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The phenomenon of “quadro-
phony’* has already been the

subject of many publications, but the confusion only seems 1o increase with
every new attempt to clarify the issue. This article may bring a little light
into the darkness, by describing and comparing the most important systems

that have been proposed so far.
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quality of transmission that is attsinable
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of the p quadiophonle systems b
introduced into this ch

Block C forms the end of the chain as the
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Types of systom
In general,

u distinetion
between three different types of sysem:

we can draw

Four chaneel sieen, an sceistats bul some.
what clumey phrme, it variously referred o a

O 4 is based on the ex-
perience that a ‘spatial impression’
enhances the reproduction — regardless of
whether or mol the reproduced sound
actuslly corresponds to the original s far
as the pesitioning of the variows imstru-
meRls of groups i concerned, Such
systems  can, fot examplo, reproduse
reverberation (or the difference signal
from two sterec chamnels, which usually
contains 8 lot of reverberation) vis the
two rear loudspe, kfr- This & sometimes
referred 1o as a system, in other
words a system thal uses 3 original
sound chamnels, 2 transmisston channels
and 4 reproduction chanmels It goes
under vasious banmers, such as ‘Stereo-
‘Quadro-sound” etc. However, it b
quadrophony in the true sense and
wlII therefare not be discussed any further
in this article.
A diserete quadrophonic sysem contais
four different  channels that remain
separated within section B of figure |
from the microphone to the loud-
speaker (3 "4-4-4" system). An example of
this is the CD-4 gramophone record-CD
stands for Compatible Discreteness, An
Epeimnts eadio transmission 1hat used
wo 1 M transmitters for one pro
gram ¢ \id also be included n this group

Finally, matrix systems are based on the
mixing of the original information
chanmels. What were previously fou

channcls of the total quadrophonic re-
cording ate now combined into two pew,

divided agaim into four chapnels at the
destimation and reproduced by the four

quadrasonics, quadrisenic, traphony, sur-
round sound, #1 al, In this articis ‘Guadrphomy’
i used for the sole resson that it can be
sbbrmviated 10 “eadra’, which goes with 'moes’
st e’

Atver ptl, ‘than which we call Quadio by s
ather name would sourd the same’

in the listening room, These
systems ase classed a5 "4-2-4"
Since only Iwo equations camnot be

solved if they contain four unkmows, the
four resulting chasnels w in the last
analysis never be identical with the
original four: they must always contain
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cromtalk companents, According ta the
choice of the mixing relationship, how-
ever, the spatial sound impression during
reproduction can correspand more or hess
ctarily to the ariginal.

CcD-4

This system, advocated by Nivico and
REA, is a discrele system.

On a gramophons record, the left “serea’

channel mow comtains the sum signal
of ‘left front plus left rear’, and, in
addition, a frequency modulated 30 kHz
carrier with the difference signal ‘left
frant minus beft resr’. The right “sterea’
channel carmies ithe two signals “right
front plus right rear’ and ‘right fromi
minus right rear in the same way. For
reproduction, the four original channels
<an (in principle) be regained by simple
sddition and subirsciion of the respective
sum and difference channels.

The modulation of the left chamnel is
shown schematically in figure 2. The sum
signal with a bandwidth of 15 kHz is cut
in the usual way. The difference signal is
frequency mc-dulated on a 30 kHz carrier,
This  modulation  is  asymmetrical
{=10kHe, +15 kHz), which emily gives

are cul in the same way as normal stereo
channels. CBS chose this system because
it was expected to produce optimal
effects i the case of powsible traditional
stereo reproduction, From the compa-
mative section, |t can be seen to what
degroe this was achieved. The unavoid-
able crosstalk takes place between “front’
and “rear’, audibly along both disganals.
In the case of S, on the other hand, &
mixing l!lllllndnp nm should make

seems fo comes from a preciely determin-
able paint.

The chamctenistics of amplitude and
phase, as they arise during the repro-
duction of a single poinl source, are
shown in  figure 3. The amplitude
charasteristic of BMX is the same as for
05, and is always oriented fowards the
| position of the sound source. An
nlial difference from QS lies, howover,
in the fact that with BMX the phase

ic als ‘rotates’: 07 corres-

accept
possible was chosen. A point-like sound
saurce in the recording sren & reproduced.
with an amplilude characteristic 1hat is
very close 1o cardioid. The sketch m
figure 3 shows this

ponds to the direction of the e,
source, while, for example, the sound
coming a1 rightanges to the sound source
is phased st * 45°. This additional

f gives & s berter

BMX, which will be dmﬂd in the um
section, For both Q8 and BMX this
charscteristic i always oriemted towards
the position of the orginal sound source,

e Japamese ‘regular matrix® standard
ARM) b5 hased on the 8 system

umMx
UMX is a "universal matrix system’ desived
by Professor Cooper (USA) in collabo-
ration with Dr. T. Shiga (Jap:

The wal

Iocalization. With the QS-system. 0 phase

towards this point.

In the case of gramophone records in
UMX icalled UD-) the two basic
channels of BMX are recorded im the
same way s for steren, One basic channel
contaim the mono signal (sum signal),
while the other contains the difference
for the stereo or quadro

]
followed in

rise to amplitude distor-
tan,

The practical resalts with this sysiem are
discussed in thie comparative section.

50 and OS5

50 by CBS and Somy) as well uQSlb'y
Sansui) are matrix sysiems — the abl
viations stand for 'Stercophonic Gunm-
phonic® and “Quadrophonic  Stereo’,
respectively. Mere the four original
channels are mixed into two for trams-
mision and are divided -pm into four

separation between left
and right front, respectively, and between
left rear and right rear. The front channels

with Nippon C

name: Denon), This firm is a member of
the Hitachi group.

The point of departure was a thorough
scientific investigation of the character-
istics of matnx systems. From this the
optimal two-channel matrix was derived:
BMX. By the addition of a furthes;
channel, “the threechannel TMX was
produced, whilke QMX works with an
extra fourth chanpel. OF relevance here
Is the fact that the position of the phan-
tom sound source during reproduction is
nat altered during transference from two,
via three 1o four chamnel transmission.
The localization does become more pre-
cise: with BMX, 4 solo instrument sounds
somewhat ‘mushy’ (spread over a distance
of about 0.5 meters), but with the higher
order systems TMX and QMX the sound

effect, The thind (TMX) and fourth
TOMX) chamnels are frequency modubated
on two 30 kHe carriers, similar 10 those
used for CD-4. An essential difference
from that system, however, lies in the
fact that these 1wo awsiliary chanmels
ean be contained in a fairly narow band.
An sudio bandwidth of 3 kHz is com-
pletely satisfactory, and this can be
fransmitted s symmetrical frequency
modulstion with a peak deviation of
£ 6 kHz (figure 4).

This limiting of the audio band is possible,
because there is hardly any audible diffe-
rence between BMX and QMX ar fre-
quencies above about 3 kHz!

Since the orientation of the various sound
sousces b the same for all three systems,
the transition from QMX to BMX at this
cutalf frequency bs almost imperceptible,
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TMX is mainly of interest for radio broad-
casting: 8 third chamnel cam be rather
simply provided ifor example, by quadra-
ture modulation); hawever, four channcls
appear to be an impracticable process
— al least in Eurcpe. Greater bandwidths

would be required for the fransmission
of four channels, and these would lead to
umscceptable  interference on  neigh-
Bouring channels.

Conclusions

From the comparison of the four systems
It is apparent that SQ seems to be based
on a different conception of quadro-
phony: to arrive with ‘logic’ at four

B

stressed “comers” (and also “centre front’).
This is succesful to the extent that
pesentations can be very impressive in
spite of the nated shortcomings.

The results of CD-4 and QS are adequate,
Since several parsmeters are rot optimal,
the peripheral devices for noise reduction
and  imsge position stabilization are
unmecessarily complicated. In spite of
these sdditional devices, however, the
results are not completely satisfactory,
Finally, the UMX system combines the
best fearures of hoth systems to give the
Therefore, from a technical
viewpoint, this system is 10 be preferred.
Unfortunately, the discussion of quadro-
phony is at present clouded by confusion

Plpess. 1. Winsk dimgrn, o 5 bomilide olre-

the differance signal in the hand from 20 1o
45 kHa.

Figurs 3. mnﬂ il mm
of the systema BMX, TMX s OMX. 0 &8 of
e smpltce heracarietic and 0o theptm

the positian

Figur 4 Froqueney spectrum whan recomling

The twe BMDX channeis ary recorded i the

b h-l lo,..\.kh:l. The twa suxidiary
modulsted on 30 kMz

“tﬂn hmmmuusm

of language and by commercial con-
siderations. Pantly because of this, the
UMX .,unem has often been practically
ignored.

It is often srgued that UMX was
developed oo late, 5o that greal inves-
ments aleady lie in other systems.
Prafessor Coaper argues stromgly against
this, In his opinion, the differences from
the other systems (especially CD-4) are
5o slight that possible changeover offers
no difficulty.

The rumber of gramophone records
already pressed according to a certain
system almuld not (yet} be decisive either,
It would be another matter if a company
began 10 use a particular system for ifs
entire record collection. Fortunately, this
has not yet happoned.

In view of the rapidly incresing demand
for quadrophony especially in the USA
and Japan but slso in Eumope, there i
still hope that a defiaitive choice will be
made in the near future. In this event, it is
10 be hoped that technical arguments will
be decisive, and from the technician's
standpoint this article could have been
entitled: UMX . . . or nothing!
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Comparative
section

G0-4

UMX/UD4

Syster

4 discrete channels, of which two
are cut in the usual way; the two
extra  channels are frequency
modulated on a 30 kHz carrier. The
analogous Dorren system for FM
radio is unsuitable for Europe.

Matrix process that in recording
produces two pairs of completely
separated channels, onc for left
front/right front, and one for left
rear/right rear, respectively. Only
intensity stereophony is possible.

Matrix that provides a ‘cardioid”
amplitude  characteristic ~during
reproduction (oriented towards the
sound source). The phase charac-
teristic is fixed: ‘zero degrees’ is
always centre front, 180° is centre
rear.

Matrix, consisting of two (BMX),
three  (TMX) or four (QMX)
channels. Theoretically, the number
of channels could be increased at
will. With an increasing number
of channels the amplitude charac-
teristic becomes more and more
sharply oriented towards the sound
source. The phase Lhdraulerlslu
rotates in all systems: the 0° p
S insie e o el
of the sound source.

Disadvantages:

Wavering amplitude ~relationships
between the channels lead t
cxossulk and constant changes in
localization. ~ The  asymetrical
{requency modulation can lead to
AM by-products and distortion. The
wide information band in the FM
auxiliary channels leads to noise
problems, so that a noise reduction
device is indispensible. For this the
ANRS system was developed, which
has many similarities to the Dolby
system; however, this does not
appear to function properly in
practice if the carrier level changes
(for example, due to record wear),
probably because the FM detector
is not optimal. Moreover, distortions
of the auxiliary channels occur
which take the form of distorted
crosstalk between the individual
channels during reproduction. The
pickup cartridge must cope with a
frequency range up to 45 kHz.

Strong crosstalk between both pairs
of channels is unavoidable. ‘Delay
time’ or
not possible, because this leads to
localization errors. With an auto-
matic gain control (‘gain control
logic’) it is possible to distinctly
localize a signal that comes from
one of the four corners or from
centre front. However, this can
only be done for one sound source

of the signals from all
other sound sources.

Without this gain control, every-
thing is by crosstalk to
“right front’ or ‘left rear’.

Because the phase characteristic is
fixed, localization suffers: the
apparent position of a sound source
is drawn towards centre front or
With an automatic

control ‘variomatrix’ the position
of the strongest sound source can
be accurately localized, regardless
of its position.

Apparently none.

The localization of sound source
is good - also in the case of stereo
reproduction.  The  amplitude
characteristic as a function of the
position of the sound source
permits mono_reproduction. The
system is therefore compatible.

However, adistinct ‘wavering’ of the
position arises, because of changes
in channel balance. The distorted
crosstalk results, for example, in a

With ‘logic’: ‘Ping-pong-pang-peng’
effects are produced in quadro-
phony, but sound sources between
the loudspeakers are almost
impossible to localize

Without  ‘logic’  the apparent
position of sound sources has little
in common with the original - both
during quadrophonic and stereo-
phonic reproduction. The amplitude
characteristic as a function of the

The system gives acceptable o
drophonic art

Particularly good for quadrophonic,
and

from the fact that the sound souxces
pile up somewhat in centre front
and centre rear. Stereophonic
reproduction is also  satisfactory;
the original sound image (between
left front and right front) is,
however, reproduced “on a rather
narrow stage”. Both problems can,
of course, be remedied by modi-

reproduction. QMX is the obvious
choice for gramophone records,
while TMX is important for FM
radio. A great advantage lies in the
fact that cheaper equipment need
only detect and decode the two
basic channels (as with stereo or
Q8) to produce good quadrophony
(BMX). More expensive equipment,
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trumpet blast from one corner being,
accompanied by distorted sounds
from the other corners.

position of the sound sources leads
to such a remarkable level pattern
that even mono reproduction is
unsatisfactory.

fying the recording technique.
Mono reproduction is thoroughly
acceptable. The only flaw is the
fact that sound sources from centre
rear are reproduced very weakly
or not at all. As long as this is only
reverberation, the effect is less
noticeable. With certain recordings,
however, instruments or other
important sounds can be suppressed

on the other hand, can also detect
the third and fourth channel to
attain a reproduction with more
precise localization. Any crosstalk
between the channels causes less
precision in the localization of
positions, but it does not cause
position displacement

Figure 5. Comparative
view of local

duction (derived from
the theory of Makita).

Figure 6. Comparative
view of localization in
traditional stereo re-

are at points L and R.

Figure 7. The ampl

“ p-g-z-1 ospenb.
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