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Results of a full-scale experiment with three-channel stereophonic recording and repro
ducing apparatus of advanced characteristics to determine if an orchestra can be repro
duced with sufficient realism as to be essentially indistinguishable from the original. 

W ;T:, THE COOPERATION of conductor 
Enrique .Jorda, the members of 
the San Francisco Symphony Or

chestra, and the San Francisco Sym
phony Association, an experiment was 
set up. in the San Francisco War Me
morial Opera House, to find if, with 
presently available techniques, repro
duction of the full Symphony Orchestra 
can be achieved with sufficient fidelity 
that no appreciable portion of a large 
audience could distinguish between thp 
live original and the reproduced sound. 
Preliminary recording experiments were 
made during the week preceding the 
public performance. 

While a portion of the public concert 
was devoted to pure entertainment, in 
order that the audience might be in as 
nearly a normal frame of reference as 
possible, two sections of the concert were 
performed under controlled conditions, 
in order that reasonable evaluation might 
be made of the results in question. 

It is not always the custom of this 
orchestra to tune on stage, so it was 
possible to prepare the orchestral in
struments before the entry of the per
formers in such a way that performance 
might be simulated, at the very begin
ning of the program, without the pro
duction of significant sound from the in
struments themselves, and without neces-
sarily arousing the audience's suspi
cions. The string instruments, in par
ticular, needed carefully considered 
treatment, since the musicians could not 
be expected to simulate playing without 
detection, while poising bows at all times 
off the strings. This was accomplished by 
wrapping the strings of each instrument 
with transparent cellulose film. The first 
selection on the program was the Over
ture to Mozart's "The Marriage of Fig
aro." The entire composition, less than 
five minutes in length, had been recorded 
in rehearsal. The orchestral pantomime, 
likewise, had been skillfully perfected by 
Maestro Jorda and the musicians prior 
to the public performance. So far as 
the audience was concerned, then, the 
program opened in the normal manner. 

* Ampex Corporation, 934 Charter St., 
Redwood City, Calif. 

Fig. 1. The San Francisco Symphony Orchestra dur ing a rehearsal pr ior to the exper i 
ment described. Number being p layed is "Rhapsodic Var ia t ions for Tape Recorder 
and Orchestra," w i th Dr. Ussachevsky at the console of the Ampex and Enrique 

Jorda on the pod ium. Note placement of loudspeakers. 

the conductor taking his place as usual, 
rapping his music stand, and opening 
the program in a usual way. Unconcealed 
in the midst of the orchestra were three 
theatre-type loudspeaker systems, from 
which the music was actually played. 
"Spotters" were dispersed throughout 
the audience of approximately 2,500 peo
ple, to note reactions. Toward the end 
of the overture, on cue from the con
ductor, the musicians laid down their in
struments, while the music continued 
unchanged. Spotlights picked out the 
loudspeakers, to indicate clearly what 
was then going on. At the end of the 
overture, a narrator explained to the 
audience that the deception which had 
just been practiced would not again be 
repeated, and that it was with the reali
zation that a sophisticated audience 
could probably not be so deceived unless 
the experiment were presented without 
warning, that this experiment had been 
placed at the very opening of the eve
ning's program. The explanation was. 

however, ambiguous as to whether the 
orchestra had played any par t of the 

Fig. 2. Close-up of the recorder rack and 
control posit ion w i th the three-channel 
Ampex and its associated ampl i f ie rs . At 
the left of the rack are the power amp l i 

f iers for the three speaker systems. 

22 AUDIO JANUARY, 1957 



overture or not. This was in order that 
the degree of doubt existing in the lis
teners' minds might be appraised by the 
observers. It is thought significant that 
during the interval between the overture 
and the next selection, and during the 
intermission sometime later, all observed 
discussions centered about the moment 
when the orchestra stopped playing and 
the reproduced sound began. Close ques
tioning after the concert revealed a very 
few listeners, in the front row of the 
orchestra seat section, who were able 
to observe the cellulose film wrapping of 
the string instruments, and who were, 
therefore, not deceived. 

The second selection was the First 
Symphony of Beethoven. Its Fourth 
Movement was recorded on the spot, and 
immediately played back. A comparison 
was offered between monaural transmis
sion of the reproduction, through the 
center speaker only, and stereophonic 
reproduction through three separate 
channels, using all three of the loud
speakers. Xo conclusions are offered, be-
vond that the difference between mon-
aural and stereophonic reproduction was 
unmistakably observable. Conditions of 
microphone placement a»d audience 
noise, during this recording, made it im
practical to attempt maximum likeness 
between live and reproduced sound. 

A little burlesque followed, purely for 
the entertainment of the audience, in
volving members of the orchestra who 
accompanied their previously recorded 
selves, and this was followed by the in
termission. 

The second portion of the concert 
opened with Aaron Copland's "Quiet 
City," played by the orchestra alone, 
without recording or reproduction. Xext 
came the "Rhapsodic Variations for 
Tape Recorder and Orchestra," by Dr. 
Vladimir Ussachevsky and Otto Luening, 
both of Columbia University, New York. 
Dr. Ussachevsky controlled the tape 
reproducer. An exposition of the meth
ods of composition and performance dis
played by Dr. Ussachevsky is beyond the 
scope of this presentation. 

There followed then the second section 
of the concert to be held under close 
observation. The "Scheherezade" Suite 
of Rimsky-Korsakoff was played, after 
a suitable introduction by the Xarrator. 
The description which preceded the per
formance, this time, was entirely un
ambiguous. The music was to be per
formed in alternating sections, without 

Fig. 4. Unequal-
i 2 e d response 
measurement of 
the complete sys

tem. 

pause between sections. The orchestra 
played for a time, then the music was 
continued by the tape reproducing sys
tem, then the orchestra again, and so 
forth. The most critical comparisons 
were invited. It became evident that, de-
spite the most skillful timing of the 
transitions, a significant part of the 
audience was able to detect accurately 
the moment of changeover. It was evi-

original had not been achieved. 

Recording and Reproducing Equipment 

The performance characteristics of 
the recording and reproducing apparatus 
which produced this result had been 
measured with some exactness before the 
experiment was performed. The exper
imenters were not concerned with the 
performance of each individual element 

Fig. 5 (left). Cir
cuit and response 
curve of system 

equal izer. 

dent, also, that a large portion of the 
audience could not make the distinction 
reliably. 

The conclusion, then, was drawn that 
with presently available techniques, re
production resembling the live original 
sound of the symphony orchestra can 
be achieved with sufficient fidelity that 
no substantial portion of a large audi
ence would notice the difference, but 
that, with these same means, reproduc
tion not detectably different from the 

Fig. 3. Block schematic of equipment used in mak ing system measurements. 

in the recording-reproducing chain so 
much as with the over-all characteristics. 
Frequency response, therefore, was meas
ured from acoustical input to the micro
phone to acoustical output of each loud
speaker. Signal-to-noise ratio measure
ments were made over the entire re
produced band, of the entire system, 
again from acoustics to acoustics. Since 
flutter and wow could, in such a system, 
be introduced only by the tape recorder, 
that characteristic was observed for this 
element of the chain only. Since it was 
apparent that non-linear distortion could 
be produced by any element of the chain, 
observations were made at the upper
most levels used, for the whole system. 
The levels used in concert were estab
lished during rehearsal, and differences 
between live original and reproduction 
were held within one decibel, as meas
ured on a precision sound level indicator, 
at the center of the orchestra scat sec-
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Fig. 6 (r ight). Sys
tem response af ter 
i n t r o d u c t i o n o f 

equal izer . 

tion. Dispersion pattern of the loud
speakers employed was observed, as was 
the polar sensitivity pattern of the mic
rophones. Comparative measurements of 
essential parameters were made of the 
three microphones employed, and of the 
three speakers, insuring substantial 
equality. 

The equipment used included three 
miniature capacitor-type microphones 
(Altec 21-D). Tests established that the 
three microphones exhibited uniformity 
from below 40 cps to above 12,000 cps 
with over-all response sufficiently smooth 
that any necessary equalization might 
readily be accomplished. 

The theatre loudspeaker systems (Am-
pex Model 5050) were chosen primarily 
because of the experimenter's intimate 
knowledge of their frequency response 
and radiation patterns, and because these 
characteristics were such that frequency 
discrimination introduced by them was 
known to be reasonably within the limits 
of practical equalization. 

Power amplifiers (Ampex Model 6516) 
were tested for uniformity of frequency 
response at the power levels predicted. 

The frequency response of the tape 
recorder-reproducer used (Ampex Model 
300-3) was not of consequence to the 
experiment, since it is inherently flat. 

Speaker Measurement 

Over-all tests of frequency response 
were made in a remote country location, 
with microphone on axis approximately 
20 feet above the loudspeaker, which 
rested on its back, pointed upwards. The 
power amplifiers were driven by the tape 
reproducer, the tape playing multitones 
in one-third octave segments across the 
band from 30 to 15,000 cps. Response 
was then measured at the output of the 
microphones using the circuit shown in 
Fig. 3. Over-all unequalized response 
was as shown in Fig. 4. It was then ap
parent that equalization could appropri
ately be applied. This was inserted be
tween the tape recorder and the power 

amplifiers. The character of the equal
izer, and its effect upon over-all re
sponse, are shown in Figs. 5 and 6. 

As for signal-to-noise ratio, the limi
tation certainly occurred in the tape re
corder, since the maximum attainable 
signal (arbitrarily assigned as that level 
of magnetisation of the tape which pro
duces 3 per cent total harmonic distor
tion due to the approach of tape satura
tion) is ultimately establishable at about 
65 db above tape noise, regardless of 
the tape speed (within range 7 1/2 to 30 
ips), regardless of tape equalization, so 
long as pre-emphasis and post-emphasis 
are optimum, and at least among Ameri
can makes, regardless of the make of 
tape. A tape velocity of 30 ips was 
selected only to assure that dropouts 
(due to imperfections in the tape) could 
be expected to be of no consequence, and 
to assure more than adequate high-fre
quency dynamic reserve. The tape width 
of one-half inch permitted the use of 
soundtracks 0.1 inches in width, assuring 

sufficient output from the playback 
heads that playback amplifier noise, 

likewise, could not be of consequence, 
and further to minimize the effect of 
dropouts. Noise output from the mag
netic reproducing heads, when reproduc
ing tank-erased tape, was more than 10 
db above equivalent amplifier noise, es
tablishing tape noise as the system's 
fundamental noise limitation. 

The flutter and wow characteristic of 
the system depend entirely upon the tape 
transport mechanism; the particular 
machine measured 0.04 per cent rms 
within the range of flutter frequencies 
zero to 200 cps. The frequency range 
within which residual flutter and wow 
products fell was caused to be higher 
than usual, and hence less noticeable, 
through the use of the 30 ips tape veloc
ity. 

The system's predicted distortion limit, 
in the estimation of the experimenters, 
might have been imposed by any com
ponents of the system. Analysis disclosed 
limitation to be in the loudspeaker sys
tems, at the lower frequencies, and as a 
first approximation, in the power ampli
fiers at the higher frequencies. Detect
able overload distortion, in full sym
phonic passages, occurred when the re
produced sound level was raised about 
6 db above the live orchestral sound, at 
frequencies below 7,000 cps. Above this 
frequency, amplifier overload occurred 
with certain instruments, with notably 
the crash cymbals, because of the severe 
equalization required for correction of 
system rolloff. Since the power ampli
fiers selected were of sufficient output 
capacity to deliver maximum tolerable 
input to the loudspeaker system high-
frequency drivers, more power was not 
provided. With even highly refined sys
tems, accumulated loudspeaker and mic
rophone response may decline as much 
as 16 db at 12,000 cps, with relation to 
response at 1000 cps. The speaker used, 

(Continued on page 56) 

Fig. 7. Recording and reproducing system block schematic for the San Francisco 
Opera House. 
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ACOUSTICAL CONSIDERATIONS 

(from page 24) 

like others of its kind, could be brought 
to equal maximum response with the 
rest of the system only with a theoretical 
1200 watts of driver power; it was, there
fore, obvious that larger amplifiers would 
accomplish little beyond the possible de
struction of the speakers during the per
formance. Figure 5 is a block schematic 
of the entire system. 

Bell System Laboratories studies had 
suggested to us that 30-watts-per-chan-
nel should be adequate to reproduce the 
full symphony, with loudspeaker sys
tems of 50 per cent efficiency, with the ex
ception that bass drum peaks might over
load the amplifiers. In the last analysis, 
then, the efficiency at the frequency ex
tremes, of any loudspeaker which might 
have been selected imposed the system's 
frequency-response limitations. 

Preparation 

During the rehearsal week before the 
concert, experiments were made with a 
small body of observers toward the pos
sibility of employing two-channel rather 
than three-channel stereophonic trans
mission. It could not be doubted that the 
three-channel system produced reproduc
tion more nearly resembling the live orig
inal than did two-channel transmission. 
It is of especial interest, however, that 
the three-channel tapes, upon review in a 
much smaller auditorium, of nearly ideal 
acoustical characteristics, could be shown 
to have negligible advantage over two-
channel tapes. In this corollary experi
ment, switching apparatus was devised so 
that, in one position, the three channels 
were separately presented, while in a 
second instantaneously available posi
tion, identically the same over-all level 
of sound was presented through two 
stereophonic channels, the output of the 

former center channel being mixed 
equally into each of the two separate 
outer channels. With a succession of 
audiences, consisting of trained musi
cians, engineers concerned with audio 
subjects, and lay individuals, no signifi
cant accuracy could be found in judg
ments of the distinction. 

Conclusions 

Measurements of the acoustical dis
persion of sound in the War Memorial 
Opera House auditorium established that 
the difference in sound level, during live 
performances in various parts of the 
auditorium, did not exceed about 3 db. 
A much larger difference occurred, how
ever, during reproduction: differences 
existing simultaneously at various parts 
of the auditorium were the order of 7 
db. It is submitted that this must be ex
plained by the large difference which 
exists between the ratio of direct to re
verberated sound between live orchestra 
and loudspeaker-radiated sounds. Each 
loudspeaker radiates substantially equal 
power into a vertical angle of 45 deg. 
and, a horizontal angle of 90 deg.; in 
live performance the instruments indi
vidually possessed varying radiation pat
terns. In the A / B comparisons afforded 
by the second carefully observed section 
of the concert, especially, it became evi
dent that both the ratio of string energy 
to wind instrument energy was distorted 
in the reproduction, and that the char
acter of the sound from these disparate 

kinds of instruments was subtly altered, 
in a manner which suggested that, in the 
reproduction, string sounds received by 
the audience were disproportionately 
direct instead of reverberated, while 
sounds from the more directional wind 
instruments, in reproduction, possessed 
an unnaturally large proportion of re
verberant energy. It is believed that this 
difference, more than any other, pro
vided the most immediately discernable 
distinction between live and reproduced 
sound, upon close comparison. A second, 
and only rarely observable distinction 
could be made by the presence of low-
level tape hiss during silent or very soft 
orchestral passages. • 

1 This paper was originally presented by 
Mr. Snyder to the International Congress 
on Acoustics, under the auspices of the 
Acoustical Society of America, at the Mas
sachusetts Institute of Technology, Cam
bridge, Massachusetts, June 22, 1956. 
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