Broadcast & Public Address Systems

Describing an elaborate and successful sound installation.

N 1939 at the World's FFair there was
I dedicated the Court of Peace, and

not far from it lay the New York
City Building, one of the Fair's per-
nanent structures,

IZight years have passed, and amongst
the many changes that have taken place
since Hitler's attemipt to turn the dedi-
cation of the Court of Peace into a
mock ceremony has been the conversion
of this New York City Building into a
temporary. home of man's latest concept
of the Court of Peace. namely, the
United Nations General Assembly.

In 1939 the engincers of Commercial
Radio-Sound designed the broadcast fa-
cilities and the public address systems
for the World's Fair. and these same
engineers found themselves very much
at home during the installation and de-
sign of the systems now in use in the
United Nations General Assembly.

There are two systems in use at the
Gieneral Assembly’s headquarters, one
for the large General Asgsembly Audi-
torium and the other for the Conference
Room. Each of these systems is totally
independent of the other except for tie-
lines between them permitting feeds in
cither direction. The purpose of both
systems is as follows:

a) To make audible to the members
of the United Nations, their guests, vis-
itors, press and all others present all
words spoken by each speaker; to per-
mit the maximum freedom of movement
on the part of the speaker and a mini-
mum amount of concentration on the
part of the auditor.

by To faithfully transmit all sounds
picked up to the following services.

1. Broadcast stations and networks
2. Recording for official records

3. Motion picture film recorders

4. Tolevision

¢}y To accomplish the functions out-
lined above with the minimum number
of controls, ease of operation. and de-
pendability of circuits.

*(Gien, Mar. and Chicf Engineer, Commer-

cial Radio-Sound Corp., N. Y. C.
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Fig. 1. (top). United Nations conference room.

Fig. 3. (bottom). United Nations general as-
sembly auditorium,

Conference Room

Fignure 1 shows a photograph of
the actual Conference Room setup which
is unique in the application of pickup
and reinforcement of the spoken word.

Tt is necessary to pick up from any
one of the delegates sitting around the
outside of the large table or from any
of the interpreters located within the
oval. and permit good hearing with good
intelligibility without feedback by all
persons in the room. At the same time
the intimate character and purpose of
the room has to be preserved.

The solution suggested by Commercial
Radio-Sound engineers was adapted by
the United Nations' engineers for all
their Conference Rooms, inchuding those
at lLake Success.

As can be seen through the control
room window in Figure 1, the Confer-
ence Room contains a large oval table
on which are located thirty-one micro-
phones and loudspeakers for the dele-
gates. Within the table space are two
more microphones and speakers for use
by the interpreters. The block diagram
for the Conference Room is shown in
Figure 2. To facilitate handling this
number of microphones, thirty of those
about the table were wired through lever
kevs into six groups of five cach. Each
group of five is controlled by one at-
tenuator. The two interpreter micro-
phones within the oval. cach through
its lever key., are grouped into one
attemuator and a single microphone for
the chairman of the conference has an
attenuator of its own. This grouping of
the thirty-three microphones results in
only cight controls. the desired micro-
phone heing switched in by throwing
its lever key. Sucl an arrangement per-
mits rapid and accurate switching.

These microphone keys are used for
a relay interlock operation with the
loudspeakers adjacent to the associated
microphone, automatically turning off
the loudspeaker on each side when the
microphone is turned on. Since all the
loudspeakers on the table are operated
at a low level, the turning off of the two
on either side of the line microphone
is sufficient to prevent fecdback and
the remaining loudspeakers permit all
the delegates to hear the speaker per-
fectly.

By throwing these same microphone
keys to the opposite side from  their
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“on” position. the associated niicrophone
is connected to a separate cue amplifier
and speaker. This arrangement aids the
operator in anticipating the next speak-
er, and permits accurate switching.

The output of the eight-position mixer
feeds through two identical circuits of
booster and line amplifiers and master
gain controls. These proyide a continu-
ously protected amplifier chain that meet
through a “Regular-Emergency” key,
In case of failure of the regular section,
throwing this one key to “lmergency™
restores operation, Spare amplifiers of
all types employed in the system are
available on jacks to permit patching if
necessary.

A high-pass speech filter is provided
with a switch to cut in or out of the
circuit at will. This filter cuts off sharp-
Iy at 200 cps and prevents the “boomy"
speech characteristic of somie persons,
The output of the console is controlled
at +8 vu.

Other controls at the console are the
monitor, cue, PA gain control, and a
utility attenuator. The utility attenuator
input and output are available at jacks
on the rack and two utility transformers
with inputs and outputs are also avail
able. These utility components are use-
ful for setting up special circuits that
invariably become necessary from time
to time. Another useful control mounted
on the rack is the monitor input selector
switch. This switch allows spot check-
ing throughout the system in order that
any failure may be quickly located.

From the output of the console. the
circuit fceds the PA and telephone line
dividing amplifiers. The output of these
amplifiers terminates in a low value of
resistance, in this case 15 ohms. FEach
feed to a PA power amplifier or to a
telephone line. as the case may be,
bridges the proper 15-ohm resistor with
610-ohm low impedance matching re-
sistor. Since the source bridged is low
impedance, the isolation between out-
going 000-ohm lines is of the order of
30 db. This provides an economical
means of supplying a number of isolated
circuits from one amplifier.

In this case, twenty-four 600-ohm
telephone lines with the isolation men-
tioned are fed with plus 18 dbm each,
all from one 10-watt amplifier. All am-
plifier equipment is located in three racks
directly behind the operator.
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Fig. 2. Block diagrom of the conference room loyout.
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Fig. 4. Block diagram of the general assembly auditorium sound system.

Main Auditorium System

While this system is the simpler of
the two. it is however the more impor-
tant irom the standpoint of the numbers
of pdople served. The main auditorium
i designed to seat approximately 1600
delegates, visitors, press, etc. Seats are
arraijged on the main floor and balcony.
The womposite photograph of the Gen-
eral Assembly Auditorium is shown on
Figupe 3. The actual control room is
locatpd in the second tier in a glass-
enclgsed hooth on the right side of
the Auditorium. The photograph shows
two pf the multicellular speakers used
for sound reenforcement.

Figure 4 is the block diagram of this
auditorium system. The similarity to the
Conference Room is readily apparent.
Twelve microphone circuits are wired

from receptacles located on the Podium.
eight of which are controllable at one
time with eight gain controls and “off”
and “on” switches. Outputs of the con-
trolled pre-amplifier circuit are coupled
into two BA2A Dhooster amplifiers, and
from the two master controls on through
to the two BA3A program amplifiers
to the regular and emergency output
buses. Bridging the output bus after the
regular emergency key are the amplifiers
for the various services. It will be noted
that this system feeds a total of 72 tele-
phone lines arranged to provide 36 reg-
ular and 36 emergency services. The
input for the four 50-watt power ampli-
fiers used to drive the loudspeakers is
derived from a separate BA3\ ampli-
fier, the input of which is controlled by
a separate gain control. This gain con
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trol is located on the upper right side
of the control console for quick accessi-
bility in case of feedback.

In the auditorium a total of three of
the RCA 94869497 /9448 /multi-cellu-
lar loudspeakers are nsed for primary
coverage of the auditorium and halcony.
Inasmuch as the balcony overhang does
not permit sound to be projected from
these overhead loudspeakers to the rear
and sides of the auditorium, it was nec-
sary to use a large number of the RCA
MI-12415 totally enclosed cone-type
loudspeakers. These are arranged on the
ceiling underneath the balcony and ob-
servation Dbooths slanting toward the
audience. Inasmuch as some seventy low
level loudspeakers are used, spaced ap-
proximately every ten feet, we are for-

[Continued on page 43]
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[from page 29].

tunate to get uniform coverage without
destroying the illusion. Because of the
physical construction of the auditorium
this is the only method of handling this
loudspeaker problem, although the use
of multiple loudspeakers is poor prac-
tice when physical conditions permit a
single source. Tests conducted with a
General Radio noise meter using a 400-
cps warbled note showed a pattern of
coverage throughout the auditorium to
be within 2 db. All speakers are painted
to harmonize with the background and
the overall result is highly satisfactory.

Al amplifiers, tubes, microphone



stands and loudspeakers were of RC.A
manufacture fabricated in Commercial

high audio frequency reproduction, it
seems that research should be conduct-

In the midst of all the current furore
there has been no attemipt to get down
to fundamentals and decide what it is
most important to find. We might char-
acterize the choice enigmatically as the
confused reaction versus the considered
reaction. So far all tests have been con-
cerned with the confused reaction — a
rapid representation of alternating ten
or twenty second choices. This possibly
correlates with the basis for the choice
of a twenty dollar radio. Is it a good
correlation with the process of choosing
a console set, or with conditions of use?
[f we give the user a free chance to
adapt to both choices for a week or
two. what will his reaction be?

Which portion of the public is most
important to us: or alternately, how
should we weigh the results ifrom the
following :

a. The soap opera addict — interested in

intelligible specch

. The serious listener to music—wheth-

er the three Bs or boogie woogie

¢. The background music devotee — de-

siring  soft, muffled, definitely unob-
trusive music.

Fatigue Factors

The question of immediate versus de-
layed reaction has one aspect which
has been completely overlooked in all
discussions: the fatigue factor. Why
does a listener so oiten turn a set off
after one or two programs? Why do
so many listeners use weak, muffled
music as a subdued background, but
never really listen to a program? \We
have the artistic side, of course: but
the writer believes the fault is often
more basic: Listening to the avcrage
set is zery fatiguing, and some sets are
much worse than others.

The writer made a considerable num-
ber of experiments with fatigue in
radio and record listening. and isolated
some fatigue factors. In many cases the
effect can be predicted quantitatively,
but the remainder can be evaluated only
on a relative basis, viz., .\ is little (or
much) better than B as measured in a
one (or five) hour test period. He
made a curious discovery: One of our
most successful low priced radio lines
was distinguished by its low fatigue
factor as compared with its compeli-
tors' products. How important was this
in its success? We can only guess. Per-

" haps it gave skilful salesmanship just

the extra lift needed to create a domi-
nating position in the low priced field.

The fatigue factors just mentioned
refer but lightly to the classical case
(fatigue of the hearing organ itself”);
they mainly govern fatigue of the cen-
tral nervous system due to the nature
of the impulses fed it by the hearing
organs. In short, it is brain fatigue®
rather than fatigue of the organ of
Corti which concerns us here. A broad
consideration of fatigue factors is be-

Chinn and Lisenberg showed that lac-
quer originals, properly recorded and

vond the scope of this article, but they
include the following primary defects:

1. Harmonic and intermodulation distor-

tion
2 (_'(crtain frequency-amplitude  relation
anomalies

3. Transient distortion

4. Noise

5. Acoustical nature of the space used

Some of these have been discussed by
the writer” in relation to fatigue of
hearing aid listeners. perhaps the only
application in the last several years
where reduced fatigue has gained con-
siderable commercial recognition. Har-
monic and intermodulation distortion
heads the list only because it is often
so had as to mask other faults. The
moment it is minimized. the other fac-
tors assume importance. It should also
be remembered that “distortion” is not
a dimensionless entity, that certain or-
ders of harmonic distortion are much
more offensive to the ear than others,
even when the distortion meter readings
are equal.

Hearing Aid Improvement

That these principles were of gen-
eral application was shown in this field
not too long ago. The writer was called
on to overhaul a hearing aid line, and
the problem was found to be not ap-
pearance. pride, or economy, but wearer
fatigue. Wearers could grade out units
of identical frequency response hut dif-
ferent fatigue characteristics with an
accuracy and consistency which was sur-
prising. P’roduction units were changed
accordingly, with no change in visible
appearance, in frequency response, in
sales procedure, or sales personnel.
\Within six months sales had doubled,
and both customers and dealers were
much happier: all of this at a time
when other manufacturers were having
an acute loss of sales, were cutting
prices, and were using extensive adver-
tising campaigns.

Remember that about 3509% of hard-
of-hearing customers have hearing
which is normal in every respect save
acuity — that is, their hearing is like
that of broadcast listeners except for
a loss which is substantially constant
with respect to frequency. These data
are therefore 509 directly applicable to
normal listeners.

The improved instrument had sev-
eral interesting properties:

1. The average time of use increased
from nine or ten hours per day to
twelve to sixteen hours.

2. Wearers were able to use more
low and high frequency response with
comfort (this could be adjusted by the
dealer on request but could not readily
be tampered with by the customer).

3. Without being told of the change,
users spontaneously commented on im-
proved “presence” and “easier listen-
ing”.
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4. OUrdinary articulation testing meth-
ods would not show any improvement
in intelligibility, probably because the
articulation test period was too short.
Perhaps twelve-hour test periods should
have been used.

Remember that all these observations
were made using the relatively narrow
hand of 150 to 4300 cycles, wherein the
average engineer thinks the annoyance
power of distortion to be less than in a
broad band system. Remember also that
there is a powerful urge to disregard
fatigue and continue using a hearing
2id — so if excess fatigue would cut
use-time of an essential instrument by
one-third, what does it do to the use
of the ordinary radio which can be
taken or left alone?

The writer recalls seeing the effect
of replacing a number of home radios
by commercial units of what were later
found to be relatively lower fatigue de-
signs. The daily hours of use approxi-
mately tripled. and the increase per-
sisted long after the novelty cffect had
worn off,

IFatigue effects have also been ob-
served in connection with 16 nim sound
on film reproduction.

What Percentage Is Significant?
Remembering that we are unlikely to
get a 1009 vote for any probable sin-
gle bandwidth, what should be done?
Undesired excess bandwidth can be re-
moved by the radiv set’s tone control.
Missing” kilocycles cannot be so re-
stored. On this basis, what bandwidth
would be necessary to satisfy what per
cent of the listeners? To irritate our
readers into creative thought we have
utilized the Chinn and Eisenberg data
for 5 and 8 kc., and split the remainder
in a grossly implausible manner :
Upper Cutoff % of Satisfied

Frequency Listeners
Ske.

"

Seriously, it is evident that to satisfy
80% of the listeners to speech and all
types of music, an 8 ke. range would
have to be awailable (which they could
decrease as desired). If it becomes
available throughout the country, the
present vicious circle may be broken,
and it may foster the increased pro-
duction of better quality home radios.

Industry’s Stake

Many parts of the electronic field
have a considerable stake in a correct
answer to the questions propounded:

The Broadcast Network—By the time
a program has gone a thousand miles
from its source over lines of present
network characteristics it is no longer
of good quality. Would replacing the
present 5 kc. lines by 8 ke. service, and

reducing intermodulation and phase dis-
tortion, increase the mumber of listeners
(at any given time) enough to pay for
increased line costs? lHow far would
such increased quality go in enabling
networks to better resist inroads of the
& to 10 ke. transcription ?

The Phonograph Record Maker —
Right now he is riding the crest of a
hoom, and even pressings from worn-
out stampers, pressings with intermod-
ulation distortion as great as 20 to 30%,
can be sold. But looking more to the
future, would it be worth while to
improve care in processing to make the
finished product sound more like the
test pressing?

The Radio Set Manufacturer — A set
with reduced fatigue factor costs no
more to make than the present designs.
A set with somewhat increased band-
width as well as reduced fatigue factor
would cost very little more. It has been
profitable for one company to do a bet-
ter job in the low-priced field. \Would
it pay others to do the same? A large
number of sets have been advertised as
“high fidelity™; almost none of them
have actually been so. How profitable
would it he to substitute a little per-
formance (lower fatigue at least) for
a lot of claim? Would it pay the NAB
to subsidize set makers to the extent of
say $1 per set (payable only for a low
fatigue design), to increase the listen-
ing time?

The FM Broadcaster—Right now he
has 15 ke. speech input equipment and
transmitter, hut usually 9 or 10 kc.
transcription tables. Assuming that bet-
ter M sets could be sold, would it be
worth his while to change to 15 kc.
pickups, and to push the transcription
makers for wider-band recordings? Or
would it be better to push them for a
higher average of pressing quality with
the present bandwidth? Many transrip-
tion pickups have poor quality from 7
to 10 kc. under certain conditions.
Would it pay the station to install more
modern units?

These have not been rhetorical ques-
tions; they face the industry now, and
their answers may determine some
profit and loss statements two years
from now:.

The average manufacturing organiza-
tion can secure an answer for itself.
limited to its own conditions, with niod-
erate case, but it would not be the uni-
versal or completely generalized answer.
The hearing aid industry (in part) has
found such a policy, applicable to itself,
for example.

However, the completely generalized
problem is too massive, too tied up
with self interest. Particularly as re-
gards the broadcasters, a decision which
would enjoy broad acceptance is essen-
tial, in fact it is most important that
the radio industry agree on its broad
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cbjectives. The technical facilitics are
easy to borrow, rent, or construct.
\What we require most, and which is
hardest to find, is an organization with
nc adverse commercial commitment
(ruling out some colleges), and with
a chicf skilled in auditory opinion re-
search, It seems to the writer that this
points unniistakably in the sole direc-
tion of I'rofessor Harold Burris-Meyer.

Conclusions

For too long have we made repro-
ducing devices which (as Burris-Meyer
says) remind the listeners of music, but
do not reproduce it. Also, for too long
have we made sets of which only engi-
neers would approve. Let us concentrate
on designs which the public approves
of. Let us be conscious of presence—
the public is. Let us forswear “high
fidelity” designs which reproduce only
between 25 and 2500 cycles, or between
500 and 7000 cycles, or from 100 to
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1000 and 3000 to 7000 cycles. Let us
forswear dealing with loudspeaker man-
ufacturers who offer only an interesting
price—but have neither complete test
equipment nor adequate quality control.
Let us stop blaming “bad public taste”
for the lack of success of inadequately
engineered sets. Note that the public’s
dislike of false tones far overpowers its
dislike of missing tones.

Let us eschew the easy gencraliza-
tion, the test which proceeds from an
incorrect assumption to a foregone con-
clusion. Let us buckle down to a real
study of the finer dislikcs of the ear.
Let us adopt the principle that the true
measurc of the quality of an elcctro-
acoustical system is the maximum band-
width which the public finds acccptable.
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