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STEREOPHONIC OPERATIONS

MICROPHONE AND STUDIO TECHNIQUES kDR COINCIDENT MICROPHONES

11..1 Introduction

The difficulties inherent in the use of spaced microphone systems
have led to a preference for coincident microphones in BBC studio
practice. In the following ¢.escriptions, therefore, emphasis is
placed on coincident microphone systems. These may be supplemented
in some instances by additional microphones to achieve the desired
overall stereophonic effect, although in particular situations
other arrangements are sometimes used.

1.2 Coincident Microphones

4.2.1 General

Two identical directional microphones mounted in the same
housing and with them axes at an angle are said to form a
coincident pair. In the examples which follow, the polar
diagrams of the..separAte microphones indicate the responses
from which the A and B signals are derived, and by addition
and subtraction of these polar diagrams it is-shown that in
each instance the effective polar response which leads to
the M signal is equivalent to that of a forwards-facing
microphone, whereas the S signal is equivalent to the output
of a' sideways-facing figure-of-eight microphone.*

The compatible version of the output of a coincident pair is
thus -th-e same as the -output of a single microphone the polar
response of which is the same as that of the relevant M
characteristic. The S characteristic usually leads to a
high indirect-to-direct sound pick-up ratio, with the result
that the stereophonic version of the program contains a
higher proportion of reverberation than the monophonic version.

The M and S responses.of a coincident pair depend on the polar
diagrams of the individual microphones and on the angle
between them. It an be shown mathematically`f'that cross-
mixing of the A and B outputs (or, alternatively, independent
adjustment of the derived M and S signals) is equivalent to
physical adjustment of the angle between the microphones.

*Some organisations use microphones to produce the M and S signals directly
and derive the A and B signals from these. The M and S signals produced by
this method show considerable similarities to those produced by coincident
pairs, but problems of matching the frequency responses of microphones with
dissimilar polar diagrams are introduced. These problems usually outweigh
the advantages offered, and the direct, M and S system is not used in BBC
practice.

`''BBC Engineering Division Monograph No. 38, Appendix IV.
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STEREOPHONIC OPERATIONS,

For practical convenience, therefore, most coincident pairs
are set with 90 degrees between the individual units and
adjustment of the characteristics is made as required by
selection of polar diagrams and by electrical means.

The term 'useful', employed in the following examples, refers
to the angle of the arc from which sounds can be accepted
without introducing either peculiar positional effects in
the reproduced program or out-of-phase signals in the
separate microphones of the coincident pair. Out-of-phase
signals produce unpleasant results for the listener,
because their source cannot be located at any point in space.
It is important also to realise that although the useful angle
can range up to 360 degrees, the reproduced sound stage is
limited by the positions of the listener and loudspeakers to
an arc of about 60 degrees. When the balance is planned,
allowance must therefore be made for the possible resultant
width compression.

The following details are indicative of commonly used polar-
diagram configurations, but some microphones have a selection
of responses with intermediate shapes.

1.2.2 Microphones with Crossed Figure-of-Eight Characteristics.

Z

FIG. 1. CROSS FIGURE-OF-EIGHT POLAR DIAGRAMS

In Fig. 1,, the polar diagrams of two figure-of-eight
microphones which produce the A and B signals are shown in
full and broken lines respectively. Sound from point X is
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reproduced only by the left loudspeaker and sound from point
Y only by that on the right. Sound from point Z is reproduced
equally by both and therefore appears to originate from the
centre of the sound stage. Because of the symmetry of this
arrangement, sounds from the rear of the combination are
treated similarly, but there is a left-to-right inversion.

There are thus two useful angles each of 90 degrees and they
are bounded by the positions of the dead axes of the two
microphones. Sources, outside the useful angles produce out-
of-phase signals because they are picked up by the front of
one microphone and the back of the other.

Combining the microphone polar ordinates to obtain (A + B)
and (A - B) gives the result shown in Pig. 2.

USEFUL
ANGLE 900

X

OUT OF I I I OUT OF
PHASE PHASE

USEFUL
ANGLE 900

FIG. 2. M AND S POLAR DIAGRAMS FROM CROSS FIGURE-OF-EIGHT
ARRANGEMENT

The full line shows the polar diagram for the M signal and
the broken line shows'that for the S signal. The M output

(which would be obtained from a monophonic receiver) is

theoretically the same as that from a single forward-facing
figure-of-eight microphone.

Issue 2, 1973 Page



STEREOPHONIC OPERATIONS

1.2.3 Micro hones with Crossed Cotta ge - Loaf

percardioid) Characteristics

FIG. 3. CROSSED COTTAGE-LOAF POLAR DIAGRAMS

This is a very common arrangement in coincident microphone
technique. The individual polar diagrams shown in Fig. 3,9
combine to produce the M and S characteristics indicated
by Fig. 40

USEFUL ANGLE 1300

FIG. 4. M AND S POLAR DIAGRAMS FROM CROSSED COTTAGE-LOAF
ARRANGEMENT
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As in the previous example, the limits of the useful angle
are determined by the positions of the dead axes. For
microphones with cottage-loaf characteristics, the dead
axes are about 110 degrees from the live axis, and with the
two units at 90 degrees this produces a forward-facing useful
angle of about 130 degrees as shown in Fig. 4. The small
in-phase lobe at the rear of the combination is of little
practical value.

1.2.4 Microphones with Crossed Cardioid Characteristic;

The polar diagrams of the individual microphones are shown
in Fig-5 and the M axed S polar diagrams are shown in Fig.

FIG. 5. CROSSED CARDIOID POLAR DIAGRAMS

USEFUL ANGLE 1800

FIG. 6. M AND S POLAR DIAGRAMS FROM CROSSED CARDIOID ARRANGEMENT
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The useful angle of this coincident pair is about 180 degrees,
although sounds from an extra 45 degrees each side can be
accepted and are reproduced at the extremes of the stage.
The effect of s aurces in the remaining 90 degree arc is in
practice unpredictable, because the response in this region
is determined by the aiormally unimportant rear sensitivities
of the separate microphones.

A coincident pair of cardioid microphones does not have an
out-of-phase region, except possibly at the extremes of the
frequency range where differences between the polar responses
of the individual microphones may occur.

1-.2.5 Cardioid Microphones Back-to-Back*

This formation, shown in Fig. 7(a), is an exception to the
usual 90.degree.angle between the microphone axes, As shown

by Fig. 7(b) the arrangement gives an omnidirectional character-
istic for the M signal and the usual sideways facing figure-
of-eight for the S signal.

X Z

{b}

FIG. 7. PACK--TO -BACK CARDIOID POLAR DIAGRAMS

*Microphones should not be mounted plrsi ally back-to-back, because reflections
may occur between the rear faces of the separate units,.and in practice either

a side-by-.side or.. qa.s ,above-the-other. arran.gement..is preferable.
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The characteristics of this arrangement give an advantage over
the coincident pairs described earlier, in that the impression
of direct and indirect sound is roughly the same for listeners
to both the stereophonic and the monophonic versions of the
program. However, careful disposal of the artists with
respect to the microphones is necessary to avoid
peculiar positional effects on stereophonic reproduction.

Some microphones have responses which are more directional
at high frequencies than at low frequencies. This may give
poor high-frequency performance at the centre of the stage,
with consequential degradation of quality far all listeners
and dispersion (blurring) of off-centre stereophonic images.

1! .3 Balance

1-•3.1 General

In the following account, some of the problems met in
providing a correctly-balanced stereophonic program are
indicated, and examples of techniques to overcome these
problems are outlined.

When a program is being transmitted monophonically, the
aims are to reproduce the internal balance of the

performance, and to maintain the correct perspective, given
by impressions of space, presence, clarity and so on.
These aims can be achieved by:

(a) choosing a microphone with particular directional
characteristics

(b) tilting the microphone to modify the effect of its
characteristics

(c) adjusting the height and distance of the microphone
from the performers.

0 /

FIG. 8. THE STEREOPHONIC SOUND STAGE FOR AN ORCHESTRA
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In stereophony the scale-of-width is an additional factor.
The sound stage ( the distance between the loudspeakers) is
between about 1.5 and 3 m wide. A full orchestra is
usually required to almost fill this stage as shown in

Fig. %. The reverberation must be such that the orchestra-` '
appears to be sufficiently far behind the vertical plane
through the loudspeakers to be realistic in scale.

Suppose a crossed figure-of-eight coincident pair is to be
used and the foregoing requirements must be met. The f'
forwaxd useful angle is 90 degrees and the orchestra must
subtend this angle at the microphone to fill the stage.`"
The coincident pair is then as close as it can be to the..
orchestra without introducing out-of-phase effects, but '
either the balance or the perspective or both may be wrong

There may be excessive reverberation . In monophony the
microphone could be moved closer to the orchestra but, as
has just been explained , this would cause out-of-phase
effects in stereophony . A solution is to use a coincident
pair with crossed cottage-loaf characteristics. The wider
angle allows the pair to be moved closer to the orchestra and
at the same time the reduction of sensitivity at the rear .of
the microphone results in less reverberation being picked up.

If there is too little reverberation, the microphone can be
moved away from the orchestra, which then appears to be
narrower. This is not necessarily bad, because reverberation
still fills the whole of the sound stage. Reverberation is
often added to the balance of a coincident pair by using the
output of an additional pair of microphones (not necessarily
coincident) which are placed at the rear of or high up in
the auditorium.

By comparison with an orchestra, a small group, such as 4
string quartet, gives rise to slightly different scale-of-
width considerations. Fig. 9:; shows two ways in which such-
a group could be made to appear to the listener; (a) is used
to give the impression that the quartet is in a concert hall,
whereas (b) gives some impression that the quartet is in the
listening room.

whatever the nature of the broadcast, however, it is always
important that some thought should be given to the relationship
between width of image and apparent distance of image from
listener. There are three methods of controlling usage width:

1.
2.
3.

By varying the microphone polar diagram
by varying the microphone position, and
by the use of electrical systems described in
Section 5.

with methods 1 and 3, action to narrow the image reduces the
accompanying reverberation, whereas with method 2 such action
increases reverberation.

Page 8-.
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V .RBERAT1pN

(a)

QUARTET

(b)

FIG. 9. VARIATIONS IN THE STEREOPHONIC SOUNDSTAGE FOR A SMALL GROUP

T-3.2 Close- Microphone Techniques

It is not always possible to obtain a satisfactory balance
using a single coincident pair, even with sources which are
apparently balanced within themselves. Close-microphone'
(or 'spotting') techniques can be combined with either the
spaced or the coincident system to produce good results, but
great care is needed to ensure that conflicting positional
information is not produced by the various microphones.

A common technique is to employ a single coincident pair to
establish the overall positional picture and then to augment
its outputs with those from a number of single spotting
microphones. The outputs of these microphones are electrically
adjusted to give positional agreement with the overall picture.

When a spotting microphone is used in this way, any reverberation
it picks up is not spread across the reproduced sound stage,
but appears from the,same place as the direct sound: This
leads to a 'tunnel? effect which can be avoided by using
very close techniques and adding any necessary reverberation
by other methods.

Suppose that a single spotting microphone is to be used for a

soloist who is standing off-centre. The output of this
monophonic microphone, if divided equally into the A and B

channels, would conflict with the outputs of the coincident
pair and tend to make the soloist appear to be at the centre
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of the stage. The output of the single microphone must
therefore be split in the correct proportions for feeding
the two channels in agreement with the outputs of the
coincident pair. This is known as 'steering' or 'panning'.

The problem is worse if two or more spotting microphones are
needed, because they can effectively form one or more
stereophonic pairs and produce positional information which
usually disagrees with that from the main microphones.
In addition, adjustment of the levels of any of the spotting
microphones alters the spurious positional information and
makes electrical compensation impossible. The spotting
microphones must therefore be as close as possible to the
source they are intended to augment and, by careful
positioning, screening and choice of polar diagram, they
must be arranged to pick-up the minimum possible sound from
other sources.

A multiple source, such as a group, which has a definite
width but requires support, cannot be handled by a single
spotting microphone, because the output would be too narrow
to fit the overall picture. Instead, a spaced or coincident
pair must be used and its outputs must be arranged to simulate
the correct width with the individual sources in their correct
positions.

In general, the output of any spotting microphones used must
agree with and reinforce the output of the main microphones
unless some special effect is desired.

.4 Deliberate Positional Changes

The limitations on the shape of the sound stage imposed by the two-

loudspeaker formation sometimes require the establishment of

positional information which does not agree with the physical layout

of studio performances. It may also be desirable to introduce

deliberate positional changes, because listeners often expect a

particular arrangement of performers which cannot be achieved in the

studio.

Suppose a choir and orchestra were positioned as shown in Fig. 19 (a),
using a single coincident microphone pair. Such an arrangement
would give unsatisfactory results, as indicated in F`ig.j0 (b), and
it might be better to simulate the more usual arrangement, shown in
Fig. 10 (c). This result could be achieved as follows:

Sound from the orchestra is picked up by a coincident pair in the
usual way as shown in Fig. 10 (d). Additional microphones for the
choir are placed at P and Q and the output of P,. .which inetitably
contains pick-up from the left-hand side of the orchestra, is steered
towards the left of the sound stage where it agrees with the outputs
of the coincident microphones. The output of the microphone at Q,
which picks up less of the orchestra, is steered towards the right
of the stage and thus the overall effect of Fig. 1!P (e) is obtained.
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ORCHESTRA

CHOIR

(a)

CHOIR

ORCHESTRA

(C)

ORCHESTRA , j

HOPI
__COINCIDENT

MICROPHONE

(d

( e)

FIG. 10. EFFECT OF DELIBERATE-POSITIONAL CHANGES

It is generally desirable to establish positional information by
use of a coincident pair, but there are some exceptions. For example,
at a recording session with a modern dance orchestra, the musicians
may have to be placed in a layout which, because of acoustic
considerations and limitations of space, disagrees with their normal
layout. In this instance, a very close microphone technique could
be employed, and both a balance and the impression of a particular
layout could be achieved by electrical means.

In introducing positional changes, care must be exercised to avoid
making the sound stage appear too 'flat', that is, with too little
depth from front to back. With a choir and orchestra such as
considered earlier, for example, it would be wrong to make the choir
and the orchestra appear to occupy the same depth plane.
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t.5 Artificial Reverberation

In making a stereophonic balance, it is usually necessary to add
reverberation, especially with close microphone techniques. The
reverberation must be in stereophonic form, and as mentioned
previously, is often obtained from a pair of microphones in the
concert hall. Artificial means such as echo rooms, plates and
springs can be employed as in monophonic productions, springs being
particularly successful, but in all instances the output must be
stereophonic.

1.6 Artistic Compatibility

Most of the audience is likely to be listening to the monophonic
version (A + B) of a transmitted stereophonic program and it is
important to achieve artistic compatibility as well as technical
compatibility between the two ways of listening to the same material.
This makes careful consideration necessary to several features which
produce effects that are either deliberate or unavoidable. Monitoring
of both versions of the program is therefore advisable to ensure
that each is satisfactory. The main characteristics for which a
noticeable difference exists are:
a) loudness and reverberation
b) aural selectivity, and
c) extraneous noises.

1.6.1 Loudness and Reverberation

A stereophonic receiver reproduces all the information from
the M and S signals, whereas a monophonic installation
is responsive only to the M signal. The M and S res onses of
the crossed figure-of-eight coincident pair (Fig. 2 ) illustrate
the division of information from an off-centre source at X
or Y into the M and S chaxnnels.

A source at the centre of the stage does not contribute to the
S channel and it a total off eat is reproduced equally in both
versions of the program, If the source moves off-centre,
its output is divided between the M and S channels and is
reproduced completely by stereophonic equipment, whereas in
monophonic reproduction theS channel is lost and central
sauces can thus appear over prominent. With spaced
microphone eVetems, there is an additional complication,
because only central sources produce synchronous signals in
the A and B channels . The resultant phase differences with
off-centre sources can lead to peouliar effects because of
partial additions and cancellations at different frequencies.

The S signal usually carries much of the xeverberance
information and this is not therefore available in the
monophonic version of a transmission which can thus appear
to be closer ( or 'drier' ) than the stereophonic version. As
a partial solution to this problem, it may be possible to find
a compromise balance and an improvement may perhaps also be
obtained by introducing an additional central echo; sometimes
back-to-back oardioid microphones can be used, if off-stage
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noises are acceptable and problems of poor high-frequency
response on the central axis are not introduced.

1.6.2 Aural Selectivity

With stereophonic reproduction many discrete sounds can exist
simultaneously, as in ordinary surroundings, and a listener
can exert a degree of selectivity by concentrating on a sound
from a particular direction. This facility of directional
selectivity is often called the 'cocktail party effect'.
With monophonic reproduction, however, all the sounds come iron
one place and the facility is therefore unusable. For this
reason, important sounds must sometimes be deliberately
accentuated for the benefit of listeners to the monophonic
version, and monophonic (as well as stereophonic) monitoring
is essential to ensure compatability.

The listener to the stereophonic version can be confused by
the effect of positional changes which may pass unnoticed
not only in monophonic monitoring but also in stereophonic
monitoring where there is visual-contact with the performance.
For example, a character in a dramatic production may cross
from one extreme of the stage to the other between successive
speeches. In monophony this would not create any difficulty,
and the stereophonic sound stage would also agree with the
visual information imparted at the monitoring point.
However, the sudden transposition apparent might be disturbing
and it would be better to convey some means such as audible
footsteps during the interval between his speeches.

1'-.6.3 Extraneous Noises

The effect of extraneous noises is potentially much more
annoying to listeners with a stereophonic installation because
such noises can be clearly defined spatially and may distract
attention from the area of action. This can be very noticeable
when a stage performance is broadcast and theatre conditions
require microphones near floor level. In particular the foot
noises of a performer standing close to a coincident pair can,
because the two microphones are mounted one above the other,
produce time difference in the outputs. This leads to
positional shift in the reproduced sound stage with the
artist's foot apparently situated to one side of his mouth.
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2, MICROPHONE AND STUDIO TECHNIQUES FOR SPACED MICROPHONES

2+.1 Introduction

The microphone techniques described in the preceding section are
techniques centering around the use of a pair or pairs of crossed
coincident microphones. This technique has great attraction because
of its simplicity and its accuracy in translating the angular
positions of sound sources into corresponding inter-channel intensity
differences as required for two speaker stereo reproduction. At
the same time, by its very nature, problems of interchannel time
difference do not arise.

The technique has not, however, been found to be generally successful
for A.B.C. recordings, except where simple balances involving small
chamber groups or similar groups are being recorded . *The reasons
for this are many but principally relate to the smaller volume
of the spaces in which A.B.C. recordings are made and the resulting
different. acoustic conditions with which the recordist must contend.
Other reasons relate, for example, to the differences between
orchestras, between individual players, and even to differences in
quality of individual instruments, all aspects which require some
modified approach.

It should also be borne in mind that it is apparent that even in
Europe and the U.K., where vastly more recording is carried out
than in Australia, no two organisations, whether Commercial or
National, use exactly the same techniques. Also, it is in fact
extremely rare for conditions to be sufficiently favourable for a
single crossed pair to provide a fully satisfactory balance. Mr. B.
Lalchere of the A.B.C.ts Federal Music Department was in a position
to investigate and report on these matters during a visit to
Europe and the U.K. in May and June 1970.

Comments taken from his report are as follows:

2.2 French Radio

"At the time of my visit to ORTF, I saw its famous studio where the
acoustic is so good that healthy sound reproduction can be achieved
with virtually one microphone, although two coincident stereo
microphones are usually used for orchestral recording- one above
and behind the conductor, and one elevated at the rear of the hall.
The latter is for studio reverberation. Sometimes spotting microphones
are added for special works and recordings."

"In the main 'chamber music' studio, I observed some multi-tracking
of an avante work for 2 singers, chamber ensemble and full
symphony. The symphonic part of the work was to be recorded at a
later stage in the orchestral studio. The chamber ensemble was
first recorded with two coincident stereo microphones (in line) to
which a few highly directional small Neuman microphones were added
as spotters to instruments on the outer edges of the field patterns
of the stereo microphones."
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2.3 B.B.C.

"In London I found the BBC's approach to stereo for normal
broadcasting was similar to that of the French and indeed some of the
German radio stations. The BBC Transcription Service, of course,
operates with its own staff and equipment and uses independent
techniques. These vary considerably."

"The microphone balance for this orchestra (BBC concert orchestra)
consisted of two coincident stereo pairs (AKG C241s) in line
(one behind conductor, one over the wind) and outside spotters which
were used in some quantity. The choir and soloist included in the
program were physically placed in positions within the confines of
the main orchestral layout so that their relevant microphones were
not reproducing unwanted studio reverberation. However, the
resultant sound was rather disappointing. It lacked good tonal
quality, definition and image stability."

"At the Festival Hall I attended a balance for a London Symphony
Orchestra concert with Andre Previn conducting. Two coincident
stereo pairs of microphones only were used - the same placement
as adopted by the French (one behind and above the conductor and one
well back in the hall). The wind section of the orchestra was
reproduced rather well and in good perspective but the other sections
lacked definition. Also there was little body in the strings."

Z•4 N.D.R. (WEST GERMAN

"Studio 1 and studio 10 are the main music studios at N DR. Studio 1
caters for the larger light music production and multi-tracking

techniques are freely used - but employed as a necessity rather than

as a matter of course. The first group recorded consisted of a

comprehensive rhythm section (including electric and acoustic bass),
extensive percussion, woodwinds, accordian and full brass. All

microphones were Neumann types (mostly M49's and M50's) and acoustic

walls and screens were assembled into various shaped structures

(some resembling booths) to give sound isolation. The second group
recorded later in the day. This was a full string orchestra
(approximately 8-6-5-5-4J miked with two coincident Neumann stereo
pairs (one behind conductor on 'MS ' and one in front of -violas on
'XY' and two M49 boosters (each tilted low over the outer ranks of

the top and lower strings. Appearing with the string orchestra
was a solo flute, placed and miked separately behind the centre of
the group in a cement-block box with roof and open ends at the front

and back. All sound was superbly reproduced except for a certain
amount of image diffusion in the strings."

"Studio 10, the symphony orchestral studio has tiered seating for a
small audience and the orchestra sits in a kind of pit in the foreground
of this. It has its own tiering which rises in the opposite direction
towards the control room. The ceiling has a fluted finish and all
studio walls are acoustically treated. The sound is clean, crisp
and has a t me decay of approximately two seconds. Again two

coincident stereo pairs (N eumanns) are centre-placed in line (one
3 metres- above the floor behind the conductor, looking over the
strings on 'MS' - and one with the same height and tilt in front of
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the wind on 'XY'). The strings are reinforced with Neumann KM264

spotters in an omi-directional setting suspended on cables from the

ceiling. They hang at a height of 2.5 m above the back.desks of

the first and second violins and the celli respectively. The

double bases are separately miked with an M49 and this and similar

spotters on the horns and percussion instruments were placed
diagonally to the left behind the horns when I visited the studio,

as a choir of some 60 voices was present for the recording of a

choral work by Hugo Wolf. The choir was seated centrally at the

back of the orchestra and two.additional M49's were added at head-

height (left and right of the group) to strengthen its pickup and

facilitate left and right channel emphasis. Due to the number of
microphones present, it was not necessary to spot the brass as this

was adequately picked up by the coincident pair above the wind."

2.5 Deutsche Grammophone

"For its symphony orchestra recordings - e.g. Berling Philharmonic -

DGG uses 2 coincident stereo pairs with highly directional spotters

on the outer string sections and maybe percussion and brass. The

number of spotters depends on the work and the nature of the

recording venue."

2.6 Sender Freies (WEST GERMAN)

"The concert hall is also used as an orchestral recording studio
and when empty, has a sound decay time of 2.5 seconds. The usual

microphone balance for recordings is slightly different to the

pattern which emerges from Germany in that three (rather than two)

coincident stereo pairs are used as well as spotters.

The pairs are placed as follows:

One behind and over the conductor pointing down over the strings.

One in front of the violas pointing down over the wind.

One in front of the wind pointing down over the percussion.

All spotters are Neumann K254 or K264 (this is the model with

an adjustment for decreasing sensitivity) but they are used

sparingly.

If a choir is added, it sits behind the orchestra and soloists are

usually placed just in front of the conductor's podium (with "mike" or

"mikes") so that their pickup falls within the pickup pattern of the
orchestral "mikes". If there are too many soloists to be comfortably
placed in front of the conductor, they are put immediately in front

of the choir or moved to a position behind the conductor but facing

out into the studio so that their "mikes" are still pointing into
the orchestra. It is important to note here that under no

circumstances are soloists or choral groups performing with an

orchestra placed where:

(a) they are in a position which does not coincide with their

relative position with the orchestra in the stereo image

F
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G

(b) where their microphones pick up extraneous and unwanted
studio reverberation and reflections thus producing
multiple images and diffusion.

From these reports it is clear that;(1) A satisfactory balance almost
always involves multiple microphones. (2) The choice of microphone
arrangement is not rigidly fixed, but is flexible within quite wide
limits. It is also clear that the apparent operational simplicity
of a single crossed pair is not often realised in practice and that
quite complex combinations of multiple crossed pairs and spotting
microphones are frequently used. The addition of these extra
microphones naturally introduces time differences into the system
thus cancelling one of the advantages of the crossed pair technique.

In the light of these reports it is interesting to consider A.B.C.
experience with crossed pair microphones and to examine the reasons
why the technique did not lend itself to suitable development.
When a crossed pair is in use the aspects of microphone adjustment
which may be varied are height, tilt, distance from source, angle
between patterns, and pattern shape. An increase in height and tilt
may be used to alter the overall balance in favour of those
instruments towards the back of an orchestra, e.g. woodwinds, but
carries the disadvantage that at the same time reverberation pickup
will be increased. A change in the distance of the microphone from
the orchestra also affects reverberation pickup as well as being
primarily useful in adjusting the reproduced scale of width.
Adjustments to the angle between the capsules and to the polar
pattern used may be experimented with in order to modify the
reproduced scale of width. However, both alter the centre to side
balance of level at the same time as adjusting width, as well as
introducing other complications of out of phase and/or reverberant
pickup. Reference to Fig. 11 (see Page 18) showing the results
of various positions for a "crossed pair" confirms these comments.
All these interacting problems are intensified in small spaces,
particularly where the acoustic of the studio or recording venue
has some unpleasant qualities which the recordist would in any
case want to avoid.
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STUDIO 225
ORCHESTRAL SEATING

PERCUSSION

WOODWIND

a4 a5 04

Stereophonic microphone position o°
3 with two ribbon microphones bes t̀̂
result. Room for improvement veryoo
obvious . Stereo ilicraphone
position very dependent on acous-
tics of studio. Extra microphones,,
could only be used at law level.

CELLI DOUBLEr BASS

CON

&,_p 3 m HIGH unsatisfactory Reverberation
good.

3 Stereo Width Satisfactory
^Q 4m HIGH Balance adjusted with extra m.cs

Reverberation compromised.
X120°O^/ 1 Stereo Width Good Balance

QQ 5m HIGH satisfactory

Reverberation excessive.

Position 4: Final Position , Ribbon Mics.

Position 5: Trial Position Capacitor Mic.

FIG. 11. EXPERIMENTS WITH CROSSED. PAIR MICROPHONE TECHNIQUES

2.7 The Basic Spaced Pair and Its Limitations.

It is evident from the foregoing that there is a need for an
alternative microphone technique. However, tests similar to
those conducted with the coincident pair but using a single
spaced pair of microphones, have shown that serious limitations
are placed on the results obtainable. Poor definition of
individual instruments is apparent together with a lack of sound
imaged between the speakers, most sounds appearing to emerge from
either left or right speaker. This latter defect is usually
referred to as a 'hole in the middle'.

Issue 2, 1973 ' Page 18



STEREOPHONIC OPERATIONS

Reference to the description of the effect of time delays in
Section 2, and to Fig. 'rs2 of this Section will assist in an
understanding of the results obtained with two spaced microphones.

SOUND SOURCES

0 0 0 ,0, 0 :Q 0

LEFT
MICROPHONE

A, \ LENGTHS

EQUAL PATH LENGTHS

Delay ms

/// // / / //m// / / //////,
LEFT

LOUDSPEAKER

NO
IIMAGES

IMAGES OF A . B.C. IMAGE OF D

PRODUCE DELAY

LOUDSPEAKER

IMAGES OF E.F. G.

FIG. 12. ARRANGEMENT FOR TWO SPACED MICROPHONES

UNEQUAL PATH

RIGHT

RIGHT AT LEFT MICRO-
MICROPHONE PHONE
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When the source is exactly central between the microphones, both
microphone signals are in phase and of equal amplitude, and a
central image is then observed by a listener. But a movement of
the source to either side of centre will introduce interchannel
time differences which move the resultant stereo image to left or
right as well as causing image diffusion. For the arrangement
shown a movement of the source of 30 ems. to either side of centre
is sufficient to move the stereo image completely to left or right.
Thus very little of the sound energy of an extended source appears
to originate between the loudspeakers, leading to the "hole in the
middle" objection. Even if the microphone spacing is reduced to
2 metres and the source distance to 1.5 metres the resulting
"hole in the middle" remains.

If, as is sometimes done, a third microphone midway between these
original two is now added at an appropriate level and with its
output equally divided between the two channels the situation is

improved. A sound source picked up by the central microphone is
radiated by both loudspeakers siuultaneons],y, although sooznds
picked up by the side microphones feed the left and right

loudspeakers independently as before. Suitable adjustment of the
central microphone' s gain overcomes the drop in level of central
images that occurs with the two microphone arrangement. Its
presence reduces the "hole in the middle" effect although there
is still a noticeable lack of images at any significant distance
from the centre.

2.B The Panoramic Potentiometer

Any attempt to extend the single spaced pair of microphones requires
a means of controlling individual microphone outputs.

(a) The output of each microphone must be able to be split

over the left and right channels and the inter channel

level difference controlled so that the resulting stereo

image may be made to appear to originate from any point

on the stereo 'stage'. This operation is known as
'panning'.

Fig. 16 of Section 3 shows the inter-channel level differences
necessary to form images at the positions shown.

(b) The apparent loudness of these images must not change
from one 'panned' position to another.

For constant image loudness, the sum of the left and right
channel powers must be constant.

i.e. PL + PR = constant

or + V2R = constant

where VL = left channel voltage

VR = right channel voltage
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(c) For operational ease , changes in control knob position
should correspond to changes in 'panned' positions. A
control which satisfies these requirements is known as
a panoramic potentiometer 'pan-pot'.

These conditions are satisfied if the voltage V follows a cosine law
and VR a sine law for images considered from lest to right. However,
sine and cosine law gauged potentiometers are not normally available
and in some instances the required characteristic is obtained by
switching. The usual practice however is to use potentiometers
with standard laws and to modify the characteristic by resistive
loading until a close approximation is obtained.

1.6

1.4

1.2

0
10

0.8

> 0.6

J
W

0.4

0-2

0

LE FT RIGHT

1 2 3 4 5 6 7 R

IMAGE POSITION OR FAN -POT POSITION

FIG. 13. RELATIONSHIP OF VOLTAGE OUTPUT TO IMAGE OR PAN-POT POSITIOt
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FIG. 14. RELATIONSHIP OF POWER OUTPUT TO IMAGE OR PAN-POT POSITION

Figs.13 and 14 show the output of sine and cosine potentiometers
relative to image position. It can be seen that the voltage L and
R are proportioned so that the sum of the left channel power and
the right channel power remains constant at all panning positions.
The inter channel intensity difference corresponds extremely closely
to that shown to be required in Fig 16. of Section 3.

Z.9 Multiple Spaced' Pairs.

The limitations of the single spaced pair, with or without an

additional central microphone can be largely overcome by the use of

multiple spaced pairs of microphones and 'panning? techniques.

The basic arrangement consists of a pair of spaced microphones with

their outputs panned so that the distance between the 'panning' points

is a fraction of the total width of the reproduced stage or loudspeaker
spacing. A panned pair of such microphones about 1.5 m aparti
reproduces sound source movement between the microphones with
accuracy comparable to that possible with the coincident pair.
That is, as the source moves from one microphone to the other, its
image moves from the corresponding 'panned' 'point' to the second
'panned' point. Since each 'panned' microphone introduces a signal
which is simultaneously reproduced by both loudspeakers, the effect
of time delays is minimised.
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SOUND SOURCES

A
0

B C D E F
0 0 /°\` 0,,9

// \ 1 PRODUCE INTER-

CHANNEL DELAY

UNEQUAL PATH
\ LENGTHS DO NOT

LEFT
MICROPHONE

G
0

RIGHT
MICROPHONE

PANNING
POTENTIOMETER

0o_o(b o00

LEFT

LOUDSPEAKER

LEFT
MICROPHONE

IMAGE

i

RIGHT
LOUDSPEAKER

RIGHT
MICROPHONE

IMAGE

IMAGES OF SOUND
SOURCES

LISTENER

FIG. 15. SPACED PAIR OF MICROPHONES WITH PANNING
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Reference to Fig .15 explains why this occurs. In the case of source
'D', the paths to both left and right microphones are equal and no
time differences occur. But, in the case of source 'F' the paths
are unequal, with a resultant time delay in reception at the left
microphone. Without panning this would produce an identical delay
at the left loudspeaker leading to image diffusion and instability
and a lack of images in the middle of the 'stage'. However, where
panning is used a 'split' of each microphone output is introduced
into each channel and thence to the loudspeakers. The sound from
source 'F' for example still reaches the right microphone before
the left, but is reproduced simultaneously by both loudspeakers,
as is the delayed sound reaching the left microphone. The result
of this is to reduce the effective time delays to very small
proportions and to reproduce stereo information accurately, provided
that the separation of the microphones is no more than approximately
2.4 metres , and the percentage of stage width between the 'panned'
positions is no greater than 25%.

STUDIO 225
ORCHESTRAL SEATING

PERCUSSION

WOODWIND

\61 102
1.5m 4.5m

First Multiple Microphone Arrangement

1. Less dependent on studio there- -
fore easier to set up.

2. Operator has simple control over
width and balance

3. Arrgt.shown has slight hole in
middle due to 4 . 5 m spacing mics
2 & 3.

1 ^3 4a

1.5m

All Microphones . Cardioid
Pattern 2.5 m high.

FIG. 16. MULTIPLE MICROPHONE ARRANGEMENT
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STUDIO 225
ORCHESTRAL SEATING

PERCUSSION

2

LATER MULTI MICROPHONE ARRANGEMENT
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3. Perspective of sections
adjusted by control of mic
height.
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WOODWIND

153 Z-'^4 0'5 (56
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FIG. 17. LATER VERSION OF THE MULTIPLE MICROPHONE ARRANGEMENT
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Fig. 1-7 shows an extended version of Fig. 16 using a greater number
of microphones. It is apparent that the use of a larger number of
microphones across the front (Nos. 1 - 6) must improve the smoothness
of the stereo spread, with a resultant elimination of the slight hole
noted between microphones 2 and 3 of Fig. 16. Panning and gain
adjustments are carried out exactly as before except that the
microphones 2 to 5 are now equally spaced over the width previously
occupied by microphones 2 and 3 of Fig. 16.

Fig. 17 also shows that 'spotting' microphones have been added in
positions 9, 10, and 11. These microphones are panned so that the

images of the instruments they reproduce coincide with the position
of these instruments in the overall stereo image. The gain of each

microphone is then adjusted until a suitable balance is obtained.

Under no circumstances should a soloist be placed outside the confines

of the orchestra such as behind the conductor and behind microphones

3 and 4, with a sepaxate soloist microphone. The use of a microphone

in this position results in a stereo 'wash' in which stereo images

float about out of control. The exact effect depends on the position

and pattern of the soloist microphone; it occurs because this
microphone picks up both direct and reverberant sounds out of

relationship with the position and direction of sounds picked up by
the main microphones.

In summary, the spaced pair technique has the advantage of permitting
greater flexibility in obtaining suitable musical balances, and by
adjustment of both microphone position and gain allows a wide "stage"
to be achieved with images of constant level. By comparison, unless
the coincident pair microphone is placed at a moderately distant
position, the instruments of an orchestra or group most distant
from it will appear reproduced at a lower level, and since it is not
possible to arrange an orchestra radially around a coincident pair,
the close coincident microphone position which is usually required
leads to some wrong image positions.

With regard to the reproduction of perspective, presence, and
reverberation, the same considerations in respect of microphone
height, distance and tilt apply to spaced microphones as for the
coincident pair. However, it is found that the closer position of
multiple microphones increases the level of direct to reverberant
sound so that in some cases reverberation must be added. This is
in fact desirable as it facilitates control of the balance and
perspective required in the ultimate recording.

Two main methods of microphone placement are therefore possible. (1)

A coincident pair with suitably placed spotting microphones 'panned'

into the image formed by the coincident pair. (2) Spaced pairs of

'panned' microphones. The coincident pair is suitable for some
balance situations, but can become complex and lead to multiple

diffused images when additional microphones are added. The use of

spaced pairs (1) permits level adjustments to be easily carried out,

(2) is not critical with regard to microphone positions, (3) permits

variation in microphone position where it is desired to effect
quality changes.

Issue 2, 1973 Page 26



STEREOPHONIC OPERATIONS

Fig.16 shows a relatively simple spaced pair microphone layout used
with the Sydney Symphony Orchestra in Studio 225. Microphones 1 and
2 form a pair as do 3 and 4, and 5 and 6. Microphones 2 and 3 are
rather too far apart to forma useful pair.

Panning and gain control are such that microphones 1 and 4 are panned,
full left and right respectively while 2 is panned middle left of
centre and 3 is panned middle right of centre. Numbers 5 and 6 are
panned slightly left and right of centre respectively. Numbers 1
to 4 are adjusted for equal gain as are 5 and 6 although these latter
two are adjusted for a different gain condition from that in use on 1
to 4.

This layout provided a reasonably good coverage of the sections of
the orchestra and a suitable balance can be obtained. Studio 225
has a balcony which places tight limits on the placement of a
coincident microphone and as might be expected this spaced layout
produces the required results without conflict with the studio
architecture. As the quality of natural reverberation at Studio
225 is not such that it can be used at a high level these closer
positions have the advantage in that studio that they tend to
produce less of the natural acoustic. Should the occasion arise in
other studios when it is desirable to use more of the natural acoustic,
it is simply necessary to either raise the microphones or increase
their distance from the players so that the microphone takes
advantage of more of the reverberant field.

In setting up the gain and panning for a layout such as this where
the intention is to reproduce the natural spatial layout of the
orchestra, all microphones must be panned so that their panned
positions on the stereo 'stage' correspond to their actual positions.
Any attempt to produce a stereo picture which has a different
layout from that existing in the studio must-lead to double images and
image instability. This would occur if far example an attempt was

made to transpose on the recording the cells microphone (No. 3) with

the 1st Violin microphone (No. 2) so as to reproduce cello on the
left and some 1st violins on the right.

Microphone gains must also bear a relationship to one another and a
higher gain applied to any one microphone will have the effect of
drawing the image to that point. It may be that the balance officer
will wish, because of studio or other conditions, to bring up the
level of the cello. This can only be done to a very limited extent
by an increase in gain on microphone 3 without degrading the stereo
picture. The more effective method is to move 3 closer to the cello
or move 1, 2, and. 4 further away.

Similar operational procedures apply to microphones 5 and 6 which can
be used to increase the balance of woodwind alone, or by slightly
different positioning to give some emphasis to the percussion
section also.

Within the limits already discussed, variations in the gain applied
to microphones 1 to 4 can be used to increase or decrease the stage
width. A slight increase in gain on 1 and 4 increases the apparent
width of the stage, while a reduction reduces the width by
emphasising the centre.
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2.10 Artificial Reverberation

The necessity for additional reverberation arises for stereophonic
recordings just as it does for monophonic recordings. The

difference lies in its effects on stereo recordings and therefore
in the way in which it must be applied.

Ideally the natural reverberation of the studio should be utilized

either by deliberate microphone placement in order to take advantage

of it, or by the introduction of a close spaced or coincident
pair of microphones at a distant point in the studio. A coincident

pair is preferable as spaced microphones may produce reverberation

which is predominantly left and right channel only. An example of

the introduction of reverberation by a distant coincident microphone
is shown in Fig. 18(b).

Where a means of artificial reverberation is used its output must

contain stereophonic information so that the resulting reverberation

is spread between the loudspeakers. This may be obtained from a
plate, and echo chamber, or springs. All these devices have one

input which is driven from a console reverberation send output

derived from input channels or groups by standard methods. The
two outputs of the device are taken from two different active

points within it which are sufficiently related to produce the
required spread.

In the absence of stereophonic sources of reverberation a monophonic
source may sometimes be used together with a 'spreading' device.

An electrical network with two outputs between which a constant 90
degree phase shift exists over the audio band has this effect.

Fig. 18(a) shows the type of arrangement which could be used
with this type of device.

Although it is unusual to use monophonic reverberation on a

stereophonic recording it may be used where a special effect is

required. Monophonic reverberation is introduced by means of a
pan-pot and produces 'spot' reverberation; it therefore appears

unnatural to the listener. The arrangement used to produce this
effect is shown in Fig. 18(a).

Issue 2, 1973 Page 28



STEREOPHONIC OPERATIONS

X X 29Z
LEFT XXXXXXXXXXXXXXXXXXX RIGHT

STEREO REVERBERATION

MONO REVERBERATION (POINT SOURCE)

0 LISTENER

FROM
REVERB w

EARLIER 0
STAGES SEND 0

REVERB

INPUT

REVERB. PLATE OR
ECHO CHAMBER

FROM
EARLIER
STAGES

REVERB
INPUT

REVERE
SEND

6- MONO

PLATE
90 PHASE

SHIFTER

STEREO

PLATE

U
wcc

(a) MONO REVERBERATION

MONO REVERB PLATE OR ECHO
CHAMBER WITH 90° PHASE
SHIFT NETWORK.

f
p

STEREO REVERB PLATE
OR ECHO CHAMBER.

STEREO MICROPHONE AT DISTANT
POINT IN STUDIO.

(b) STEREO REVERBERATION

FIG. 18. REVERBERATION

Issue 2 , 1973 Page 29..



STEREOPHONIC OPERATIONS

3. OPERATING PROCEDURE

It is extremely important that before any stereo recording is commenced,
the equipment being used must be given thorough operational checks.
Failure to observe the following procedures may result in a recording
which cannot be transferred to disc, or which is otherwise unsatisfactory.

1.1 The Control and Monitoring Room

In general the control room of the studio will have been
correctly arranged for stereo recording. However in the case of
O.B. recordings it will be necessary to select a suitable room in
which to monitor the result. The degree of suitability of this
room for stereo reproduction will influence the definition and
balance of the stereo image formed.

Unless the room has acoustic characteristics conducive to the
formation of a stereo image, it is extremely difficult to carry
out the necessary small adjustments to microphone position, gain
and panning until the best possible result from the microphone
arrangement and studio is obtained. The room should have
sufficient free space to allow easy movement of those concerned
with the recording, and should provide optimum listening
conditions for a number of people at the same time. In most cases
a room ideally satisfying all requirements is unlikely to be
available, but it is possible by fairly simple means to adjust the
acoustics of the most suitable room obtainable until a satisfactory
compromise is reached.

The reverberation time of a room is determined by its volume and
the degree of acoustic damping present. For the purpose of
monitoring for stereo recording the reverberation time should be
short enough not to alter to any noticeable degree the
reverberation apparent on the recording, or confuse the position
of instruments or voices in the stereo image.

Reflections will always be present to some extent however, and for
this reason the room should, if possible, be symmetrical about the
axis of the intended position for the loudspeakers.

3.2 Arrangement of Equipment in the Monitoring Room

The loudspeakers should be placed at least 1:4$ and preferably 2 to
3 m apart across the shorter wall. _.'_The optimum list:ei2 g
position is then at the apex of the equilateral triangle formed
with the speakers. Only small variations in the stereo image are
usually observed for positions in front of the optimum up to about
2 me fioia the speakers: . Behin& th'e: opti ftum po_sitioiti thi's'
distance may be up to 6 m depe d ng on the itaem dteeif.
Obviously the further the distance from the speakers the greater
will be the effect of room reflections on the stereo image. For
positions to each side of the optimum the stereo width observed
will be reduced towards the closer speaker. Some improvement is
obtained at these side positions if the speakers are turned so
that their axes face the listening position; the side area over
which a good stereo effect is obtained will then be found to be
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increased. However, critical listening for the positions of sounds
in the stereo image must always be done from a position on the
centre line between the speakers. For consistent results this
same listening position must then be used throughout the recording
if variations in image positions of sounds are to be avoided.

Standardisation of monitoring conditions, as far as possible, also
allows significant comparisons to be made between the results
obtained from various arrangements of microphones and performers,
even though the recordings may have been made at different times.

Generally the best results will be obtained by observing the above
points, but there are no inflexible rules. Instances will occur
where the shape of the room or projections into it either make the
suggested layout impracticable or produce poor results. In these
cases another layout which is acoustically symmetrical should be
tried even if this means placing the speakers along the longer
wall or listening in front of, or behind the optimum position.
Drapes and acoustic screens may be used very effectively, to break
up standing waves and reflections or to reduce reverberation.
Fig. 19 shows a typical layout. (See Page 32:)

3.3 Microphone Set-Up Procedure

Microphones and pattern boxes must be checked to ensure that the
pattern selected and low frequency cut are as required. The
polar pattern of the microphone used has a strong influence on
both the stereo image formed and the character and strength of the
reverberation picked up. The polar pattern established should
therefore be verified by having one person walk around the
microphone and speak as another listens in the control room.

A coincident microphone pair ( e.g. C24 or SM2 ) may be checked very
simply by facing both units directly forward and then arranging
for the speaker to move around the microphone as before . With the
person speaking directly into the front of the microphone a central
image is obtained by the listener when both channels are adjusted
for equal gain. As the speaker moves axound the microphone the
image will remain central if the patterns are identical.

In the case of stereo microphones connected X-Y each capsule must

be checked separately, and aligned so that the right capsule is

connected to the right channel and the left capsule to the left channel.

In the case of stereo microphones connected M-S, the control unit
must be switched for M-S operation. The microphone must then be
checked to ensure that sounds originating at the right emanate
from the right loudspeaker and vice versa (cardioid faces
performers, bi-directional at right angles).

G-4 Phasing

By using the EMT polarity detector, the phasing of each microphone

must be checked to the line output terminals. Phasing should no-t

be checked by using the studio loudspeaker acoustic output as
spurious results can* be obtained because of the varying phase
response of loudspeakers at different frequencies.
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It may be assumed that permanently connected equipment is correctly

phased, but where O.B. recordings are concerned all items of

equipment should be checked to ensure that reverse phase connection
leads have not been inadvertently introduced.

In the case of stereo microphones connected M-S, the M or cardioid
capsule must produce in-phase signals at each line output, while

the S or bi-directional capsule must produce out of phase signals.

Finally, the loudspeaker phasing should be checked by applying a

pulse to a microphone input from the polarity detector gun and

acoustically detecting its polarity of each loudspeaker.

3.5 Channel Connection

In the case of O.B. recordings, it must be ensured that the right

channel output of the control desk connects to the right channel

input of each recorder and to the right loudspeakers; similar

connections must be made for the left channel, and for the recorder

replay circuits. These checks can be made at the same time as the
phasing checks.

3.6 Balance

The gain of the left and right channels in both the desk and the

recording equipment must be checked for equality. By use of the

internal oscillator or a portable oscillator applied to a suitable

input, the output channel volume indicators should both be set for

an output reading of 0 on the vu scale with the master fader at its

normal operating position. At this setting the balance control should
be at its zero position. The recorder input levels and the pan pot

zeros can then be set up and marked where necessary. Finally the

individual power amplifiers feeding the loudspeakers must be
adjusted for equal output to the loudspeaker lines with the monitor-

ing volume control at its normal operating position and the monitor-

ing balance control (if fitted) set to zero. A mono tape should then
be replayed to ensure that the reproduction appears central from the
listening position.

3.7 Line- Up Levels

To assist in transferring stereo tapes to disc, a 400 Hz line-up

tone of 30 s duration and indicating 0 on the vu scale of the

volume indicator (+8 d Bm) must be recorded at the beginning of each

tape. A 15 s duration of 10 kHz and 30 Hz tone should'follow with

an announcement to allow the correct disc cutting equalisation to
be determined.

Where Dolby noise reduction equipment is used, the Dolby tone should

follow the line-up tones, which must not themselves be Dolby coded.

3.8 Compatability

The compatability of a stereo recording refers to both its
suitability to provide a mono output with a suitable balance, and
to its suitability for transfer to disc.

With regard to mono - stereo balance compatability, in addition to the
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matters raised in section 1.6 the problem of 'centre build-up' also
occurs. Imagine the case of a stereo presentation involving an image
at each loudspeaker position and a central image all of equal
loudness. The central image then has a power associated with it, in

each channel, of half the power associated with the side image, but

the. signal voltage in each channel due to the central image has 0.7

o5 the magnitude of the side image voltage, as P is proportional to
V . Simple addition of these voltages as occurs in producing the

L + R mono output results in what had been the central image

building up to 1.4 times (in voltage the side images. This is a

3 dB build up at the centre image, for which allowance must be made
in the recording if the mono version is to be considered important.

The accurate transfer of a stereo tape to disc can be made extremely
difficult, if not impossible, if substantial out-of-phase components

are present on the master tape. These out-of-phase components

produce vertical motion of the cutter stylus which, if they are of
sufficient amplitude, result in the cutter either cutting too deeply
into the disc surface or leaving the surface altogether.

3.9 The Sum and Difference Meter

It is important to be able to detect the presence of out- of-phase

components in stereo recordings and most recording organisations

use some means of detecting their presence. This may take the form

of a cathode ray tube display on which phase and amplitude register,

or it may be a meter display of the degree of correlation between

the channels or of the sum and difference components present.

The sum and difference meter method offers the simplest and most

direct approach to the problem, whilst not sacrificing efficiency

and accuracy. It may take the form of two separate meters, or of a

single centre zero meter which indicates resultant in phase or out-

of-phase. The meters are arranged to have volume indicator ballistics

and sensitivity.

The sum meter indicates L+R and the difference meter indicates
Ii
R

A mono signal with L=R then gives a reading of L4 on the sum
meter and zero on the difference. Images at the side alone where
L & R are completely different signals produce L +R- = L since
no cancellation can occur. The sum and difference readings are in

this case identical.

Between these two extreme cases are a range of stereo balances for
which images are spread between the channels. In the case where

images of equal loudness are equally spread from left to right the

sum should exceed the difference by 6.5 dB; if no phase or time
differences exist. If one channel of the system is completely out

of phase the difference meter then reads more than the sum. A

stereo balance which appeared to give a good spread of equal
loudness images, but for which the sum and difference indications

were much closer than this would warrant investigation for a

possible reversed microphone.

The sum and difference meter is also useful in adjusting the balance

of a stereo recording, especially where spaced microphones are in use.
Alterations to the stereo width can be seen quite clearly as changes

in the sum and difference signals. Furthermore, the sum meter -s a

useful indication of the resultant mono.
END
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