usual well-known constraints, and
most of the listening was done with the
drivers about 500 mm from the side walls and
1.3 m from the end wall of the room.
Preliminary general listening tests were
carried out on all types of material—the idea
is to live with the speakers for quite a long
period, resisting the temptation to A/B them
against any others. No hardship in this case:
the sound quality was relaxingly natural, with
a pieasant openness and a surprisingly
extended bass for a cabinet of modest size.
There was a very mild emphasis of the
midband, but this fell well short of overt
coloration. Clearly, there isn't much wrong
with this design.
Critical A/B comparisons against our ELS
transfer standard followed, this time using
only 38 cm/s tapes, many of which are

personal first- generation recordings of familiar performances. For most of the tests the
ELSs were driven by a Quad 303 and the
Castles by a 405, the input circuits being
common, but the amplifiers were interchanged for a time to check whether any
different conclusions might emerge.
It goes without saying that some differences
between the Conway and the ELS were
observed, but these were sma;;er than have
been noted with many much more e,zr.n^ive
models. Of the orchestral instruments, the
brass section had alittle less sheen and was
slightly weaker in the lower midband; the
woodwinds varied according to type and
playing pitch—the clarinet being very similar
in its upper range and marginally veiled in the
lower, while the oboe was generally less open
in texture. Violins tended to have less edge
and to be abit less open- sounding on higher
notes, though the cello was very similar. The
piano had a slight hollowness. Among
voices, the male speaking and singing voice
was down a trifle in timbre, the tenor being
less ' airy'. With organs, there was a general
increase in level for 8ft. stops somewhere
round mid- manual, while 4ft. stops were
slightly reduced towards the top of the
keyboard—especially the trumpets. Pedal
stops were handled very similarly and most
creditably, with agood response even on 16 ft.
ranks, extending slightly below the ELS.
There were some differences in level on
particular bass notes, but this can almost
certainly be attributed to inevitable differences
in room positions, and possibly also to
differences in the excitation areas of the two
sources. Pink- and white- noise inputs were
also used for confirmation, and indicated a
slight reduction in high frequencies as
compared with the upper middle range. It
must be emphasised that none of the differences was obtrusive, and the overall character
41
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NOTE• THIS CURVE DOES NOT
REPRESENT THE FREOUENCY
RESPONSE OF THE LOUDSPEAKER
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of the Conway's reproduction compared
favourably with those of some loudspeakers
costing two or three times its price.
The frequency response was then measured by James Moir and Associates in the
open air, at 1m on the axis specified by the
manufacturer, namely, midway between midrange and tweeter. Taken as a whole, the
curve lies within + 4 dB from 47 Hz to 20 kHz,
which is remarkably smooth. As far as the ear
is concerned, past experience suggests that
the slight plateau between 200 and 1000 Hz,
with asmall dip at the lower end and alarger
one at the high end, probably accounts for
the slight ` middiness' previously noted.
Although the bass appears to roll off fairly
steeply below about 50 I4z, it must be remembered that nearly an octave of extension
will be obtained in a room as compared with
the open-air measurement, and listening
tests certainly confirmed this. The distortion
curves are lifted by 20 dB for better representation and show peak levels of 2-3%, with
average levels well below 1%—nothing to
worry about there. The highest frequencies
for these distortion plots are limited by the
digital tracking filter, for which the maximum
mese' -?g frequency is 20 kHz. Thus second

IK

2K

5K

10K

harmonics can be plotted for fundamentals
up to 10 kHz, and third up to 6.67 kHz.
The impedance modulus curve shows the
double- hump at the bass end characteristic
of reflex systems, and also that the impedance
is well- controlled throughout the spectrum,
with a minimum of 6.2 ohms, as specified.
The stereo imaging produced by any
loudspeaker is very important, and is assessed
separately. In this case it was accurate,
without any tendency to concentrate sound
in specific areas, and the image had reasonably good depth. The listening area available
with adequate imaging extended closer to
the loudspeakers than the maker claims, and
the angle between speakers and wall had
relatively little influence. A certain degree of
vertical interference patterning
between
drivers is unavoidable, but this was no
problem for any normal seating position.
The sensitivity was measured in the
listening room, where an input of 8¡ V (as
indicated on a normal AC voltmeter) produced 93 dB spi of pink- noise at 1m on axis.
This represents a relatively high efficiency.
In an attempt to test the fuses, a 200 W
amplifier was used with a pop music input,
which can be relied upon to stay within afew

dB in level. With everything ' flat out' an
uncomfortably high sound level proved
possible, and the ( unintentional) distortion
on peaks that could be heard might well have
been in the amplifier anyway. By this time I
had a finger in each ear ( you can hear distortion just as well like that, even if you miss
some of the finer musical nuances). After a
couple of minutes a persistent nasty noise
became apparent, soon traced to a defective
midrange driver in one speaker. The fuse had
not blown—on the other hand, neither had
the other midrange unit, even though Ihad
been blasting it with twice the maximum input
(probably distorted, at that) specified by the
maker. I'm told that this driver has an excellent history in terms of reliability, and Iwould
accept that this is probably a one-off rogue.
The assertion that the fuses rarely blow is
evidently true!
Altogether, the Conway 11 impressed me
as a very well designed and excellently
finished model, having a most creditable
performance at asane price. It will give ample
output, even in a largish room, though it is
not, nor is it intended to be, in the disco class.
Ifeel that this loudspeaker deserves the success that it seems likely to enjoy.

CELESTION DITTON 332
MANUFACTURER'S
SPECIFICATION
Three-way sealed box system. Drive units: PC102
bass with 195 mm fibre cone in 290mm diecast
chassis, FC61 midrange with 92 mm plasticised
cone in 130 mm diecast chassis, HF2001 tweeter
with polyethylene terephthalate polymer diaphragm
on 19 mm coil. Crossover frequencies: 600 Hz and
4.5 kHz. Frequency response: 50 Hz to 20 kHz ±
3dB into 2 m steradians. Power rating: 100 W max.
program. Impedance: 8 ohms nominal. Sensitivity: 28 W pink noise for 90 dB spl at 1m on
axis. Amplifier requirement: 20 to 100 W per
channel. Dimensions: 650 mm high x 356 mm
wide x285 mm deep. Weight: 17 kg. Finish: Elm,
Black Ash or American (Oiled) Walnut Veneer.
Price: Approx. £217+ VAT (all finishes). Stands:
Available as optional extras, in chrome, price
£20 ,13+ VAT. Manufacturer: Rola Celestion Ltd.,
Ditton Works, Foxhall Road, Ipswich, Suffolk
IP3 8JP.
IT is probably no exaggeration to say that
'the name of Ditton has been a household
word in loudspeakers for many years, and a
respected name at that. The 332 is, in general,
derived from the Ditton 33, making full use of
current materials technology and design
improvements, and is the leader of agroup of
four, the others being the 442, 551 and 662.
Celestion make their own drive units, and the
PC102 bass driver was specifically designed
for this model the bass response being
tailored to give optimum flatness when

radiating into 27r solid angle. The midrange
and treble drivers are placed asymmetrically

on their panel to optimise the off- axis response. The idea is to reduce irregularities
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winds were generally very comparable.
Voices tended to have less body and to be
less hard, though sibilants were similar. The
piano was more hollow. with a somewhat
'disembodied' sound. On organs there was a
little rounding of diariasoñ tone, reeds and
mixtures being less open and even, with a
trace of weakness in the lower 4ft. region.
Choral performances were a bit warmer, and
the harpsichord a little duller in the 4ft.
register. The bass extension was extremely
creditable at normal levels, though the ELS
could give more output at its lower practical
limit. The last sources tried were pink- and
white- noise, which confirmed the slight
'hollowness' and alittle veiling at the HF end.
One cannot repeat too often that this is a
highly critical test against a transfer (
not an
absolute) standard.
Open-air response testing at 1m on axis
was carried out by James Moir and Associates, using sinewaves, with the result shown.
There does appear to be a slight fall- off at
the top end, while the features between
100 Hz and 2kHz tend to confirm the listening
tests. As explained in connection with the
Conway, the bass roll- off will be flattened by a
normal room, giving something of the order
of an octave extension. The distortion curves,
raised by 20 dB for clarity, show peak values
of barely 1%—a very good result.
The impedance modulus is typical of this
type of design, and the minimum value of just
under 7ohms is adequately high. The sensitivity ( per unit) was 93 dB spi at 1m for an
input of 7+ V.
The 332 is not intended for continuous use
at the kind of levels that induce premature
deafness, but Idid my best to wreck one with
the aid of a beefy amplifier. Uncomfortably
high levels were possible with little distortion,
except on the deepest bass notes. At still
higher levels the bass driver protested more
frequently, but in the end Igave up before it
did. To give the tweeter something to think
about, high-speed tape respooling was
carried out with the tape in contact with the
heads, and the volume way up—the recorder
and its operator were on the other side of a
closed door to avoid a bad case of pierced
ears! The noise was pretty horrendous, but
the fuse saved the tweeter and the speaker
suffered no permanent damage. Needless to
say, this is not a recommended test procedure for owners!
To summarise the findings, the Ditton 332
is a neat, well-finished product and an
accurate reproducer, subject only to very
minor reservations. Although it has a robust

will doubtless wish for.
Only atemporary data sheet was available,
and this stresses the importance of correct
room positioning. The bass and lower- mid
responses are designed to be flat when the
centre of the bass driver is about 400 mm
above the floor, and clear of the walls. This
will not always be practicable, but curves are
given to show that the bass will be raised
about 3dB if the centre of the driver is 400 mm
from one wall, and there will also be a small
dip at about 300 Hz. At 400 mm from each of
two adjoining walls the bass boost is excessive, and the suck- out near 300 Hz would be
very obtrusive. There is no great mystique
here (the results are readily explained in
terms of interference between direct radiation and that reflected from adjacent surfaces)
and it is doubtful whether this particular unit
is any more critical than most. It should not
be equidistant from any two surfaces, if at all
possible, and the suggestions in the leaflet
should give reasonable results.
For listening purposes a pair of stands
were contrived which placed the bass unit
10 mm above the recommended height— less,
though, if you allow for depression of the
carpet! They were about 530 mm from the
side walls, and about 1+ m from the end wall.
During a period of exposure to all types of
speech and music the 332 proved to be quite
smooth and untiring, with a frequency
extension very creditable for arelatively small
enclosure. A very slight mid coloration
appeared to be present on some wide- range
sources, but this was certainly not objectionable. The stereo qualities were very good
indeed, and the off- axis accuracy was better
than average. The available listening area
for good location of sources was more than
adequate, and the image had excellent depth
and perspective. Despite the lower- thanaverage mass of the cabinets, they were
clearly not radiating appreciably, since the
sound field was even in distribution and the
332s weren't obvious as individual sources.
Proceeding to A/B tests against our ELSs,
the Dittons were driven by a Quad 405 amplifier and the ELSs by a303, with across-check
(by swapping amplifiers) against any false
conclusions due to possible overloading, for
example. The differences— by no means
obtrusive—can be summarised as a little
hollowness together with a reduction in
sharpness of sounds having large harmonic
contents. In detail, orchestral brass instruments were alittle more nasal, with less body
and ' edge' to the trombone. Strings were a
trifle cramped, with less bite, though wood-

in response due to diffractions that occur at
frequencies for which the wavelength is
comparable with the frontal dimensions of the
cabinet—an effect that is more pronounced
when the relevant driver is equidistant from
two or more edges. In practice the matter is
also complicated by the dispersion characteristics of the driver, by the radiation pattern
thought most suitable by the designer, and
by the existence of spurious lobes. If all the
questions of fact and speculation about
loudspeakers could be straightforwardly
resolved there would be far less models about.
The construction of the Ditton 332 is
conventional enough. The cabinet walls are
of 15 mm particle board, veneered on both
sides for a little extra stiffness, while the
unit panel is of 19 mm material. The outside
surfaces of the top, bottom and sides have the
selected finish, the rear being matt black, and
the slightly recessed unit panel is sprayed
with achocolate brown flock. The normal rear
connection panel is provided with terminals,
the tops being flush with the surface, and
these have integral sockets to take short 4mm
plugs. A fuse for the tweeter is also on the
terminal panel. Removing the bass driver,
which has a substantial cast chassis, reveals
35 mm foam damping round the sides and
bottom of the lower part of the enclosure,
with a 50 mm pad covering the crossover,
which is apcb mounted on ahardboard base,
attached in its turn to the inside of the rear
panel. The midrange driver is enclosed at the
rear by a wood box, roughly cubic in shape,
while this box is also used as abrace between
front and rear, being attached to the latter by
a wood fillet. The box is well damped with
foam, and the top half of the enclosure is also
filled with foam blocks. In fact, there is very
little space left undamped anywhere. It was
therefore a little surprising to find no bituminous pads.
The appearance is neat, and construction
is to the normal high standard of thecompany.
The 332 is designed to be supported clear
of the floor, and optional stands are available.
These were not sent for review, but Iunderstand them to consist of a square U-shaped
foundation, placed on the floor, the bottom
of the ' U' being parallel with and directly
below the front of the speaker. A sloping
member connects the centre of this foundation to the bottom of a short central pillar
which in turn supports a flat metal plate to
carry the speaker. Intending purchasers
would be best advised to check the appearance and stability of these devices for themselves during the aural demonstration they
30
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a100 w.p.c. moving coil Pre & Power
Amplifier costing £430...

Probably the
most sophisticated
audio equipment
available.
o

audio pro
Audio Pro ( hi-fi) Ltd
Brook House, Crewe Road, Wheelock. Sandbach, Cheshire
Telephone Sandbach ( 09367) 7520 Telex 36492
I. STAMFORD STREET. LEICESTER LEI 6NL
Telephone (0533) 553508

Continental aerial specialists—all bands, groups.
1,000s of aerials and ancillary parts.

HTINGALES

Sensible and lucid advice before and after your
TV or FM installation
Send 52p for instructive, informative brochures,
35p refunded on 1st order over £ 5.

ASTRA ( QUALITY D.I.Y.)
AERIALS,
afriendly family firm est. 25 years,
53 Whitehorse Rd, Croydon, CRO 2JG
Telephone 01-684-5262/4300
24 hr. Answering phone.

Cum

probably the most versatile and comprehensive range of Stands for the Sound,
Music and Hi -Fi industries.

1

point 5

N.M.3.

See and hear them at your authorized dealer. For full details and
dealer list, send astamped, addressed envolope to:—
Nightingale Acoustics, School Rd, Bracon Ash,
Norwich, Norfolk NR14 8HG. Tel ( 0508) 70829.

HI- Fl STANDS* LOUDSPEAKER STANDS * WALL
BRACKETS * MICROPHONE STANDS * BOOM
STANDS* DISCO STANDS* LIGHTING STANDS*
AMP STANDS * KEYBOARD STANDS * MUSIC
STANDS * INSTRUMENT STANDS
Catalogue and Price Lists available from:
The Peter & Nicholas Engineering Company
Ltd., Tonteg Road, Treforest Industrial Estate,
Mid Glamorgan. Tel: 044-385-2453
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enough output to be adequate for large
rooms, Ishould expect it to be at its best in
normal surroundings, especially in rooms of
average or slightly above average brightness.
It upholds the traditions of its ancestors, and
improves on their performance, and this
places it firmly in the ' recommended' class.
It can often be found discounted— but it is
still excellent value at the full list price.

JR 150

MANUFACTURER'S

SPECIFICATION

Two-way (three unit) sealed enclosure. Drive units:
Two 130 mm Son Audax long-throw bass drivers
(paralleled), 25 mm Son Audax soft-domed tweeter.
Crossover frequency: 2-2 kHz. Frequency range:
40 Hz to 40 kHz. Power handing: 100 W program.
Impedance: suitable for amplifier outputs of 4 to
16 ohms. Sensitivity: 87 dB ref. 1 W into 8 ohms.
Amplifier requirement: 15 to 100 W. Dimensions:
280 mm diameter x550 mm high. Finish: various
wood and leather tops including teak, walnut,
rosewood, yew, black, white, aluminium and anodised gold, also red, green or brown leather inlaid
into rosewood. Black covers standard, brown to
order. Stands: supplied as optional extras In
chrome or black. Weight : 11 kg. Price: £225+ VAT,
any finish. Stands £26 ( black) or £39 (chrome),
both+ VAT. Manufacturer: JR Loudspeakers, 114
Ashley Road, St. Albans, Herts. AL1 5JR.

IN May 1977 we reviewed the JR 149, anovel
'cylindrical loudspeaker which proved highly
successful, giving excellent reproduction in a
very domestically acceptable form. The JR 150
is an improved and extended version, only
slightly larger, for which higher power output
and sensitivity are claimed, with improvements to the polar response and transient
performance.
The design basis is still an aluminium
cylinder, cut off chordally at the front, which
is completed by aflat panel to carry the units,
the panel being rivetted in place. The top and
bottom of the cylinder are closed by dished
metal end caps, concave outwards, which
not only strengthen the cylinder, but also
serve to spread the vertical enclosure resonance over a widened frequency band, thus
making it more controllable. A 38 mm diameter
aluminium bar rests between cups in the end
caps, traversing the length of the cylinder in
the middle, and the magnets of the bass
drivers are compressed against the bar
through pads of fairly rigid foam, thus
minimising chassis resonances. The end
cups in which the bar rests have central
holes carrying plastic grommets, and bolts
are passed through at each end, the upper
bolt being secured by a large washer held
under a nut, ashort threaded hexagon being
used as anut at the bottom end. The ends of
the bolts are used to secure the wood discs,
which each carry abrass threaded bush. The
idea is that the disc can be tightened into
place, and then turned further, if necessary,
to bring the join in its veneer to the rear of
the spéaker, the bolt rotating in its grommet
to form a simple clutch. The crossover
components are mounted on a circular pcb,
with a grommeted centre hole that slips
easily' over the bottom hexagon, under the
wood disc. Very neat, and crafty too, though
the clutches on the review samples proved a
little too tight for comfort.
Where aluminium surfaces have required
sealing (
eg, along the slot through which the
front panel projects into the dished caps) a
special compound that bonds to aluminium

has been used. The interior surtaces are
lined with bituminous material, overlaid with
25 mm foam. In front of the unit panel the
cylindrical form is completed by an expanded
mesh cover, fixed by screws into threaded
bushes, and this mesh also protects the
units. Contoured Declon foam completes the
job, fixed as on the 149 by plastic barbs, with
the ends tucked into a plastic moulding to
give a neat finish. Connection is by 4mm
sockets at the bottom rear.
Overload protection is provided by a fuse
on the crossover—easily accessible by unscrewing the bottom wood disc—and near
the fuse is aswitch which gives either aflat
tweeter response or introduces a slight
roll- off, increasing gradually to 2dB. This
was left in the level position for all tests, but
it is suggested that it may be useful in certain
rooms, especially if they are brighter than
average. The crossover board also carries a
spare fuse—a thoughtful idea.
The stands supplied were approximately
510 mm high. They pack flat for transit, and
each comprises four rectangular steel tubes,
about 30x 15 mm, the „shorter sides being
rounded. A stand consists of two pairs of
tubes, each pair made from two U- shapes
placed back-to-back and joined by small steel
boxes, to which they are welded. The unequal
sides of the U form a foot and a speaker
support respectively, the long middle of the
U giving the needful height. The connecting
box frames are at different heights on each
pair, and the stand is assembled for use by
the owner. who interlocks two pairs to make
the complete stand. The feet can be distinguished by their greater length, while the
arms which support the speakers terminate
in vertical, rounded stops, to retain the
bottom disc of the unit. It probably sounds
much more complicated than it really is—the
only point to watch is that the fit is very
tight, . tnd the two sections must be offered
up from the correct end, so that the con- •
necting frames meet when fully pushed
home, with the legs level. If amistake is made,
it can be a so-and-so to get the bits apart
again. The trick when assembling is to hold
the topmost speaker support arms firmly, one

6666 .e.0

7.1371ZI.

• • • c3rij I.

min -

in each hand, and then belt the protruding
feet (the stand's, not yours!) against the
floor. No doubt all is explained in the instruction book, but this was not to hand at
the time of the review. Self-adhesive rubber
pads are provided to protect the speaker and
the floor from scratching, and the feet are
closed by plastic plugs. These stands are
substantial and stable as well as neat.
The stands were used for the listening
tests, and placed well clear of walls—about
700 mm from the side walls and nearly 14 m
from the end wall. An extended period of
listening to all types of source indicated a
very clean response, with a good transient
performance and no obvious vices. The
stereo performance was excellent, with clearly
defined source locations and good image
depth. Images were, perhaps a little wider
than normal, and the main image seemed
a little behind the units—this, of course,
is no disadvantage—and there was a tendency for ambience to concentrate round
the speakers, though the main sources were
not particularly associated with them. A/B
comparison against our ELS in detail, using
38 cm's tapes and occasional live FM broadcasts only, produced the following differences. With orchestras, most brass sounds
compared well, though the trombone was a
little lower in level and had less body; violins
were also very similar, if marginally less
sweet, but there was no lack of edge, while
the ' cello was less full in higher passages.
The oboe and clarinet had marginally less
firmness in lower notes, but were otherwise
very comparable. Voices generally, both
speaking and singing, had a trifle more
mellowness, though there was no lack of
sibilants. Among organ stops, manual flutes
had a touch of ' middiness', 4ft. reeds were
fractionally narrowed and 8ft. reeds fuller. In
the pedal department there was less deep
bass, as must be expected, and upper bass
parts were alittle lower, but the main part of
the pedal stave was similar, and at least as
tight. Pianos were just ashade plummier, and
the harpsichord a little more constricted.
Again it must be stated that the differences
would not be very significant to the vast
to page 53
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Solution to the housing problem.
It's all very well creating some of the
world's most advanced hi-fi equipment. And
performance second to none throughout the
entire range.
But that's not the only reason people
choose Akai.
You see, it looks as good as it sounds.
Take the PRO- 504, for example.
It features aselection of the most
superb Akai components, each carefully chosen
for its complete compatibility.
There's the 50-watt AM- U04 °
amplifier with its exclusive peak clipping
indicator, heat pipe cooling system and FLD
power meters with peak hold.
And the matching AT-VO4L tuner,
boasting auto- scan tuning, 14 pre-settable
stations and patented servo- lock.
-Plus the Quartz Lock Direct Drive
turntable, AP- 050C, with controls conveniently
placed in front of the dust cover.
And the GX-M10 tape deck featuring

the Twinfield Super GX tape head using unique
crystal ferrite materials especially designed to
cope with the extra bias current demands of
the latest metal tapes.
The smooth hard surface of the tape
head means that the tapes last longer, and the
head itself lasts longer. (So long, in fact, that we
guarantee the Twinfield Super GX head for the
life of the machine.)
To add the final touches — the optional
EA- G40 graphic equaliser and DT- 200 timer.
All matched up to the high-performance
SR- H50 speakers.
The PRO- 504, just one of our new
range of racking systems, is technically superb.
In low- reflective stylish finish, it is slim
and subtle in design because we know that
some people set enormous store by the
appearance of their hi-fi.
Of course, it's what's inside that counts.
But love at first sight is just as
important.

AKAI
Akai's Okay. OK.
iti(MI Limited, 12 Silver Jubilee Way, Haslemere Heathrow Estate, Hounslow, Middlesex Telephone: (011897 7171

reviewed by Trevor Attewell
Acoustic Research AR91 /92
Manufacturer's Specifications (
data given for AR91, with AR92 in brackets where
different): Three-way sealed enclosure. Drive units: 300 mm ( 250 mm) bass unit,
38 mm liquid- cooled dome midrange unit with semi- horn, 19 mm liquid- cooled dome
tweeter. Crossover frequencies: 700 Hz and 7.5 kHz. System low frequency
response: 3 dB down at 35 Hz ( 44 Hz). Power handling: Suitable for amplifiers of up
to 200 W continuous per channel, clipping less than 10% of the time, music or speech, in
non-commercial applications. Impedance: 4 ohms nominal. Sensitivity: 1 W for
87 dB SRL at 1 m on axis. Finish: VValnit veneer ( Walnut grain vinyl) Dimensions:
800 mm ( 797 mm) high 356 mm ( 365 mm) wide 290 mm deep overall. Weight:
24 kg ( 21 kg). Price: £555.68 (£ 426.88) inc. VAT. Manufacturers: Teledyne Acoustic
Research, High Street, Houghton Regis, Dunstable. Beds LU5 5(11J.

A

COUSTIC Research have added these two models to their ' vertical'
range of loudspeakers, of which the biggest, the AR9, was
reviewed in our March 1979 issue The AR90 comes next in the pecking
order, followed by the AR91 and AR92. The latter are so similar that the
question ' What's the difference?' severely tempts one to offer the glib
reply ' About ahundred- odd quid'. From the technical details given in the
press release we find that the 91 has aveneer finish, while the 92 sports a
plastic substitute, there are minor differences in cabinet dimensions
(though the free volumes are the same) and the 91 has mitred tops to its
sides. The main operational difference is that the bass driver in the 91 is
larger than that in the 92, giving avery slightly extended bass response,
while the 91 has aia at resonance of 0-6 against 0-7 for its companion.
In view of the great similarity between the two models, it seemed
reasonable to combine the reviews, giving full details of the AR91 and
indicating where the AR92 differs.
Both types have basically rectangular cabbnets, veneered on sides and
top and having asmooth brown finish on the back and on the unit panel.
A 12 mm block of compressed material covers the base, presumably to
prevent the corners from digging into carpets. The front cover extends
from the top to within 80 mm of the floor, arid is slightly flared outwards
over its bottom half. It is made from a plastic moulding, covered with
black material, and is almost entirely open, with plastic peg- and- socket
attachments to the front panel. The top comers are chamfered in both
models, matching the enclosure outline iri the case of the AR91. The
bass driver is clamped to the panel by aplastic moulding that surrounds
it, and a ring of plastic foam acts as an air seal. Behind this unit is the
crossover, attached to the inside of the rear panel. In the early samples
submitted the crossovers were clearly not production items, but the
maker assures me that they are electrically finalised versions, and that the
construction of those for sale will be to the same standards as the AR9.
AR distrust PCBs, and prefer hard - wiring--our previous comment on
the AR9 was to the effect that the crossover was hardly elegant, but was
electrically and mechanically satisfactory. The interior was fully, but
loosely, packed with BAF wadding, but no panel damping was
observed.
Above the bass driver is another plastic moulding which evidently
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serves only as afinish, and perhaps helps to reduce diffraction effects.
Above it is the much- publicised AR ' Acoustic Blanket', a piece of felt
some 250 mm wide x315 mm high x13 mm thick, surrounding the midand tweeter units. The felt is cut out immediately around the units, and
the missing portions are fitted with Declon foam inserts, suitably
contoured so that the units are exposed in front of their domes. The
remainder of the foam is flush with the surrounding felt, and these inserts
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are secured by ' plastic Velcro' pads. The general idea is to reduce the
problems caused by diffraction at the enclosure edges, and the principle
has been applied to some degree in anumber of designs. Both midrange
and tweeter units use a ferromagnetic liquid in their gaps. This
marginally reduces the gap reluctance and greatly improves heat transfer
from the voice-coil to the magnet assembly, thus giving better overload
r
,' is. A recess at the rear contains the input terminals, with integral
ickets and two three- position toggle switches. These allow the
in of either the mid- range or the top ( or both) by nominal
'3 or 6dB.
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Like the AR9, the AR91 and AR92 are designed to give an optimally
flat response when placed with their backs against awall and not less
than 600 mm from aside wall. Such alocation was not possible in the
listening room used, or at least not practicable, and this would be true in
many homes. AR suggest various other possiblities, and the advice given
is useful and technically sound. For listening purposes , the ' dual' of the
recommended position was adopted, that is, each loudspeaker was
placed within six inches of aside wall, and over ametre from the end
wall. Placement with the back against the side wall would not have been
very sensible, but any difference between the two cases was minimised
by angling the speakers inwards somewhat, so that the drive units were
at a distance from the wall not greatly different from that in the
recommended position. Subsequent movements showed changes in
overall balance, and these occurred at frequencies calculable from the
dimensions, as one would expect, but it was thought that these would
not affect the balance of the review but only minor matters of detail. A
few minutes of playing with the response controls confirmed that they
did what they were supposed to do. In the absence of any reason for
deliberately degrading the sound quality they were therefore reset to ' 0'
and left alone.
Listening tests were carried out first on the AR91 alone. The general
impression after hearing awide range of material without comparison
with any other reproducer was that the AR91 performance was slightly
above average for its specification, but that it was not quite as neutral as I
would have liked, especially in the midrange, where there was some
hpllow coloration, some uneveness in orchestral parts, and atendency to
hard edges on some material. The bass was alittle warmer, though quite
well extended.
Next came the usual comparisons against the Quad ELS, used as a
transfer standard for the purpose of aural description, a technique
outlined so often in reviews that it is, hopefully, unnecessary to delve
into it again here. The source material is always on tape, apart from the
occasional use, when available, of live FM transmissions. The differences noted were as follows—in each case the AR91 sound is
described with respect to that of the ELS.
Starting with the all- important human voice, speech was atrifle down
in the lower midband and had some hollow coloration. Singing voices
varied with type and pitch; in most cases the male bass was warmer, the
tenor harder ( especially on high notes) and with less timbre, though
comparatively atrifle louder in thé lower register, while sopranos were a
little less ' full' and were also harder. Low female voices were darker. In
the orchestra, the brass section offered asomewhat different balance,
with trombones fuller and trumpets having more edge and hardness.
Clarinets were more 'tubby' at the bottom of their range and harder at the
top, the oboe pretty similar on both speakers except for alittle nasality in
midrange. Upper strings were more edgy, but the cello was distinctly
warmer and more full-bodied. The harpsichord showed more bite at the
top end and more warmth in the 8' parts. With organs, there was more
'boom' in 8' stops, while 2' stops, especially reeds, were sharper, and
some flute stops sounded as if bamboo had been used in their
manufacture. Bass extension was slightly less, and the bass drum alittle
lower in level, though taut enough.
The next job was to compare the AR91 with its less expensive lookalike, the AR92. To avoid the difficulties of placement, it was decided to
compare one sample of each, in mono, the speakers being placed sideby- side in the middle of the room. Although the character of both would
then be different from that obtaining in normal use, specific differences
due to the speakers should show up. All the usual tape sources were
again used, but a summary is probably the best way to avoid a lot of
cross-referencing and confusion. In general, then, the AR92 was slightly
more muddy in midband, transients were not so accurate, the top not so
hard, and the overall impression was that of arather duller sound. There
was little practical difference in bass extension, though the upper bass
was ' up' on the AR91. A detailed cross-check against the ELS as a
common reference confirmed the A/B test between the two AR units in
most essentials. The differences were by no means great, and one must
remember that an A/B test brings out sharply differences that would
hardly be noticed if the speakers were heard on different days.
Both speakers gave very satisfactory stereo imaging over an ample
area of the room, and vertical anomalies ( due to interference effects
between drivers near crossover frequencies) were no more noticeable
than with any speaker of this typical design. The power handling
capacity was indeed impressive—the amplifier used to test this had a
capability of 120 W continuous and 200 W peak per channel, and was
driven just into clipping, as permitted by the specification, without ill
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effect. There are no protective devices as such, but there cannot be many
applications in which it would be necessary to exceed the specified
maximum power ( commercial activities such as discos are excluded). At
well below maximum power the sound output was considerably above
any reasonable domestic demand.
To a large extent, the usual sinewave and third- octave pink- noise
responses with these loudspeakers confirm what was heard. The bass
region shows afairly smooth roll- off starting from the lower midband,
though this is an anechoic measurement which will be modified so that
the bass output increases in the recommended position within aroom.
Since the roll- off is smooth, compensation by means of amplifier tone
controls will usually be effective. Irregularities in the midrange are
apparent, and they are different for the two speakers. The curves also
confirm the observation that the top was less hard on the AR92, which
shows more roll- off in the last two octaves. The rise in upper bass relative
to the AR91 is not so obvious, but can be distinguished if one looks
carefully at the curves. The midband distortion components are larger
than one would like, and one would expect these to make an audible
contribution in the form of some loss of clarity and openness.
The impedance modulus curve shows that neither of the designs falls
below the nominal 4 ohms, except briefly and marginally at high
frequencies. Most decent modern amplifiers should be capable of
driving a load of this character.
The sensitivities of both models were practically the same, 7V at the
terminals, measured on an ordinary AC meter, giving 93 dB spl of pinknoise at 1metre in the listening room. This is somewhat on the low side,
bearing the impedance in mind, but certainly not embarassingly so.
Both these models offer a slightly above- average performance,
though both are quite pricey, and Isuspect that their sound may produce
sharp divisions among hearers, since it tends just a little towards the
Trans- atlantic. One obvious question arises: is the extra cost of the AR 91
justified by the differences between it and the AR92? To the extent that
the question involves individual and largely subjective choice, there is no
simple answer, and Ican only offer apersonal opinion, which is that the
differences are small in relation to the price differential. The obvious
course is to look at, and listen to, both loudspeakers. If you are happy
with the AR92, than you can save abob or three without any sneaking
doubt that you might have made the wrong choice!

Monitor Audio MA2
Manufacturer's Specification: 3- way sealed enclosure. Drive units: 250 mm bass,

100 mm midrange, 25 mm soft- domed tweeter. Crossover frequencies: 350 Hz and
4kHz. Power handling: Suitable for use with amplifiers from 10 W minimum to 120 W
(speech and music, not driven into clipping). Impedance: 6ohms nominal. Distortion:
Less than 1.5% second harmonic and 0.5% third harmonic at 90 dB spl, 60 Hz-20 kHz.
Dimensions: 850 mm high " 300 mm wide 350 mm deep. Weight: 26 kg approx.
Finish: Teak or Walnut lacquered veneer, or black as standard. White or rosewood to
order at 5% extra.Price!£395 .60 per pair, incYAT. Manufacturer: Monitor Audio
Ltd, 347 Cherry Hinton Road, Cambridge CB1 4DJ.
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Inside the main enclosure, the crossover is built on two boards and
fixed to the bottom. It is fairly neat, perhaps 'servicable' would be the
best description, and is covered with BAF wadding. The bass driver is
the lowest unit and has acone that is straight- sided on its outer part and
flared towards the middle to take the motor coil, the flared portion being
covered by aconcave cap ( as viewed from the front). The unit is quite
light and has a plastic stiffener round the outer part of the basket. The
next unit up is the tweeter, with the midrange unit at the top. The
advantages of this arrangement are that there is no need for the usual,
rather awkward, separate cylindrical enclosure for the midrange unit.
Instead, apiece of wood sloping down from the rear top edge of the box
and filling its cross-section, forms atriangular, wedge-shaped enclosure
for the midrange unit. Not only is this less susceptible to standing waves
than the usual shapes, but it forms asloping roof to the bass enclosure,
helping to suppress vertical resonance modes in that also.
Both sections are well damped with bituminous pads and foam, and
the latter is arranged in the bass enclosure so that a part of it hangs
downwards from the sloping roof in a sort of loop ( it is secured by
adhesive where appropriate), and this should give additional help in
breaking up resonances. The cabinet is further stiffened by a 19 mm
square wood bracing frame, placed around the inside at an angle of
about 30° to the horizontal. An air- leak between the enclosures was
subsequently traced to the hole through which the midrange unit wires
are fed. However, this hole has ahigh acoustic impedance and seems to
have no adverse effect on sound quality. Of course, every enclosure must
have some small leakage, otherwise changes in temperature or atmospheric pressure would displace driver cones, but the leakage is usually
supplied by the drivers themselves.
The mid- range and tweeter units are aligned vertically to one side of
the panel, the bass driver being central. This allows the midrange unit to
be placed further from awall, while stereo performance is retained by
supplying the speakers in handed pairs. The prototype users' leaflet did
not explain this, but amore up-to-date version ( which Ihave not seen) is
now available.
For listening purposes the MA2s were moved around the area of room
usually found suitable, and it soon became clear that exact positioning
was not necessary in order to get good results—any spot reasonably
away from walls and corners was satisfactory. The final position adopted
was about 1- m from the side walls and 1 m from the end wall. A period
of listening to anything that took the fancy followed, using only these
loudspeakers. It bad already been noted with great relief that there were
no knobs or switches against which to pit one's wits in an attempt to get
aflat response. This loudspeaker was flat, as near as dammit, and the
maker had had the good sense to leave it at that. The sound quality was
thought to be remarkably open and neutral, and the transient response
was excellent, as claimed. The bass was smooth and tight, as well as
reasonably extended, and the only slight reservations concerned aslight
warmth in the upper bass, and some hardness in the top.
Proceeding to detailed comparisons with the ELS, it was found that
most of the inevitable differences were quite small in degree. Speaking

M of which the MA2 is the second in the hierarchy. Top of the list is
the MA10 Studio Professional, while the smallest model is the Mini
ON ITOR Audio's new ' Series 80' range comprises eight speakers,

Monitor, The MA4/I Iis also in this group, and was reviewed in October
1978. The MA2 is designated as a ' Domestic Reference' loudspeaker.
The construction of the MA2 is unusual in several ways. It is narrower
than it is deep, to improve stereo accuracy, and has an integral stand as
part of its main construction. The cabinet is veneered on the sides, top
and bottom, with a black front panel which is inserted flush into the
rebated sides, and a light brown- and- white Tortafleck back. The
enclosure proper occupies the majority of the space, being sealed off
some 650 mm from the top. Between the bottom of the enclosure and
the base is the 'stand', formed by continuing the sides downwards, but
leaving the back and front open except for a50 mm 'tray' in the bottom,
which is filled by ablock of foam ( which damps what might otherwise
be an audibly resonant cavity, of course).
The front cover is in two sections, one concealing the units, the other
the open space at the bottom. Both covers are fixed by pegs, and
comprise wood frames with brown facing material. A narrow aluminium
strip shows between them, and the front of the tray is used as awood
trim along the bottom. The whole rests on four castors and moves quite
easily as long as one does not try shoving it from the top, when it tends to
tip. Connections, recessed in the rear panel, are by terminals with
integral 4 mm sockets.
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minimum load values. If still in doubt, your dealer should be able to
advise.

MONITOR AUDIO MA2

The measured sensitivity was 7t, V at the speaker terminals for an
output of 93 dB spi of pink- noise at 1m in the listening room.
Considering the impedance, this figure is about average, and the maker's
reference to ' high efficiency' is comparative in respect of this particular
range only.

90d8

The stereo image, using Blumlein sources, was accurate and stable,
with a,good depth, and over asubstantial room area—no problem here.
More than ample volume for domestic purposes was available without
distress. At very high levels Ifound the tweeter hardness becoming a
little uncomfortable, but few people would want to listen at such levels
anyway, except perhaps at parties where such subtleties would be lost in
the alcoholic haze.
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There is no doubt in my mind that the MA2 is avery worthy sound
source, with a most commendable neutrality. The slight upper bass
warmth and top hardness were well within the tolerance that most folk
would need for long-term listening, and the various design parameters
have clearly been given effective thought. The price is reasonable for
what is offered, remembering that no stands need be bought. Ican
recommend this model for audition, without hesitation.
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On- axis sine wave response at 1m (
7m above the ground)

Tannoy Cheviot II

10 a

Manufacturer's Specification: Dual- concentric integrated drive system in reflex
enclosure. Drive unit Dual with low- frequency 341 mm direct radiator and highfrequency compression driver with 50 mm diaphragm. Crossover frequency: 1.2 kHz.
Frequency range: 40 Hz to 20 kHz+ 4dB.Power handling:60 W continuous
program. Impedance: 8 ohms nominal. Sensitivity: 4W for 96 dB spi at 1m.
Recommended amplifier power output: 60 W continuous max. Dimensions:
850 mm high 450 mm wide x 260 mm deep. Weight: 28 kg approx. Finish: American
Walnut. Price: €543 per pair inc VAT.Manufacturer: Tannoy Products Limited, St.
John's Road, Tylers Green, High Wycombe, Bucks HP10 8HR

TBritain. Just as any vacuum cleaner is liable to be called aHoover,
ANNOY may well be the best-known lo udspea ker
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voices were alittle harder, so also were singers, some of the higher voices
having slightly less timbre. The orchestral trumpet was atrifle less 'keen'
in low notes and more edgy on top ones, the trombone generally
warmer, and woodwinds warmer at the bottom of their range and more
hollow at the upper end. Wide range sources—piano and harpsichord,
for example—gave more output in the upper bass and less in some
midrange areas, while the organ had slightly less bass extension, more
fullness in 8' stops, and was abit thinner in the 4' range, with more ' bite'
to the mixtures. Percussion showed fairly small differences, sharp bells
and cymbals being brighter and the bass drum not quite so gutsy but
equally tight. Plucking and fingering noises were generally very similar.
With organ pedal, the use of highish levels below about 50 Hz gave
audible harmonics. Although the ELS was not being used ( and never is
used) as an absolute standard in this comparison, one cannot but admit
that the ELS is widely admired for its exceptional midrange performance,
and Ibelieve that Monitor Audio are sufficiently open-minded to take
the results of this comparison as something of acompliment.
Open-air testing at a height of 7m by James Moir and Associates
produced the on- axis sinewave and third- octave pink- noise responses
shown in the curves. These are very good results indeed, indicating a
+ 4 dB total spread from about 60 Hz to 17 kHz. The distortion curves
verify the limits specified for both second and third harmonics. The
impedance curve indicates awell- controlled modulus with an average
magnitude of about 5ohms, and abrief minimum of just under 4ohms at
around 350 Hz. Although rather low for aBritish model, this should not
cause any problem with the general run of amplifiers, but it is asimple
matter to check your amplifier manual for any warning concerning
50
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whoever made it, public address systems are called 'The Tannoy' by most
folk, while followers of recording practice know the Tannoy Monitor,
with its prodigious output, as an ( almost) immovable feature of many
studios. The marque also has a dedicated following among many
listeners at home, though the majority of their production is exported,
particularly to the USA and Japan. So it isn't surprising to read that
Tannoy have been in the audio field for more than fifty years. The Cheviot
II is very much aimed at the hi-fi market, with its modest dimensions and
output ( if you can call well over 100 dB modest!), and is afollow-up to
the earlier model of the same name.
Constructionally, it is a plain rectangular enclosure of high- density
chipboard finished on the sides, top and bottom with natural American
Walnut veneer, the back and the recessed unit panel being textured black
paint. The cabinet stands on an integral black plinth, three- sided and
50 mm high, fitted with simple 'domes of silence' beneath. On the front,
flush with the cabinet edges but slightly gapped from them, are two
covers. The main, upper one is of wood with a hole only fractionally
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On- axis response at 1m % octave analysis of pink noise
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\arger than the drive unit behind, while the small lower one is cut away to
clear both the reflex port on the left and two switches on the right. Both
covers are finished with the usual acoustically transparent material, and
are secured by plastic pegs with mating sockets. Connections at the rear
are by terminals with in-built 4 mm sockets. Inside the cabinet the sides
and the upper part of the back are damped with bituminous pads and
25 mm foam, while the top and bottom are similarly treated, using
50 mm material. Across the back and front panels are screwed
35 x35 mm bracing sections of wood, and these are connected by a
back/front brace measuring 25 x150 mm. The crossover and HF controls are built as asingle unit, the controls being on aplastic moulding,
mounted in a hole in the panel and secured by screws passed through
into aflange on the rear of the moulding. The components are on aPCB
stood- off from the plastic moulding on brackets, and loose leads run
from this assembly to the drivers ( connected by aplug and socket) and to
the input terminals. The speaker lead is quite heavy, and my inclination
would be to cleat it firmly to prevent any possibility of rattles. The heavy
dual driver is inset into the panel and secured by four cap screws, with a
plastic seal. The port dimensions are 120 mm long x68 mm diameter.
The wholè enclosure is very well made and finished.
The technical manual recommends angling the speakers so that their
axes intersect just in front of the listener—the classical arrangement. This
was done, keeping both speakers well clear of walls or corners ( not
mentioned).There was no reference to stands, and the built-in plinth
makes it clear that floor mounting is anticipated. The next problem, of
course, concerned the controls, to which devices in general Ihave
frequently, expressed aversion. These have been written about on a
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previous occasion, and discussed editorially, so the subject need not be
reopened here except to say that some examples are a reviewer's
nightmare. If the designer has done his job, they can merely be set 'flat'
and then ignored as acost- ineffective overhead; but if he hasn't, some
days can be wasted in frustrating attempts to optimise the response in
order to be fair to the product. In this case the two controls are labelled
'Roll- off' and ' Energy'. The first increases the rate of roll- off above 5 kHz
in 3 steps plus a ' flat' position, the second increases or decreases the
output from about 1kHz. Listening tests wen started with both controls
'flat'.
A period of general listening showed up a certain amount of
boominess in the bass, and ahard and brittle top. Mid frequencies had
some slight coloration, mainly tunnelly. Reducing the 'energy' improved
the top response, but the - 2 position was too dull, and both negative
settings tended to emphasise the midband irregularities. After some
experiment on arange of material, the - 1setting was chosen as the best
all-round compromise, and was used for the remainder of the tests.
Moving the loudspeakers relative to the walls had little effect at any
sensible distance.
Our usual A/B tests against Quad ELS as transfer standards produced
the following differences—quoting the sound of the Cheviot II with
respect to the ELS. Male voices, both singing and speaking, were slightly
harder, with the impression of aslight cold in the nose; similarly, some
brass instruments ( trumpets in particular) and organ reed tones had more
nasality, while the trombone varied in level somewhat with the note
sounded. Low strings ( cello and double bass) were slightly up in
loudness, and upper strings and high bells were harder. Pianos in general
showed some level variations in midrange, as did the harpsichord, the
top notes being more brittle and the upper bass less prominent. The bass
extension was greater, but there was some boominess above the lowest
notes, and the bass drum was alittle less 'tight'. Clarinets were warmer in
the low register, but the oboe slightly thinner. Organs produced some
very complex differences, mainly due to differences in level over various
parts of the overall upper bass and mid ranges. Applause was clearly
more lunnelly', an effect subsequently confirmed with pink- noise.
A particularly good feature of the Cheviots was their stereo imaging,
which showed significantly less variability with the position of the
listener than is often observed with multiple drive units, particularly in
the vertical plane. The image was also adequately deep, and physically
well isolated from the individual loudspeakers.
No protective devices are fitted, but extended driving with pop music
at amean level of 60 W had no ill effect, and gave an output comfortably
(uncomfortably?) exceeding any remotely likely domestic requirement. I
might add that high-level tests are always left until after all normal
listening tests and all measurements are complete, and dismemberment
for examination is done last of all.
Turning to the measurements, the response was plotted by James
Moir and Asssociates In the open air, at a height of approximately 7
metres, with the speaker radiating upwards and the measuring microphone one metre above the unit,on axis.The curves show both sinewave
and third- octave pink- noise responses, which can be seen to be in
generally good agreement. As well as the nominally flat curve, the effect
of maximum roll- off ( flat 'energy') is shown, also the results obtained by
using maximum and minimum 'energy' with the roll- off set to 'flat'. The
observed effects of these adjustments agree with the trends of the curves
in Tannoy's booklet, though the basic response is not as good as
indicated, falling about + 1dB" outside specification. The treble rise
certainly accords with the impression of hardness during the listening
tests; the makers state that the published response is measured 15" offaxis to compensate for the treble beaming effect, thus corresponding
more to anormal listening position. The slight, flattish peak between 70
and 100 Hz may well account for some of the boominess. The harmonic
distortion, raised by 20 dB relative to the fundamental for better
readability, is on the high side in some respects, eg, the third harmonic
content in the midband. Taken together, these curves offer some
reasonable explanation for the sound impression obtained.
The impedance modulus is nowhere below 6ohms, and the Cheviot
proved an easy load, Sensitivity, measured in the 83 m3 listening room,
was good, one speaker requiring an input of 61 V for an output of 93 dB
spi of pink- noise at 1m on axis.
Summing up, the Cheviot II struck me as having aquite distinctive
character which might well be loved by some and disliked by others, and
which might fit better into some environments than others. Perhaps this
is-also a polite way of saying that the samples sent for review showed
51
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departures from a flat response to an extent that Icould not accept
personally, despite the off- setting virtues of excellent stereo performance and easy power handling. My guess is that this model will appeal to
those who liked its predecessor, and also, perhaps, to those who prefer a
slightly ' larger- than- life' response.
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WHARFEDALE TSR 110
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Wharfedale TSR110
Manufacturer's Specification: 3- unit sealed enclosure. Drive units: Bass/mid:
2 200 mm mineral filled homopolar type, 25 mm damped dome tweeter. Crossover
frequencies: 300 Hz and 3.5 kHz. Frequency response: 50 Hz to 25 kHz + 3dB.
Power handling: 140 W ( music), 85 W average, Impedance: 6 ohms nominal.
Amplifier requirement: 15 to 140 W. Sensitivity: 1W for 90 dB spl at 1m, anechoic,
sinewave drive. Finish: Natural walnut veneer. Dimensions: 695 mm high.332 mm
wide . 335 mm deep. Weight: 17-5 kg. Price: £275 inc. VAT. Optional stand ( adjustable for tilt) £ 25 inc. VAT. Manufacturer: Rank Hi -Fi, Highfield Road, Idle,
Bradford, West Yorkshire BD10 8SF
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-1—H IS is the middle member of arange of three 'TSR' loudspeakers, the
I others being the smaller TSR 108 2- unit reflex model and Big
Brother TSR 112, asealed enclosure with four drivers. All incorporate
time- delay compensation, achieved unobtrusively by aslight slope (3°)
on the front baffle combined with suitable for- and- aft placement of
individual drivers. The two cone drivers use material developed by
Wharfedale with the aid of their laser holography analysis. Mid/bass
frequencies are dealt with in an unusual manner by combining the two
(nominally identical) larger drivers in the bass, and rolling off the lower
one at around 300 Hz.
The construction is based on the normal chipboard cabinet, veneered
on its sides, top and bottom, with a black front baffle, sloping slightly
inwards from bottom to top, and ablack back. The input is in the back,
and offers the alternative of a 2- pin DIN socket or a pair of terminals
which do not take banana plugs. The drivers are vertically aligned, and
the bass/mid units have chassis built out into flat rectangular metal box
form, with sloping sides, thus bringing the effective radiating plane of
the unit into its correct position. These structures are fixed by screws to
the front panel, and the units are sealed by thick foam rings placed
around the outside of the ribs of the unit basket. The tweeter is sunk into
a recess, and its dome radiates through an elliptical hole in a piece of
high- density foam which fills the remainder of the recess. This in turn is
covered by athin layer of Declon foam, secured by ablack metal plate,
extending widthways to match the lower units and having a 'contour
control' on the right. The latter comprises apotentiometer labelled ' HF
level' and marked with the integers from — 4 to + 1. Units are not
associated with these integers, which are presumably arbitrary, except
that ' 0' might reasonably be considered to indicate 'flat'. The front cover
is built as awood frame, with aknitted black yarn covering, and covers
the unit panel. The lower three-quarters of the cover is sloped so that it
sits vertically when fitted on the panel by its four plastic studs, while the
top slopes inwards, giving apleasant finish to the general appearance.
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On-axis sine wave response at 1m (7m above the ground)
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Inside, the cabinet damping is by fibre wadding which loosely fills the
interior, and there are no bituminous or foam pads. The crossover
appears to be stuck to the inside of the back panel. Though clearly not
intended for display, to judge from its appearance, it neverthless appears
serviceable enough. Wharfedale can supply an optional stand for this
model, but it was not sent for review.
For listening purposes the TSR 110s were placed on low stands about
50 mm higher than the recommended 200 mm, some preliminary checks
having shown that the difference was not significant. As always, some
experiments with various placements were carried out, and the best
position proved to be abouti m clear of the side walls, and 1i m from the
end wall, angled slightly inwards. The ' HF level' control did amischief to
the sound at any negative position, and was finally set at + 1, which,
when the measurements were made subsequently, proved to be flatter
than '0'. Well, that's how it looks to me, but please yourself! After getting
this time- wasting, non- response- modifying preliminary out of the way,
the performance on all types of clean sound- source was very satisfactory, and was thought to be clearly above average. A little midrange
constriction and slight loss of detail was noted, with an occasional
nasality, but nothing too obtrusive, and most program could be
enjoyed without any hint of fatigue. The sound level and bass extension
were commendable in such arelatively modest- sized reproducer, which
does indeed have an output belying its appearance.
Comparing the sound against our ELS transfer standard as previously
described, showed differences in detail as follows. Voices in general,
both speaking and singing, were slightly less full-bodied and showed
some nasality. Brass instruments tended to be less 'meaty', and their
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ambience weaker, trumpets sounding somewhat less resonant in the
midrange, the clarinet reedier and less rounded, while the oboe seemed
more constricted and had more edge to its upper notes. Strings, on the
other hand, were alittle less ' edgy', and the overall string balance, taking
some sort of average over the whole frequency range, was somewhat
warmer. Guitars showed only small differences, with perhaps alittle less
fullness. Transients, particularly in the bass (
eg, bass drum) were tight,
though some plucked sounds, such as the harpsichord lute stop, were
just ashade more blunt. Organs indicated acomparative fall around the
'presence' region, some 4' reed stops being lower in level and with less
'ring', while compound stops such as the cornet and mixtures showed
apparent changes in composition that would suggest differences in mid and upper frequency responses, corresponding with the previously
noted differences in ' presence'.
The bass extension was very similar in both loudspeakers, though the
TSR 110 could be driven to higher levels. In fact, at normal listening
levels some bass boost below 50 Hz can easily extend the bass to under
40 Hz, giving avery impressive response for aloudspeaker of this size. As
always, it may be as well to point out that the differences noted above are
comparative—nobody is claiming that A is right and B is wrong. We
merely try to convey ageneral idea of the sound of each speaker tested
by comparison with a constant reference which is well-known and
widely available. Only the individual buyer can then short-list the
possibilities according to his own tastes and circumstances, and only his
ears can make the final choice.
Stereo imaging was fairly precise, slightly regressive in the middle of
the stage, and extending beyond the speakers just alittle. There were no
unpleasant phase effects on good material. Maximum levels ( tested last)
were more than adequate for any likely domestic application, and the

3 midpriced speakers

maximum output from aQuad 405 amplifier, driven to occasional slight
clipping by rock music, was withstood for an hour, on and off, without
bother. Fortunately, this test can be conducted from another room in the
house, with all doors shut!
The sinewave and pink- noise responses were measured by James
Moir and Associates in the open air, at a height of 7m, with the
microphone at 1mon the tweeter axis. Apart from an odd dip at just over
8 kHz the response is within the specification. The dip is unlikely to be
significant, and is probably an interference effect—from the frequency
involved it seems possible that it is related to the oval tweeter window
(no doubt used to give the desired dispersion characteristic) and/or the
exact position of the microphone in relation in the presence region.
Harmonic distortion is satisfactorily low, and the brief second harmonic
peak at 300/Hz is not significant. The impedance modulus has minima of
about 5ohms just above 100 Hz, and 4ohms at 4 kHz. This is reasonable
for the nominal impedance, which is an unusual figure. However, it is
well within the drive capability of any self-respecting amplifier.
Checking the sensitivity under practical conditions showed that an
input of 8 V. measured on an ordinary AC meter, gave 93 dB spl of pinknoise at 1m on axis in a listening room of 83 m3-'-about average,
considering the impedance.
Taking all the relevant facts into account, the TSR 110 is a wellbalanced design which offers comfortable listening over an extended
frequency range, with output capacity to spare, all in a well- finished
enclosure of modest proportions. Such departures from the strict truth as
it exhibits are not obtrusive, and are unlikely to intrude into most folks'
listening pleasure. It is aworthy representative of its marque in its price
range, and Ishould expect it to become a popular choice. •
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majority of listeners, and other factors,
particularly the impossibility of putting both
sources in the same spot, must not be
forgotten. These tests can, and do, sort out
obvious deficiencies, but are otherwise
useful only in so far as they can convey
relevant information to the guy who has to
decide if he wants to live with the product.
The curves show the results of open-air
response and distortion measurements at
1m on the tweeter axis. The response is very
satisfactory apart from the sharp dips around
4kHz, but these were not audible and may
well have been considerably modified by
moving the measuring axis. Comparing this
curve with our earlier one for the 149 shows
that the bass response has been extended by
doubling up the bass driver, in fact, the
improvement is rather more than the 3dB
that this modification alone would give.
However, the specification does not claim any

511

10K

20k

%.

si)

.0

extension at all—a refreshing conservatism!
The maximum second harmonic distortion
peaks to about 4% at 60 Hz, indicating alarge
cone travel and acoustic level at this frequency, but the distortion performance is
very adequate over most of the working range
(these curves are raised by 20 dB, as usual).
As ,
.•! ith the JR 149, the 150 has a high peak
impedance modulus at the bass resonance,
which will be damped by the driving amplifier.
The modulus is very well controlled over the
rest of the band, with a minimum value of
6-6 ohms, and represents avery easy load for
the amplifier. The sensitivity was 93 dB spi of
pink- noise at 1m on axis in the listening room
for an input of 10+ V, on an ordinary AC meter.
It seems unlikely that this model would be
bought by anyone wanting very high sound
levels, especially in the lower bass, but it was
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found to give an output much louder than
most domestic users would tolerate, and with
very little distortion. Indeed, it withstood very
high music levels, sufficient to cause very
audible distortion, for as long as Icared to,
without blowing the protective fuse or
suffering any apparent damage.
In the final analysis, the JR150 will inevitably be compared with the already wellknown JR 149, which is a perfectly sensible
way of evaluating it. Aurally, the 150 offers
more output, asmoother and slightly extended
response, with improved transient performance, particularly in the bass. The cylindrical
styling has already proved popular for its
appearance and economical use of space.
Mechanically, the 150 is a distinct step
forward from its smaller brother, and it should
find its way onto quite a lot of ' wanted' lists!
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reviewed by
Trevor Attewell
Introduction
THE FOUR loudspeakers examined this month
would all normally be categorised as 'bookshelf'
types. Designing and installing any loudspeaker involves various compromises and restrictions, some of
which become more important as size is reduced, and
these are conveniently discussed in a common
introduction.
To put size into perspective, one of the speakers
under consideration has afrontal area similar to that of
this magazine, two are distinctly smaller, and the fourth
is agrand- daddy with an area comparable with the two
open pages now in front of you—that is, if you aren't
sneaking aread over someone's shoulder in the train!
Logically, a ' bookshelf' speaker would seem
destined to sit on ashelf, whether or not its purchase
leaves enough money to buy books as well, and it will
often be placed there deliberately because there is no
room ( from choice or • necessity) for larger, floorstanding models. Unfortunately there is asnag in shelf mounting, namely that the proximity of walls to the
drive units produces interference effects between
direct and reflected sounds, adding further colorations
to any that may already be present. The dimensions of
the four here are such that dips would be expected at
frequencies of the order of 500 Hz and its odd harmonics, with some reinforcement at 1kHz and its
harmonics. The actual frequencies will depend on the
position of the speaker on the shelf, as well as the
position of any other reflecting surfaces. This effect is
likely to be small at frequencies above the second
harmonic, but the first dip can be uncomfortably
audible. A corner situation ( all too often favoured) will
be worse, with two surfaces at least to give reflections,
while the resulting increase in bass will be ' lumpy',
because of the enhanced excitation of room resonances. Paradoxically, then, the worst place for a
bookshelf loudspeaker is the average, fairly narrow
bookshelf!
All the manufacturers represented here recommend
keeping the speakers clear of walls—at the very least,
they should be on the edge of ashelf if this is wider than
the cabinet ( KEF suggest a room divider as a possibility). A separate stand would usually be superior, and
the need to bring the speakers to the correct listening
height must not be forgotten. Unless otherwise specified by the maker, one would normally have the tweeter
at ear level when seated in the listening position.
Maybe you could do worse than root around in the loft
for that pair of Victorian aspidistra stands, with the
curly legs and stubby feet, inherited from Grandma.
Whatever you do use, check that it does not add its own
resonances, particularly if there is a cupboard underneath. When pushed for wall clearance, it can sometimes help to angle the speakers inwards much more
than usual. Test by listening to known material, remembering that not only coloration but also image
quality can be degraded by reflections. If possible, keep
the units vertically aligned.
For test purposes, stands owing something to Heath
Robinson were contrived but the loudspeakers were
always placed in the optimum position. The reported
results, therefore, should represent the best available
performance in the room used. For various reasons it
seemed inappropriate to use a large, full- range floorstanding loudspeaker as a transfer standard against
which to compare response details. One of the most
widely distributed and well known speakers serving a
general market area similar to that of the review
samples is the LS3/5a, and this was chosen as our
transfer standard.
Third- octave noise responses are given in these
reviews, and will be included in future. This is an
increasingly common practice, and it is accepted that
third- octave curves correspond more closely with what
the ear hears than does asinewave response, though
there is far from a one-to-one relationship, of course.
The sine response is valuable diagnostically, and will
continue to be included. Taking acase in point, it will
be seen that all four of these loudspeakers have a
distinctly bristly HF sinewave response, which does
not appear on the third- octave plots. Aurally, the spikes
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are not particularly obtrusive, while the sinewave
response strongly suggests that they are due to diffraction effects at the edges of the small cabinets.
All frequency response and harmonic distortion
measurements were carried out in open-air conditions
by James Moir and Associates.

VIDEOTONE GB3
MANUFACTURER'S SPECIFICATION
Two-way sealed box enclosure. Drive units: 130 mm
pulp cone bass/mid, 25 mm doped dome tweeter.
Crossover frequency: 3.4 kHz. Frequency range:
50 Hz-20 kHz ( + 4 dB 80 Hz-20 kHz). Impedance:
8 ohms nominal. Sensitivity: 88 dB spi at 1m for 3W
into 8 ohms. Amplifier requirement: 15 to 40 W per
channel.
Dimensions:
260 mm
high . 149 mm
wide . 220 mm deep. Finish: Teak or walnut. Weight:
4.3 kg. Price: £81.08 inc. VAT. Manufacturer:
Videotone, 98 Crofton Park Road, London SE4.
"'HOUGH the design of the GB3 including dri vers i
s
I British, it is wholly manufactured in Hungary. (t
consists of aplywood box 10 mm thick, the four sides
being rebated at the front to allow the unit panel to be
recessed about 24 mm into the box. The LF driver is
constructed with arigid cast frame, and is fitted into the
lower half of the unit panel with the frame flange
projecting. The tweeter is mounted on athin plinth in
the upper half of the panel, and both units are bedded
into anon- setting sealant. The corner joints of the box
are somewhat reinforced by triangular fillets, and the
hardboard front grille, covered with black jersey- type
material, fits inside the front so that its front face is just
sub- flush with the edges, attachment being by Velcro
patches on small wood blocks fixed to the panel. The
simple 7- compartment crossover is mounted on afibre
panel attached inside the rear face, with a slightly
recessed female 2- pin DIN connector below it. No
other means of connection are provided, and there are
no fuses. The only damping is provided by a rather
limited amount of long- fibre wadding. Constructional
standards and general appearance might be described
as serviceable, rather than elegant. In this respect, as
well as when considering the performance, one should
note the modest price—this is very much a budget
model.
The recommended position for the GB3 is at ear
height, away from corners and about 300 mm from a
wall. In practice it was found that a greater distance
from a wall gave better results, up to about
600-700 mm, after which no further improvement
could be gained. Anglin ù inwards also helped, as
suggested in the brief instruction sheet, and the
speakers were left in the optimum position for all
listening tests.
A period of general listening to all the usual kinds of
source did not greatly impress this hearer. A lack of real
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bass is hardly aserious criticism—one cannot sensibly
expect if from any normal speaker of these dimensions.
More to the point perhaps, was the small, boxy sound,
with nasal and ' honky' colorations, and the impression
of asuck- out in the lower- mid region. Proceeding to
detailed comparisons against the LS3/5a, using only
taped material of known high quality, gave the following detailed differences. Most speaking voices were
duller and more boxy from the GB3, and similar
differences appeared with singing voices. Some odd
anomalies cropped up—Iwas surprised to hear the
tenors in an original choral recording singing louder
when the GB3 was in use, while the basses, if anything,
became lazier! Brass instruments were duller and more
nasal, woodwinds for the most part were thinner in
tone, with alittle more hardness in the lower- mid parts.
Overall, orchestras sounded more enclosed with a
certain hollowness, and violins were more wiry on the
GB3. Organs sounded slightly unnatural, the precise
differences between the speakers being very difficult to
specify. The GB3 gave more upper 8 ft and lower 4 ft
tone, higher reed stops were more strident, while the
cornet seemed to change the number of its ranks when
traversing the scale. The harpsichord sounded more
boxy and constricted, with less crisp plucking noises.
On bass sounds the GB3 had about half an octave less
extension than the LS3/5a—this could be recovered
with some bass boost, but at the expense of increased
distortion if too much boost was used.
The stereo imaging was satisfactory, though there
was a certain awareness of the individual sources,
while the image depth was somewhat limited. It proved
possible to drive the GB3 to quite high levels, giving
adequately loud outputs for any normal domestic
requirements, though an attempt to reach realistic
concert hall levels merely resulted in very audible peak
distortion, not very surprisingly for a box of this size.
Since there is no protection device it seemed a good
idea deliberately to overdrive the speakers to see what
happened. 200W peaks were taken without damage,
though the sound quality would stop most people from
pursuing such a test for any length of time. Certainly
these speakers are robust, though the maker's recommended maximum power should not be exceeded in
ordinary use.
The sensitivity of the GB3 was determined to be
90 dB spi of pink noise at 1m in the listening room for
an input of 9V, the latter being read on an ordinary AC
meter. This is avery reasonable sensitivity for the size
and type of speaker.
A look at the third- octave response shows asomewhat ' lumpy' characteristic which does offer at least a
partial explanation of the observed response. Perhaps it
is time to remind readers that the measurements are left
until after the listening sessions except for avery few
cases in which circumstances have upset our normal
procedure. The sinewave response follows the same
general pattern—the 'spikes' at the HF end are mainly
caused by the cabinet, as mentioned in the introduc-
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tion, and their prominence in this model is probably
due to the unusually deep recession of the drivers in the
cabinet. The high second- harmonic distortion around
60 Hz is below the cut-off frequency of the unit ( the
bass resonance occurs at 90 Hz), and is the limiting
factor in applying bass boost, though, as already
stated, a moderate boost is certainly tolerable in
practice. ( The distortion curves have all been raised by
20 dB relative to the fundamental.)
The impedance modulus plot shows that the modulus never falls below 8.5 ohms, so there should be no
amplifier problems.
In arriving at an overall assessment of this loudspeaker we should bear in mind that it would be fairer
to describe the GB3 as abudget speaker rather than as
atrue hi-fi one. It does not pretend to scale the heights
of performance, nor should anyone expect it to do so
for the price asked. A review attempts to be purely
factual, as far as is honestly possible, and one cannot
apply standards that vary according to the cost of the
item. Thus some deficiences have had to be noted, but
it is true that the GB3 is both small and inexpensive,
and could be an answer for anyone short of both space
and ready cash. Come to think of it, do you know one
person who doesn't claim life- membership of that
group?

a

CHART1NELL PM 110
MANUFACTURER'S SPECIFICATION
Two-way reflex system
Drive units: 165 mm bass/mid Chartwell polypropylene cone with PVC termination and long- throw
coil, Son Audax HD 100 D25 fabric dome tweeter.
Crossover frequency: 2.5 kHz. Frequency response: 65 Hz-20 kHz 3 dB. Impedance: 4-8
ohms. Sensitivity: 89 dB spl pink noise at 1m for 1W
input. Amplifier requirement:
10 to 80W.
Dimensions: 460 mm high . 227 mm wide" 210 mm
deep. Weight: 7.5 kg. Finish: Teak, Walnut or Black.
Price: £191.72 inc. VAT. Manufacturer: Swisstone
Electronics Limited, 4/14 Barmeston Road, London
SE6 3BN.

S

MALLEST and least expensive of a series of four
'PM' Chartwell loudspeakers, the PM 110 is considerably larger than the others in this review. It
consists of arectangular box of about 12.5 mm thickness, veneered on all faces, including the bottom and
the unit panel, with the top and bottom extended
forward of the panel by 12.5 mm. The contoured foam
grille fits between these extensions, and is flush with
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the sides, being securely located on eight circular pads
with plastic pins. The bass/mid unit, made by
Chartwell, sits flush in the middle, with the Son Audax
tweeter above and the reflex port below; all along the
centre line. The port is 53 mm in diameter and is
chamfered at the inner end, with a mean length of
about 110 min. The inner surfaces of the cabinet are
treated with the usual bituminous damping pads, plus a
25 mm layer of polyurethane foam. The tweeter is fitted
with astrong wire mesh cover to keep out fingers. A
well- made crossover is fitted on stand-off pillars to the
rear of the unit panel, behind the tweeter—this allows
all wiring to be completed ( except the input leads)
before the panel is screwed into place. The input
connections are by male 2- pin DIN or 4 mm sockets,
placed in the middle of the rear panel. No fuse or other
protective device appears to be fitted. Four self.
adhesive plastic feet are supplied, and it is recommended that these are used when shelf mounting, to
reduce the transmission of vibrations to the shelf. The
review samples were finished in walnut, and were
excellently constructed, with a pleasant, restrained
appearance. A single sheet of ' hints' is provided—brief
though it is, it probably contains enough information
for most purchasers.
For all listening purposes the PM 110 was mounted
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parked in London? I'm told that they are also used in
campers and mobile homes, which, if 'The Rockford
Files' are to be believed, come about the size of an
average flat.

well clear of walls. about 1.5 m from the end of the
room and 0.5 m clear of the sides. A good deal of
listening to everyday material, without comparison
against any other reproducer, left avery good impression. Although there was some loss of bass, which is
inevitable with any small speaker of passive design, I
was very happy with the generally clean nature of the
sound, especially in the tricky midrange region. Some
very mild colorations appeared from time to time—
these included a certain warmth on wide- range sources, and alittle 'cuppiness' on some singing voices, but
the overall impression was very favourable. The stereo
performance was very good indeed, with plenty of
depth and freedom from anomalies in ambience. One
was not really conscious of the discrete nature of the
sources—always a hallmark, among others, of good
design. Once or twice Ihad the impression that the
image was a trifle concave between the speakers,
possibly a function of program.
Describing the sound in detail by comparison with
the LS3/5a is not an easy task, because differences
were small in extent. Speaking voices were slightly
more nasal via the PM 110, but singing voices, though
similar, showed rather more complex marginal differences. Sopranos, incfuding boy trebles, were very
comparable, basses alittle warmer in their higher notes
and tenors less 'edgy'. The PM 110 had less presence
and ' breathiness' in most cases. Brass instruments were
also very similar, the trumpet sounding a bit more
hollow with the 110. Among woodwinds, the clarinet
was less full in its low register, the oboe, on the other
hand, sounding a trifle rounder. Considering stringed
instruments, the guitar was alittle warmer and slightly
hollower on the 110, violins were similar except for
what appeared to be a slight suck- out on some few
notes, and the harpsichord seemed a little less prominent in the 8ft region, with ahollower sound at 4 ftthe piano was also somewhat hollower on the 110.
Organs sounded 'creamier' with alittle less hardness in
mixtures, while manual 8 ft stops were more even
throughout the compass. 4 ft and 2 ft reeds seemed
marginally harder but 8 ft reeds, on the other hand,
were smoother. The PM 110 had a mare extended
bass, and dealt very creditably with such things as bass
drums and electronic bass instruments.
Bass boost could also be applied ( within reason, of
course) without problems, and a suitably designed
boost makes the °yea response impressive by any
standards. Very high sound levels —uncarnfortabl
so—were withstood without damage and with little
distortion. Tests were carried out way above the
specific amplifier maximum power, so the absence of
protective devices should be no disadvantage unless
someone can find something particularly silly to stuff
into the input ( the mains, perhaps?).
The measured sinewave and third- octave noise
responses show asubstantially flat response throughout, with a general smooth fall of about 2 dB from
bottom to top, and asmall suck- out at just above 2kHz,
ie, at the crossover frequency. There are also some
relatively unimportant interference spikes towards the
top end. Given this hindsight it is indeed possible to
find 'reasons' for some of the observations made earlier,
especially if one also refers to the LS3/5a curves when
considering the comparisons between the two. To put
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this in perspective, though, try looking at the responses
for the loudspeaker in a review you haven't yet read,
and write down what you think various instruments
will sound like, compared with the real thing, in detail.
Then read the comments, or, better by far, go and listen
to the speakers for yourself. The only valid test of a
theory is still the ability to predict accurately from it,
and we are nowhere near that stage in loudspeaker
assessment!
The distortion measurements ( raised by 20 dB)
show a reasonable performance—the second harmonic peak of about 2% between 100 and 200 Hz does
not represent a problem, though it could account for
some slight tonal changes in that region. The impedance modulus plot only falls slightly below 8 ohms
between about 8 and 16 kHz—no drive headaches
here. The measured sensitivity in the listening room
was 90 dB spi of pink noise at 1m for a terminal
voltage of 6.25 V. This is a very good figure for the
cabinet size.
To summarise for those who cannot resist starting
from the end ( to find out howitdun rather than whodunit in this case!), the PM 110 certainly appealed to me
as a very natural reproducer with no particular vices.
Aurally, Ishould find it difficult to choose between the
PM 110 and the LS3/5a even though they do differ
slightly, as noted. The size of the latter might be
decisive if choosing amonitor for sheer portability and
minimum bulk, but the former is better as a piece of
furniture, and would probably sit more comfortably in a
home. The inevitable compromises consequent upon
the size seem well judged, and Ihave no hesitation in
recommending it on that basis.

INFINITY
INFINITESIMAL
MANUFACTURER'S SPECIFICATION
Two-way sealed unit. Drivers: 120 mm dual coil
bass/mid unit with polypropylene cone, orthodynamic
ribbon tweeter. Crossover frequency: 3kHz.
Frequency
response:
65 Hz-32 kHz + 2dB.
Impedance: 4 ohms nominal. Recommended amplifier power: 10 to 65 W per channel. Dimensions:
280 mm high x160 mm wide . 130 mm deep. Weight:
11.2 kg. Finish: Black anodised aluminium with black
perforated aluminium grille an d so lid oak ends.
Supplied with black metal mounting bracket. Price:
£224 inc. VAT. Manufacturer: Infinity Systems UK
Ltd., PO Box 14, 17 St. Martins Street, Wallingford,
Oxfordshire OX10 OEB.

T HE

NAME alone is somet hi ng to con j
ure with— an
infinite quantity of the vanishingly small? What
name would they give to afuture, smaller one? Small it
is, the smallest of our group, but vanishing it is not—at
least... ( looks round nervously)... not yet. Nor is the
price, which is unfortunately inflated by the usual
transatlantic factor: in the USA it sells for a little over
£80 per pair. A suggestion in the literature that you
might fit acouple almost anywhere inside your car says
a lot about American motoring habits, not to mention
American honesty—how long would they stay in acar

The construction is unusual, and is based on athreesided solid aluminium U- form ( possibly extruded) with
rounded corners and internal integral ribs, used both
for stiffening and fixing purposes. The front of the U is
covered by the metal unit panel, the whole being black
anodised. The ends (
le, top and bottom of the speaker)
are closed by plastic covers, about 3 mm thick, fixed by
self - tapping screws into slots between internal ribs—a
thin layer of foam seals the plastic to the box. The
plastic ends have tapped plastic bosses to take the
Allen screws that secure the solid oak end covers—
these have rounded edges, and extend afew millimetres beyond the box all round. A warning here—the
Allen screws are very tight indeed, and appear to have
been fitted using a locking compound. If removed by
an owner, the plastic threads will almost inevitably be
stripped, and sealing may well be lost, because the
plastic clearly relies on the wooden caps for its rigidity.
A curious, if effective construction, possibly made to
discourage unauthorised interference, since it would
be just as easy to fix the wood to the box with asuitable
gasket—impressive though the big screws look, the
ultimate strength of attachment is still only that of the
smaller self- tapping screws.
The drive units are mounted normally on the panel,
and the crossover is mounted by self- tapping screws
that secure the inductors to the board, and the latter to
the inside of the rear face, again using the gaps
between two pairs of vertical ribs. The conductors are
on the rear of the board, insulated where they cover the
ribs by strips of plastic tape. Ishould have preferred to
see something more solid used here, such as thin
fibreboard, but there should be no danger as long as the
driving amplifier complies with the normal safety
requirements—which it certainly ought to do. The
damping is provided by BAF ( or equivalent), which
loosely fills the interior. The units are protected by a
stout perforated metal cover, shaped to fit over the
front, and secured by its edges, which are bent inwards
to fit into the front edge of a14 mm wide vertical slot on
each side of the speaker, near the front. The cover is
trapped in place by a wood fillet, which is also a
decorative feature. Again, don't try to remove the
cover—the ends have to come off first!
The input connections are by spring- loaded terminals, almost flush with the rear. Above them is afuse,
concealed below acover, and there is a 'contour' slide
switch below. Finally, the wooden ends are fitted with
circular metal inserts having a tapped hole in the
middle. A simple U-shaped mounting bracket can be
attached by means of locking knobs fitted with protruding screws that enter the tapped holes. These were
not supplied with the review samples.
Also uncommon are the units used. The bass/mid
has a polypropylene copolymer cone and a double
voice coil, with the windings one on top of the other.
According to some unseen literature quoted over the
telephone, it is claimed that the coils • combine to
control the otherwise inevitable impedance rise at low
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frequencies, and help to equalise the frequency response, the second coil taking over from the first near
the LF resonance, reducing the impedance presented
to the amplifier, which can supply more power in this
region than would be the case with asingle coil. We
shall return briefly to this point later. The tweeter is
similar to the Strathearn Isodynamic unit, with ribbon
conductors on athin film as the radiating element and
flat magnets behind the diaphragm providing the field
This type is sometimes called orthodynamic, referring
to the mutual perpendicularity of field, current and
motion, also implying 'straight' or linear motion,
whereas Ise refers to the equality of drive over the
surface of the film. Infinity's name ' Electro magnetic
Induction Tweeter', or ' EMIT' hardly sheds much light
on the operational principles, even as a mnemonic.
For listening purposes the speakers were arranged
vertically, and well clear of walls or other obstructions.
General audition without reference to anything other
than recent memories of live sounds indicated arather
thin sound, with some hollowness and nasality, and a
hard top, which emphasised HF hiss and was a little
fizzy. Extreme bass was missing, of course, which must
be expected, and this is stated in the user guide.
Switching the 'contour' control from A to B or vice
versa made virtually no apparent difference—'A' is
intended to increase the response below 70 Hz and
decrease it between 100 and 250 Hz tor use in cars,
while ' B' does the opposite, to give a 'warmer' sound in

sense in each case is 'the Infinity sounded. . . compared
with the LS3/5.3'. Speaking voices were more nasal,
with less timbre and sharper sibilants, while singing
voices differed according to pitch—higher ones (
eg,
sopranos) were slightly thinner but more forward,
tenors were similar on upper notes and thinner on
lower ones, basses being a little more constricted.
Brass instruments sounded hollower (
eg, trombone),
horns and trumpets atrifle constrained but with harsher
edges. Strings in general were less sweet, high violin
tone being rather more scratchy. The guitar was fuller in
tone and alittle more boxy, and the harpsichord atrifle
thinner in the 8 ft region. Woodwinds were quite
similar, perhaps a little more hollow, the clarinet
showing the greatest difference, being more boomy at
the bottom and harder at the top of its range. Many
organ stops were quite similar, with sharp mixtures
more brittle and the cornet harder. Manual reeds were
more pronounced at 8 ft, and 4 ft reeds were also
emphasised in the middle of the keyboard. The
available bass was very similar, with less upper bass.
Full orchestras sounded amite constricted and harder
in the top, with wiriness in the upper strings.
On the whole, the performance was thought very
creditable for the minute size ( and basic price in the
country of origin), and the only characteristic that was
not much liked was the fizzy and somewhat exaggerated top. A further look at the tweeter might pay off,
and it could help if it were rolled off above 20 kHz.
The response curves indicate a flat response up to
about 400 Hz, with a smooth, bass roll- off. Above
500 Hz things are not quite so well controlled, and the

rooms.

Defining the sound with reference to the LS3/5a
gave the following differences. To avoid repetition, the

10

o

generally rising and rather bumpy HF response does
explain the aural results. Although it is evident that the
'contour' control does what it is supposed to in
principle, it does not do so to aworthwhile degree—if
the difference between a house and a car can be
accommodated at all, 1dB isn't likely to do the job. The
distortion curves also show some rather unpleasant HF
peaks for both harmonics, and the bass/mid unit seems
to be struggling a little as the crossover point is
approached. The impedance modulus curve shows
quite clearly the effect of the second voice coil winding, already mentioned. This coil is apparently connected across the input in series with an inductor and
capacitor, giving a series resonance at about 50 Hz.
This reduces the overall impedance, and the additional
current doubtless helps the response, though phase
differences between the currents in the two coils have
been omitted from this simplified account. It will be
clear that any amplifier used with these speakers must
be able to handle 4 ohm loads.
The Infinitesimal was able to produce higher levels
than most domestic users would need, but it would not
be suitable for many pop listeners if they demand high
levels. With apink noise input, the fuse blew at alittle
over 90 dB spl at 1m, which figure was obtained at a
terminal voltage of 6-5 V. This is a very useful sensitivity, good for the size. The fuse always gave complete
protection.
Although much of the spectrum was reproduced
cleanly, and the speakers are very small, neat and
durable, the price in this country, and the less pleasant
top response, are obstacles to an actual recommend-
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ation. If you can afford them for your car, though, or
you own acaravan or boat, then they would do alot for
your image!

KEF R101
MANUFACTURER'S SPECIFICATION
Two-way sealed system Drive units: 8110 LF, T27
with melinex dome HF. Frequency response:
90 Hz-30 kHz + 2dB at 2 m on measuring axis,
-10 dB at 47 Hz and 40 kHz. Impedance: 8 ohms
nominal. Sensitivity: 81 dB spl pink noise at 1m on
measuring axis for 1W input. Maximum output:
100 dB spl on programme peaks under typical listening
conditions. Amplifier requirement: 20W into
8 ohms, 100 W conditions max. Program rating:
100 W. Directional characteristics: response
within + 2 dB of axial response for horizontal deviations or to + 20°, and vertically up to + 5°.
Distortion: second
harmonic less than
1%
120 Hz-20 kHz, third less than 1% 70 Hz-20 kHz, on
axis at 90 dB spl mean, anechoic. Dimensions:
340 mm high . 190 mm wide 6180 mm deep. Weight:
5.6 kg. Finish: Teak or Walnut with black grille as
standard, walnut or black cabinet or brown grille to
special order. Price: (
suggested) £ 180 inc. VAT.
Manufacturer: KEF Electronics Limited, Tovil,
Maidstone, Kent. ME15 6QP.
' R' in the type is not always used—it simply
TI HEstands
for ' reference series'. Every loudspeaker in

the ' R' series ( which includes the prestigious 105) is
assembled from components specified by acomputer.
which stores measured data on every component
made, and subsequently sorts them into very accurately
matched pairs. Should apurchaser damage adrive unit,
for example, areplacement can be specified to the same
accuracy once the serial number of the loudspeaker has
been input ( in computing, ' input' is also averb).
On the subject of damage, care is needed when
unpacking the speakers. One instinctively tends to put
one's hand on the grille material ( because it is easier to
grip than a smooth side) and there is a risk that an
extended digit will invert the tweeter dome just below
the grille surface. Of course one ought to have more
sense, and any permanent protective addition would
upset the top response, but perhaps atemporary extra
packing, or even a prominent warning note, might do
somebody afavour.
The 101 is a rectangular box made from 12 mm
fibrous board—this is as rigid as plywood, but much
easier to machine. It is finished on all faces except the
bottom, which is black, and has small felt anti- scratch
pads. The front face is also the unit panel, and the front
grille, a frame covered with the usual material, is
attached to the panel by four plastic pegs and sockets.
The grille leaves the bottom of the panel uncovered,
and on this part are the logo and an LED, the latter
associated with the protection circuits which, together
with the crossover, are mounted on a board within a
false bottom behind the base of the speaker; the board
can be removed, if required, by unplugging aconnector. The two units are mounted on the front panel, the
bass unit being decoupled by flexible mountings to
minimise transmission of vibration from the frame to
the panel, in which resonances might otherwise be
excited. The owner should not attempt to tighten the
fixing screws, of course. Inside the cabinet are the
usual bituminous damping pads, plus a roll of BAF
wadding. A 12 mm stiffening shelf encircles the
cabinet between the units. As usual with KEF loudspeakers, the construction is impeccable.
A self - powered protection circuit ( S- STOP, or
Steady- State and Transient Overload Protection) is
used to ensure that the temperature of the bass unit
voice coil does not exceed about 200 ° C, or that of the
tweeter about 100 ° C. A sensor module, which is
completely potted, looks at the HF and LF voltages
applied to the respective units, and gives asmall output
voltage if apotentially overheating situation arises. The
output turns on a simple two- transistor switch to
energise a relay, and this in turn inserts a 330 ohm
resistor in series with the speaker input. The circuit
continues to sense the amplifier output, and resets
when it is safe to do so. Power from the input is used to
operate the circuit, and the DC supply is obtained by

rectification of the input—however, no significant
power is taken until overload occurs, and there is no
audible clipping below that level. The overload level is
high, and it is possible to make the bass unit ' knock' at
low frequencies without operating the overload
protection—this will not damage the unit. The LED on
the panel lights to indicate ' protection on', though the
dramatic fall in sound level leaves little room for doubt.
The user manual gives good advice on placement,
and this was followed when setting up for listening
tests, with the speakers about 1-5 m from the end wall
and 1m from the side walls. The listening axis is
specified rather precisely, and was adhered to, though
there is some tolerance in practice ( see manufacturer's
specification above). On the correct axis the system is
time- compensated electrically by the crossover design,
both drivers radiating in phase for something like an
octave either side of the crossover. Living with the 101
for some time, and feeding it with anything and
everything in the way of source material, showed it to
be a quite neutral transducer, with perhaps a little
'stringiness', and some hollowness, more noticeable in
general ambience. There also seemed to be aslight shift
of emphasis from upper- mid to top. Some very soft
orchestral passages assumed an almost ethereal quality
which was very agreeable, though it could not be
determined whether this was in the original sound or
not. Unaided, there was no real bass, but the manual
points out that the type of boost offered by some
preamplifiers is particularly suitable, with + 6 dB at
50 Hz and + 10 dB at 30 Hz. The Quad 33 which was in
use gives approximately these figures at about ' + 2'
setting, and this proved very effective, with a considerable gain in realism.
Next came comparisons against the LS3/5a as
transfer standard, for purposes of sound description—
in each case the 101 relative response is quoted. Only
known, high quality tape sources are used for this
purpose, mainly 38 cm/s originals. Speaking voices
were alittle more hollow, male voices being less meaty
and resonant, and sibilants were more pronounced.
Singing voices were somewhat cooler, tenors being
smoother, with less ' edge', and sopranos a shade
duller. Strings also had rather less bite, more noticeable
at the bottom of the cello range, but there was really
very little difference in the violins. Guitars were atouch
more ' boxy'. Woodwinds were also very comparable,
especially the oboe—the clarinet was a little more
mellow on lower notes, but similar on upper ones.
Among brass instruments, trombones sounded more
full, and trumpets not so sharp- edged. The harpsichord
was generally similar, particularly in respect of plucking
and jack noises, while the balance of 8 ft tone was
shifted slightly from lower notes, which were less full,
to upper notes. Pianos varied somewhat over the
available samples, but in general were abit more boxy
with less timbre in bass parts. Large organs showed a

general slight shift of emphasis from upper bass to
midrange, both in reeds and flutes, and mixtures were
sharpened somewhat. The bass extension ( no boost)
was similar.
The stereo image produced by the 101 was found to
be very precise, giving pin- point accuracy with suitable
material, and this reflects, among other things, the
great care taken in matching the two loudspeakers. The
image depth was also adequate, though not so outstanding as the precision. It was confirmed that image
stability extended to the stated positional limits—it
does not just stop there, of course, but odd anomalies
begin to be noticed if one goes well outside the
specified angles. Stability is maintained on the listening axis for much more than the optimum 2 m, and the
angular limits allow bigger linear tolerances at greater
distances. However, unwanted reflections may obtrude in particular cases, depending on the size of the
room, placement of the speakers and distribution of
absorbers.
A quite remarkably high level could be obtained in a
listening room of about 83 rn .̀, and the protection
circuits were very effective. On most sources, the travel
of the B110 limited the endurable level before the
protection came in, but there must be few households
needing higher outputs than this little box can give.
The response curves show that the very tight specification is met if one ignores the interface effects at the
high end. It is known, for example, that the dip at 3 kHz
is due to the grille. It must also be added that our curves
were taken at 1m. to minimise ground reflection
problems, whereas the specification refers to 2 m,
where the combined sound field invariably shows
smaller ripples. The distortion components are outside
specification in the 70-250 Hz region ( only marginally
third harmonic). Since KEF claims are never less than
realistic, this was surprising, and these samples are
currently being investigated, but having said that, it
must be added that the distortion is hardly serious, nor
was it detected, as such, on programme. The impedance modulus reflects partly the complexity of the
crossover, and indicates an easy load, nowhere falling
below 8-6 ohms. The sensitivity was measured as
90 dB spi of pink noise at 1m in the listening room for
an input of 11.25 volts. This is on the low side, but is a
basic necessity if a reasonable bass response is to be
secured.
Although some aspects of reproduction have been
mildly criticised in this review,' tis but one man's
opinion, and other hearers may well find the particular
balance of compromises, inevitable in aloudspeaker of
this size, more to their liking. Beyond question are fine
stereo imaging and a remarkably high output for its
volume, without any worries about accidental overloads, plus KEF's usual fine engineering, attention to
detail and finish. This is one example for which
personal audition is recommended. •
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reviewed by Angus McKenzie
JVC KD-A8
om E months ago Ihad the opportunity of

S

using a KD-A8 to check some metal tapes
when the importers kindly loaned me amachine
for just three days. Iwas particularly interested
in its capability for automatic setting up of bias,
equalisation and sensitivity, called ' BEST', the T
standing for tuning. The system seemed to work
well, and a sample for review arrived in early
May. During tests, however, that sample developed aserious fault with the ' BEST' circuit,
and we had to wait until July for another.
The KD - A8 is similar to the cheaper KD - A5;
the main difference being the auto tuning as
well as normal pre-set positions—set for Maxell
UD,. Sony Duad ( ferrichrome), TDK SA
pseudochrome and Scotch Metafine. This front
loading deck is in alarge metal cabinet, measuring 450 x124 x390 mm and weighing 11 kg.
The cassette compartment on the right side
opens towards the user from the top by depressing abutton, the movement being adequately
damped. Front panel controls include two
meters of the VU type, complemented by peak
level LEDs at measured levels of - 10, - 5-75,
-0-5 + 2-5 and + 5-75 VU, corresponding
reasonably accurately to the manufacturer's
specified levels. 0VU corresponds, incidentally,
to approximately 4 dB below Dolby level.
Bearing in mind that the LEDs read peaks very
well, 8 ms tone bursts being read accurately. I
feel that there should have been an additional
LED at perhaps 6dB over Dolby level to encourage high recording levels on suitable tapes.
A pushbutton on the left opens alid running
along most of the bottom of the machine, which
reveals astereo headphone socket; left and right
mono jack sockets for mikes; a three- position
switch, with the third position spring loaded for
setting manual or automatic gain controls; two
very small and rather fiddly record level controls;
an ANRS/SAN RS/off switch for noise reduction; athree- position tape type switch for metal,
ferrichrome or normal, and chrome or pseudo
chrome types, the choice between ferric and
chrome being selected by lugs on the cassette
itself; and finally a stereo- ganged output level
control. Additional pushbuttons on the front
panel engage or disengage the auto tape setting
up circuitry, record mute, memory counter operation, and remote record or playback auto timer
facility. The main deck controls are microswitch
operating, and allow all the usual functions,
including transfer from one to another, very
smoothly. A small LED panel shows the state of
the recorder, including readiness for recording
after auto tuning. On the rear is atwo core mains
lead, but with no external earth connection, a
mains voltage selector, aremote control socket
and line input and output phono sockets. No
DIN socket is provided—one way around the
DIN input problem!
The mike inputs require 255 jtV for Dolby
level to be reached on tape, which is alittle on
the insensitive side. However, the input did not
60

clip until 100 mV had been reached, which is a
very high output indeed, even from acapacitor
mike. When mikes are inserted the line inputs are
muted, which is useful since there is no switch
for input selection. The phono inputs have a
sensitivity of 105 mV for Dolby level, and no
clipping problem was noted up to 10 V input,
which is excellent. This sensitivity will be found
adequate for all normal interconnection requirements, but will not be suitable for interconnection with receivers having only a DIN tape
socket. No noise problem was noted on the
phono inputs; however, slight distortion was
added by the circuitry from line input to line
output, averaging around 0-2% for an input level
of 320 mV set for Dolby level on the left channel,
although the right channel was satisfactory.
The replay azimuth was found very slightly
out on delivery at + 30° phase at 3kHz, and the
response was measured after this had been
corrected. In the 120 its position the responses
on left and right channel were within + 0-5 dB
from 125 Hz up to 10 kHz, although deviations
at 40 and 63 Hz were still within 1dB, which is
most commendable. Similarly, the 70 gs
equalisation was excellent, deviating by only
0-5 dB or so from its correct curve. Although the
KD-A8 uses the JVC noise reduction systems,
all levels quoted in the review are to Dolby level
flux of 200 nW/m ( McKnight method). The
replay noise measurements were made by inserting an empty cassette and pressing the
replay button. Weighted noise measurements
were made with the CCIR curve and using
the Dolby specified average- responding movement meter, which showed the replay hiss to be
at a lower than usual level with commendably
low hum measurements. Inserting the noise
reduction gave between 9 and 11 dB lower
noise still, which is correct for the JVC system. A
10 kHz low level probe tone reduced by 9-6 dB
with AN RS and 11 dB with SAN RS. Dolby level
flux at 400 Hz gave amaximum output from the
recorder of 450 m V, and replay amplifier distortion was checked with a probe head cassette

such that an equivalent flux of 6dB over Dolby
level at 1kHz gave an average of 0-25% distortion on each channel, which is reasonable,
though Imight have expected slightly better. A
distortion test at - 20 dB revealed amaximum of
0-1% which became appreciably better when
noise reduction was switched in. In practice
replay amplifier distortion will not be aproblem
since tape distortion is likely to be somewhat
higher, but slight unevenness between channels
shows that perhaps circuit component values
should be tightened alittle. Output clipping was
reached for a flux of 1-13.5 dB ref Dolby level,
which is satisfactory on today's tapes, but
eventual metal tape improvements will probably
make this clipping margin only just adequate.
More than adequate volume was available into
600 ohm phones, but the clipping margin into
8ohm phones was just adequate, clipping into
8ohms occuring at 250 mV. The line output
impedance measured 5kohms, which is sensible, the line input impedance being 80 kohms,
which should allow for almost anything to be
interconnectable.
On examining the overall circuitry we found
that the line input to monitor output response
was excellent, but no normal multiplex filter was
incorporated when noise reduction was in use,
which could present problems if the deck is used
with a receiver having inadequate multiplex
tone suppression on its tuner section.
We first tried the recorder on the preset
positions on the relevant tape types, and found
that Maxell UD produced 5% distortion of
333 Hz at + 5.7 dB with an average of 0-55% at
Dolby level itself. This is very low indeed for the
tape type. The overall noise with or without
reduction measured very well on all the appropriate tapes, and responses measured excellently to well above 15 kHz, except for Maxell
UD on the right channel being - 2dB at 15 kHz.
Sony Duad was + 1dB to 20 kHz, which must
be strongly commended, since most decks are
rather poor on ferrichrome. It is thus clear that
the preset positions are well set up by JVC. With

and very good tapes will perhaps show the
inadvisability of using cheaper tapes. Whilst
responses were always reasonable, the 333 Hz
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was 75 dB at 333 Hz on normal tape types, and
- — REW —
areasonably healthy 70 dB on metal, which is
more than acceptable. HF phase stability was
good generally, with metal tapes being someJVC KD-A8 ' BEST' Flowchart
what variable depending on make and origin.
A specially prepared program, including some
equalisation, carried out by comparing 10 kHz
noise reduction switched in, overall responses
very difficult material incorporating high level
with 1kHz and sensitivity measured at 1kHz.
in the preset positions were only marginally
HF transients, and prepared from master tapes,
The information is stored in the microprocessor
affected, which shows good tracking between
was copied on to the KD-A8 on avariety of tape
memory, and while the sequence is being comrecord and replay. This deck was used for very
types using different combinations of noise
pared, the tape is automatically recording and
lengthy tests on various new cassette tape
reduction, and pre-set or auto cassette tuning.
playing back with automatic rewind. An LED
types, and the saturation performance would
Maxell UD gave only marginal HF compression
lights up at the completion of BEST to indicate
seem to be virtually dependent on the tape with
on the most difficult parts of the program,
readiness
to
record,
the
tones
being
left
on
the
no restrictions apparent in the record amplifier
and generally had an audibly flat response.
tape at the beginning of the cassette, the
or head, and general HF measurements were
UDXL Iwith BEST tuning had a subjective
sequence taking approximately 20 seconds. The
highly satisfactory.
marginal HF boost but, as with the UD, quality
bias setting would appear to be done at arather
We tried listening to the 'search and lock auto
was excellent overall, UDXL Ihaving almost no
high level, as monitored on astorage oscillator,
gain control, and found it to be effective, alHF compression audible. When SAN RS was
and
we
found
that
while
most
high
performance
though Ipersonally prefer to use manual gain.
used with UDXL Ion piano music, some chuftapes were set up reasonably accurately to a
The automatic level control is set up by playing
fing was audible on transients due to the system
relatively optimum performance, poor quality
the loudest passage that is to be recorded and
characteristics, but when played back with
tapes
seemed
to
come
out
underbiased,
but
by
depressing the search and lock switch for the
AN RS the chuffing virtually vanished, although
varying degrees so that low level signals reautomatic gain control to determine the apthe transients were not quite so clear. Other
ceived too much high frequency boost, the
propriate gain for the tape. Once this has been
material, though, including orchestral, pop,
response of course being flat at the automatic
set and the switch left in the search and lock
anechoic speech and pink noise, all reproduced
set
level,
which
is
thus
too
high.
When
a
slight
position, the gain is stable for as long as
excellently with a wide dynamic range. Wow
error in response was noted on any very good
required, or until the machine is switched off. On
was not audible at all on program, but was, of
tape it tended to be a boost at 10 kHz, but
switching on again the gain has to be reset as
course, detected on continuous tone. Sony
subjectively this did not seem to worry us, the
otherwise it will be at maximum, and distortion
Ferrichrome with SAN RS and BEST gave as
slight
boost
being
certainly
preferable
to
a
loss,
will result, unless the manual position is used
good areproduction as Ihave ever heard from a
and sometimes preferable to aflat response.
with the record level controls then operating.
ferrichrome tape, most other machines varying
On the ferric position we tried Agfa LNS
On the original review sample we noted that
from poor to awful! The master tape was always
which did not tune too accurately, being underthe bias level dropped by some 1-5 dB over a
more
open
in
sound
than
the
fernbiased.
333
Hz/10
kHz
response
checks
were
period of several minutes after automatic ' BEST'
chrome, and the only problem noted was slight
taken
on
various
tapes
including
Sony
HF,
tape setting, using the appropriate button. This
shifting of speech transients from side to side
Maxell UDXL I, Maxell UD and UDXL II and
meant that whilst the bias and equalisation etc
due to slight differences in tracking between
Sony metal. The 10 kHz response normally
were correct immediately after auto setting,
channels. TDK SA, when auto tuned with
varied
from
—
0.4
dB
to
+
1.3
dB,
with
an
occamore and more HF was heard on the tape as time
SAN RS, again gave aslight HF lift, which was
sional
error
not
more
than
+
2
dB.
The
two
went on, and when noise reduction was in use,
not unpleasant, with virtually no HF compreschannels averaged within 1dB of each other in
the effect of extremely shrill top became very
sion, but very slight chuffing on the piano. All
response, and even a rather average quality
evident. JVC were notified of this, and after
other items in the program were excellent, and
Sony HF ( now BHF) came up quite well.
many telexes between Japan and London a
the overall dynamic range was better than that
Bearing
in
mind
that
the
bias
and
equalisation
modification was put in to improve the temperaof most other decks. A Scotch Metafine sample,
requirements between the different tape types
ture stability of the photo- diode employed to
acquired in March, produced extremely bad
are very different, it is clear that the BEST circuit,
sense the bias levels. The modified machine was
stability, with pink noise, wandering all over the
when operating properly, will give very good
then checked, and the RF bias drop over along
place, but amuch more recent sample was much
results,
if
the
user
troubles
to
use
it.
With
poor
period was minimal.
better, though not quite as good as normal tape
tapes, though, such as Agfa LNS, we noticed
The BEST circuitry, when employed, records a
types. Remarks in the subjective test constantly
very pool maximum operating levels at low
series of tones at various frequencies which,
referred to clarity and cleanness at HF, but with
frequencies caused by the under- biasing resultwhen replayed, allow automatic comparisons to
an apparent marginal brightness. The sound
ing
from
the
coénputers'
efforts
to
achieve
a
be made between them. A microprocessor then
could certainly be said to be ' open', and only the
reasonable high end performance. An example
calculates which setting is correct for bias
odd drop- out caused a momentary distortion.
of the variation in MOL performances on poorer
(detected at 6.3 kHz and compared with 1kHz)
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JVC KD-A8. Overall record/replay response
Transient wandering on the speech recording
was much better than usual, but still noticeable.
The subjective noise level was marginally worse
than that noted on pseudochrome, and ferrichrome appeared to give the widest dynamic
range at middle frequencies. It must here be said
that the difference between a good pseudochrome and the metal tape was more marginal
than Ihad expected, and whilst Iappreciate the
advantage of metal, it would seem that the price
difference can only be justified on incredibly
high quality material. Even the pop music sounded amazingly like the 38 cm/sec master tape—
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Hitachi D5500. Overall record/replay response
which was Dolby A processed—which again
shows that metal tape will possibly only show
its superiority at slower speeds. Sony metal tape
was also tried, and found to be marginally better
than the Metafine, but also marginally hissier.
Finally we tried BEST on Agfa LNS, apoor ferric
tape by today's standards, and Ifound myself
almost throwing the book at it! Bass and middle
frequencies reproduced with considerable distortion, but HF was alittle better than expected,
although some transient shifting was noted,
worse than on other tapes. Some dropouts were
evident since the deck had not biased the tape

optimally, and Isuppose what came out clearest
was how much better atape like UDXL Iis than
an old lo fi type.
It is perhaps remarkable that this deck gave
such excellent results overall on good tapes,
since it is only atwo-head model, and thus the
playback head, with its required narrow gap for
replay, has to be used for recording. The saturation performance of the head is obviously
improved greatly since it is made of sen alloy.
The VU meters, as usual, under- read a 64 ms
transient by 6dB, and this itself will encourage
higher recording levels. Iam definitely very
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impressed with the machine, which can be
highly recommended, but do check the BEST
system on agood tape over a period of several
minutes in case the machine has asimilar fault to
the original review one. Most definitely one of
the best two- head decks that I have yet
measured, with surprisingly good overall results, which are, however, more dependent than
usual on the tape chosen, showing the machine
itself to have very few compromises. Finally, the
absence of the 5 pin DIN socket will at least
encourage compatible interconnections, and
few problems are likely to arise here.

Hitachi D5500
This Hitachi deck also contains an automatic
tuning facility, but unlike the KD-A8, it has three
heads, record and replay ones being combined
in one housing. The deck is a very large front
loader housed in a metal cabinet, weighing
14 kg and measuring 435 x186 x320 mm. The
cassette compartment is on the top left side of
the machine and swings open from the top
when a button is depressed. Underneath it are
all the normal deck operating controls housed in
amodule which can be taken out of the cabinet
to provide remote control functions, with transmission facilities carried by an infra- red system.
This operated well up- to about 6 metres distance, but it was found necessary to point the
control towards the deck for reliable operation.
The front panel incorporates split concentric
rotary pots for line in and mike/DIN inputs—
which are thus mixable—and a ganged stereo
replay control. Levers and push buttons operate
many functions, including: -Dolby noise reduction selection, with or without mpx filtering; a
tape/source svvitch; memory counter/automatic
rewind; manual and auto tape selection with
associated memories; and tape counter reset.
Two VU type meters on the front panel are
complemented with three peak reading LEDs at
0, + 3 and + 6-5 VU on continuous tone, but
tone bursts require very marginally higher level.
Dolby level corresponds to + 3.5 VU and the
metres under- read a 64 ms transient by 8dB,
which is slightly worse than usual. A panel of
nine LEDs in amatrix indicates the tape types for
which each of three memories has been programmed. A stereo headphone jack is complemented by the usual two main jacks for
mikes, the left input feeding asignal to left and
right if no right hand mike is inserted. Inserting a
mike plug does not disconnect the DIN, but
actually increases its sensitivity by very many
dB, which could possibly marginally improve
S/N performance, but of course degrades the
clipping level. A heavy duty three- core mains
lead is provided on the rear panel, and a label
indicates that the earth must be connected to
avoid static problems causing trouble with the
memory circuits. This, however, might introduce
earth loop problems, and. should be watched.
Normal phono line in and out sockets are
complemented by switchable independent ones
which bypass the record level controls. Another
switch clears the microprocessor tape type
memory, which is non-volatile since a built-in
battery pack ( dry cells, not rechargeable) supplies power for the memory for very long periods. There is a normal 5 pin DIN socket with a
switch to disconnect the replay pins during
recording to DIN specifications if required, but
an additional 5pin DIN is also provided to allow

off - tape monitoring. The normal output phono
sockets are anyway svvitchable to in- or output.
The microphone inputs were rather insensitive, and will thus require the use of electret
microphones rather than low output movingcoids, unless you want to speak very close to the
mike or shout! Nearly a mV is required for full
recording level to be reached at maximum
sensitivity, but the inputs clip at 55 mV which is
not as good as the KD-A8's margin. The DIN
input has adequate sensitivity and clipping
performance, but the input impedance is rather
on the low side at 4.3 kohm, although only very
slight additional hiss is introduced from appropriate DIN sources. The variable line inputs
had a maximum sensitivity of 75 mV, but clipped at the rather low level of 2.9 V, which will be
quite satisfactory for normal uses, but tiresome
for interconnection with professional equipment. The input impedance of 100 kohms here
is useful, and the input noise performance is
excellent. The fixed level line inputs require just
under 150 mV for Dolby level, but clip rather
surprisingly al 650 mV. Whilst on the subject of
clipping, we noticed on the review sample as
delivered that the monitor circuits actually clipped at alevel equivalent to only 6 dB over Dolby
level, which is ridiculous, since this was produced by both monitor output and tape.
Hitachi's attention was drawn to this, and
eventually—after the usual telexes to Japan—
the importers modified the circuitry to improve
the clipping by about 4dB on the normal
outputs, which is only just reasonable, but by no
means good. The importers claim that the fac .
tory production line will have introduced the
required modifications; otherwise this precludes
recommendation.
The replay azimuth was accurately set on
delivery but the replay responses all showed a
general tendency to an average droop to - 1.5
dB at 10 kHz, the right channel being slightly
worse.
Replay
noise
measurements
(CCIR/ARM) prove the machine to have avery
quiet replay amplifier, but avery slight 150 Hz
hum at - 64 dB on the left channel might just be
audible on occasions. Replay amp distortion at
+6 dB after Hitachi's modification, measured
with aprobe head cassette, was around 0.03%
with Dolby out, degrading to around 0.1% or so
with Dolby in, which is not only very good, but

better than the KD-A8.
Replay noise reduction was reasonably compatible with Dolby's specification. The headphone monitor circuit provided just adequate
volume for 600 ohm models with areasonable
clipping margin, but lower impedance phones
were rather quiet, especially 8ohm models
which are not really suitable, the clipping
margin being only 6-7 dB over Dolby level. The
fixed phono sockets seemed to give a better
output clipping performance, but it is possible to
use fixed outputs with variable inputs.
Imust confessto being disappointed with the
factory- chosen preset alignments for all the tape
types, 10 kHz responses averaging - 3dB or so
throughout ref. 333 Hz. Maxell UDXL I, Sony
Ferrichrome and Maxell UDXL II were used for
the tests, Maxell tapes being identical to their
Hitachi equivalents. Since the performances
were so poor, including A/B Dolby levels, they
are best forgotten, since automatic tuning gave
rather better results both objectively and subjectively. Three pushbuttons are provided to
select for 120 is tapes, ferrichromes, or
pseudochromes and chromes. Three memories
allow the user to set up for any tape type in each
memory. Setting up takes just a few seconds
and is accomplished by starting recording, depressing the tape button and then the auto
'test' button, followed by storing the test result
into the required memory. Subsequently, one
only needs press the memory for the appropriate
setting up, provided tape types are adhered to.
Two separate meters are provided to indicate
bias and sensitivity setting as given by the
memory. Marcell UDXL Iproduced pen charts
with Dolby out which will be seen to be alittle
unstable because the 'siamesed' record/replay
heads are not in good enough contact with the
tape at all times. However, the response chart,
taken after several attempts, showed a reasonably flat curve to around 12 kHz ( at - 1dB),
extending upwards to 20 kHz. The odd dips in
the chart, Iam sorry to say, reflect the drop- out
performance. The MOL performances on the left
channel were all very good, but the right channel averaged about 2dB inferior, which Icannot
explain. Overall weighted noise performances
throughout were very good for the tape types
used, with or without Dolby noise reduction.
Sony ferrichrome did not perform too well
63
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THORENS PC 650
DOLBY OUT
DL-30dB
MAXELL UCAll
110NT

1001

DOLBY OUT
DL.-30dB
BASF Ci-02
SUPER

1001

subjectively or objectively, the pen chart showing 2 dB dips with Dolby in the treble region ( as
also with Dolby on Maxell UDXL l). Also, whilst
the response came up again on the left channel,
it stayed down on the right. 333 Hz MOLs were
all incredibly good, but this very fact shows that
the tape was heavily over- biased causing poor
HF compression characteristics which were all
too evident by spitchiness and transient movement on speech. Recording levels would thus
have to be held quite away down to remove HF
compression, and this tape cannot therefore be
recommended with this deck. Maxell UDXL II
gave good pen charts, being + 1dB ref. 333 Hz
from 30 Hz to 20 kHz. With Dolby in, the charts
were also excellent, showing UDXL II as clearly
the best tape on this machine. 333 Hz MOL
performance was very good on the left channel,
but only fair on the right, and perhaps there is
some form of track displacement or incompatibility between the record and replay head
sections.
The wow and flutter performance was excellent, the average peak DIN weighted figure
being 0.06% overall, but phase stability and
head/tape contact were below average, which
is most disappointing. Speed was 1%slow at the
beginning, reaching — 1.4% at the end, and this
might be slightly annoying, especially to those
with perfect pitch. A C90 wound through in
approximately 21 minutes. Erasure at 333 Hz
averaged 70 dB, which is satisfactory, for
normal tapes. Crosstalk measurements were a
little disappointing, averaging around — 27 dB,
although crosstalk between the two directions
at LF was very good at better than — 60 dB.
In the subjective tests, the sound quality was
slightly muffled in virtually all preset positions,
and HF compression received frequent comments. In the auto biasing position results were
rather better, UDXLI giving just aslight apparent
HF loss, but sounding generally good on the test
program. Occasional comments of transient
sideways movement were made, and very slight
HF compression was audible in the speech and
pipe music tracks. Ferrichrome gave bad HF
compression and spitch on speech, and was
generally not liked at all, also producing bad
transient sideways movement. UDXLI Isounded
much better, even loud piano at full recording
level giving a good response and remaining
64
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rather more stable in positioning than other tape
types. Speech reproduced with a very good
response and wide dynamic range, and just
slight transient movement was noticed. The
piano sound was excellent with very low hiss,
and more stable than before without any signs
of chuffing since Dolby- B does not normally
seem to produce this effect. The pop track ( Alan
Clarke) sounded excellent throughout, receiving particularly high praise.
At its very best the Hitachi D5500 could
record and reproduce to a very high standard,
but the excellent results were only really given
on the pseudochrome position. Iam disturbed at

100

200

500
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the poor stability, which seemed to be particularly noticeable on the ferric and ferrichrome
positions, and that it should be better on UDXL
ll is strange. It is a pity that the right channel
distortion performance seems below par. At its
high price Ifeel it should have done better, and I
remember being much more impressed with the
earlier Hitachi 0900. Perhaps the combined
heads in my review sample were sub standard,
and you would get better results; but competition is stiff, and so the machine, based on the
review results, cannot really be given a firm
recommendation. We decided to try some Fuji
metal tape on the chrome position, and noted
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The Thorens PC650, shown here in brushed aluminium finish, is also available in black
that whilst the sensitivity and frequency responses were very good indeed, the maximum
levels that could be recorded at middle frequencies were considerably below those on the KDA8, and furthermore the erase capability was
inadequate. Bear in mind, though, that this
machine is not theoretically metal capable, and
the comments serve to show that many modern
machines are still not capable of use with metal
tapes. If the high frequency compression performance and general stability had been much
better, and the chosen bias and equalisation
auto settings had been better compromised, this
machine might well have had a good recommendation, and Hitachi will obviously have to
be more careful with quality control.

Thorens PC 650
Thorens has always been awell respected name
in the field of record turntables, but now they
must be judged anew; their first cassette machine has not done as well as it might, most of
the problems arising from strange philosophy,
and poor record/replay head breakthrough. The
PC 650 appears well finished. On the neatly
recessed back panel are the phono line in and
output pairs, and two 5pole DINs, one for input
and output and the other in output only, thus
allowing monitoring when interconnected with
DIN equipment. A pushbutton switch mutes
replay interconnections during recording to
coincide with DIN standard requirements. Two
preset pots control replay output levels, providing, if required, up to 2.4 V for Dolby level,
which seems rather excessive and unnecessary.
The replay clipping margin, incidentally, is extremely good if these pots are turned down to a
reasonable level, clipping normally occurring at
5.5V output. A remote control socket is also
provided, together with remote time counter
switching.
The cassette compartment opens towards the
user quite normally, but the cassette is unconventionally inserted upside down, and thus
goes forward from right to left. To coincide with
this, the rewind buttons are in reverse order, and
are labelled with arrows which can be misleading. The main deck controls are solenoidoperated, and if the pause button is depressed
whilst on record, it is necessary again to press
playback and record together to continue recording, which is awkward. However, the pushbutton controls worked well, and allow automatic logic transfer from one function to another
quite smoothly. A memory counter is provided
with reset button, rewinding being slower when

memory is in use. A three- position switch selects mike/DIN, phono inputs and input mixing,
the latter facility working well with neither input
affecting the other. However, two hard frictionlocked dual concentric rotary pots for record
were found difficult to balance, if left and right
inputs were not peaking identically. An additional toggle switch selects mike or DIN
inputs, which is sensible. Further toggle switches operate Dolby; bias and equalisation together, for chrome, ferric or ferrichrome tapes;
and limiter ( available on mike/DIN inputs only).
A Dolby rec. cal. button provides tone for setting
overall gains via tape, two easy- to- use centreindented presets being provided for rec. cal. The
main switch includes a position for remote
operation, together with the remote play or
record selection switch to work with an external
timer. A 1 instereo jack socket is provided for
headphones, with aganged rotary pot for level,
the headphones being the only external equipment which can be switched to monitor input or
output, by pulling the volume control out,
though the knob came off if this was done too
eagerly! However, plenty of volume into all
normal headphones from 8ohms to 2000 ohms
is available, with agood clipping margin. The
meters are allegedly peak reading, but a tone
burst test revealed that they under- read an 8ms
transient by 10 dB, and 64ms by 2dB. They are
also heavily equalised to boost the metering on
high fregencies, which Ipersonally dislike. LEDs
beside each meter indicatewhether the limiter is
operating or not. A record mute button fades
down and up again when depressed and released, but this again works on mike/DIN inputs
only, which is peculiar.
The mike inputs are on normal Iin. mono
jacks on the front panel ( left feeding both
channels when right is not in use). The mike
input sensitivity was rather poor, and electrets
will probably have to be used, rather than less
sensitive types. The clipping margin, however,
was very good. The DIN input worked very well,
with good sensitivity and excellent clipping
margin into 20 kohms, and only marginal noise
degradation was noted of about 1dB from a
standard DIN source, even on the quietest tape
type and using noise reduction. Distortion on
this input reached 0.2% at + 6dB on the right
channel, which is satisfactory, although the left
was better. The phono line inputs presented
good sensitivity and no clipping was noted,
input noise also being very low here. No response problems were noted on any input. The
record limiter worked generally quite well, and
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was better than usual, although heavy limiting
of piano transients caused an audible click.
On delivery, the replay head was found out of
azimuth, and all responses were taken after
correction. Replay responses seemed slightly up
at 10 kHz on ferric, but about right on chrome
positions, although the right channel was
slightly more up than the left. Replay noise
measurements were average, and should have
been better on athree- head deck, since replay
head inductance optimisation to reduce noise
should have been possible. The Dolby circuits
worked well on replay, and the replay clipping
margin was excellent, although distortion at
+6 dB was only just reasonable. Some hum was
noted on replay, the 50Hz component being
poor at — 54 dB at worst, whilst audible 100 and
150 Hz components were measurable around
—65 dB, and Thorens should improve on this.
We had some difficulty finding out from the
importers which tapes to use, but after phone
calls to the manufacturers they eventually
recommended Maxell UDXL I, Sony ferrichrome
and BASF normal chrome. Somewhat surprisingly, UDXL Iproduced a pen chart showing
—3 dB at 10 kHz, which was also very unstable,
particularly on the right channel, whilst ferrichrome was reasonably flat. Normal chrome
tape also produced atop cut, and so Idecided to
change tape types to BASF LH Ifor ferric and
BASF Chromdioxid Super, both of which gave a
much flatter response overall. From the test
results it was quite clear that the whole deck had
been considerably over- biased when set up by
Thorens, but since normal users would not be
able to get at the bias controls, it seemed more
reasonable to try other tapes which by experience would probably be better, judging by
the earlier figures and measurements.
BASF LH Igave very poor phase stability ( as
did UDXL l), but the response did extend to
15 kHz where it was — 2dB. The 333 Hz MOL
was rather poorer than it should have been, but
at least the flat response made it sound better.
The overall S/N ratio measured well, with noise
reduction giving an additional 9.75 dB hiss
decrease. When monitoring whilst recording,
pink noise was slightly unstable, and some very
unpleasant
and
distorted
sounding
breakthrough was audible, presumably from the
record head to the replay head. This caused the
monitoring quality to be poor, but on replay the
quality improved dramatically, although ' stability and head/tape contact appeared to degrade
noticeably. Some EHF tape compression was
noted, but the subjective quality sounded reasonable ( although high energy sounds did
become slightly distorted). Wow was not audible on piano, but some mod noise was, which
seemed worse than normal, and was possibly
caused by scrape flutter.
Sony ferrichrome produced an incredible
MOL at 333 Hz of + 9.3 dB which shows it to be
greatly over- equalised, but HF compression was
fairly marked on program, particularly on speech
transients—which tended to spitch slightly—
and pop percussion, which was generally rounded off on transients. Low and mid frequency
distortion was subjectively very low, but IM
distortion was clearly audible at HF, which
resembled the mistracking noises of some pickups playing nasty over- bright records!
Normal BASF chrome was insufferably bad,
with much bass distortion, but if the volume was
significantly decreased to avoid this, hiss
65
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became apparent, thus showing that normal
chrome is not to be recommended. Chromdioxid
Super gave what is probably the best result, with
a good dynamic range and reasonable MOL
figures. Whilst EH Fcompression was noted, the
sound at quieter levels was a little over- bright,
and probably another tape type could have been
more suitable. The super chrome pen chart
shows adip of around 2.5 dB in the presence
region, whilst normal chrome rolled off top
rather more so, which sounded worse anyway.
It is clear that Thorens have not taken enough
trouble to set up the machine properly, and in
any case why could they not have chosen a
more sensible tape for the chrome position?
The wow and flutter performance measured
moderately well at 0.12%, and was satisfactory
subjectively. As previously stated, stability was
poor, and clearly Thorens have a problem with
their combined record/replay head in one housing. In some cases where acombined head does
work well, the erase head has a light spring
loaded pressure pad to provide tension to improve head- to- tape contact, but Thorens omit
this, and use increased back tension from the
spool, which is unwise as it is less consistent.
Speed was 0-5% slow at the beginning, but
-0.9% at the end, again probably due to too
much back drag. Erasure was very good, but
crosstalk only fair, measuring actually somewhat poorly at LF, averging around - 21 dB at
63 Hz. This should not be a problem subjectively, though it should be better. Spooling was
quite fast at 1.5 minutes. Incidentally, asource
impedance of 10 kohms on the output phono
sockets is rather too high, and it should really be
below 4.7 kohms for good compatibility.
To sum up, it is clear that this machine has
very many good points, for the input and output
circuitry was at least as good as on many very
high quality machines. However, the inappropriate biasing and record equalisation must be
heavily criticised, together with the choice of
normal chrome. The stability problem with the
record/replay head may be just particularly poor
on the review sample, and to check on this, try
recording interstation hiss from an FM tuner,
and rewinding and playing back again, to determine if the image is stable ( switch the tuner to
mono for this test). Ihave a hunch that whilst
this model is not altogether satisfactory, the next
one from the same source may well be much
better. In the meantime this one cannot be
recommended as its stands.

Conclusions
It may appear from my comments that Iam
always criticising something, but Imust assure
readers that Ido not find fault for the sake of it.
There are many factors which control the overall
subjective quality, and it is rare indeed for me to
find acassette deck that is very good in almost
every respect. In addition to frequency responses with noise reduction in and out, I
consider it important to look at 333 Hz MOLs,
which can assist in tying in subjective comments on distortion and HF compression, with
an indication of how the machine has been
biased. Having measured hundreds of cassette
tapes over the years, it is possible to predict the
alignment state of the machine, as well as
tendencies to record- head saturation, from
measured performances on known tapes. Other
important areas are input and output intercon66
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nection compatibility, tape path stability and
head azimuth, mechanical considerations, such
as wow and flutter and speed, and hum and
noise levels throughout. In the light of these
priorities, the second sample of the JVC KD-A8
did perform very well throughout, although
there were slight problem areas, as outlined. The
machine is quite expensive, but the automatic
tape setting up sequence will be aboon to those
who like to try different tape types. You will have
to make up your own mind about the JVC noise
reduction system, but at least ANRS is moderately compatible with Dolby B. SANRS gives
more noise reduction, and is subjectively better
on much material, but the transient noise luffing problem may disturb you on some material.
Iliked the Hitachi, but it should have been set
up better in the 'factory set' tape positions,

=M.*

although it is asimple matter for auser to set up •
almost any required tape, and incidentally much
quicker than the JVC. Tape path stability was
not too good, though.
Rather more of a problem was the tape •
stability, and bad record to replay head
breakthrough in the Thorens deck. Quite
possibly if the head had been better mounted,
and the tensioning more appropriate, the deck
would have given abetter response on the tape
type for which it had theoretically been set up,
but the record head breakthrough on monitoring was found extremely annoying, and so the
deck cannot really be considered too seriously.
Unfortunately, therefore, only the KD - A8 receives astrong recommendation, but Ihope that
it will see some healthy competition soon from
other manufacturers*

JVC
KD-A8

HITACHI
D-5500

THORENS
PC- 650

25511V

460uV

315 iiV

Line input sensitivity ( ay)

105 mV

144 mV fixed
75 mV variable

79 mV

Line output level from D/L

450 mV

763 mV variable •
455 mV fixed

2.4 V

Overall CCIR/ARM Weighted
noise ref. D/L Ferric ( dB)

ANRS out - in SAN RS
-50.5 - 59-75 - 61.0

Dolby out
Dolby in
-50.75 - 60.6

Dolby out
Dolby in
-49.75 - 59.5

Overall CCIR/ARM Weighted
noise ref. D/L FeCr ( dB)

-54.3 - 637 - 64.75

-55.3 - 65.1

-55.0 -- 64 4

Overall CCIR/ARM Weighted
noise ref. D/L Cr ( dB)

-51.5 - 60.9 - 62.25

-54-5 - 64.0

-56-0 - 65.1

Overall CCIR/ARM Weighted
noise ref. D/L metal ( dB)

-51.75 - 61-7 - 63-2

PARAMETER
Microphone
(ay)

input

sensitivity

.
-

-

333 Hz MOL. ( ay) ferric

Preset
BEST
+5.7 dB + 5.4 dB

Preset
AIRS
+7.9 dB + 61 dB

+8.5 dB

333 Hz MOL ( av) FeCr

+8.2 dB + 7.8 dB

+8-4 dB + 8.8 dB

+9-3 dB

333 Hz MOL ( ay) Cr

+5.9dB + 5.5dB

+7.2dB + 4.75dB

+2.2 dB

333 Hz MOL. ( ay)

*7.5dB + 8-3dB

-

-

Metal

0

W& FPeak DIN weighted overall average

0-07%

0-06%

0.12%

Worst erasure

-70 dB ( metal tape)

-69 dB ( chrome)

-73 dB ( ferric)

Replay noise Ferric; noise reduclion out

-60-2 dB

-61-9 dB

-56-9 dB

Replay clipping margin ref. D/L

+13-6 dB

+10•9 dB ( var. out)
+12.5 dB ( fixed out)

+10-5dB

Azimuth phase error at 3kHz as
delivered

+30°

+10'

+45°

Price inc. VAT

£506.00

.C499.00

£460-00

Distributor

JVC ( UK) Ltd,
Eldonwall Trading Estate,
Staples Corner.
6-8 Priestley Way,
London NW2.

Hitachi Sales ( UK) Ltd;
Hitachi House.
Station Road,
Hayes,
Middx.

Metrosound Audio Products
Ltd,
4-10 North Road,
Islington,
London N7.
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reviewed by Denys Killick
LTHOUGH all the recorders fit the mid to upper
of the price range, there are striking
dissimilarities between them. Out of the five, three have
been designed for use with metal tape formulations;
some have various methods of bias adjustment; one
only, the SonyTC- K75, provides A/B monitoring with
a third head; all include the Dolby- B noise reduction
circuitry except JVC's KD - A5 which uses their own
AN RS together with Super AN RS; some of the tape
transports are logic- controlled by touch button, others
by mechanical press keys.
Such awide disparity in the provided facilities and
a price differential of more than f100 tends to make
absolute comparative evaluation rather less than
meaningful. It must also be pointed out that the
popular type of published review has many built-in
weaknesses. The results can be regarded as specific
only in relation to the actual samples tested and in the
same way measurements on tapes are specific only for
the individual cassettes used. Because of the limitations of the reviewing procedure it is not practicable to
comment on long term reliability after an extended
period of use, neither is it possible to include every
conceivable technical test to which the recorders might
have been subjected.
In fact Iwas given an entirely free hand to use my
own discretion in the selection of parameters to be
investigated and also to determine the extent to which
any particular investigation should be pursued. Itherefore accept full personal responsibility for omissions of
which Iam only too well aware.

A segment

MEASUREMENT PROCEDURE
The playback characteristics weie established for
each machine by plotting the playback response from
TEAC test tapes. MTT-216 ferric oxide for 120 us
playback equalisation and MU- 316 for chromium
dioxide, 70 us playback equalisation. Where the recorder included facilities for the use of dual layer
ferrichrome tapes and/or metal tapes, the playback
response was also checked to ensure that these positions of the tape selector switch also provided the
agreed 70 ps equalisation. Plots were taken for both
channels to show what imbalance, if any, was present.
The accurate presentation to the reader of the
measurements of those parameters involving recording and playing back on individual cassettes,
principally overall frequency response, noise and distortion, is more complex, because different kinds of
tape formulation can produce widely differing results.
With this in mind Idecided that the major part of the
technical investigation should be to use a reasonably
wide selection of tape formulations to give the reader
some guidance on what tape to use in terms of
economy as well as performance. I felt this to be
important because the advertised claims of tape manufacturers and even the published recommendations of
hardware manufacturers cannot always be accepted at
face value. The number of commercially available
cassette tapes is now so vast that my selection of
formulations was bound to be inadequate. However. I
decided it would be reasonable to use 10 tapes from
Group 1 ( ferric oxide), five tapes from Group 2
(chromium dioxide or similar) three tapes from Group 3
(ferrichrome) and three tapes from Group 4 ( metal).
The same actual cassette of each kind was used in all
five machines. My own selection of formulations was:
Group 1. Fuji FXI, Maxell UDXL I, 3M Master I. BASF
LHI, Sony CH F, Sony AHF, TDK D ( new type), TDK
OD, Memorex MRX and EMI Hi -Fi: Group 2, Fuji FXII.
3M Master II, BASF CrO, Super, Sony CD- 7and TDK
Super Avilyn; Group 3, 3M Master Ill, BASF
Ferrochrom and Sony FeCr; Group 4, TDK MA- R. 3M
Metafine and Sony Metallic.
The conventional method of examining overall
frequency response performance is to plot the playback
of a20 Hz- 20 kHz sweep tone that has been recorded
at alevel significantly below maximum. The level Iused
in every case was 20 dB below 0 VU indication on the
internal meters of the recorder in use. However, where
the machine included avariable bias facility, but did not
include any reference mechanism for the user to
establish his own ' correct' adjustment, Isubstituted a
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spot frequency check at the same recording level, using
333 Hz with 8 kHz, 10 kHz and/or 15 kHz. The object
was to establish a bias setting that would achieve a
response curve closely approaching flat under those
recording conditions. Where applicable the detailed
results are quoted for each tape formulation.
There are many ways of measuring noise and distortion so the procedures adopted must be clarified. For
noise the cassette was first bulk- erased and then a
section of tape was recorded with the Record Gain
control set to minimum. The resultant noise on that
section of tape was then measured on playback relative
to the standard IEC reference level of 250 nWb/m.
Linear and A- weighted measurements were taken
under both noise reduction ' In' and ' Out' conditions for
every tape; limitation of space makes it impossible to
quote all the results in full but attention will be drawn to
discrepancies where they were noted.
For distortion, a333 Hz signal was recorded on every
tape at a level to give 0 VU indication on the internal
meters in the cassette deck ( 0 PPM in the case of the
Sony TC- K75) and then the third harmonic content in
the playback of that signal was noted. At the same time
the output level of that playback signal ; n relation to
standard reference level of 250 nWb/m was observed.
Recording levels were then increased until the third
harmonic content on playback reached just 3%. The
output level of that signal was then again related back
to 250 nWb/m so that result is quoted as a 3% third
harmonic distortion content within a recorded tone
whose playback is so many dB above or below
standard reference level. Now this is very important
because it materially affects the manner in which the
visual record level indication on the deck should be
interpreted by the operator in relation to the particular
tape he is using at that time.
Other measurements included wow and flutter;
quoted to the DIN quasi- peak standard, long term
speed stability obtained by counting out electronically
the actual playback frequency of atone recorded on a
laboratory calibration cassette, etc. All measurements
were taken from the phono line sockets.
Finally, aword about metal tape. It is by now well
known that this new formulation requires alevel of bias
current not found on adeck not specially designed for
its use. Because this level is so high, it makes heavy
demands on the record head which must therefore also
be specially designed. Playback is to the 70 jis equalisation standard. One of the claimed advantages for
metal tape is the ability of the new material successfully
to reproduce more HF energy than is currently possible
with any other commercially available medium. If this
be true, then overall frequency response curves derived
from metal tapes should be much more flat at high
recording levels than those obtained from other formulations. For this reason the overall frequency response
investigation was extended where metal tape was used
to include four signal levels: firstly at 0 VU indication
and then at -10 dB, - 20 dB and - 30 dB. In addition
some HF I
M distortion measurements were taken using
the twin tone IEC 94 method with F1 = 14 kHz and
F2 = 15 kHz.

THE FAILURES
Out of the five cassette decks of highly reputable
make and far from inconsiderable cost, no fewer than
three had to be replaced during the course of the
investigation. This represents a 60% failure rate and I
make no apologies for describing this state of affairs as
disgraceful! The only encouraging aspect of such a
miserable story must be to allay readers' fears that
review samples are specially doctored so that exemplary results will be obtained which are not representative of the general stock held by the distributor.
Apart from that one ray of light in an otherwise
depressingly gloomy scene there is another lesson that
can be learned. It is strongly recommended that the
purchase of a cassette deck, even at a relatively high
price level, should be made only from aretail outlet that
will guarantee properly to test, and if necessary to
adjust the equipment so that the risk of failure is
reduced to commercially acceptable levels. The dangers of buying acassette deck as a ' box off the shelf'
should be self-evident. Here are the details of the
offending machines together with the reasons why

they had to be rejected:
AI WA AD- L40
During the course of the initial period of knob
twiddling immediately after mains power had first been *
switched on, the lozenge- shaped push button that
changes the readings of the bar- graph meters from VU
to peak was depressed. The push button, presumably
carrying with it at least part of the mechanics of the
switch, promptly disappeared into the body of the
machine. The matter was reported to the distributor
who apologised and sent a second sample. It is
therefore this second submission that is the subject of
all further comment in this article. A silly, minor fault?
Yes, but it should not have happened. It is not difficult
to imagine the feelings of frustrated irritation that
would be experienced by the unfortunate purchaser
undergoing asimilar experience.
HARMAN KARDON HK 2500
After taking playback response measurements preparations were made to investigate the overall
frequency response when it is, of course, necessary to
record. It was found that with the Record Gain at
maximum an input signal of nearly 4 V was required to
obtain 0 VU indication on the internal meters. It was
also found that alteration to the setting of the Record
Gain control for one channel resulted in an alteration of
level on the other channel. These facts were reported to
the distribútor who submitted a second sample. All
further comment on the HK 2500 relates to the investigation undertaken on this second submission.
TEAC A-510
The full set of laboratory measurements was taken on
the first sample and the playback response performance was not very good but just acceptable. There
was, however, an unacceptable difference in the recording characteristics of the two channels. For example, using Fuji FX I there was a tolerably flat
response on the LH channel whereas the RH showed
an HF emphasis of 3-4 dB at 15 kHz. Many response
curves showed even wider discrepancies with, for
example, TDK OD measuring + 6dB at 14 kHz relative
to 333 Hz. Finally, in all groups of tape the output level
for 3% third harmonic distortion was very poor indeed.
The metal casework was bowed at the front top and the
tape position counter reset button frequently jammed.
When the distributor was advised of the generally
substandard performance that had been observed he
claimed that such results were not representative of the
stock and offered to send another machine selected at
random. This was done and further reference to the
TEAC A-510 relates to the second submission.

AIWA AD- L40
This deck can handle metal tape and two tape
selector switches are used—one for bias. the other for
equalisation—each with three positions marked
Normal, FeCr apd Metal. Chromium dioxide selection
is automatic prbvided one of the two positions other
than metal is selected. A fine bias adjustment is
provided on the front panel to give - 20% but this
operates only for ferric oxide tapes. A removable label
indicating relative settings of the control is associated
with it but unhappily many of the named tapes are
either obsolete or not obtainable in the UK. Since the
recorder does not include its own built- in oscillators
and metering arrangements for assessing relative bias
levels, the inclusion of the adjustment facility must be
open to question. However, advice in the Owner's
Instruction Manual goes at least part of the way to
overcome the problem rather neatly. It recommends
recording interstation noise from an FM tuner and
adjusting bias levels until the 'After Record' sound
matches the ' Before Record' signal. This does work
surprisingly well but it is atedious operation when, as
in this case, the deck lacks a third head. Itherefore
adopted the procedure used by Aiwa in some of their
other models by recording a 333 Hz tone and then
adjusting the bias until an 8 kHz signal gave a 'flat'
response • 0.5 dB. This procedure was adopted for all
the ferric oxide tapes used; Table A gives the results for
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the 'optimum' bias settings in percentage terms conforming to the marked calibration of the adjustment
knob. Care was taken to use the same settings for noise
and distortion measurements, but it must be emphasised that the information is given as a general guide
since it can only be specific for the actual sample
examined.
Metering is by a pair of fluorescent bar- graph type
displays combined with a push-button switch to give
VU or ' peak' readings. ' Peak' readings must not be
confused with those from atrue Peak Program Meter;
the two are rather different.
Tape transport is by an array of press keys, asystem
that might be thought to be a little ' old fashioned' in
these days of logic control. However, the action of the
press keys is mechanically very sweet indeed—
amongst the best, if not the best, of my experience. The
AD- L40 includes the mandatory 3- digit position counter but, surprisingly at this price level, this is not
associated with a 'memory device. The Dolby- B
switch includes a position bringing into circuit a
Multiplex Filter, and the 'deck has what must be regarded as the latest gimmick to be exported from the
Far East: a ' Record Mute' switch. This merely cuts the
input signal to the record amplifier and its purpose is to
enable the operator to avoid recording spoken announcements between pieces of music. Whilst in use
an LED flashes at 1 Hz so that you can, if required.
actually time the muting operation.
Also a gimmick is the provision of a socket for
synchronisation with a turntable, a facility that will
doubtless please the music industry which recently
claimed losses amounting to £ 150m per year through
the illegal' copying of its recorded repertoire! Inputs and
outputs are by phono type sockets supplemented by a
5- pin DIN socket associated with aslide switch to give
fixed or variable output levels.
The 120 jis playback characteristics were acceptable
with only a small channel imbalance ( particularly at
low frequencies) and an output that was only between
1.5 and 2dB down at 14 kHz. Tape- to- head contact
was shown to be very good indeed. Very similar results
were obtained from the 70 ps cassette; and it was
confirmed that playback in the Cr0,, FeCr and metal
positions of the tape selector switch conforms to the
standard 70 ¡is equalisation.
Overall frequency response plots were taken for all
the named ferric oxide tapes after individually adjusting
the bias setting for each ( shown in Table A). Despite
the known dissimilarities that exist within the selection
tried there was a remarkable consistency in performance. Without exception the curves were flat within
1dB at 10 kHz and extended satisfactorily to about
14 kHz. From that point the trace fell away sharply but
was never more than - 4 dB at 15 kHz. The complete
absence of major irregularities is highly commendable;
if one were to attempt to assess the merits of the
individual tapes used in terms of their suitability for this
recorder it would be impossible to make any judgements at all on the basis of frequency response alone.
The situation with the other tape groups is rather
different because bias adjustment is confined to ferric
oxide only. Of the five Group 2 tapes used, four gave
exemplary results with virtually flat curves extending to
15 kHz. From this point there was a sharp fall- off to
around - 7 or - 8dB at 20 kHz. The exception was
BASF Chromdioxid Super where after producing a
-1 dB shelf between 600 Hz and 3 kHz the curve
began to rise to aplateau of + 3dB ( relative to 333 Hz)
at 15 kHz. As aresult of this HF emphasis the output at
20 kHz was - 4 dB.
In the early days of dual ayer ferrichrome type tapes
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the overall response curves all too frequently resembled the contour of an Olympic ski slope. No such
problems existed in the plots of the three Group 3
cassettes tested in this recorder. Results were generally
very similar to those obtained from the Group 2 tapes
with output levels very commendably flat to within
about 1dB at 15 kHz.
At present interest centres ( even if only academically) on the performance of the new metal formulations. Frequency response plots were taken at four
recording levels with each of the three types and the
results for TDK MA - R are shown in Fig. 1. From these
traces it will be seen that even at 0 VU recording level
the output at 10 kHz is up by more than 2 dB. At lower
recording levels the curve begins to rise just short of
1-5 kHz to give amaximum output of fractionally more
than + 5dB at 15 kHz with a sharp return to a point
close to flat at 20 kHz.
The patterns obtained from Sony Metallic were very,
very similar indeed, whilst the Metafine cassette
showed the same tendency but with about 2 dB less
emphasis at 15 kHz. There was, however, rather less
stability in the output signal but to be scrupulously fair
this could well be due to a sample irregularity in the
single specimen of this formulation available to me. As
readers will probably know, metal tape is currently in
short supply.
These results obtained from metal tape are extremely
interesting; the measurements obtained from the AIWA
conform to the general pattern revealed by similar
tests carried out on some other recorders with ametal
capability, one of which is examined in these reviews.
Ideally the curves should, of course, be flat at all input
signal levels and frequencies. The fact that there is such
an extreme departure from the ideal might well come as
a surprise to those who believe that the new tape
would solve all problems.
The AIWA AD - L40 has acommendably low level of
50 Hz mains hum and its derivatives; using the previously described method on the selected ferric oxide
tapes ( with the bias adjusted) the A- weighted figures
(with Dolby- B) were very good indeed. None of the
tested tapes showed anoise level worse than - 63 dB,
ref. 250 nWb/rn, whilst BASF LH 1 measured a
remarkable - 65 dB. There was the expected improvement to noise levels in Groups 2, 3 and 4, due to the
70 pa playback equalisation, with measurements
around - 65 dB ( A- weighted Dolby- B) and 3M Master
II an exceptional - 67 dB. Interestingly the metal tapes
of Group 4produced noise figures very similar to all the
other 70 lis playback equalisation formulations.
It is in the measurement of low- to- mid range distortion that one really begins to differentiate between the
various makes and types of tape. ( A measurement is
quoted in dB terms above or below standard reference
level of 250 nWb/m for 3% third harmonic content in a
recorded 333 Hz signal.) Within the selected ferric
oxide tapes ( all with bias adjusted as described) there
was found to be a variation of very nearly 6 dB in
output level for the given distortion content. The least
good was Sony CH Fat - 0-75 and the best were 3M

Master Iand TDK OD, both of which were found to be
capable of accepting recording levels 5 dB above
reference level for 3% third harmonic distortion. Fuji FX
Iand BASF LH Iwere both + 1.75 dB whilst TDK D
(new type) and EMI Hi- Fi were both + 2.75 dB. Sony
AHF was close to the leaders at + 4-5 dB whilst UDXL I
was + 3-5 and Memorex III + 4 dB.
Distortion measurements at this frequency ( 333 Hz)
always return less good figures from the chromium
dioxide and equivalent formulations of Group 2. On
this recorder, however, results were disappointingly
poor, with the best tape, Fuji FX II, reaching the 3%
third harmonic point at only 0-25 dB above reference
level. The other three tapes used in the Group were only
marginally worse at between - 0.5 dB and 0 dB.
Outstandingly worse was BASF Chromdioxid Super
which reached 3% distortion at 4 dB below reference
level. None of these results can be regarded as
satisfactory.
Table A
AIVVA AD- L40
Settings of fine adjustment bias control
used in Review.
Fuji FXI
Maxell UDXL I
3M Master I
BASF LHI
Sony CHF
Sony AHF
TDK D ( new type)
TDK OD
Memorex MRX
EMI Hi -Fi

o
+8%
+8%
+8%
-8%
+8%
+12%
+14%
+10%
+6%

The dual- layer tapes should be outstandingly good
in terms of this parameter; in fact the 3% distortion
point was reached at between + 4-5 and + 4-75 dB.
TDK MA- R was disappointing with a 3% third harmonic distortion at only 1-25 dB above reference level.
The figures for 3M Metafine and Sony Metallic were
+3-5 and + 4 dB respectively.
It must be remembered that the Groups 2and 3, and
particularly Group 4 tapes, should be capable of
handling significantly more HF energy than the ferric
oxide tapes of Group 1. For this reason it has frequently
been recommended that they should be recorded at
higher levels, but this is only acceptable provided that
the increase in level doesn't produce excessive distortion in the low and mid frequency ranges. A comparative study of the distortion measurements given above
will emphasise the point, there being an extreme
difference of as much as 9dB in signal level between
the best Group 1 and the least good Group 2
formulations.
Wow and flutter ( to the DIN quasi- peak standard)
was between 0.085% and 0-09% at the beginning,
middle and end of acassette. Long term speed was near
absolute at the beginning and middle of the cassette
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but did deteriorate to - 0.5% towards the end.
The bar- graph meters under- read a 50 ms pulse by
approximately 9dB when displaying VU, but when
switched to peak reading the full signal level was
correctly displayed. Ishould have liked to find apeak
display hold facility on this recorder at this price range
but none was present.
In the VU display condition a tape recorded to
standard reference level 250 nWb/m read + 4 dB on
the right-hand and left- hand channels whilst a Dolby
level calibration cassette recorded to 200 nWb/m read
+2 dB; the Dolby mark was at + 3 dB.
Technical findings can be summarised as good to
very acceptable for all parameters other than distortion
from Group 2tapes, which was poor. This is surprising
in view of the fact that the recorder is fitted with ahead
capable of satisfactorily dealing with the extremely
high coercivity metal formulations.

HARMAN KARDON HK 2500
No more than a cursory glance reveals obvious
superficial differences with the general run of current
design trends. Its large, uncompromising, box- like
shape is distinctive; its apparent simplicity of controls is
unusual in these days of proliferating switches.
Compared to some of the other recorders examined
the facilities provided by HK 2500 are indeed limited,
particularly when related to cost price. Tape selection is
by separate 3- position bias and equalisation switches
for ferric oxide, FeCr and CrO, but not metal tape.
There is Dolby- B noise reduction, of course, together
with aswitch position to bring a Multiplex filter into
circuit; there is also an input selector which incorporates the now mandatory ' Record Mute'. An
unusual addition to the front control panel is a 3position ' Bias Trim' switch with a central ' Normal'
position and ' Increase' above and ' Decrease' below.
There is also a switchable subsonic filter, useful for
reducing VLF interference from discs but it is afacility
more usually ( and some might think more properly)
provided by the preamp. Recording levels are adjusted
with a twin rotary knob, whilst output levels are
controlled by asingle knob for both channels. The 3digit counter has a 'memory' and the counter reset
button carries an array of illuminated segments giving
visual indication of tape motion.
Tape transport is controlled by press keys whose
action was found to be stiff and awkward after the
AIWA AD- L40. Record level indication is by a pair of
meters marked ' Peak Reading' and supplemented by a
pair of LEDs, one for each channel. Ido not regard
adherence to the mechanical type of metering arrangement as necessarily disadvantageous. For precise setting they are always more accurate in the sense that
they are truly continuously variable whereas the more
modern type of bar- graph fluorescent indication can
require significant changes in signal level to move the
illumination from one segment to the next. On the
other hand the response of afluorescent bar is virtually
instantaneous, thus making it ideal for displaying very
short transient peaks. Until we have fluorescent displays that more closely approach continuously variable
operation the combination of mechanical meters with
peak LEDs might be regarded as acceptable or even
preferable.
The rear panel carries the usual two pairs of phono type input and output sockets together with a 5- pin
DIN connection. The laboratory investigation followed
the normal procedure with an examination of the
playback characteristics of the recorder and it was
immediately apparent that serious problems existed.
With the tape selector switch in its ' low noise'
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position the LH channel measurements were exemplary, with the response flat at 12.5 kHz and only
fractionally more than 1dB down at 14 kHz. Repeating
the procedure on the RH channel produced vastly
different results: - 1.5 dB at 8 kHz, - 2.5 dB at 10 kHz,
-5 dB at 12.5 kHz and - 7.5 dB at 14 kHz. After
changing the cassette and tape selection for 70 'is
equalisation, similar results were obtained, apart from
the fact that LH channel reproduction was slightly less
good than was the case with the first test cassette. The
presence of such gross channel imbalance on playback
must be criticised severely and it betrays aweakness in
quality control procedures. From the user's point of
view it means that properly recorded tapes will always
lack top response on one channel when reproduced, to
the detriment of both overall quality and the stereo
image (see fig. 5 on p. 207).
Before starting to record it is usual to consult the
Owner's Instruction Manual for advice on tape selection and also, in this case, for recommendations on the
use of the Bias Trim Switch. Unhappily the large 30page volume contains only about 2,' pages of English
language text with aminimum of information on both
subjects. The paragraph on Bias Trim suggests that the
owner should make trial recordings and experiment
with different settings to determine which is right for
each tape formulation in use. This is less than helpful
where there is no basis for assessment.
Table B
HARMAN KARDON HK 2500
Setting of bias trim switch used in Review.
Decrease
Fuji FXI
3M Master I
BASF LHI
Sony CHF
EMI Hi -Fi
Fuji FXII

3M Master Ill
BASF FeCr

Normal

Increase

UDXL I
Sony AHF
TDK D
TDK OD
MRX,
3M Master II
BASF CrO, Super
Sony CD- 7
TDK SA
Sony FeCr
Sony FeCr

Faced with this dilemma it was decided to investigate overall frequency response by using the LH
channel only ( because of the RH channel playback
abnormalities) and to use the spot frequency method
of balancing the output at 10 kHz and 15 kHz with the
333 Hz output using the Bias Trim switch position that
was found to give the nearest approach to ' flat'. The
results of this research are given in the accompanying
Table B. It will be noted that amongst the 18 tape
formulations, not one required abias level corresponding to the ' Increase' position on the Bias Trim switch. In
other words the choice is between two positions:
Normal and Decrease; Increase should be ignored
under all but exceptional circumstances. This applies to
all three tape Groups.
As might be expected, such overall frequency response plots as were taken showed asignificant fall - off
in HF output on the RH channel. This was in part but
not wholly accounted for by the poor playback characteristics; since the fall- off was less great under Record
to Play conditions as compared to Play only it followed
there is another imbalance in the recording circuitry.
Care was taken to ensure that the Bias Trim switch
was adjusted to the same setting as that used for overall
frequency response measurements when investigating
noise and distortion. Noise performance was found to
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be very good indeed. The A- weighted figures with
Dolby- B varied between - 61 and - 63 dB relative to
standard reference level 250 nWb/m for all the Group 1
ferric oxide tapes. Groups 2 and 3 returned figures of
from between - 64.5 and - 66.5 dB. The best Group I
tapes for noise were found to be TDK OD and Memorex
MAX Ill at - 63 dB; in Group 2 3M Master II at
-66.5 dB whilst all three tapes used in Group 3 were
within afraction of - 65-5 dB. There was found to be a
wide disparity between the selected Group 1 ferric
oxide formulations in terms of distortion. The best was
Sony AHF where the 3% third harmonic content was
reached in asignal at 4.25 dB above standard reference
level. Other good tapes included TDK OD at + 3.75,
Memorex MAX Ill at + 3.5 and Maxell UDXL Iat
+3 dB. Classified as acceptable were TDK D ( new
type) at + 2dB and EMI Hi -Fi at + 1.5 dB. Less
satisfactory results were obtained from Sony CH F at
-0.25 dB, Fuji FX Iat - 0.75 dB and BASF LH Iat
-1-75 dB. As is to be expected the tapes of Group 2
performed rather less well with the best, 3M Master II,
reaching 3% third harmonic distortion in a333 Hz tone
at + 2 dB. Both Sony CD- n and TDK Super Avilyn
measured + 1.25. whilst Fuji FX II was - 0.5 and BASF
Chromdioxid Super - 0.75 dB. In Group 3 the new
Sony FeCr was particularly good at + 5.25 dB whilst
the other two formulations used, BASF Ferrochrom
and 3M Master III, followed closely behind at + 4.5 and
+4 dB respectively.
Wow and flutter on the HK 2500 was particularly
good. measuring 0.08% at the beginning, middle and
end of a cassette, measured to the DIN quasi- peak
standard. A long term speed investigation, however,
showed afurther lack of attention to detail by quality
control departments; the recorder was running fast by
1.9% at the beginning of a cassette. 1-6% fast at the
middle and1 . 5% fast at the end. Apart from the fact that
such inaccuracy will be audible to many as achange in
pitch, the extent of the speed variation between the
beginning and the end of the tape gives rise to some
concern.
The action of the meters in the HK 2500 is a little
unusual; described as ' peak reading', they are in fact
'pseudo- PPMs'. The zero indication also carries the
Dolby mark and this is correctly positioned for atape
flux of 200 nWb/m. Playback of a tape recorded to
standard reference level, 250 nWb/m, gives an indication of approximately + 1.5 dB which again is correct. However a50 ms pulse was found to under- read
by 1.5 dB showing that shorter transients will not be
indicated visually with anything like accuracy. This is
where the peak level LEDs are indispensable. The LH
channel LED illuminated at a signal level of + 2 dB
(reference zero) and the RH LED at + 2-5 dB. This is
close to reference level output and so care must be
taken when using tapes whose 3% distortion content
occurs close to or below that joint.
Technical summary: mixed blessings!

JVC KD-A5
This recorder is the lowest priced of the five examined here, but it by no means lacks advanced
facilities.
Tape selection is by apair of switches, one of which
provides the recording and playback characteristics for
ferric oxide and ferrichrome tapes; in its upper position
marked ' High Bias' it enables asecond switch to select
between chromium dioxide types and metal. Noise
reduction is JVC's own ANRS which can now be
regarded as equivalent to Dolby- B and compatible.
This is supplemented with Super ANRS which is not
compatible either with AN RS or Dolby- B but which is
claimed to increase the dynamic range of cassette
recordings by increasing the levels at which HF signals
can be handled without running into distortion or
saturation problems. There has recently been considerable interest aroused in the new Dolby- HX system
and Tandberg's Dyneq, both of which have been
designed to produce this extra headroom [ see October
p. 117]. It is worth remembering that JVC has been
successfully using Super AN RS for some years.
The 3- digit position counter does not have an
associated ' memory' device but the input selector
includes a ' Record Mute' facility. A single rotary
control provides output level adjustment for both
channels at the phono line-out sockets in the rear panel
and a dual knob gives independent record level ad69
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All very good indeed. Of the five Group 2 tapes
the 3% distortion point was reached between + 1.25
and + 2 dB for all formulations other than BASF
Chromdioxid Super which was - 1dB. The three
Group 3 dual- layer tapes, 3M Master III, BASF FeCr
and Sony FeCr returned figures of + 5.5, + 6.0 and
+6.75 dB respectively. In what is now becoming a
familiar pattern the metal tapes tended to parallel
Group 2 performance at the test frequency of 333 Hz
with the 3% harmonic point being reached at + 1.5 dB
for TDK MA- R, + 2-25 dB for Sony Metallic and
+2.5 dB for 3M Metafine.
Having established generally very good distortion
performance on this recorder the machine was used for
IM difference frequency measurements using 14 kHz
and 15 kHz in aratio of 1: 1. The Third Order ( minus)
sideband was examined and it was found that the 3%
point was reached with TDK MA- R at 9.5 dB below
reference level, Sony Metallic - 10 dB and 3M
Metafine - 12 dB. These measurements were repeated
with the Super ANRS circuit in operation when the
Third Order ( minus) stdeband contents at 0 VU indication were found to be only 2.4% and 2.5% for TDK
MA- Rand Sony Metallic respectively and 3-4% for 3M
Metafine. This confirms the claim made by the manufacturer that Super ANRS does indeed provide an
extension to HF headroom.

None of the curves for
ferric hrome tapes were

justment for each channel. Record level indication is
by mechanical VU meters supplemented with an
array of five LEDs marked - 10, - 5, zero, + 3 and
+6 dB. Since it is impossible to have too much true
information about actual recording levels the inclusion
of peak level LEDs covering such awide dynamic range
is to be commended, forming as it does an extremely
useful and practical complement to the mechanical
meters.
Tape transport is by logic control with coloured
LEDs to give visual indication of Play. Record and
Pause modes. The mechanical action of the deck was
found to be very, very good indeed and based on the
limited experience of the review work undertaken, it
gave an impression of being one of the best, if not the
best, of the five.
The line- in line-out phono sockets at the rear are
supplemented by a5- pin DIN connection. There is also
a connection point for an accessory remote control
device. The recorder does not include any means of
bias adjustment on the front panel but at the rear there
is a 3- position switch selecting Normal, + 10% and
-10% bias levels, but this is operational only when
working with metal tape. It is understood why this
switch has been positioned at the rear—it will be used
infrequently and is out of the way of interfering
fingers—but during the course of laboratory work the
truth of the adage ' Out of sight, out of mind' was
brought home with some force. When using anumber
of metal tape formulations it is easy to forget which bias
setting has been selected. However, again being practical, it was found that the degree of variation provided
had little measured effect on the three tapes used.
Results from the first playback response investigation with both 120 us and 70 us test cassettes can
only be described as exemplary. At no time was there
found to be a deviation of more than 1dB from
absolute flat throughout the range from 31.5 Hz to
14 kHz. In this respect it was clearly the best machine
examined.
The named selection of tapes was recorded and
played back with overall frequency response curves
plotted. In Group 1 the least acceptable curve was
obtained from Sony CHF where the output began to
fall off at about 1kHz to give - 3dB at 10 kHz and
-5 dB at about 14 kHz, but it must be remembered that
this is an economy formulation. Its approximate equivalent from another manufacturer, TDK D, produced a
curve within 0.5 dB of absolute flat to about 12.5 kHz
from which point there was afall to - 4 dB at 15 kHz.
All the other tapes gave very acceptable curves with
TDK OD the best, measuring - 2.5 at 15 kHz whilst
BASF LH 1and Memorex MRX3 provided results that
were acceptable but, within 1dB limits, not quite as
good as the others.
In Group 2all the tapes tested ( with one exception)
gave flat response curves extending to 15 kHz 1dB.
The exception was BASF Chromdioxid Super where
the curve rose from 3kHz peaking at + 2.5 dB ( relative
to 333 Hz output) at 15 kHz.

impressive. They provided
a pattern of declining HF
output with the curve beginning to fall away from
1kHz. The BASF Ferrochrom was - 5 dB at 10 kHz
from which point the curve flattened to give the same
reading at 15 kHz: 3M Master Ill was - 4 dB at 10 kHz
and - 5dB at 15 kHz. The most acceptable curve was
produced by Sony FeCr with - 2 dB at 10 kHz and
-3.5 dB at 15 kHz. In terms of frequency response it
will not be possible to recommend any of the Group 3
tapes other than Sony FeCr, and even this will be
difficult to justify in the light of the better performance
from other formulations.
Turning now to the Group 4 metal tapes it was very
interesting to note that the overall frequency response
curves that were obtained for the AIWA AD- L40 were
very similar indeed to those produced by the JVC KDA5. As before, plots were taken at four different
recording levels and beginning with TDK MA- R it was
soon established that changing the position of the rear
metal tape bias switch from ' Normal' to ' + 10%' had no
practical effect on the response curve pattern. The
Sony Metallic cassette showed about 1dB less HF
emphasis compared to TDK MA- R and again 3M
Metafine ( stated to be the tape on which the machine
has been set up) provided a good approximation of a
flat response at 15 kHz but, as aconsequence, output
at 20 kHz was down compared to the other two tapes.
The practical value of outputs between 15 and 20 kHz
from acassette is debatable. It is well known that noise
reduction and dynamic range expansion are liable to
emphasise any original deviation from flat. Since Sony
Metallic provided an average HF emphasis, the - 20 dB
plots were repeated twice more, with AN RS and with
Super AN RS. The bias switch was in its central
'Normal' position. As expected, the resultant responses
would be regarded as unacceptable by many. Because
3M Metafine has amuch less dramatic HF emphasis in
the first place, it will give very much better AN RS and
Super AN RS overall frequency response curves.
Noise measurements for the Group 1 ferric oxide
tapes with ANRS in circuit gave A- weighted figures
consistently around 61 dB below standard reference
level. BASF LH Iwas best at - 63 dB and 3M Master I
the least good at - 59 dB. The correct improvement
was noted amongst the 70 ils tapes of Group 2, with
the best result obtained from 3M Master II at - 65-5 dB
whilst the other tapes were - 63 and - 63.5 dB. Results
from Group 3 were - 64 and - 64.5 dB for Sony
Ferrichrome and 3M Master Ill respectively and
-65 dB for BASF Ferrochrom. The metal tapes all
returned figures of - 63 dB and fractionally higher.
Distortion measurements for Group Itapes were
exceptionally good. For example, the budget priced
Sony CH F, which on some machines was running into
3% third harmonic distortion of a 333 Hz tone at or
below standard reference level of 250 nWb/m could be
recorded to reference level + 1.5 dB for the same
distortion content on the JVC KD - A5. 3M Master I
could even be recorded to + 6.5 dB before reaching the
3% point whilst Sony AHF at + 5. 5, TDK OD and EMI
Hi- Fi at + 4.75 dB were very good indeed. The figure
for Memorex MAX was
+4.25 dB, Maxell UDXL
+3.75, Fuji FX I + 3, TDK
D + 2.5 and BASF LH I
+2 dB.

The introduction of metal particle tape has led to
redesigns of both record and erase heads. This is the
double- gap Sen-Alloy erase head used by JVC.
Wow and flutter measurements on the JVC KD-A5
were consistently below Ott% measured to the DIN
quasi- peak standard. 0 08% was noted at the beginning and middle of the cassette with 0.09% at the end.
Long term speed was not so accurate, measuring 1%
fast at the end and fractionally more at the middle and
beginning.
The mechanical meters under- read a50 ms transient
by approximately 7 dB which is normal for VU- type
operation. However the peak indicators responded
accurately and were found to be correctly calibrated in
terms of level.
The technical findings on the JVC KD - A5 are easy to
summarise: they were consistently very good indeed
apart from the query rased about the frequency response obtained from Group 3 dual- layer ferrichrome
tapes.

SONY TC-K75
The Sony TC-K75 is firmly positioned at the centre
of the price range under consideration but despite this,
it provides the widest range of practical facilities.
The recorder provides true A/B monitoring through
the use of separate heads and amplifiers, although it
must be mentioned that the Record and Playback
transducers are combined as a single element com-
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ponent. There is an adequate user bias adjustment
facility together with built-in oscillators providing
400 Hz and 8 kHz tones that can be metered during the
setting- up procedure. Bias can be adjusted for all the
tapes in Groups 1, 2and 3but it is fixed when using the
metal tapes of Group 4. Interestingly Sony comment
that the ' output level change of metal tapes is insignificant by plus or minus 20% bias amplitude
variation'. This tends to confirm the JVC KD - A5
results.
The Sony TC- K75 even has variable record sensitivity controls so that the recording in general, and the
Dolby- Bcircuit in particular, can be properly aligned to
suit the widely varying output levels of different tape
formulations.
All the usual facilities are to be found including a
'memory' device and a Multiplex Filter as well as the
essential Monitor Select switch providing source' and
'off- tape' positions. Connections on the rear panel are
by phono sockets exclusively but the line out sockets
are duplicated, one pair providing afixed output level
and the other pair variable with asingle rotary control
on the front panel. Recording levels are adjusted with a
dual rotary knob providing independent control for
each channel.
The LCD bar- graph type meters are very interesting
indeed. They are not marked ' peak reading' but are
clearly labelled ' Peak Program Meters'. They function
in conjunction with apair of press buttons that provide
achoice of operational modes; either a peak hold for
about 4 s, or normal. They are properly marked for both
the setting of bias levels and for adjusting the Record
sensitivity controls. There is even an inscription reading
'0 VU' at - 4 dB so that readings can be related to the
action of the more common VU- type meters.
Tape transpon is by log ic control through the use of
the conventional array of light touch press buttons, one
of which provides the apparently essential ' Record
Mute' facility. Unusually the front panel also carries a
socket for the connection of an optional extra remote
control unit.
After attempting to absorb the plethora of technical
facilities ( and Iforgot to mention that the tape transport
operates on the dual- capstan, closed- loop system) it
was something of arelief to turn to the basically simple
operation of investigating playback performance.
Using the TEAC test tapes, it was found that results
were acceptably good, apart from a rather surprising
emphasis of about + 2.25 dB at 31.5 and 63 Hz. At the
top end output was within 1dB of flat at 10 kHz but
tended to fall off by amaximum of - 2.5 dB at 14 kHz.
Overall frequency response tests required the use of
the Bias Calibration system and Record Sensitivity
controls. These were found to be delightfully simple to
use, the plan for bias being to adjust until both
channels give an equal reading indication. One carries
the 400 Hz tone and the other the 8 kHz. Record
sensitivity is merely a matter of lining up indicated
outputs to calibrated marks on the meter scale.
Because both operations are undertaken whilst recording, the time taken involves seconds rather than
minutes.
One consequence of adjusting bias individually in
this way is to produce a series of flat frequency
response curves from those tapes to which the bias
adjustment applies, that is, formulations in Group 1, 2
and 3. Group 1 plots showed a flat response to well
above 10 kHz, generally tailing off slightly to read
about - 1dB at 15 kHz. In order to test the system
thoroughly it was decided to use two additional ferric
oxide formulations with avery wide coercivity differential. BASF LH Super was selected as an example of low
coercivity tape and TDK AD was chosen as the high
coercivity sample at the other extreme. It was found
that the bias adjustment system not only coped adequately with such widely differing requirements but
there was ample margin to deal with tapes whose bias
requirements fell either above or below those of AD
and LH Super.
Amongst the Group 2tapes the curve least liked was
that from 3M Master II where there was arise in output
of about 1.5 dB, 2-6 kHz, followed by a fall off to
-3.5 dB at 15 kHz. This contrasts with BASF
Chromdioxid Super which showed a small - 1dB
shelf, 1-6 kHz, rising to + 0.5 dB at 15 kHz and extend.ing to about 17 kHz. The 20 kHz output was about
-4 dB. Sony's own CD- 7 was ruler flat to 10 kHz,
-1 dB at 15 kHz and - 7 dB at 20 kHz.
The Group 3tapes were very similar, with 3M Master
Ill less than 1dB down at 15 kHz.
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As before, metal tape was recorded and played back
at four different levels; for the sake of consistency the
highest was 0 VU, that is, PPM - 4 dB. The curves for
Sony Metallic are shown in Figure 3. TDK MA- R
provided almost identical results whilst 3M Metafine
displayed curves that rolled off earlier to measure
-2 dB at 15 kHz and rather more than - 10 dB at
20 kHz.
Noise measurements showed that the A- weighted
noise level with Dolby- B on the tape that performed
best in respect of this parameter, BASF LH Iat - 63 dB
relative to reference level of 250 nWb/m, was identical
to or close to the noise measured in Groups 2and 3and
was actually better than that for all Group 4tapes. The
general run of measurements for Group 1 was, however, between - 61 and - 62 dB.
The best Group 2 noise measurement was 3M
Master II at - 64-5 dB whilst none of the others were
very far behind. The Group 3tapes measured - 63 and
-63.5 dB whilst Sony Metallic and 3M Metafine
measured only - 61.5 dB with TDK MA- R - 62.5 dB.
Distortion measurements were all good and in some
cases outstandingly so. The ferric oxide tape accepting
the lowest level of signal for the stated 3% third
harmonic distortion content in a 333 Hz tone was, in
fact, Sony's own economy CH F which reached that
point precisely at reference level of 250 nWb/m. TDK D
(new type) which is also an economy tape, reached the
3% point at + 2.5 dB. Two formulations were exceptionally good, 3M Master Iand TDK OD, both at
+5.75 dB while Sony's AHF measured + 5.25 dB.
MRX, was close at + 4.5 dB with EMI Hi- Fi at + 4 dB.
With such exceptional results, the measurements from
the other ferric oxide formulations ( which might otherwise be regarded as acceptable) must be seen as
trailing alittle. They were Maxell UDXL Iat + 3dB, Fuji
FX Iat + 1.75 dB and BASF LH Iat + 1.5 dB.
Amongst the Group 2tapes, the distortion performance of BASF Chromdioxid Super was the least good
at - 1dB whilst next in line was Fuji FX II at + 0.75 dB.
Both 3M Master II and TDK SA were + 1.5 dB whilst
Sony CD- 7was the best at + 1.75 dB. The dual layer
tapes were all very satisfactory with 3M Master III at
+5 dB, BASF Ferrochrom at + 5.5 dB and Sony's own
FeCr an outstanding 6.5 dB.
Using precisely the same measurement procedure
the metal tapes of Group 4 revealed considerable
disparity. 3M Metafine reached the 3% distortion point
at 5dB above reference level with Sony Metallic at
+4.25 dB. The disappointing measurement was that
on TDK MA- R which reached the stated distortion
content in asignal only 1.5 dB above reference level.
If all the setting up procedures are carefully and
accurately carried out the playback of atone recorded
at 0 PPM indication will give an output that approximates reference level. It therefore follows that in
the case of this recorder only, amongst the models
examined, the figures quoted above for distortion can
be translated directly into meter readings so far as lowto- mid frequencies are concerned. Hence the above
information is invaluable, remembering only that there
could be small performance variations in both the
hardware and software departments when using samples other than those that have been individually
measured.
Wow and flutter was found to be comfortably below
0.1% ( DIN quasi- peak standard) at the beginning and
middle of acassette but it did deteriorate to afraction
over 0.1% towards the end. Long term speed was
found to be just over 0-5% fast.
An investigation of the meters showed that the
playback of standard reference level 250 nWb/m was
correctly indicated at zero PPM. A 50 ms transient gave
a correct visual indication and the record level calibration was correct for Group 1tapes but slightly down
for Groups 2 and 3. It has to be said again that the
absolute accuracy of metering systems of this kind is
dependent upon the number of illuminated segments
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making up the bar- graph. Although the TC - K75 meters
conform to currently accepted design standards, ultimate efficiency depends upon increasing the array
tenfold so reducing the signal level tolerance between
one segment and the next.
Another interesting point that came to light during
the course of the investigation is what is regarded as
incorrect advice published in the Owner's Instruction
Manual regarding recording level setting. Bearing in
mind the established 3% distortion points for tapes in
Groups 2and 4it became necessary to query with Sony
UK Ltd. why they advised owners to set recording
levels on the PPMs above these points. The answer
given was that the recommended level settings produced the widest possible dynamic range, but following urgent consultation with Sony, Japan, it was
agreed that the instructions would be amended in
future editions of the book. Iwould like to compliment
Sony UK Ltd. for the serious and urgent manner in
which they have treated this matter and for their
general helpfulness in resolving the problem. It might
be, as they suggest, that their recommended recording
levels would not produce obtrusive distortion when
recording some kinds of repertoire but they agree with
me that when recording, for example, asolo piano, the
distortion content would be likely to be unacceptable.
In summary it can be said that all the technical
conveniences provided in the TC- K75 are of practical
value and will materially assist the owner to achieve a
better standard of quality in the reproduction of home
recorded tapes. The measurements obtained could be
classified either as very good or very acceptable.

TEAC A-510
The last in our series of five cassette decks ( taken in
alphabetical order) is the TEAC A-510. It is also the
most costly at a quoted price of £ 342.
The recorder is not metal tape capable nor is there
any provision for user bias adjustment. It is a 2- head
model and therefore does not provide A/B monitoring
facilities.
The usual array of switches appears on the front
panel with separate selectors for bias and equalisation
to meet the requirements of tapes in Groups 1, 2and 3.
There is Dolby- B noise reduction, of course, but no
Multiplex Filter switch position. The 3- digit counter
has a memory device. Output is variable with asingle
rotary knob operating on both channels.
Tape transport is logic- controlled with the touch
keys arranged calculator , fashion within a vertical
panel. LEDs indicate Record, Record Mute and Pause
functions.
The Record Level indicators are of the fluorescent
bar- graph type with push button controls providing
Peak Hold with Cancel, achoice between Automatic
Peak Hold and Manual operation and an illumination
adjustment for Bright and Dim visual displays. The gain
controls associated with these meters are unusual: they
comprise a pair of completely separate rotary knobs
with mechanically ganged actions. Adjustment of, for
example, the RH channel control will cause the other
knob to rotate in synchronisation. Independent channel adjustment is obtained by holding one whilst
turning the other against a built-in friction gear.
On the rear panel are the standard phono socket line
in and line out arrangement and also a 5- pin DIN
socket. The rear panel also carries aconnection socket
for an accessory remote control device.
The playback only frequency response performances
were very acceptable. There was an unfortunate LF
emphasis of + 2-5-4 dB at 31.5 Hz whilst at the upper
end the 10 kHz tone was 0.75-1.5 dB down. At
14 kHz the output was around - 3 dB but tape- tohead contact was generally very good.
Overall frequency response measurements showed
curves commendably flat to within +1dB, with extreme variations noted on TDK OD where the response
71
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began to rise at 2kHz to reach + 5dB at 10 kHz,
maintaining that output to 14 kHz then dropping
sharply to flat at 15 kHz. Sony AHF gave avery similar
pattern but with just 1dB less HF emphasis. The two
*economy tapes. Sony CH Fand TDK D. produced very
different curves. The former was virtually flat to 8 kHz,
-1 dB at 10 kHz and - 6dB at 15 kHz; in contrast the
TDK D curve began to rise at 3kHz to give areading of
-1-25 dB at 10 kHz which was maintained to 14 kHz
from which point it dropped sharply to - 1.5 dB at
15 kHz.
Results for the Group 2 chromium dioxide tapes
were not so good. There was atendency to fall away, in
some cases dramatically, from the 333 Hz point. For
example. Fuji FX II was producing an output of - 4 dB
at 10 kHz and -. 5 dB at 15 kHz. 3M Master II had a
similar pattern whilst BASF Chromdioxid Super produced acurve that began to fall away then flattened out
between 1.5 and 10 kHz rising by 2 dB to a peak at
15 kHz. The closest approach to flat was obtained from
Sony CD- 7and TDK Super Avilyn. Both still had the
same tendency but the kiss in HF output was nearer
-2 dB at 15 kHz in both cases.
The ferrichrome tapes of Group 3 fared somewhat
better. On all the tapes measured a flat output within
1dB to 10 kHz was maintained with the best result
obtained from BASF Ferrochrom and Sony FeCr. Both
of these tapes gave curves within 1dB of flat at 15 kHz.
Noise measurements generally were exceptionally
good: amongst the Group 1 tapes, the least good Aweighted measurement with Dolby- B was Sony AHF
at - 62.25 dB relative to standard reference level. Since
the best ( Fuji FX I, Maxell UDXL Iand Memorex MRX
3) measured - 63.5 dB and all the rest came somewhere in between there was really not a lot to distinguish between them.
The 70 is playback equalisation tapes gave the
expected better result; amongst Group 2, 3M Master II
was outstanding with ameasured - 67-5 dB. The least
good, Sony CD- 7and TDK Super Avilyn, both returned
figures of - 645 dB. BASF Chromdioxid was very
good indeed at - 67 dB whilst Fuji FX II was - 65.5 dB.
The three dual- layer tapes of Group 3 produced the
following measurements: 3M Master Ill - 66 dB, BASF
Ferrochrom - 66.5 dB and Sony FeCr - 65.75 dB. All
very acceptable with little to differentiate between
them.
Relating the output of a333 Hz tone containing 3%
third harmonic to standard reference level of
250 nWb/m, it was found that the best of the selected
ferric oxide tapes were EMI Hi - Fi, Sony AHF and 3M
Master Iall at + 4 dB. Memorex MRX 3was + 3.25 dB
with UDXL Iclosely following at + 3dB. TDK OD
performance was alittle disappointing at + 2.5 dB with
Fuji FX Iat + 2dB. The two economy tapes. Sony CHF
and TDK D, gave figures of + 0-25 dB and ( surprisingly
good) + 1-75 dB. BASF LH Iwas measured at + 1dB.
The 3% distortion point amongst the selected
chromium dioxide tapes was reached in the best case
on 3M Master II at + 2dB whilst the other tapes, with
one exception, measured around * 1-25 dB. The odd
man out was BASF Chromdioxid Super where the 3%
third harmonic content was reached in asignal 1dB
below reference level. The three tapes of Group 3were
all very similar with outputs varying between + 4.25
and + 4-75 dB for the stated distortion content.
Wow and flutter measured to the DIN quasi- peak
standard was just 0.1% at the beginning and middle of
a cassette deteriorating slightly to 0 12% at the end.
Long term speed was consistent at, or fractionally
below. 0.5% fast.
The action of the meters could best be described as
'pseudo- PPM'. Recordings taken at zero indication
produced playback levels close to 250 nWb/m but
which read + 2or + 3 dB ( depending on the sensitivity
of the tape) in the play mode. The visual indication
produced by the reproduction of aDolby- B calibration
cassette ( 200 nWb/m) was zero. A 50 ms transient
accurately reproduced zero indication.
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It is suggested that great care is required in setting
levels which, for this machine, should not exceed zero
on the bar- graph scale and for some formulations—
and for program containing high HF levels—the
maximum permitted peaks could advantageously be
held below this point if excessive HF distortion is to
be avoided.
The technical investigation into the performance
characteristics of the TEAC A-510 produced results
that should be compared with those obtained from the
other cassette decks examined and then related to
price. This machine is technically good by today's
standards or acceptable without in any way being
dramatically outstanding. The advisability of using
some tapes in Group 2 is questionable.

SUBJECTIVE REPORT
For subjective assessment selected musical repertoire was recorded and reproduced with the following associated equipment: Technics SL- 110 turntable
with a Shure V15- IV cartridge and SME arm; Trio
KA7300 amplifier; KEF R105 loudspeakers. The music
included extracts from full orchestral performance,
operatic selections, solo piano, solo organ, string
quartet and solo soprano with piano accompaniment.
In addition, commercial cassette recordings of aknown
quality standard were reproduced.
For the record- to- playback tests, asingle ferric oxide
tape was used, Memorex MRX 3. In addition, Sony
Metallic tape was used in the three machines for which
it is suitable. ( It was felt that asevere limitation on tape
types was necessary in order to reduce the variables to
minimum.)
After spending a considerable amount of time recording and playing back, the conclusion was reached
that there was very little audible difference in the
subjective impressions received from all five recorders
when working with MRX 3as described. It should be
noted that meticulous care was taken in the setting of
recording levels which was always done with the help
of reference back to the previously established laboratory measurements. Under these conditions it would
be very difficult indeed accurately to distinguish between the different machines on the basis of listening
alone, with one exception. There was ageneral feeling
that sound produced by the Sony TC-K75 had an
elusive quality that was difficult to define but which
gave it avery subtle advantage -over the others.
The position when using metal tape was different.
The effect of the HF emphasis already described was
audibly apparent by acrispness—even abrittleness—
FIG
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that was not present in the original program. This was
particularly noticeable with the organ recording whilst
the violins in the string quartet took on awiry character.
These criticisms applied to the Sony Metallic tape used
in the AIWA and JVC recorders. When the same tape
was used in the Sony, where the curve more closely
approaches flat, the false brilliance gave way to musicality and listening became a pleasure rather than a
strain.
In the reproduction of commercially recorded repertoire the Harman Kardon HK 2500 was least good, no
doubt due to the imbalance in the playback response
(see fig. 5). The other machines all produced playback
characteristics that were so similar as to be indistinguishable one from the other.
Since the setting of levels and the constant monitoring of meters is of the greatest importance in cassette
recording, aword about their visibility and ease of use
would not be out of place. The most clearly visible at a
distance were the bar- graphs on the AIWA: the use of
colour coding with green below zero, orange up to + 4
and red for the upper end, together with bright illumination, made them very easy to follow. The mechanical
meters on the JVC are large and well lit and it was
found that the movement of the needles could be
followed from a distance of about 20 feet; unfortunately the red LED peak level indicators are neither
bright enough nor clear enough for use at that distance
in daylight. By contrast, the equally large mechanical
meters of the Harman Kardon, using red needles, had to
be observed from 10 feet or less for the same degree of
clarity. The other two machines with bar- graphs, Sony
and TEAC, had similar visibility characteristics; neither
was as good as the AIWA. In every case where apeak
hold visual display facility was included it was found to
be of great practical assistance in the critical setting of
recording levels.

CONCLUSION
Before setting out any opinion Iwould like to remind
readers that when a piece of audio equipment is
purchased the investment is made to please the buyer,
not a reviewer however skilled, not a listening panel
however expert, nor a magazine however erudite. It
follows that personal preference should be the ultimate
arbitration. with review information providing abalanced and unbiased guide. Iwould even dare to suggest
that the kind of rising high frequency response described when, for example, Sony Metallic tape was
used in the AIWA AD - L40 and the JVC KD-A5 could
conceivably compensate for the declining sensory
perception of the middle-aged ear and should therefore
not be treated with disdain because a reviewer describes it as ' wrong'.
On the basis of my investigations, Ibelieve there to
be a clear choice between two preferred models: the
JVC KD - A5 at £ 240 and the Sony TC- K75 at £ 293. If.
as apotential purchaser, you are interested in acquiring
the widest possible range of practical facilities then of
the two the Sony would be the better choice. If, on the
other hand, you want a thoroughly modern quality
machine but find it more important to save £ 50 than to
acquire A/B monitoring and variable bias, the JVC KD A5 ( the least costly of the machines tested) should be a
very good buy indeed.
Assessing the others, the TEAC A-510 at £ 342 is
expensive in relation to facilities and performance. In
many ways it is not dissimilar to the AIWA AD - L40
which at £ 281 is actually preferred. In terms of value for
money neither is comparable with the first two
machines.
Unfortunately the Harman Kardon HK 2500 has to
be placed at the bottom of the preference list because at
£285 it would still have been expensive even if all the
laboratory measurements had been exemplary. This is a
personal disappointment because Ican readily recall
reviewing its predecessor, the HK 2000, a few years
ago and waxing enthusiastic about its performance. In
the case of the present machine Ican only advise the
probability that better performance could be obtained
for less money elsewhere.
Finally. can Iagain emphasise the fallacy of buying
any cassette deck without proper technical advice at
the point of sale? If, after reading these reviews, you
have come to the conclusion that it's just not
worthwhile to save afew pounds in extra discount at
the expense of proper demonstration, testing and
adjustment, then the time devoted to these reviews will
have been well spent. •
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reviewed by Denys Killicic
review published in HFNIRR December 1979. On this occasion,
T
however, the price spectrum is even wider, ranging from under £ 140 to
HIS investigation follows the same lines as my previous composite

around £450. Again there are striking dissimilarities: for example, it is
perhaps significant that only the Optonica RI 5100 (£ 139) does not have
aclaimed metal tape capability, while only the Technics RS- M63 (£ 225)
uses the now old fashioned ' piano key' tape transport control instead of a
'feather- touch' logic system. Two of the recorders, the Marantz SD 6000
(£250) and the Technics RS- M63, include fine bias adjustment controls,
while another, the Dual C839 RC (£ 399), provides achoice between six
switched bias and equalisation positions with two bias levels each for
Ferric and CrO, formulations. The Dual is nusual in that it provides
facilities for reverse direction recording and playback together with
automatic switching, while the Marantz provides standard and double
speed operation. Two of the machines tested, Philips' N 5748 (£ 450) and
the Technics RS- M63. use separate record and playback heads ( with
associated preamps) while the Philips incorporates their own DNL noise
reduction system as well as Dolby- B. The Philips is the only one to retain a
mechanical metering system—all the others use various forms of electronic display.
Iwould like to emphasise that the results should be regarded as specific
only in relation to the actual samples tested, and in the same way
measurements on tapes are specific only for the individual cassettes used.
It is not possible for ashort-term programme of laboratory measurements
and subjective listening tests to cover long-term reliability and longevity,
neither is it possible to include every conceivable technical test to which
the recorders might have been subjected. Again Iwas given an entirely free
hand to use my discretion in the selection of parameters to be investigated
and also to determine the extent to which any particular investigation
should be pursued. Responsibility for omissions is therefore entirely my
own.
Measurement procedure
The laboratory measurements were taken in the same way and to the same
standard as in the December 1979 review and therefore direct comparisons between the published figures will be valid. For the sake of new
readers the procedures are now briefly outlined again.
First, the playback characteristics for each machine were established by
plotting the response from TEAC test tapes, MU- 216 Fe for 12011s
playback equalisation and MIT- 316 for CrO, 70 .is playback equalisation. Where the recorder included facilities for the use of dual layer FeCr
tapes and/or metal tapes, the playback response was also checked to
ensure that these positions of the tape selector switch also provided the
agreed 7011s equalisation. Plots were taken for both channels to show
what imbalance, if any, was present.
These TEAC calibration cassettes are of course manufactured in the
laboratories of TEAC Japan, but it is claimed that they conform to the
current I
EC standard. Other calibration cassettes also claiming to conform
to I
EC are manufactured elsewhere, typically those prepared by BASF in
West Germany. It might be thought that since both are said to conform to
the same standard they would be identical; unfortunately, as is well known
to engineers, there are certain differences that will be obtained when these
two nominally identical cassettes are reproduced in the same deck. For
this reason both BASF and TEAC calibration cassettes were used during
the course of these investigations and where the discrepancy seems
significant it will be commented upon in the text.
It is well known that different kinds of tape formulation can widely differ
in the parameters involving recording and playback of individual cassettes. This is why we have different bias and equalisation characteristics for
the four groups of tape. However, it is not generally widely appreciated
that significant specific electro magnetic differences can exist within the
range of commercially available cassettes in a single tape group. The
widest differences occur within the plethora of ferric oxide tapes ( group I)
now available, but there also exists a striking variation in performance
among the tapes of group II ( Cr0 2), group Ill ( FeCr) and group IV ( Metal).
With this situation in mind, it was again decided that the major part of
the technical investigation should use areasonably wide selection of tape
formulations so as to give some guidance on what tape to use on a
particular machine ( in terms of both economy as well as performance).
This was felt to be important because the advertised claims of tape
manufacturers—and even the published recommendations of hardware
manufacturers—cannot always be accepted at face value. The number of
commercially available cassette tapes is now so vast that the selection of
formulations is bound to be inadequate. However, personal discretion has
been used in making the final choice, which this time varies slightly from
machine to machine but is intended to cover as broad afield as possible.

The convention of recording and reproducing overall frequency response plots at alevel significantly below maximum was adopted. In every
case the 20 Hz-20 kHz sweep tone was recorded at 20 dB below 0 VU
indication on the internal meters of the recorder under test. However,
where the machine included avariable bias facility without any reference
mechanism for the user to establish his own correct' adjustment, aspot
frequency check was also undertaken. The object was to establish abias
setting that would achieve a response curve closely approaching flat
under defined recording conditions. Where applicable the detailed results
are quoted for each tape formulation used.
It is important to clarify the method used for measuring noise and
distortion. For noise measurements each cassette was first bulk erased and
then asection of tape was recorded with the record gain control set to
minimum. The resultant noise on that section of tape was then measured
on playback relative to the standard I
EC reference level of 250 nWb/m.
Linear and A- weighted measurements were taken under both noise
reduction ' in' and noise reduction ' out' conditions for every tape; the
weighting network used conforms to the I
EC specification and the meter
was true RMS reading. Space limitations make it impossible to quote all
the results in full but attention will be drawn to discrepancies where they
were noted.
For distortion a333 Hz signal was recorded on every tape at alevel to
give 0 VU indication on the internal meters in the cassette deck under test.
The third harmonic content in the playback of that signal was noted. At the
same time the output level of that playback signal in relation to standard
reference level of 250 nWb/m was observed. Recording levels were then
increased until the third harmonic content on playback reached just 3%.
The output level of that signal was then again related back to 250 mWb/m
so the result is quoted as a3% third harmonic distortion content within a
recorded tone whose playback is so many dB above or below standard
reference level. This result is very important because it materially affects
the manner in which the visual record level indication on the deck should
be interpreted by the user in relation to the particular tape in use.
Other measurements include wow and flutter, which in every case is
quoted to the DIN quasi- peak standard, long-term speed stability obtained by counting out electronically the actual playback frequency of
atone recorded on alaboratory calibration cassette, etc, etc. All measurements were taken at the phono ' line in' and ' line out' sockets.
The Failures
Of the five cassette decks investigated in December, no fewer than three
had to be replaced during the course of the investigation. On this occasion
only the Marantz SD 6000 ( a very early sample) was replaced at the
distributor's request. The reason was because the results obtained by
measurement were not in their opinion representative of the performance
standard of the general stock. Consequently all further comment on the
SD 6000 in this review relates to the investigation taken on the second
sample.
In fairness, it should be added that Hayden Laboratories Ltd asked to
submit asecond sample of the Dual C839RC because of anomalies in the
bias levels of the review sample. Unfortunately, when this came to light
there was insufficient time remaining to permit re- measurement of the
second recorder, and so this point should be borne in mind when reading
the review

Dual C839RC
This recorder is designed and manufactured in the Black Forest area of
West Germany by Dual, famous for their turntables. It is unusual in
providing full record and playback facilities for both directions of tape
travel. Apart from the mechanical complications that such a system is
bound to introduce, such an arrangement may also create difficulties in
maintaining similar standards of performance in right- to- left tape mode to
that in left- to- right mode. This characteristic was examined during the
course of the investigation.
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The Dual C839RC facilities are indeed comprehensive. Tape transport is
logic- controlled with an array of touch buttons positioned vertically and
centrally, calculator style, each with its own LED. Incorporated within the
same panel is arotary pitch control providing + 4% of speed variation in
relation to the central zero detent. It was pleasing to note that the
designers have arranged the mechanism in such away that this control is
always inoperative in the record mode and only functions on playback. It
would, of course, be dangerous to produce non- standard- speed recordings, since these would be non- compatible.
Bias selection is not variable in the sense of afine bias control, but the
combined bias and equalisation selector comprises arotary switch with six
marked positions: Fe, Fel, Cr, Cal, FeCr and Metal. Other switches on the
front panel include alimiter, atimer, acombined Dolby- B and MPX filter
switch and a memory on/off/play control. Headphone socket output is
variable ( afacility too rarely found these days), while separate twin rotary
controls are provided for line/DIN and mike inputs.
Level indication is by two arrays of twelve LEDs, green for up to 0and
red for above. Ihave previously commented that the accuracy of such
electronic displays is dependent upon the number of segments or LEDs
incorporated. Dual have very sensibly faced this problem by arranging the
circuitry so that from - 1to + 5dB the indication is by asingle LED unit per
dB. This is bound to give a reasonable standard of accuracy within the
important area of maximum modulation and overload.
The record/playback head used is Sendust and cassette loading is by
direct insertion without the use of cassette carriers and their accompanying ( often inefficient) eject mechanisms. The Oriental record mute facility
appears here as a fade edit on/off.
Line in and out phono sockets positioned in adeeply recessed rear panel
are supplemented by output presets for each channel, together with a
record/playback five- pin DIN socket. Another rear panel socket provides
for the connection of the receiver half of an infra- red remote control.
In order to establish playback characteristics BASF calibration tapes
were used. It was assumed that because the manufacturer is of West
German origin these were more likely to have been used than the Japanese
versions. Accuracy was found to be within 1dB up to and including
10 kHz, apart from a1.5 dB emphasis at 40 Hz. This was measured in the
left- to- right direction of tape travel. The procedure was repeated for rightto- left, when surprisingly similar results were obtained. This indicates the
probability that the Dual engineers have taken into account the need to
correlate performance parameters whichever the direction of tape travel.
Overall response performance was first investigated by the use of BASF
LH Super, which was correctly defined in the instruction manual as
requiring the use of the Fe ( not Fe I) tape selection position. It was found
that on the LH channel without Dolby- B, the response was down by
approximately 2dB at 10 kHz and was - 3dB at 15 kHz. The 15 kHz
performance on the RH channel was similar. With noise reduction
operative these figures deteriorated to approximately - 4 dB at 10 kHz and
-10 dB at 15 kHz on the left, while on the right performance was alittle
better.
Switching to the Fe Ibias and tape selection position, the performance
of BASF LH 1was investigated. This was found to be very good indeed
with avirtually flat response to within 0.5 dB at 15 kHz on the LH channel
with a tolerance of only + 1dB on the RH. The effect of switching in
Dolby- B was, as anticipated, to increase the deviations from flat—but
these were still wholly acceptable.
Problems arose with Maxell UDXL I ( also Fe l). Here, on the left channel
the response began to decline from 5 kHz to - 2dB at 10 kHz and - 4 dB
at 15 kHz. Results were a little worse on the right channel. With the
inevitable accentuation caused through the use of Dolby- B we have
measurements of - 2dB at 5kHz, - 5dB at 10 kHz and a completely
unacceptable - 8.5 dB at 15 kHz.
These results contrast, interestingly, with those obtained from TDK AD,
where the response was virtually flat to 15 kHz on both channels. This
tape has an unusually high coercivity, and it is therefore probable that if a
recorder is set up to provide aflat response on this material it is bound to
provide adeclining response at high frequencies on other tapes of lower
coercivity.
This was made quite clear when using TDK OD, where the output
was 3dB down at 10 kHz and 6dB down at 15 kHz on both channels,
while the budget TDK D produced curves that were not dissimilar.
AGFA SFD Iproduced results similar to TDK OD and D, so the bias
switch position was changed to Fe instead of Fe Iand the measurement
was repeated. Lo and behold, we immediately had aresponse flat to within
0.5 dB right up to and including 15 kHz.
The result of this experiment indicated that the bias levels obtained
through the use of the tape selection switch are not compatible with the
majority of modern high coercivity formulations. This was confirmed by
the use of Memorex MRX3, where in the Fe Iposition the output was
down by approximately 2dB at 5kHz, - 4 dB at 10 kHz and - 5dB at
15 kHz. Results on EMI Hi -Fi were similar.
All the above measurements were taken in the conventional left- to- right
direction of tape travel and some of them were repeated in the right- to- left
mode. It was very satisfactory to note that there was awholly acceptable
correlation between them. Nevertheless, it was at once apparent that the
recommended tape selection bias/EQ switched positions published in the
owner's instruction manual cannot be relied upon to give adequate
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information insofar as awide choice of tape formulations is concerned. It
was of some interest to establish whether or not this criticism should apply
to tapes other than those of Group I.
First, using Maxell UDXL II in the CHI bias position ( as recommended),
the result was very poor indeed. Output at 10 kHz was - 4.5 dB, while at
15 kHz it was - 7dB on the left channel with similar results on the right.
Repeating the procedure in the Cr biased switch position, results were not
dissimilar. When the tape selection switch is in its CHI position the
sensitivity of the record input sockets is increased by at least 3dB. This is
strange because, while there is certainly some merit in recording CrO, type
formulations to a level commensurate with their low- to mid- frequency
distortion performance characteristics, it is difficult to see why there
should be adifferentiation between tapes that are allegedly suitable for the
Cr bias position and those for which the manufacturer claims the CHI
position is preferable.
A popular tape in this category is TDK SA which, as is well known, will
give a flat response to at least 15 kHz under appropriate recording and
playback conditions. However, when switched to the recommended CHI
bias position, the output was 2.75 dB down at 10 kHz and 4.5 dB down at
15 kHz. With Dolby- B operative the 15 kHz output was - 6dB. Faced
with this problem, an attempt was made to achieve a flat response by
switching to the other Cr bias selection position. This gave acurve with a
small shelf of - 2dB centred at 2 kHz, and a ' knee' of + 1dB at 15 kHz on
the left channel with somewhat similar deviations from flat on the right.
Certainly this standard of performance is to be preferred to that achieved
through the use of the recommended bias setting.
It is reasonable to assume that, as aGerman manufacturer, Dual would
favour tapes produced by compatriots. Accordingly, BASF CrO 2 Super
was recorded as recommended in the first Cr bias position, and it was
found that this gave a response rising from flat at 3kHz to + 2dB at
15 kHz, with a - 2 dB shelf centred at 2 kHz on the left channel. The effect
of introducing Dolby- B was to increase the deviation from flat.
It was something of a relief to turn to FeCr formulations, where the
operator is not provided with the confusion of choice!
Sony FeCr was disappointing, with a curve that was 1.5 dB down at
1kHz, 4dB down at 10 kHz, rising to - 3.5 dB at 15 kHz on the left
channel. Surprisingly, the right channel was more consistent, with a
response flat to within 1dB right up to 15 kHz. The result of switching in
Dolby- B was disastrous, with the output on the left channel down by
about 5dB at 10 kHz.
BASF FeCr was even worse, with left channel curves at - 6.75 dB
without Dolby at 10 kHz and - 7.5 dB at the same frequency with Dolby
in.
Metal tape is expensive. One of its claimed advantages is an ability to
accept relatively high levels of HF signal compared to the lower- cost Fe,
Cr0 2 and FeCr tapes. To prove the point laboratory measurements have
included recording at an indicated 0 VU, - 10 dB and - 30 dB as well as
the conventional - 20 dB. Using the recommended 3M Metafine, results
with the Dual C839RC were far from impressive. At - 20 dB ( the same
level at which all the other overall response performance plots were taken),
output was down by about 3dB at 10 kHz and by fractionally more at
15 kHz on the left channel, while these measurements tended to be
accentuated by Dolby- B. Surprisingly, when the recommended 3M
Metafine was replaced by Sony Metallic and TDK MA- R, the results were
quite different. The Sony plot at - 20 dB was flat within 0.25 dB to about
17 kHz, while the TDK formulation provided aslight 'knee' of + 1dB at
15 kHz and a flat response at 16.5 kHz. Ihave to ask myself why 3M
Metafine is recommended for use in this recorder when out of three metal
tape formulations used, tgives the least satisfactory results.
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Many of the above overall frequency response curves were repeated in
the right- to- left tape travel mode with commendably similar results. This
shows that there is a good correlation between the two modes—to be
scrupulously fair, results here were far better than was expected before
beginning the examination.
All the tapes referred to in the 'overall frequency response tests were
measured for noise and results were regarded as acceptably good with Aweighted figures of - 61 dB ( and - 62 dB A- weighted) with Dolby for Fe,
and improvements to an outstanding - 65 dB for BASF Cr0 2 Super,
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-67 dB for Sony FeCr, and aslightly less good but acceptable - 64 dB for
TDK MA- R and 3M Metafine.
The 3% distortion content in arecorded signal on the group Itapes was
regarded as very acceptable, with TDK OD and Memorex MRX , at + 5dB,
followed closely by Agfa SFD Iat + 4.5 dB. TDK AD was not far behind at
+4 dB with BASF LH Super at + 3.5 dB. TDK D and Maxell UDXL Iwere
both very acceptable at + 3dB, while BASF LH 1and EMI Hi -Fi reached
the 3% third harmonic distortion content at + 2dB.
The surprise here was to find how well the group II tapes performed at
this low- to- mid frequency. Maxell UDXL II reached 3% third harmonic
distortion in a333 Hz tone at alevel as high as + 5dB, while TDK SA was
+4.5 dB. Because of the problems arising in frequency response plots,
Maxell UDXL II was recorded at the Cr ( instead of the CHI) bias setting,
and the still very acceptable result of + 4 dB was obtained. Somewhat
isolated in this pattern of distortion performance measurements was BASF
CrO, Super, where the 3% level in a 333 Hz tone was reached at
+0.25 dB.
There was aremarkable similarity between the distortion performance of
Sony and BASF FeCr tapes, both of which reached 3% distortion at
+6.0 dB. Switching to metal, very acceptable results were obtained from
Sony Metallic and 3M Metafine, which were + 6 and + 5.5 dB respectively, with TDK MA- R somewhat less good at + 3-25 dB. The distortion
performance of this formulation was commented upon in December.
There was some interest in discovering just how accurate the pitch
control central zero detent might be. It was satisfactory to find that at the
beginning and at the middle of arecorded cassette, the speed variation at
this setting was so close to absolute accuracy as not to make it worth
mentioning any tiny deviation. At the end of the cassette the speed was a
negligible 0.25% slow. Similarly, wow and flutter performance was found
to be very acceptable indeed, measuring 0.09% at both the beginning and
middle of a cassette, deteriorating to only 0.1% at the end. A detailed
examination of the pitch control showed that the variation was closer to
+5% than the specified 4%, but this is immaterial.
Examining the LED level indicators showed that on both channels a
50 ms attack signal registered full deflection, while I
EC reference level of
250 nWb/m indicated + 3.0 dB on both channels.
A lot of features in the Dual C839 RC were liked. The tape transport
mechanism, with its pushbuttons and associated LEDs, is excellent, and
the manufacturers are to be congratulated for adopting avery sensible and
technically correct method of tape loading. Incidentally, as afinal gimmick
to put one over on the Far Eastern competition, aplastic head cover rises or
falls automatically as mains power is switched off or on. This wholly
practical feature is not found on other decks and will materially assist in
keeping the heads and capstan/pinch wheel assemblies clean. As for the
reverse direction of tape travel, it can only be said that if this is afacility you
want, then this is the deck for you.
As is apparent from the notes above, Iwas concerned with the
inadequacy of the bias level alignment, which, if interpreted literally in
conjunction with the provided recommendations for use, would, on the
review sample, provide less than optimum performance results. It was for
this reason that asecond review sample was offered but which could not
be accepted due to lack of time. As aconsequence, no certainty can be
expressed as to whether or not the performance anomalies observed are
general to the stock held or whether they are peculiar to the review sample.
Sufficient to say that caution should be used and that some of the
techniques explained for the use of fine bias adjustment in conjunction
with other machines included in this review could appropriately be put to
use to establish whether or not your bias level is correctly adjusted in
relation to your selected tape. As afinal comment, it should be mentioned
that on delivery it was found that the upper surface of the casework of the
recorder was bent—it had obviously received some kind of impact in
transit via normal parcel service. The nature of the damage would not
influence performance, but the fact that it occurred at all is a relevant
comment on the adequacy of the packaging.

'Tee

Marantz SD6000
This direct- loading cassette deck is unusual in offering double- speed
operation at 9.5 cm/sec ( 31 i/s) as well as the standard speed of
4.75 cm/sec ( 1 i/s). The inherent limitations of the cassette system have
spawned abewildering variety of ingenious quality improvement devices.
We have noise reduction systems, dynamic range enhancement systems,
and, of course, the complications of new tape formulations. They all have
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one common objective: to attempt to overcome the disadvantages of
working at slow tape speeds and on narrow tracks. We have even seen a
more drastic attempt to overcome the problem in the design and release of
the Elcaset system some years ago, using the 9.5 cm/sec tape speed and
standard width tape. The fact that the system was not commercially
successful had nothing whatever to do with technical performance, which
was outstandingly good.
From the purist point of view there is no doubt that the ethically correct
approach to overcoming the limitations of the cassette is to change those
basic design features that introduced them in the first place It is, of course,
not practicable to increase track widths as this would con ipletely destroy
the last vestiges of machine- to- machine compatibility. By doubling tape
speed, however, Marantz have provided the owner with an immediate and
simple means of achieving quality improvement, while by retaining the
standard speed the compatibility of 4.75 cm/sec recordings is maintained.
Of course, high speed recordings will not be compatible with decks that
do not provide such afacility and, of course, tape costs are doubled. As a
matter of interest it should be noted that some other manufacturers, the
American company BIC being the first, are also exploring the possibilities
of the multi- speed cassette deck, with particular attention being given to
the opposite approach: half- speed running at 15/16 i/s, in order to exploit
the claimed advantages of metal tape and to halve its effective cost. The
adoption of such a philosophy will of course inevitably bring about a
degree of quality degradation.
Table 1 Marantz SD- 6000 Bias settings
GROUP I
+12
TDK AD
0
TDK D
TDK OD
+ 9
+ 6
Agfa SFD I
- 6
Agfa Ferro
0
Fuji FX I
0
UDXL I
+ 4.5
BASF LHI
- 6
BASF LHS
+ 6
MRX 3
0
EMI HI- Fl

GROUP II
- 6
TDK SA
+15
BASF CrO zS
-15
UDXL II
0
Sony CD --i
-9
Sony FeCr
GROUP III
- 9
BASF FeCr
- 9
Agfa Carat
- 9
Master Ill
GROUP IV
-15
TDK MA- R
-15
Sony Metallic
-15
Metafine

To return to the Marantz SD 6000, this uses a logic- controlled tape
transport system with LEDs indicating play, pause and record. Tape
selection is by an array of four pushbuttons marked Normal, Cro„ FeCr
and Metal. Switches provide for memory operation, timer operation,
Dolby- B and multiplex filter. Separate twin rotary controls, one pair for
microphone and the other for line input, are used in association with two
bar- graph type level displays described as ' peak reading'. Playback output
is variable by another front panel rotary control, and another knob, with
numerical scale and centre click stop position, provides for fine bias
adjustment. The recorder does not incorporate internal oscillators or other
mechanisms to assist the owner in bias level assessment.
The rear panel carries clearly marked phono sockets for line in and line
out together with the usual five- pin DIN record/playback socket. There is
also amulti- pin socket for the connection of an optional extra accessory
remote control device, and the mains lead is fully detachable by plug and
socket: a feature too rarely found.
The investigation into playback characteristics—at 4.75 cm/sec only,
because calibration cassettes at 9.5 cm/sec do not exist—was frankly
disappointing. The 10 kHz response from the TEAC MIT- 216 Fe tape was
down by about 2dB on both channels, with the 14 kHz measurement
being about - 5dB. There was also evidence of poor tape- to- head
contact. Results from the 70 its CrO 2MTT-316 cassette showed slightly
more HF attenuation, again with evidence of significant high frequency
instability. The test was repeated using BASF calibration cassettes with
very similar results, and finally the heads were cleaned and the measurements were checked again without achieving any significant improvement. This standard of performance can only be regarded as poor.
Before examining overall frequency response performance it was
necessary to consult the owners' instruction manual for advice on
adjustment ot the tine bias control. Ihe instructions suggest recording an
album with an exceptional high- end response ( no reference to legality!)
using each setting of the fine bias control, and by comparison to select the
bias level that provided sound quality most closely resembling that of the
original source material. Since there are no fewer than eleven numbered
points on the scale, and since the recorder does not provide after- record
monitoring, this is likely to be a somewhat time consuming operation.
However, guidance is given for what are claimed to be appropriate bias
levels for awide variety of tapes in all four groups. Unfortunately, it was
soon established that in many cases the instructions are grossly in error,
while some of the named tapes are either obsolete or unobtainable in this
country. The settings finally used in the laboratory are given in Table 1.
This is published for guidance only, since results will be specific only in
relation to the review sample recorder itself and the cassettes used.
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A serious view has to be taken of these discrepancies and inadequacies
since the provision of afine bias control should be aimed at enabling the
owner to improve his recorded sound quality; if the printed recommendations in the instruction manual are hopelessly in error, then adherence to
them will have adirectly contrary result.
For example, using the new TDK D, ahighly satisfactory response curve
was obtained on the LH channel with only 0.5 dB deviation from flat all
the way to apoint closely approaching 15 kHz, at which frequency output
was down by just 2dB. This, however, was achieved by using a bias
setting of zero ( that is, the central click stop position). Had the printed
instructions been followed, the tape would have been recorded at - 12,
giving an absurd high frequency emphasis. TDK OD is not mentioned at
all ( we used + 9 satisfactorily), while the recommended setting for
TDK AD is correct at + 12. We have drawn the attention of Marantz ( UK)
Ltd. to this matter and they have promised to include amended information. It was found that with appropriate bias setting all the Fe curves were
satisfactorily flat up to about 14 kHz, after which there was quite asharp
fall- off in output.
FIG 2
MARANTZ
506000
I2ncl SAMFtE)
REPLAY ONLY
01:»POSJTION
,EF'T DOLBY
OUT
TEAC MT7 316
9010091

us

PS

i

.1

When using group II tapes, the response was extended with TDK Super
Avilyn, and gave equally satisfactory results with Maxell UDXL II and
Sony CD- 7.. That is, provided my bias settings, and not the manufacturer's,
are used. BASF CrO, Super was not found satisfactory, with awideband
-3 dB shelf centred on 2 kHz without the noise reduction system in
operation; this increased to - 5dB with Dolby- B.
A reasonably satisfactory bias setting compromise was achieved for the
group Ill FeCr tapes. This was found to be - 9. The tapes used were BASF
FeCr, Agfa Carat, 3M Master Ill and Sony FeCr. Unfortunately, in all cases
the 15 kHz output was down significantly compared to the results from
the tapes in groups Iand II.
Three group IV metal tapes were used: TDK MA- R, Sony Metallic and
3M Metafine. Again, results were disappointing. The optimum bias setting
was found to be - 15 for all tapes, in other words the metal bias is generally
set too high. The least good performance was obtained from 3M Metafine,
with aplot showing an output of - 4 dB at 15 kHz. The other formulations
were more reasonable, but did not show any indication of justifying the
additional cost of this new material since the curves were no better than
those of groups Iand II formulations.
All these tests were of course taken at the standard tape speed.
Switching to double- speed operation, an immediate improvement was
obvious, with outputs virtually flat to 20 kHz. Throughout the measurement programme, it was continually found that results at 9-5 cm/sec tape
running speed were consistently and significantly better than those
obtained from standard speed operation. This was, of course, only to be
expected. These results do, however, immediately bring into question the
real value of very costly tape formulations. Only the prospective purchaser
can decide for himself whether or not they are worth bothering with.
During the course of the tests referred to above, the recorder was
producing asignificant level of audible hum. Accordingly, anoise analysis
was undertaken and this showed that the components on the LH channel
were 50 Hz at - 55 dB, 150 Hz at - 54.5 dB and 250 Hz at - 55 dB.
Slightly different results were obtained on the RH channel, with 50 Hz at
-57 dB, 150 Hz at - 52 dB and 250 Hz at - 56 dB. This combination of
the fundamental mains frequency, together with its derivatives, produced
asubjectively very irritating effect. It is interesting to note that despite the
presence of these tones at the levels stated the actual A- weighted noise
measurement obtained from TDK AD with Dolby in was as good as 58 dB
below standard reference level. One of the problems of noise measurements is that they need to be carefully stated and interpreted, as otherwise
they can convey a false impression of performance characteristics.
Because of the hum problem, which might be peculiar to the review
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sample, it was decided not to proceed with further noise measurements on
other tape formulations since the results would be influenced by the
established hum levels and in any case would be likely to be misleading.
Sufficient to say that the noise produced by this deck was regarded as
subjectively unacceptable.
Distortion measurements on Fe tapes were generally satisfactory,
Memorex MRX3, TDK OD and Agfa SFD Ireturning the best figures, with
signals 3.5 dB above standard reference level containing 3% third
harmonic distortion in a333 Hz tone. Close behind were Maxell UDXL Iat
+3 dB with EMI Hi- Fi + 2.5, BASF LH I + 2.25 and BASF LH Super + 2.
Fuji FX Iwas + 1.5 dB, the same as TDK AD, while the budget TDK D was
+1 dB. The low-cost Agfa Ferrocolor was unacceptable at - 2dB.
Distortion performance of group II tapes at this frequency is always
found to be less good than that of Fe, and among the tapes tested TDK SA
was the best at + 0.75 dB. All the other group II tapes used reached 3%
third harmonic distortion in a333 Hz tone at levels below 250 nWb/M:
Sony CD- 7. - 0-75 dB, Maxell UDXL II - 1dB and BASF CrO, Super
-2.5 dB. Significant improvements should be noted in the performance of
dual layer FeCr materials, but these were found to be less good than might
have been anticipated. BASF FeCr and 3M Master Ill were both + 3.5 dB
with Agfa Carat + 1.5 dB. The best was Sony FeCr at + 4dB. Mid- to- low
frequency distortion in the group IV metal tapes is important and it was
found that Sony Metallic measured + 2.75 dB with 3M Metafine
+2.25 dB. Least good was TDK MA- Rat - 0.25 dB. Generally, distortion
performance can be summarised as very acceptable for the tapes of group I
but with reservations on the performance of formulations in all the other
tape groups.
Wow and flutter, measured to the DIN quasi- peak standard, was around
0.1% at the beginning and the middle of acassette, improving to 0.09% at
the end. Long-term speed was acceptable at - 0.5% at the beginning and
middle, deteriorating only to - 0.6% at the end. The action of the electronic
bar- graph level indication displays was regarded as very satisfactory, with
an accurate reading of a50 ms attack signal and an approximate -F3 dB
indication on the playback of areference level Fe tape with atape flux of
250 nWb/M. Although described as ' peak reading', it must be emphasised
that the action of these devices is more akin to that of aVU meter than a
PPM.
It is not easy to summarise in afew words the performance of this deck.
Its weakness lies in poor playback response characteristics, inadequate or
incorrect bias adjustment advice, inadequacy of overall response performance characteristics for group Ill and IV tapes, and obtrusive hum and less
than excellent distortion performance for all tapes other than those of
group I. On the credit side there is the advantage of high speed operation,
together with excellent wow and flutter performance even at the standard
running speed. Obviously the manufacturer will have to take the trouble to
remedy some of the gremlins that plagued this investigation before the
recorder can be recommended without qualification.

Optonica RT -5100
After grappling with the exotica of reverse direction tape travel and
double- speed operation, it was something of a relief to consider the
unashamed simplicity of the Optonica RT-5100. Its only claim to
distinction lies in the use of logic- controlled tape transport with colour
coded LEDs indicating record and pause, together with the well known
Sharp Auto Programme Search System ( APSS) which, on test, was
shown to work surprisingly well. This is designed to stop the tape
accurately within the pauses between different items of recorded repertoire in either the rewind or fast- forward modes of operation. In fact, it
was found that when the concluding bars of a piece of music had a
recorded level of - 20 dB or less it tended to trigger the system. However,
since this is obviously designed primarily to assist in the selection of
recorded pop items where the dynamic range is rather limited, it will
almost certainly satisfy the needs of those for whom it was intended.
Others will doubtless be content to begin apiece of classical repertoire at
the beginning of the first movement and to have the patience to listen to
the end of the last movement without invoking the intervention of such
technical wizardry.
The Optonica RT-5100 is a basic front- loading cassette deck incorporating Dolby- B noise reduction, with switched tape selection
claimed to accommodate Fe. CrO, and FeCr tapes. It does not have ametal
tape capability. Record gain is controlled by apair of rotary knobs. These
are used in conjunction with an electronic bar- graph- type level display
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which has an associated ' peak hold' facility. The recorder does not include
amultiplex filter, and neither is there amemory device associated with the
three- digit tape counter. There is, however ( somewhat unnecessarily), an
illuminated display to show the APSS mode of operation and aswitch
intended to be used in conjunction with an externally connected mains
timer so that the recorder will either record or play back in the absence of
the operator.
On the rear panel there is the usual pair of phono line in and out sockets
(clearly marked) together with a five- pin DIN record/playback socket.
Unusually for a relatively low-cost recorder, a continuously variable
output control is provided on the front panel.

The investigation of playback response characteristics began with
measuring the output from TEAC MU- 216 Fe calibration cassettes where
it was found that at 10 kHz the output at both left and right channels was
acceptably accurate at - 1dB. Performance deteriorated only slightly to
-2 dB at 14 kHz Using the 70 Iis equalisation CrO, calibration cassette
MU- 316, anot dissimilar result was obtained on the -RH channel but with
the left showing a deterioration of about 1dB. These results could be
considered to be surprisingly good as compared to those obtained from
some of the other machines in this review.
The RT-5100 was delivered complete with three cassettes: Maxell UD
(Fe), Maxell UDXL II ( 70 is) and Sony FeCr ( old type), all C90. All three
cassettes were therefore recorded both left and right channels, with and
without Dolby, as the first stage.in establishing overall frequency response
performance. It must be said at once that all the curves were exemplary,
either extending right up to, or falling only afraction short of, 15 kHz, with
no more than 1dB deviation from flat. This was surprising because
separate two- position push buttons are provided for bias and equalisation
tape selection with the compromise setting of Fe bias and Cr0 2 equalisation used for dual layer FeCr materials. The proof of the pudding,
however, is in the eating, and on this machine, using the supplied
cassettes, the system undoubtedly worked.
Not content to allow the matter to rest there. Inext investigated the
overall response performance characteristics of aselection of tapes. This
produced a highly satisfactorily consistent standard of performance. As
might be expected, BASF LH Super produced adeclining HF response
which measured - 3dB at 10 kHz. This is because the tape is of relatively
low coercivity. By contrast, BASF LH Iwas up by 2dB at 14 kHz. The high
coercivity TDK AD was + 3dB at 14 kHz while OD was approximately flat
at the same frequency. Memorex MRX, was within 1dB of flat all the way
to 15 kHz, while the Agfa SFD Icurve exhibited very similar characteristics. EMI Hi- Fi was flat to within 0.5 dB to 13 kHz.
Among the tapes of group II, TDK SA was outstandingly good,
displaying acurve within 0-5 dB of flat right up to 15 kHz, while BASF
CrO, Super had asmall mid- frequency shelf followed by HF emphasis
with-out Dolby, accentuated to an unacceptable - 4dB centred on 2 kHz
with Dolby. Sony CD- ,
Dt gave a performance that left little to be desired.
It was with some scepticism that Iinvestigated the FeCr tapes, but
despite the bias and equalisation switching compromise, all the curves on
Sony FeCr ( new type), BASF FeCr, Agfa Carat and 3M Master III extended up to and beyond 15 kHz with amaximum of 1dB deviation from
flat. This is astandard of performance which should be regarded as mandatory from acostly cassette deck, but which can only be described ( without being patronising) as unexpectedly satisfactory in a budget model.
Noise measurements were taken against the I
EC reference level of
250 nWb/m as is the consistent practice throughout these reviews. It
could therefore be of some interest to readers to compare with the results
obtained on other machines, since all such comparisons will be valid. First,
using the supplied cassettes, it was found that the A- weighted noise
measurement obtained from Maxell UD with Dolby- Bwas - 63-5 dB. The
measurement for group II Maxell UDXL II was - 66 dB, with an identical
reading for the supplied old type Sony FeCr. The result of anoise analysis
revealed that hum is almost entirely absent on the left channel, with the
third harmonic of the mains fundamental measuring only - 65 dB, while
on the right channel 50 Hz was present at - 62 dB. So long as hum can be
kept to these low limits it will not be obtrusive, and will not mar listening
enjoyment.
Measurements were equally good, if not sometimes better, from my
own selection of tapes. Most of the Fe formulations referred to in the notes
on overall frequency performance returned A- weighted figures ( with
Dolby) of around - 65 dB, while the tapes of groups II and III measured
between - 65 and - 67 dB. There are machines at many times the price
that could not do so well.
All the distortion measurements were thoroughly acceptable without
being exceptional. The supplied Fe cassette, Maxell UD, was far from

outstanding, reaching 3% third harmonic distortion in a 333 Hz tone at
only 0-5 dB above reference level, while the best of the other group I
tapes, Agfa SFD I, could hold asignal of + 3.5 dB for the same distortion
content. Other tapes between + 2 and + 3dB included Memorex MRX,,
TDK OD, Maxell UDXL I. BASF LH Iand BASF LH Super. EMI Hi- Fi
measured + 1.5 dB, TDK D + 1dB, and TDK AD was the least good at
0dB.
By contrast, TDK SA was outstanding among the group II tapes with a
measurement of + 3dB, while the supplied Maxell UDXL II was + 1dB.
Sony CD-.)c
was + 0.5 dB, with BASF CrO, Super adisappointing - 2dB.
None of the group Ill tapes was quite as good as we would have liked to
find, but the best BASF FeCr reached 3% third harmonic distortion,
333 Hz, at + 4dB, which is quite acceptable. All the other formulations
tested, Sony FeCr ( new type), the supplied Sony FeCr ( old type), Agfa
Carat and 3M Master Ill, reached the 3% point at or slightly above + 3dB.
It is a fact of life that quality engineering is required to produce
outstandingly good speed stability, and that engineering is not likely to be
cheap. Wow and flutter measurements were therefore the subject of some
interest, since this machine must be firmly placed in the budget category. It
was therefore with a mixture of surprise and pleasure that Inoted DIN
quasi- peak readings of 0.08% at the beginning of acassette and 0.07% at
the middle and end. This standard of performance is as excellent as it is
unexpected at the price level of the RT-5100. It was also found that longterm speed was utterly consistent throughout the length of a cassette,
measuring 0.5% fast at all points.
An examination of the level- metering devices showed that they read a
50 ms attack signal correctly with avery fast rise- time and clear indication.
Here too there was another surprise, because standard reference level of
250 nWb/m on playback read + 1dB on both left and right channels. It
had already been noted during the course of distortion measurements that
a333 Hz tone recorded at zero indication produced an output very close to
reference level. It follows that these meters should be regarded as more
closely approaching a pseudo- PPM type rather than VU, and should be
used with some care since their readings will relate more directly to actual
recorded levels than would otherwise be the case. Very roughly, the
quoted 3% distortion points can be interpreted directly into meter readings
on this recorder.
The ' peak hold' pushbutton provides apractical and useful facility, but it
was noted that the indicated level can rise very slightly when the control is
depressed.
The technical investigation of the Optonica RT-5100 can be summarised with some enthusiasm. Performance and facilities all exceeded
expectations, apart from group Ill distortion. With this one reservation, the
measured performance can hardly be criticised.

Philips N5748
At aretail price of approximately £ 450, the Philips N5748 is the highest
priced recorder in this review. Part of the Philips ' Black Tulip' range, it is
styled to match the other components in that series.
The front panel carries what at first glance appeared to be abewildering
number of controls dominated by apair of rotary knobs travelling against
numeric scales. These are not, as might be thought, record level controls
but unusually provide for variation in level and balance at the headphone
socket.
No fewer than seven identical switches are provided near the base of the
machine, and under conditions of practical use it was found to be easy to
confuse one with another. The first of these provides switching between
off- tape and source monitoring—this is athree- head deck with full A/B
facilities. The next switch in line controls both amultiplex filter and radio
interference filter, then we have Dolby- B on/off followed by DNL on/off,
while the next two switches control equalisation and bias marked 120 and
70 jas for the former and Fe. CrO, and Metal for the latter. There is no
indicated FeCr facility and the owner's instruction manual advises against
its use. The final switch provides on/off for post- fading, aPhilips facility
which allows the operator to fade out unwanted parts of arecording while
the tape is running in the playback mode. The on/off switch is associated
with a locking device and aslider which varies the time of the fade.
Immediately adjacent to this is apair of sliders controlling record gain,
used in conjunction with two adjacent mechanical meters. The meters are
supplemented with peak . level LEDs marked + 4 dB and + 7 dB. The deck
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has a memory facility and automatic repeat. Tape transport is by touch
button logic control. Rear connections are housed in adeeply recessed
panel which, with its almost illegible inscriptions, proved to be aconstant
source of irritation during the investigation. The usual phono line in/line
out sockets are provided, together with two five- pin DIN sockets, one
of which is output only for monitoring purposes. There is also aremote
control socket.
Playback response characteristics were first investigated with standard
BASF calibration cassettes. It was pleasing to find that using the Fe
cassette recorded to 120 is time- constant the output was very flat indeed
with deviations of no more than a fraction of a dB from 125 Hz up to
10 kHz. The 31.5 Hz output was up by 1dB on the left channel and this
increased to + 2dB on the right. Output at 63 Hz was - 1 . 25 dB on the left
but within 0.25 dB of flat on the right.
Results after changing to the 70 us Cr0 2 tape were a little different.
Here, the response begins to rise from + 1dB at 6.3 kHz to + 2.25 dB at
12.5 kHz.
It will be appreciated that these measurements can be influenced by the
setting- up tapes used by the manufacturer. It is reasonable to assume that
Philips, as a European manufacturer, would be likely to use European
calibration tapes—probably those of their own manufacture, which would
give results very similar to those obtained from the tapes produced by
BASF. Changing to TEAC calibration tapes ( of Japanese origin), there
was a marked difference in Fe performance with the output rising to
+2.25 dB on the LH channel at 10 kHz and to + 3dB on the right. The
figures for 14 kHz ( not included on the BASF tapes) were + 3.5 and + 4dB
respectively. The TEAC 70 jis tapes also showed arising high frequency
response, but this was less marked. Output at 14 kHz on the LH channel
was + 1.25 dB and on the RH + 3dB. The trace obtained from both BASF
and TEAC cassettes showed remarkably good HF tape- to- head contact.
These plots were the best obtained from any of the five recorders.
Philips had very kindly supplied me with acomplete set of cassettes of
their own manufacture, so the first overall frequency response tests
were taken using these. The tapes comprised Philips Ferro, Philips SF,
Philips SF I, Philips CrO, and Philips Metal. Some reservation must be
expressed about the results obtained on the latter, since this metal
formulation is not yet commercially available; it was pointed out to me that
the sample submitted might not be representative of the final manufactured batch which, it is hoped, will be with us in the reasonably
near future.
Beginning with Ferro tape, which is described as low priced for general
use', the result was truly surprising. On the LH channel, the curve was flat
to within 0.5 dB up to 15 kHz, rising to + 1.5 dB at 20 kHz. The RH
channel curve was virtually identical. With Dolby- B, a - 1.5 dB shelf
appeared centred around 3kHz, output was within 0.5 dB of flat at
17 kHz and approximately - 5dB at 20 kHz. The same shelf, slightly
exaggerated to - 2dB, appeared on the RH channel with a minor HF
emphasis at 15 and 16 kHz.
These results are considered to be phenomenally good, but did give rise
to some anxiety since the tape used, Ferro, is likely to be of lower coercivity
than the better quality Philips tape products. If this should be so, then
these latter, together with most of the modern Japanese tapes, might be
expected to produce HF emphasis.
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Super Ferro tape is described as ' high quality ferro suitable for machines
with low/medium bias, usually of European origin'. As was suspected,
and despite the manufacturer's description of his own material, the SF
cassette gave aresponse on the left channel that rose from 5 kHz to + 3dB
at 20 kHz. A similar but exaggerated effect was noted on the right channel
where the curve rose from 2 kHz to + 4.5 dB at 20 kHz. The effect of
switching in Dolby- B didn't produce any significant aberrations, but this
could well be due to head saturation effects at extreme high frequencies.
Philips Super Ferro Iis described as ' high quality ferro suitable for
machines with medium/high bias, usually of Japanese origin'. Despite
this description the SF Icassette produced curves very similar indeed to
those from SF.
After changing the bias and equalisation to the CrO, settings, the
performance of Philips CrO, was investigated. Results here were dramatically good, with only the tiniest deviation from absolute accuracy all the
way up to 20 kHz. This is really quite remarkable. The effect of switching in
the Dolby- B circuit was to produce only small variations, and with the
multiplex filter in the curve maintained its flat characteristic but very
properly showed asharp cut-off above 15 kHz.
Because the owner's instruction manual recommends against the use of
dual- layer FeCr materials, Philips FeCr was not used. Results with Philips
Metal were more than a little disappointing after the superlative curves
obtained from Cr0,. At - 20 dB, output was down by 3dB on the LH
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channel and by 1-25 dB on the right at 20 kHz. It is acomment on the
superlative performance of this recorder that it should be necessary to use
the word 'disappointing' in respect of measurements that under other
circumstances would be regarded as very good indeed! It is really not fair
to comment further other than to remind readers that the sample metal
cassette provided should not be taken to indicate the performance of the
stock that will be commercially available.
Results from other formulations were entirely predictable. Modern high
coercivity tapes gave an extreme HF emphasis, with TDK AD measuring
+8.5 dB at 20 kHz on one channel and + 9.75 dB on the other. These
effects were exacerbated with Dolby- Band were not very dissimilar to the
results obtained on TDK OD and even on the lower coercivity TDK D.
Agfa Super Ferro was also dramatically up at the extreme top end, with the
20 kHz measurement reading as + 5-75 dB. Changing to the lower
coercivity Agfa Ferrocolor, the curve more closely approached flat with an
emphasis of only + 3dB at 20 kHz; BASF LH Super gave the closest
approach to aflat response at + 1.25 dB at that frequency. The other tapes
tested, including EMI Hi -Fi, Memorex.MRX 3,BASF LH 1, Maxell UDXL 1
and Fuji FX 1, all gave varying amounts of FIF emphasis, with the lastnamed tape producing the most acceptable curve. This is in no way a
comment on the value or the
of the named formulations, but is
entirely a matter of compatibility with the bias setting that the manufacturer has seen fit to use.
One has to ask oneself why atop line, top quality machine should have
its bias set to suit what ( apart from BASF LH Super) are generally regarded
as medium quality low-cost budget tapes!
As soon as the tapes of group Il were examined it was immediately
obvious that the situation here is very different. TDK SA produced a
superb curve on the LH channel, virtually flat to 20 kHz, while on the right
aslightly rising response produced acurve that was 1.5 dB up at 20 kHz.
Dolby- Bdid produce some aberrations but these were only on the order of
about 1dB and so can be regarded as insignificant. The curve from BASF
CrO, Super was quite a different matter. Reminiscent of the pattern
produced by high coercivity Fe formulations, the response was + 6dB at
20 kHz, which again indicates that this particular tape is somewhat
isolated within group II in terms of its bias requirements.
Maxell UDXL II provided aslightly falling HF response with the output
down by 2dB at 20 kHz, while Sony CD- 1( was very similar to TDK SA,
with avirtually flat curve all the way up to that frequency.
Amongst the metal tapes, it was surprising to find that TDK MA- R and
Sony Metallic both exhibited HF emphasis; the Sony formulation registered + 3.5 dB at 20 kHz whilst TDK MA- R provided an HF emphasis Just
1dB above that level. This contrasts interestingly with the pattern from
3M Metafine, where the output at - 20 dB was 1dB down at 20 kHz.
These results should confirm to readers that there is no inherent magic in
the word ' metal'; it is as necessary for the owner to be as selective in his
choice of recording materials from this group as he should be in all the
others. It is worth mentioning that during the course of measurement
procedures it was noted that the line input sensitivity changes by about
2dB when the tape selection switches are in their metal position. Iregard
this as avery proper technique to accommodate the higher levels of HF
energy that metal can satisfactorily handle.
All the noise measurements were found to be very satisfactory indeed.
The Philips Fe formulations returned A- weighted figures with Dolby of
around 62 dB below standard reference level, whilst the corresponding
results on Philips CrO, and metal were both - 65 dB. An analysis of the
noise showed that the only hum present was that of the mains fundamental, 50 Hz, at - 67 dB on the left channel ( which is very very low
indeed), while on the right it was even lower.
Both the low coercivity Fe formulations, Agfa Ferrocolor and BASF LH
Super measured around - 62 dB, with the other high coercivitv tape
formulations showing a small variation from - 61 dB ( TDK D) to
-63.5 dB ( TDK AD).

Measurements from the tapes of group II were consistently around
-64 dB, whilst in group IV 3M Metafine at - 65 dB and TDK MA- R at
-64.75 were very fractionally better than Sony metallic at - 64 dB.
One of the problems associated with setting the bias level of amachine
to suit low coercivity tapes is the probability that mid to low frequency
distortion performance will not be as good as that of higher coercivity
materials. The point is made clear if we compare results from the three
Philips Fe tapes. The 3% third harmonic distortion point in Philips Ferro
(which returned the best overall frequency response curve) occurs at
1.25 dB above standard reference level of 250 nWb/m. Higher outputs
are obtained on Philips SF and SF I. the measurements being + 2.5 and
+3 dB respectively, but of course the overall frequency response curves
display what many will regard as an unacceptable amount of high
frequency emphasis.
Looking now at the other two recommended tapes—recommended that
is in terms of frequency response only at this stage—we find that the 3%
distortion point on Agfa Ferrocolor is reached at 2.5 dB below standard
reference level, whilst on BASF LH Super it is 2.75 dB above reference
level. This clearly indicates that of the two formulations the latter is to be
preferred. The other Fe tape with the least amount of HF emphasis, Fuji FX
I, measured + 0-5 dB. Most of the other formulations provided outputs of
between + 1.25 and + 3dB for the same distortion.
Results in group II were excellent for TDK SA and Maxell UDXL I, with
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the 3% point being reached at + 3.5 dB and 3 75 dB respectively. Sony
CD- It measured + 2.25 dB, whilst the BASF CrO, Super reached 3%
distortion precisely at reference level. It should be borne in mind that the
overall response curve obtained from that formulation in this particular
machine exhibited asignificant departure from flat.
Turning next to the metal tapes of group IV, 3M Metafine measured
+4.25 dB, with Sony Metallic following very close behind at + 4.25 dB
The odd one out here was TDK MA- R, where 3% distortion was reached
at just 1dB above reference level.
The wow and flutter measurements to the DIN quasi- peak standard
obtained from the Philips N5748 are amongst the very best that have ever
been noted in this laboratory. Consequently, at the beginning, middle and
end of acassette the result was 0.06%. This really is outstandingly good;
without doubt the actual stability of the machine is below the tolerances of
the test cassette itself which will have influenced the measurement. Long
term speed was also exemplary, measuring 0.25% slow at the beginning
and middle of the cassette, changing only to 0.3% slow at the end.
It has already been mentioned that the record level indication system
comprises a pair of mechanical meters supplemented by two LED peak
level indicators, and Ihave a marked preference for this combination.
Reproduction of a50 ms attack signal showed that the meters under- read
by approximately 4 dB, whereas the reproduction of a333 Hz tone with a
tape flux of 250 nWb/m gave a reading of + 1dB, thus the method of
operation lies somewhere between VU and PPM types. This would be
unsatisfactory without the additional facility of peak level indication. An
investigation showed that the + 4 dB indicator actually begins to
illuminate at + 2.75 dB, whilst the + 7 dB indicator reacts at + 6dB.
Reference to the mechanical action of the meters and the noted distortion
performance clearly shows that these deviations from stated fact are more
of an advantage than a disadvantage. It would have been better to
calibrate the LEDs to read 0dB and + 4 dB.
One can summarise the technical examination by describing performance as exemplary in every way other than the provision of arather strange
bias setting that in my opinion does not accord with the quality of the
product. Idon't think it is unkind to mention that as a manufacturer of
cassette recorders Philips, despite having invented the system in the first
place, have not always been amongst the first names one thinks of in
terms of very high- standard equipment. The advent of the N5748
completely changes the picture. This is arecorder that can be taken very
seriously indeed by the most devoted purist.

Technics RS -1V163
With aprice label of around £ 225 the Technics RS- M63 must be regarded
as a medium-priced recorder. Nevertheless, it is a three head machine
providing full A/ B monitoring facilities, with variable adjustment for bias
and ametal tape capability. One does not have to look too far to see where
the commercially essential economy has been made. Tape transport is
controlled by mechanical push piano- type keys instead of the light touch
logic system incorporated in the other four decks of this review. On
investigation it was found that if the mains power be cut while the
machine is, for example, in the play mode, the mechanism will stop and the
capstan and pinch- wheel will remain under pressure. Since this could
cause wear, resulting in adeterioration of wow and flutter performance, it
should be avoided. By the way, if the incorporated timer switch is correctly
used it will protect against this occurrence up to the point when mains is
switched off, so if your external time switch has an off setting, beware.
Tape selection is by asingle three- position switch marked Normal, FeCr
and Cr0 2,with a supplementary switch to provide the metal facility.
Dolby- B noise reduction is provided, with aswitchable multiplex filter.
Separate twin rotary controls are provided for line and microphone gain
and these are used in association with apair of electronic bar- graph type
indicators marked ' peak'. Bias is adjusted by means of arotary control with
a central detent. No numerical scale is provided, neither are there any
internal oscillators to aid the user in his bias level assessment. A memory
device is associated with the three digit counter and an electronic display
indicates the routing of the program by illuminating symbols representing
the erase, record and playback heads together with input, source and
output. As a final gimmick the intensity of the illumination of the bargraphs is variable. The usual phono line in and line out sockets together

with a five- pin DIN record/playback socket are positioned in a rear
recessed panel.
Measurement of playback response characteristics using TEAC calibration tapes showed the output to be slightly down at 10 kHz for both Fe
and Cr0,. For the former, the figure was - 2dB and for the latter - 1 . 25 dB
on the CH channel, and - 0-25 dB on the right. Unfortunately at higher
frequencies more significant losses occurred. Using the Fe tape the
readings at 14 kHz were - 6dB Fe left and - 5dB right; with the Cr0 2
calibration tape, output was - 5dB at 14 kHz on the left and - 2.5 dB on
the right.
There was some instability in the high frequency trace and so the matter
was investigated alittle further. It was found that slight movement of the
cassette within its housing whilst in the run mode is possible, and this of
course introduces changes in HF output level as the azimuth changes. This
is asmall point that is worthy of the manufacturer's attention, but it should
be checked by the prospective purchaser before actually buying. This can
be simply done by removing the plastic cover and applying light pressure
to the cassette by the fingers whilst the tape is running.
Before checking overall frequency response it was first necessary to
investigate the functioning of the fine bias adjustment control. Reference
to the owner's instruction manual was uninspiring. This book is based on a
vast number of diagrams which, with captions in seven languages, tended
to defeat the modest intellect of this reviewer. Bias settings are, however,
more clearly stated, but are obviously wrong. For example, the indicated
position for Philips formulations ( without defining which) is near to
minimum whilst BASF LH Super is firmly positioned at + 2. TDK AD is
awarded the same bias level as Maxell UD and is positioned at + 4together
with BASF LH I, Maxell UDXL I, Fuji Range IV and Sony HF. In fact Fuji
range IV is not obtainable in this country and Sony HF has been
superseded by Sony BHF.
Faced with this dilemma it was thought necessary to establish more
appropriate settings, and it was soon discovered that provided the
adjustment is reasonably correct then the response will be flat to within
1dB up to 15 kHz. Table 2gives the figures for the tapes tested, but again
this is published as no more than aguide since there might well be sample
variations in both hardware and software. As is usually found to be the
case when abias adjustment facility is correctly used, there was amarked
similarity in all the curves, so there is no point in discussing them
individually.
The recommendation in the instruction manual is for owners not to use
the variable bias when recording on tapes other than those of group I; it
should be left in its central, click- stop position. This was therefore the
procedure adopted.
Amongst the group II tapes, TDK Super Avilyn was 1.25 dB down at
10 kHz and - 3.25 dB at 15 kHz on the LH channel but was less than 2dB
down at that frequency on the right. Switching in Dolby- B created
something of a disaster area, with the left channel measuring - 2dB at
10 kHz and - 5.5 dB at 15 kHz. BASF CrO, Super produced asomewhat
unstable plot but with abetter 15 kHz response that was close to flat; but
again performance deteriorated with Dolby- B in action. Maxell UDXL II
was the least suited of these group II tapes, with the output - 3dB at
10 kHz and - 5dB at 15 kHz, while Dolby- B increased these losses to
-4 dB at 10 kHz and - 9dB at 15 kHz.
Sony FeCr produced much better figures and because the curve was
more nearly flat in the first place the effect of the noise reduction circuitry
was less marked. The same comment applies to BASF FeCr, Agfa Carat
and 3M Master Ill where, although the curves were not particularly liked
because of instabilities in the pattern—quite possibly due to the inadequacy of the cassette retention system—they did not display the severe
losses noted amongst group II formulations.
Table 2 Technics RS- M63
TDK OD
TDK D
Agfa SFD I
MRX3
UDXL I

GROUP I
+5
EMI HI- Fl
+3
+5
TDK AD
+5
+3
Philips SF
+3
Philips SFI + 1
+3
BASF LHS
- 1.5

Central position used for Groups II, Ill & IV.
Three metal tapes were used: 3M Metafine, TDK MA- R and Sony
Metallic. In all three cases, measured at - 20 dB, the response was virtually
flat at 15 kHz, falling away to between - 4and - 7dB at 20 kHz. Dolby- B
introduced a + 2dB shelf centred around 2 kHz and slightly attenuated
high frequency measurements.
These results fall short of optimum performance standards and there
was some concern felt about the confusion introduced through the
publication of what is regarded as incorrect information. In order to make
the point absolutely clear, additional overall response curves were taken
using BASF LH Super at the recommended bias setting of + 2and then the
operation was repeated at my own setting of - 1.5. In the first case the
15 kHz response was down by about 4 dB; in the second, output was flat
at that frequency. Because most owners use Dolby- B noise reduction
when recording, and because awell-known characteristic of this circuitry
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Subjective report

ICS

Subjective assessment took the form of recording and reproducing
selected musical repertoire with the addition of the following associated
90
equipment: Technics SL110 turntable with a Shure V15- IV cartridge
'I
tracking in an SME arm; Trio KA7300 amplifier, and apair of KEF R105
T
loudspeakers. The music was deliberately selected to embrace the widest
possible characteristics and includedextracts from full orchestral performance, operatic selections, solo piano, solo organ, string quartet and solo
1
_ti
soprano with piano accompaniment. In addition, commercial recordings
of a known quality standard were reproduced, and in the case of the
20
SO
103
MO
500
i
20
51
10E
200
Philips machine some older non - Dolbyed recordings were played back, in
order to assess the performance of the DNL circuitry.
For record to playback tests, a single tape formulation was chosen.
FIG.71-Eci*
I
Because of the wide disparity in performance noted in the Fe overall
RS-M63
,.. -,
OVERALL F Fe '
response frequency curves it was thought to be unfair to use asingle Fe
BIAS - 1.5
tape formulation on all the recorders. This would not have given a fair
BASF LI-IS )0
comparison. Instead atape from group II was employed and since TDK SA
LEFT DOLE
provided the most consistent results on all five recorders it was the one
OUT
selected.
Od8
The validity of comparative subjective tests of this kind is questionable
1
because so much depends upon the perception of the listener(s), the
20
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200
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0
2k
50
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20k
ROHM Ile
characteristics of the associated equipment, the acoustics of the listening
room and of course the quality of the original source material. It is useful,
is to increase deviations from flat by up to double, it seems apity that the
however, in the assessment of ergonomics and general ease of use and it
manufacturer did not bother to include an amendment sheet giving the
will clearly reveal obvious aberrations.
owner the benefit of user advice related directly to the modern tape
The first point noted was that the hum found present in the Marantz
formulations that are now becoming available. Perhaps after reading these
SD6000 was sufficiently obtrusive to spoil musical enjoyment. What apity
comments they will take the necessary steps to improve matters.
that was, because it tended to mar the enjoyment that was keenly
Care was taken to use the same bias settings for noise and distortion
anticipated from high speed operation. Let us hope that the phenomenon
measurements as referred to in the table. Results on Fe tapes were very
is peculiar to the review sample. Readers are advised to listen carefully
acceptable—the least good A- weighted measurements with Dolbybefore buying—at the levels reported it is clearly audible. The record gain
arose from TDK D at 61 dB below reference level. The best was TDK
controls in the Marantz are not particularly easy to use in unison but it was
AD at — 63-5 and the others were positioned in between. An analysis of the
found that the bar- graph type meters are clear and easy to read. As with all
noise spectrum showed that 50 Hz was commendably low at — 59 dB on
the other recorders used in these subjective tests, meticulous care was
the LH channel and — 58 dB on the right, while there was an almost
taken, by reference to the quoted laboratory measurements, to avoid
complete absence of derived harmonics.
distortion.
Noise measurements on the tapes of groups II. Ill and IV all returned
The Dual C839RC proved to be amost interesting machine to use. The
figures around 64 dB below reference level. It was noted that Sony
overall layout of the machine with its multiplicity of controls, was
Metallic measured — 63 dB, with TDK MA- R — 63.25 dB. This contrasts
positively frightening for the inexperienced and it was found to be easy to
with some ot the best measurements in groups II and Ill which could be as
switch into the wrong direction of tape travel. Care is needed here since
good as — 65 dB for 3M Master Ill, Sony FeCr and BASF DO, Super.
such an error could result in the erasure of awanted recording. The LED
Some of the distortion measurements on Fe formulations were so good
meters worked extremely well and were very visible under all lighting
as to require rechecking in order to ensure accuracy. For example the 3%
conditions. Thoughtfully, the manufacturer has provided aswitch so that
third harmonic distortion point in TDK OD was reached at 6-5 dB above
they need not become asource of irritation by flickering during playback.
reference level. Agfa SFD Iwas not dissimilar at + 6dB while Philips SF I
Since preparing my technical report on this recorder Ihave received a
was extremely close at + 5.5 dB. BASF LH Iand EMI Hi - Fi were jointly
letter from the British distributors, Hayden Laboratories Ltd, advising that
bottom of this table at + 1.25 dB, with TDK D, Maxell UDXL 1and Philips
the queries Ihave raised on bias levels are being fully investigated by the
SF all reaching + 2.25 dB. TDK AD was + 3.75, with Memorex MRX 3 manufacturer and in the meantime their own service engineers will
at + 4.25 dB.
individually check every machine before it is allowed to leave the
Performance of tapes in group II showed that in this respect Maxell
warehouse. Iregard this as satisfactory and appropriate action, and have
UDXL II was the best at + 3-5 dB, with TDK SA measuring + 2.75 dB. The
no doubt that it will be carried out to the letter. One of my worries
least good was BASF Cr0 2 at — 0.5 dB.
regarding reverse direction tape travel lies ! n the knowledge of the
The dual layer group Ill FeCr tapes provided the anticipated improvecomplexity of the mechanism required. In the case of Dual, however, the
ment over group II materials, with Sony FeCr outstandingly the best at
engineering standards of the company are so high that the owner need
+7-5 dB and Agfa Carat + 6dB. BASF FeCr came next at + 5.25 dB, with
have little fear of being let down in this way. The sound quality of
3M Master Ill + 4.75 dB.
recordings was liked but it was felt that this is arecorder that needs to be
As is usually found, the group IV metal tapes are generally less good in
studied very carefully by the owner to familiarise himself with its various
terms of low to mid frequency distortion than the group Ill formulations.
modes of operation before it can be used with absolute confidence.
3M Metafine was the best at + 3.5 dB with Sony Metallic + 2.75 dB. The
By contrast the Optonica RT-5100 is the simplest of the five to operate.
TDK MA- R formulation trailed with 3% third harmonic distortion in a It also has the most brilliant and easily legible bar- graph displays. The only
333 Hz tone precisely at reference level.
real difficulty experienced was in setting recording levels accurately
Wow and flutter performance of the Technics RS- M63, measured to the
because, as suggested in the technical review, it is only too easy to run into
DIN quasi- peak standard, was very acceptable with figures of 0.1% at the
distortion. However, noise levels are exceptionally good and so it is
beginning and middle of atape, improving slightly to 0-09% at the end.
possible to err on the safe side and fractionally under- record while still
Long-term speed was, however, somewhat worrying. Absolute accuracy
maintaining an adequate dynamic range.
was observed at the beginning with a deterioration of — 0-25% at the
Conscious of the fact that this is the lowest cost model, Itook
middle and — 0.5% at the end. This amount of variation indicates alack of
some trouble to compare the sound quality of recordings with those
mechanical ability to handle adequately the weight of tape on the take-up
produced by the more costly machines. There were differences, parspool.
ticularly in comparison with the Philips deck, but it is believed that these
As might be expected from an electronic display, the meters accurately
are so small as to defy identification by any but the most hypercritical of
indicated a 50 ms attack signal. However, standard reference level of
listeners. The Philips recorder had aslightly brighter sound together with
250 nWb/m provided an illumination at + 3dB, coinciding with the
an internal clarity within the music that could not quite be matched by the
Dolby Mark which should relate to 200 nWb/m. Playback of aDolby level
Optonica. Apart from this one qualification, the machine worked very well
calibration cassette provided indeterminate results because of the
indeed, and in particular the logic- controlled tape transport system was
inaccuracies—or perhaps expressed more correctly the tolerances—of the
found to be thoroughly efficient despite the modest price label.
bar- graph illumination.
Turning next to the Philips N5748, the immediately obvious difference
A dispassionate appraisal of the results so far indicates the probability
was the convenience provided by the three head A/B monitoring system.
that Technics have been at pains to provide the consumer with anumber
If you can afford it, it really is ajoy to use. Unfortunately the deck controls
of sophisticated technical facilities but at the expense of basic performcan be very confusing, while the meters are small and not easily legible at a
ance qualities. While it is my opinion that A/B monitoring and variable bias
distance. However the peak LEDs provide positive danger signals—at
are highly desirable features, they should be complementary to, rather
least the + 4dB one does; the + 7dB indicator is almost superfluous—and
than substitutes for, accuracy in the basic performance parameters. Unof course the reported technical quality of this machine really did produce
fortunately the Technics RS- M63 appears to concentrate rather more
superb results.
on what the manufacturer believes the consumer wants, than on those
One reservation was whether or not that clean, bright top was just alittle
fundamental features that he really needs.
too good to be true ... !
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Introduction

then go on to see whether they have indeed
provided it.
IN AUGUST HFN/RR Ireviewed five ' mediumA good enough point at which to start is
priced' record decks which, with one
with that old chestnut, effective mass, but
exception, were largely similar in design.
viewed in a way that means something to
This report covers five ' quality' decks (
le,
potential buyers (for whom these product
expensive) and the design contrast is far
reports are really intended), rather than hi-fi
greater. In this part of the market, manuengineers. If you have upwards of £250 for a
facturers are more concerned with seeking
record deck your pocket should also be large
solutions to some of the problems Ispoke
enough to give you freedom of cartridge
about in the last report in order to improve
choice. This means that you may want a
sound quality, and perhaps slightly less conpickup arm for a very high quality movingcerned with the provision of superficially
magnet cartridge or for a moving-coil type.
attractive 'features'. With some of the decks
Generally, the latter return asmoother, more
you appear to get less the more you pay, but
coherent sound with a greater feeling of
external simplicity often hides conceptual
depth and reality to the music. Movingsophistication. Prices range from £180 for
magnet cartridges, with one or two exceptions,
the Philips Automatic AF977 up to £306 for
suffer a design compromise that leaves few
Micro's DQX500 (typical buying prices). I sounding unblemished. If you intend to use a
must point out that the AF977 was chosen on
moving-coil type then low effective mass
the basis that it is a 'top of range' model, like
really isn't of great consequence, unless your
the others, but it is substantially less expenonly aim in arm/cartridge matching is to get
sive than the other four, a point to bear in
the LF arm resonance up to 15 Hz for its own
mind when making comparisons.
sake. Iwould suggest that m-ccartridges be
There is ashift of emphasis in my approach
used in arms of medium to high-ish ( not too
to the products in this report as a result of
high) effective mass, ranging approximately
their price. Ibelieve that for most people, the
from 8gm to 18 gm, in order that the cartcost of these is high to the point of being inridge sees areasonably stable mass above it
explicable. To justify it, therefore, they must
in the audio band. If arm mass is too low,
be able to return the highest level of sound
mechanical inertia will be inadequate and
quality and this means that there should be
the arm will start to suffer random movement
no compromises. Furthermore, it is incumat low frequencies. (This is the reason
bent upon the manufacturers to ensure that
channel separation decreases towards the
purchasers of their products know how to
LF cartridge resonance—abad sign). Pickup
achieve the best results, even if this does
arms exhibiting a highish mass, particularly
mean explanation of such esoterica (to the
those at the top end of the range Iquoted,
layman) as vertical tracking angle. A small
are not so suitable for good moving- magnet
number of irate souls always write in to magacartridges, with their generally higher comzines after a critical test of 'transcription'
pliance, though, and medium-to- low effective
components such as those here, pointing out
mass designs are most appropriate. Ob(often quite correctly) that the addition of
viously, a ' universal' arm should have variable
bituminous car felttplasticineichewing gum
effective mass and, since this can be quite
to point X and 0.5 mm adjustment of Y would
easily arranged, it is a feature one could
have transformed the sound quality and any
reasonably expect to find on decks at this
reviewer that doesn't know this must be . . .
price level. The general idea is to start with a
etc, etc. Our attitude, however, is that optilow- mass arm and add mass to it, amethod
mum performance should be available to
Micro-Seiki use on their DQX-500 in this
anyone who buys these products, irrespective
report. The other four models do not have
of whether he is an expert or a tyro. This
any provision for varying mass, although
puts the onus on the manufacturer to design
SME's Series Ill pickup arm does have vanand produce aproduct capable of adjustment
able counterweight mass and mass could be
for optimum results and supply sufficient
added to the headshell of the removable arm
information to allow anybody to achieve them.
tube assembly to tune it to the particular
At this price level, Iwould expect all these
cartridge fitted. You have also to consider
decks to attain such an ideal.
balancing out the extra headshell mass, and
In August I paid most attention in my
with the SME this limits added weight to
introduction to fundamental aspects of peraround 7gm, assuming a conventional 6gm
formance in an integrated record deck, tacitly
cartridge is to be fitted. Total effective mass
acknowledging the fact that manufacturing
would then be around 15 gm, still a relatively
budgets make it unrealistic to expect too
low figure compared to a typical Japanese
much. This supposition, though, is not
arm and a6gm cartridge, which together will
strictly valid, because it must be possible for
exhibit effective mass of > 20 gm.
any large manufacturer to produce a record
The fact that four out of the five arms here
deck that consummately outperforms those
do not have variable mass means that arm/
tested last month while staying within their
cartridge matching should be considered
cost ceiling. The final result may not be
carefully if best results are to be achieved,
deemed ' commercial', but Rega do just this
Very compliant cartridges should be fitted to
with their well known but difficult to obtain
a low- mass design and uncompliant types
Planar turntable. This month, such constraints ( mainly moving- coil) to those with mediumdo not apply; we are free to look at the finer
to- high mass.
details of disc reproduction, consider what
Damping is becoming progressively more
should be provided by a manufacturer and
popular these days and, as well as minimising

the LF resonance peak, it can usually help to
improve sound quality by cleaning up lower
mid- range and upper bass quality. Damping
imposes some drag on an arm and has, in
consequence, to be applied with consideration
of the cartridge fitted. High-compliance/low
tracking force types need light damping,
while moving-coil units tracking up to 2gm
and exhibiting limited compliance need more.
This is a useful rule- of-thumb but, unfortu:lately, not acast-iron guide. Some cartridges
have a very lightly damped cantilever hinge
(eg, Ortofon Concorde series, Stanton 881S)
yet are compliant and should be operated
with alow tracking force. Damping these is a
matter of trial and error. You need to apply
as much damping as possible, consistent
with good tracking; the best way to achieve
this is through use of agood test disc with a
comprehensive set of tracking tests ( HFS75,
Ortofon). Damping, however, is messy and
inconvenient, yet unipivot arms must be
damped to avoid torsional oscillation,
like a pendulum, and SME, followed now by
Mission and Audio Technica, offer damping
solely with regard to improvement of sound
quality. It is worth having, especially on top
quality arms, but only the two ' component'
arms tested here were damped.
Allied to the topic of damping is that of
counterweight decoupling, since both have
similar results. The original idea of decoupling the counterweight mass, by mounting the weight or its support tube on acompliant rubber sleeve, was to provide an 'antiresonant' system that would suppress the
arm/cartridge LF resonant peak. The problem
with achieving this, though, lies in the high
compliance needed, which makes the counterweight very floppy, and the fact that the systern must be capable of being tuned to match
a cartridge. However, decoupling also improves sound quality due to the substantial
effect it can have upon arm structural resonances. Any arm, whatever it is made from,
will suffer serious structural resonances if
the counterweight is rigidly fixed, and Iknew
before using or testing it that the performance of Hadcock's new ' D' type arm would
not be the same as that of preceding versions
that possessed greater decoupling. Dual,
however, have revived the original idea of antiresonant decoupling and they are now using
avery floppy weight that can be tuned to the
low frequency resonance. Ifeel that you
should expect to see some form of counterweight decoupling on awell-designed arm.
Even if an arm is well-designed, however,
you cannot expect really good results unless
it is well set up. Minimum requirements are
the ability to adjust for minimum lateral and
vertical tracking angle error, and exact cartridge verticality. Vertical tracking angle adjustment isn't usually provided where there
is some form of auto-system, since the arm
base is normally attached to amechanism of
some kind and providing height adjustment
would be difficult. Spacers are an alternative
but not avalid one since they provide a very
shaky cartridge mounting platform, which is
definitely not wanted. Precise cartridge alignment can more than halve measured dis81
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tortions and the resultant gains in clarity and
accuracy are worth having. Arm height adjustment at the pillar should be provided and
since most cartridges have too high avertical
tracking angle, lowering the pillar can often
improve sound quality. You have to consider
modulation slant of the disc, though, and if a
line-contact stylus is fitted to the cartridge,
the correct orientation of its contact faces.
Misalignment of a line-contact stylus can
produce a very ' gravelly' or rough sound and
1have found some that create so much grating
treble distortion that they appear to be mis tracking. Vertical re-alignment and continual tip cleaning alleviates or clears the
problem. If you can't realign the arm, and on
two of the decks here it is not possible, you
are stuck with such problems. This, of course,
is a compromise between auto- system convenience and sound quality.
In August ( pp. 1301131), Idiscussed the
significance of arm geometry and the need
for extremely accurate cartridge alignment if
distortion is to be kept down to tolerable
levels. The fundamental requirement for best
subjective results is to minimise the distortion
due to tracking error, not tracking error itself.
This presupposes correct design and lays
responsibility on the manufacturer to provide
an accurate method of cartridge alignment.
Alignment jigs are potentially most effective
since they can be used by anybody, and are
inherently accurate in setting both stylus
position and axial alignment of the cartridge
body. Failing this, a parallel- sided headshell
and aclearly printed alignment protractor are
the best alternative. Both the Philips and
Dual decks come fitted with a cartridge and
thus you would expect alignment to be correct.
Re-alignment isn't possible with either, so
there is no room for experiment with these
units, unless you use an alternative headshell
—available for both decks—and a different
cartridge.
Another adjustment one should expect to
see on a top quality arm is that of cartridge
verticality, usually achieved by twisting the
headshell on the arm tube. Slight adjustments here can improve the channel separation dramatically, sharpening up images and
improve the feeling of depth to music. Again,
line contact styli are more sensitive to this
alignment. It should be provided by manufacturers, but many assume that only approximate vertical positioning is sufficient and conveniently omit this feature.
None of the integrated pickup arms in this
report could be finely adjusted in the ways
mentioned above, but the independent manually-operated designs, such as the SME and
Hadcock, are much closer to such an ideal.
If it is sound quality you are after, they
are usually preferable to integrated designs,
provided of course the turntable and plinth
with which they are paired are equally good.
However, it is still theoretically preferable for
a manufacturer to combine the arm and
turntable, although the decision of whether to
provide an auto- system (for convenience) or
a highly flexible manually- operated arm (for
fidelity) then arises. The former approach is
normally adopted simply because the benefits are more tangible to abuyer and therefore
this sort of thing is more popular. Before I
started writing this report, one person looked
82

Oci3:010
PLC=

• • • CMG ••

0

at the five decks sitting together in a group
under test in a separate and remote room.
and his eyes alighted on the Philips AF977
This enabled acoustic feedback to be switched
control panel which is studded with lights,
in or out to excite the deck under test, without
buttons and a dial, plus the crowning glory
the panel hearing it. If the feedback signal
of digital speed readout. '
This is the deck I had been audible through the walls of the
would like', he said immediately! In contrast,
building it would have supplemented sound
people who see the Micro-Seiki DQX-500 just
from the monitor speakers and very probably
goggle at it and say ' What's that?'. Quite
altered judgements. Each deck was played
frankly, it is possible to combine auto armagainst a reference, both being fitted with
lift with a transcription arm, but we just
identical ( measured) Stanton 881S cartridges,
haven't got that far yet. In the meantime you
with and without feedback applied to the deck
have to choose between convenience and
under test. To give the panel some idea of
fidelity.
what effect feedback alone would have on
Frequency response and crosstalk traces to
sound quality, 1also put the pickup arm of
each unit onto astationary disc and excited it
show possible arm perturbation (fig. lb etc.)
were performed with a Stanton 680EE cartwith music from a nearby loudspeaker. This
provided a clear idea of how each deck
ridge. Individual cartridge responses, where
applicable, were carried out using the JVC
sounds when acting as a microphone, which
TRS 1007 test disc.
is, in effect, what they are when considering
acoustic feedback susceptibility. The same
Listening Test Procedure
Stanton 881S was used in each deck for
Blind listening tests were carried out along
auditioning; monitor speakers were KEF
the same lines as those for the last group,
R105s, driven by the Hitachi HCA7500/HMA
with apanel of four in one room and the decks
7500 combination.

Philips AF977
The AF977, with its numerous lights and indicators, has eye appeal. It is aimed at those
who want a high quality integrated turntable
(complete with cartridge) which requires
minimal technical involvement from the
owner. The deck will play LPs and singles
automatically, sensing whichever is on the
platter with asmall protruding button. Alternative manual operation is available, but,
whichever is used, the arm is lifted and returned to its rest automatically at the end of a
disc. Two speeds are provided, 33 and 45
rpm, both with quartz- lock. Alternatively,
variable speed with digital indication can be
selected. Philips supply this deck fitted with
their own GP412/II cartridge, which is top of
the Philips range. It comes fitted to a removable headshell specifically designed to take
this cartridge and as aresult there is no provision for tracking error adjustment. However,
asecond headshell is supplied which has the
usual slots for such adjustment; this could be
used with the GP412 if desired, or any other
cartridge. A jig is supplied to facilitate cartridge alignment. Interestingly, the AF977
employs belt- drive from a DC motor to the
platter with the servo speed correction signal
taken from the platter itself, not from the
motor spindle as is common. Philips call
this ' direct control'. The platter and pickup
arm are suspended on afloating sub- chassis
for acoustic and shock isolation.
Setting up the AF977 presented no problems at all and it is obvious that Philips have
ensured that this should be so. Locking
screws must be removed and two transit clips
undone before the sub- chassis floats on its
strip-spring suspension system. The instruction manual provides clear directions on how
to carry out this task. Philips even manage to
dispense with acalibrated counterweight and
the usual arm balancing ceremony by incorporating astylus gauge into the arm rest. The
counterweight is simply screwed forward
until this gauge shows required stylus pressure on a dial. As well as easing set-up,
it also provides a continual check on

pressure since the gauge reads whenever
the arm is on its rest.
You cannot adjust the Philips arm for
height nor, as Isaid earlier, can you adjust the
factory- set GP412 for tracking error. Although the headshell is removable, its
socket is a design peculiar to Philips turntables and the AF977 will not as a result
accept either Ortofon Concorde cartridges
or any of the integrated cartridges now
appearing from Japanese manufacturers such
as Technics, Sony and Audio Technica.
Another slightly limiting factor as regards
compatibility is alimited cartridge-weight balance range of 5-11 gm. The deck will not
accept Ortofon low- mass ' LM' series cartridges which weigh 2.8 gm, and since lightweight types will become increasingly popular, this inability will possibly be limiting to
some owners. However, nearly all cartridges
weigh more than 5gm at present. Maximum
tracking and bias force was 3gm and tracking
force scale accuracy very good.
The arm possesses a modest effective
mass of 8gm, which makes it widely suitable
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for many modern moving- magnet cartridges.
Compliance of the GP412/II was high, though,
and the plot of low frequency response
(fig. 1d) shows that the arm's main LF
resonance occurs at 7Hz. This arm/cartridge combination will produce some subsonic warp information and may have difficulty getting over the occasional high amplitude warp, but Idon't consider this comparatively low resonance frequency to be of such
importance as do many hi-fi pundits. With a
Stanton 680EE medium compliance cartridge,
arm resonance occurred at 11 Hz (fig. lb),
illustrating the fact that with many cartridges,
the arm mass of around 9gm is just about
right. The arm pivots displayed little slack
and they allowed the arm to move with a
reasonable degree of freedom, even though
friction in the vertical plane of movement was
somewhat variable and higher than usual.
The auto- system did not seriously impede
lateral movement of the arm across a disc,
however. Generally, the AF977 pickup arm is
suitable for most good quality cartridges,
although highly compliant moving- magnet
types and uncompliant moving- coils are not
the best match one could make with it.
The counterweight was not very well decoupled but, in spite of this, structural resonances were not as serious as one might
expect. The graph (fig. lb) shows the presence of a major resonance at 360 Hz, which
must add some coloration, and there is a
much smaller problem at 120 Hz which is
almost insignificant. The simple plastic
headshell and aluminium arm tube Philips
use are deceptive in possessing quite good
inherent damping, otherwise the audible
results of over- cost-effective design would
have been more serious. Philips' technical
specifications quote angular tracking error of
the arm as 0° 9'/cm maximum but with the
GP412/II as fitted this figure was substantially
exceeded and was in fact 0° le/cm, leading
to very high tracking error over much of a
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technique has been wasted and Iwasn't surprised at the mediocre feedback performance
(fig. 1c) where low frequency breakthrough
below 100 Hz was substantial, reaching a
maximum of — 19 dB or one-tenth of the
music level on adisc being played. The deck,
however, was resistant to vibration pickup
through its base, indicated by very low random
disturbance pickup of — 55 dB, again shown
in the graph. Unfortunately, resonance of the
sub- chassis occurred at 7.5 Hz, roughly the
same as the arm/cartridge resonance. In a
room with abouncy floor the deck is likely to
be badly disturbed by this conicidence of
resonances, most notably if the floor itself
bounces at the same frequency—which is
quite possible. This is aclassic design error
or, should Isay, lack- of-design error, and
one that is not uncommon.
Philips, like Thorens, show that belt- drive
can return much the same results as directdrive, with little wow, and, in consequence, a
total W & F figure (
DIN weighted) of 0.06%
quasi- peak, which is very low. Absolute variation of speed, or drift, was, as usual with
belt-drive, somewhat greater than that of a
good direct- drive system at 0.15% p- p but
these speed changes are relatively slow in
nature. The speed variation characteristic
over aperiod of 100 secs (fig. lb) shows that
'direct control' keeps variation of W & F level
down to alow figure. Rumble was inaudible,
even on a silent acetate test disc, and
measured — 71 dB (
DIN B weighted).
Frequency response of the GP412ill cartridge is shown in fig. 1d. With no capacitive
loading, ie, under the normal conditions
provided by the Philips AF977 deck, the
response exhibits the usual moving- magnet
upper mid- band suckout. Loaded by 600 pF,
the GP412/II is capable of providing a fairly
flat response, as shown in the lower trace.
Separation is good and so was tracking. I
found the cartridge a trifle bright but well
defined in sound quality and clean in presentation. It is, by any standards, agood design.

disc. As shown in fig. la, distortion from
tracking error reached a maximum of 1.3%
8cm from the disc centre, apoor performance.
Philips have obviously designed this arm for
zero tracking error on inner grooves but its
geometry is both poor and sub- optimal for
the effective length chosen. Capacitance of
Listening Test Results
the signal lead- out wires was low at 165 pF
and will have little effect on cartridge freThe panel were not very happy about
quency response.
reproduction from this turntable. Treble
Like many manufacturers operating in the
quality was rated as fizzy, shrill and wiry and
strongly competitive market at which the
the panel obviously decided that it was
AF977 is aimed, Philips have elected to use a
pressure- moulded plastic plinth that feels
somewhat light and insubstantial. However,
since both arm and platter sit on a floating
steel sub- chassis, one must be careful slot to
assume automatically that this plinth will contribute a significant amount of coloration. I
found the deck quite easy to operate, although
moving the lid on its friction hinges did at
times upset the cartridge. Operation was
smooth and silent, while a fairly high standard of finish gives it a smart appearance.
If engineered properly, a floating subchassis suspension system of the sort used
by Philips on this deck can provide very effective acoustic isolation. However, Philips
join Thorens and others in making the classic
error of providing compliance in only one
plane of movement, in this instance the
vertical plane (Thorens' TD110 tested in
August was compliant in the horizontal plane).
Consequently, much of the potential of this
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blemished in this way. The mid- band displayed hollow coloration and bass output
was unanimously described as ill-defined.
An overall rating of 3.5 out of 10 underlined
the listeners' general unhappiness about
listening to the AF977. Feedback emphasised
lack of definition in bass output, it was felt,
and the stereo imagery was regarded as rather
smeared, compared to the reference.
Philips' AF977 is visually attractive, easy to
set up and easy to use. It is aimed more at
those who want little commitment to the
technicalities of hi-fi, and meets their need
well. However, it is technically poor in a
number of important areas, as Ihave pointed
out, and the panel were singularly unhappy
about reproduction from the deck with the
test Stanton cartridge. With Philips' own
GP412/II cartridge, which sells for around £45,
it represents only average value at £180, since
the similarly- priced decks tested in the
August issue, for example, would represent
valid competition.

STD 305M and Hadcock GH288 ' D'
The STD 305M deck (£199) and Hadcock
GH228D arm (£59) are available separately
and were combined for this report as atypical
high quality disc playing unit costing around
£250. Both products are well known and
relatively popular among enthusiasts.
George Hadcock's latest type ' D' arm is the
most recent version of the now long standing
GH228 design, which has gathered ahigh reputation for excellent sound quality coupled
with reasonable price. The arm is a fairly
straightforward unipivot design, with damping
provided by awell of viscous fluid around the
pivot. The entire upper arm assembly lifts
off its pillar pivot for cartridge installation and
removal, signal lead- out wires being disconnected from the arm pillar by asmall plug and
socket. The ' D' Type version is distinguished
both by this feature and the now rigidly supported counterweight system. Earlier versions
possessed a decoupled counterweight support tube that drooped and made tracking
force adjustment rather difficult. The new
version also possesses a weight-and-thread
bias compensator system.
STD's 305M deck is atwo speed belt- drive
unit that supports both platter and arm on a
floating sub-chassis for shock and feedback
isolation. The plinth is extremely strong,
being made from steel damped with bitumastic pads to avoid coloration from structural resonances. The outside is finished in
brushed aluminium and, overall, the deck is
impressively made, very well finished and
visually attractive—STD provide a pair of
'surgical' gloves to avoid marking the finish
while setting up. The dust cover moves on
friction hinges. Like one or two other specialist belt-drive turntables, it possesses no
speed-change mechanism: the platter must
be removed and the drive belt moved by hand
from one pulley diameter to another. STD fit
aspirit level to the sub- chassis and adjustable
feet beneath the deck to ensure that the
platter and arm are level in use.
Obviously, combining and setting up
specialist individual components like the
STD and Hadcock is both time-consuming
and fiddly, to say the least. If you know little
about hi-fi and are not mechanically minded,
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the task is best left to a dealer, especially
since this arm is notoriously difficult to adjust
properly. The arm pillar must first be attached
to its mounting plate on the STD sub-chassis.
Pre- drilled mounting plates for most arms can
be supplied by STD so you are spared a
woodworking exercise. The arm pillar drops
through its mounting hole and is held by one
nut, making it easy to fit. With the pillar in
place and the arm itself provisionally placed
on the pivot, the deck's sub- chassis suspension system must then be adjusted to compensate for the arm's weight. STD do not
supply a screwdriver for the X- head transit
screws, nor the normal bottom cover screws,
which have to be removed for suspension
adjustment. You will need to buy both types
if you don't already own them. They do, however, supply aspanner for suspension adjustment, which Ifound was an awkward task. I
suspect, though, that most purchasers of the
STD would enjoy this sort of fiddling. Under
the heading ' Operation' in their handbook,
STD ask owners to ensure that the drive belt
rides the pulley crown by adjusting the motor
position. With the platter off, though, the
belt will not take up its normal operating
position on the pulley because the subchassis will ride high without the platter mass.
This instruction is misleading and will cause
misalignment of the motor.
Having aligned the deck, the GH228 arm
must be fitted with a cartridge and set up. I
found the instructions brief and unhelpful in
many places. Basically, you must sit the arm
on its pivot, hold the hub so that its top face
is horizontal and then twist the headshell so
that th, cartridge is approximately vertical.
Suitable counterweights are then selected
and screwed on until the wanted tracking
force is achieved. You need separate scales
for this since Hadcock's own system is
inaccurate. Now the cartridge is placed on a
disc and the rear counterweight twisted so
that the arm's hub is horizontal. When this is
so, the headshell will probably need fine
adjustment to ensure that it, too, is horizontal
or, should I say, the cartridge is vertical.
Twisting the counterweight upsets the tracking force accuracy and this will then need
further fine adjustment, but not until bias
force has been set because the new weightand-thread system causes arm tilt which
must be compensated for with the counterweight. Arm height is adjustable and tracking
error is minimised by moving the headshell
along the arm tube until the cartridge is
positioned correctly against a protractor.
Moving the headshell like this alters tracking
force and this must be readjusted afterwards.
Finally, the arm is lifted off its pivot and fluid
squirted into the damping well from asyringe.
Damping was adjustable on earlier GH228s
by altering pillar pivot height but the review
sample lacked this facility and the instructions
make no mention of it. Worse still, the review
arm pivot was so high that the arm's concentric damping tube was hardly immersed in
fluid at all, something that most owners
would, Ibelieve, fail to notice. This meant that
the review sample was insufficiently damped,
but, since it is meant to be representative
of those commercially available, it was
tested in this form. George Hadcock
does assure us that pivot height adjust-
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ment, although awkward, is still possible on
the type ' D' and that any user suspecting his
arm should get in touch with his dealer.
The STD motor is operated with a square
push-button at front- right of the plinth. The
arm is positioned over arecord and lowers on
afluid-damped platform. Operation is entirely
manual, of course. The arm- rest now has a
plastic holding clip which could be useful
except that it forced the arm down and brought
the cartridge stylus perilously close to the
turntable top plate.
Effective mass of the GH228 varies slightly
according to headshell position and the combination of counterweights used, but at its
lowest, with only the basic counterweight
selected to balance alight cartridge, measured
6gm. This is a good general purpose figure
and renders the arm suitable for most high
quality moving- magnet cartridges that possess medium-to- high compliance. It is rather
light for incompliant moving- coil cartridges.
Ifound the ' D' type would balance cartridges
from 3.5-10 gm but would not accept cartridges up to 13 gm as quoted in the specifications. It will work, just, with the Ortofon
lightweight LM cartridges if they are used
with the brass bolts supplied with the arm.
On the review sample the counterweight had
to be set to 1.3 gm to achieve atracking force
of 1gm and, as Imentioned earlier, the GH228
is best set up with tracking force scales.
Since the headshell is non-detachable you
cannot, of course, use integrated cartridges
with this arm but it will accept all conventional types without difficulty.
Adjustment for minimum lateral tracking
error, using the protractor supplied, is relatively easy since the cartridge body—and its
front-to- back axis— is not obscured by the
vestigial headshell. You can therefore get
the cartridge itself aligned so that it lies at a
perfect tangent to the groove, according to
the protractor. Unfortunately, the Hadcock
protractor is both conventional and inaccurate in providing just one zero tracking error
position at 60 mm from disc centre, the IEC
stipulated inner groove radius. This is based
on the philosophy of minimum tracking error
on inner grooves, not minimum overall distortion across the disc. Ideally, the protractor should have zero tracking error points
at 63 mm and 119 mm.
However, basic
geometry of the GH228 was extremely good
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and cartridge alignment at 63 mm showed that
it is one of the few arms available that possesses optimised geometry, producing a maximum distortion figure of 0.8%. There was a
discrepancy between measured and quoted
geometry in the specifications, the latter
being less accurate but only marginally worse
in the results it theoretically produces (fig. 2a).
Pivot friction was extremely low in both
planes of movement and arm location perfect, two advantages of using asingle bearing
pivot. Damping, for the reasons given, was
minimal and had no effect on the LF arm
resonance at 13 Hz (fig. 2b). Lack of damping
on a unipivot produces very bad results in
use since the arm can rock on its pivot,
especially when excited by acoustic feedback.
Line contact styli, in particular, are very sensitive to this sort of changing vertical position
and Iwould expect this to have some effect
upon sound quality.
The most disappointing feature of the type
`D .was the rigidly fixed counterweight support
tube. Previous samples of the GH228 Ihave
tested that had a heavily decoupled counterweight have been entirely free of structural
resonances. Predictably, this was not the
case with the '
D' and two serious resonances
can be seen in fig. 2b. They are most serious
on vertical modulation and will therefore
colour signals with a vertical component, ie,
far left and right images, on a disc.
Although absolute speed drift was typical
of belt- drive at 0.3% p- p, the wow it produced
was reasonably low in frequency and with
DIN weighting, total W & F measured 0-08%
quasi- peak, a low figure. There was marginally more variation in W & F level over a
long period (fig. 2b) than with a good directdrive turntable but it never rose to the point
where speed variations would
become
blatantly audible. There was no audible
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rumble and Iwas intrigued to find that surface
noise from the silent acetate test disc used
was audibly smoother in quality and measureably better suppressed at — 73 dB, DIN B
weighted, than with the other decks in this
report. This is an exceptionally good performance.
The suspension system allowed free
movement of the deck's sub- chassis in both
planes and resonance occurred at a low
figure of 4Hz. Resonance of any deck suspension should be lower in frequency than
that of the arm/cartridge combination, and
also lower than typical floor bounce frequencies. Any figure lower than 5Hz is
desirable but rarely achieved, Ifind, particularly with suspended plinths. The only reservation Ihave about the STD suspension is its
lack of damping. When excited, the subchassis tends to continue its slow bouncing
for rather a long time and addition of some
foam rubber between the support springs
would be helpful in controlling this.
Iwas surprised to see that feedback breakthrough into this disc system was quite high
at the main low frequency room resonance,
and random disturbance breakthrough into
the plinth from building vibration, rather than
acoustic feedback, was not very well suppressed. Total energy breakthrough at low
frequencies was not as high as that of other
decks, however, even though there are some
specific frequencies at which the 305M is
sensitive. Doubtless, insufficient arm dampST D
sa
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ing and its ability to rock freely made this
combination of items more sensitive to
external disturbance than the 305M might have
been when fitted with an alternative arm or a
better Hadcock sample.

Listening Test Results
The panel detected many good features in
this deck and arm combination and were most
complimentary about imagery, which consistently attracted praise for clarity and openness. One person did feel that it was slightly
upset by feedback when applied. Subjective
bass quality was another facet of the sound
liked by the panel, with comments of ' tight'
and ' dry' frequently used. The mid- band
caused some equivocation since the panel
liked its clean quality, allied with a sense of
openness, but at the same time detected some
'metallic' coloration and a ' hard' edge. Treble
quality did not pick up much praise, being
labelled bright to the point of being ' shrill'
and ' wiry'. Istrongly suspect that the 881S
line- contact stylus. which is very sensitive to
alignment, was upset by pendulum movement
of the GH228 arm through lack of damping.
Overall rating for this deck was 5out of 10 and
the panel clearly detected superior reproduction from this arm and turntable in combination, in spite of some obvious performance
weaknesses.

Dual CS7140
The CS714Q is an expensive (£237) semiautomatic turntable featuring a quartz- locked
direct-drive motor. ( The CS731Q is a fully
automatic version for £33 more.) It comes
fitted with a version of Ortofon's new LM
cartridge designed specifically to fit this and
other Dual turntables
The benefit lies in
reduced effective mass of the pickup arm.
For those who would like to use alternative
cartridges, asmall kit is provided with aspare
headshell and headshell slide, plus additional
arm balance weights. The Dual is started
manually by placing its arm over a disc and
bringing the cue lever forward to lower it. An
auto- system returns the arm to its rest at the
end of aside, however, or it may be lifted with
an external control button placed on the
plinth's front panel. When switched out of
quartz- lock, the speed of the platter can be
varied by individual pitch controls provided
for 33 and 45 rpm.
Unpacking and setting up this turntable
was areasonably easy task. The floating base
plate must be unclamped by releasing its
transit screws and then the arm is set up in
the normal manner, with clear instructions
on the subject provided by Dual. The only
unusual feature was Dual's unique antiresonant counterweight, which must be tuned
to match arm/cartridge resonance. It took a
short while to locate the recommended tuning
frequency, which is included on the cartridge
information sheet supplied.
As with most automatic or semi-automatic
decks, the pickup arm cannot be adjusted
for height to trim the cartridge vertical tracking
angle. Spacers are necessary, but not supplied. Lateral tracking error is adjusted by
moving a cartridge within the headshell, but
the Ortofon unit comes pre-set and cannot be
re- adjusted within its own special lightweight
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7Hz. A sharp suckout in response can be
seen but it has little affect upon overall output
at resonance which remains high, irrespective
of where the counterweight is tuned. As far
as these tests show, Dual's anti- resonant
counterweight is a nice idea, but it doesn't
work, due to too high a ' Q'. Arm damping is
far more effective in controlling output at
resonance.
Friction in the arm pivots was extremely
low and there was little slack. Taking into
account effective mass and pivot friction, this
arm is most suited to medium compliance
cartridges and relatively low compliance
moving- coil types. The Dual arm is best not
used with highly compliant cartridges since
its mass is rather high.

headshell assembly. There is no method of
adjusting cartridge verticality, either. Like the
Philips deck, the Dual CS714Q is aimed at
those who would rather not be faced with the
problems of fine alignment. This also means,
of course, that it cannot be optimally set up.
Using the additional counterweights, a cartridge weight range of 1-13 gm can be accommodated, which covers just about all eventualities. Since the headshell itself unclips
from a bracket at the end of the arm tube and
there is also a removable cartridge slide,
cartridge changing is an easy task, but the
arm will not accept integrated cartridges
which all have an SME-style connector.
Maximum calibrated tracking and bias
force that can be applied is 2gm, a high
enough value to cover all modern cartridges,
and the tracking force system was perfectly
accurate. Effective mass of the arm with its
special headshell for the Ortofon cartridge
was 10 gm, but total effective mass, including
the cartridge, which is of most importance,
was 12.5 gm. This compares with an arm
effective mass, using the conventional headshell and cartridge slide, of 12 gm, onto which
must be added approximately the 6gm of a
typical cartridge, giving 18 gm total. So, by
fitting the Ortofon lightweight cartridge, Dual
have brought about a5.5 gm decrease in arm
effective mass, ignoring the additional slight
decrease in effective mass caused by reduced counterweight mass. This will increase
the arm LF resonance by around 20%, taking,
for example, a 10 Hz resonance up to 12 Hz.
This goes to show that relatively large
changes in effective mass produce only relatively small changes in the frequency of
arm/cartridge resonance.
Ortofon's cartridge is very compliant and
in spite of low overall arm mass when fitted,
arm resonance occurred at 7Hz (fig. 3d). As
a result this combination may baulk at riding
the occasional serious warp, but generally I
think there should be little trouble.
The counterweight must be tuned to the
same frequency as the arm and Dual have
allowed it compliance to do this in the vertical
direction only, presumably because warps
produce vertical movement. Using a Technics test disc with 45 - modulation (
le, possessing a vertical component) the bottom
three low frequency traces of response were
made in fig. 3d. These show output from the
cartridge with the counterweight locked ( or
inoperative) and unlocked at both 5.5 Hz and
86

vertical response equally and so will colour
the entire sound stage. However, although
response suffers somewhat, there is little
rise in crosstalk, showing that the arm goes
into a fairly controlled 45' vibrational mode
and may not affect sound quality as seriously
as one might expect. The connection between cause and subjective effect is very
difficult to predict, however.
Dual's direct- drive motor performed impeccably under quartz- lock, displaying avery low
drift figure of 0.07% p- p. As a result there
was little wow and total W & F, DIN weighted,
measured 0.04%. All these figures are at the
measuring limit of the test disc used. Rumble
was extremely low too, and even exceeded
figures achieved by the STD 305M with a
Dual specify tracking error for the arm as
DIN B weighted value of < 74 dB. Both rumble
0•16 / cm and headshell offset as 26 4'. I and speed variations were inaudible as such.
measured headshell offset as 24" and could
Isolation from shock and acoustic feedback
not approach Dual's specified value of 26'.
is achieved by floating the entire deck on
Optimum headshell offset by Stevenson's
support springs that sit on the plinth. The
design technique is in fact 24.5 (24' 29') and
system resonates at 5Hz, asuitably low value,
Isuspect that Dual's original specification has
and was quite well damped. It proved very
been transposed in printing and is, in fact,
effective in action and the CS714Q was innot 26 4' but 24.6 , especially since 4' seems
sensitive to building vibrations and acoustic
a ludicrously small angle of arc to quote.
feedback.
There was significant breakUsing their specified figures, the tracking
through at one specific frequency only ( fig. 3c)
error zeros on the inner grooves, but is high
and this coincides with the main resonant
over most of the arm's arc of movement
mode of the test room. Since the amount of
across adisc. As a result, distortion reaches
energy fed back is low, Iwould still rate the
a peak of 1.4% but, worse still, remains at a CS714Q highly in this area.
relatively high level over much of the playing
The Ortofon cartridge fitted requires a
area. This is hardly surprising, since the
specified capacitive loading of 400 pF in
offset is 2' away from its optimum value.
order to obtain a flat response. This level
Using the measured value of headshell offset
of capacitance is rarely met, either in record
raises the tracking error curve (fig. 3a), and
deck pickup leads or preamplifier input stages.
provides a much better result, with less distortion over most of the playing period. The
DUAL CS7 40
40 5112
20
103
lo
main drawback is then a short, sharp rise in
distortion on inner grooves.
There are two clearly identifiable structural
resonances in the Dual arm, situated at 55 Hz
and 230 Hz ( fig. 3b). They affect lateral and
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Cutaway of the CS714Q counterweight showing the
anti-resonant system.
Consequently, it must be provided by padding
capacitors, but Dual have overlooked this
point and fitted the CS714Q with 150 pF low
capacitance leads. As a result the DN160E,
as they term it, doesn't return the flat response
that they depict on the supplementary cartridge information sheet, but the characteristic shown along the 0dB line (fig. 3d). An
upper mid- band dip and treble peak help to
disguise detail and make treble sound a bit
scratchy. Adding 600 pF additional capacitive
loading ( Ifind 600 pF is better then the specified 400 pF for Ortofon generators) provides
a response shown at right on the — 40 dB
line, which is identical to that shown by Dual.
This is another point that Dual need to pay
some attention to on the CS714Q. Ifind the
Ortofon LM cartridges sound very smooth
and highly detailed. Treble quality is particularly natural and pleasant. They veer toward
awarm sound balance with aslightly soft bass
quality. Imagery is good, if not up to movingcoil standards, and on the whole Irate these
cartridges highly against their competitors.

Listening Test Results
There was less agreement over the sound
quality of this turntable than of the others reviewed here. The panel felt that treble quality
was somewhat poor, being bright and a bit
fizzy. They also were unanimous in detecting
mid- band coloration described as a ' honk'.
On bass quality, though, one person thought
the CS714Q sounded dry and tight, one
avoided making any comment and two felt it
was boomy and ill-defined! Image quality
was felt to be reasonable, but with some loss
of definition and smear of images.
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nics) direct- drive motor rather than belt- drive,
and this is mounted on a very heavy plinth
constructed from a sandwich of wood and
lead. Isolation from shock and feedback is
provided by four rubber feet. The SME 3009
Series III arm is an ultra low- mass design
with ball race and knife-edge pivots controlling
horizontal and vertical movement respectively.
This contrasts with the Hadcock's single
point pivot. The headshell is made from
carbon fibre and its support tube from
titanium surface- hardened in anitrogen heattreatment process. These materials and construction techniques were adopted to achieve
extremely low mass coupled with adequate
structural rigidity. While the SME 3009 Series
Ill is undoubtedly a highly specialised arm,
most people have little trouble using it, once
set up, a practical advantage it has always
held over other specialised designs.
Since the SME arm has first to be fitted to
Monitor Audio's deck, setting up this system
is again more difficult than with an integrated
record deck. However, Monitor Audio supply
a pre- drilled mounting plate to take SME (and
Mission) and the Series Ill is attached with
four wood screws supplied by SME. The
ET500 turntable has no bottom plate that
needs to be removed during this procedure
and no suspension system in need of adjustment to compensate for arm weight. You
simply clamp the SME signal lead beneath
the plinth and plug it into the arm's gold
plated phono socket, after which setting up
can be carried out. The platter itself drops
onto and is held by a taper on the motor
spindle and the acrylic dust cover slots onto
friction hinges fixed to the plinth rear face.
Power to the motor is supplied by aseparate
small unit that connects via a plug beneath
the plinth. This arrangement ensures that the
magnetic field from the mains transformer
doesn't interfere with a pickup cartridge to
cause hum.
Iexperienced no difficulty in setting this
combination up but those unfamiliar with
SME's Series Ill arm will find that making all
the necessary adjustments takes some time.
The strobe light carrier had broken loose on
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the ET500 when Ireceived it, which was just
as well, since it is so weak that in order to
illuminate the platter during daylight Ihad to
hold it closer to the upper 50 Hz platter markings. Monitor Audio need to fit a stronger
light closer to the platter's perimeter. Two
speeds are provided, with fine adjustment
available for each speed. One point to be
made about the SME 3009 Series III arm is that
resolution of the tracking force scale is poor
and it is better to rely on a separate stylus
scale to ensure accurate adjustment. The
arm can be adjusted for height, lateral tracking
error against a protractor supplied, cartridge
verticality and lateral balance. Bias is applied
by the familiar thread and weight. The headshell is not detachable, but instead SME have
placed a push- in arm tube connector on the
pivot assembly in order to keep mass close
to the pivots and hence minimise effective
mass. For cartridge installation you simply
pull off the entire forward arm tube and headshell assembly. The arm's counterweight is
acarrier placed very close to the pivots, which
holds lead strips. Arranging high mass close
to the pivots in this fashion also keeps effective mass down. This arm also possesses
damping, achieved by apaddle immersed in a
fluid bath that sits just in front of the arm
pivots. Three paddles are supplied to allow
different levels of damping to be set, according to the cartridge used. Since damping
introduces drag and increases force on the
outer groove wall, in asimilar fashion to bias
correction, it must be applied with regard to
cartridge tracking force, which is itself determined mainly by compliance. Light damping
is applied to cartridges tracking at alow force.
To avoid misunderstanding Ishould quickly
point out that damping and bias correction
are not the same in their effects. The latter
applies a constant outward force while the
former opposes rapid movement. SME have
recently introduced asimplified version of the
arm tested here, designated 3009 Series IIIS,
which, although identical in basic construction, is devoid of the many fancy gears and
adjustment leadscrews in order to cut cost.
The Series III arm can take cartridges from

Monitor Audio ET500 and SME
3009 Series III Arm
Like the STD 305M and Hadcock GH228D
combination, the Monitor Audio ET500 (£153)
and SME 3009/111 (£ 102) are aimed at the more
committed listener. Although both arm and
turntable are sold individually, and were combined for the purposes of this report to produce another disc system for around £250,
similarities with the STD and Hadcock end
here. Monitor Audio's ET500 deck uses a
Japanese ( Matsushita, brand name Tech117
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0-13 gm and maximum calibrated tracking
and bias force values of 2-5 gm. Pivot friction
is extremely low in both planes of movement
-30
and effective mass is currently the lowest of
any arm commercially available at around
WITH DAMPING ( BLACK PADDLE
2-5 gm, according to the weights used in the
rear carrier. At present, cartridge weight,
typically 6gm, tends to swamp this character4/11à _
istic and take total mass up to around 8-5 gm.
411,
VERTICAL
However, the Series Ill is still eminently suit-50
able for modern highly compliant cartridges.
0 3°/.
The low effective mass means that cartridge
weight reduction has a larger effect on the
arm resonance frequency, though, and
0
0
changing from a 6gm cartridge to a 2.8 gm
WOWEFUITTER
SECS
Ortofon low- mass unit increases arm reso- Fig. (4b)
nance frequency by 30%. This results in
compliantly, these might di sappear altoexcellent warp riding ability and consequent
moNiToR AUDIO ET 500 & SME 3009 SERIES 3
gether. As it stands, the arm suffered less
08-10
lack of subsonic output from a cartridge. I
from structural resonance th an th e ot her four
don't, however, feel that low- mass arms such
models in this report (fig. 4b) . Response
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as this are ultimately suitable for uncompliant
-10
plots at lower left on thi s grap h s how output
cartridges, in particular moving- coil units.
from the Stanto n 680EE test cartridge on
This is compensated for, though, by the fact
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Micro-Seiki DQX500
Although the DQX500 (£306) is an integrated
turntable, it differs from the Philips and Dual
in this report by its lack of an auto- mechanism.
The turntable features quartz-locked directdrive and an extremely heavy 14 in. platter
that possesses high rotational inertia in
order to iron out any possible speed variations. Two speeds are provided, 33 and
45 rpm, without provision for fine speed adjustment. A separate power supply is used,
like Monitor Audio's ET500, in order to
eliminate hum induction from the mains
transformer to acartridge. When the platter
reaches the correct speed, a small warning
light is extinguished. Micro-Seiki fit a relatively basic arm of low effective mass but,
using a rider weight, this can be increased
right up to arelatively high figure so that the
arm may be tuned exactly to a cartridge.
There is no plinth as such, but a die-cast
chassis that is supported on three compliant
rubber feet. Nor is there ahinged dust cover,
but a simple vacuum-formed clear plastic
cover that sits on the turntable mat and extends over the pickup arm. This, Ifound,
picks up dust by electrostatic attraction and
then deposits it onto the turntable mat, to be
subsequently picked up by a disc placed on
the mat. Consequently the supplied basic
cover is truly worse than useless and you are
faced with the fact that the DQX500 should be
quickly cleaned to remove dust before it is
used. This is asignificant inconvenience.
Micro-Seiki supply agood range of accessories with the unit and the instructions on
setting up and use are quite clear and easy to
follow. Iencountered no problems in getting
this turntable working. Due to the lack of an
auto- mechanism, the arm can be adjusted for
height to trim a cartridge's vertical tracking
angle. Lateral tracking error is minimised by
use of a gauge and this allows cartridge
position to be adjusted with a high degree of
accuracy. Unfortunately, Micro-Seiki do not
make any provision for the adjustment of
cartridge verticality on this arm. The headshell is removable but connects to the arm
tube by an unusual lightweight plug and
socket assembly that is tightened with ascrew
clamp. As a result the arm will not accept
integrated cartridges. It possesses a cartridge weight range of 2-20 gm and will just
accept Ortofon's LM series lightweight cartridges. Tracking force accuracy was perfect
and maximum tracking and bias force that
can be applied is 3gm, which is adequate for
all modern cartridges.
The pivots of this arm displayed absolutely
no slack but allowed free movement in both
lateral and vertical planes. Basic effective
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exceptionally heavy. Mass control makes the
unit eminently suitable for most cartridges,
including low compliance moving- coil types.
It's apity that some form of damping was not
also provided. At 237 mm effective length, the
arm was longer than those of the other four
units tested for this report and, potentially at
least, distortion should be lower. As fig. 5a
shows, the overall distortion characteristic is
very interesting since although level is relatively high on outer grooves, over much of a
disc it remains extremely low, being < 0.06%,
for instance, for 80% of the playing period.
This is a significant improvement on the

Fig. ow
mass of the arm measured 7gm, which is a
useful general purpose figure, but may cause
some problems with a compliant cartridge
tracking serious warps. Adding the ' Mass
Control' rider weight, and a rear additional
counterweight needed to balance it, takes
minimum effective mass up to 10 gm. This is
achieved with the rider sitting at the back of
the arm tube on a scale calibration of '3'.
Moving the weight right forward to position
'10' increases effective mass to a maximum
of 17.5 gm. Even this figure is fairly common
on ordinary Japanese arms using the conventional SMEstyle connector, together with a
fairly heavy headshell, so even when adjusted
for maximum mass, the Micro-Seiki arm is not

results achieved by the other arms in this
report. Furthermore, an extremely accurate
cartridge alignment protractor will allow all
owners to achieve such results. This, Ifeel,
sets an example to other arm manufacturers.
Capacitance of the signal cables provided,
including the deck wiring, was low at 95 pF
total, and this would have little affect on the
response of most pickup cartridges.
It was a pity that arm performance was
marred by two significant structural resonances (fig. 5b), again due to lack of decoupling in the counterweight. As can be
seen, the most significant of these lies at
220 Hz and alesser resonance at 120 Hz. With
maximum effective mass, these resonances
became much worse, as shown on the righthand trace of response and crosstalk. Iwould
expect these to colour reproduction significantly.
Although the deck was moderately heavy, it
didn't prove to be so resistant to acoustic
feedback as the Monitor Audio ET500 (which
was 7lbs heavier) or the Dual, but both of
these, of course, have dust covers that afford
some protection. As shown in fig. 5c, breakthrough in the bass regions was most
predominant, although some mid- band breakthrough is also visible. Resonance of the
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chassis on its feet occurred at 8Hz, which is
too high and likely to coincide with arm/cartridge resonance in some instances. This will
render the deck exceptionally sensitive to
floor bounce and some outside disturbances.
Generally, the plinth system of this deck
hasn't been thought out sufficiently, considering its price and potential quality.
Absolute speed of the platter was a trifle
fast at + 0.15% but few, if any, listeners are
likely to detect this. Predictably, drift was
low and wow was also very low. Total
W & F, DIN weighted, measured 0.05% quasipeak. The fact that this deck is fitted with
avery heavy platter didn't result in any unusual
measured speed variation figures and flutter,
for instance, was 0.05% quasi- peak as it was
on the other four decks. This represents the
lower measurement limit of the test disc used
due, not to intrinsic recorded flutter, but wideband noise. Other measurement techniques
would have to be used to resolve speed variations lower than those recorded for the
DQX500—and most quartz- lock direct-drive
decks if it comes to that. Rumble was negligible at — 70 dB, DIN B weighted, and so both
rumble and speed variations were inaudible
as such on this deck.

Listening Test Results
The panel felt that treble quality was mellow
or dull from this deck and detected a metallic
horn- like coloration in the mid-band. This
may have been due to arm structural resonances. Bass quality was rated as boomy and
ill defined, almost certainly as a result of
significant acoustic breakthrough. Imagery,
however, was felt to be fairly clear and open,
if somewhat smeared.
MICRO-SEIKI DOX500
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Conclusion
I
find it interesting that, in spite of the identity
of each deck being hidden from the panel,
they rated the specialised individual arm/
cartridge combinations of Hadcock/STD and
The Micro-Seiki MA 707 arm fitted features adjustable
effective mass and is available separately, priced £111.

SME/Monitor Audio more highly than the
integrated decks for sheer fidelity. And this
in spite of some very obvious technical weaknesses in both combinations. Philips' AF977

from page 80
When it was first introduced many years ago there was aconsiderable
amount of criticism levelled at the Philips Dynamic Noise Limiter system
because of its alleged ' breathing' effects. It is not intended to be a
substitute for Dolby- B because it performs acompletely different function; it reduces subjective noise when reproducing cassette recordings
that have not been encoded in any way. As such Ipersonally find it to be
extremely useful and in my opinion the coming- and- going of background
noise described as ' breathing' is far less objectionable than the sustained
high level of noise that would otherwise be present. Playing back some
older cassettes the results were good enough to be described as surprising
and the provision of this facility is regarded as avery worthwhile addition
that will be particularly useful to those who, like myself, have acquired a
heterogeneous collection of cassette tapes over the years.
Lastly, the Technics RS- M63 also provides the convenience of A/B
monitoring, but with the inconvenience of older style tape transport
controls. It must be confessed that after becoming accustomed to the
smooth operation and uncanny efficiency of modern control systems a
return to piano- type keys was not looked upon with favour. Apart from
this one drawback the deck was easy to use, but it was noted that the
variable illumination to the bar- graph meters produces too little change in
illumination intensity. Sound quality generally was alittle disappointing,
possibly due to the reported lack of stability within the cassette housing
and to inadequate group II tape performance. This is a recorder that
provides alot of facilities at amedium price and as such, for example, it
offers the opportunity to acquire athree- head machine with ametal tape
capability at unusually low cost. However, one cannot help wondering if
the designers would not have been well advised to be less ambitious in
those directions and to have devoted more attention to basic performance
parameters.

Conclusions
It must be remembered that the function of a reviewer is to criticise.
Criticism implies personal opinion. The specific measurements referred to
in this review are to the best of my belief accurate and irrefutable; they
apply, however, directly to the review samples examined which might or
might not be truly representative of the distributor's entire stock and
therefore might or might not be exactly parallelled in the particular
machine you buy. Quite apart from this, Isee no reason to suppose that
my personal opinion will be identical to that of every reader of this
magazine, and neither do Ipresume an awareness of your real needs, your
musical preferences, or indeed the extent of co-operation you can expect
to receive at the hands of your bank manager. Iwould like, however, to try
to give some guidance.
It is quite clear that if it is felt that the advantages of reverse direction
tape travel are important then the Dual C839RC is your only possible
choice. You will not be disappointed in its performance provided bias
levels have been properly adjusted.
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Is significantly less expensive than its competitors in this report and is a lesson that
appearance and facilities don't add up to
exceptional fidelity. It might be value in one
sense, and will certainly suit some buyers'
tastes, but was patently out of its depth
amongst the other units here. Dual's CS714Q
is somewhat more slick in its engineering than
the AF977 and was both easy and satisfying
to use from an operational viewpoint. For
those who want very high sound quality but
are not interested in tuning a deck up for
really sharp results, the CS714Q is an attractive and not over-expensive proposition, considering it comes fitted with a cartridge just
released onto the market at around £50 retail.
This deck represents a good compromise
between sound quality and convenience,
leaning toward the latter rather than the
former.
The Micro-Seiki DQX500 possesses great
potential in some areas, but is spoilt by poor
design in others critical to performance. I
found this unit handled moving-coil cartridges well and returned quite impressive
results, but in the long term it was a pig to
keep clean. Similarly, the STD/Hadcock
combination was marred to a significant
degree by performance of the sample ' D' arm
and adegree of incompatibility with the STD
suspension system, which needs better
damping. This combination was not so easy
or so satisfying to use as that of the Monitor
Audio ET500 and SME 3009 Series Ill arm.
These components together provided an
easy-to- use assembly that was free of
operational difficulties, could be finely tuned
for best results from a large number of
modern cartridges, and returned excellent
sound quality e

If out-and-out audio quality, regardless of cost, is your prime consideration, then there is another equally obvious choice. It must be the Philips
N5748. This is a superb machine about whose performance I am
enthusiastic, but you must be warned that if you use modern high
coercivity Fe tapes, it is probable that your recordings will be over- bright.
Those of more modest means who are attracted to three- head operation
will doubtless consider the Technics RS- M63 seriously. On the basis of
my review work it is not amachine that Ipersonally would wish to own,
but hopefully your sample might prove to be consistently better than
mine. Beware of the bias adjustment and do not accept the manufacturer's
recommendations without checking them for yourself. Try recording FM
inter- station noise, monitoring after record, and use the bias setting that
gives the best source comparison. Before buying remove the head cover
and check cassette stability as advised in the text.
The Marantz SD 6000 has the advantage of including double speed
operation, a feature that is unique amongst this collection of decks.
Unfortunately its performance at normal tape speed and the presence of
clearly audible hum makes it impossible to recommend this recorder on the
basis of my review investigation.
So now we come finally to the Optonica RT-51 00. In terms of value for
money this is clearly and outstandingly the best buy of the five. It will not
provide you with ametal tape facility, neither will it give you variable bias
nor off- tape monitoring. What it will give you ( provided the review sample
is representative) is thoroughly good quality sound at such a level of
excellence that you would have to pay avery great deal more to improve
upon it; even therkyou might not be able to detect audible differences. The
logic- controlled tape transport system worked as efficiently as those in
more costly decks and is at all times a pleasure to use. The 'Automatic
Programme Search System' incorporated is regarded as something of a
gimmick, but since it has no practical disadvantages it could be regarded
as asmall bonus.
One of the sad points to emerge clearly from this comparative review is
the need for manufacturers, perhaps in collaboration with their distributors, to be much more careful in both quality control and the publication of
advice to owners. There is no point in providing sophisticated features
designed to improve audio quality if, through the use of inadequate or
inaccurate instructions, they degrade rather than enhance performance.
All the five machines examined could in their basic design and manufacture be described as offering good value for money; in adetailed analysis
of actual performance, three models exhibit characteristics that tend to
negate the designers' obvious and honest original intention. The lack is in
the relatively minor factors which unfortunately can so easily produce
major changes in the end product, which must be nothing more or less
than the accurate making and reproducing of recordings.
Such, then, is my advice. It is necessary only to add that every purchaser
has one single obligation—to make up his own mind for himself. •
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reviewed by Martin Colloms
amplifiers are examined in this group test; including both
integrated and separate models, their prices range from £ 80 for the
EIGHT
NAD 3020, a US- designed amplifier manufactured in Japan, to

new

around £ 750, this representing one of the models from the UK, in this case
the Exposure 11111V Mk II. The remaining models include two built in the
USA, namely the SAE 3100 and 3000 pre and power amplifier combination, and one of the larger BGW domestic systems, comprising the 410
power amp allied to the inexpensive 103 preamp. In addition to the
Exposure, two other UK designs were also tested—the new A100, a
medium priced integrated model from Rogers, and the Quad separates,
consisting of the new 44 preamp and the 405 power amplifier. Finally, the
two major Japanese companies of Sony and Pioneer were also represented, by the TA- F70 and SA- 8800 respectively.
The evaluation programme involved a laboratory investigation largely
following on the proposals outlined by the I
HF A202 ( see p.61) plus a
detailed subjective analysis, using blind listening sessions with single
presentations to individual listeners. Both pickup and auxiliary inputs
were auditioned, and the effects of overdrive and adverse loadings
explored, as well as recording the maximum system sound levels.
Auditioning details
Listeners: total of 9, one at atime; Alan Harris, Marianne Colloms, Alan
MacGechan, Ivor Humphreys, Noel Bell, John Atkinson, Pamela
Edwards, Paul Benson, David Prákel.
Operator— Martin Colloms
Speaker cable—Sansui low capacitance coaxial
Speakers—KEF R105 II; Spendor BC1
Location: author's near-IEC specification listening room.
Method—each amplifier individually wired into the system with careful
monitoring of level and balance.
Program—tape and disc using Revox B77 and Dolby- A decoder; Sansui
XRQ9 turntable and Dynavector DVI OOR cartridge, the turntable
mounted on a rigid structural wall shelf.
Sound level—Typically 87-90 dBA max at 2 m, from a pair of speakers,
(30W peak per channel.)
Program selections
Berlioz— Symphonie Fantastique transcribed in Dolby- A from an Enigma
experimental PCM recording
Joni Mitchell—Don Juan's Reckless Daughter K63003
Judy Collins—Judith K52011
Fleetwood Mac—Fleetwood Mac (Mobile Fidelity) MFSL 1-012
Fleetwood Mac— Tusk
Debussy—Images Philips 9500 509
Little Feat— Time Loves Hero Dolby- A Copy Master
Grainger etc—By Plane From Paris Enigma Supercut K53574

NAD 3020
encounter anew product such as the NAD 3020, whose
engineering concept is virtually spot on and whose promotional literature
is both informative and well written. Even more surprising is the typical
price quoted of around £ 80.00!
The specification for this unit is exhaustive and complies with the new
IHF procedure. For example, the 3020 may be used as a competent
preamp to partner almost any size of power amplifier. A 'soft clip' mode
may be selected, which sufficiently reduces the unpleasant effects of
clipping overdrive to endow the complete unit with 2-3 dB greater
headroom on music program. In fact, this mode may be switched in
permanently, as no adverse effects result from its use at lower powers.
Peak- reading LED power indicators and a high quality RIAA
amplifier/equaliser are incorporated, the output stage claimed to be highly
load tolerant, accepting the most difficult speaker impedances. The tone
controls are designed to work at the extremes of the frequency response
range, having less effect on the mid band, with the control action sensibly
restricted to + 10 dB in the bass and + 7dB in the treble.
The whole is contained in acompact, cleanly styled package finished in
matt chocolate brown. Perhaps the main concessions to price are the
rather light feel of the controls and the plastic fascia.
Rarely does one

Sockets all lace upwards for convenience. Note preipowcr patching.

into 2ohm loading proved exceptional for the amplifier's size and cost.
The claimed load tolerance was fully met.
An interesting feature of the 'soft clip' facility was revealed by the
overload recovery time. At 30 ms this was poor in the conventional mode,
due to overload asymmetry in the power amplifier output, but once the
'soft clip' was engaged, the recovery time was reduced by afactor of 5, the
amplifier now under better control during the clipping transient.
The slew factors were ample and the damping factor consistently good
throughout. Total harmonic distortions were very low at full power though
some two-tone intermodulation distortion was noted ( 0.3%). This,
however, quickly reduced with power level. The noise intermodulation
results were excellent, particularly on the reactive load, being virtually at
the measurement thresholds.
Pickup overload margins were fine, although the sensitivity was not
very high and might prove inadequate for a few of the lower output
cartridges. Pickup input capacitance was low, giving the purchaser
freedom to load his chosen cartridge correctly.
DC offset at the output was excellently low, and the S/N ratios were
ample. Stereo separation was pretty good and still measured 39 dB at
20 kHz, via the pickup input. At typically + 0•75 dB, the channel
balancing was just satisfactory degrading to a 4 dB imbalance at low
volume settings. Unfortunately, at this price level, it is just not possible to
include a better matched control.
The frequency response via disc ( fig. 1) is in fact a little worse than it
looks, as the test signal was subject to an 0.5 dB shelf cut at low
frequencies. The response is thus 0.7 dB up at 100 Hz and this, coupled
with the 0.2 dB cut at higher frequencies, lends a slightly 'warm'
subjective character to the pickup input. The auxiliary ( 8ohms) response
shows the inherent mid- bass lift, this attributable to the tone controls,
which are not flat when set to 'zero'. The subsonic rolloff barely affected
the bass until 25 Hz ( - 1dB) but usefully fell to - 12 dB, 10 Hz. Likewise
the supersonic response is curtailed without affecting the audible range,
• ' Soft Clip is NAD's name for acircuit which limits the peak signal level lust before the
power amplifier reaches overload. The latter consequently remains in control and power
supply ripple does not appear or added distortion on the clipping waveform. In addition the
limiter possesses a distortion spectrum with far fewer of the unpleasant high order
harmonics typical of power amplifier clipping overload.
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Lab results
While this amplifier is rated at 13 dB/W, ( 20 W) the manufacturer's claim
for higher powers under transient conditions was verified, and up to
16 dB/W undistorted was available, with continuous power levels at the
15.5 dB/W level. Power bandwidth was good, while the peak available
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criticised. Although rapidly decaying towards higher frequencies, the
damping factor was ample, while the harmonic distortion was also greater
at extreme HF, measuring atypical 0.07%, with 0.01% in the mid spectrum
and 0.001% in the bass. The preamp circuits did not appear to contribute
any additional distortion.
Via pickup, the high frequency intermodulation distortion was greater
than usual, this traced to the phono input amplifier, improving by almost a
factor of ten with lower input levels. The normal overload point on simple
tone was 23.5 dB, 20 kHz, equivalent to 700 mV peak, this more than
10 dB better than indicated by the more revealing 200 mV peak two-tone
test signal. Conversely, the BGW proved sensitive on its pickup input, this
also responsible for its satisfactory but poorer than usual overload at other
frequencies. This high sensitivity, together with an excellent S/N ratio
means that lower output top quality cartridges are compatible, and these
would also be incapable of overstressing the input.
The noise intermodulation results were creditable, confirming the good
clipping behaviour of the power amplifier. Channel balance was satisfactory and stereo separation very good with DC offset excellently low. RIAA
equalisation, however, was less accurate than expected ( fig. 3) and while
while different loadings affected the response very little.
The tone controls ( fig. 2) were well behaved with sensible ranges,
minimal interaction in the central region, and giving maximum control at
40 Hz in the bass, and 20 kHz in the treble.

FIG.3 BGW 103/410
AUX DEFEAT
0113.9.103001f
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BGW 103 preamp/410 power amp
Drawn from a new domestic range of amplifiers, the BGW 103/410
combination is quite competitively priced in view of its specified rating,
particularly so for the 103 preamp. This incorporates its own headphone
socket, tone controls and a subsonic filter option, but no moving- coil
cartridge tacility. The moving- magnet input has three highish input
capacitances available, namely 200, 275 and 450 pf: however, Icannot
put a name to any cartridge which Ithink would benefit from the
total offered by the highest option.
A low output impedance of 600 ohms is specified conferring the ability
to drive long leads, and thus the 410 could be sited at some distance from
the listener.
Rated at 23 dB/W, ( 200 W) the 410 is unusual for aseparate power
amplifier in that it includes several facilities, notably aheadphone socket;
speaker switching; sensitivity controls ( 2 Vmaximum for 23 dB/W), and a
pair of accurate LED arrays for monitoring peak program power. While
BGW amplifiers have in the past been associated with the ability to drive
adverse loads, rather surprisingly the 410 is cautiously specified as suited
to nominal 8 ohm loads: in fact, an inspection of the circuitry revealed that
despite a paralleled array of six output devices per channel, simple
undelayed current limiting circuitry has been used, with the peak limit
approximately 15 amps. This allows up to full peak power into 4 ohm
resistive loads but not into reactive and/or poorer combinations. However,
this limitation is far less restrictive than that observed for the Quad and
Sony designs, for example ( approx 6amps peak).
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Lab results

Into 8 ohm nominal loads the 410 turned out to be a very powerful
amplifier, achieving an output level of 25.4 dB/W on music equivalent
drive-- little short of double its specified rating. Iknow of few amplifiers
capable of nearly 400 W/channel on program at any price! However, the
4 ohm loadings produced asignificant fall in level to typically - 3.5 dB,
with 8 ohm+ 21.1F resulting in a 6.5 dB reduction from the maximum
available ( in level terms, about 1/4 power).
Into 2 ohms the output level on tone bursts fell to 16 dB/W —actually
below that attained by several of the smaller models in this report. Such
results suggest that the more difficult impedance speakers, particularly
4 ohm ones, will not extract the best from the 410. However, its
symmetrical circuit configuration does endow the unit with a relatively
rapid recovery from overload and consequently offers afairly inoffensive
subjective overdrive behaviour.
The slew factor seemed rather low at 1.6 but -was not subjectively
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the bass register could be said to meet the IEC proposal ( - 2.5 dB, 20 Hz ,
the mild shelf lift above 1kHz endowed the 103 with aslightly ' bright'
quality. The 2 ¡iF load addition produced agreater than usual 2 dB lift at
20 kHz, and so the response is mildly load sensitive at high frequencies.
The tone controls were fairly tidy, if unnecessarily extreme in action,
changing from slope lift to shelving in the treble for milder +. 2-3 dB
settings ( fig. 4).

Exposure III preamp and IV power amp, Mk II
versions
These Mk II units represent improved versions of the system previously
reviewed (
HFNIRR Oct. ' 78), with amore desirable black ' crackle enamel
now. replacing the original fragile aubergine finish. The power amplifier
now incorporates separate highly regulated power supplies based on two
massive toroidal transformers.
Loosely classified as an 'audiophile' product, the design is intentially
quite simple, the preamplifier being powered from the main amp. The latter
possesses no controls or facilities, which means that it can be sited in a
remote location, as in the case of the Quad 405. Removal of the preamp
cover allows the substitution ( at no extra cost) of a plug-in movingmagnet input to replace a moving- coil one—something a dealer would
normally do before delivery to suit an individual customer's requirements.
Rated at 18 dB/W output level, the IV is claimed to be load tolerant as
well as relatively well behaved into mild overload—both aspects subsequently confirmed on test.
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treble tone controls are unnecessarily complicated, being separated for left
and right channels, with source and filter selection accomplished via
arrays of push buttons; again, Ifind lever or rotary controls more logical as
well as easier to use.
As noted in the table, both the power and preamp units produced quite
audible levels of mechanical hum which were only masked at high sound
levels; however, the importers are at present investigating this problem.

Lab results
With an excellent power bandwidth, the amplifer produced acomfortable
20 dB/W ( 100W) level into 8ohm loads, which was also well maintained
into more difficult impedances. The high stability of the power supply was
also confirmed by the stable ratings for single and both channels driven,
and more specifically by the dynamic or tone burst output. The latter
diminished by only 2 dB into 2ohms, thus confirming the manufacturer's
claim for load tolerance. The overload recovery time was comparatively
rapid and the slew factor such that TID should prove inconsequential.
Likewise the damping factor was well maintained over the band, and
measured even better at 20 kHz.
Except at full power, 20 kHz total harmonic distortion readings were
very low, and even the poorest figure recorded would not appear to be
significant. It showed good behaviour on both the high frequency
intermodulation tests—two-tone and noise—the latter results conferring
good dynamic symmetry on momentary pulsed overload. A channel failed
on the first sample on the 0 dB noise test, but no problems were
encountered with the other channel, or with asecond sample supplied.
The higher than average sensitivity of the moving- coil input option was
reflected by the satisfactory but poorer than usual overload margins.
However, those for moving- magnet were fine, with 47 k- ohm + 65 pf of
capacitance already available for any desired matching with padding
components. The moving- coil facility offered a100 ohm input, which in
practice should suit most cartridges. S/N ratios were fine, except on
moving- coil, where satisfactory would be amore apt qualification, as with

Lab results
Comfortably exceeding its 17 dB/W rating, into 8ohm loads the SAE
system offered an output level of up to 19.5 dB/W or nearly 100 W. Power
bandwidth was very good and the load tolerance in line with the
manufacturer's claim, if not quite as good as the Pioneer or Exposure, for
example. Reactive loadings were handled well, particularly at high
frequency, while recovery from overload was rapid and slew factor ample,
as were the damping factors.
At typically 0-002%, total harmonic distortion was inconsequential and
HF intermodulation was also very low, with the noise intermodulation
results proving exemplary—virtually at the theoretical level. The pickup
overload margins were numerically good but should be related to the
poorer than average pickup sensitivity ( 10 dB less than the BGW for
example); under these circumstances the S/N ratio was satisfactory. A
number of the lower output cartridges will not be able to drive the SAE to
full power on many records, and for this reason, ahigh output type would
be preferable, with the low input capacitance on pickup allowing scope
for any necessary termination matching.
While the treble section of the RIAA equalisation is passive—similar in
this respect to the Quad 44—this stage occurs within the phono amplifier
rather than at its output, and thus the overload margins can be maintained
at high frequencies.
DC offset was satisfactory and although the stereo separation was
reduced at higher frequencies, it was nonetheless adequate at 37 dB,
20 kHz. Channel balance, however, was less commendable at typically
±0 -5dB, deteriorating to + 1dB at areasonable - 40 dB volume control
setting.

lower output cartridges the noise level was only just quieter than that from
aquiet record groove.
DC offset at the output terminals was adequately low, while separation
was good in the mid band but only just satisfactory at 30 dB, 20 kHz. The
RIAA equalisation { fig. 5) also showed significant deviation from the
required response—a trifle remiss at this price level. + 0.5 dB limits
(themselves wider than usual) only held over 70 Hz- 13 kHz, and + 1.4 dB
limits were required for the 20 Hz-20 kHz measurement. While not
damaging in the subjective sense, these figures can and did give rise to a
marginally different tonal balance when compared with more accurate
amplifiers.
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SAE 3000 preamp/3100 power amp
The SAE range has expanded in recent years to include four preamplifiers
and five power amps, the latter offering 17 to 26 dB/W ( 50-400 W), the
models reviewed here representing the least expensive in each category.
(Other hi-fi products are also offered.)
While rated into 8 ohm loads, the 3100 is described as load tolerant, a
feature confirmed by the lab and subjective tests. No extra facilities are
provided, apart from alinear array of 8 LEDs per channel, which indicate
the program power level up to 18.5 dB/W ( 72 W).
Instead of rotary controls the 3000 preamp uses the SAE style of sliders
which Ifind more awkward than the conventional type. Bass, mid and
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As regards the overall frequency response ( fig. 6), with the controls set
flat the insertion of the tone control circuits resulted in amild 1dB shelf
at low frequencies. An equally mild error was noted in the pickup
equalisation where 0.4 dB of shelf lift was present above 2kHz. A small
bass rise occurred centred on 30 Hz and amounting to +0-4 dB when
measuring errors were accounted for. While ' such deviations are in
themselves small, on careful listening tests they were nonetheless
detectable.
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Table IFeatures & Facilities
Rated
power per
channel,
8 ohms
dB/W ( W)

Model
(Typical
prices)
inc VAT

Rated
load
(ohms)

Separate
or
integrated

How
many
speaker
sets

Movingmagnet
inputs

Movingcoil
inputs
none

Tone
controls

Mechanical
hum
level

Manufacturer
Distributor

Filters

Meters

Bass &
treble

Subsonic
20 Hz,
18dB/
Oct

10 peak
reading
LEDs per
channel

Fairly
low

Court Acoustics Ltd
35/39, Britannia Row
London N1 8QH

none

none

none

Fairly
low

Exposure Electronics
Richardson Road,
Hove, West Sussex

BGW
103 &
410
(£730)

23
(200)

8

Sep.

2*, or
headphones

1 ( 200,
275 &
400 pf)

Exposure
III & IV
(Mk II)
(£750)

18-3
(70)

4 & 8

Sep.

1

1

NAD
3020
(C80)

13
(20)

4 & 8

Int.

1+, or
headphones

none

none

Loudness.
bass,
treble

Subsonic
permanent
on disc

mono,
5 LEDs
(peak)

Fairly
low

Hi- Fi Markets,
Unit 3, Colonial Way
Watford, Herts

Pioneer
SA8800
(£300)

19
(80)

4 & 8

Int.

2 +,or
headphones

2,R,C
options
100500 pf
25 kto
100 k.

none

Loudness,
bass,
treble

Subsonic
15 Hz;
high
filter
8 kHz
(6 dB/
octave)

Fluorescent
peak
reading
indicators

Very low

Pioneer Hi Fi ( GB) Ltd.,
Pioneer House
The Ridgeway
Iver, Bucks, SLO 9JL

Quad
44/405
(f450)

20
(100)

8

Sep.

1

Spectrum
balance
bass lift
bass step
cut

Fixed
subsonic
on disc
•HF
variable
slope
Filter
(5 kHz, 7k Hz.
10 kHz)

none

Very low

Quad Electroacoustics Ltd.
30 St. Peters Road
Huntingdon, Cambs.

Rogers
A100
(£300)

17
(50)

4 & 8

Int.

2+. or
headphones

1
selection
of
R and C

none

Bass,
treble

Subsonic
+HF
variable
slope
filter
at 6 &
9kHz

none

Quite
audible

Swisstone Electronics Ltd
4- 14 Barmeston Rd.
London SE6 3BN

SAE
3000 &
3100
(£440)

17
(50)

4 & 8

Sep

1 +, or
headphones

1

none

Bass,
mid &
treble

LF at
30 Hz &
100 Hz

8 peak
reading
LEDs
per
channel

Quite
audible

C. E. Hammond &
Co Ltd.
105 109 Oyster Lane
Byfleet, Surrey
KT14 7JH.

Sony
TA - F70
(£350)

19.5
(90)

8

nt.
i

2
individuually
-i-, or
headphones

2

1

Bass.
treble

Subsonic
15 Hz,
12 dB/oct
on disc
only

LED
peak
metering

Silcnt

Sony ( UK) Ltd.,
134 Regent St
London W1

..

either / or

Up to 5 of either type
with many options and
extta modules

IG 7SAE 3000/3100 TONE CONTROLS
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Fig. 7 show the tone controls to be well behaved with reasonably
accurate calibration. The 30 Hz subsonic filter was effective but Icannot
see much use for the 100 Hz option.
Finally, unshuttered US style mains sockets were present on the review
sample, but we understand that on those models released for sale these
will be blanked off.

Quad 44/405
Long awaited, the Quad 44 preamp is designed to complement rather than
replace the existing 33 model, the latter dating from 1968. Inevitably more
costly, the 44 does, however, include many useful facilities, and in my
94
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opinion, is one of the most versatile preamps ever produced, making a
logical partner for the 405 power amplifier. [ The 405 was originally
reviewed by Gordon King in HFNIRR April 1976.]
Rated at 20 dB/W ( 100 W), 3dB greater than the older but still current
303 amplifier, the 405 is quite compact and carries no controls except for
the input/output socketry on the rear; in consequence it may be put in a
remote ( but ventilated) location. While not clearly explained as such in the
operational manual, the technical data supplied nonetheless indicates that
the 405 has relatively aggressive output protection and as such, 8ohm
nominal impedance speakers are the most suitable.
The table of facilities gives some idea of the preamp's versatility, made
possible by asystem design where all the input modules are plug-in and
interchangeable. For example, if desired, the 44 could be used as a5input
moving- coil cartridge comparator. Certain of the modules also serve to
further increase the options open to the user—witness the 4 types of
moving- coil input to suit a comprehensively listed range of cartridges,
with two capacitance and three sensitivity options for each movingmagnet input and several output inpedance plus input and output levels
for tape monitor.• The socketry is essentially DIN but phono types are also
present for the disc inputs and the two high level outputs ( 5V and 1.6 V
compared with the normal 4 pin Quad output at nominally 0.5 V).
With the exception of the moving- coil inputs which employ the
established complementary medium power transistor configuration, the
internal circuitry is also based on modules, using modern, wide bandwidth, operational amplifier ICs.
The RIAA equalisation follows the I
EC recommendation for the 20 Hz
rolloff, and employs apassive method for the high frequency section—this
placed at the output of the RIAA amplifier—to minimise noise and
distortion. The inputs are selected by IC CMOS switches and logic
control, and the tape control circuits are fully buffered, thereby avoiding
interaction with the main preamp signal lines.
The volume control is aswitched-attenuator type with slightly coarse
•Iwas consulted by Quad to produce a compatability listirrg lor all known m- c cartridges.
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steps between &tents; however, with care the intermediate positions may
be selected to provide finer resolution.
Lab results
Demonstrating afine power bandwidth, the 8 ohm results for the output
level were up to spec while the anticipated deterioration of some 5.8 dB
was recorded into 4 ohms, due to the protection circuitry. Delivery was
poor into both the 2ohm and the 8 ohm + 2 pF loads, and dynamic power
only showed a slight upward improvement over the steady state into
8 ohms. This indicated a typical peak output of 21-5 dB/W on music,
given an easy loudspeaker load.
The asymmetry of the ' Current Dumper' circuit was revealed by the I
HF
+10 dB burst overload test which exposed a comparatively slow low
frequency recovery transient of some 10 ms; clearly this amp will not take
kindly to being driven beyond its clip point. The slew factor was low at 2
(but at this stage no reviewer seems to know exactly where the judgement
line for this parameter lies). The damping factor reduced rapidly at high
frequencies from avalue of 200, with the mid and low frequencies result of
70, 20 kHz still proving ample.
In the mid band, total harmonic distortion results were very good, but
deteriorated somewhat at the extremes of the audible bandwidth, though
by no means severely.
The Quad overloaded at my standard input level for the two-tone HF
intermodulation test ( disc input), with the m- m module set to the normal
3mV sensitivity, producing apoor 12% distortion level of the difference
tone. With aconventional RIAA equaliser this would give rise to concern,
since the test level of 200 mV peak ( 19-20 kHz) represents an overdrive
level of only 10 dB or so when equalisation is accounted for, if referred to
the 1kHz reference level of 5mV. However, this test assumes conventional RIAA feedback equalisation for the input on test and in essence
seeks to explore high frequency overload at the output of the complete
equaliser stage. Accordingly the passive output equalisation employed in
the Quad input rather invalidates this procedure.
Working from record cutting levels, it is generally agreed that the worst
case peak modulation at 20 kHz is no more than 50 cm/s. If coupled with a
high output cartridge ( 1.5 mV/cm/s) with a worst case 3dB lift in
frequency response, then the maximum input level which could be
presented to the preamplifier is a126 mV peak, alevel which would very
rarely be encountered. The Quad input didn't overload when my test signal
was reduced to 140 mV peak, and thus the 3mV sensitivity inputs should
meet all practical requirements. A high output cartridge such as that cited
above would in practice be used on the lower ' 10 mV' sensitivity setting,
which would then offer an extra 10 dB headroom over a140 mV peak, ie,
over 400 mV. These points are also relevant to the simple pickup overload
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margins tabulated, which were fine for both moving- magnet as well as
moving- coil modules at low to mid frequencies, and perfectly adequate,
though much reduced, at higher frequencies.
Returning to the two-tone intermodulation results—at most input
levels, and at full power output from the main amplifier, the distortion
result was good at 0.05%. Less promising were the noise intermodulation
figures, particularly in the case of the peak + 10 dB reading, this relatively
poor result confirming the asymmetrical behaviour of the Quad 405 in
overload, already noted on the dynamic recovery test. In view of the
protection behaviour the noise distortion figures into reactive loadings
were predictably poor at 5%, 0 dB ( see NAD at 0.15%), while the slow
clearing at the 10 dB lower level was also worrying ( see Pioneer).
However, all the S/N ratios were more than satisfactory, these results
obtained by using the appropriate sensitivity and level matches for each
input concerned. The pickup options were virtually as specified, in other
words, at 47 ohms with useful 45 or 230 pf options plus 1, 3and 10 mV
sensitivities ( the latter for full output at 20 dB/W).
Stereo separation was excellent, still measuring 57 dB at 20 kHz via the
pickup input. However, the centre balance position was not clearly
indicated. Channel balance held typically to within + 0.3 dB throughout.
DC offset at the output was excellent.
On the subject of pickup equalisation ( fig. 8) the 44 showed atendency
to slight lift in the mid treble, this highlighted by an early rolloff at lower
frequencies, giving — 1dB, 45 Hz and — 5dB, 20 Hz. As a whole the
amplifier system also demonstrated a slightly premature rolloff at the
highest frequencies, being -- 1to — 1.5 dB down at 20 kHz and becoming
virtually flat on an 8ohm + 2gF load ( the so-called simulated electrostatic
condition). Graphs taken with the tone controls ' in' or cancelled show no
perceptible difference, and Iwonder whether Quad really needed to
incorporate the I
EC recommended rumble filter on disc when the 405
already includes afine subsonic filter — .The more limited than usual disc
bandwidth demonstrated by the 44 was subjectively apparent although it
did not detract from one's judgement of quality ( see listening test results);

The tone control responses ( fig. 9) are worth studying, the centre curves
showing the scissor- shaped 'tilt' on maximum which proved useful for
adjustments to bass program frequency balance. Bass equalisation is
shown as astep cut of some 4-5 dB beginning at 300 Hz or 150 Hz—
useful for floor or shelf mounted ' flat response' speakers. The bass lift
peaked at around 30 Hz with 3, 6, and 9 dB of lift at 100 Hz, rising to
approximately + 10 dB, + 15 dB and + 20 dB at 30 Hz, with the subsonic
rolloff still maintained below 15 Hz and imparting aslight lift to the overall
level above 500 Hz. Also shown is the effect of the high frequency filter
and rolloff options.
• • We understand that disc input modules will be available without the IfC LF rot/off
Dep. Ed.

iiiiiiiiiiiiiii

1.0

iiiiI

18100

66601.'0. 0

1)É.pr

11111111
•1I111
10

L
J
11=1111111.1

100

1

11111111 •1e11u
1111110 •1111111
UiiIIHUIIIIIII
111
FREMICY II Hz

SK

Sony TA- F70
This represents one of Sony's new generation of integrated amplifiers
incorporating aswitching regulator power supply rather than the usual
50/60 Hz mains transformer. Because the transformer operates at around
20 kHz rather than 50 Hz, the physical bulk and size of both it and the
95
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Table 2
Continuous average power output
(ref. 8Q. 0.5% max., OdB/W -- 1W)
Loading
8n both channels
8nsingly
4Q both channels
4nsingly
8SI i
21.4F reactive- singly
Low frequency reactive speaker
Dynamic power output,
1kHz ( ref. rated or specified output. 80)
Transient overload recovery time ( 80+10 dB burst
overload)
Slew factor (
ref. rated output midband. 80, 1%/20 kHz)
Damping factor (
ref. 80)
Distortion %
At rated power into 80 ( aux)
At 1W ( aux)
At 100 mW ( aux)
At 1W (PU)
Intermodulation (
via PU) %
19 kHz...20 kHz at peak rated power, 80
at peak rated power - 20 dB. 8
11 kHz to 22 kHz octave pink noise ( aux)
at peak, 8
at peak + 10 dB, 80
at peak, 80+21.11,
at peak - 10 dB 81'2+21AF
Pickup overload (
ref. 5mV reference input at 1kHz)
Pickup impedance

Sensitivity (
for 1W. 0dB output)
PU
Aux
' Tape

BGW Model 103/410
power amp

NAD 3020
20 Hz

1kHz

14.8 dB/W
15 dB/W
13.2 dB/W
13-8 dB/N/

into 212
13.4 dB/W

20 kHz

15.4 dB/W
15 dB/W
16.2 dB/W 16-2 dB/W
12.4 dB/W 14-2 dB/W
13.0 dB/W
15 dB/W

16.5 dB/W

-

into 412
15 dB/W

14 dB/W

into 80
16.2 dB/W

30 ms LF recovery, much ameliorated
in 'soft clip' mode.
›.7 ( 0.1% THD at 1W, 110 kHz)
20 Hz
50
001
0.0005
0.0001
<0'O1

1kHz
50
0003
0.003
0.003
< 0.003

20 Hz
29 dB

Separation

Frequency response
PU
Aux
FIlter

DC offset

1kHz

Exposure III/IIV Mk II

20 kHz

23.4
24.4
18.8
20

dB/W
24 dB/W 23.6 dB/W
dB/W 24.5 dB/W 23.6 dB/W
dB/W
20 dB/W 19.6 dB/W
dB/w
21 dB/W
20 dB/W
18 dB/W
23 .5/23.8 dB/W
into 2Q
16 dB/W

into 4n
into 80
21.5 dB/W 25.4 dB/W

1kHz

19.7 dB/W
20 dB/W
19.7 dB/W
20 dB/W
18.3 dB/W 18.6 dB/W
18-2 dB/W 18.5 dB/W
20.8/21.8 dB/W

20 kHz
19.8 dB/W
19-8 dB/W
18.4 dB/W
18.4 dB/W
19.2 dB/W

into 20
into 412
into 8
17.3 dB/W 19.2 dB/W 20.3 dB/W

400 ps

<0.5 ms

1.6 ( ref. 23 dB/W. 80, 1kHz)

>7

IkHz
180

20 kHz
66

20 Hz
55

1kHz
55

20 kHz
66

<0.03
<0.016
<0.02
<0.02

0.002
0-001
0.001
0-01

0-012
0-01
0.01
0-01

0.072+
0-068+
0.07+
0.068+

0.035
0.01
0.008
0.1

0.045
0.012
0.008
0-014

0.28
<0.04
<0.1
<0.04

(mc)
<0.1
<0.07

0.1
0.1 •
1kHz

1kHz
34 dB

20 Hz

20 Hz
190

0.4
3.0
8.0
0.05
20 kHz
29 dB

50 ki2+55 pf approx.

) 1kHz

20 Hz
27 dB

0.5
4

0.58 mV

20 kHz
23.5 dB

0.16 mV

36 mV
36 mV

17 mV at full gain
17 mV at full gain

85.5 dBA
84 dBA

80 dBA
74 dBA m- m specified
66 dBA ( m- c)

66 dB. at 1kHz. 39 dB at 20 kHz

70 dB at 1kHz. 52 dB at 20 kHz

typically+ 0.75 dB'

+0-2 dB overall

-3 dB at 18 Hz, 12 dB/oct

0.4/1.4 mV

55 dB at 1kHz, 30 dB at 20 kHz ( m- c)
variable setting, typically ± 0.3 dB

+0.5 dB, 50 Hz-20 kHz:
-2.5 dB at 20 Hz
+0, -0.5 dB, 20 Hz-30 kHz

+1.4 dB, - 1.3 dB, 20 Hz-20 kHz;
+0.5 dB 70 Hz- 13 kHz
+0, - 0.5 dB, 10 Hz-20 kHz

-3 dB at 23 Hz, - 15 dB at 15 Hz

None

3mV/6 mV

'up to 4dB imbalance at - 40 dB
volume settings

20 liz
1kHz
20 kHz
32 dB
32 dB
30.5 dB
25.2 dB+
27 dBt
24 dl3t
47 kl2+ 65 pf approx. ( 100 0 m- c)

16 Ai at full gain ( m- c) 0.3 mV ( m- m)

15 mV
15 mV

I-0.7, -0.2 dB, 35 Hz-20 kHz;
- 2.5 dB at 20 Hz
+0-5, - 0-5 dB, 25 Hz-30 kHz

1kHz

0.1
1kHz
25.5 dB

47 ki2+210 pf. 280 pf or 450 pf

Noise ("A" weighed ref. 0dB/W. Specified source resistances)
Aux
84.5 dBA ( hum - 66 dB)
PU
77 dBA
PU ( rn -c)

Balance

20 Hz

(„1,• • Inta•• o)
----1

20 kHz
50

0-3
<0-1
0.2
3.5
0.15
0.08

ie 66;ii -0:0
7.M>Z1. •.7

c=icir4

+some crossover effects
•0.013% with input level reduced
by 20 dB

20/15 mV
•one channel failed
+0.5 mV m- cref.

smoothing capacitors can be very much less. A heat pipe is also used to
ease wiring problems to the output transistors, allowing them to be
optimally located, with the heat conveniently and efficiently conducted to
a relatively remote heatsink. A rather luxurious design, the upper horizontal black stripe on the fascia is actually an LED array, which discreetly
show the peak program power per channel. The blank section of the lower
panel swings down to reveal an array of less often used controls and
facilities, namely speaker selection; tone; balance; tape source; mono/
stereo; subsonic filter; cartridge input ( 1, 2 or moving coil,) and finally, a
headphone jack. A large attenuator type volume control dominates the
fascia, producing in my view a poor visual balance; by comparison the
appearance of the TA-F70's smaller brother the TA- F7 is more pleasing.
Sony indicate that 8 ohm speakers are preferable-arecommendation
confirmed on test-while the moving- coil input would appear to be
suitable for the vast majority of cartridges currently available.
Lab results
Rated at 19.5 dB/W, the output exceeded specification by a1dB margin
into 8 ohm resistive loading, and although an exemplary bandwidth was
demonstrated, the output level dropped by 3dB into 4 ohms ( in other
words, there was no power increase into the lower loads). 8 ohm + 2 (IF
loading severely taxed it, with the output level falling by 12 dB, but no
96

problems were obvious on the low frequency reactive load which was
rather higher in impedance.
The dynamic tone burst level into 8 ohms produced no improvement in
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SAE 3000 pre + 3100 power amp

Quad 44 /
405

20 Hz
1kHz
18.0 dB/W 18.6 dB/W
18-8 dB/W 18.9 dB/W
16.4 dB/W 17.4 dB/W
17.4 dB/W 17.8 dB/W
20/19.8 dB/W

20 Hz
1kHz
20.4 dB/W 20.8 dB/W
21 dB/W 21.3 dB/W
15.2 dB/W 15.2 dB/W
15.2 dB/W 15.2 dB/W
20.5/21 dB/W

20
18.4
18.7
17.0
17.6
18.3

kHz
dB/W
dB/W
dB/W
dB/W
dB/W

into 20
into 40
into 80
16.5 db/W 18.3 dB/W 19.4 dB/W

Sony TAF-70

20 kHz
20.2 dB/W
20.9 dB/W
14.6 dB/W
14.6 dB/W
12.0 dB/W

into 20
into 40
into 8fl
9.4 dB/W 15.5 dB/W 21.5 dB/W

20 Hz
200

1kHz
200

0.01
0-032
0.006
0.0001
<0.001 < 0.005'
0.002
0-0015

20 kHz
66

20 Hz
200

1kHz
200

20 kHz
70

< 0-02
< 0.05'
< 0.05'
< 0-05'

0.1
0.013
0.015
0.04

0.003
0-003
0.09
0-003

0.055
0-04
0.091
0-07

0.25
12
5
2

1kHz

0-35
4
0.7
0.3
20 Hz
31 dB

1kHz
31 dB

20 kHz
30 dB

47 Ica + 50 pF approx

into 8SI
19.8 dB/W

0.01
<0.01

20 Hz
1kHz
20 kHz
31 dB
28 dB
9dB
34 dB
30 dB
11 daft
m- m 47 kf2+45 pF or 230 pF approx
m- c100 (2or 470 0+22 or 68 nF

20 Hz
1kHz
20 kHz
19.7 dB/W 19.8 dB/W 19.6 dB/W
19.9 dB/W 20.2 dB/W 20.0 dB/W
18.3 dB/VV 18.6 dB/W 18.4 dB/W
18.6 dB/W 18.8 dB/W 18.6 dB/W
16.0 dB/W*
19.5 dB/W
-

20 Hz
1kHz
17.8 dB/W 18.0 dB/W
18.6 dB/W 18.8 dB/W
16.0 dB/W 16.6 dB/W
17.0 dB/W 17.4 dB/W
18.6/18.8 dB/W

into 20
into 40
into 80
17.4 dB/W 19.8 dB/W 20.3 dB/W

20 kHz
66

0.4
6'
9'
0.03
20 Hz
36 dB

0-005
0-008
Noise
0-008

1kHz

1kHz
36 dB

20 kHz
35 dB

47 kn+140 pF ( 40 0 m- c)

into 40
17.8 dB/W

into 8f)
19 dB/W

>7 ( 50 W, 110 kHz, < 0.03 THD)

20 Hz
100
0.001
<0-001
<0.001
<0.005

1kHz
100
< 0.001
< 0.001
< 0.001
< 0.003

20 kHz
66

20 Hz
100

1kHz
100

< 0.003
< 0.002
< 0-002
< 0.003

0.025
0.003
0.003
0.005

0.002
0-025
0.002 < 0.02
0.003 < 0-02
0.002 < 0.03

20 kHz
75

0.05
0.05'

<0.01
<0.01

1

into 20
14 dB/W

20 kHz
18.2 dB/W
18.6 dB/W
16.4 DB/W
17.3 dB/W
17.8 dB/W

<50 ps virtually instantaneous

>7
1kHz
100

0.003
0.003
0.005
0.006
<0.005 < 0.003
<0.01
0.006

1kHz

Rogers A100

<100 ps

20 Hz
100

12' }
121.

0.025
0.005

into 40
16 dB/W

3.5

2

»7

into 20
3.5 dB/W
<300 gs

approx. 10 ms LF recovery

<100 ps

20 Hz
1kHz
20 kHz
20-4 dB/W 20-5 dB/W 20.4 dB/W
20.8 dB/W 20.8 dB/W 20.8 dB/W
17-0 dB/W 17.0 dB/W 16.6 dB/W
17.1 dB/W 17.1 dB/W 16.9 dB/W
8.0 dB/W*
19.5 dB/W
-

Pioneer SA- 8800

0.35
5
30*
2'

1kHz

20 Hz
36 dB

1kHz
36 dB

0.3
3.0
3.5
0.2
20 kHz
34 dB

20 Hz
29 dB

1kHz

1kHz
28 dB

20 kHz
27 dB

100, 10 k, 25 k, 50 k, 100 kl) plus
100, 200, 300, 400, 500 pF

47 or 100 kfl plus 55 or 275 pF

0.27 mV ( 25 pV m- c300 pV
sensitivity)
9.5 mV
9.5 mV, 72 mV, 285 mV or 960 mV

0.28 mV ( 22 uy m- c40 0)

0-265 mV

0.22 mV

16 mV
16 mV

48 mV
48 mV

13 mV
13 mV

80 dBA
78 dBA
-

78 dBA
75 dBA ( 3mV setting)
73 dBA ( 300 pV setting) ( hum
-68 dB)

84.5 dBA
78.5 dBA
74.4 dBA

83 dBA
80 dBA
-

76 dBA ( hum - 70 dB)
73 dBA ( hum - 66 dB)
-

64 dB at 1kHz, 37 dB at 20 kHz

70 dB at 1kHz, 57 dB at 20 kHz

65 dB at 1kHz, 48 dB at 20 kHz

52 dB at 1kHz, 44 dB at 20 kHz+

75 dB at 1kHz, 50 dB at 20 kHz
typically ± 02 dB
(1 dB at - 40 dB vol.)

0.6 mV
35 mV
35 mV

+0.5 dB ( + 1dB at - 40 dB/oct.)

No defined zero setting.
typically + 0.3 dB

+0.1 dB

±0-1 dB

+0.5, - 0.2 dB, 20 Hz-20 kHz

+0.2, - 0.5 dB, 20 Hz-20 kHz

+0, - 0.3 dB, 30 Hz-20 kHz

+0-5, - 1dB, 40 Hz-20 kHz

+0, - 0.1 dB, < 10 Hz-45 kHz

+0, - 0.2 dB. 10 Hz-30 kHz

+0, - 0.5 dB, 40 Hz- 22 kHz

-3 dB at 30 Hz & 100 Hz, 12 dB
& 6dB/oct respect.

+0.2 - 1dB, 40 Hz-20 kHz
(-5 dB at 20 Hz)
+0.2, - 0.5 dB, 20 Hz- 12 kHz
(-1-5 dB at 20 kHz)
See graph and text subsonic
permanent (- 18 dB at 10 Hz)

-

subsonic - 6dB at 10 Hz,
HF - 3dB at 8kHz 6dB/oct

subsonic - 20 dB at 10 Hz
(HF see graphs)

20/35 mV

1.5/2 mV

35/35 mV

18/10 mV

2.5/5 mV

•Protection limiting
+mainly distortion

•reduces to < 0.01% with input
reduction of 20 dB

+0, - 0.5 dB, 10 Hz-30 kHz

•noise dominated

'Protection circuitry operative
•0-05% at - 20 dB input
•• inc. noise tAlso 0-05% at - 20 dB
.ht 500 pV ref m- c

output, thereby confirming the regulated power supply operation. Into
2ohms the burst power delivery was minute, at 16 dB below the 8 ohms
figure-equivalent to just over 2watts on acomparative 8ohms basis. The
overload recovery time was quite rapid and both damping and slew factors
were fine, although the latter was below average.

TAF-70 output array. The very efficient heat- pipe carries away heat as an internal
shockwave. Idea is that interference from the leads' magnetic fields which would be
very distorted ( complementary pair leads effectively carry iwave rectified current) can
be minimised, as well as increasing heatsink efficiency.

Total harmonic distortion levels were very low via all inputs, and at all
powers and frequencies-typically in the region of 0.005%. The high
frequency intermodulation results were also very good, and these,
together with the noise tests, indicated a freedom from transient intermodulation, except into strongly capacitive output loads, such as electrostatic loudspeakers. Once out of the protection region, the noise
intermodulation result was undoubtedly good.
Pickup overload margins were exemplary throughout the frequency
range, and in view of the highish input sensitivities, so were the S/N ratios,
for both moving- coil and moving- magnet. The normal pickup impedance
was of average capacitance at 140 pf, and this may be alittle high for some
cartridges, being best suited to the high termination group with some
additional capacitance. Most moving- coils will be compatible with the
relevant input, and both balance and channel separation were very good
throughout. At the output terminals the DC offset was satisfactorily low
with equalisation and frequency responses quite flat.
The pickup responses ( fig. 10) show the effect of engaging the tone
controls ( set ' flat). A not uncommon level rise of 1dB occurred, together
with aslightly earlier rolloff at the lowest frequencies. At low powers a
2 i.tF addition to an 8ohms resistive load resulted in amild + 1dB lift at
20 kHz, with the falloff in the curve at 28 kHz or so resulting from the
protection circuit.
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nominal power level is almost inconsequential as far as subjective results
are concerned.
Both the SA8800 and 9800 have a versatile moving- magnet input
offering a wide range of resistive and capacitance options, to match
virtually any model. A full range of inputs, outputs and facilities are qlso
present, including wide dynamic range, fast responding fluorescent ' bar'
power indicators. The front panel presentation is in abright silver finish
with atidy layout dominated by a large volume control whose action I
found to give rather coarse level changes between detents, with intermediate positions difficult to set.
The power amplifier uses the superb new ' ret' ( ring emitter transistor)
output devices in anon- switching configuration. This special circuit does
not permit the output devices to switch off during the power cycle but
changes the Class- AB bias current with signal, providing certain of the
advantages ot Class- A as opposed to Class- AB operation.
Lab results
While the tone responses were mild in action ( fig. 11), giving asensible
+9 dB or so at 20 Hz and 20 kHz, the operating range at mild (+ 4)
settings was asymmetric in the treble register; also a mild bass cut of
4-5 dB at 50 Hz imparted an unwanted lift of 1dB over an octave or two
of mid band.

Pioneer SA8800
Representing the middle model in Pioneer's new group of ' Magniwide'
integrated amplifiers, the SA8800 is specified at 18.5 dB/W. As one might
expect this is somewhat less than the rating for the larger SA9800
(20 dB/W), but the more aggressive protection incorporated in the latter
model actually makes the 8800 the more powerful of the two when
difficult load impedances are involved. In addition, the difference in

As mentioned previously, this amplifier demonstrated an impressively
stable output level over the frequency band, using awide range of load
impedances. The intrusion of protection limiting curtailed the
8ohm + 2uF 20 kHz level although the figure recorded was still good, and
under most conditions on program the output level was typically
20 dB/W, the design proving to be exceptionally load tolerant.
Recovery from transient overload was rapid, with both slew and
damping factors proving ample, while total harmonic distortion was
amazingly low at all powers, frequencies and inputs, measuring atypical
0.002%! The high frequency intermodulation figures were also excellent
via pickup, although with ahigh frequency capacitive load the poorer than
usual noise intermodulation results show again that this impedance
combination is not favoured. Protection effects predominated for both
these results.
Pickup overload margins were exemplary, the sensitivities ample and
the S/N ratios also very good. Stereo separation was fine throughout with
channel balance excellent at all times. The equalisation and other
frequency responses were commendably accurate with the output terminal DC offset satisfactorily low. Different loudspeaker loadings ( fig. 12)
produced only aslight change in frequency response.
The tone control effects were however complex ( fig. 13). At full cut and
lift asensible + 12.5 dB range was produced at 20 Hz and 20 kHz, with
the responses centred on 850 Hz. However as the curves show, small
degrees of tone correction ( + 2) produced ashift down to 250 Hz with the
treble equalisation amounting to 2dB or so of shelving, while the bass
region reflected a + 5dB range that was similar to the full lift shape. Such
behaviour makes it difficult to predict the curves resulting from the various
control settings.

Rogers A100
Except in terms of certain similarities of style and appearance, this new
complementary output, direct- coupled, design owes nothing to its predecessor, the A75. The ' 100' model number simply refers to its 17 dB/W
per channel rating ( equivalent to 50 W/channel or 100 W total); in fact it
proved to be conservatively rated as well as load tolerant.
The instruction manual was comprehensive and contained much useful
advice. A relatively compact and integrated design, the A100 is well
equipped, and in addition to the listed facilities, three mains outlets and a
front panel DIN- type tape socket are included, in addition to the phono
socket tape connections on the rear panel. A variable slope HF or treble
filter is incorporated, similar to the Quad 44, but with just two turnover
frequencies, 6and 9kHz. The pickup input ( moving- magnet only) offers a
choice of 47 k or 100 k - ohm resistance plus 60 or 300 pf capacitance
options, these latter selected by undifferentiated push buttons on the rear.
While few cartridges would benefit from the 100 k- ohm option, the
capacitance values are nicely judged for the two cartridge groups
commonly encountered, when atypical arm capacitance of 100-150 pf is
taken into consideration.
Lab results
Comfortably exceeding the 17 dB/W specification, the typical program
delivery was some 19 dB/channel into an 8ohm load, the output holding
quite well into 4 ohms, with both the high and low frequency reactive
98
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Frequency response differences in a complete
system
Reference to the set of curves ( fig. 16)
complete system from both the pickup
loudspeaker terminals shows that the
exhibited by nominally 'flat' amplifiers
subjectively important.

for these amplifiers, taken for a
input and auxiliary input to the
frequency response differences
are significant and could prove

Phono Input
Differences were greatest for the pickup inputs ( fed from a 100 ohm
source via aDenon AU320 transformer on the low ratio 40 ohm setting,
the latter also used during auditioning). Consider the case of the Sony;
here the pickup response was - 2dB at 20 Hz, and - 1dB or so at
50-100 Hz, rolling off at 15 kHz to - 1.5 dB, and - 1.7 dB, 20 kHz. By
comparison the Exposure was flat at 50 Hz, and only 0-5 dB down at
20 Hz ( due to RIAA errors imparting bass lift). Thus while the upper
frequency responses were similar for the two units, a1-2 dB difference
existed over nearly two octaves of the lower frequencies down to 20 Hz.
The Quad response showed even more severe curtailment at the band
extremes: - 1dB in the 50-100 Hz region, with - 5dB, 20 Hz, and
-2.5 dB, 20 kHz. On this basis alone, amild audible difference might be
expected to exist between the Sony and Quad units.
The Pioneer showed amild tendency to bass loss, although still only
-2.5 dB at 20 Hz, while the BGW exhibited fractionally less rolloff at
50 Hz, but was down 3.5 dB at 20 Hz. More significantly, the BGW
possessed a0.5 dB treble lift over several octaves, which was detected
by panellists during the subjective test sessions. The second, lower
Pioneer pickup curve was taken without the transformer and revealed that
even such a high quality component on its least degrading low ratio
setting, can nonetheless impart significant response anomalies when fed
by a100 ohm source. Fortunately most cartridges offer somewhat lower

FIG.16 SYSTEM RESPONSES
NAD 3020

-

PU

SAO

combinations driven continuously, without exhibiting premature limiting.
The power bandwidth was very good as the results at 20 Hz and 20 kHz
testify, and although some curtailment resulted on the dynamic power test
with 2ohms loading this was not serious ( see also Pioneer SA8800).
Both slew factor and recovery from overload were fine, as were the
damping factor figures, while total harmonic distortion via all inputs and at
all powers was low enough to be inconsequential, being typically around
the 0.002-0.003% level.
Via pickup the high frequency intermodulation results were good at
0-05%, further improving with an input level reduction, the latter result
suggesting that the test level was far below the input overload point. The
noise intermodulation results were also very good, with excellent dynamic
symmetry, even in overload.
The pickup overload margins referred to a standard input were
satisfactory and well maintained at 20 kHz, while the pickup S/N ratio was
also quite satisfactory, particularly in view of the highish sensitivity. The
fine - 66 dB hum level quoted relates to the IHF 0dB/W standard, and
was some 9dB better if referred to full output.
Stereo separation was excellent over the range—still some 50 dB at
20 kHz via the pickup input—although the channel balance was alittle
poorer than for its Japanese contemporaries at typically + 0.2 dB, and
deteriorating by afurther 1dB at anot unusual - 40 dB volume control
setting.
To some extent the RIAA equalisation ( fig. 14) includes the latest I
EC
recommended low frequency rolloff ( the test curve was generated by a
'flat' anti-RIAA network, this corresponding to the actual way in which
current records are cut). The IEC suggests - 3dB at 20 Hz with a
6dB/octave rolloff, the A100 being close to this at - 3-5 dB, 20 Hz but
with a18 dB/octave rolloff. The equalisation also showed amild uptilt,
and although not serious with arise of just + 1dB from 50 Hz-15 kHz, it
did prove audible on comparative audition. A mild low frequency rolloff
was also shown by the auxiliary input—typically - 1.5 dB at 20 kHz. Little
change was evident with the addition of 2 ¡IF, the 20 Hz point lifting by
just 1dB.
With the controls set flat, switching tone ' in' produced amild 0.7 dB
bass lift, but otherwise no change ( fig. 15). The tone control action was
quite symmetrical although the centre frequency shifted from 300 Hz or so
on moderate equalisation to 600 Hz in full settings. Mild bass cut also
resulted in adB or so of upper bass lift. The control settings were judged to
be rather extreme, falling outside the + 12-5 dB graph limits at 80 Hz and
11 kHz.
The variable slope filter at maximum showed atidy ripple- free response,
but on milder slope settings, the 9and 6kHz - 3dB frequency points were
less well defined. Finally, apoint on audition, Ipersonally found the level
of mechanical hum from the transformer disquieting in aquiet location.
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source resistances than this, and while the differences noted between the
preamplifiers are valid, in this case the overall transformer errors may be
regarded as slightly exaggerated.
Overall the NAD was well extended in response, but its curve did show a
treble loss similar in degree to the BGW gain; once more, these two models
would seem to offer adetectable difference in tonal balance. Similar in
some respects to the BGW, both the SAE and Rogers exhibited amild shelf
boost at the upper frequencies, exaggerated tonally in the case of the
Rogers by the rolloff to - 5dB at 20 Hz.
Auxiliary Input
Via the auxiliary or tuner inputs, the differences were less marked and
mainly reflected the effect of output impedance on the speaker's own
impedance characteristic, as well as any other intrinsic rolloffs. For
example, while the Quad 405 amplifier section had an inbuilt subsonic
filter, approximately flat at 20 Hz and but falling to - 5dB at 10 Hz, the
Sony offered the flattest bass response on load at only 0.5 dB down at
10 Hz, and showed amild dip ( crossover point impedance minimum) of
1.2 dB at 16 kHz. Relative to the other models the NAD offered slight bass
lift (some + 1dB) and was also better maintained at - 0.5 dB, 20 kHz, and
in contrast the 405, measuring - 2.7 dB at 20 kHz, might sound slightly
different. The Exposure curve was typical of a 'flat' amplifier, also true of
the BGW, SAE and Rogers, although the latter model possessed aslow
rolloff at low frequencies: - 1.6 dB, 20 Hz and - 5dB, 10 Hz. The Pioneer
exhibited slightly more bass loss than usual via the auxiliary input: same
-0.5 dB over several octaves and again this might be apparent as an
audible change in tonal balance,

Subjective test results
Despite the aforementioned frequency response trends, as agroup the
listeners found the differences in sound quality to be rather small. On the
pickup input sessions (
je, via disc source) the average marking range was
narrow at + 0.5, based on a5.6 mean, the latter figure arrived at despite
the instructions to the panellists to use amarking scale from 0-10, with 5
as average. Via the auxiliary inputs asimilar result was obtained, namely a
0.45 range about a5.65 mean. In my opinion, these numerical judgements
are sufficiently close as to be of little consequence in establishing relative
preferences for amplifier sound quality.
However, if one were to rely on the numerical scaling for the 8models
on disc inputs only, aranking order is obtained with first BGW, then Quad,
Sony, Rogers, SAE, Pioneer, Exposure and NAD, but this ranking is
subsequently contradicted by the auxiliary input data which offers NAD,
followed by SAE, Pioneer, Rogers, Sony, Quad, Exposure and BGW: in
other words, an almost perfect interchange of places! Iregard this
interchange as clear evidence of the essential similarity in subjective
performance between good amplifiers, the latter adescription Iwould
happily apply to all the models in this test, under the appropriate load
conditions.
Panellist Preferences
However, when the results are examined for each panellist rather than
viewed in terms of agroup average, it is certainly true that the units did
sound somewhat different for many listeners, the latter's consistent
performance on repeats confirming their preference. Depending on certain
control factors—for example the choice of program and its tonal balance,
the chosen speakers and the sort of listening environment they were used
to—individual listeners clearly preferred some amplifiers to others, and
would have been prepared to pay for that preference, if necessary.
However, this is to some extent counteracted by the fact that in all
probability it was doubtful if any of the listeners could have recognised a
preferred amplifier upon re-entering the room—areservation confirmed by
several panellists.
These are, nonetheless, interesting results which demonstrate that
while not in a general sense damaging, system frequency response
differences are certainly significant as regards individual listeners, and
Table 3: Max loudness ( at 2m for apair in the listening room)
8 ohm nominal loads (
eg, BC1,
R105) ( dBA) Easy loading

Equivalent level into amore
difficult or 4 ohm load ( dBA)

BGW 103/410
Exposure 11111V
Quad 44/405
Pioneer SA8800
SAE 3000/3100
Sony TA- 70F
Rogers A100
NAD 3020

BGW 103/410
Pioneer SA8800
Exposure 11111V
Rogers A100
SAE 3000/3100
NAD 3020
Quad 44/405
Sony TA- 70F

100

101.0
96.8
96.5
96.0
96.0
96.0
95.5
94.0

98.0
98-0
98.0
97.0
97.0
95.0
93.5
93-0

Raw
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hence system auditioning should remain an integral part in the choice of
any particular amplifier.
New style of frequency response graphs
For many years now HFNIRR has been consistent in publishing frequency
response graphs to an aspect ratio of 25 dB/decade frequency. In
particular, improvements to loudspeakers ( but also to other components
in the chain) have suggested achange in this procedure to improve the
detail in the vertical amplitude axis. Accordingly, for this report a
12.5 dB/decade frequency range has been used to highlight the audible
frequency response differences between the various models concerned. It
is also worth noting that the frequency scale extends from 10 Hz to
45 kHz, compared to the usual 20 Hz-20 kHz.
Maximum Loudness
Other areas of assessed subjective performance include maximum sound
level, and how well difficult loads were tolerated (Table 3). Considering
the price of some ten to one, the differences in maximum sound level were
remarkably small; for example, the 91 dBA level was within the compass
of the diminutive NAD, this model proving capable of a 16 dB/W level
unclipped on music, and in the 'soft clip' mode it could in fact be driven
another 3dB louder before noticeable deterioration set in, thus allowing
94 dBA. The largest amplifier ( the BGW 410) reached a substantial
101 dBA-7 dB above the NAD but at nearly ten times the price!
Into difficult loads—such as two pairs of 8ohm systems working
together, or 4ohm speakers such as the AR9, AR90, lsobarik, BC3 and the
like, the maximum loudness attained was rather different. For example, the
big BGW's advantage was nullified due to its preference for higher
impedance loads ( 4ohm systems are assumed to be 3dB louder than
8ohm ones for the figures quoted.) While sounding fairly pleasant
towards protection limiting, the Sony TA- F70 was curtailed in level terms
by some 5-7 dB below its BC1/R105 ratings, at an equivalent 93 dBA.
The NAD continued to fare well, losing only 2dB or so and thus offering
more than the Sony by attaining 95 dBA. The Pioneer SA- 8800 showed
great robustness in contrast to previous Pioneer designs and typically
exhibited less than a 1dB loss in level on even the most demanding
loading, thus achieving 98 dB equivalent. The Exposure's tolerance was
as good, also with arespectable 98 dB rating, while the Rogers produced
97 dBA with a2-4 dB loss. The Quad was similar to the Sony with a
5-7 dB loss allowing some 93.5 dBA, and at 2dB down the SAE gave
97 dBA, with the BGW down 5-6 dB resulting in typically 98 dBA sound
pressure level.
These figures indicate that indiscriminate auditioning of amplifiers
towards full power on difficult loadings could dramatically reverse ratings
based on loudness quality for normal loadings. For example, under
adverse load conditions the NAD 3020 could be expected to outperform
both the Sony and the Quad, and come within 3dB ( subjectively asmall
margin) of the most expensive and powerful model in the report.
Pickup Input Matching
A factor so far not accounted for in respect of sound quality is the effect of
different moving- magnet input capacitances on the response and tonal
balance. The tables show that wide variations are indeed possible—from
55 pF to as much as 400 pF. This is enough to alter seriously the character
of some cartridges—far more so in many cases than the amplifier
differences themselves.
The high input capacitance models will need acompatible choice of
cartridge ( for example an Ortofon) whereas the low capacitance designs
may be ' loaded up', or left alone to suit models from ADC, B&O, Audio
Technica, JVC and the like.

Conclusions
Inevitably with greater care being taken over auditioning, the exaggerated
comments typical of earlier listening tests are absent here. Nevertheless,
the NAD 3020 represents an outstanding design, both in terms of value for
money as well as its generally high measured laboratory achievements,
these well above its price range.
Ifeel that the 3020 exemplifies anew trend in amplifier design which
will be widely adopted in future, thereby aligning with certain of the
recommendations implicit in the discussion of dB power ratings ( p. 61)
and load matching tolerances. Certainly for the money the NAD offers a
well balanced technical performance, very good load tolerance and high
program dB output level, this further improved by the 'soft clip' mode.
At its price level, the BGW system is potentially capable of the greatest
loudness level into reasonable speaker loads, attaining ahigh 25.4 dB/W
(in excess of 350 W.) Conversely, this unit is not entirely free from censure
on the basis of its test results; for example, the slew factor, high frequency
pickup overload and intermodulation, as well as load tolerance. No
moving- coil facility is present—surprising considering the cost of the
system. Nonetheless, despite the mild technical reservations expressed
above, no adverse subjective effects were observed ( note should however be made of the highish and variable pickup input capacitance as
well as the brightish tonal balance).
to pogo 108
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Introduction
A LTHOUGH there has been atimely reversal
/-1 of thinking over the function and
mechanics of pickup arms, we're currently in the
no- man's land between fading old ideas and
burgeoning new ones. The integrated record
deck is still a happy home for the former
category—thosè Japanese tubular battleships
of arbitary design I tilted at in two group
turntable reports last year (
HFNIRR Aug./Oct.
1979). Filtering down from the top end of the
market, however, is anew generation of designs
and although they don't always look very
different, their design basis is quite different. A
lot of readers will probably be happy to learn
that these products are predominantly British.
Products such as the Mission 774, Linn Wok
LVII, Syrinx, SME3009/III and Hadcock
GH228E arms, have all been designed in the
knowledge that pickup arms can have a
considerable influence on sound quality
through previously unconsidered factors, such
as operational stability and freedom from all
modes of unwanted vibration—both tortuous
subjects.
What are the properties of my notional ' oldstyle' arm? They are characterised more by what
they don't do than for what they do in terms of
sheer performance rather than facilities, which
are never in short supply. The format is one of
aluminium arm tube, often bent to an S- shape,
with detachable headshell and calibrated
counterweight. Bias is generally applied by a
falling- weight system or a spring. The
appearance of the arm is determined by the
geometry required for minimisation of tracking
error across the disc. Length is initially chosen
by convention to be around 9 in. or 230 mm,
which provides satisfactorily low tracking error
together with manageable length. The bearings
are generally ballraces in both planes, which
locate the arm tube well while allowing freedom
of movement. The traditional main criterion for
bearing performance is freedom from friction.
In designing this notional arm, the only
factors brought into consideration for their
direct bearing upon sound quality are geometry,
which affects distortion performance, and
bearing pivot friction, which limits the minimum
usable tracking force and degrades tracking
ability ( assuming the friction is significant, of
course, which isn't always the case these days).
The subject of effective mass and its effect on
cartridge compatibility, and hence sound
quality, is submerged beneath more practical
engineering worries about strength or general
robustness of the unit, plus obligatory use of a
removable headshell for convenient cartridge
fixing and removal. Freedom of the assembly
from structural resonances, vibration and
general spurious movement through loose
fixings, slack bearings, etc, are not worries the
designer working to a tight price specification
can afford to consider either, so you can see that
from the point of view of sound quality, little has
been considered and alot has had to be ignored.
In everyday practice, however, the situation is
just a bit different from this theoretical model.
The subject of arm geometry had become very
rusty until recently, when a revival in interest
occurred. We now realise that the process of
adjustment for minimum tracking error is critical
to performance, and whilst many of the old style
arms possess reasonable basic geometry, few
can be set up accurately in order that this
geometry may be effective.
Bearing frictions have been reduced steadily
and whilst in some instances this has been
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produced by allowing a lot of free play, some
using rigidity of structure, tightness in bearings,
fairly effective loaded ballraces, free of play and
etc, on an arm, and instead we must rely also on
providing good location, have been produced.
mass to provide a high- inertia platform. This
Finally, counterweight decoupling is often
brings in the argument for placing mass at the
used, mainly to avoid unwanted amplification of
headshell of an arm to increase its massdrone from rumble- prone cheap belt or idlerimpedance—a counterbalance to the drive for
wheel turntables. As the latter problem has
low mass per se, which by its nature, tends also
faded with the introduction of high quality
to compromise rigidity. However. Idigress. The
direct- drive motors, many Japanese companies
important point to note is that we obviously
have
reverted
to solid
fixing
of
the
have to expect very high constructional
counterweight to the arm tube, since it is both
standards, plus clever use of materials and
cheaper and more convenient,
fabrication techniques if an arm is to be
It was SME who popularised the worth of
adequately capable of holding a cartridge
lowish effective mass in pickup arms, in order to
steady so that detailed signals within agroove
match the high compliance cartridges widely
can be extracted. Slack bearings are out, even if
available when tracking disc warps and ripples,
they do display the benefit of low friction.
Recently,
Bruel &
Kjaer ( the
Danish
Flexible vestigial headshells are out too, as are
instrumentation
company)
published
a
weak headshell/arm tube joints and nonconvincing technical document showing how
damped resonant arm tubes which induce
low mass could be shown actually to reduce
vibrations into the cartridge body, thus
distortion from disc reproduction. As aresult of
producing spurious movement.
this and the efforts from manufacturers such
There are many modes of structural resonance
as SME, the idea of there being an optimum
possible within an arm tube and further minor
value for arm mass has become popular among
resonances are sometimes produced by other
designers, particularly the Japanese who had
items on the arm assembly, such as a weak
previously largely ignored this factor.
headshell prone to its own resonance problems
The top layer of the quality sandwich is
or a weak headshell/arm tube joint that
inhabited by designs where factors such as arm
encourages the headshell to resonate in its own
mass, rigidity, firmness of location and absence
particular modes. Ifound when experimenting
of structural resonances have taken precedent
with the five arms here, trying to find their
over the old ideals of detachable headshell,
various resonant modes, that most of them were
general robustness, etc.
demonstrably microphonic and could be excited
Amongst the five arms here, there is
into self- sustained feedback at many different
unfortunately still much evidence of old design
frequencies with little difficulty.
approaches haphazardly fused with new ones.
This finally proved anumber of features about
and quality is as much amatter of pretence as it
the typical pickup that I ( and, doubtless, others)
is of reality. To illustrate this point let us look
have suspected for a long time. First, the
briefly at the topic of structural rigidity, or, as
handling noises you get when, for example,
another magazine captioned an article Iwrote
clipping an arm into its rest, are avery revealing
on this subject—'Why astiff one is better than a
aural guide to the resonant properties of its
floppy one 1 If, when the stylus of a cartridge
structure. The nature of the resultant coloration
moved
sideways
whilst
following
the
is to be heard in the peculiar ringing that you
modulation in a record groove, the whole
get while the cartridge tracks the locked run- out
cartridge body followed it, there would be no
groove at the end of a disc. Figs. 1, 2, 3 & 4
net movement between stylus and generator. In
provide some evidence of this where the
other words there would be no output, or
relatively non - microphonic Lustre GST801 and
silence. This, one realises, is somewhat
the resonant microphonic AT1100 both track,
defeating in high fidelity terms, even if it may be
with aStanton 881S cartridge, alocked run- out
what your neighbour dreams about at night.
groove ( lower trace in each). There is acomplex
Given asufficiently floppy arm of low enough
signal recorded in the groove (
ie, the ' click'
inertia, you could probably approach this
heard
is
composed
of many
different
situation and so we obviously require the
frequencies) but the dominant component
opposite, or avery stiff arm. How stiff is 'stiff'? Or
measured, from the oscillograms, was 291 Hz.
conversely, how much movement can we
Placing a ( 1- octave) filter at this frequency to
tolerate
at
the
headshell?
Thumbnail
look at the energy envelope shows that the
calculations suggest that the stylus must resolve
Lustre suffers slightly less ringing due to the
groove dimensions of at least 40 dB below
final transient spike visible at the centre of the
40 gm peak- peak movement, and if it is to do
trace. However, it is at 590 Hz—a point of
this accurately, the cartridge body must be
structural resonance for the AT1100—that the
located to a significantly greater degree, a signal is obviously amplified, as shown in the
common rule of thumb being ten times, giving
level difference between the upper traces in figs
us amaximum allowable 'floppiness' of 0.05 gm
3 & 4. The large differences that exist aurally are
peak- peak movement. Since this is fivenot immediately obvious visually. For instance,
hundredths of one millionth of a metre, we
there is in fact an 8 dB difference in level
require incredible stability and lack of spurious
between the 590 Hz component in the locked
movement at the headshell if the cartridge body
groove spike in figs 3 & 4 ( you may be able to
is to be held steady within such limits. This is, in
measure with a ruler the height difference of
fact, of the order of one- tenth the wavelength of
x2-5 on the page here and this is 8dB).
visible Jight. Now let me turn to a forever
Furthermore. Ihave shown just one harmonic
fascininating book by J. Walton entitled
amongst many and deeper analysis is needed to
Pickups— The Key to HiFi. On this subject he
reveal the full extent of tonal differences. Also,
states that 'a low sound intensity that can still
of course, it is difficult to relate with any set of
easily be detected in the high frequency
figures the cogence of aural effect. All Ican say
spectrum can have arecorded amplitude that is
is that the run- out groove click was slightly
less than the wavelength of light... The record
coloured by a metallic ring with the AT1100,
groove has aroughness amplitude that is about
whereas it was just aclick with the Lustre.
1/20 wavelength of light. In fact the uncut
The second behavioural peculiarity of pickup
surface of the record is several times smoother
arms that Ihad previously suspected, but not
still'. In all truth it is probably near impossible to
proven, was their sensitivity to sound and ability
approach this degree of locational stability
to cause acoustic feedback, or howl- around, in
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*a sound system. Have you ever wondered why
self-sustaining acoustic feedback can be of a
high pitch? If the feedback sensitive item is the
turntable, frequency of feedback howl should
be fairly low ( as it sometimes is in fact).
However, high pitched howl is caused not by
the turntable acting. as amicrophone, but by the
pickup arm. [see also Wireless World May, June
1979] Response traces accompanying this
report clearly show the dramatic effect of
feedback on some of the pickup arms' resonant
modes. Picking out signals at an arm's resonant
mode frequencies with a wave analyser and
then acoustically feeding them back through a
sound system sends most aims into violent
feedback, even at the most modest acoustic
levels. This is adramatic way to show just how
susceptible most pickup arms are to acoustic
feedback at their points of resonance, and it
provides a more pertinent indication of the
extent of an arm's 'activity' in use. With this
technique I found that most arms have
numerous resonant modes, rather more than
those clearly identified in the graphs here.
Unfortunately, the modes depend in frequency
and level upon a number of factors, including
cartridge mass, energy fed into the system, etc,
and therefore cannot all be rigidly categorised
since they will vary with each and every
circumstance. In apaper entitled 'The aspects of
low inertia tone arm design' Peter Rather of
Thorens lists the modes of excitation possible
for a simple tube, clamped at one end, as:
quasilongitudinal waves, torsional waves,
flexural waves excited by lateral forces and
flexural waves excited by moments. The
frequencies of these modes vary, but are all
determined by length of the arm, its stiffness and
total mass, plus its distribution on the forward
arm structure. Since, in spite of appearances,
these properties are very similar from arm to arm
they often resonate at the same frequency,
usually in a band from 80 Hz-500 Hz.
Increasing the stiffness of an arm, by the way,
increases the frequency of its resonant modes—
it doesn't get rid of them as is popularly
imagined. This outcome is obviously unwanted
since the ear becomes more sensitive to
coloration at high frequencies. What is required
is a suitable degree of structural or inherent
damping to control the effects, apoint not lost to
several British designers to whom Ihave spoken
who find that 'super tubes' of carbon- fibre ( in
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its available forms), titanium, etc, are less
appropriate to the task than certain aluminium
alloys, suitably heat treated. Experiment shows
also that a rigidly attached counterweight
greatly magnifies the problem by acting as a
high impedance mass against which the arm
tube can vibrate. Decoupling here can also
reduce substantially the effect of structural
resonances, even though the original reason for
such decoupling was to provide an antiresonant system to damp down the main
arm/cartridge
LF
resonance.
As
Lustre
demonstrate with their arm, though, there are
other ways of fighting the problem effectively
and Ishould point out that some designers do
conceptually prefer a rigid counterweight.
On inspection, all five arms looked like potential resonant offenders. Infinity's Black Widow
arm possessed ameasure of decoupling but its
carbon- fibre arm tube and ( plastic?) vestigial
headshell platform were flimsy and flexed in all
directions. The headshell also appeared
particularly weak in torsion, or twisting mode—
acardi na I
si
n, si
nce torsional forces predominate.
Since manufacturers have now taken to the
technique of damping through the use of an oil
bath after SME introduced their rather neat
system afew years ago, it is worth considering
its effect. No fewer than three of the five arms
tested were damped, yet in two cases the
damping didn't work, at least in fulfilling the
usual aim of controlling the LF arm resonance.
Again, a simple inspection reveals why. In
applying aviscous retarding force to an arm to
oppose rapid movement, the damping bath
must work at adistance from the pivots in order
to be able to apply sufficient retarding moment.
Position adamping bath hard against the pivots
and, generally speaking, with theviscosity of oils
currently in use, it will have little measurable
effect on the LF resonance of an arm. Since the
heavy, viscous silicone oil used for damping
opposes fast movement of any object immersed
in it, but will allow slow movement, it has little
effect on the slow inward traverse of an arm
following the spiral record groove but will
oppose the rapid movement of an arm at
resonance. In damping the resonant mechanical
system composed of arm + cartridge effective
mass and cantilever compliance, it reduces
electrical output at this resonant frequency,
cutting down subsonic output from the
cartridge. Not surprisingly, such damping also

absorbs energy from structural resonances in
the arm tube, and in consequence usually leads
to an improvement in sound quality, cleaning up
and adding clarity to upper bass detail.
Generally, such damping well applied is
beneficial and it is not possible, or even
desirable to expect the damping inherent in a
cartridge's stylus cantilever pivot to perform the
same LF function as that applied at the arm itself
[see also Lipshitz's thorough study of cartridge/
arm damping, JAES Jan./Feb. ' 78].
Measuring the random output of a cartridge
tracking areasonably flat, silent disc shows it to
consist not of warp information but asignal at
the resonant frequency of the arm/cartridge
combination ( see fig. 5). Again, this is not
surprising. If you excite aresonant system it will
resonate at its own particular frequency if able to
do so. Damping cuts down this phenomenon
effectively ( fig. 6). The excitation is mainly in a
vertical direction from small ripples, therefore
damping should be most effective in the vertical
plane. This is achieved by suitably shaping the
arm component immersed in the fluid so that it
presents a small surface area to sideways
movement but a larger area to vertical
movement. There is some tendency to ignore
this feature of design.
There is one type of pickup arm, however, that
is always damped: the unipivot. In this special
case the entire upper arm sits on asingle point
pivot and would oscillate or swing on its pivot
like apendulum in all planes if damping weren't
applied. In this case there is little option but to
apply damping in the vicinity of the pivot, but
both Hadcock and Keith Monks arms do, in fact,
displace this function downward by the use of a
tube set concentric with the support bearing,
giving it asuitable retarding moment. Depth of
immersion of this tube within the fluid bath
alters the degree of damping. Ultracraft's AC300
arm tested here is the only unipivot within the
group and damping is applied between ahemisphere attached to the upper arm assembly and
a bowl beneath it carrying the fluid. In this
instance, altering the distance between the two
components supposedly adjusts the damping.
A tonearm should be adjustable in a number
of different ways so that it can be tuned, if you
like,
for
cartridge
peak
performance.
Furthermore, the manufacturer's instructions
must relate clearly and accurately how to do this
so that even the uninitiated will be successful.
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Test Techniques
The blind listening tests were carried out by a
panel of four situated in aroom distant from that
containing the turntables. The arms were set up
in turn on an Ariston RD11s turntable and fitted
with an Entré moving- coil cartridge. The
reference for AB'ing used by the panel was an
SME3009 Ill on a Linn LP12 turntable, also
fitted with an Entré. The rest of the system
comprised Mordaunt Short Signifers, Denon
AU- 320 transformer, Quad 44/405 amp.
Itested the arms after this and then listened to
them, remaining unaware, however, of the panel
results until afterwards. Since the panel had
used a moving- coil cartridge. Ifelt obliged to
see how the arms fared with amoving- magnet
design and chose to use two Stanton 881S
cartridges. The only pitfall here was the high
capacitance of the ADC signal lead which
would have modified response, so this was
replaced by the Audio Technica lead. My own
reference, intended as aconstant rather than a
'perfect'. standard, Ishould point out, was a
Pioneer PLC- 590 turntable with SME3009 Ill
arm. This assembly and the Ariston RD11s
which carried the arms under test were both
placed on a feedback- free shelf, although this
did not acoustically isolate them from airborne
vibrations, of course. The two 881S cartridges
were tested and proved to have identical
frequency response characteristics. However, in
spite of this one stylus assembly sounded

Lustre GST801
Lustre spend some energy promoting the worth
of 'magnetic drive' employed with the GST801.
This, it transpires, is ' an epoch making system
[heard that before! ] that uses the attractive and
repulsive forces of a magnet for application of
stylus force'. This, they claim, is better than the
use of a spring—but few manufacturers use
springs. Bias force is also applied by magnets, a
function often taken care of by springs. Of more
interest is Lustre's use of a stainless steel arm
tube with special tube- insert to suppress
'vibration'. They also claim that the use of brass
in certain parts and the magnesium headshell
'assures exceptional stability against external
vibration and eliminates howling'.
In fundamental design, the GST801 is
conventional, using an S-shaped arm tube with
detachable headshell, this assembly moving on
precision ballrace bearings in both lateral and
vertical planes. It is obvious that this is not alow
mass design. Use of alarge- diameter arm tube,
removable headshell with heavy IEC ( SME
type) connector and large counterweight
assembly set far behind the pivots all indicate
high effective mass. The base needs a large
38 mm mounting hole and is secured with an
enormous base nut weighing 305 g. Total
weight of the base and its nut is 568 g—enough
to cause most floating- suspensions to sag
severely. Lustre in fact specify the entire
assembly as weighing more than 1kg. Another
problem, particularly with floating-suspension
decks, will be finding sufficient clearance
beneath the top panel, since 8 cm or more is
needed, measured from the top face.
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distinctly flat and lacking in dynamics, and so
the good one was changed from reference to
test deck during my tests.
There are three performance graphs for each
arm, one showing tracking error and distortion
and two showing structural resonances.
Graph B shows frequency response and
crosstalk curves of each arm with a Stanton
680EE cartridge and CBS STR-120 test disc.
The latter is recorded at a high level and as a
result is critical of resonances. The dips and
peaks caused by structural resonances are
ringed. Graph C is made with the B&K 2011 disc
and shows the result of a laterally recorded
sweep gliding slowly from 20 Hz to 1kHz. The
advantage of this disc is its frequency range and
the slowness of the sweep which allows high- Q
resonances to build up. The top trace shows
frequency response on a magnified vertical
scale. The second trace down shows output of
the cartridge with the two channels combined,
one -with reverse phase, to give the vertical
response. The resulting trace clearly shows the
effects caused by the vertical components of
arm resonances. Third trace down is identical to
the second, but the test signal has been fed back
to the arm via a loudspeaker beside the test
bench at areasonable level to demonstrate any
effects due to microphony. In effect this is the
same as introducing positive feedback to
amplify inherent response errors, in electrical
terms. The results are quite dramatic.

The GST801, once mounted, can be set up
quickly and adjusted without difficulty, but Idid
find that the arm height adjustment lever almost
fouls the lifting platform oil pot unless the base
is carefully orientated. The instructions for
lateral tracking error are poorly thought-out and
anomalous, while ability to tilt the headshell in
order to optimise channel separation is not
mentioned, even though it exists.
For minimum tracking error, phrased by
Lustre as 'Adjusting overhang', it is suggested in
the instructions that the stylus is aligned with a
mark on the headshell, thus automatically
providing the optimum 15 mm overhang figure
specified. Setting effective length of the arm in
this fashion and then hoping that overhang will
be correct is impractical, since it assumes that
the arm pillar can in the first instance be
positioned with an accuracy of better than
+0.5 mm if final geometry is to be anywhere
near correct. Think again, Lustre—this is
ridiculous!
Unfortunately, the 15 mm overhang figure
quoted is sub- optimal in any case for the arm
geometry employed, so on balance Iwould
recommend owners or potential owners to
ignore Lustre's suggestions on this topic and
either use asimple alignment protractor or, far
better still, the excellent EEI Alignment Gauge.
As the Tracking Error graph ( fig. 7a) shows,
even when the GST801 is set up as per the
instructions, maximum tracking error is large at
-2.e when the arm is 82 mm from disc centre,
and this generates 1.5% distortion under typical
conditions. Curiously, this poor performance
correlates with Lustre's spec. of 11° inside
circumference' error and is actually better than
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their outside quote of 2° error. As you can see,
1.1° error produces no less than 0-9% distortion,
an unnecessarily high amount, and because the
tracking error curve doesn't zero- cross at 63 mm
or thereabouts, distortion rises instead of falling
when moving outward from this point.
Three counterweights are supplied and they
provide the arm with a total cartridge weight
balance range of 3.2-17-5 g when using the
heavy 10-5 g magnesium headshell supplied.
The arm would accept alightweight Ortofon LM
series cartridge, provided heavy fixing screws
were used ( or asmall 0-5 g additional weight),
although there is little benefit to be gained here
since reduction in mass would equal 12%. It
would also accept an Ortofon Concorde
integrated cartridge, using weight C only, or
heavier Japanese integrated cartridges from
Sony, Technics and Audio Technica if desired.
The magnetic tracking force system was
accurate in the downward force it applied and
similarly the
bias compensator ensured
balanced tracking with a number of cartridges,
although bias requirement varies from cartridge
to cartridge and I cannot therefore be too
specific about this.
The bearings of this arm were excellent, with
virtually no free play, while allowing freedom of
movement. In accordance with its appearance,
though, the GST801 displays an extremely high
effective mass of 24 g, so it would be unwise
to use high compliance cartridges. Fitted with a
medium compl!ance Stanton 680EE test
cartridge, LF resonance occurred at 7 Hz, by far
the lowest figure achieved among the arms
tested here ( due to high effective mass). You
can see that warp output from the arm will be
substantial; generally the arm will not behave
well in such circumstances.
Considering structural rigidity ( fig. 7b)
reveals one controlled vertical resonance mode
at 480 Hz, but nothing else—an excellent result.
Fig. 7c, made with a slow sweeping lateral
signal, confirms lack of serious resonances in
this arm, although small aberrations are visible at
120 Hz and 300 Hz. Feedback had very little
effect on the arm, even when severe, as the
FIG.7b
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lowest trace shows. In this group of arms it is
pertinent that the Lustre was the only one not

Infinity Black Widow
The Black Widow arm is an ultra low- mass
design with a long, thin carbon- fibre arm tube
and a decidedly flimsy vestigial headshell that
appears to be made of plastic. Neither the arm
tube nor the headshell seems very rigid,
although, as Isaid earlier, damping can be more
important than rigidity. Movement in the vertical
plane is controlled by knife-edge bearings and
that in the lateral plane by ball races. Tracking
force is applied by a conventional calibrated
counterweight which possesses a small
measure of decoupling, and although no
mention was made of the fact in the handbook
supplied with the review sample, the arm comes
with damping. This is applied by apaddle in an
oil bath situated behind the pivots. Although it
looks as if damping, once applied, cannot be
disengaged, it is in fact possible to unclip the oil
bath and slide it down the pillar to do just this.
However, the amount of damping applied
cannot be varied. The entire arm assembly, plus
sliding base, is very light and should fit a
majority of turntables without any problem.
There are few problems in setting up, other
than the need to make an elongated mounting
hole, like that required by an SME arm. Arm
pillar height is adjustable and lateral tracking
error adjusted by sliding the arm base in order to
achieve minimum error at two points on the
protractor supplied. Although Infinity make no
mention of the fact, the headshell can be
loosened and tilted if desired. In style and layout
the instruction book is very similar to that
supplied by SME for their arms and equally easy
to read and understand, with no anomalies or
difficulties. The Black Widow should be easy
enough for most people to set up accurately.
Ifound the geometry of this arm to be a bit
104

Listening panel results
The panel marked this arm down on high
frequency coloration, feeling it was abit 'tizzy'
or muddled compared with their reference, but
otherwise on mid- band and low frequency
coloration they felt it to be the equal of the
reference. While HF clarity was rated as
'dimmer' but signals well defined, both midrange and LF clarity were marked well above
reference
with
comments
like 'more
information', 'cleaner, firmer bass' and 'more
control'. Image precision and depth were rated
above the reference, too, but tracking was felt to
be worse. Overall comments showed that the
panel favoured this arm for a 'cleaner sound' and
more tangible imagery, in spite of slightly
degraded HF. One panel member demurred,
however, and said he wouldn't buy it.
The most obvious difference Ifound between
this arm and my own reference was the degree
of bite or incision provided by the Lustre to
transients that were made both sharper in
quality but were also better defined. There was
noticeably less coloration and better clarity,
while imagery was dramatically improved too.
My own conclusion is that this is avery good
arm,
particularly
suited
to
moving- coil
cartridges, or uncompliant in- m designs.

curious ( fig. 8a). It is common on straight arms
of this type to place the cartridge mounting so
that the stylus sits directly beneath the arm tube
axis, so avoiding torsional forces from vertical
modulation. Styli are off- axis with this arm,
although by a relatively small amount. The
alignment protractor supplied is more curious,
since it places tracking error zero at 59 mm and
109 mm from disc centre, whereas values of
around 63 mm and 119 mm are usually chosen
as optimum. In spite of this, though, when
adjusted carefully distortion due to tracking
error from this arm will be less than 0.5% across
most of a disc, with the exception of outer
grooves, where it rises to 1%. Since, due to
higher groove velocity at the outside of adisc,
tracing conditions are easier, this bias in favour
of the inner grooves may well be a beneficial
compromise.
The available cartridge weight range makes
little sense for alow mass arm, since low mass
cartridges are not accepted. For a maximum
tracking force of 2g, the Black Widow will
accept cartridges weighing from 5.2-10 g. This
means that it will not carry one of the Ortofon
LM Series cartridges, nor some other low mass
types unless mass is added to the headshell.
(The headshell is non- detachable, by the way.)
Tracking force is accurately applied by the
counterweight and the bias compensator was
reasonably accurate too, although generally I
set it abit lower than the indicated optimum to
achieve balanced tracking. Ideally, Infinity
should supply two counterweights of differing
mass to extend its cartridge- carrying ability.
Effective mass was extremely low at
2-5 g, equivalent to that of the SME3009/III,
and it would therefore make alot of sense if this
arm were capable of accepting low mass
cartridges, since the proportional reduction of
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total mass ( cartridge + effective mass) would be
significant. With the medium compliance
Stanton 680EE, arm resonance was at 12 Hz.
Damping has been arranged to affect vertical
arm movement, for reasons explained in the
introduction, but only the trace at bottom right
of fig. 8b ( showing output from vertical
modulation with the arm damped) reveals the
marginal effect that damping had on this unit,
with something like a 1dB drop in output at
12 Hz detectable. Compare the resonant peak
with that from vertical modulation with the arm
undamped ( fig. 8b bottom left). The reason for
this is that Infinity place the damping bath too
close to the arm pivots.
The Black Widow suffers two major structural
resonances, both of which are fairly wide- band
in nature and therefore quite serious. One is
centred at 95 Hz, while the second stretches
from 180 Hz to 300 Hz, causing abroad suckout
in the vertical response trace. Fig. 8c confirms
the presence of these two resonances and also
shows that the Black Widow suffers from
microphony at the lower of the two frequencies,
since this resonance is greatly magnified by
feedback. Notice how uneven the vertical and
lateral response traces are compared with those
of a non- resonant arm such as the Lustre ( fig.
7c). Unfortunately, the latter performance is the
rarer of the two.
Listening panel results
The listening panel were unanimously unhappy
about this arm in every respect. They felt it was
rougher or slightly more edgy than the reference
in HF coloration, hard and hollow in the midband, and insipid or indecisive in the bass
registers. Clarity was marked down right across
the audio band too, with comments like ' less
detail', 'woollier'. On imagery this arm was voted
less precise than the reference and prone both to
lateral exaggeration and waffle. Depth was not
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elt to be evident and, subjectively, tracking was
also given a very low score by the panellists.
Overall comments about the Black Widow were
as
uncomplimentary
as
the
detailed
observations quoted above, and suffice it to say
that the panel disliked this arm to aman. Their
comments appear to reflect what can only be
termed a mediocre measured performance.
Ican only admit to also being unimpressed by
the Black Widow. It possessed an obvious soft,

ADC ALT -1
This, dare Isay it, is a ' budget' version of the
LMF arms, using an aluminium arm tube instead
of carbon fibre. For reasons put forward in the
introduction, use of aluminium does not
automatically mean that the arm will be
inferior to its more expensive carbon fibre
brethren, and possibly the reverse. The feature
least likely to go unnoticed is, however, price of
the ALT- 1 which, at £ 39, makes it by far the
cheapest unit in the group.
The ALT- 1 is a straightforward low- mass
design without frills. It has asmall detachable
headshell that clamps onto the arm tube with a
thumb screw, but since this doesn't use the
heavy IEC ( SME style) screw- up connector,
integrated cartridges cannot be fitted. A slide
base is supplied to allow coarse initial arm
positioning to be achieved, but a single- hole
mounting may be used if desired and the slide
base ignored. It is easier to drill one hole, of
course, the only slight drawback being that it
must be located with reasonable accuracy—
about + 1mm. This mounting will be more rigid
than the slide base, too, and as a result
preferable. Fine adjustment of tracking error is
carried out at the headshell. The arm assembly is
light and should not be difficult to mount. ADC
supply very clear and well thought-out
instructions on both mounting and adjustment

warm bass quality, with upper bass coloration,
while the mid- band was slightly hard. Precision
of imagery was poor and image depth lacking.
Results were not quite as bad with the Stanton
881S as those that the panel seemed to
encounter with the moving- coil Entré, and this
suggests, as one would expect, that the Black
Widow is better suited to compliant movingmagnet cartridges, which feed less energy into
the arm than incompliant moving- coil devices.

of the arm, paying particular attention to the
subject of tracking error, which they have
obviously
investigated
in
some
detail.
Consequently, a helpful combined mounting
template and alignment protractor is supplied
and abooklet on off set angle for the ALT- 1 is
available
too,
doubtless
explaining
the
intricacies of arm geometry.
Final alignment of a cartridge for minimum
tracking error is carried out at one point on a
template where both offset angle and overhang
are effectively set at the same time. This is
unusual, and it is worth noting a sentence
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inserted by ADC stating that 'this procedure
does not necessarily place the cartridge square
to the arm head'. It is usual to align acartridge in
its headshell, but not so with this arm. In fact the
headshell angle differs from the cartridge offset
angle by 3-6°, so acartridge will appear slightly
twisted in the head after correct alignment.
While Infinity place zero- crossing at 59 mm
from disc centre, ADC choose afigure of 68 mm.
I am not very impressed by the very deep
tracking error curve ( fig. 9a) and the resultant
distortion levels that arise from their choice
of arm geometry, which favours the outer
grooves. Infinity arrive at abetter solution to the
problem than this and it is possible, Ishould
note, to keep maximum distortion down to 0-6%
with optimised geometry and careful arm
alignment. Idon't agree with ADC's minimum
tracking error figure of 1 - 25° for their quoted
geometry either—it is 1-5° as the graph shows.
In spite of these gripes, the average user should
end up with far greater accuracy of alignment
with this arm and in consequence much lower
distortion levels than he would with most other
products. On balance Ican only praise ADC for
their diligence here.
The ALT- 1 can be adjusted for height, but
unfortunately the headshell cannot be tilted.
Through use of aclever double counterweight,
total cartridge weight range is wide at 3-5-11 g
and the ALT- 1will just accept Ortofon LM lowmass cartridges. Tracking force accuracy was
exact.
The bearings display negligible free play but
allow the arm unhindered movement and are
well- engineered. Effective mass was modest at
7-5 g, which Iconsider agood general purpose
figure suitable for a wide range of modern
cartridges of fairly high compliance. This put
arm resonance with the Stanton 680EE at
19 Hz, well above the disc warp region but also
spaced downward from the audio band.
In spite of modest price and unassuming
construction this arm was surprisingly free of
serious structural resonances. Two modes are
identifiable at 140 Hz and 300 Hz ( fig. 9b) and
these are excited primarily by vertical signals,
althouçh the latter can also be seen in the lateral
responbe trace. Frequency response of the arm
on lateral modulation at alower level ( fig. 9c) is
virtually blemish- free, but the more telling outof- phase components trace ( 2nd down) reveals
modes at 140 Hz, 350 Hz and 510 Hz. These
resonances were unusually insensitive to
feedback and this suggests that they are well
damped. On balance it is obvious that the ALT- 1
is structurally alot less resonant than many of its
competitors, which generally cost a lot more
too. In pure engineering terms, at least, it is a
well- designed arm, being simple but effective.
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Listening panel results
Like the Black Widow, this arm was not very
well received, being marked down on coloration
and accused of sounding 'wiry', ' metallic' and
'thinner in tone' than the reference. High

Audio Technica AT1100
Audio Technica's AT1100 is a particularly
attractive- looking product, being aesthetically
pleasing and well finished. Its manufacturers
have pursued the aim of low mass, allied with
structural rigidity, following European- based
design concepts rather than the traditional Japanese ones exemplified by the Lustre GST801.
The arm tube is tapered for rigidity and it is of
aluminium which, Audio Technica claim, is
heat- hardened
for strength.
A vestigial
headshell platform is permanently attached but
the arm tube is removable at the bearing boss for
quick
cartridge
changing
if
desired.
Alternatively, after disconnecting the signal
leads it is asimple matter to slide the cartridge
off the front of the headshell platform, since it is
clamped onto this component by the finger- lift.
Audio Technica draw attention to their
'Dynamic Tracing System', which places the
cartridge stylus in line with or above the
horizontal plane of the pivots. Of this they say
that ' if the location of the stylus is higher than
that of the pivot, a downward rotary force is
generated at times of large amplitude and
increases the tracking force, resulting in stabler
tracing'. Tracking force is applied by acalibrated
undercoupled counterweight and fluid damping
is fitted, but this is deliberately made effective in
the lateral plane only, more of which later.
Single- hole fixing is required, with a hole
diameter of 23 mm. An arm base with a wide
flange screws down over the hole, which can be
made over- large to allow adjustment, and
alignment carried out with asupplied template.
There should be no problem in fixing and
aligning this arm, although the Stanton 881
cartridge sat at the very end of the headshell
platform when correctly set up for minimum
tracking error in accordance with Audio
Technica's instructions. With some cartridges
the arm base may have to be moved closer
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frequencies were described as ' hard', while on
mid- range clarity the ALT- 1 was described as
hard and congested. Bass output was rated as
flabby. On imagery the panel felt that the arm
conveyed less of a sense of space than the
reference, although lateral positioning was
credited as 'good'. Image depth was described
as 'dry' and 'shallow', while tracking was rated
fractionally below the reference subjectively.
Overall, the reference was described as
'warmer' by the panel and more coherent in
every way. Mid- emphasis of the ALT- 1 did, in
their opinion, emphasise clarity but this feature,
and flabby bass, became tiring after awhile and,
on the whole, reproduction from the arm was
disliked as a result.
Ibroadly concur with the observations but
feel that the final judgement is harsh. Ifound the
ALT- 1 coloured by a 'tinniness'—as if music
were being played through atin can—and it did
have the forward mid- band hardness so roundly
criticised by the panel. While the effects weren't
pleasant, Ididn't feel that they put this arm outof- court by any means. There was areasonable
degree of clarity to images, and presentation
was on the whole competent, although less fullbodied and natural than the reference. Iwould
rate bass output as slightly weak, at least with
the particular cartridge used in my own listening
tests. Taking into account price differentials, I
feel the ADC ALT- 1 to be quite acceptable.

toward the pivot than the point specified by the
manufacturers, which will upset geometry
slightly. The arm is adjusted against asupplied
alignment protractor that places the inner
tracking zero at 62 mm, acommon and correct
figure. If alignment with this protractor is carried
out carefully so that final alignment is not in
error, then the arm will be accurately adjusted
for least distortion due to tracking error ( fig.
10a). Considering the cost of this arm Iwas
surprised that it is impossible to tilt the cartridge
in the headshell by any means, but arm height is
adjustable
at
the
pillar.
The
single
counterweight provides a cartridge weight
range of 4.2-11-5 g and I found that the
AT1100 would not accept Ortofon LM low
mass cartridges, for example, nor will it accept
integrated cartridges, of course, since there is no
conventional removable headshell. Like the
Black Widow, this arm is in the anomalous
position of being alow- mass design that won't
accept low- mass cartridges. A maximum
calibrated tracking force of 1-5 g was low,
although greater tracking force can be applied
and the bias compensator is marked to 2g. I
found both systems accurate.
The bearings of this arm were very well
engineered and possessed negligible detectable
slack, while allowing free movement. Audio
Technica have been successful in their quest for
low mass too, since effective mass of the
AT1100 measured 4 g, avery low figure leading
to low frequency resonance occurring at 12 Hz
with the Stanton 680EE cartridge. I fail to
understand the rationale behind the damping
system on this arm, though, and it seems illthought- out. As Isaid in the introduction, warp
excitation is essentially vertical and mechanical
control is applied to prevent random movement
or oscillation of the arm in this direction. While
there is lateral oscillation too, damping is usually
lighter in this plane. The amount of damping

that should be applied to control oscillation in
these planes is an open subject that could and
does support endless argument, but Ican't
personally see much of acase for applying it in
the lateral plane only, allowing uninhibited
vertical oscillation. Furthermore, Audio Technica
have placed the damping bath so close to the
pivots that it has little effect in any case. Measurement showed that there is a 2dB reduction
in output at resonance from lateral modulation,
while there is no detectable effect on either 45°
or vertical modulation. The degree of damping is
not variable, but it can be removed completely if
desired by undoing two small screws to release
the damping bath.
There are anumber of structural resonances in
this arm ( fig. 10b). There is a laterally excited
mode at 120 Hz, and vertical modes at 120 Hz,
300 Hz and 420 Hz, all of which were well
damped. However, the AT1100 is unusual in
possessing aresonance above the range of the
test track used for this graph ( CBS STR120), but
fig. 10c shows it to be a serious lateral mode
resonance at 580 Hz. It also confirms the lateral
resonance at 120 Hz and shows that the arm is
microphonic here too. For such an expensive
and apparently sophisticated arm, these results
are unimpressive.
Listening panel results
The panel reviewed the arm first without
damping and it received afairly warm reception.
High frequency coloration wasn't strongly
identified and the arm was felt to be neutral here,
but in the mid- band the arm was felt to be more
forward than the reference, although revealing
less instrumental timbre. Bass was classed as
'slightly resonant' and less controlled. The panel
generally rated this arm highly for clarity right
across the audio range, feeling that it was more
delicate, detailed and natural than the reference.
Similarly, image precision was highly rated but
there was some equivocation about depth of
imagery, with the panel feeling that some
ambient information was lost and the sound
stage consequently more shallow. Subjectively,
tracking ability was rated above the reference.
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Overall, the AT1100 was classed by the panel
as having apleasingly detailed and clear sound,

Ultracraft AC300 Mk II
The distinguishing feature of this arm is its
unipivot bearing. Unipivots possess low
friction, allow great freedom of movement, and
provide very stable location. Their disadvantage
is one of pendulum oscillation of the arm
assembly unless damping is provided, and on a
practical level they are often difficult to set up
and use, tending to lean one way or another
when handled. Since handling convenience
seems to be one of the first axioms of good
design to the Japanese, it is not surprising that
Ultracraft ( a Japanese company) have tackled
the practical difficulties fairly successfully with
this product. The upper moving arm assembly is
permanently attached to the base pillar and
cannot be lifted off its pivot. Damping fluid is
applied through an opening in the top of the
bearing boss and sits in acup concentric with
the pivot. A hemisphere attached to the upper
arm is immersed in this and fluid drag on its
surface
provides
the
damping
effect.
Adjustment of damping level is achieved by
altering the depth of immersion of this hemisphere. The upper arm assembly is, in effect,
raised or lowered by afinger wheel on the boss
and consequently the arm lowering platform
can also be adjusted to compensate for altered
arm height. Lateral balance, anecessary feature
on unipivots to stop them leaning drunkenly in
one direction or another, is achieved by screw
adjustment of asub- weight that moves across
the arm axis against ascale. This is asimple and
fast method of balancing and the scale allows a
particular position to be returned to after
cartridge changing, for example. The AC300 Mk
II has a removable arm tube, placing the
connector close to the boss to reduce effective
mass. A calibrated counterweight applies
tracking force and afalling weight provides bias
compensation.
The review arm was supplied with a normal-

although with less bass control. On balance,
though, the panellists liked this product. Later
on the arm was auditioned again with damping
applied. Results were much the same except
that upper bass congestion was cleared up and
there was some improvement in mid- band
clarity. These improvements, Ifeel, are typical
subjective benefits of the use of damping.
Iused the arm with damping and, in spite of
my reservations about certain technical features
of this product, found that it provided excellent
sound quality and was an improvement on the
reference. Reproduction was clearer, more
tactile, and there was much more detail apparent,
on strings in particular. Ifound that finger action
on guitar strings stood out immediately, for
example, and there was often more body around
instruments.
Some
background
metallic
coloration was evident, but its effect was more
than assuaged by the general high standard of
reproduction this arm achieved. Bass output
was firm, but not heavy, and overall tonal
balance excellent as a result.
These
results
may
seem
surprising,
considering my observations about the AT1100
in the introduction, and it is possible that the
580 Hz resonance in this arm was responsible
for artificial accentuation of certain musical
features. However, Idoubt this and while both
the panel and Idid detect the coloration due to
resonances, ultimately its negative effect was
outweighed by this arm's other attributes.

sized nut to secure its base, which needs single
hole fixing. However, you can get a far larger
and heavier stabilising nut if required, although
it would not be suitable for decks with floating
suspensions such as the Ariston, for which it is
recommended. As it stands, the base supplied
weighs 284 g, which is quite heavy, and needs
at least 8 cm clearance beneath the deck,
measured from the top face. A template is
supplied for arm pillar positioning and for
setting overhang, but the entire alignment
technique is so poor with this arm that there is
only a slim chance that an owner will end up
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with correct results. I can only recommend
abandoning the instructions, which need
revision, and setting up using an alignment
protractor instead. Arm geometry, which is suboptimal on the AC300 Mk II in any case, is then
less of a problem and it should be possible to
adjust for low tracking error. A typical resultant
tracking error curve is shown ( fig. 11a).
Arm height and headshell tilt can also be
adjusted, the latter being achieved by altering
lateral balance. The headshell itself is fixed. Of
this group, the AC300 Mk II is worst of all in
cartridge weight acceptance and by any
standards must be considered to be a poorlythought- out design. Like the Black Widow and
AT1100, it is a low- mass arm incapable of
accepting low- mass cartridges, the lowest
weight being no less than 7g for 2g tracking
force. Since there are a great number of
cartridges on the market weighing less than 7g
(or 6g min. for max VTF of 1.5 g), weight will
often have to be added to the headshell in order
to get the arm into balance. The maximum
calibrated tracking force is low at 1.25 g, but you
can exceed this, taking into account that each
division on the counterweight represents
0.25 g. In spite of its unipivot design Ifound the
AC300 Mk ll easy to set up and use.
Bearing pivot friction was negligible and arm
location excellent, since no free play exists.
Although the arm appears a low- mass design,
effective mass does in fact measure 8g, about
right for general purpose usage, making this arm
suitable for most moving- magnet and many
moving- coil cartridges. Low frequency arm
resonance occurred at 11 Hz with the Stanton
680EE medium compliance cartridge, and
altering the damping from light to heavy had
absolutely no effect upon output at resonance at
all. This is not surprising since the damping bath
is concentric with, and close to, the pivot,
allowing it no retarding moment. It successfully
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reference, leading to warmer, boomy and softer
bass. Mid- band clarity was rated on apar with
the reference, or atrifle more delicate, but bass
clarity again suffered the same comments about
'confusion' and 'woolliness'. Generally, the
panel rated the high frequency performance of
the arm more highly than that at low
frequencies. Image precision and depth were
both rated beneath the reference and tracking
was felt to be less secure on musical climaxes.
Overall the panel were fairly happy about this
arm's performance and praised its definite
rendering of music, greater immediacy and well
reproduced transients. Loss of bass solidity was
noted.
I am less inclined to agree about the
properties of this arm than any of the others in
this report. Ifind it mediocre in performance and
feel it is plagued, in particular, by lack of depth,
presenting arather ' papery' flat image lacking in
dynamics and inherent interest. The sort of
performance that makes you go to sleep, if you'll
pardon the observation. Tracking was also
rather more suspect than with most arms.
Generally, under the conditions in which Iused
it, the AC- 300 Mk II had little to offer.
prevented the arm from rocking about on its
pivot, but achieved little else. In fact, there is a
central slot in the hemisphere to allow vertical
arm movement over warps and this must further
reduce any damping effect in the vertical plane.
All- in- all this is another poorly- thoug ht- out
damping system.
There are serious resonant modes at 120 Hz
and 380 Hz in the structure of the arm ( fig.
11 b). Vertical modulation excited both of them,
but the higher mode was less sensitive to lateral
modulation. Both aberrations can be seen in fig.
11c, where the lower mode is excited by
feedback, indicating that the arm is also
microphonic at this frequency.
Listening panel results
In its handling of high frequencies, this arm was
rated highly, being less upset by sibilance but a
trifle bright, or sharp according to the panel. The
mid- band was felt to be coloured by a slight
nasality, while at low frequencies the panel
thought the arm displayed less control than the
8 AMPLIFIERS

Conclusion

As Iintimated in the introduction to this report,
there's alot one can find to criticise in pickup
arm design. The combination of old and new
ideas among this group of products is often an
uneasy one, although please don't think that the
old tubular ' battleships' suffered any less from
structural resonances, for example, than the
lightweight and apparently more flimsy designs
reviewed here.•Lustre £ 151) have developed
the traditional S-shaped arm, complete with
removable headshell, to provide a formidable
performance. Technically this product looks
excellent, except, of course, for its enormous
effective mass, which is too extreme to make it
suitable for a great number of modern highcompliance
moving- magnet
cartridges.
However, my own feeling is that high mass has
its own benefits, if it can be tolerated, and one
might be better off not playing warped records
than rejecting a product like this for some
inferior low- mass design. The most obvious
application for this arm is in supporting moving-

from page 100

Costing alittle more than the BGW, the British Exposure represents a
somewhat over- engineered design of nonetheless good quality, for what
it lacks in maximum output level it makes up for in load tolerance. Rather
sparse in terms of facilities, the moving- magnet input circuitry may
be swapped for moving- coil, and while the RIAA errors are worse than
most, with anoticeable lift towards 20 Hz, the lab results are otherwise
very good, with a low capacitance on the m- m pickup input allowing
flexible matching with proprietary capacitance modules.
The SAE combination essentially performed well in the lab tests, except
on the pickup input which is not recommended for lower output cartridges
due to its lowish sensitivity. The RIAA equalisation tended to ' brightness'
on tonal balance, and while the amplifier is load tolerant, on the whole it
seems rather costly for the output produced, and Ifound the mechanical
hum level annoying, although this might well vary between samples.
The Quad 44/405 combination presents adifficult case, best resolved
by stressing the unusual versatility of the preamp. Both tone controls and
filters have been intelligently designed to cope with adverse acoustics and
variations in program quality, while the fully buffered tape facilities are
remarkable—not only for their input/output level/sensitivity selections,
but also for their ability to drive studio 600 ohm loads, aDolby-A unit, for
instance. The modular approach permits up to five of each type of input,
with the disc modules accepting four of either moving- magnet or movingcoil cartridges, as well as offering several options as regards sensitivity and
input capacitance. Three convenient shuttered three- pin AC outlets are
also included.
The 405 performs well into normal 8ohm loads up to a21 dB/W level,
but, subjectively speaking, deterioration sets in rapidly beyond the clip
point, while adverse loads ( either highly reactive or low impedance)
severely curtail the output, and 4ohm rated speakers are inadvisable.
The system frequency response via pickup is narrower than usual but
not unduly so, and little adverse subjective comment was attracted on this
score. A price penalty is naturally incurred for the degree of versatility
offered, and the two units are by no means cheap; however, if your
speakers are suitable and possible overload conditions are not envisaged,
then the 44/405 combination is capable of fine results.
Although possessing broadly similar speaker load limitations to the
Quad, when overloaded the Sony was subjectively kinder, and could in
most cases be driven alittle harder if required. Astraightforward integrated
design, with all the usual facilities, the Sony did, however, incorporate a
moving- coil input of good performance, and with its generally neutral
character and effective peak power meters, it undoubtedly represents a
108

coil cartridges and a number of medium
compliance moving- magnet types, which come
mainly from Japan.
For general usage, though, Audio Technica's
AT1100 (£ 174) was the prime contender
among the five arms here. Although it suffers a
number of structural resonances and can be
questioned technically in this and other areas,
there was no doubt from either the panel or
myself that it does nevertheless achieve an
excellent standard of sound quality. Isuspect
that areasonable degree of structural damping
keeps the resonance problem aurally submerged.
While the panel unanimously disliked the
ALT- 1 (£ 39), Icannot be too dismissive about it
since it again displayed the ADC advantage of
low price with, relatively speaking, reasonable
results. While not a match for the Audio
Technica or Lustre, Ifound it stood up well
enough to the Black Widow or AC300 Mk II
with the 881S cartridge, while being less than a
third of the price. It is well- designed from start to
finish and technically withstands serious
criticism. In both structural rigidity and tracking
geometry the ALT- 1is actually superior to 90%
of its competitors, for example, irrespective of
price—asobering thought. Quite why it should
not sound better than it did is, frankly, beyond
me. Nevertheless, for those buyers in the market
for areasonable arm at a reasonable price the
ALT- 1is as good as any.
While the panel liked Ultracraft's AC- 300 Mk
II, I
could find little to be enthusiastic about in my
own listening tests and so unfortunately it
remains an enigma in this conclusion. If you are
interested in this product, seek athird opinion if
possible. Technically, it is somewhat weak
according to the parameters Iuse to gauge
performance, but it would of course be foolish
of me to claim that these are the sole arbiters of
subjective quality. Of more interest in
Ultracraft's range of arms are a12 in. unit and a
brass version of this arm claimed to be suitable
for moving- coil cartridges. Price £ 198 inc. VAT.
Infinity's Black Widow (£ 129) received little
praise from any quarter in this review.
Obviously, it is most suited to very high
compliance cartridges, but it really is knocked
out of court by available competition from
Audio Technica and SME, even in this area •

good amplifier design, always bearing in mind the load limitations
outlined above.
At asimilar price level the Pioneer SA8800 lacks the moving- coil input
of the Sony but makes up for this in sheer 'muscle'. Almost any load may be
applied without significantly degrading its basic 20 dB/W output level,
while the overall lab performance is exemplary, with the moving- magnet
input unusually quiet, sensitive, accurate and versatile as regards input
impedance options. For amoving- magnet cartridge user with aliking for
more difficult impedance speakers, the Pioneer is certainly worth
considering.
The Rogers is similarly priced to the Sony and the Pioneer, and while
rated at 17 dB/W, it nonetheless delivers atypical 19 dB/W ( 80 W) on
program and is pretty load tolerant. The lab performance was to ahigh
standard, though the pickup equalisation could have been alittle more
accurate, the tonal balance also tending to the slightly ' bright.' Its
performance does present adramatic improvement over its predecessor,
the A75, and my only serious reservations concern the external finish
which has atouch of the ' handmade' quality about it, in comparison with
the excellent Japanese standards to which we have become accustomed.
In addition, the level of mechunical hum from the power transformer
proved tolerable only if the unit . vas sited nearer to the speakers and some
distance from the listening pos tion.
From the listening tests and test work carried out in the new format, it is
beginning to look as if the numerical output power quoted in manufacturers' specifications is not aIthat important. When adB power rating
system is used, the differences between amps of greatly differing price
becomes relatively small, particularly when difficult loudspeaker loads are
considered. If fine differences ir frequency response are accepted as being
not very important in the long turm, or relatively unimportant compared to
the differences in program balance, then the preferences shown on the
listening tests become less important.
When choosing an amplifier, quite apart from price, power and facilities,
it is essential to consider the matching of your cartridge ( m- cor m- m) and
its preferred load conditions, and, at the other end of the chain, the
compatability of your chosen loudspeakers in terms of impedance
matching to the amplifier, since it appears to be these two areas which are
most important to the subjective quality and loudness of the system. In
general, provided that the above criteria are met, increasing price will
provide improved finish; quality of construction; reliability; a small
increase in loudness; and, of course, facilities such as more sophisticated
tone controls and more varied input and output options. •
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HERE'S no shortage of ideas in pickup cartridge design at present, and
no shortage of new cartridges springing from them. It wasn't difficult
to find ten products for this report and they were undoubtedly an
interesting bunch to review.
The group contains two conventional moving- coil designs, the Coral
MC81 and Fidelity Research FR1 Mk 3F. Both of these need step-up
devices, which may be either asmall headamp or aspecial transformer.
Generally speaking Ifeel that the former is preferable in terms of pure
sound quality, although there are one or two transformers about ( e.g.
Ortofon T30) which are the equal of most good headamps in sound
quality, whilst being superior in their lack of noise. When considering
prices and value, remember to take into account the extra cost of astep-up
device with these m- ctypes.
Attempting to gain the attributes of the conventional moving- coil
cartridge while avoiding its prime drawback of low output, high output
m- c designs are steadily increasing in popularity—at least with manufacturers. Technically, they appear to be an excellent cross-fertilisation of
techniques, but in practice the sound quality has often been disappointing. There are two in this group, the Satin M11 7S and Westrak 501 PH.
Satin have also provided their high- output range with auser- replaceable
stylus system, so skirting the other major drawback of most m- ctypes. The
Westrak does not boast this feature.
And then, of course, there is the ever- popular moving- magnet type,
represented by the remaining six products within this group. They are the
Empire ED R9, Ortofon LM30, Nagaoka M P50, Glanz MFG- 71E, Shure
M97 HEand Goldring G900IG C. Sometimes considered inferior in sound
quality to the best m- c types, the moving- magnet cartridge remains
enduringly popular for its low cost, high output ( relatively speaking) and
user- replaceable stylus.
Is the moving- coil cartridge inherently better? Curiously, the property
responsible for its low output—necessarily few coil turns—is also
responsible for an inherantly flat frequency response. The moving- magnet
type has, in contrast, a falling electrical response at high frequencies
which then has to be compensated for by arising mechanical response.
This is acompromise that has traditionally affected sound quality—albeit
only very subtly in the best models. It isn't commonly appreciated, either,
that moving- coil cartridges are no less efficient as generators ( often more
so) than moving- magnet types. In power terms ( this takes into account
cartridge impedance) a typical moving- magnet cartridge will deliver
around 5 nW. For example, the Ortofon LM30 in this report would deliver
4.3 nW ( nano- watts, or 10 -9 W) into a matched load. In contrast, the
Coral MC81 delivers 9 nW under the same conditions, whilst the Westrak
delivers an enormous 40 nW. Load- matching an m- c cartridge with a
step-up transformer gives a signal-to-noise ratio advantage, ignoring
possible hum pick-up. Unfortunately we don't load- match m- ccartridges
when using aheadamp, so this advantage is often lost. Nor do we loadmatch moving- magnet types, since there would be a rolled- off treble
output due to their high inductance ( all those coil turns again). All this
complicates matters. If, however, the LM30, or any other of the m- m
cartridges, were as efficient as the Westrak it would deliver no less than
11 mV output.
Squeezing more output ( volts) from the m- c cartridge in order to
eliminate the need for atransformer or headamp is just one current line of
development. This is achieved by employing more coil turns, a more
powerful magnet and an efficient magnetic circuit. Coil position along the
cantilever has an effect too, but there is a balance to be struck here
between output and effective tip mass, the latter controlling both tracking
ability and smoothness of response at HF. Increased coil turns without
suffering a weight penalty is achieved by use of ultra- thin wire, usually
made from aluminium, or even silver, instead of copper.
But while some companies are busy putting more turns on moving- coil
cartridges, others have taken the opposite approach and are busily taking
turns off the coils of moving- magnet cartridges! This reduces coil
inductance and gives the electrical generator section of the cartridge a
more easily matched HF output. Technics have had most success in this
respect, reducing coil inductance on their EPC-100C Mk 2 movingmagnet unit to 33 mH while still maintaining enough output to feed an
amplifier directly. Of the moving- magnet types in this report. Glanz have
achieved low inductance 'since the magnetic circuit is not aclosed circuit
from the point of view of the side of the coil', as they claim in their patent.
This gives the MFG- 71E tested here an inductance of 120 mH, which is
very low compared with acommon m- m figure of around 600 mH. The
effect is to extend the usable HFresponse of the generator, when feeding a
47 k amplifier input, to around 60 kHz. Empire point out that their
cartridge is unaffected by amplifier input load, and in fact the EDR9
displayed ameasured impedance at 1kHz of 2.5 k, giving it an inductance
of around 380 mH, which is still low. The other four moving- magnet

types, from Goldring, Shure, Ortofon and Nagaoka, all possessed inductance values ranging from 500 mH to 700 mH—fairly typical values.
Before leaving this look at the basic generator and changes being made
in it, Ishould quickly point out that Ihave been using the term ' movingmagnet' generically, meaning all electromagnetic cartridges that don't rely
on the moving- coil principle. There are many systems where alightweight
permeable armature is attached to the cantilever and strong magnets are
then placed in the body to form amagnetic circuit ( variable reluctance) or
induce magnetism ( induced- magnet). Other names are to be found for
variations on these principles, such as Ortofon's Variable Magnetic Shunt
(VMS), for example.
The components that all cartridges have in common, irrespective of
operating principle, are astylus to trace the record groove and acantilever
to transmit the movements of the groove to the generator in order that a
signal may be produced. Since 1971, when Nono Shibata started filing
world patents for his novel stylus shape, we have seen asteady flow of
proprietary designs that attempt to achieve the same end of extended
groove contact along the vertical axis of the stylus. The general approach
is to reduce the radius of contact ( in the fore-and-aft direction) in order to
minimise tracing distortion, but extend the length of contact ( up the two
groove walls) in order to avoid excessive pressure on the elastic vinyl. Nine
of the ten cartridges here feature special styli. The odd one out is the MFG 71 E from Glanz, but Glanz do make a line- contact version designated
M FG - 71 L.
The Shibata tip was popular until the last few years, when modifications
of the shape ( doubtless carrying the advantage of patent avoidance) have
been employed by most large companies. Shure have their Hyperelliptical
tip, Empire the LAC ( Large Area of Contact), and Ortofon their FL ( Fine
Line) tip, to name but afew. Many of the new designs are quite different
from the basic Shibata. Shure's Hyperelliptical, for example, is symmetrical in plan view. Goldring have just adopted another new shape,
called the Van den Hul, discussed in Basil Lane's article ( p. 75).
In practice, early Shibata and Parabolic tips would spit and crackle and
were often quite upsetting; they often produced afairly coarse sound too.
Diehard proponents of these shapes claim that the nastiness they can
produce is actually recorded into the groove and is proof of their superior
recovery of information, an argument that is difficult to counter! However,
experience suggests that the problems with these tips may be as much a
function of accuracy in grinding, smoothness of finish, or alignment on the
cantilever, as due to the nature of their basic shape. Ihave for example yet
to be offended by an Ortofon line contact tip, whilst Ihave heard both
good and bad versions of Stanton's 881S. My inference is that every
cartridge should be judged on its merits; even different samples of the
same model may show variations. Line contact styli are very sensitive to
arm height adjustment, and VTA adjustment.
The subject of variability brings me to the tests that were carried out on
these ten cartridges. The responses of three versions of each cartridge
were recorded to check on sample variability. The results for nine of the ten
can be seen in fig. 1and are discussed in the text relating to each model.
(The tenth, from Fidelity Research, was a late arrival.)
In addition to variation between samples, some cartridges are noticeably affected by temperature. ( Ihave now tested, for example, four
Nagaoka MP5Os and not only do results vary between samples, but they
also vary with temperature.) In all instances, an increase in temperature
produces an increase in treble output due to softening of the cantilever
hinge. Whilst the particular sound character of acartridge may remain the
same in these circumstances, improvements in tracking and treble quality
may be detected.
Although Ifeel it is necessary and useful to subject hi-fi equipment to
critical objective test work, the subjective assessments arrived at through
panel listening tests still remain of prime importance, especially with
transducers such as pickup cartridges or loudspeakers. It is for this reason
that Irarely bother to expound in any detail the nature of measurements
carried out. It is hazardous to try and draw any conclusions about sound
quality of a cartridge from test results alone, since the tests we can
currently apply just aren't sufficiently comprehensive. Furthermore, no
reliable information exists on the link between objective performance and
subjective effect in pickups. But from my own experience Ican offer afew
guide lines. Frequency response is important, and adeeply falling uppermid- band will produce a dulled, closed- in sound. An HF peak will
produce scratchiness or anasty edge, but agentle fall in response at high
frequencies will generally make a cartridge sound smooth and silky,
provided there is no peak. Treble humps are anew characteristic in high
grade pickup cartridges, especially with moving- coils, and if not too
violent may make aunit sound clear and exciting—initially. But the sound
is likely to become fatiguing and unnatural after awhile.
Listening tests were spread out over two days, and Iwas delighted that
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Fig. 1—These sample variabi iy graphs show va iation in frequency esponse
between three samples of each cartridge.

this time we could use apair of Mission 770s as monitors. They proved to
be lucid and beautifully sweet. As before, we used two Pioneer PLC590
turntables feeding aHitachi HCA-7500/H MA- 7500 pre-amp/power amp
combination. One turntable carried areference cartridge, in this instance
an Ortofon MC20 Mk II, which was used only as a steady 'transfer
standard' not as astandard of goodness. Long sequences of music were
played for relaxed listening and then shorter ABs were used to highlight
certain types of effect. Musical excerpts used were as listed just below.
Finally, Ishould point out that to avoid feedback the turntables sat on a
2cwt sand- filled shelf attached to outer structural walls. Also, to avoid the
influence of lateral tracking error and related distortions, each cartridge
was aligned on an ADC magnesium headshell with extreme accuracy,
using an Elite alignment protractor. The listening panel of four could not
see and were not told which cartridge they were listening to.
Recordings used in listening tests:
'Showpieces for the Violin': Hanson/Brown Enigma 53537
Richard Strauss: 'Waltzes from Der Rosenkavalier': Dresden
StaatskapellelKempe ASD 3074 ( now reissued on SXLP 30428)
Practical HiFi test and demonstration record: '
News'—Dire Straits; ' Don't
hang up'—/Occ Philips 6840 010
Fleetwood Mac: Rumours—' Go your own way' Warner Bros K 56344
Discs used were consecutive pressings from the same stampers
Test discs: JVC TRS 1005 & TRS 1007
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The stylus carrier is positioned and held by two small Allen screws
which, in Nagaoka's words ' has eliminated occurrence of resonance at the
replaceable stylus section and improved sound quality'. The stylus
cantilever is of boron for strength and it sports a 'superellipticar stylus.
The quoted optimum tracking force is 1 - 3g and at this setting the
cartridge rides a reasonable distance off the disc surface, allowing it to
clear ripples and warps without difficulty. The high body weight will
swamp the potential of a low- mass arm, but to use a high- mass design
could be disastrous. Low to medium mass types are the most suitable.
The cartridge does not have an integral stylus guard, which is to be
expected in view of Nagaoka's worry aboutvibration, and both cueing and
stylus cleaning were unobstructed and straightforward.

Measured performance
Recommended loading for this cartridge is 47 k in parallel with 100 pF,
which means that low- capacity signal leads are essential. When feeding
this load the output begins to fall in the upper mid- band, with avariation
of 1dB or so between samples. As Imentioned in the introduction,
though, the M P50 is temperature sensitive and can reach — 3dB in a 'cold'
room ( below 20 °C). The MP50 generator has a high mid- band impedance of 3.8 k, suggesting a high inductance of around 590 mH. This
contributes to the HF roll- off. Low tip- mass puts tip- mass resonance at
25 kHz, so failing to hold up the output within the audio band. This is the
normal expedient for achieving a flat response with high- impedance
fixed- coil cartridges.
FIG. 2A DISTORTION - LAT. MOD.
(a) Distortion produced ( 2nd and 3rd harmonics) on
lateral modulation of 44.8 pm peak amplitude at
300 Hz.
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Nagaoka M P50

IEC/OIN SIANOARO
201 5'

The MP50 tops alarge range of cartridges from the Japanese company
Nagaoka. It works on the induced- magnet principle, with a small
permalloy tube attached to the top of the cantilever and amagnet placed
directly above it in the cartridge body to induce afield in this element. The
claimed advantage of this system is reduction of effective tip mass, the
permalloy element being lighter than amagnet.
There are a number of unusual features on the MP50 that indicate a
degree of attention has been paid to the more obscure points of cartridge
construction. The body is of ' impacted aluminium' and has flat, parallel
sides which facilitate accurate alignment. At 9git is very heavy, although
within the 10 g upper limit of many tone arms.

Nagaoka
MP50:
Typical
selling
price f79
Importer: J. Osawa & Co ( UK) Ltd,
10 Forge Court, Reading Road, Yateley,
Camberley, Surrey

(b) Vertical tracking angle error relative to the IEC
Standard of 20'. Since distortion on vertical modulation
is usually proportional to this error, this. also provides
agraphic representation of relative distortion levels
due to VTA error.
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Increasing the capacitance to 300 pF brings up the mid- band at the
expense of extreme treble, these results being shown in the upper traces of
fig. 3a. It is worth experimenting with higher capacitance. The in- band
response of this cartridge is quite reasonable, with no peakiness.
Separation between channels was poor and unbalanced, suggesting a
restricted image width but strong central images. But practice doesn't
always accord well with theory in this area.
High body mass and high compliance caused the LF resonance to be
low at 6Hz ( fig. 3b), with the cartridge mounted in aLustre GST801 arm
(with ADC headshell), the effective mass of which is 21 g. Mounting the
M P50 in alow- mass arm of 6g would, due largely to its own weight,
result in afrequency change factor of x1-4, moving the resonance from
6Hz to 8-4 Hz. This illustrates the limited benefit of using alow- mass arm.
Tracking ability was reasonable at 300 Hz but relatively poor in the midband. Distortion on lateral modulation was fairly low at 0-8% ( see fig. 2a)
and on vertical modulation was the lowest of the group at 3-5%, due
largely to its vertical tracking angle of 18°. This lies towards the lower end
of the 1EC limit of 20° + 5° and close to the US preferred cutting angle of
15°. The figure looks like agood compromise. Output was much higher
than Nagaoka's spec, but comparable with that of similar cartridges at
4.6 mV for 5cm/sec rms modulation velocity. Channel balance showed
an error of 1dB, which is acceptable.
Listening panel results
The M P50 was auditioned in both listening sessions to check the
continuity of the subjective assessments. On both occasions it was
marked down on treble coloration, but the panel were confused about the
cause. Treble clarity was placed close to that of the reference and there
was some ambivalence in judgements here. The panel consistently judged
the mid- band as slightly murky or thick in coloration, but in spite of this
unanimously marked it up for clarity, feeling it had alot of detail and a
good dynamic. Poor mid- band tracking was pinpointed, though. Bass
was rated as ' powerful', although the quality was judged to be better in the
first session. Image precision and depth were liked, with comments on the
solidity and clarity.
On tracking, the cartridge was liked in the initial session and rated upon
the reference, but this situation reversed on the second session, when it
was marked down.
NAGAOKA MPS°
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From their overall comments the panel were generally ambivalent in
their feelings about this cartridge. It was liked, but with reservations.
Generally, the mid- band was liked for its clarity but people were upset by
the treble. The cartridge has an identifiable tracking problem and this was
certainly a contributory factor in the reservations expressed.
Measurements showed that even before mistracking occurred, third
harmonic distortion began to increase significantly and two panel
members noted that they could hear the distortion with this cartridge.

Ortofon LM30
The LM prefix of this cartridge refers to its most obvious distinguishing
feature: Low Mass. Being of such small size and low weight does make it
(and the LM 20) aperfect practical embodiment of acartridge designed to
accord with current theories on the advantages of low total effective mass
in any arm/cartridge combination. The benefits are improved warp riding,
reduced sub- sonic output, smaller dynamic variations of tracking force,
and lower distortion. A weight of 2-7 g is at least half that of most
competitors and this will on many occasions lead to difficulties with initial
arm balancing. If this is the case, then extra weights fitted under the
cartridge can be used. One is 1mm thick and weighs 1-6 g, while the other
is 1.5 mm thick and weighs 2-2 g. These are capable of increasing
cartridge weight to amaximum of 6.5 g, afigure most arms will cope with.
Ortofon LM30: typical selling price £ 50
Importer: Harman UK Ltd, St. John's
Road, Tylers Green, High Wycombe,
Bucks

Since stylus height is 15 mm, lower than normal, an increase of 2.5 mm on
this figure is generally for the better, decreasing vertical tracking angle and
so reducing distortion.
The LM30 works on Ortofon's patented Variable Magnetic Shunt
principle, which has many similarities to induced magnet types, with, in
this instance, a ring magnet placed concentric with a lightweight
permeable element on the cantilever. A line contact stylus is used and
recommended tracking force is 1-5 g. As with most Ortofon cartridges,
disc clearance is limited, but the compliance is not great and bottoming
should not be a problem. A higher compliance (' H') version of this
cartridge is available. Generally, it is best to match this cartridge with low
or medium effective mass arms. With a6garm the resonance would occur
at around 11 Hz, for example.
The stylus guard is removable and cueing unobstructed as a result.
There were no problems in mounting this cartridge.
Ortofon recommend that this unit, like all their non- moving- coil types,
work into ahigh capacitive load of 400 pF. Padding capacitors that clip
onto the output pins are available.
Measured performance
Overall response of the LM30, shown in fig. 4, shows the steadily falling
HF output, with a2dB drop visible on the left channel. Other samples
were better than this, though, with slightly less treble loss. Reducing the
capacitive load makes matters worse, as the top trace shows. However, the
overall characteristic is asmooth one and separation also proved to be
wide, even at 20 kHz, the point of tip- mass resonance. There was some
additional HF loss on vertical modulation, but since the lateral response is
much like the left/right response, the stereo stage will remain coherent. As
fig. 4shows, the output drops rapidly above 20 kHz, effectively attenuating the distortion products. The LM30 gives avery clean treble signal on
test, primarily for this reason. The LF resonance occurred at 7Hz ( 45°
mod.), suggesting amedium compliance value of 22 cu. Ortofon quote
compliance as 25 cu ( 10 Hz, lat. mod.) which is a relatively good
correlation considering the variables involved. Dynamic compliance is
similar to static at these frequencies.
Tracking performance was good at LF and in the mid- band. As usual
with Ortofon cartridges, lateral distortion levels were low, but asurprisingly high vertical tracking angle of 28° on the review sample pushed
distortion on vertical modulation to 7.4%.
Output was extremely high at 6.9 mV for amod. velocity of 5cm/sec
and this provides agood S/N ratio. The cartridge may run one or two older
preamp designs into overload, though, especially at HF.
Listening panel results
The LM30 was auditioned twice during the second listening session to
gauge the consistency of results within the session—and it gave the panel
ahard timel It was rated down against the reference on treble coloration,
while some sibilance effects were noted together with a 'flat top- end' with
'HF roll- off'. On treble coloration it was rated close to reference, with some
disagreement as to whether it was marginally better or worse.
The mid- band was liked for its smoothness and lack of coloration and it
was also rated very highly for its detailed, clear and precise delivery. In this
respect the panel felt that the LM30 excelled. Bass delivery was
considered clear and free of ' boom'.
On both image precision and depth the LM30 was rated very highly,
with 'secure' and ' precise' images and good depth. Stereo imagery was
praised for ' better placing' and lateral precision, although there was some
feeling on asecond sample that it suffered loss of depth. But overall, the
LM30 was liked and was marked up for its imaging abilities.
Tracking was also liked, but with areservation about HF spitching from
one panellist. Another thought it was very 'confident' on -violins, however,
and on balance the unit was rated more highly than the reference.
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mid- band output and treble by amild amount, as shown in the upper trace
of fig. 5. An extreme treble fall is then produced, however.
Separation measured well and was balanced between channels.
Frequency response on lateral and vertical modulation was very similar to
that at 45° ( ie, left and right channels), giving the stereo stage an even
tonal balance.
Altogether, the G900 measured extremely well in the important area of
frequency response. Furthermore, the sample variability graph ( fig. 1)
shows very good stability of behaviour in this area.
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LF & HF response and ( below separation. The HF response shows the tip
resonance frequency.
On overall ratings one listener enthused about the LM30, describing it
as ' nice, sweet, smooth and detailed'. Another thought it had more finesse
than the reference, while a third accurately described it as a movingmagnet with a line- contact stylus(!) and said it sounded thin. All three
gave it a good overall rating, but the odd man out thought that the
cartridge was generally more lifeless on virtually all material and preferred
the reference.

Goldring G900IGC
The G900IGC is a relatively new product from Goldring which uses the
basic G900 moving- magnet generator system, but is equipped with a
special Van den Hul line- contact stylus of minor ( contact) radius 4-5 pm
(see p. 75). Like Ortofon, Goldring have paid attention to keeping
cartridge weight down to aminimum and all the G900 series units weigh
just 4g. As with the LM30, this is likely to cause problems with arm
balancing, particularly on integrated record decks from Japan. Unlike
Ortofon, though, Goldring don't supply any additional weights to counter
this problem. Consequently, arm compatibility should be checked.
Iexperienced no problems in fitting the G900IGC. Its removable stylus
guard allows aclear view of the stylus in use for accurate cueing, and disc
clearance is reasonable for successful warp tracking.
Goldring recommend atracking force of 1-25 gand aload capacitance
of 150 pF-200 pF, both figures easy to achieve in practice.
Measured performance
With the recommended load, frequency response was very flat, exhibiting
just agentle upper mid- range dip of less than 1dB. Above 10 kHz the right
channel remained flat, but the left output peaked slightly to + 1dB at
16 kHz. Increasing capacitive load had the useful effect of raising upper

Goldring G900IGC: typical
price £60
Manufacturer: Goldring
Products Ltd, Anglian Lane,
Bury St Edmunds IP32 6SS
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LF & HF response and below) separation. The HF response shows he tip
resonance frequency.
Tracking performance was excellent at 300 Hz and exceptional at
1kHz, where the unit was almost alone in coping with asine- wave signal
at 25 cm/sec rms.
The level of distortion produced on lateral modulation was highest of
the group, and this was repeated by a second sample, so it is not an
isolated problem. Performance relative to the other cartridges in this
respect is shown in fig. 2. It is impossible to say what effect this might have
on reproduction—other factors such as tracking performance appear to
have a far greater influence than harmonic distortion—but coloration,
coarseness and grittiness are all possible manifestations. Unfortunately,
both samples tested also suffered heavy distortion on vertical modulation,
8% or more, due to the high vertical tracking angle of 27°.
Output was adequate at 4-4 mV for 5cm/sec modulation velocity, and
this figure tallies with Goidring's spec. Channel balance was good,
displaying 0-6 dB error.
Unfortunately the first sample of this cartridge was abandoned when
the stylus assembly collapsed, although two later samples didn't suffer
this weakness; but taking into account the high compliance of 28 cu at
45° ( compliance is lower vertically), low body- weight and limited disc
clearance, the G900IGC is obviously best suited to low- mass arms.
Listening panel results
Perhaps the most astonishing thing about the listening session with this
cartridge was the degree of unanimity it drew from the panel on just about
all counts.
Treble coloration was marked down against the reference for a ' brittle'
quality and some 'spitch and edge' on vocals. Surface noise emphasis was
also noted by two people. However, the cartridge was rated highly for its
HF clarity, with 'excellent definition and detailing'. Mid- band performance was liked for a 'sweet' quality, for 'good clarity', ' openness',
'excellent definition' etc.
The panel were equally complementary about bass performance, feeling
it was tighter than the reference and both 'strong' and 'clean'. , epraise
continued into image precision and depth, where the unit scored very well.
Tracking performance was rated above that of the reference, although
one listener was worried about the possibility of HF mistracking.
The G900IG C was liked by all members of the panel for its clarity, open

rendition, better dynamics, pleasant bass quality and generally sweet
sound. The presence of aline- contact tip was detected, however, and it
probably had a bearing on both the surface noise and treble coloration
comments
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Glanz MFG -71E
As with Nagaoka, you may not have heard of Glanz. It is aproprietary name
used by aJapanese company called Mitachi, who provide components
under sub- contract to many of the better known Japanese hi-fi manufacturers. Their product catalogue contains many familiar looking items!
The MFG- 71E boasts several unusual features. It is amoving- magnet
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Traces top to bottom: Response obtained through experimen al loading; L & R
responses with recommended oading; L & Rcrosstalk; Lateral response ( left
channel); Vertical response ( left channel).
No

Glanz MFG- 71E: typical selling price £ 72
Importer: Profi Audio Imports,
8Harford St, Norwich NR1 3AY

generator where the magnetic flux directly 'cuts' the signal coils, rather
than via pole- pieces and a magnetic circuit. This, and a one- point
suspension of novel design which supports the magnet at its centre of
gravity, Glanz claim to be advantageous.
The cartridge is light at 5-5 g but should balance out with most arms. I
had no trouble in fitting the cartridge, but with the pivoted stylus guard up
in its playing position you cannot see the stylus and there is no guiding
mark. The cartridge rides close to the disc and will not clear serious warps.
Glanz recommend atracking force of 1-25 g and acapacitive load of
100 pF. However, the generator has such a low impedance that it is
relatively insensitive to load.
Measured performance
Frequency response, shown in fig. 6, was flat within + 1dB limits on both
channels from 20 Hz to 20 kHz and free from peakiness. In this, the MFG71 Ewas much like Goldring's G900IGC. Not unexpectedly, increasing the
capacitive loading to 400 pF had absolutely no affect ( see the top trace).
Separation between channels was wide and well balanced, but there
appears to be a mild resonance at 8 kHz which causes separation to
decrease and the frequency response to dip. The tip- mass resonance
occurs at 30 kHz, validating the claims made for low tip- mass, the
energising magnet being pivoted at its centre of gravity. ( Such elements
are usually placed either in front of or behind the pivot, increasing effective
tip mass.) Response on lateral modulation exhibits a suckout at 8 kHz
which could affect central images and cause veiling.
LF resonance occurred at 6 Hz, which places dynamic compliance at
26 Cu. This is moderately high and, together with limited disc clearance
and low body mass, suggests that the cartridge is best fitted to low or
medium mass arms.
Tracking performance at 300 Hz was excellent and in the mid- band
quite exceptional. The MFG- 71E cleared a 1kHz torture track with an
alacrity that sets it apart in this area.
Glanz claim low distortion figures for this cartridge and again their
claims are proven. It was best of the group on lateral modulation and fared
very well on vertical. The vertical tracking angle was very nearly correct at
21°.
In spite of the unusual generator system the Glanz produced a very
healthy 5-4 mV at 5cm/sec, with negligible channel imbalance. The
sample variability graph shows little variation in performance between
units.
Listening panel results
Like the Goldring G900IGC, this cartridge had a particularly strong
character about which panel members were virtually unanimous. Treble
performance was marked down against the reference for being 'tizzy',
'edgy' and 'forward'. But two panel members accurately identified the
fairly smooth, peak- free treble response. In spite of the feeling of some
coloration, the cartridge was rated up for treble clarity, but two listeners
thought that it sounded forward in this area. Definition was thought to be
good, possibly as a result of this forwardness.
All listeners thought the Glanz suffered some mid- band coloration and
it was marked down in this area. But in spite of this the mid- band was rated
highly for its clarity.
LF performance excited much more comment than usual. Everyone
thought it large and possibly a trifle boomy. However, it was liked for
clarity ani extension. Overall, the Glanz was liked for its bass performance
and was marked up strongly against the reference.
Image precision was felt to be good and rated highly. One member
thought that central images were particularly strong. Image depth was
placed on par with the reference.
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LF & HF response and ( below separation. The HF response shows the tip
resonance frequency.
Tracking was correctly identified by all listeners as being extremely
good and rated accordingly.
Generally. the panel were in agreement about the nature of sound
quality from the MFG- 71E. It was liked but described as 'tonally
unbalanced', and ' lacking in subtlety' and ' less delicate' than the
reference. The cartridge was given àhigh overall rating, but the panel were
suspicious about the 'accuracy' of the sound.

Shure M97HE
The main distinguishing feature of Shure's M97HE is its 'dynamic
stabiliser', an innovation first seen on the V15- IV which comprises a
hinged guard with a brush that sits on the disc surface just beyond the
stylus. The hinge is lightly damped and the stabiliser performs no less than
five distinct and useful functions: it carries the arm over warps; minimising
tracking force variations; acts as adamper, controlling arm/cartridge LF
resonance and reducing subsonic output; comprises a cleaning brush
and static remover; and protects the stylus assembly if the arm is dropped. I
have tested and used many Shure cartridges fitted with the device and it
has always performed faultlessly. The stabiliser can be clipped up if not
wanted, or flipped down to guard the stylus.
At 6-8 gthe cartridge is moderately heavy and certainly not in the lowmass league. It is fitted with Shure's Hyperelliptic stylus which Isuspect is
very similar to types described as Superelliptical, where the basic elliptical
shape is improved to give asymmetrical shape—like the Van den Hul, but
unlike the Shibata. An optimum tracking force is not quoted, but arange of
0-75-1-5 g suggests that 1g is asensible figure to begin with.
The stabiliser obstructs aclear view of the stylus, but awhite cueing line
is provided. Ihave not experienced any problems mounting or using the
M97HE and it rides warps extremely well, due to both the stabiliser and
good disc clearance. Recommended capacitive load is 200 pF-300 pF.
Measured performance
Considering Shure's preoccupation with aflat response for the V15 series,
Iwas surprised at the significant upper mid- band droop of the M97HE,
seen in fig. 7. This type of roll- off is usually a result of high signal- coil
inductance and it is not surprising that avalue of 700 mH was highest of
the group. This gives the generator a — 3dB point at 10-7 kHz when
working into a simple 47 k ( against 60 kHz for the Glanz for example).
Two other samples supplied to check for variability were slightly better in
their response characteristic. Increasing capacitive loading doesn't help
matters, as the top trace shows.
Separation was good, although somewhat unbalanced—atrait Ihave
also noticed in the V15- IV. Tip mass resonance occurs at 21 kHz. Both the
lateral and vertical response curves are identical to the left/right characteristic, providing atonally balanced stereo stage.
The LF resonance occurred at 5 Hz, which suggests avery high dynamic
compliance figure of 36 cu. The dynamic stabiliser compensates for this,
113
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below) separation. The HF response shows the tip

though, allowing usage in most arms. This device worked very well and
effectively controlled the resonance, reducing the subsonic output by
6dB. In theory at least, this sort of LF control should also reduce
distortion.
Tracking performance at 300 Hz was excellent, but the M97HE was
inferior to both the Glanz and Goldring in the mid- band, although by
current standards it managed well enough.
Shure's claim for low tracing distortion from their Hyperelliptical stylus
was verified by measurement, shown in the block graph of levels for lateral
modulation in fig. 2. But while Ihave measured low lateral distortion on
many occasions. Ihave consistently found vertical distortion to be very
high. This is always due to ahigh vertical tracking angle of 28*-30°. The
M97HE tested here was no exception, producing no less than 11%
distortion due to its VTA of 28°.
Output was good at 5.5 mV for 5cm/sec rms, with achannel balance
error of 1dB, which is acceptable.
Listening panel results
The Shure was singularly different in sound quality and produced astrong
reaction from the panel. The first sample, responsible for the measured
results, was auditioned in the first listening session. Because of its
measured response Iarranged for asecond sample to be auditioned in the
second listening session. The panel liked the first sample more than the
second, but there is evidence that the first reduced surface noise—to be
expected from its falling response. However, the second sample had atip
problem and increased surface noise in spite of afalling response.
On treble coloration the first sample was marked up against the
reference for. lack of peakiness and asmooth quality, although one listener
accurately noted an ' ehf lift' ( extra high frequency lift), due to tip- mass
resonance ( fig. 7). The second sample was marked down on treble
coloration due to a ' veiled' or 'opaque' quality.
The pattern was repeated for treble clarity, where the first sample was
marked up as ' less sibilant', 'clean' and ' clear'. But the second sample was

Shure M97HE: typical selling price £57
Importer: Shure Electronics Ltd, Eccleston
Road, Maidstone, Kent ME15 6AU
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marked down for loss of detail, particularly at low levels.
Mid- band coloration on the first sample was, overall, rated on par with
the reference, but differences of opinion set in here. Two listeners marked
the M97HE up, but whilst one said it was 'smooth', the other said it 'was
full bodied to the point of being unreal'. The remaining two panel
members marked performance down in this area, saying it sounded
'recessed' and 'tubey'. On the second sample mid- band coloration was
firmly marked down as 'dulled and hollow sounding, but smooth', and
'opaque and coloured'.
On mid- band clarity the first sample was again liked and marked up
overall, although one listener disagreed. It was described as 'forward',
'rounded' and 'open'. The dissenter said it was 'coarser' than the reference.
The second M97HE produced another rift in the panel on mid- band
clarity, since two marked it up and two down. However, one person who
marked it up made the qualification that although vocals were 'clear and
smooth', they were also 'forward and bland'. Those who marked it down
made broadly the same observations.
Low frequencies were marked down on both the samples for coloration.
On clarity, though, the cartridge received a more complementary appraisal. Generally, both samples were rated well for their slightly exaggerated but clear bass.
Stereo imagery was liked on the first sample for asecure quality and
clarity, but the panel were less happy about the imagery on the second
sample, feeling it was ' flat' and ' phasey'.
Tracking performance was rated highly on both samples of the M 97H E,
so Shure's reputation for trackability was sustained.
Overall impressions of the first sample showed that the panel liked it but
harboured considerable reservations about its accuracy. Iworry that the
mid recession is giving the sense of ease, but is also taking away some of
the detail. On balance it was marked up against the reference.
Two listeners said the second sample emphasised noise. Generally, the
second sample was criticised as ' bland', ' lacklustre' and 'contrived' in its
sound.
Satin M117S

so

LF & HF response and
resonance frequency.

00

This cartridge is unusual on two counts: it is amoving- coil type, but has
sufficiently high output to be connected directly to an amplifier—and the
stylus is user- replaceable. Thus the M11 7S skirts two of the major
drawbacks associated with moving- coil designs, yet offers true m- c
characteristics.
It has avery low output impedance of 40 ohms and this makes it loadinsensitive and removes frequency limitations from the fundamental
generator.
The stylus carrier is held in place by its own magnet, housed within the
cartridge body, and in practice only the stylus cantilever assembly is part of
this removable section—the signal coils remain within the body. The
alternative system, now used by Audio Technica for example, is to render
the cantilever and signal coils removable, making signal connections
through miniature contacts between the carrier and cartridge body.

Satin M11 7S: typical selling price £ 138
Importer: J Osawa & Co Ltd, 10 Forge
Court, Reading Road, Yateley,
Camberley, Surrey

The Mil 7S is very heavy at 9.3 g and may prevent some arms from
balancing out, although most will accept cartridges up to 10 g. There is no
integral stylus guard and the tip can be seen for accurate cueing. Disc
clearance is sufficient for competent warp riding.
The stylus fitted possesses avery small contact radius of 5pm ( 0.2 mil)
and is described as a ' Super Elliptical'. No optimum tracking force figure is
provided, but a wide range of 1-2 g is quoted. We used 1.7 g. The
cartridge will normally be loaded by 47 kwhen feeding an amplifier direct,
but any load down to 40 ohms is quoted as suitable. Load capacitance is
of no consequence with such a low output impedance.
Measured performance
The most notable characteristic of this cartridge's response, shared by
other moving- coil units, is the lack of an upper mid- range suck- out that is
suffered to agreater or lesser extent by most fixed- coil designs. The Satin
has avery smooth response, punctuated by asmall treble lift of 1dB above
10 kHz ( see fig. 8a). The trace of response up to 50 kHz in fig. 8b suggests
that the tip- mass resonance occurs at 30 kHz, although channel separation starts to deteriorate within the audio band.
Separation between channels was, however, good and well balanced
and the response proved flat on both lateral ( central images) and vertical
modulation.

The twin peaks visible at LF resonance are produced by the different
vertical and lateral compliance values, the former being 7cu and the
latter 13 Cu. These are very low values, but the mean figure is in
accordance with Satin's quote of 10 c.u. Due to its weight and low
compliance the Satin is best fitted to medium or high- mass arms.
Tracking at 300 Hz was excellent, but this performance wasn't repeated
in the mid- band where the Mil 7S failed to clear high levels. Distortion
levels on lateral modulation were on the high side ( see fig. 2), but the low
VTA of 19° ensured good results on vertical modulation. Overall, the unit
managed well in these tests.
Output was low at 2.6 mV for amod. velocity of 5cm/sec, although in
accordance with the manufacturers spec. However, the Satin will effectively short- out the input of an amplifier, thus reducing noise by many
decibels compared with high impedance fixed- coil designs, and this
should ensure that agood S/N ratio is achieved. Channel balance was
within 0.5 dB, alow figure.
Listening panel results
On treble coloration the panel were unanimous in marking the M11 7S
down against the reference. On treble clarity it was also marked down, two
panel members detecting an HF peak. But criticism wasn't strong in this
area.
SATIN M- 117S
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below) separation. The HF response shows the tip

The panel also felt that the Satin was coloured in the mid- band and
consequently it was marked down against the reference. Clarity was also
rated as poor, with a 'confused rendition' and somewhat ' bland' quality.
Bass output was felt to be fairly free of coloration, but lacking some clarity.
It was also marked down. Image depth was judged to be poor and the
panel also marked image precision down.
Generally, the M117S was thought lifeless, bland and somewhat
coloured. It was unanimously rated down against the reference—heavily
so by two panellists, who thought it was ' much worse' in performance.

Westrak 501 PH
Like the Satin Mil 7S, the Westrak 501 PH is ahigh- output moving- coil
type. Unlike the Satin, however, the Westrak does not have a userremovable stylus assembly.
A curious feature of the 501 PH is its low height—so low in fact that it is
supplied with afibre shim that can be placed between the cartridge and
the headshell. Height from mounting face to stylus tip is 13 mm, to be
compared with acommon figure of 18 mm ( although Ortofon's LM30 is
only 15 mm). The fibre washer isn't necessary with arms that are height
adjustable of course, unless the headshell is taller than the cartridge.
Fitting the 501 PH is afiddle, since you cannot easily hold the mounting
nuts unless the fixing screws are inserted from beneath to pass up through
the headshell. This apart, the cartridge will fit most arms, although it is of
low weight at 5g. As Ihave already mentioned, there are one or two arms

that won't balance properly with cartridges weighing less than 6g.
The stylus is aspecial elliptical shape and atracking force range of
1-2-2.4 gis quoted, which is rather wide. No optimum figure is given but,
like the Satin, it is wise to start at 1-7 g.
With acoil impedance of 80 ohms the Westrak is not load- sensitive and
tests showed that it worked well down to 100 ohms. It is, of course, meant
for direct connection to an amplifier and input capacitance will be of no
consequence.
The Westrak was easy to use and could be cued accurately onto adisc. It
is supplied with athin removable plastic cover. Its biscuit- tin shape is
reminiscent of the Decca London.
Measured performance
The 501 PH chosen for measurement returned aresponse that was flat to
6kHz, after which output rose to apeak of 3dB at 9kHz, which should be
very audible, and then fell somewhat to aplateau of + 1dB or so to 18 kHz
(see fig. 9a). The crosstalk curves suggest that the peak is due to a
subdued resonance in the mechanical system, since separation drops
suddenly at this point. We used this cartridge in the listening tests, but
unfortunately the sample variability graphs show that of all those tested,
this model varied most in response. The two other units measured returned
aflatter response, free of the 9kHz peak.
Tip- mass resonance occurs at 24 kHz and there is afurther resonance
out at 46 kHz that brings output back up to 0dB level. This cartridge could
drive some poor amplifier inputs into supersonic overload!
LF resonance occurred at 9Hz, giving the 501 PH adynamic compliance value of 11 - 5Cu. Because of its low body weight and low
compliance the cartridge should not be fitted to arms of effective mass
below approximately 12 g, otherwise the large lift of 10 dB at resonance
will begin to affect audio band response. This means that the 501 PH is
most suited to medium and high- mass arms.
The cartridge tracked moderately well, failing to clear only the highest
level bands at 300 Hz and 1kHz, irrespective of tracking force.
Distortion on lateral modulation was moderately low, but the high
vertical tracking angle of 26° made matters worse on vertical modulation.
In spite of this, the graph ( fig. 2) shows that overall the 501 PH still
performed fairly well in this area.
Considering that the Westrak is alow impedance m- cunit the output
level is astonishing, being ten times higher than most other m- cdesigns.
At 3.6 mV output it was even higher than some fixed- coil types, and
channel balance showed anegligible 0.3 dB error.
Listening panel results
The panel were divided on the matter of treble coloration with the Westrak,
and generally mild in their opinions. Two listeners marked it above the
reference but two marked it as worse, the only complaint being about
sibilance. Treble clarity was felt to be better, overall, than the reference,
and on balance the panel quite liked its treble performance.
In the mid- band some slight coloration, described as boxy, was
observed and also a certain degree of forwardness—which is hardly
surprising considering the 9kHz peak. It was marked down against the
reference as aresult. To balance this, though, the panel liked mid- band
clarity, one person accurately noting that a 'slight presence plateau brings
up detail, such as breath on voice'. Another thought it 'delicate and sweet'.
On bass coloration and clarity the Westrak fell from grace, being marked
well below the reference on both counts. In quality, the sound was
described as 'woolly' and a ' bit muffled' while in clarity it was rated as
'hazy', 'weak' and of ' less impact' than the reference.
The panel were again mild in their observations on imaging qualities. It
was rated on par with the reference for image precision, and although one
person thought it had a'wide, easily constructed stage', another thought it
'vague'. There was agreement over loss of image depth, however, and the
unit was marked down accordingly.
Tracking was thought to be better than the reference, but one listener
thought the Westrak experienced difficulty with recorded sibilance.
Three listeners liked the Westrak and marked it up overall, although with
reservations. One thought it emphasised surface noise and said it ' lacked
coherence', while a second found it ' more forward'. The person who
disliked the cartridge thought it gave a ' leaden rendition of music'. In spite
of this criticism, though, he still said it was 'quite aneat performer' and
otherwise had no vices.
Howland- West have complained that reviewers of the 501 PH have
come to differing conclusions about it. Considering the wide variations in
frequency response between samples this is not really surprising, and it is a
point to bear in mind with respect to this review.

Westrak 501 PH: typical selling
price £ 109
Importer: Howland West Ltd.,
3/5 Eden Grove, London N7 8EG
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other cartridges.
Output, for alow output' m- cdesign, was relatively high at 0-47 mV for
5cm/sec modulation velocity and the output level from both channels
was identical.
Listening panel results
The panel felt that treble output from the MC81 was abit coloured and,
although not being too upset on this score, marked it down against the
reference. They did, however, feel that treble clarity was good, commenting that the cartridge was 'clean' and 'detailed'. The cartridge was
marked up on this count.
The mid- band was consistently criticised for ahollow, brittle and grainy
type of coloration. Two people praised the cartridge for mid- band
clarity but one added the rider that clarity was enhanced by atreble peak.
One person thought it fatiguing for much the same reason.
Bass output was judged to be a little light, and it was felt to be
'occasionally muddled, or less open' with 'less clarity'.
Little was said about imagery relative to the reference, and on balance
the panel thought the two cartridges similar in this respect.
Tracking performance was rated on par with the reference, but one
person commented on 'sibilance splash' whilst a second noticed ' HF
mistracking'. Both seemed to be identifying the same thing here, so
although the Coral generally came through well on subjective assessment
of its tracking performance, its measured weaknesses appear to be just
detectable at times.
On an overall rating all panel members found the MC81 cartridge
reasonable to listen to, yet one listener thought it was 'let down by its bass'.
One thought that it didn't quite compare with the reference on any
parameter, while another thought it better than the reference in some
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Measured performance
Like the other m- ccartridges in this report, the MC81 suffers no upper
mid- range suckout. A characteristic it also shares with them is treble lift
due to the tip- mass resonance, and this can be clearly seen in fig. 10a.
Output is strongly maintained right up to 50 kHz, so it will feed supersonic information into the preamp and with one or two inferior types this
may cause overload.
As you can see from the plot, the Coral only moves out of tight + 1dB
limits above 12 kHz, so it ranks highly within this group for response
flatness.
Separation was good between channels and moderately well balanced,
although the right channel suffers slightly more breakthrough at HF than
the left. Frequency response on lateral and vertical modulation was
identical to that at 45° ( left and right channels), ensuring an even tonal
balance across the stereo stage.
For an m- c cartridge, the MC81 is fairly compliant at 20 Cu.
Consequently it can be used with most arms. There will be some LF lift in
the audio band if it is used with an arm of less than 6g effective mass,
though ( and that includes the SME3009111).
Tracking performance was good at 300 kHz but mediocre in the mid band, even at the highest recommended tracking force of 2.3 g, and there
seems to be little advantage in using this cartridge at more than 2g.
Distortion was high on lateral modulation and Iwas surprised to see
more third harmonic than second; usually the second harmonic is
dominant. Odd harmonics such as third are generally thought to cause
more distress than even ones. A vertical tracking angle of 24°, within I
EC
limits, allowed the Coral to do fairly well amongst the group on vertical
modulation, with second harmonic distortion predominating—as with the
116
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Coral MC81
The MC81 Is aconventional moving- coil cartridge and needs astep-up
device. Both a headamp and atransformer are available from Videotone
who, Ishould mention, now sell all their products directly to the public and
not via retailers. The signal coils have alow impedance of only 6ohms and
are mounted on aberyllium cantilever which also carries aShibata stylus.
Body weight is low at 5g and my comments about arm balancing apply
once again.
The stylus assembly is not removable and this cartridge must be returned
if the stylus needs replacement.
The tracking force requirement is fairly high, with a quoted range of
1.8-2.3 g, but no optimum figure is provided. Recommended load is given
as 20-100 ohms, which can be provided by most transformers or
headamps.
The MC81 is easy to fit and use and Iexperienced no difficulty with
cueing, since you can get aclear view of the stylus. A removable stylus
cover is supplied. Disc clearance is good and the unit warp- rides safely.
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Traces top to bo om. Response ob ained through experimental loading; L & R
responses wi hrecommended loading; L & Rcrosstalk; Lateral response ( left
channel); Vertical response ( left channel).
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LF & HF response and ( below separa ion. The HF response shows the tip
resonance frequency.

Coral MC81: typical selling
price £50
Importer: Videotone,
98 Crofton Park Road,
London SE4

respects and worse in others, and therefore marked on par saying that he

didn't personally like the cartridge due to occasional brittleness caused by
an ' HF peak'. This suggests that the treble lift of the Coral is clearly audible,
and it was common to all samples. So, although the panel broadly agreed
on the nature of sound from this cartridge, they reached slightly different
conclusions about it.

Fidelity Research FR- 1 Mk3F

The FR - 1Mk3F is aconventional moving- coil cartridge and needs astepup device. A matching transformer is available with high and low
matching input impedances, the low input being for cartridges of 3-10
ohms. The FR- 1Mk3F has an impedance of 10 ohms. The stylus assembly
is not user removable.

FIDELITY RESEARCH FR.10
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FIG 11A
Traces top to bottom Response ob ained through exper'mental loading L & R
responses wi hrecommended loading; L & R cosstalk; Lateral response left
channel); Vertical esponse ( left channel).
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Fidelity Research FR1 Mk3F:
typical selling price £97.75
Importer: Wilmex Ltd, Compton
House, 35 High Street, New
Malden, Surrey

The cartridge is very heavy at 10 g, marginally the heaviest in this group
in fact, and as Ihave already mentioned, this is just on the upper limit with
most pickup arms. Weight apart, construction is normal and Iexperienced
no problems in fitting it into ordinary headshells.
A line- contact stylus is fitted and Fidelity Research advise that the
cartridge should be tracked at 2g only. They say that for optimum
performance this value must be adhered to. The stylus is clearly visible in
use, and the stylus cover is removable. Disc clearance is adequate.
Measured performance
Frequency response proved to be much the same in its basic characteristics as that of the other m- cunits in this report, with aflat mid- band,
treble peak—this time at 7kHz—and upper- treble plateau. In fact only the
left channel of the test sample provided areasonable upper treble output.
The right output fell away rapidly above 10 kHz, to 5dB down at 20 kHz.
This is rather excessive, and although detail should be enhanced by the
7kHz peak, listeners with extended HF hearing could expect some dulling
on upper partials, particularly from metallic percussion instruments.
Unfortunately, this cartridge was a latecomer to the group, being
brought in to fill agap caused by the non-appearance of another. It had to
be tested after the listening panel sessions, during which we used it as
advised with acapacitive load of 1.5 pF between cartridge and transformer. This further emasculates the treble output of course, pulling
left channel output 7dB down at 20 kHz and right channel 9dB down.
The main resonance occurs at 40 kHz, a very high figure, so this is
another cartridge with strong supersonic output. There is apossibility of
HF input overload with some poor preamps, although output is lower than
that of the Coral.
Separation is wide, particularly in the mid- band, and crosstalk is equal
on both channels. Frequency response on lateral and vertical signals was
much the same, producing atonally coherent sound- stage.
LF resonance occurred at 5Hz, seen in fig 11 b, suggesting that the FR- 1
is unusually compliant, the calculated dynamic compliance being 30 u.
There will be little benefit in using low- mass arms, since cartridge mass
will 'swamp' them, and high- mass arms are best avoided too. The FR- 1is
best fitted to medium- mass arms.
The tracking performance of this cartridge was exceptional by any
standards and it was on par with both the Glanz and Goldring.
Distortion on lateral modulation was average in level, with ameasured
value of 0-3% ( see fig 2). Fidelity Research claim an extremely low VTA of
15° in their specification, doubtless for the US market where this figure
was acommercial standard. The I
EC Standard of 20° is more practical and
more widely adopted now, and measurement showed that the FR- 1did in
fact possess aVTA of 24°, which helped to keep distortion on vertical
modulation down to areasonable level.
Output from the cartridge, unloaded, measured 0.22 mV at 5cm/sec
rms, which is afairly low figure. The unit needs to be used with amatched
transformer if sufficient gain is to be obtained. Channel balance error was
small at 0.6 dB. Due to the late arrival of this cartridgein the group, only
one sample was tested.

Fio.ne
so
LF & HF response and ( below separation. The HF response shows the tip
resonance frequency.

Listening panel results
It's best to point out immediately that whilst three of the listening panel
found that the FR- 1gave an acceptable sound, the fourth thought its lack
of upper treble output worked against any possible benefits. Clearly,
matters would have been better without the recommended capacitors.
On treble coloration the FR - 1was generally liked by three members
who thought it 'better around piano and strings' and 'dim, but more
musical'. It was marked up slightly against the reference as aresult. The
fourth thought it 'dulled and grey' and marked it down. Treble clarity was
liked, too, with comments like ' less spitching' and ' better detail' but the
dissenter thought it worse than the reference. The others thought it
slightly better.
Three panellists thought that the mid- band wasn't coloured and rated it
just above the reference, but the fourth described it as ' hollow sounding,
closed- in and veiled'. On mid band clarity the FR- 1was firmly marked up
for detail and an 'open presentation', but again the dissenter thought
otherwise and whilst acknowledging 'forward, smooth vocals', stated that
'violin was hopelessly dulled and blurred'.
Little comment was made about bass coloration and the cartridge
received arating that put it on par with the reference here. The bass output
was considered large, though—'more musical' and 'clear'.
Stereo imagery was rated as 'solid' and ' precise' and the panel liked this
aspect of the FR- 1better than the reference. On image depth it attracted
less comment, however, but it was rated just above the reference.
Tracking was judged as more 'secure' than the reference.
Overall, three panellists said that they liked the sound of the FR- 1,
describing it as 'musical', with ' moving- coil type qualities' and ' natural on
voice'. Treble loss was noted by two of the three, but neither seemed to
think it serious enough to mar the good qualities.
'In fact. there had been some confusion about the required loading. The old FR? Mk3 did
requirel..5pF but the newer version, suffixed F. should not. Readers should bear in mind
that in any case, this is not an extreme capacitance value, given the very low source
impedance of m- ccartridges.—Dep. Ed

Empire EDR9
Empire incorporate what they call a 'tuned stylus' system in the EDR9
where, by incorporating aminiature iron bar within the cantilever tube just
above the pivot, the problems of 'vinyl- tip' resonance ( HF resonance of
tip- mass against disc vinyl) are 'solved'. Shure use asimilar resonant subsystem on the cantilever of the V15- IV, so Iam surprised that Empire claim
to have developed this innovation, although of course 'developed' is
different from ' invented,'! Both companies use this clever mechanical
117
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system to mask the effects of the tip resonance.
The ED R9 is avariable reluctance cartridge with apermeable element on
the cantilever and field magnets in the body. It weighs only 5'3g, so may
produce balancing problems in the odd arm or two, although most will
accept cartridges of this weight.
Empire fit an ' LAC' or Large Area of Contact stylus and quote atracking
force range of 0-75-1.25 g. Although no optimum tracking force is
quoted, a figure of 1g is best adopted initially. Recommended load
capacitance is 150 pF, but Empire claim that the EDR9 is not sensitive to
load and with ameasured mid- band impedance of 2,500 ohms suggesting
an inductance of around 370 mH, this claim appears justified.
A hinged stylus guard is fitted, but this swivels right up out of the way
and doesn't obstruct accurate cueing. Ihad no difficulty in fitting or using
the EDR9 and good disc clearance allows it to warp ride easily.
Measured performance
For afixed- coil cartridge the EDR9 is unusual in having aresponse free
from upper mid- range droop, as you can see in fig. 12a. In fact it measures
much' like the m- cunits in this report, displaying asmall treble peak of 1dB
at 8 kHz and from then on staying within + 1dB limits to 20 kHz.
Obviously, Empire's tuned stylus system works well and provides the
response tailoring they claim.
Increasing capacitive loading up to 400 pF caused aslight increase in
treble output from 8 kHz upward, seen in top trace of fig. 12a.
The plot of response up to 50 kHz ( fig. 12b) shows no definite tip- mass
resonance point, but another run with increased disc speed to take the
upper limit to 68 kHz showed that output does fall very rapidly after
50 kHz.
Separation was good on the left channel but there was some crosstalk
breakthrough onto the right channel. Lateral frequency responsé was
similar to that of the left and right channels, suggesting atonally balanced
stereo stage. Vertical response shows some treble loss.
Dynamic compliance was 26cu and the cartridge is best suited to low
and medium effective mass arms. Tracking was competent, although not
exceptional: the unit baulked at the highest levels, but it is on apar with
most of the competition in this area.
Distortion on lateral modulation was high, as fig. 2a shows, and a
second sample produced the same levels. Empire quote avertical tracking
angle of 20°, but it measured 31° and caused high distortion on vertical
modulation. Again, this pattern was repeated with asecond sample.
Output level was normal at 4.7 mV for 5cm/sec rms modulation
velocity and channel balance good at 0.8 dB error.
The sample variability plots, fig. 1, show that HF response of the EDR9
changes between samples. One unit peaked up to + 2dB at 10 kHz and
then output fell away to — 3dB at 20 kHz. There is approximately 3dB
variation in output at 20 kHz amongst the three samples tested. Iwould
expect slight differences to be detectable in the sound between samples
due to this effect.
Listening panel results
The panel felt that treble was tinged by ' hardness' or ' harshness' and rated
the ED R9 more coloured than the reference. They did not agree over treble
clarity, though, two rating it down, while two rated it up for being 'clear'
and 'detailed'.
There was little criticism of the mid- band coloration, although a 'slightly
metallic tone' was commented upon and, on balance, the unit was rated
just below the reference. It was also marked down on mid- band clarity,
but overall the panel were not very critical here and one person remarked
that it was good in this respect.
Bass was felt to be ' lumpy' and ' uneven', but also more powerful than
the reference. As a result the cartridge was marked down below the
reference for bass coloration but on par for bass clarity.
The overall rating for stereo imagery was below that of the reference,
although again the criticisms were mild. Image depth was rated just below
Empire EDR9: typical selling
price f98
Importer: Hayden
Laboratories Ltd, Hayden
House, Churchfield Road,
Chalfont St Peter, SL9 9EW
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Traces top to bottom. Response obtained through exper'mental loading L & R
responses with recommended loading; L & Rcrosstalk; Latera response ( left
channel); Vertical response ( left channel).
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LF & HF response and (
below) separation. The HF response shows the tip
resonance frequency
the reference. Tracking ability was rated as equal to the reference, but
some sibilance was commented upon.
Overall, the EDR9 was rated down against the reference. One listener
thought it had atip problem due to emphasised surface faults, and that this
also caused asomewhat harsh treble. Another thought it lacked mid- range
body. Two people thought the upper top was missing overall, but one was
upset by atop end 'sting', which was undoubtedly due to the peak.

Conclusions

It is clear from the comments of the listening panel that while there is
agreement over both good and bad cartridges, somewhere in between is a
grey area where the same characteristics are liked by one listener but
disliked by another. This is well illustrated by the FR- 1assessment, where
three people liked the sound, in spite of noting treble loss, whilst the fourth
found the degree of loss unacceptable. In instances like this, judgement is
based on taste and prior experience. It's impossible to say who is right in
these circumstances, so I'm afraid that you should use this report for
guidance and try to exercise your own judgement when buying.
Starting at the top, there were some products here that everybody liked
in most areas of performance. Goldring's G900IG C was much liked and is
highly recommended. It's apity the cantilever sank on one sample, but the
other two remain healthy. Ifeel certain, though, that Goldring would
replace a stylus that did collapse. The Glanz MFG- 71E did extremely
well too, even though some thought it larger- than- life in its sound.
Cartridge's liked, but with reservations, were the Fidelity Research FR1, Ortofon LM30, and Westrak 501 PH, The FR- 1 brightens up without
capacitive loading and is avery good cartridge that Ithink most listeners
would like. The LM30 is smooth, although perhaps not lively enough for
some people's taste, while the Westrak has a poor bass performance.
These last two cartridges also vary somewhat in response between
samples.
Iwas surprised that the Nagaoka M P50 didn't manage rather better, but
Iam beginning to find that this cartridge varies alot between samples and
it is also quite temperature- sensitive. Ihave now tested five samples and
the variations are a bit disturbing.
The Coral and Empire were not disliked so much as not enthusiastically
received. Both displayed amixture of good and bad properties which in
the face of strong competition caused them to be voted down.
It is difficult to know what to say in summary about the Shure M97HE.
Samples seem to vary alot and Iwould suggest careful auditioning if you
are attracted to it.
This leaves us with just one cartridge—the Satin M11 7S. Sadly, this
wasn't really liked by anyone and cannot be recommended, even though
technically it is avery interesting design e

HE integrated tuner/amplifier or receiver now
has a substantial following in the UK,
T
although its great stronghold is the USA. Its
possible disadvantage to the staunch hi-fi devotee lies in the lack of flexibility of choice of the
separate amplifier and tuner sections. In general,
though, designers tend to achieve an acceptable
quality match between the two sections and
quite afew manufacturers now provide different
models with, perhaps, acommon tuner section
and choice of amplifier facilities.
To help you make a suitable choice I
measured the tuner and amplifier sections independently and the results are presented comparatively in separate lab charts. In this way you will
be able to determine whether the tuner and
amplifier sections match your requirements. The
tuner sections were measured from the recording outputs, and the amplifier sections, with the
exception of pickup, from the speaker outputs.
Accuracy of RIAA at the pickup was also
measured at the recording outputs to avoid the
effects of the tone controls.
The tuner sections had signal applied from a
75- ohm source and the amplifier sections were
measured into various resistive loads, as well as
into a complex impedance. Details of these
things are contained in the lab results section.
The plan now is to explore each receiver in turn
in the order that they passed through the lab.

MARANTZ SR- 4000L

Although a technical specification was not
supplied with this model, the nomimal 8- ohm
power over the 20 Hz-20 kHz audio spectrum
was around 50+50 W ( you will see that I
measured slightly more than this to clipping).
The sample was enclosed in awell made, topvented particle board sleeve of darkish matt
grained veneer. Overall size approximates
464 x145 x380 mm. Fascia is silvery brushed
aluminium and ascale of about 240 mm active
length runs along the top beneath atransparent
window. Tuning works very smoothly with the
inertial assistance of Marantz's gyrotype tuning
control. Tuning frequencies are not closely
defined but adequate for ordinary domestic use.
In addition to FM, this model incorporates
both MW and LW AM, but there is no rear ferrite
rod aerial. A separate AM aerial is required for
the reception of weak stations which cannot be
picked up by the internal ferrite rod. Terminals
are also provided for both types of FM aerial.
Lower left of the fascia is another window
below which are meters for signal strength and
FM centre- zero tuning. Below each meter is a
row of LEDs calibrated in terms of 8and 4watts
power for the left and right channels. Some idea
of the degree, in kHz, of FM detuning is provided by calibrations on the tuning meter.
'Phono' type inputs are provided for auxiliary,
moving- magnet pickup, and replay of two tape
machines ( the auxiliary will give a third if
required!) by separate monitor buttons. Two
complementary recording outputs are also provided and also a button for dubbing from tape
circuit 1 to 2. There are no DIN sockets. The
receiver accommodates two speaker pairs with
separate press- button switching for each, and
there is also the usual headphones jack.
A calibrated ' click'- type volume control is
complemented by aconcentric centre- click balance control, and tone controls are fitted for
mid- range as well as bass and treble. There is a
slow roll- off bass filter ( Marantz are not keen on
fast filtering for reasons of phase distortion) and
loudness button. For FM there is adual- acting
mute and stereo/mono switch.

soft 'click' steps, the balance has similar centresetting identification, but the volume control
The rated power of this model is 50+50 W over
turns freely over its entire range, which Iprefer.
20 Hz-20 kHz/8 ohms and hence very similar to
The receiver is devoid of switchable low and
the Marantz. The JVC came with a complete
high filtering. Two meters at the left-hand side
technical spec. Size, too, is not all that dissimilar
of the tuning scale indicate signal strength and
from the Marantz, the dimensions being
centre- zero FM tuning.
149 x450 x351 mm ( H xWx D) and the weight
8.5 kg. The receiver is metal encased with wood
side trim, the silvery' fascia finish being extenYAMAHA CR-840
ded to the enclosure, which has lots of vent slots
This model is rated at 60+60 W over
at the top. A 240 mm active length scale extends
20 Hz-20 kHz into 8- or 4- ohm loads. Iobalong the top of the fascia below ametal- framed
tained more power than this to clipping,
window. Scale is black with white reasonably
at
4
ohms.
Measuring
defined frequency calibrations. The cursor is a especially
490 x151 x385.5 mm ( W xH xD) and weighing
contrasting 'silver'. Tuning runs smoothly under
12.9 kg, it is larger than the other two.
flywheel assistance, but the model is equipped
Presentation, too, is quite different. Styling is
only with MW AM taking signal from an internal
typical Yamaha, which must stand out well in a
ferrite rod aerial. The whole receiver thus needs
dealer's showroom. Although there are many
to be turned for maximum response from weak
knobs, switches and buttons on the front panel,
signals; but as with the Marantz, arear terminal
Yamaha have somehow avoided an unduly
is provided for an external aerial.
cluttered appearance. The front, in fact, looks
Iwould like to stress here that a ferrite rod
quite clinical, no doubt aided by the upper
aerial is directional. Least pick-up obtains when
tuning scale which blends in nicely with the
either end of the rod is pointing to the station
satin 'silver' finish of the fascia. Through a
and
maximum
pick-up
broadside- on.
window covering anarrow slot along the scale
Unfortunately, an editing aberration [ sorry
shows agreen- illuminated cursor with athin red
Gordon] in my recent three tuners review
line down its centre, which makes for accurate
(HFNIRR February 1980) changed the sense of
tuning. The scale as a whole is greenmy text to the exact opposite!
illuminated, as also the signal strength ( called
There are terminals for both types of FM
signal quality) and centre- zero tuning meter.
aerial, and ' phono' type sockets for the auxiliary
Active scale extends over about 240 mm, and
source and tape machine, with DIN socket
good FM calibration lines are provided. The
duplication only for the latter. Screw terminals
inertia- assisted tuning runs smoothly.
connect to the speaker cables ( the Marantz
The middle section of the fascia is slightly
adopts more convenient spring- clamp terraised, which breaks up the flat panel appearminals), and rotary switching selects either pair
ance. Along this section - reside the meters,
or both pairs together. An ' off' position allows
volume and
tuning
knobs,
a pair
of
the use of headphones alone, for which afront
conveniently- flat switch knobs and the power
jack is provided. Inputs for a magnetic pickup
press- switch. Above is the scale, and below
(not moving- coil) and an auxiliary source are
smaller knobs, the speaker switch, pressalso present, and the model will cater for pretty
buttons and two headphone jacks.
well any tape deck. Monitoring is by buttons.
Rather than having an internal or rear placed
There is the inevitable loudness button and a
ferrite rod aerial for AM, Yamaha have arranged
mono/stereo button. All controls are numbered
for alow- noise aerial to be mounted at the rear
or otherwise identified. The tone controls have

JVC RS -7
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or elsewhere. This connects to the aerial and
earth terminals. (AM is MW only.) Housing is a
pleasant veneered wood cabinet into which are
let slotted metal ventilation sections.
There are terminals for 300 ohms FM aerial
and external AM aerial and earth and a proper
British- type coaxial socket for 75 ohms cable.
Spring- clamp terminals are used for the speaker
cables. Two pairs can be accommodated, and
the switching is the same as on the JVC. ' Phono'
type sockets are used exclusively ( no DIN
duplication — happy days!) for magnetic pickup
(not normal moving- coil sensitivity), auxiliary
source and two tape machines, the latter with
dubbing switching either way.
Because this model has a separate record
output selector switch in addition to the normal
source selector switch, it is possible to record
from one source while auditioning a different
source. It is also possible, of course, to monitor
the source you are recording. This can be useful
if your son wishes to record from disc to tape
(with alicence Ihope) while you want to listen
to FM radio. He can over- ride your programme
from time to time to make things are okay.
This Yamaha is one of the few amplifier
sections which features a separate control for
loudness. This is normally set to 'flat' and the
level adjusted by the volume control. When
reduced level listening is required this can either
be uncompensated by the volume control or
loudness compensated by the loudness control.
The receiver is equipped with low and high
switched filtering, and with apresence control
(upper- middle) in addition to the normal bass
and treble controls. The low filter rolls- off fairly
swiftly but the high filter is asingle- pole type of
about 6dB/octave.
The FM section has two selectivity modes and
the most suitable one is selected automatically
by the reception conditions. On strong signals
where side interference is unlikely to be troublesome the wide ' local' mode obtains. On weak
signals where side interference could be a
problem the mode goes to narrow ' DX'. On
weak signals the stereo blend circuit also activates automatically, thereby improving the
small- input S/N ratio. It is possible to over- ride
the auto action to place the receiver in ' local'
mode regardless of the signal conditions. The
lab section gives more information on these
things.
A tuned FM station is optimised and frequency ' locked' automatically by what Yamaha
call an optimum tuning system ( OTS) as soon as
the fingers are removed from the tuning control
knob. It can also be cancelled by aswitch which
simultaneously cancels the inter- station muting. The various operations described are indicated by small lights on the tuning scale
section above the tuning knob. By pressing a
front switch labelled 'adaptor', input and output
interfaces are created within the signal paths at
two pairs of rear ' phono' sockets for the introduction of ancillary units.

TRIO KR-8050
This is the largest receiver of the group at
571 x172 x411 mm ( Wx H xD) and 18 kg.
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usual bass and treble controls, and the tone
controls can be defeated by another lever
switch. A further switch provides moderate
50 Hz boost, handy if your speakers could do
with alittle bottom lift. A 6dB/octave filter can
be introduced by a press- switch to give a
useful upper- frequency roll- off starting around
10 kHz.
There are the usual loudness and FM muting
switches. Another button increases the stereo
decoder switching sensitivity if you wish to try
for stereo on weak signals ( see lab results).
The model is also equipped with a mike
preamp and level control which facilitates mixing amike signal with any source selected. Mike
input is mono of moderate 3.6 mV sensitivity
and 50 k- ohms impedance.
The FM section uses the Trio pulse count
detector, and the ample fast power transistors,
providing the
remarkable slew rate of
+200 V/µs.

Power
rating
over
20 Hz-20 kHz
is
120+120 W/8 ohms. Power boost to a rated
150+150/8 ohms can be achieved by the press
of aswitch. Maximum steady-state yield into 4
ohms is said to be 130+130 W. If low- loading is
used with boost active the protection relay trips
before full output voltage is realised. ( This is
Tuner Lab Results
normal.) DC- coupling is possible by the press of
The FM tuner sections were tested on auseful
another switch. With the switch released, series
range of parameters and the results are presencapacitance is introduced which gives an LF
ted comparatively in the tables. These are suproll- off—faster at very low- frequency on
ported by graphs of the RF input characteristics
pickup, owing to the RIAA preamplifier
(fig. 1), stereo frequency response and separcoupling.
ation pen- charts ( fig. 2) and 1kHz squarewave
The receiver has a splendid fascia and is
oscillograms ( fig. 3). The RF graphs range from
enclosed in a nicely veneered cabinet. A large
2µV to 4 mV aerial input ( 75 ohms), showing
window along the top of the fascia displays a
(upper trace) the limiting and 1kHz audio
clearly calibrated tuning scale, four meters and
output through a 1 kHz bandpass filter. This
two indicator lights. Two of the meters read
output corresponds to full modulation level and
watts of power referred to 8- ohm loads for the
is referred to 0dB. The broken- line trace shows
left and right channels from 10 mW to 300 W,
the input required to switch on the stereo
the third indicates relative signal strength, and
decoder and the stereo noise reduction with
the fourth is centre- zero for FM tuning. FM
increasing aerial signal. The lower full- line trace
selectivity is switchable, and the indicator lights
shows similarly the noise decrease in mono
just mentioned show narrow selectivity mode
mode ( non- encoded aerial signal) with increasand stereo operation.
ing aerial signal. ( The noise outputs were
Fascia is 'silvered' brushed aluminium, the
weighted according to the CCIR/ARM.) Special
tuning scale backing matching, also the 'click'pains were taken to reduce the hum and noise
stepped and calibrated control knobs and switon the generator signal and a battery- powered
ches. The tuning on this model runs extraordinoise meter was used for the measurements. My
narily smoothly on precision bearings. AM secS/N ratios, therefore, could possibly be higher
tion is MW only, taking signal from arear ferrite
than those measured by other gear.
rod aerial which swivels to establish maximum
From these graphs it is possible to find the
signal pick-up or to reduce interference.
S/N ratios for any aerial input. All the graphs are
Terminals are provided for an external AM aerial
typical of state-of-the-art tuner sections and all
and for both types of FM aerial, and Trio have
are broadly similar. At 4 mV both stereo and
almost managed to fit aBritish coaxial socket for
mono noise floors have virtually been reached
75- ohm feeder. Not quite, because an inverting
so you can easily see which model has the very
adaptor is needed! You can switch the FM delowest noise floor, which is clearly the Yamaha
emphasis to 50 ( European requirement), 25
CR-840, close to the theoretical lowest. The
(Dolby requirement), or 75 is ( USA).
others are not far behind, though. If the noise of
'Phono' type inputs are available for auxiliary
areal transmission is, say, — 70 dB and the tuner
and two magnetic pickup sources ( pity that one
noise of
value, then the net S/N ratio would
of the latter didn't have a moving- coil senbe around 67 dB, which is better than you can
sitivity). You can couple in up to two tape decks
get from ordinary gramophone records! The
for recording and replay. Separate lever switsalient aspects of the graphs are given by the
ches provide monitoring from either deck and
first five parameters of the lab results ( but note
dubbing from either one to the other.
the auto- blend effect of the Yamaha).
Substantial terminals are provided for three pairs
All models exhibited an acceptable capture
of speakers with front switch selection—any of
ratio. The Marantz had the sharpest selectivity,
the three pairs separately or two pairs ( not three)
but despite this its full- modulation distortion
together. An 'off' position allows private headwas commendably low. The JVC had a less
phone listening from afront jack.
sharp selectivity and a distortion performance
A mid- range tone control complements the
similar to the Marantz. The narrow selectivity of

ible for significantly less distortion at 'average
modulation level—say, 30 to 40 kHz deviation.
For a deviation of 40 kHz mono and 46 kHz
stereo ( taking account of the pilot tone)
Trio, for example, specify 0-04% mono and
0.06% stereo, distortion values which were
confirmed by my own measurements. Distortion
is lower in wide than narrow selectivity mode. It
is also influenced by the nth- degree accuracy
of internal alignment. A slight movement of a
critical trimmer can cause the distortion to go
screaming up.
The radio- frequency intermodulation ( RFIM)
gives ameasure of the large- signal input capabilities of the tuners. Measured my way, using
• two equal amplitude signals, Iwould prefer not
IIli 1011J1
to see aratio worse than
70 dB. A smaller ratio
would not affect the
normal performance—
merely that the input
stages would tend to

the Yamaha was similar to that of the Trio, but
the Yamaha was less sharp in the normal or wide
mode and this model had the lowest mono
distortion of the group ( note that at the input
signal level used for the distortion measurements the Yamaha was operating in ' local' wide
selectivity mode). The lowest stereo distortion
was given by the Trio in wide selectivity mode.
While on the subject of distortion it is noteworthy that this is greatly influenced by the
precision of tuning, and by the modulation level.
Although Ican measure to below 0.1%, Ithink
figures below this value are pretty meaningless.
Any tuner which produces no more than 0.1% at
full modulation level wil generally be responsMARANTZ
SR 4000
Signal level
& SIN ratio
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generate spuriae on lower strength signals than
atuner of higher ratio. A tuner required for weak
signal reception ( DX-ing) at a site close to a
powerful station should have avery high RFIM
ratio. The best average was provided by the
Yamaha ( you will see that Imeasured both the
lower and upper products separately and have
given an average). The Trio was not far behind,
with the Marantz and JVC coming out similarly.
Repeat spot rejection ratio is another figure
that should be as high as possible. It refers to
spuriae generated by interaction of the 2nd
harmonic of the local oscillator. The least 2nd
harmonic production the higher the ratio. A
value of 80 dB or higher is okay. Again, Yamaha
was the best on this count. All models were
satisfactory on AM rejection ratio.
Ihave always felt it best for the tuner to
suppress residual pilot tone as much as possible.
It is not difficult to get aratio of 60 dB or more.
All except the JVC met this. The JVC would
appear to have little more rejection than that
provided by the natural de- emphasis. However,
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lack of sharp rejection at 19 kHz can help in two
ways. It can provide extended upper- frequency
response and can minimise transient and phase
distortion. If you look at the frequency response
and stereo separation pen charts you will see
that the JVC had the best upper- frequency
response of all. The others are not bad, either,
but Ithink Yamaha could have eliminated the
upper- frequency step! The Marantz is similar
but is aless costly model.
Stereo separation of all models as plotted
(except the JVC) was excellent. Because my
measurement includes all spuriae at the output
the JVC floored on the 19 kHz residual!
However, the lab chart shows that the intrinsic
separation ( 19 kHz filtered out) was very good.
All squarewaves except that for the JVC
reveal' substantial ' rings'. It would seem that
these result partly from sharp pilot tone filtering.
Improvement is thus achieved by lack of sharp
filtering. I am now beginning to wonder
whether, in fact, sharp filtering is agood thing
after all! There is no doubt that I
M products do
result from relatively high levels of pilot tone, but
the question is: are the scie-dfects of filtering
subjectively worse than the small amplitude IM
products? We found the FM auditioning of the
JVC very acceptable. Ithink that the solution
would be switchable pilot tone filtering, and
would suggest that this is put in hand forthwith.
Ihave a feeling that some early models were
equipped with such switching.
Overalt, then, the two expensive models came
out best in the lab; but the least expensive
models, particularly the JVC, were not at all bad.
One thing Iwould tend to criticise is the
minimal dynamic range of some of the signal
strength meters. Most saturate at 1mV or
before—the Trio at little more than 200 µV full
deflection. I
cannot see agreat deal of use for the
stereo sensitivity button of the Trio ( see the RF
input graph). Ithink a fixed setting around
10 µV, as with the other, is perfectly adequate.
Two selectivity modes can be handy in a
limited number of cases. It is good that the
Yamaha does the switching automatically, but I
do not rate this very highly. It is not difficult to
switch manually when you want a change.

YAMAHA
CR 840
Amplifier
section
Frequency
nespOnse
& tone
controls
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Amplifier Lab Results

Each amplifier section was subjected to alarge
number of tests and, as with the FM sections,
the results are tabulated comparatively. Output
delivery is evaluated in two ways—in terms of
pure resistive heating power and in terms of dB
ratios referred ( 0dB) to 2.828 V across any
load. The dB ratios, then, are essentially voltagebased ones. Regular readers will recall that for
many years I have been campaigning for
amplifier outputs to be specified in voltage
rather than stupid heating watts, and Iwelcome
the change, even though on adB scale [see also
Jan. p. 61]
Ithink it important for the time being to
include also the watts ratings; but please note
that it does not follow that into the lower value
loads the dB values will be greater even though
the watts are higher. This is because the ratios
are voltage (
not power) ones. It is not of
significance in this respect that 2.828 V across
8ohms equals 1W. It is nevertheless convenient torefer this voltage to 0dB because you can
then glean approximately the near- field sound
pressure level ( spl) you are likely to get from a
given speaker whose sensitivity is also dBgeared to 2.828 Vequals 0dB when connected
to one channel of the amplifier. If the speaker
sensitivity is, say 86 dB and the amplifier can
yield, say, 18 dB across acorresponding load,
the near- field spl to clipping will approximate
86+18, or 104 dB—assuming, of course, that
the speaker can handle this! The far- field spi,
where you actually listen, will generally be some
12 dB or more below this, depending on room
volume, furnishings, reverberation, listening
distance, etc. Spl botential is increased 3dB by
the two stereo channels.
With the Marantz, as an example, you will see
that it is capable of 17.4 dB over the spectrum
which across 8ohms corresponds to 54.9 W.
Across 4ohms the voltage is down to 15-6 dB
but the power is up to 72-6 W. This dB voltage
method also facilitates comparison between
resistive and reactive loads. The power into a
reactive load depends upon the power factor of
the load and means little.
The Trio is the most powerful, then the
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Yamaha followed by the other two which are
similar. All but the Marantz were able to sustain
full voltage across my Z1 load without limiting or
running to distortion earlier than with a corresponding resistive load (see note at bottom of
lab chart for ZL spec). The ZL is adifficult load, so
with ordinary speakers the Marantz should not
be unduly troubled. Ialso tested at 1kHz only
and with IHF bursts, the respective headrooms
being given. It is not particularly easy to find the
exact point where the peak is clipped or the
distortion
is
just
0.5%
because
the
distortion/power slope at this point is remarkably steep. It is impossible to vouch, therefore,
for the nth degree dB accuracy.
Frankly, using asymmetrical I
HFburst driving
the amplifiers to 10 dB overload it was virtually
impossible to measure the time taken for the
amplifiers to recover when the burst fell to its
-20 dB level. On this basis recovery of all was
virtually instantaneous. Fig. 4 is typical.
Recovery from 10 dB overload of an
asymmetric burst gave different results ( fig. 5).
These are from the Trio, ( a) DC- coupled and ( b)
AC- coupled. At this time Iam somewhat sceptical about the 'value' of these results as they tend
to be influenced by integration and differentiation as well as by power amplifier switching
rate. More research is needed in my opinion
before this parameter can be used realistically.
All models had academic values of harmonic
and IM distortion, and all pickup circuits were
satisfactory—all having adequate or more than
adequate headroom. The Trio certainly lives up
to its 'fast' name as it was still delivering about
14.8 dB across tlohms even at 0.25 MHz. Is this
really necessary? Now that we are in the era of
ultra fast power transistors, early upperfrequency roll- off is not essential to tame transient intermodulation distortion. Sadly, to me,
this is encouraging even more extended smallsignal upper- frequency responses. Trio specify
a rise- time of a mere 0.9 µs.
Damping factor, sensitivities, S/N ratios and
residual hum and noise were all adequately
catered for. The Trio had a little more output
offset than Iwould have preferred. Incidentally,
the difference between the unweighted and
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weighted residual hum and noise results gives
an idea of the ripple content. The quietest was
the Yamaha, also on S/N ratios.
Iran a test for crossover distortion and the
results show that all four models produced a

•
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little ' notching', but this must be related to the
associated distortion factor ( DF) values given in
the lab chart. Trio produced the least and
Nlarantz the most despite same DF values.
Lowest DF on this test was the Yamaha.

1131:11r=laLICI

Fig. 7 gives the various frequency responses
on astandard scale. Trio ones were plotted in
AC- coupled mode ( except pickup whose
output was from tape ' record'). All tone controls
are well tamed and perfectly sanitary. Low

MARANTZ SR 4000L

JVC RS- 7

YAMAHA CR 840

TRIO KR- 8050

8ohms

17.4 dB ( 54-9W)

17.2 dB ( 52.5W)

18 dB ( 63.3W)

4ohms

15.6 dB ( 72-6W)

15.2 dB ( 66.2W)

16 dB ( 81W)

21 dB ( 128ffl; 21-8 dB ( 153W)
boost on
18.9 dB ( 156Vi0; 11.8dB
(boost on')

17.8 dB ( 60.2W)

17.6 dB ( 57.5 W)

18.6 dB ( 72W)

15.9 dB ( 77-8 W)

16.0 dB ( 79.6 W)

16.5dB (90 W)

19.3 dB ( 85 W)

19.0 dB ( 79.4 W)

19dB ( 79.4 W)

17-8 dB ( 120.5W)

17.5 dB ( 112.4 W)

17.5dB ( 112 W)

16 kHz only one channel
driven
5ohms
Z„:

16-0 dB ( 63.7 W)
13.6 dB (-)

17.2 dB ( 83.9 W)
18.4 dB (-)

17.6dB ( 92 W)
18.9 dB (-)

20.2 dB ( 168 W) boost off
20-2 dB boost off

Headroom per channel at 1kHz
8ohms:
4ohms

0.4 dB
0.3 dB

0.4 dB
0-8 dB

0.6 dB
0-5 dB

0.5 dB; 0-2 dB boost on
0.1 dB; 0dB boost on

Headroom dynamic 1kHz IHF
bursts
8ohms:
4ohms:

1.5 dB
1-9 dB

1-4 dB
1.5 dB

0.4 dB
1dB

0.4 dB; 0-4 dB boost on
"40 dB; 5.7 dB boost on

Z, / 5ohms ratio at 16 kHz
single channel driven:

-2-4 dB

+1.2 dB

+1.3 dB

Recovery from 10 dB IHF
burst overload:

Virtually
instantaneous

<20 its

Virtually
instantaneous

Virtually
instantaneous'•

<0.003%/ < 0-003%

<0.003%/ < 0.003%

<0.003%/ < 0-003%

<0.003%/ < 0-003%

0.012%

0-014%

0.0074%

0.012%

0.016%/0-008%

0.02%/0.01%

0.011%/0-008%

0.01%/0.01%

Small signal response - 3dB
aux. input:

3-6 Hz-210 kHz

6.4 Hz-260 kHz

zz 1Hz-100 kHz

DC ( 13 Hz AC- coupling)
- 300 kHz

Showing factor ref. rated
output 8ohms:

>5 ( 5.3 approx.)

≥- 5

4

5 (still 30 W at

Damping factor ref. 3dB
output 8ohms at 40 Hz:

50

40

40

130

Pickup overload threshold
20 Hz:
1kHz:
20 kHz:

14 mV
100 mV
700 mV

17-5 mV
150 mV
500 mV

18-5 mV
175 mV
1,000 mV

20 mV
225 mV
2,000 mV

Input for 0dB output 8ohms
pickup:
high level:

0 38 mV
26 mV

mV
23 mV

0-3 mV
15-5 mV

0-24 mV
18 mV

S/N ratio ref. 0dB
output 8ohms
pickup ref. 5mV input:
high level ref. 500 mV input:

68 dB
77.5 dB

73 dB
74 dB

75.7 dB
82-6 dB

72.5 dB
77 dB

Residual hum/noise 8ohms
unweighted/weighted:

0-74 mV/0-28 mV

0.54 mV/0-2 mV

0.47 mV/0.165 mV

0-85 mV/0.1 mV ( boost off)

Stereo separation 1kHz
pickup:

625 dB

63 dB

73 dB

z-.70 dB

-24-8 mV/- 28 mV

23 mV/10 mV

86 mV/159 mV ( DC coupled)

Amplifier Section Lab results
Output per channel dB ref.
2-828 V and
0.5% distortion
20 Hz-20 kHz both channels
driven

1kHz only both channels
driven
8ohms
4ohms:
1kHz IHF bursts both
channels driven
8ohms:
4ohms:

Distortion both channels
driven 8ohms 0-5 V aux.
1kHz harmonic 10 dB/6 dB
output
10 kHz distortion factor
10 dB output
19+20 kHz eq. amp. IM at
1kHZ 10 dB/- 6dB output:

Offset voltage 8ohms
output left/right:
Typical selling price inc. VAT

- 3.5 mV/- 3mV

£ 189

£203

-•

£285

21.5 dB ( 140 W); 22 dB ( 162 W)
boost on
19dB ( 161 W); 11.8dB
(boost on')

21.9 dB ( 156 W); 22.4 dB
(175 W) boost on
19 dB ( 161 W); 17.5dB
(boost on')

Zr.

0dB

254 kHz!)

£499

Notes for amplifier tests.
All voltages and voltage- derived dB ratios true RMS. Noise weighting CCIR/ARM. Z, 5ohms modulus and 60° phase angle at 16 kHz.
Note: power wattages taken to nearest decimal place in some cases.
'This amplifier section is equipped with apower boost button. In the boost setting protection activates into 4ohms before full power.
"See text regarding this parameter.
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control settings tend in some cases to provide a
fairly 'flat' lift or cut in level. This is particularly
noticeable with respect to the treble response of
the JVC. Good low filtering is provided by
Yamaha, but where there is high filtering the
roll- off is slow—little different from that provided by the treble control in the case of
Yamaha. The loudness responses are pretty
similar, the Trio giving bass lift only, though.
All RIAA equalisation curves are fine, but
some extend too far at high- frequency. Iprefer
the earlier roll- off of the Trio; but there was a
shade of unexplainable 10 kHz lift on this. The
Yamaha had a lift tendency at high- frequency.
This should be curtailed like the Trio. There is no
point in the response going on ' flat' below
20 Hz. In fact, Iwould not be critical of apickup
response being adB or so down at 20 Hz. There
is nothing of recorded interest that low down.
Finally, Imeasured the response into auxiliary
and from the left speaker output loaded into 8
ohms in parallel with 2 pF. All but the Trio show
arise at the upper- frequency. The worst is the
Yamaha. This is the sort of thing which evokes
the ' rings' on squarewaves when an amplifier is
similarly loaded. The effect can sometimes be
encouraged by an extended HF response.
In terms of power yield, lab results and
features, the Trio and Yamaha show up in better
light than the more modest models. This is to be
expected. Nevertheless, the two lower price
models have some good points.

Auditioning Impressions

Overall, it was judged that the Yamaha had the
edge on subjective performance, but as so often
we were considering extremely small differences, coupled with opinion and in some cases
marking the program material itself—albeit, unwittingly! We used recent Denon PCM discs
played with aShure V15- IV in the AT- 1100 arm
for some tests and reel-to-reel tape for others,
including FM, along with off- air FM programmes. With most material it was often well
nigh impossible to be certain whether one was
auditioning the Yamaha or Trio. Both were fine.

Even the less costly models came over quite
well at respectable spls, and at no time was
undue listening fatigue experienced. We were
encouraged by the good FM results from the
JVC with lab- derived stereo VHF modulated
with master tape. A/B testing between tape
source and receiver outputs was often revealing,
but the JVC passed this comparative test quite
well.
The more powerful models gave the impression of being 'smoother' than the lower power
counterparts. They also somehow sounded less
'loud' although the spl was as constant as we
could get it. From disc source the Trio was
regarded as being the most 'accurate'. The
Yamaha tended to 'fizzle' abit more at the top.
The Yamaha, though, seemed to reproduce lowlevel ambience better and its stereo imagery
seemed a trifle more defined. The Yamaha
power amp from master tape was very good.
Using off- air signals there was not agreat deal
to choose between any of the models. The
Yamaha handled very weak signals just a bit
better than the other models, and the autoblend action tended to give a 7dB S/N ratio
improvement over the other models on weak
signals, as shown by the broken- line curves in
fig. 1 ( c), but at the expense of stereo separation.
All models were similar on AM with areasonable aerial input, and for those interested in AM
the ' LW of the Marantz will be useful. The Trio
was abit bulky, but is the best equipped of the
group. The Yamaha looks quite good with its
clean fascia and veneered sleeve. In adifferent
way the Marantz is very acceptable with its gyro
flywheel tuning and veneered enclosure. The
dark scale of (
he JVC also has an appeal, and the
wooden side trims render it domesticated.
It is impossible to give a ' best buy' because we
are not really comparing like with like. If you are
worried about extra fitments, then the smaller

models are worthy of attention. For alittle more
output and more sophisticated FM with a
greater Dx-ing potential, then the larger models
coutd be what you are seeking',

Ag. 4. Typeal symmetrical 11-1F burst display through
amplifier with burst approximately 10 dB into amplifier
overload. Burst digitally produced at 1kHz such that its
amplitude increases by 10 times ( 20 dB) for 20 ms out
of every 500 ms. Horizontal scale approximately 10 msi
division.

Fig. 5. IHF burst-made slightly asymmetrical by
rectification and fed through Trio KR-8050. top:
DC- coupled model: and bottom: AC- coupled
mode (see text).

FM Section Lab results

MARANTZ SR 40001

JVC RS-7

YAMAHA CR 840+

TRIO KR- 8050

RF i/p characteristics:

Fig. 1 ( a)

Fig. 1 ( b)

Fig. 1 (c)

Fig. 1(d)

1.2 iv/stereo
switching 8pV
4pV/50pV

1.2 pV/stereo
switching 10 jiV
4pV/55pV

Input for
30 dB S/N Ratio
mono/stereo:
50 dB S/N ratio
mono/stereo
60 dB S/N ratio
mono/stereo
-1 dB limiting:

15pV/150pV

15pV/200pV

1-40/

1.4pV

0.8pV DX; 1 ¡IV local
st. switching ,-- 20V
5pV DX & local/
501.1V loca1/20pV DX
15pV DX & local/
150pV local
2pV local

Ultimate S/N ratio
mono/stereo ( 4mV/83 dBf)

78 dB/71.7 dB

80.5 dB/74 dB approx.

84 dB/77 dB

Capture ratio

1dB

1dB

Selectivity
1001IV/50 mV i/p:
RFIM 94+95 MHz i/p:

+ 270 kHz/ - 283k Hz

+371 kHz/ - 376 kHz

-4 dB
+471/-465 local;
, 319/-317 kHz DX

1.2 jiV wide; 0.8pV narrow
4pV/550
12.50W2000V
11V
82 dB/76 dB
1dB wide
405/-430 kHz wide;
+ 293/ - 310 kHz narrow

65 dB 93 MHz;
69 dB 96 MHz
(67 dB ay.)
84 dB 100.35 MHz

70 dB 93 MHz;
66 dB 96 MHz
(68 dB ay.)
84 dB 100.35 MHz

79 dB 93 MHz;
76 dB 96 MHz
(77.5 dB ay.)
92 dB 10u-35 MHz

AM rejection ratio
30% AM:

54 dB

53 dB

56 dB

Pilot tone rejection
ratio:

65 dB worst
channel

34 dB approx
both channels

64 dB worst channel

64 dB worst channel

0-18% centrezero tuned
0.3% centrezero tuned

0.15% centrezero tuned
0.3% centrezero tuned

0.08% centre- zero
tuned
0.25% centre- zero
tuned

0-1% wide; 0.25% narrow
(spec. met 40 kHz dey.)
0-16% wide; 0-5% narrow
(spec. met 40 kHz dey.)

Stereo frequency
response and separation:

Fig. 2(a)

Fig. 2(b)

Fig. 2(c)

Fig. 2(d)

Squarewave 1kHz:

Fig. 3(a)

Fig. 3(b)*

Fig. 3(c)

Fig. 3(d)

Recording o/p

1,450 mV/channel

420 mV/channel

1,-000 mV

Repeat spot ratio
95 MHz i/p:

Distortion 1kHz
mono
stereo:

800 mV/channel

73 dB 93 MHz, 75 dB 96 MHz
(74 dB ay.)
EL) dB 100.35 MHz
% dB

Notes for FM
FM level 100% unless otherwise stated. Pilot tone level 10%. Aerial i/p for tests 1mV unless otherwise stated. Aerial impedance far tests 75 ohms. Noise weighting CCI R/A RM. Tests an
FM made from tape recording o/O.
'Excessive pilot tone made separation sweep impossible. With pilot tone filtered separation 36 dB 100 Hz; 50 dB 1kHz; 38 dB 10 kHz.
+This model incorporates automatic switching over normal ( local) and narrow ( DX) if. selectivity modes depending on signal strength. On weak signals the selectivity goes to the DX mode
and on signals above about 35 pV to the local mode. Also the stereo blend' circuit automatically cuts in on weak signals to increase S/N ratio (see Fig. 1(c)). It is possible to over- ride the
auto switching to engage local mode on weak signals if required. Indicator lights show modes operational, also muting mode.
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Tfrequency display while the other retains
WO OF these models use a digital tuned

the ' old fashioned' cursor and scale. Of the two
digitals, the Philips AH - 180 ( from the ' Black
Tulip' range) is based on frequency synthesizing
while
the
Optonica
ST- 7100
employs
continuously variable tuning with a useful
frequency lock feature. The Optanica is also
equipped with a cursor and scale, so to some
extent you can reap the best of both worlds from
this model. The analogue- only TEAC TX- 500
has two-way selectivity switching, as does the
Optonica. The Philips, though, has fixed
selectivity, but chosen to compromise well
between the conflicting requirements for low
distortion and adequate station discrimination.
All three models have amedium waveband AM
section.
Tuning
The difference between frequency synthesizing and continuously variable tuning is that
the former tunes across the band in small
frequency steps while the latter tunes continuously over the entire band. All analogue
tuners are of the latter type so one needs to tune
pretty accurately onto the required station for
the least distortion, best stereo separation and
best S/N ratio. To aid this, most tuners have a
centre- zero tuning meter or other kind of ' on
tune' indicator; also, in some cases, automatic
frequency correction ( AFC) or a 'tuning lock'
feature as in the Optonica.
Frequency synthesizing is based on an
accurate reference frequency ( fr) provided
by aquartz- controlled oscillator from which are
synthesized the small steps in tuned frequency.
Binary,
pre- scaling,
voltage- controlled
oscillator ( VCO), comparator and phase lock
loop (PLL) circuits are involved, so that when a
frequency step applies the PLL locks and the
tuned frequency step reflects the high accuracy
of f,. A step frequency is synthesized each time
the PLL locks, and the frequency steps and
hence the tuned steps are determined by binarycoded divide circuits and pre-scaeing.
Local oscillator signal from the front-end is
passed to a frequency divider having a
programmable division ratio. Divider output is
compared with f,. Comparator output is then
amplified and filtered before being applied as
the control voltage for the VCO ( to a varicap
tuning the local oscillator, in fact), thereby
completing the PLL. Tuned frequency is
changed by the user keying- in the frequency
data for the required station, which is converted
to the appropriate division ratio by a
microprocessor.
It is possible to program a PLL frequency
synthesizer directly by the application of the
binary-coded division ratio which is required to
reduce the local oscillator frequency of the
front-end for comparison with f,.
This type of circuit has been criticised for
domestic tuner applications on the grounds that
if the synthesized step frequency fails to relate
exactly to the frequency of the required station,
then the station is mistuned with the results
stated earlier. This may be valid to a relatively
small degree, depending on the frequency
spacing of FM stations and the frequency

intervals between the tuned steps. It cannot be
attacked for sheer accuracy of tuning, for when
the division and pre- scaling are engineered, say,
for 100 kHz steps then, provided the internal IF
alignment of the tuner is correct, each tine a
step occurs it will be exactly 100 kHz, as
governed by the accuracy of the quartz
oscillator. This is far more accurate than one
could possibly hope to tune by hand, based on a
centre- zero tuning meter, for example.
However, if the required station frequency is,
say, 50 kHZ away from atuned step, then that
station will be mistuned to the extent of 50 kHz.
In practice this small amount of mistuning is not
as important as it is sometimes made out to be. It
must be remembered that the IF and FM
detector circuits are relatively wide- band: the
FM detector, foi instance, can be as wide as
500 kHz or more! Even so, if one is going to pay
a lot of money for frequency synthesizing one
might then surely expect the high potential
accuracy to hold on all the FM broadcast
stations!
Devices are now available which enable the
inbuilt reference frequency generator to be
programmed to achieve arange of tuning steps.
For example, the SAA1056 PLL frequency

synthesizer can be programmed for FM steps of
25 or 10 kHz and AM steps of 5kHz or 500 Hz.
Some early synthesized tuners operated with
200 kHz steps, which were too wide. Extra prescaling was then introduced to reduce the steps
to 100 kHz. Latter-day synthesized tuners,
however, such as the Philips AH180, often
employ switchable pre- scaling to provide steps
as small as 50 kHz.
It is noteworthy that most FM stations are
spaced at integral multiples of 100 kHz, so all
these will be tuned very accurately when the
synthesized steps are 100 kHz. A few stations
relate to 50 kHz spacing. These would thus be
mistuned to the extent of 50 kHz when the tuner
provides synthesized steps of 100 kHz; but the
Philips AH -180 is able to accommodate these at
the crystal reference accuracy. However, there is
the odd UK station whose integral multiple
resolves to 25 kHz. Radio 4 is an example since
its frequency is 92.125 MHz. To tune this on the
Philips or any other synthesized tuner having
50 kHz steps, the step corresponding to 92.15
MHz would probably be used. That station,
then, would be mistuned to the extent of
25 kHz. Frankly, Ifeel that this error is so small
that it can be ignored, for the extra distortion or
125
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impairment in stereo separation that this small
amount of mistuning would cause is hardly
measurable.
Each time a step is tuned there is a
corresponding ' locked' indication on the digital
read-out. The latest tuners commonly use a
four- digit display, with an additional digit
which is brought into operation when the prescaling is switched to 50 kHz ( as with the
Philips). The Optonica has afive- digit display,
the fifth being the figure ' 1' when the FM
frequency is 100 MHz and above. That digit is
also used for the AM frequencies; but the
Optonica,
remember,
uses
continuously
variable tuning.
Technical tests
By now the general nature of my searching
FM tuner tests will be fairly widely known by the
technically minded, and Iwill not go through
them in detail [ see HFNIRR Feb. 1979 pl 25]. I
must mention, though, that the vast majority of
the lab tests were conducted on the FM sections
only. Despite some recent debates and the
emergence of stereo AM in the States, in no way
can AM be regarded as ahi-fi medium, no matter
how good the AM technical behaviour of a
tuner. This is not because AM by its nature is
incapable of carrying hi-fi program; but it has to
do with the way that the transmissions need to
be restricted in terms of sideband elbow room,
dynamic range and, generally, stereo, so that a
large number of stations can coexist within the
crowded ' radio space'. Hi-fi quality signals
within the HF spectrum would result in even
more inter- station interference than is currently
plaguing AM!
AM is sometimes regarded as 'convenient' on
a hi-fi tuner, but please don't expect to get
results through your hi-fi much better than you
can get from the kitchen transistor portable—in
terms of quality as distinct from quantity, that is.
The addition of LW can be useful since the
frequency changes, but none of the models
tested here had aLW band. However, equivalent
models with LW are sometimes available.
We did evaluate the AM results, however,
under audition, using off- air signals. FM was
subjectively evaluated using both off- air and
lab- derived VHF stereo signals. The modulation
applied to my FM stereo 'transmitter' consisted
of high quality master tape material. Each tuner
was connected in turn to a Radford ZD22
control amplifier/Hitachi HMA- 7500 MOSFET
power amp combination driving apair of IMF 80
Monitors.
The tuners are presented, not in any specific
order of merit, but merely in the order they
passed through the lab.

interference originating from afluorescent light,
say, or the line timebase of anearby TV receiver.
Active length of the tuning scale is about
190 mm, and along its length are marked FM
MHz and AM kHz, but these are only ' rough'
frequency points. The digital display is relied
upon to provide a more accurate frequency
indication. Tuning ranges shown were 81.47 to
108.94 MHz FM and 515 to 1650 kHz AM, and
tuning is continuously variable; as the tuning
knob is turned the digits change 'smoothly'—
not in the small steps of asynthesized tuner.
This would seem to make it virtually
impossible to know when a station has been
accurately tuned, bearing in mind that there will
still be aresponse at tens of kHz either side of the
actual carrier frequency. Optonica have not
overlooked this and have, in fact, catered for the
problem in two ways. Firstly, as the tuning
passes over an FM carrier a row of seven light
emitting diodes ( LEDs) glow sequentially. The
first three are red, the middle one yellow ( quite
bright) and the next three red, and one tunes the
signal so that only the middle yellow one is
glowing. The glowing of a red one signifies
mistuning by an amount depending on how far
it is away from the middle yellow one.
Secondly, as soon as the fingers are removed
from the tuning control knob an automatic ' lock'
circuit is activated. This corrects the tuning if
there was an error in the first place and also locks
the tuning on the carrier frequency. The
frequency display should then indicate the
precise frequency of the tuned carrier. Accuracy
of this final indication depends on how well the
frequency counter and the FM IF and detector
circuits are aligned. In my sample the display
was one digit in error, for when Ituned my local
North Hessary Tor Radio 2 transmitter,
operating on 88.1 MHz, the display read
88.09 MHZ. This 10 kHz error, as Ilater found, is
correctable by an internal adjustment. It is
highly likely, of course, that the slight
maladjustment occurred in transit—a hazard of
any accurately aligned equipment shipped half
way round the world!
Eight buttons provide FM mono, FM stereo
and
AM
selection,
multipath
reception
indication ( see below), an 'air check' tone for
setting the levels of arecorder prior to recording
off- air, which is very useful, selectivity change,
hi- blend and FM interstation muting.
Relative strength of atuned signal is indicated
by arow of seven yellow LEDs next to the digital

FIG 1 Optonica ST- 7100 Frequency Response/Crosstalk
dB
o

OPTON ICA ST- 7100
This recent model from Sharp's up-market
offspring Optonica, utilises both analogue
tuning and digital frequency read-out. It is also
equipped with MW AM. Attractively styled,
height is about 72 mm and length about
430 mm. Taking account of the front controls
and the hinged ferrite rod aerial at the rear, the
overall depth is around 410 mm. An additional
75 mm is required at the rear to accommodate
the ferrite rod aerial when it is hinged outwards
away from the rear panel. Unfortunately, the
aerial cannot be swivelled, so if neither end
happens to be pointing to the required AM
station, then either the whole tuner will have to
be turned or an external AM aerial connected. A
swivel aerial is also useful for reducing local
126

frequency display ( also yellow- glowing). The
stronger the signal, the more LEDs which glow;
the first lights when the signal is as small as
1µV, while asignal of about 1.5 mV is required
to get all seven to glow.
When the multipath button is depressed, the
signal strength indication is not altered, but the
audio output falls and becomes distorted. The
level of the distorted output is effectively a
subjective measure of the amount of multipath
(reflected) signal being picked up by the aerial.
This facility thus makes it possible to turn the
aerial for the least pick up of multipath signals.
Functions chosen are shown by LEDs and there
is also a yellow LED which shows when the
tuning lock comes on ( when the fingers are
removed from the tuning knob) and a red LED
which shows when astereo signal is tuned.
Left and right audio signal outputs are from
rear ' phono' sockets—a pair for the variable
output and another pair delivering afixed output
(see table p121 for levels). There is also asmall
rear control for adjusting the level of the 'air
check' tone. Inputs are provided for 300 ohms
balanced and 75 ohms unbalanced ( coaxial)
aerial systems. A good point is the inclusion of a
75- ohm UK- type socket ( how Iwish more
Japanese makers would fit this kind of socket).
Aerial matching was good.
The tuner gave agood account of itself in the
lab. The highest sensitivity ( as predicted by
theory) was obtained in the normal selectivity
position, and in this mode the tuner is
sufficiently sensitive for interesting DX trials,
given the right conditions and asuitable aerial
array. At very low signal levels, though, Idid
detect whistles within the passband, and it may
be agood idea for Optonica to investigate these,
although they are not apparent with the tuner
responding to off- air signals.
Front-end intermodulation performance was
satisfactory, though a little below that of the,
other two models. There was a good capture
ratio and, although the wide selectivity mode
certainly opened- up the passband, the normal
mode was a trifle narrower than a tuner with
fixed selectivity. Ithink the ' normal' mode could
be made alittle narrower, which would help DXing should you be that way inclined!
Stereo harmonic distortion was alittle on the
high side yet, curiously, the I
M D was well down
in both mono and stereo modes. There is a
curious HF 'kink' in the frequency response
(Fig. 1), and it is apity that Optonica could not
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have flattened' the curve out to 15 or 16 kHz.
Stereo separation, though, was excellent. Pilot
tone rejection was good.
Auditioning Impressions
Apart from some critical listeners detecting
traces of stridency from the lab- derived FM
signals at high modulation levels, the tuner was
generally regarded as atop-flight performer. It
was highly ranked for stereo imagery and was
favoured for its bass and middle- frequency
reproduction in particular. Using off - air signals,
it was impossible to tell much difference
between this and either of the other two models.
On weak signals the slight increase in ' normal'
selectivity mode was detectable, but Iwould
have preferred a narrower passband in this
mode. When the multipath button is depressed
the tuner becomes sensitive to AM signals
(multipath can be resolved to an AM
component) and thus responds to the amplitude
modulated commercial radio services at the top
end of the FM band!
The AM band was conspicuously free from
heterodyne whistles and judged to be of slightly
above 'average' sensitivity; but for weak AM
signals an external long-wire' aerial was
necessary.
The tuner was found easy to use under
domestic conditions and was well liked for its
good looks. Neatness of design and good
illumination of the digital display and LED
indicators were also commented upon.
The tuning ' lock' was found to possess a
useful pull- in range, but mild drift was detected
on the frequency read-out during the first hour
or so of operation, from switching on from cold.
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FIG 2, TEAC TX - 500 Frequency Response/Crosstalk
dB
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calibration tone ( similar to the Optonica); hiblend for reducing background hiss on weak
stereo signals at the expense of upperfrequency separation and frequency response;
inter- station • FM
muting;
wide/narrow
selectivity change; mono/stereo mode; and
FM/AM selection. LEDs at the top of the scale
above the tuning control knob reveal the set
waveband and whether the FM signal is stereoencoded.
Screw terminals are fitted for 75- and 300ohm FM aerials, external AM aerial and earth. A
good point is that the rear ferrite rod AM aerial
can be swivelled for maximum signal response
or for the least local interference without having
to turn the tuner.
Sensitivity was of a similar order to the
Optonica, being slightly better in narrow than
TEAC TX- 500
wide selectivity mode on an absolute basis. I
This more conventionally- styled tuner has a
'brushed- aluminium'
fascia
measuring couldn't help feeling that the 1mV S/N ratios
approximately 410 x135 mm. Excluding control could have been a little better, particularly in
stereo mode. Ihad the impression that the stereo
knob and rear ferrite rod aerial protrusions, the
depth is around 272 mm. The model is metal decoder was alittle noisier than some; but this
was not discernible on reasonably strong off- air
encased ( like the Optonica), and can be stacked
signals. Acceptable values of RFIM rejection
with apartnering amplifier and cassette deck in
an attractive, glass- fronted wooden enclosure ratios were measured, and the capture ratio was
good. The wide:and narrow selectivity figures
to form a ' rack' system.
were not too dissimilar to the Optonica so,
A large, inertia- assisted knob operates the
again, Iwould have preferred a 'sharper' narrow
tuning over a scale length of approximately
250 mm. The scale is angled back slightly for mode response.
The tuner was not responsible for producing
ease of reading and is softly illuminated. Major
and minor calibration lines are present for FM much distortion of its own, even on signals of
but they fail to correlate very clearly with the full modulation; but, as would be expected,
intermodulation distortion rose significantly in
MHz numbers also printed on the scale. The AM
scale has kHz numbers but« no definite narrow selectivity mode. The pilot tone was
calibration lines. The cursor is 'silver' and the reasonably well suppressed. The two channels
tuning mechanism was found to operate match very well ( Fig. 2) and TEAC have secured
almost a dead flat response from 30 Hz to
reasonably smoothly.
There are two usefully large meters, one 15 kHz, corresponding to the FM audio
showing relative signal strength and the other spectrum.
centre- zero for FM tuning. Sadly, the dynamic
Auditioning Impressions
From the lab- derived stereo FM signal, the
range of the signal strength meter was restricted,
since with an aerial input signal around 125 µV consensus was that there was very little to
the meter was reading virtually full scale. Even choose between the TEAC and Optonica.
relatively weak signals, therefore, gave the
However, slight mistuning was more noticeable
impression of being strong! The FM tuning from the TEAC, especially in narrow selectivity
meter seemed to be fairly well adjusted, though mode. One or two listeners thought that the
on the sample there was a small permanent TEAC could be taken to slightly higher
deflection to the right of centre without asignal.
modulation levels than the Optonica before HF
(The lab measurements were made with the stridency, particularly on piano music, became
tuning adjusted for centre- zero on the meter.)
unduly apparent. Some people also thought that
A small front panel control sets the audio the presence range was marginally better from
output signal level from one pair of rear ' phono'
the TEAC than the Optonica.
type sockets, while another pair yields afixed
There was hardly any difference between the
output. Six lever switches provide: a record
background noise of the two models on strong
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stereo signals, but the background hiss started
to show more from the TEAC than the Optonica
as the signal level from the lab- derived signal
was reduced.
There was no undue 'spluttering' from the
non- speaking channel, and low-level ambience
and stereo integrity were of the same order as
the Optonica. Using off- air FM signals it was
virtually impossible for anyone to say that one
model was better than the other. In the test
environment, neither model suffered from
'birdies' interference or apparent front-end
overload.
The AM medium- wave performance was
probably not quite up to the sensitivity of the
Optonica, but the TEAC has the advantage of a
fully adjustable rear ferrite rod aerial ( you require
about 190 mm clear space at the rear to
accommodate the full swing of the rod), so the
weaker signals could be ' beamed in' without
having to connect an external aerial.
There was no detectable frequency drift on
FM, and by switching to narrow selectivity
mode aweak signal close to astrong one could
be brought into 'focus'; but in some cases
even narrower selectivity would have been
advantageous.

PHILIPS AH -180
Imust reveal that Ihave also reviewed this
model elsewhere. The first review model was
then returned to Philips. Some weeks later the
AH 180 for this review arrived, but enquiries
revealed that it was, in fact, the same sample as
previously tested!
Nevertheless, the tuner was passed into my
lab for a complete re- test and later reauditioned. Ithought it would be interesting to
see how it fared technically during its to and fro
shipping! On the re- test Iobtained virtually
identical test results as from the first test, which
must prove that the electronic circuits are
mechanically stable, at least; also. that my lab
work has repeatable accuracy, which is
encouraging, particularly with FM!
This tuner is styled to match the Philips ' Black
Tulip' AH 180 rack system, and as such its black
fascia is slotted at the sides for rack mounting.
At £ 379 including VAT, it is relatively expensive
as tuners go, but this can be justified in terms of
its state- of- art electronics and excellent
performance.
Tuning
is
microprocessorcontrolled PLL synthesized ( see the opening
text for more details). There is also amemory for
station pre- selection and recall. The model is
127
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black- finished, metal- enclosed and of lowand 90 MHz, and both would be mistuning the
such as on loud piano music. From a highly
profile styling. Panel height is about 68 mm and
signal by 50 kHz. However, when the 50 kHz
critical aspect, the stereo image was thought to
the other dimensions 482 and 340 mm. Printed
muting button is depressed the station will only
waver atrifle impairing the 'solidity' of the image
in white on the top of the enclosure are ablock
give an output when the 50 kHz step button is
with respect to master tape direct.
diagram
and
three
graphs
revealing
depressed and the tuning set exactly to
However, highly satisfactory observations
performance parameters.
89.95 MHz! There are also two additional
were forthcoming for low stereo background
Primary FM tuning steps are 100 kHz. A
buttons giving muting threshold levels around
noise, overall 'smoothness' of response and
reduction to 50 kHz steps is achieved by
10 and 100 µV.
low-level ambience. The bass results were also
depressing a small front button, these then
The tuner is equipped with switchable MPX
favoured. Complex orchestral music was free
appearing on the digital frequency display as a filtering; mono and stereo buttons; and
from 'clutter' and essentially well defined.
smaller final digit. There are four modes of
adjustable and fixed audio output levels. An
Again, using off - air signals, there was little to
tuning. In one mode the depression of one of an
internal supply retains the station tuning data
choose between this and either of the other
adjacent pair of buttons causes the frequency to
memory for up to two days after disconnecting
models. The slightly better absolute sensitivity
change upwards or downwards by a 100 kHz
the tuner from the mains supply. In the standby
of the Philips was not really noticeable in
step ( a50 kHz step when the 50 kHz button has
mode, though, the memory is retained as long as
practice, and there seemed to be no real
previously been depressed). If pressure is
the tuner remains connected to the power
disadvantage in not being able to switch to a
retained on either button the tuning scans
supply. A small rear jack accepts a memory
wider selectivity mode ( anarrower mode might
automatically, which is aquick way of getting to
back-up supply from aprogrammable timer unit
help under difficult DX conditions, but this is not
the required frequency ( the electronic and
which is part of the rack system.
what the tuner is designed for). A list of station
automatic equivalent of the tuning control
frequencies came in useful, and it would be a
This model had the highest absolute
knob). An inconvenience of this method is that
sensitivity of the three; also the best 1mV stereo
good idea for Philips to supply such alist with
while the tuning is scanning the audio is muted
S/N ratio. It enters full limiting nice and early
each tuner. The most convenient tuning mode
regardless of whether or not the muting button
was undoubtedly by memory recall using the
and had very acceptable RFIM rejection ratios
has been depressed, so unless the frequency of
press buttons.
(these measured without the front-end
the required station is known it is necessary to
attentuation being activated). Although the
From the point of view of sheer quality, the
halt the scan to discover the presence of a selectivity is non-switchable, the passband
AM performance was closely akin to that of
station. Such muting is required to prevent the
either of the other models. It was convenient to
measured was not all that much wider than
electrical noises of the digital action from
have the ferrite rod aerial fully adjustable for
either of the other two models in normal or
getting to the speakers.
'narrow' mode; and despite this the harmonic
getting the best results without an external AM
By depressing a button marked 'search', the
aerial.
distortion was encouragingly low, though the
buttons get the scan to operate as before but this
stereo intermodulation distortion was higher, as
Conclusions
time the scan halts automatically when asignal
would be expected. This was not caused by
of sufficient strength is tuned. This action can be
abnormally high pilot- tone residual as this was
This group of three tuners neatly exemplifies the
extended to stereo stations only, by depressing
well tamed at about 60 dB below full stereo
prevailing range of tuner design art. With the
another button.
TEAC we have the conventional scale and
modulation level. AM rejection ratio was also
When a station has been tuned it can be
good.
cursor tuning using aganged mechanical tuning
committed to the memory by pressing abutton
The
Optonica
provides
both
The designers have successfully achieved a capacitor.
labelled 'store'. This causes an indicator light to
scale/cursor and digital frequency read-out
flat frequency response ( Fig. 3) right up to
glow for a few seconds. While the light is
using electronic varicaps for front-end tuning
15 kHz with excellent channel matching, but
showing the frequency data can be transferred
and a PLL control related to a ' tuning lock'
the stereo separation of the sample was, on
to one of 12 press- buttons for later recall. All 12
arrangement, but without true frequency
average, about 10 dB below the standard set by
buttons can be so programmed with FM and
synthesizing. The Philips is a true PLLthe other two models. This, however, could
AM frequency data. This is the most convenient
synthesized tuner with microprocessor control
merely be areflection of aminor maladjustment
way of tuning.
and a station data memory bank, also using
of the stereo decoder ( it is not my brief to make
The selector buttons are numbered 1 to 12,
internal adjustments; unless Istate otherwise. I varicaps, of course, but digital frequency readand the fourth way of tuning is first to depress a always test as Ifind!).
out only.
button marked ' key- in'. When this is done the
It must be stressed that while digital
Auditioning
Impressions
selector buttons can be used for keying- in the
frequency read-out, varicap electronic tuning,
Iand my colleague listeners were impressed
station frequency, in just the same way as
frequency synthesizing, microprocessor control
by the lab- derived stereo FM results of this
information is keyed into a pocket calculator.
and so forth can certainly enhance the accuracy
model, but one or two things came under
Primary frequency digits are fairly large and
of tuning and convenience of operation, they do
red- glowing. The digit corresponding to a criticism which seemed to relate to some of the
not themselves contribute directly to the net
lab findings. For example, slight inter- channel
50 kHz step, which appears when the 50 kHz
results. In fact, some engineers still consider that
stereo 'splutter' was sometimes detected on
button is depressed, is smaller. AM frequency
the old-style mechanical tuning gang has
transients of high upper- energy modulation,
steps are 1kHz. As with the Optonica, signal
certain electrical advantages over varicaps,
strength is indicated by arow of yellow LEDs.
FIG3 Philips AH 180 Frequency Response/Crosstalk
The range of the relative indication could be
better since all five were found to light with an
dB
aerial input as low as 150 µV.
o "O.
LEDs are also used to indicate other things. Of
5
particular note is a red LED labelled ' local'.
When a special circuit detects a strong aerial
10
signal ( around 10 mV or more) the strength of
the signal getting to the front-end is
15
automatically reduced, indicated by the LED.
20
This neatly avoids front-end overload and the
resulting spuriae on extra strong signals.
25
Another noteworthy feature, operated by a
50 kHz muting button, ensures that the muting
30
1PR
is not lifted until a 50 kHz- spaced station is
20X modulation level _ 35
tuned within the 50 kHz pre- scaling. This
attkHz ; 500s
pre - emphasis; simulated 40
ensures that such astation is accurately tuned to
amplifier • tuner'
a 50 kHz step and not to a 100 kHz step. For
input loading
45
example, without this button depressed a
20
100
1k
10k
20k
40k
station on, say, 89.95 MHz would produce an
Frequency Hz
audio output on the tuned steps of both 89.9
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leading to slightly better nth degree RF
performance.
Accuracy of tuning, of course, does ensure
that the tuner is working at its best, and one of
the easiest ways of tuning ( except for DX ers!)
is by press buttons. You are going to pay more
for a real synthesized tuner than one using a
simple PLL or, indeed, the mechanical method
of tuning. If you must know the precise
frequency of atransmission then asynthesized
tuner is for you. The next best would be a ' basic'
digital read-out model, such as the Optonica.
This also has the advantage of ascale and cursor
arrangement as well.
However, for normal applications there is still
plenty of steam left in the capacitor- gang
designs, such as the TEAC. We felt that, frankly,
on off- air transmissions there was not a great
deal to choose subjectively between the three
models reviewed.
Other things to consider, apart from tuning
accuracy and ease of station selection, are
switchable selectivity and a tone for setting
recording level. Unless you live in a difficult
reception area or like to try at long-distance
reception, then Icannot see agreat deal of need
for switched selectivity. On the other hand, a
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tone oscillator can be useful when radio
programmes are to be taped.
It is impossible to give you a ' best buy' result
from this group because they are so different
from each other and cover a fairly wide price
scale. The most aesthetically pleasing of the
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group is, to my mind, the low- profile Optonica
and is quite a good little tuner. The Philips is
rather 'severe' looking and is designed for the
AH - 180 rack system, where it integrates nicely.
The TEAC is of the ' old style' look and matches
very well with the TEAC ' rack' system. •

e
TEAC TX- 500

OPTONICA ST- 7100
Input for

30 dB S/N mono:
50 dB S/N mono:
50 dB S/N stereo:
-1 dB limiting:

S/N ratio 1 mV

mono:
stereo:

input

RFIM ( 94 & 95 MHz)

wide:
narrow:

Capture ratio
Selectivity ( 100 0/ & 50 mV)
wide:
narrow:
Tuning error @ 95 MHz:
Distortion 100% modulation

1kHz
1kHz
9kHz
9kHz

harmonic mono:
harmonic stereo:
IM mono:
IM stereo:
,

PHILIPS AH 180

2pV (W); 1-5 pV ( N)*
6pV (W); 5pV ( N)'
50 µV (W & N)*
1.5 µV ( W.& N)

1.5 µV (W); 1.4 pV ( N)
4pV (W); 4µV ( N)
40 µV (W & N)
1.2 µV ( W & N)

0.9 pV
3.5 p‘,/
35 pV
1µV

78.5 dB (W & N)
71.5 dB (W & N)

71.5 dB (W & N)
67.5 dB (W & N)

78 dB
72 dB

-69 dB@ 93 MHz/- 67 dB@ 96 MHz
-67 dB@ 93 MHz/- 64 dB@ 96 Mhz
k1

.
1dB (W) ,

+449/-431 kHz
+325/-321 kHz
'zero' (digital); but see text
0.1% (W); 0.12% ( N)
0.44% (W); 0.4% ( N)
<01% (W & N)••
<01% (W & N)••

-74 dB@ 93 MHz/- 70 dB @ 96 MHz
-73 dB @ 93 MHz/- 70 dB @ 96 MHz

-75 dB @ 93 MHz/- 72 dB @ 96 MHz
—

7.51.2 dB (W)

<1.5 dB

+450/-444 kHz
+315/-363 kHz

+356/-348 kHz

scale poorly calibrated

zero (digital)

0.16% (W); 0.25% ( N)
0.1% (W); 0.2% ( N)
01% (W); 0.12% ( N)
0.14 (W); 0.5% ( N)

0.08%
0.12%
0.15%
0.3%

—

Freq. response/separation:

Fig. 1 (W)

Fig. 2 (W)

Fig. 3

Output:

1Vmax.

0.7 Vmax. ( var.); 580 mV ( fixed)

1.9 Vmax. (var.); 1.9 V ( fixed)

AM rejection

ratio:

(var.); 700 mV ( fixed)

52 dB ( 30% AM)
mV max. (var.); 315 mV ( fixed)

55 dB

z-..60 dB

515 mV max. (var.); 400 mV (fixed)

Air-check tone level:

450

Pilot tone rejection ratio:

65 dB

58 dB

64 dB

1pV
1.5 mV

1.5 pV
125 µV

1µV

Price ( inclusive of VAT):

£199

£149

£378.50

Distributor

Sharp Electronics ( UK) Ltd.,
Sharp House, 107 Hulme Hall Lane,
Manchester M10 8HL

Harman UK Ltd., St, Johns Road,
Tylers Green, High Wycombe,
Bucks HP10 8HR

Philips Electrical Ltd., City House,
420/430 London Road,
Croydon CR9 3QR

Signal strength indicator

least usable:
maximum usable:

References:

Note: W =

150 pV

Modulation level 100% unless otherwise stated. Aerial input voltage across 75- ohm termination. Noise weighting CCIR with 2kHz 0dB and ARM indication
CCIR/ARM). IMD measured with residual pilot tone ( f2) and 2nd harmonic of modulation signal ( f1) such that f2- 2f1 = 1kHz, etc.

(
cg,

wide or ' normal' selectivity and N = narrow or sharp selectivity.

•Affected by whistles within passband.
• • No significant rise in distortion with increasing modulation level.
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Revox Tape Recorders
Ask Anyone.
We enjoyed considerable world-wide success for over ten years with our A77 series°
,
and now we're enjoying the same success with our B77.
Over 60 sensible options on the basic model has made the B77 so versettile that they can
be found in recording and broadcasting studios, in use with musicians,
and of course in domestic HiFi systems.
Anyone will tell you why the Revox B77 has gained the reputation it has - and why ¿t ;s the
tape recorder which sets the standards by which others are judged.
Write for acopy of our new colour catalogue.

EW O. Bauch Limited,49 Theobald Street, Boreham Wood, Hertfordshire.Telephone: 01953 0091
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reviewed by Martin Colloms

T

i—WO YEARS ago, in June 1978, Ireceived four open -reel decks for
I HFNIRR; the Pioneer RT202 system, Revox B77, the Sony TC-766
and Technics RS1500US. A broadly similar format has been adopted for
the three models evaluated here, to make for easy comparison between the
two group tests. It was originally intended that Iagain look at four models
but despite numerous requests made over several months, amodel from
Neal- Ferrograph, the only UK manufacturer of high quality consumer
machines, wasn't forthcoming. It was also the intention to continue the
high speed 1- track professional format of the first group, but in the event,
only the Tandberg TD20A conforms to this specification; at present, both
the Philips N4520 and the Teac X10 only come in the lower speed track
form, and this basic difference should be borne in mind when the
measured performances are compared.
For anewcomer to open- reel tape decks, the varying speeds, equalisation options, and track formats can be confusing, so it is worthwhile
outliriing afew basic points before passing onto the individual machines.
Briefly, they usually take 26.5 cm diameter ( nominally 10 in.) reels, with
NAB ( large hub) or I
EC ( small cine type hub) centres. Smaller reels down
to 17 cm ( 7in) can be used, although sometimes with inferior wow and
flutter performance at the end of areel if the tape back-tension is not well
maintained. Some versions of the 10 in reel decks are re- engineered to
take 7in spools only; for example, the X7 version of the Teac X10 reviewed
here As regards tape speed, the usual professional stereo format is
38 cm/s ( 15 in/s) on 1- track, meaning that the tape is recorded in one
direction only, thereby allowing clean editing. This is expensive in terms of
the tape used—a reel of LP grade tape ( 1,100 m or 3,600 ft), costing
around £ 14, will only run for 45 minutes at this speed, but the fidelity is
high, providing a freedom from dropouts and wow, and the high
frequency headroom for live recordings is very good. However, it must be
said that the sound is nearly as fine using the lower speed ( 19 cm/s or
7. in/s), which gives aplaying time of 90 minutes.
In an effort to reduce tape costs and extend playing time for the
domestic user, 1- track working has long been available on some
machines. With four tracks, two stereo forward and two in reverse ( or
with the full reel turned over and re- run), the playing time is doubled.
Usually. 1- track models are sold in alow speed form, with 19 and 9-5 cm/s
(71 and 3-1 in/s) speeds, with the lowest offering afurther doubling of tape
time. There are, of course, drawbacks—editing of 1-track is impossible if
the reverse side has been used since its program would be broken up in an
unpredictable manner, while the narrows track width can impair the S/N
ratio by 3-4 dB, and dropouts ( momentary losses of output) also become
more noticeable. Channel separation is usually degraded and problems
can also arise with interchangeability of tapes recorded on different
machines, as the head alignment is more critical. Breakthrough or
crosstalk from the reverse channels is also possible, particularly at low
frequencies. On the other hand, at 19 cm/s a1,100 m reel will last 3hours
on 1- track, or 6 hours at 9.5 cm/s, and noise reduction systems such as
Dolby- B ( as on Ferrographs and Revoxes) or dbx ( optional on the Teac)
X10) can offset the increased noise levels present at these low speeds.
Such playing times can be valuable for background music or the taping of
long drama productions.
Finally there is the question of equalisation as specified by the European
IEC or American NAB organisations. At 19 cm/s the IEC and NAB agree
(3180 ps+50 its) but at 38 cm/s the NAB Standard is the same as for
19 cm/s, while the IEC differs in applying less playback treble boost,
which improves the S/N ratio by afactor of 2dB or so ( none + 35 ps
equalisation). A 38 cm/s modern tape cara easily take this mild extra record
boost, and thus an IEC model is considered optimum for high speed
working. Where existing tapes have been recorded to different standards a
deck with switchable equalisation is clearly useful.
One point to remember is that a1- track open- reel deck operating at
9-5 cm/s will often produce inferior results to those from the average
cassette deck ( at 4.75 cm/s), the latter possessing a noise reduction
system. For example, dropouts can be worse with some reel-to-reel
machines and the frequency response is often no better and sometimes
worse than cassette, with the 62 dB odd dynamic range audibly inferior to
the cassette deck's 66 dB, if the latter is using agood tape such as UDXL
II. It is for this reason, amongst others, that the cassette format gained in
popularity so rapidly over the past decade, while domestic open- reel has

remained relatively static. Its forte is creative work and experienced
enthusiasts have been the main purchasers.
A high performance open- reel deck is necessarily large with an
extensive engineering content, and thus proves costly. The recommended
price for the Tandberg deck in 1- track form is £650 while the Teac costs
around £500 or so, and the Phiiips N4520 £ 700. ( Drawn from the
previous review and still available aré the Pioneer RT202 at c£1,200; the
Revox B77 at £ 700; the Sony TC766-2 at £650; and the Technics RS1500
US at £ 1,130.)
Test Procedure
Following the previous review and in line with current practice, the tests
were generally straightforward, though one or two are perhaps less well
known to HFNIRR readers. Wow and flutter is a vital aspect of tape
recorder performance, and accordingly extra attention was paid to this
parameter. The figures and graphs represent the total worst results over the
record/replay cycle, and do not simply refer to optimum replay only, the
latter often quoted in manufacturers' specifications. The total wow and
flutter reading corresponds to the DIN peak- weighted result over a
defined ( sigma 2) period, using aB & O WM1 automatic wow and flutter
analyser, while the separate wow and flutter figures are unweighted peak
readings. In addition, scrape flutter due to judder or squeaking over the
tape guides and leads was investigated using a computing spectrum
analyser for narrow band analysis of a10 kHz tone, in order to assess the
severity of the scrape flutter sidebands. Poor results here can relate to a
harshness and aloss of clarity in the reproduction.
S/N ratios were taken using the CCIR ARM specification with 2kHz at
unity gain ( note for comparative purposes that some reviewers, for
example Mr Angus McKenzie, use 1kHz). Several tape types were tried,
including Agfa PEM 268 and 368; TDK Audua; BASF DPR 26; Memorex
Quantum, and Maxell UD-XL. All gave good results with the machine
under test, and by coincidence, two of the decks were supplied ready
aligned for Maxel I, and the third proved compatible. Accordingly, UD - XL
was used for the published graphs and measurements to facilitate ready
comparison.
A NAB/IEC calibràtion tape was employed to check replay frequency
response accuracy at 19 cm/s. Frequency response graphs are shown for
left and right hand channels to check balance at 20 dB below Dolby level,
(185 nWb/M), while responses at nominal full modulation, 0dB or Dolby
level, were also plotted' ( Dolby- A reference is used for open- reel), in order
to show the available headroom at high frequencies. The dynamic ranges
given are based on the available signal range between the 3% third
harmonic distortion tape saturation point and the machine- erased CCIR
ARM weighted tape replay noise.

Philips N4520
Designated as part of the ' Black Tulip' range which is being widely
promoted at the moment, contrariwise, the N4520 was finished in satin
silver alloy, with aself adhesive 'Tulip' label tucked away in acorner—an
afterthought perhaps? In fact, a Philips tape recorder in the £ 700 price
range came as something of asurprise to me—while dominating the mass
electrical and electronics market, the company has rarely tried to compete
at the upper end of the hi-fi market.
Visually the machine was unpromising, seeming atrifle flashy in style
and in its use of decoration—particularly the easily scratched silver finish
on the plastic meter housing, while the fascia appeared unnecessarily
complicated, being divided into three alloy sections fixed by ' psuedo
technical' chromed socket head bolts. However, internal examination, as
well as comprehensive lab and subjective testing, contradicted outwards
appearances—in this model we have one of those rare designs, averitable
wolf in sheep's clothing.
As supplied, the 4520 was in 1- track form, but will soon be available in
1- track, probably at amoderate additional cost. The design turned out to
be both remarkably versatile and sophisticated, and in an open- reel
context offered some suprisingly advanced technical features. Generically
it clearly owes some of its features to the Revox A700; for example, in the
inclusion of three speeds ( 9.5, 19 and 38 cm/s); switchable equalisation
between I
EC and NAB on the high speed, plus the advanced symmetrical
arrangement of feed and stabilising rollers in the tape path. A true tape
length readout to 5digits is provided, in contrast to the inaccurate and
indeterminate tape revolution counters fitted to most machines.
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timer for unattended recordings. The transport is so arranged that desired
program sections may be quickly found on the tape via the separate cue
and review buttons, as well as the variable wind speed.
No compromise is evident regarding the electronics either. The microphone amplifier ( 6-25 mm jacks) possesses an exceptional overload
margin [ see also Sept. ' 79 p 65] and is virtually universal for all
microphone types, while facilities for DIN and line ( phono type) inputs are
also provided and these signals can be readily mixed via separate level and
balance controls. A further master level control—avertical fader—adjusts
the mixed record level and these, plus the playback controls, are all
calibrated; auseful feature. An mpx filter ( steep cut at 16 kHz to remove
spurious high frequency output from FM stereo tuners) can be switched in
on the Line/DIN input when required, and the source/tape monitor switch
has an additional 'auto' setting: source on setting up, ' replay' on record as
well as ' play'—these modes indicated by LEDs. The changeover switching
for sound- on- sound transfer is inbuilt and stereo/mono track modes may
be selected, while front panel control of record bias was provided with
calibrated settings for various tapes recommended in the manual, and the
output level variable via apreset control. Independent level and balance
controls are also present for headphone monitoring output ( 6-25 mm, Iin.
socket) which, it is also suggested, offers sufficient output to drive avery
small pair of accessory signal checking speakers. One unusual feature is a
rear panel adjustment for record level calibration located beneath protective caps, but understandably the manual suggests that only experienced
users should adjust these to obtain perfect record/replay level matching
on the monitor line.
The massive 0-8 kg flywheel- loaded capstan is belt- driven from alow
speed DC motor, the capstan itself equipped with a72-pole tachogenerator under quartz- lock control. Excellent speed accuracy was claimed and
achieved on test, better than 0.03%. Similar DC motors drive the reel tables
directly under full servo control to maintain the constant tape tension. The
damped roller swing arms provide the control signal via an inductive
differential scanning system, and different tension settings for different
reel sizes are not necessary with such sophisticated control. In the wind
mode, the power input can be altered via afront panel control to effect a
variable wind rate while tape length indicator is calibrated in metres; more
conventionally it could have been in minutes, and automatically scaled for
the speed setting. It required a certain familiarity with common tape
lengths and speed timings to exploit this feature fully; fortunately, Philips
have tabulated these in their excellent instruction manual.
The attention to detail is impressive—for example, the rubber reel hub
facings are electrically conductive to reduce the static charges often
generated during winding, and the memory facility on the tape counter
allows automatic tape rewinding or play at aselected position.
The heads are hyperbol lc- faced to minimise low frequency irregularities
and are formed in solid sendust for very low wear rates while aspecial
magnetic shield on the playback head serves to minimise hum induction
and improve track separation at low frequencies by up to 10 dB. Three
heads are provided—erase, record and simultaneous replay monitor.
The logic- controlled transport is solenoid actuated, via short travel push
buttons arranged in asensible layout. Any button may be operated in any
order, though with the usual record/play interlock to guard against
accidental recording. Once preset, a remote 'on' switch may be used to
start the deck in record or play and likewise the deck may be pre- arranged
in ' record' and switched via the mains by an accessory programmable

Philips A14520:Serape flutter at 38,11919.5 cmls (left tu right)
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Last, but by no means least, we come to the meters. Although o
restricted dynamic range—in VU mode — 20 to + 6dB—they are highly
accurate in a peak- reading form. Additionally LEDs provide peak indication at+3 and + 6dB over Philips' calibration of 0dB peak; clearly these
meters are calibrated to aid maximum tape use as a + 6dB peak is, in fact,
the true 2 to 3% overload on Maxell UD XL and other similar tapes. In
practice, the 0dB Dolby tape reference level corresponds to approximately — 3-5 dB on ' peak' or + 3dB 'VU', and tape saturation does not
occur until 13 dB above Dolby level, so Philips are allowing 3 dB of
headroom reserve beyond the 6dB peak indicated.
Performance
Considering the transport section first, the speed accuracy can be seen
to be excellent at all settings. The weighted wow and flutter was very good
at 38 cm/s, and good at both 19 cm/s, and 9-5 cm/s, the latter
measuring 0-11%. The individual results for wow and flutter were well
balanced and gave no cause for concern but the spectral analysis for
scrape flutter ( see below) was not so promising. At 38 cm/sec the
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+100 Hz points ( a4 division span) averaged — 55 dB which was good,
but the side bands at + 40 Hz were only 28 dB down. At half speed the
picture improved since they were now at + 20 Hz, but at quarter speed
(9.Scm/s) 'shoulders' appeared at — 40 dB, from 30 Hz to 75 Hz. As a
matter of interest, note that the modulation noise 'floor' at + 200 Hz was
—65 dB at 38 and 19 cm/s, but deteriorated to — 58 dB at 9-5 cm/s—a
further argument in favour of the higher tape speeds. Overall the scrape
flutter results were quite good, but not quite up to those for the Revox B77
or Technics RS1500US, for example.
Using Philips' suggestion for bias with Maxell UD XL tape ' + 1dB', the
excellent record/replay frequency response graphs were obtained. The
+0.5 dB limits applicable covered aremarkable 45 Hz- 28 kHz for all three
curves shown, with the — 3dB point at an extended 23 Hz. At the two
lower speeds, the results were almost as good, with slightly poorer
channel balance at low frequencies, tight + 0.75 dB limits sufficed for
30 Hz—.
21 kHz, 19 cm/s, and 20 Hz- 17 kHz, 9.5 cm/s, the latter an
unusually good result for athree- speed machine
At nominal full modulation, 0dB=185 nWb/m (+ 3dB VU on this
deck's meters) the high frequency response was excellently maintained at
38 cm/s to — 1dB at 30 kHz—barely different from the — 20 dB curve. At
19 cm/s the — 1dB point appeared at 17 kHz—still very good—while at
9.5 cm/s, 9-kHz showed a1dB loss. Again this illustrates the headroom
advantage of the higher speeds.
The NAB/IEC equalisation was checked at 19 cm/s and gave the very
fine results shown in the table, these including calibration errors. The
figures suggest a + 1dB accuracy from 50 Hz- 15 kHz, with good azimuth
alignment affording reliable interchange- ability of recordings.
Philips' claim of high separation at low frequencies was confirmed,
reading an excellent 55 dB at 20 Hz, this maintained to 5kHz, and even at
20 kHz, 38 dB of channel separation was recorded. The maximum line
output at Dolby level was 0.67 V, with a16 dB greater headroom in the
record/replay electronics before overload, this corresponding to some 4V
output. This headroom is certainly sufficient but could be improved to
20 dB or so, particularly on the future high speed model.
Third harmonic distortion levels of 3% at peak recording level were
obtained at 13.5 dB above DL at 38 and 19 cm/s, with 13 dB at 9.5 cm/s,
these some 4dB above the + 6dB peak meter indication, while at ' 6dB'
peak indicated, the distortion was just 0.35%. At 10 dB above DL the
electronic total harmonic distortion was 0.05%, 1kHz, and at DL the 38
and 19 cm/s tape third harmonic was 0.1% ( 0.2%, 9.5 cm/s). At 10 dB
below DL, the figures were 0.03% and 0.04% off tape, all these being
excellent results.
Referenced to DL, the CCIR ARM noise levels from machine erased tape
were — 53 dB IEC and — 50 dB NAB at 38 cm/s; — 51 dB at 19 cm/s, NAB
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(and IEC); and — 49-5 dB at 9.5 cm/s. Dynamic ranges of 3% third
harmonic distortion of 66-5, 63-5, 64-5 and 62.5 were provided, while
erasure of a + 10 dB signal was typically — 70 dB.
Head contact stability was exceptional for aitrack transport and high
frequency dropouts were much less frequent than usual. The polarity of an
asymmetric signal was preserved through the machine in all modes tested.
Internal examination revealed asubstantial construction—for example
the main deck plate was of 4 mm thick steel—and the components were
clearly chosen for longevity and ease of adjustment and service. The
attention to detail was impressive—such as the use of fine hair damper
brushes on the capstan drive belt and acoustic foam pads to absorb
internal noise inside the enclosure.
Few faults or points worth criticising were encountered, notably aslight
Revox type audible motor whine. More objectionable was the
prolonged overun of the rapidly rotating reels at the end of afast wind.
Tape leaders were rapidly shredded with an unpleasant noise, and one
was tempted to risk manual retardation.
Subjectively, the N4520 compared very well with my own Revox IEC
B77, high-speed itrack, and whether avery slight loss of definition or
clarity with the Philips was attributable to the latter's itrack working or
the technically poorer high frequency scrape flutter proved impossible to
determine. Suffice it to say that the Philips was very good at the higher
speeds and surprisingly presentable on the lowest. In 1-- track form, the
dynamic ranges should be improved by some 3dB with all the other
attendant benefits as well.

Tandberg TD20A
This deck was introduced in a fanfare of publicity centring on its new
form of record amplifier, named ' Actilinear'. Subsequently, however, its
specific and unique features became a matter of some contention.
(Arguments aside, the Tandberg recording amplifier is claimed to provide
20 dB headroom over the distortion threshold of current tapes, and is also
intended to provide agenerous reserve for future tape types.) The TD20A
was also initially associated with apromise of metal open- reel tape which
is still to materialise.
Two versions are available, namehr -I
2
--track high-speed and a itrack
low- speed ( 19 and 9.5 cm/s), the latter costing some £ 50 less. 26 cm
reels can be used, and the review deck was selected in the high speed
format ( 38 and 19 cm/s), coming preset for Maxell UD XL tape.

The transport incorporates four motors, three large AC types for wind
and for the belt- drive capstan, the latter being two speed hysteresis
synchronous. The fourth powers a worm- drive which replaces the
generally noisy pinch wheel solenoid. Full logic control is provided, with
triac semiconductors responsible for power feed to the motors, and the
record mode can be preset so that on connection of the supply via amains
timer, the unit automatically starts up in ' record'. A flying start, particularly
useful for 'drop- ins', is also provided, whereby the unit in ' play' mode can
be switched to ' record' directly with no added clicks. Cue/edit facilities
allow monitoring of tape signals during wind or manual inching, while a
sel sync facility provides for optional reduced quality monitoring via the
record head, to allow perfect synchronisation of anew mono track with an
existing one. Sound- on- sound is also included, though rear patch cords
are required for this.
Unconventional in design, the TD20A meters cover afairly limited — 24
to + 3dB peak range reading. The drive signal is pre- equalised, and
cannot easily be used for alignment, while the calibrations are coarse—no
gradation between — 6 and — 12 for example—with Dolby level replay
(DL) at an indicated ' 30%' at approximately — 10 dB. This does, however,
neatly place the full scale + 3dB peak indication correctly at the peak tape
handling level.
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Three heads—all Tandberg made—are used, with the narrow gap
playback one in ferrite for long life. The auto stop tape sensing used infrared diodes and was immune to spurious external light; in fact, afull infrared remote control system may be used with the deck, permitting full
transport control, including record. The remote receiver is not built into the
deck, and must be purchased as an optional extra, costing about £80 with
the remote transmitter. Connection of the receiver is via a somewhat
untidy front panel cable.
Rear panel sockets are provided in both DIN and phono format while on
the front panel the headphone and microphone inputs are standard jack
sockets ( 6.25 mm). A master record control covers the mixed output from
the microphone or line inputs, while preset front panel bias adjustment is
included for each channel; the replay output level is also under independent front panel control.
An easily marked black veneer finish is used for the main wooden
surround case, into which the chassis slides. Internal inspection revealed a
domestic rather than a semi-professional standard of construction,
though it was nonetheless still of a good quality. A surprisingly high
content of Japanese components was noted ( Tandberg being a
Norwegian Company), these including the three main motors, and most of
the level controls, switches and capacitors. The record and playback
circuits are contained on a rather large and floppy printed circuit board
which was not well supported and gave alarmingly when the input plugs
were inserted.
Tape tension may be selected for large or small reels and the tape path
includes aroller to reduce scrape flutter. Some motor hum and tape swish
was audible from the transport—more so than for the other two models
tested or the Revox B77, for example—though the motor- driven pinch
wheel engagement was much quieter than the usual solenoid mechanism.
Idid not find the panel layout or legends to be particularly clear and some
time was required to familiarise oneself with the arrangements. More
thought could have been given to the fascia design n order to aid rapid
use

Performance
It was the 1- track version that we measured but the results for the -1-track
slower model should be similar, although with 3-4 dB poorer dynamic
range results at equivalent speeds.
On the subject of speed, both 19 and 38 cm/s were fine, at better than
0.2% accuracy. DIN peak- weighted wow and flutter was very good at
0.02%, 38 cm/s and 0-05%, 19 cm/s, these being record/replay results.
Linear flutter was 0-08% or so for both speeds but despite the excellent
0.03% wow at 38 cm/s, it was slightly poorer, though still fine, at the
slower speed, measuring 0.1%, 19 cm/s. The 19 cm/s scrape flutter ( see
above was good, despite the sidebands at ± 37 Hz, 33 dB down, but the
result was less satisfactory at 38 cm/s, with the + 25 and 75 Hz
components visible, plus some regular harmonic noise, possibly
breakthrough components from the motor. Using Maxell UD XL tape and
ignoring for the moment the 3dB or so low frequency irregularity, at
—20 dB very flat record replay responses were obtained. At 38 cm/s the
top end was better while the low frequencies were better at 19 cm/s—a
not unexpected result. Channel balance was about 1dB out, and driven to
0dB 'full' record level, the — 1dB compression point was ahigh 30 kHz
for 38 cm/s, and astill good 19 kHz for 19 cm/s. The NAB/I EC equalisation replay equalisation at this latter speed was commendably accurate,
and was also well balanced; incidentally the output level control was
responsible for the headphone monitoring and replay meter sensitivity, but
personally Iprefer the meter readings and main output to be independent
of the headphone monitor.
Azimuth was fine and separation very satisfactory, though not quite to
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Tandberg TD20A:Scrape
flutter at 38119 cm/s
(left/right)

the Philips standard. The worst figure of 35 dB, 20 kHz, was satisfactory
and itrack working helps here, while mid band separation was typically
45 dB.
Fully driven at both speeds, the tape 3% third harmonic distortion
appeared 13.5 dB above Dolby replay level. The distortion due to the
electronics was excellent at 0.3%, + 22 dB, and was typically under 0.1%,
1kHz, while at Dolby level tape distortion was 0.17% at 38 cm/s and 0.1%
at 19 cm/s. At 10 dB below DL, excellent figures of 0.05% and 0.03%
were recorded, the marginally higher figure at 38 cm/s possibly due to the
scrape flutter results, but this is only conjecture.
Relative to DL, the replay noise off machine- erased tape was — 54-5 dB
and — 53 dB, providing dynamic ranges of 68 and 66.5 dB at 38 and
19 cm/s—excellent results, essentially tape limited. Also excellent was the
erasure level of typically 79 dB for 1kHz. Tape- to- head contact was very
good, although not quite on apar with the Philips, despite the latter's -1track working.
Subjectively, the Tandberg's performance was more or less equivalent
to the highly regarded Revox B77, which is no mean achievement. The
microphone inputs showed agood dynamic range and were versatile and,
once one was familiar with the layout, the deck proved to be adependable
performer. The full function remote control worked well, performing over
considerable distances, while the well written and most helpful instruction
manual also provided useful hints on recording techniques.
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Teac X10: Scrape flutter at
19/9 5 cm/s ( left/right)

A number of models may be considered covered by this one review of the
X10, a new and relatively inexpensive Teac recorder in 1- track,
19/9.5 cm/s format. The cheaper X7 is very similar to the ' 10 as regards
transport and electronics, but is restricted to 7inch reels, and both models
also come with an ' Ft' suffix, indicating auto reversing, which allows
continuous play of a four track stereo tape in both directions without
rethreading. The X10 is also to be made available as asemi-professional
Tascam model, the 32-2, in high speed itrack form. However, the ' 10
series does differ from the ' 7 in certain respects; for example, the larger
reels are catered for by acombination of electrical and mechanical braking,
which also aids threading, and in addition, a partial ' pause' mode is
provided which allows quick return to play or record ("flying start').
Connections are also available allowing an accessory dbx noise reduction
system, specifically built by Teac for the ' 10 series, to be used.
This dbx unit is a version of the ' 124'—a full record/replay monitor
system, which Teac have provided with automatic mode switching, the
latter synchronised with the recorder. As it cost around £400 ( hide
different from dbx's price for asimilar unit). Ido not see many domestic
users taking up this facility. While it is true that dbx does offer startling
gains in dynamic range, such aperformance is only worthwhile if the user
starts with program of similar dynamic range. Certain drawbacks are also
associated with this 2: 1 ' compansion' ( compression/expansion) systerrç
when used to record program of a more limited dynamic range, for
example, audible pumping or breathing of program noise is sometimes
apparent—a problem which shouldn't be encountered when recording
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tension arms and railer guides, and tape feed was quiet, though the
machine does produce slight mechanical hum. The controls are nicely
placed, with clear legends and a logical layout, and the clean styling in
light grey was awelcome relief from the usual chrome or black finishes.
The meters possess limited dynamic range and correspond approximately to the average- reading VU type. To standard, OVU agreed with
Dolby level replay when the replay level control was set to the 'cal'
position. Concentric left and right level controls are provided for microphone and line inputs, and allow mixing.
To accommodate different tape types ‘ two settings for tape bias and
record equalisation are provided, and fine speed control is offered with a
+6% variation.

-----
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reduced by some 30 dB. Thus the - 50 dB or so replay noise referenced to
DL improves to - 80 dB. Typically a10 dB increase in maximum playback
level occurs on decode expansion, providing a total dynamic range of
some 90 dB 1,track, and probably nearer 100 dB withi-track high speed
does reduce continuous tone full level distortion ( 1% or less, as compared
with our accepted 3% third harmonic limit for non-dbx operation). One
other aspect should also be noted, namely that dbx processing can both
impose and exaggerate mild frequency response errors. Met the second
replay processing, atypical droop of 2to 3dB occurs at 20kHz, while in
addition, any record errors are doubled on replay. The X10 on test here did
show some mild response and channel balance errors, particularly at the
lower speed; ( + 3dB for a40 Hz-20 kHz response). These would appear
as an unacceptable + 6dB with dbx in line, so in this respect the
alignment and calibration of the associated recorder is critical.
Returning to the ' X' series, these are three- head machines with full
logic- controlled tape transports. High power 24 V DC motors are employed throughout, the capstan unit servo- controlled via a frequency
generator output. A double capstan system is employed, with massive
flywheels coupled by abelt and, as isolated constant tape tension is thus
provided, reel judder and back tension variations are removed from the
active tape section between the capstans. In this respect the X10 closely
resembles the Sony TC-766 series.
A remote control is available with full transport functions, and atimer
mode allows automatic entry to record simply by timer connection of the
mains supply. The well designed tape path is supplied with damped

19c m/s

\ TIME

10do

live using wide dynamic range microphones. Certain instruments can also
catch out the dbx system, such as solo piano where odd transient effects
may be audible to critical listeners.
In theory, the 2 : 1 coding should double the dynamic range of the
associated recorder—for example, the typical 62 dB obtained for the X10
should be 124 dB with dbx. However, due to the system's exaggeration of
tapecompression errors, the maximum record level needs to be reduced by
some 10 dB ( 2x 52 dB). Input noise in the dbx system may provide a
further barrier unless the system drive levels are kept up, ( ideally 1Vfor full
modulation) and it is generally taken that the tape replay noise is typically
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Philips P14520

Wow 8, flutter (% DIN pk wtd) 38/19/9.5 cm/s

R/Rp.

e

(
itrack)

7

•

Tandberg TD20/1 (1- track)

Teac X10

0.05/0.08/0.11

0.02/0-05/-

-/0.04/0.1

006/004/017
0.10/014/Q18

0.03/0.10/-

-/Q04/0.12

•exclie o
G:110 - - • •

(
1- track)

Record/replay wow Si flutter
a' duration. % linear wow
% linear flutter

38/19/9.5 cm/s
38/19/9-5 cm/s

Replay equalisation 19 cm/s ( NAB/IEC 50 Hz-15 kHz AV.)
Noise ( record/replay

CCIR-ARM wild. rel.

-/4}1 1 /4}, 6

0.07/0.08/-

± 1-5 dB

± 1.0 dB

±15dEl

I.E.C.

I.E.C.

53/51/49-5

545/53/-

N.A.B.
-/50/48

Test tape

Maxell UD XL

Maxell UD XL

Maxell UD XL

Overload level ( record/replay electronics)

+16 dB

+22 dB

+16 dB

OverMed level, dB ( tape for 3% third) 38/19/9.5 cm/s

+13 .5/+13.5/+13-0

+135/+135/-

-/+13-O/+11-5

Dynamic range ( 3% to CCIR: ARM noise)

IEC eq.
66.5/645/62.5

IEC eq.

NAB eq.

68.0/665/-

-/63-0/595

185 nwb/m DL.)

38/19/9 .5cm/s

8/19/9.5 cm/s
Total harmonic distortion (typ)
0dB ( off tape %)

38/19/9-5 cm/s

0-1 /01 /0-2

01 7/01 /-

-to dB ( at 1kHz) % off tape

38/19/9-5 cm/s

<0-03/Q03/0.04

0-05/0.03/-

-moves}

69 dB

79 dB

75dB

Erase depth

(rel + 10 dB 1kHz)

Channel separation, dB
(record replay,

20 Hz
55

19cm/s)

Frequency response
(-20 dB, record/replay)
38 cm/s
19 cm/s
95 cm/s

1kHz
55

20 kHz
38

20 Hz
35

1kHz
53

-/0-2/01 5

20 kHz
40

20 Hz
50

1kHz
60

20 kHz
53

+0.6 dB, 40 Hz-30 kHz
±0.8 dB, 30 Hz-22 kHz
±05 dB, 18 Hz-17 kHz

+0.5 dB, 40 Hz-20 kHz
±1 .0dB, 12 Hz-20 kHz
-

±044d8, 30 Hz-28 kHz
±2-5 dB, 50 Hz-20 kHz

Compression, kHz, - 1dB at 38/19/9-5 cm/s

30/17/9

30/19/-

-/20/10

Metiers

VU, peak, and + 3, + 6 peak lamps

Equalised peak

VU

Good

Approx. 3.0 min
Good

Fast wind

Speed (
3.600 It)
Quality

Mechanical noise

variable, 2.5 min
average very good at '
slow».
v. good, slight whine

Some hum and swish

Some hum

Azimuth

Good

Good

Good

Output for D.L.

670 mV, variable

500 mV, variable

500 mV, variable

250 µV, (0.1 mV per k- ohm)
2mV/20 k- ohm, 100 mV

200 µV and 3mV
5mV and 50 mV

250 µV
60 mV

£710

1- track £ 770
1- track £ 710

X7 £450
X7R, X10 £500
X1 OR £550

Tandberg UK Ltd,
81 Kirkstall Rd,
Leeds LS3 1HR

Harman ( UK) Ltd,
St. John's Road
Tylers Green
High Wycombe,
Bucks.

Input sensitivity for D.L.
Approximate price

Mike
Line

(1- track will be £760
approx)
Distributor

Philips Electrical Ltd,
City House,
420/430 London Rd,
Croydon, Surrey CR9 30R

Other prices: Sony 765 (.1.- track) £600; Sony 766 (1- track,) £ 700 Revox 877 £ 700; Technics RS1500 £ 1,130

Performance
The X10 ran slightly fast at both speeds-approximately + 0.5%though it was nonetheless very satisfactory. On weighted wow and flutter,
fine results were obtained-0-04% at 19 cm/s and 01%, 9.5 cm/s, these
being worst case figures. Separately assessed wow was very similar, and
flutter somewhat higher, though still fine.
The scrape flutter performance ( see p. 130) was above average,
demonstrating a low noise floor and a relatively narrow fundamental.
Despite the + 35 Hz sidebands at - 38 dB, at 19 cm/s the spectrum
cleared quickly to - 65 dB by + 50 Hz, but at 9.5 cm/s the results were
poorer, with a less well defined fundamental, plus 50 Hz sidebands at
-30 dB and - 50 dB, these only clearing by + 100 Hz.
With Maxell UDXL tape at the recommended bias and equalisation
settings, the 19 cm/s record/replay frequency response was fine on the
right hand channel but showed a1-5 dB shelf boost on the left. In fact, the
responses and channel balances were less tidy than usual and it was felt
that the X10 would benefit from more careful calibration and alignment.
1-5 dB of boost centred on 80 Hz was also noted at low frequencies
though the oft encountered LF irregularities were absent.
At 9.5 cm/s Teac's alignment was clearly incorrect with 5-6 dB of shelf
boost towards 18 kHz and, coincidentally, Teac's own replay calibration
tape ( 19 cm/s) used for the tests revealed a mild equalisation error.
136

Referred to 1kHz, the 14 kHz point was + 2.5 dB but azimuth, however,
was satisfactory. Driven to OVU DL, the - 1dB compression point
appeared at 20 kHz, 19 cm/s, and 10 kHz, 9.5 cm/s, these being good
results for the speeds.
Channel separation was very good at some 60 dB, 1kHz, being
typically better than 50 dB at low frequencies and also up to 20 kHz.
Distortion through the electronics held to 0.2% mid- band up to
overload at + 16 dB, and was typically below 0-04% at normal levels. The
third harmonic figures off tape at DL were 0.2% 19 cm/s and 0-15%
9.5 cm/s, while both measured 0-07% at 10 dB lower. 3% third harmonic
tape distortion came in at + 11-5 dB for 9.5 cm/s and + 13.5 for 19 cm/s.
With CCIR ARM noise at - 48 and - 50 dB, respectively, the available
dynamic range was 59-5 and 63.5 dB, while erasure was excellent at
-75 dB, 1kHz.
The microphone input was about average in performance but not really
good enough for low output types, active capacitor or electret models
being more suitable. Tape/head contact stability was satisfactory, but not
quite to the Philips standard. Internal construction was robust with a
substantial and rigid chassis plus tidy layout; this machine should prove
durable.
Subjectively, the sound quality was very good at the higher speed,
possessing sufficient dynamic range for most purposes and realistic
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domestic replay levels. A slight loudness contour effect in the frequency
balance was attributed to the less than flat frequency response; for
example, at 9.5 cm/s the responses were clearly out, with the replay
noticeably bright, and Teac should attend to this in future production.
Another choice of tape could accommodate this lift, but the 19 cm/s
response would then probably be too dull. Towards the end of a7 in. reel
at 9.5 cm/s, very slight wow was detected on critical piano program,
but not under any other condition.

Conclusions
Taking the Revox as areference to link this and the previous group test,
the B77 was judged to offer fine value on subjective, engineering and
performance grounds, and it is versatile and well calibrated.
The Philips N4520 costing around the same as the Revox at £ 700 odd,
also offers good value engineering. An excellent performer, it provides
strong competition for the B77 even in its present 4- track form, and in 4track Iwould be hard pressed to choose between the two. Probably the
Philips variable bias and equalisation, plus its three speeds, comprehensive metering and fine transport would prove difficult to resist. However,
just the slightest doubt remains concerning the flutter results which were a
little higher than Iwould like; perhaps aflutter roller near the heads would
have helped matters here.
In common with the Philips, the Tandberg TD20A also deserves credit
for the high standard of its alignment and calibration. Costing around
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Brooks
Audio Consultants

"It is a fine thing to be honest,
but it is also very important to be right."
Sir Winston Churchill
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£100 less than either the N4520 or B77, it nonetheless delivers an overall
fine performance with particularly low wow and flutter. Personally, Iwas
not over- impressed with the finish or constructional quality, but the lab
results speak for themselves and the TD20A can thus be recommended;
(£550 in 4- track).
Teac's showing was less satisfactory as regards measured frequency
responses, their character almost entirely attributable to imperfect alignment. This factor aside, this well built machine offeres afine performance
at acompetitive price low enough for apurchaser to consider realignment
for his chosen tape. With tolerances and calibration improved, the X10
would certainly be considered good value, and in 4- track form worthy of
semi-professional use.
Unfortunately the superior alignment of the Sony TC-766/2 previously
reviewed sets it apart from the Teac and helps justify its higher price of
£700 (£ 600 in 4- track). Both the constructional standard and finish were
excellent but, like the Teac, the Sony also has rather poor metering with
no peak indication.
Since all the above machines are more or less limited only by the present
standard of tape performance, it does not follow that further expense will
buy better results, and hence the previously reviewed Technics
RS1500US—although a fine machine—does look rather costly at over
£1000. It is also slightly compromised by the use of NAB rather than I
EC
equalisation at its highest speed •

BRITISH HI- Fl
IS NOT EXPENSIVE
FOR LISTENING
TO MUSIC
IF YOU WISH TO HEAR MUSIC THEN ANYTHING
WILL DO EVEN IF IT'S GOT EXCESS SWITCHES
AND METERS
FOR LISTENING YOU NEED QUALITY
FIND IT FROM £ 475—£3,000 AT

GULLIFORD HOUSE
LTD.

When choosing Hi -Fi equipment, don't bother to ask the
dealer for his honest opinion, as if he actually has three
opinions, but only one of them's honest.
Assuming for a moment that he is honest, it doesn't
necessarily mean he's going to be right.
The best approach without a doubt, is to get a comprehensive, unbiased demonstration, and on the basis of what you
hear, make the final decision yourself.

DEMONSTRATIONS OF:
LINN SONDEK• REGA RESEARCH • S.T.D.• LINN ITTOK• SYRINX
• GRACES HADCOCK •LINN ASAK • SUPEX • ENTRE • GRADO
• ORTOFON • AUDIO TECHNICA •NAIM AUDIO • BOOTHROYD
STUART • MERIDIAN • NYTECH AUDIO • A & R CAMBRIDGE •
CLASSICS MICHAELSON AND AUSTIN TVA* LENTEK • SWALLOW
• A.R.C. • MORDAUNT SHORT • LINN ISOBARIK •CEOL
... available by appointment Monday to Saturday until 6p.m.
Chris Brooks Audio Consultants
Retailers of specialist HiFi equipment
FOUR WAYS, 16 BROOKFIELD ROAD, LYMM,
NR. WARRINGTON, CHESHIRE
Telephone LYMM ( 092-575) 2311

by appointment only
at
Gulliford House, Kenton, Exeter.
Telephone: Dawlish 863604
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... in amidst the drudgery,
treachery, betrayal and
boredom of our existence;
let MUSIC touch your mind.

Mission Electronics Ltd.
Unit 9a George St. Huntingdon
Cambridgeshire ( 0480) 57151

Reference Series
Model 101
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