
the demobilization of the navy and its reduction to its
peacetime strength, the outline of the postwar naval
establishment is beginning to be seen clearly. The fleet
and its supporting air arm will be large, larger than any-
thing visualized before the war, and the job of keeping
it equipped with the most modern electronic devices
will be a challenge to the best efforts of American science
and industry. It is now planned to divide the fleet into
two parts: the active fleet, which will be fully operable
and will be scrupulously maintained in fighting condi-
tion; and the reserve fleet, which will be maintained in
such a way as to permit its vessels to be put rapidly into
fighting condition of complete readiness at short notice.
It is also planned to rotate at suitable intervals the ships
of the active and reserve fleets to provide opportunities
for testing all shipboard equipment under operating
conditions at sea. The electronic equipment aboard ves-
sels of the active fleet will be modernized continuously
to take advantage of all advances and improvements as
they become available.

I wish to emphasize the fact that we of the navy are
well aware of the problems facing us, and that we ap-

preciate the fact that we cannot afford to "rest on our
oars," now that the war is won, but that instead, we
must be unremitting in our research and development
of new weapons, in order that we may continue to enjoy
the advantage of a technical lead over any possible
enemy or combination of enemies. It is a certainty that
a most energetic and progressive program of research
will be carried out to the limit of the funds made avail-
able by Congress.
We face the future with confidence in the will of the

people and Congress to maintain a fleet which will con-
tinue to be "second to none." We have recently experi-
enced in the course of a long and difficult war the
wholehearted support of industry, scientists, engineers,
and technicians of America, who gave unstintingly of
their time and ability to build and equip the most power-
ful fleet the world has ever seen. With their continued
support, we cannot fail to maintain that supremacy
which is our best guarantee for the future safety of our
country. You can be assured that we of the navy will
do our part to foster and continue a program to this
end.

CBS Studio Control-Console and
Control-Room Design *
HOWARD A. CHINNt, FELLOW, I.R.E.

Summary-Heretofore, it has been the general practice, both in
the United States and abroad, to assemble the audio equipment
components used for broadcasting and motion-picture sound studio
operation in so-called relay racks or cabinets. These assemblies were
generally supplemented with a control console, separate from the
equipment racks, but connected thereto with a suitable multipair
shielded cable.

While convenient from the viewpoint of servicing and of utilizing
"standard" interchangeable panels of equipment, an assembly of
this nature is wasteful of studio control-room floor space, does not
result in the optimum location of the numerous controls generally
considered essential for modem network-originating program opera-
tions, and architecturally is seldom attractive.

The studio control console described in this paper incorporates in
one unit all the equipment normally contained in two or three relay
racks and an associated control panel. In addition, it includes the
many accessories that present-day, elaborate program production
demands. Furthermore, these facilities are assembled in a compact,
readily accessible, relatively small unit which does not sacrifice any
of the flexibility of the old-style assembly; in fact, the console pro-
vides many new conveniences. The equipment differs from any
consolettes and desk-type equipment heretofore developed in the
type of construction employed and the extent of the facilities in-
volved.

If maximum advantage is to be taken of a carefully designed
control console, it is essential that certain architectural features be
incorporated in the control-room layout. Some of the features that
enter into these considerations are discussed and their correlation
with console design indicated.

* Decimal classification: R613. 11. Original manuscript received
by the Institute, December 10, 1945.

t Columbia Broadcasting System, Inc., New York, N. Y.

INTRODUCTION
N THE early days of radio broadcasting, the studio
microphone (and there was sometimes only one)
and its associated audio equipment were considered

a minor accessory which must necessarily be provided
to complete the system. In many instances, the audio
facilities were installed in the same room with the trans-
mitter, and in some instances, this room also served as
the studio.
At times, the handiest carbon-button telephone trans-

mitter and telephone repeater-type amplifier were
pressed into service. In fact, early broadcast audio
facilities became so intimately associated with tele-
phone practice that relay-rack type of construction was
employed and, in addition, the term "speech-input
equipment" was applied. Broadcast-studio audio facili-
ties have progressed a long way since "speech" only was
transmitted directly to the "input" of the transmitter.
Studios and their associated equipment are now a major
part of a complete broadcasting plant and the transmit-
ter is generally located at a remote point. Furthermore,
present-day radio productions require relatively elabo-
rate facilities so that modern studio equipment incorpo-
rates extensive means for meeting the demands.
The Columbia Broadcasting System 2A console, which

was originally developed for use in CBS's New York stu-
dio building, illustrates a new solution to the problem of
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locating the numerous controls, switches, jacks, instru-
ments, etc., within convenient reach of the operator,
while still maintaining the flexibility, ease of servicing
and of modification inherent in the relay-rack type of
construction. In addition, the console presents an ap-
pearance more in keeping with the surroundings and
does not require the large floor areas back of equipment
racks that are necessary for access to the equipment, but
useless during normal operations. Furthermore, the con-
sole, being completely self-contained, requires only the
minimum of connections to effect its installation in the
studio control room. Finally, the unit may be completely
tested in the shop and any necessary adjustments made
prior to delivery. In this day of stringent performance
characteristics, this ability to undertake tests and ad-
justments in the shop or laboratory where adequate
means are available saves considerable time on the job
where, during the normal course of construction, con-
ditions are generally far from ideal for u-ndertaking pre-
cise measurements and adjustments.

PHYSICAL CONSIDERATIONS

As is all too evident from even a casual inspection of
some studio control-room installations of the past, the
design engineer has often been so absorbed in the tech-
nical aspects of the equipment, circuits, etc., that little,
if any, thought has been given to the location of the
numerous controls from the viewpoint of operating con-
venience. At times, when thought has been given to
this very important aspect of the problem, some con-
structional difficulty has presented an obstacle to secur-
ing the optimum arrangement. When consideration is
given to the many thousands of hours during which a
technician will be at the controls of the equipment, it
is evident that a great amount of effort is justified in the
design and construction in order to overcome all ob-
stacles to greater operating convenience.
Among the more important physical aspects affecting

the design of studio consoles are: (a) the location of con-
trols; (b) the location of visual monitoring facilities;
(c) visibility into the studio; (d) appearance.
The location of all controls is predicated on two re-

quirements. First, they must be within convenient reach
so that operation may be undertaken over long periods
of time with the minimum of effort. Second, they should
be so arranged that they may be located readily and
identified by touch without the need for looking away
from the studio action. It would not be satisfactory, for
instance, to place the master gain control for the com-
plete channel and the monitor-loudspeaker gain control
immediately adjacent to each other. Under these cir-
cumstances, the monitor gain control might be operated
in error when it is desired to modify the over-all level
of the transmission. Based on aural monitoring in the
studio control room, the desired effect would seem to
have been achieved in spite of the operating error;
whereas, in fact, the program transmission from the
studio would not be affected. Similarly, due considera-

tion must be given to the location of all other controls
so that the incorrect one is not unwittingly operated
under the stress of program production.

In general, the location of controls is limited by the
maximum distance that one can conveniently reach.
Where a large number of controls are involved, this re-
quirement makes it necessary to adopt a U-shaped con-
sole (with the base of the U towards the studio and the
operator seated in the slot) since, if the controls are
located at successively higher levels in front, the tech-
nician's vision into the studio will be effectively blocked.
Furthermore, any controls that require continuous ad-
justment during the course of operations (such as mixer
volume controls) must be located close to the table top
in order to provide adequate support for the arm and a
natural, convenient operating position. If the centers of
such controls are more than 2' inches above the table,
operating convenience and ease of control are needlessly
sacrificed.

In this regard, it is pertinent to note that the consen-
sus of a large group of experienced operating personnel
is that the mixer volume-control panel should be at
an angle of 30 to 45 degrees from the vertical. If the
usual type of rotary control is mounted on a panel that
is in the horizontal plane, or nearly so, it is impossible
to accomplish a complete rotation of the mixer knob,
for a complete fade, without shifting one's grip on the
knob several times during the process. This procedure
does not, of course, facilitate smooth operation.
Another advantage afforded by the preferred panel

slope is the fact that all graduations on the dial are
readily visible, none being hidden from sight by the
control knob. This obtains since the panel is essentially
at right angles to the normal line of sight; which condi-
tion does not exist in the case of either a vertical or
horizontal mixer panel.
Of the visual monitoring facilities, the most important

is the volume indicator. Ideally, this instrument should
be located so as to be directly in the path of vision from
the control room to the studio. Consideration has, in
fact, been given to the use of a projection volume indi-
cator whose image would be visible on the control-room
observation window or on the wall of the studio. This
arrangement has its advantages, but after experimenta-
tion its adoption was not considered advisable for a
number of reasons. However, a conventional volume-
indicator instrument may be located readily in the line
of sight, provided certain layout and architectural fea-
tures are followed. One solution to the problem is
shown in Fig. 1, which is a front view of the CBS 2A
console wherein the volume indicator (and also a clock)
is located in a center section that is slightly raised
above adjoining parts of the console. By the simple
expedient of making the sections on either side of
the volume indicator and clock as low as possible,
consistent with providing enough space for the required
controls, maximum visibility into the studio is provided
and the instruments are more or less in the line of vision.
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The need for keeping the entire front panel of the
console low in height is further evidenced by Fig. 2,
which illustrates some of the details that make it neces-
sary carefully to co-ordinate both the architectural and
the technical features of studio control-room design.

For ease of operation, it is desirable to place the seated
occupants of the control room on the same eye level as
those in the studio with whom visual communication is
desired. By this arrangement, the need for either party

Fig. 1-Front view of CBS 2A studio control console. The eight-posi-
tion mixer and master gain controls occupy the lower portion of
the center section. The six-microphone mixer controls on the left
are distinguished from the two incoming-line controls on the right
by the use of different-colored knobs. The master gain control is
on the extreme right-hand end.

Although not visible in the photograph, small "magic slates"
are mounted immediately above each mixer knob on a ledge pro-
vided for this purpose. Thus, a simple means is available for
temporarily marking channel assignments without defacing the
equipment with pencil markings. Such notations can be removed
immediately by lifting the clear plastic covering of the white
slate. Markings may be made with any dull point; not even a

pencil is needed.
The associated microphone and line keys are in the upper

left-hand part of the center section, while the utility, rehearsal-
break, and outgoing-line keys are in the upper right-hand part.

The upper center section contains the standard volume indi-
cator, electric clock, and, between the two, a rehearsal-break
microphone.

The left-hand wing contains the 'high-level" jack field while
the 'low-level' circuits are accommodated by the right-hand jack
field.

A utility volume control and a rehearsal-break volume control
are in the upper right-hand section of the left wing. An amplifier
current meter and associated switch occupy the corresponding
location in the right-hand wing.
A sound-effects filter is contained in the angled portion be-

tween the center section and the left-hand wing, while a two-
position reverberation-channel mixer is contained in the corre-
sponding location to the right of the center section.

The foot-operated rehearsal-break switch is located on the
base of the console as shown.

Note the clean-cut, uncluttered layout with places for all con-
trols within easy reach of the operator.

continually to look upwards or downwards when watch-
ing the other is avoided. In the particular case illus-
trated, it is assumed that it is desirable to have a con-

ductor on a podium on the same eye level as those in the
control room. The amount by which the control-room
floor must be raised above that of the studio is deter-
mined by the height of the podium and the average

heights of persons standing and seated. In a smaller
studio, on the other hand, where only dramatic produc-
tions are undertaken, for example, it might be desirable

to adjust the height so that persons standing on the
studio floor would be at the same eye level as those
seated in the control room.
Having raised the control-room floor it is necessary,

however, to incorporate means for seeing those in the
studio that are seated and located close to the studio
wall adjacent to the control room. This is provided for
again by keeping the control console low in height and
by sloping the sill of the control-room window' as shown
in Fig. 2. In the particular case illustrated, a rather high
podium is assumed, resulting in the control-room floor
being elevated by a considerable amount and yet, by
employing the arrangement shown, a person seated
within less than 3 feet of the wall can readily be seen by
those in the control room.

Consideration must also be given to the field of vision
in the horizontal plane. As is evident from Fig. 2, the
closer one is to the control room window the greater the
amount of studio floor area that can be seen. This factor
also influences the design of a control console, since its
depth must be kept to an absolute minimum if maxi-
mum advantage is to be taken of a control window of
given length. As a matter of fact, the "blind" area in the
studio is more or less directly proportional to the dis-
tance that the control-room occupants sit from the ob-
servation window. Many hundreds of square feet of
studio area may often be brought into view if the over-
all depth of the control console and table is reduced a
few inches.

Increased field of vision into the studio may be effec-
tively obtained also by allowing the control room to
come out into the studio slightly, as shown in the plan
view of Fig. 2. This type of construction provides vision
to practically all parts of the studio, while decreasing
the total volume of the studio by a negligible amount.
The sloping observation window, combined with the
curved section does, however, require the glazers to
work to close tolerances, since the glass in this portion
is a section of a cone and not simply cylindrical.
The architectural features of broadcast studios have,

from the viewpoint of appearance, undergone a marked
change for the better since the early days of heavy rugs
and draperies, vertical observation windows, oak micro-
phone stands, and the like. In line with this, it is only
fitting that the appearance of the associated audio fa-
cilities be more in keeping with their present-day sur-
roundings.
A relay-rack assembly, excellent as it may be from a

purely technical viewpoint, certainly lacks dynamic
symmetry and is difficult, if not impossible, to work into
the architectural features of the control room. Where
appearance is of importance and where the economics
of the situation permit, a properly designed studio con-
sole will not only provide the flexibility, accessibility,

I In cases where the depth of the control console is unavoidably
great, the top of the console should also be sloped in much the same
manner as the window sill. This expedient not only greatly improves
vision into the studio, but, in practice, reduces the apparent depth of
the console by a surprising amount.
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Fig. 2-A study of a plan view of the studio control room shows]the importance, for maximum vision, of placing all occupants as close as
possible to the observation window. Moving only a few inches nearer the glass may sometimes make it possible to see hundreds of square
feet more of the studio floor area.

The important relations between control-room floor elevation, the angle of the observation window, location of control-room lights,
etc., are shown in the section of a studio and control room. The procedure for determining the control-room floor height is covered in
the accompanying text.

Note from the drawing how the location of the control lighting fixtures and the slope of the observation window must be co-ordi-
nated in order to avoid reflections that are visible to the control-room occupants. Similar consideration must be given to the studio
lighting.
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and other advantages of a relay-rack assembly, but, in
addition, will present an appearance that leaves little,
if anything, to be desired.

Fig. 3-Front view of the CBS 2A studio control console with access
doors and mixer-control panel opened. The door in thefleft wing
reveals the control panel containing the loudspeaker monitor-chan-
nel volume control at the top, and individual volume controls for
three loudspeakers (studio, observation room, and control room)
immediately below. The entire panel is hinged, horizontally, near
the center to provide ready access to the volume controls for
maintenance and inspection.

The on-off and the regular-emergency alternating-current
tumbler switches are mounted in the center of the panel together
with pilot light and the regular-emergency low- and high-voltage
transfer switches.

Dead front, cartrid'ge fuses for the regular and emergency
alternating-current supplies are located at the bottom of the
panel.

In the wings, immediately below each jack field, there is a
pocket containing a disappearing shelf which carries sixteen
double plugs which are associated with seven complete patch
cords and two "across-the-desk" patch cords. The sliding covers
to these compartments are shown opened in this photograph, but
the shelves are in the "retracted" position.

The doors in the sides of the console just below the patch-cord
compartments give access to the patch-cord weights and pulleys
that retract unused cords and seat them in their retaining sockets.

The underside of the mixer-control panel (see Fig. 4 for close-
up) and the pre-amplifier and terminal-block compartment (see
Fig. 5) are shown in the center portion of the console.

Fig. 4-A close-up of the opened mixer-control panel showing the
ready accessibility of the volume controls for cleaning and in-
spection.

The formation of the audio cables consisting of tightly laced,
individually shielded pairs of wire are of particular interest be-
cause of the need for providing adequate slack in the small space
available to avoid sharp bends and to give sufficient flexibility to
this naturally stiff cable. The formation of the fixed portion of
this cable, back of the panel, is such that ready access is provided
to all component parts.

The back of the rehearsal-break microphone can be seen be-
tween the backs of the volume-indicator meter and the electric
clock.

In addition to those physical considerations already
covered, there are several other items which warrant
attention in the design of control consoles. It is impor-
tant that the table height and width be such as to pro-
vide the most comfortable operating conditions for the
average person. Furthermore, frequently used controls
must be within convenient reach. These essential dimen-
sions and other important points can best be determined
by the construction of a full-scale wooden model that
is adjustable as regards the factors in question, and by

Fig. 5-A close-up of the pre-amplifier and terminal-block compart-
ment (see Fig. 3 for general view) showing the ready accessibility
of the tubes and terminals of the ten "shock-mounted" preampli-
fiers. Three 80-terminal audio blocks are located at the lower left,
while two 12-terminal blocks for alternating-current and direct-
current power are located at the lower right.

Fig. 6-Three-quarter view showing access doors to jack field and
equipment compartments in wings of studio control console. The
large number of doors (16) that was used to provide ready access
to all parts of the console necessitated unusually heavy internal
bracing to insure against deformation of the unit during shipment
and handling. In order to maintain the accurate alignment of the
flush doors a very rigid structure was necessary. The weight of the
completed assembly was approximately 1300 pounds.

determination of the consensus of a large group of those
who are concerned with the operation of the finished
product. This procedure was followed in the case of the
CBS 2A console, and the results have fully justified the
effort expended in this direction.

Equally as important as the question of external
features is the matter of equipment accessibility and
method of mounting. The former is important from the
viewpoint of ready maintenance, whereas the latter
permits changes in the event that operating require-
ments or advances in the art dictate the installation of
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new facilities. Since the provisions made for coping with
these problems are illustrated in Figs. 3, 4, 5, 6, 7, and 8
and explained in the accompanying captions, they are
not reiterated here.

AUDIO FACILITIES PROVIDED
The features incorporated in the CBS 2A console pro-

vide all the facilities necessary for the production of the
most complex program originations. The extent of the
means that are available can be illustrated most readily
by reference to a block diagram of the circuit, Fig. 9, and
the photographs. Some of the basic features of the ar-
rangement have been outlined heretofore2'3 and will not,
therefore, be repeated here.

Fig. 7-A view of the contents of the jack field and equipment com-
partments in the left wing of the console. The uppermost compart-
ment contains the high-level jack field and the utility and
rehearsal-break volume controls (at upper left).

Of the four lower compartments, the upper left contains the
regular low-voltage direct-current power-supply unit; the lower
left contains the preamplifier filament transformers, regular high-
voltage (B) direct-current power supply, and a loudspeaker field-
supply unit.

The upper right compartment contains all audio and 'on-air"
sign relays, while the space on the lower right is available for fu-
ture additions.

An eight-position mixer is provided for simultane-
ously accommodating six studio microphones and two
incoming-program lines. These latter may be used for
supplementing program originations in the studio by the
introduction of program material from other near-by or
remotely located sources. Each incoming-line position is
equipped with an isolation coil (C,) and a resistance
attenuation pad (PI); the latter to minimize, from the
viewpoint of the mixer-control input, any impedance

2 H. A. Chinn, 'Broadcast studio audio-frequency system de-
sign," PROC. I.R.E., vol. 27, pp. 83-88; February, 1939.

3 H. A. Chinn and R. A. Bradley, 'CBS Hollywood studios,'
PRoc. I.R.E., vol. 27, pp. 421-429; July, 1939.

variations that may be present in the incoming-line cir-
cuit.

Because of the extremely low output level of cur-
rently available high-fidelity microphones, it is neces-
sary to employ amplification prior to the mixer controls
in order to maintain the signal-to-noise ratio that exists
at the terminals of the microphone. In this connection,
it is interesting to note that, for all intents and purposes,
the signal-to-noise ratio that exists at this point deter-
mines the performance, in this respect, of present-day
facilities.
Each mixer position is provided with an on-off key

switch (K1) and an associated pilot light. When a key
associated with a microphone circuit is in the "off"

Fig. 8-The right-hand wing of the control console contains, in addi-
tion to the low-level jack field, compartments for four amplifier
chassis. Two such units (a channel and a monitor amplifier) are
shown installed in this photograph. These amplifiers are mounted
on a shelf that slides forward, file-drawer fashion. The amplifiers
can then be tilted up and back, thereby providing ready access
to the top and the underside of the chassis for inspection, test,
and repair. The lower compartments provide space for future ad-
ditions or special equipment, if necessary.

position, a short-circuit is placed on the microphone-
amplifier output circuit, while a terminating resistor is
connected to the input of the mixer control. The short
circuit is essential to prevent transmission, when the
microphone key is in the "off" position, to the reverbera-
tion channel which may be bridged across the output of
the microphone amplifier.4 The termination, on the
other hand, insures that the mixer control faces a con-
stant source impedance at all times.
When the keys associated with incoming-line positions

are in the "off" position, terminating resistors are
4 H. A. Chinn, 'Reverberation control in broadcasting," Elec-

tronics, vol. 2, pp. 28-29; May, 1938.
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applied both to the output of the line coil and the input to
the mixer control. This arrangement insures against any
change in level on the incoming line resulting from oper-
ation of the mixer key. This is important in cases where
other circuits are bridged across the incoming line prior
to the on-off key.
The mixer controls, which are variable bridged-T

attenuators, have their outputs connected by means
of a differential network which provides correct source
and load impedances for all circuits concerned. In the
design of this network it is necessary to take into ac-
count not only the input-impedance requirements, but
also the special conditions existing at the output of
the network. The network operates from a finite
source impedance (600 ohms) and presents a like im-
pedance to the mixer controls. The output of the net-
work, on the other hand, must present a finite output
impedance to the following amplifier, while working into
what is essentially an open circuit.

This requirement occurs since, in the interest of keep-
ing the number of amplifier types to a minimum, it is
common practice to use a microphone amplifier as a
"booster" at the output of the differential network. The
input impedance of this type of amplifier is relatively
high and for practical design purposes may be consid-
ered infinite over most of the frequency range. The im-
pedance of the source to which the amplifier is con-
nected, on the other hand, must be a finite value.
The remainder of the program channel, following the

booster amplifier (Ab), consisting of a master gain con-
trol (VC1), a channel amplifier (A,), line key (K3) and
resistance attenuation pad (P2), follows conventional
lines as already set forth.2'3

Visual monitoring facilities consist of two standard
volume indicators,5 one located on the control console
and the other on the production desk. Both volume in-
dicators are connected to a common range-attenuator
(P7) by means of a differential network (P6) and are
provided with means (P8) for adjusting the sensitivity
exactly to standard.
The aural monitoring facilities follow conventional

lines and, as already described,2 the operation of these
circuits is interlocked with the operation of the line and
the rehearsal-break keys.

AUXILIARY FACILITIES

The above described facilities, which may be consid-
ered of a basic nature, are supplemented by utility
equipment which provides means for coping with es-
sentially every requirement encountered during normal
operations. These auxiliary units include a "sound-
effects" filter consisting of adjustable low- and high-pass
filters (Flp and Fhp) connected in tandem, and anad-
justable attenuator or volume control (VC1) which is

6 H. A. Chinn, D. K. Gannett, and R. M. Morris, "A new stand-
ard volume indicator and reference level," PROC. I.R.E., vol. 28,
pp. 1-17; January, 1940; and Bell Sys. Tech. Jour., vol. 19, pp. 94-
137; January, 1940.

provided with isolation transformers (C1) on both the
input and output, in order that it may be used with
either balanced- or unbalanced-to-ground circuits. In
addition, there are double-pole, three-way key switches
(K2), parallel jacks, a utility bridging coil (C2), and aux-
iliary circuits from the control room to the studio itself
for extra microphones (M-7 and M-8), headphone "cue"
transmission (PH-Q), private-line telephone extensions
(PL-X), and general-utility circuits (U-1 and U-2).
Another arrangement that often proves useful is the in-
stallation of a microphone (M-9 and M-10) and two
utility circuits (U-1 and U-2) from the control room
to the observation room and the storage room that is
associated with each studio.

Still another useful facility is the auxiliary mixer
shown in the upper right of Fig. 9. This circuit consists
of a two-position mixer provided with bridging trans-
formers (C2) ahead of each volume control (VC1).
When used in conjunction with a reverberation cham-

ber as already detailed,4 this arrangement provides
means for increasing the apparent reverberation time
of the studio. The effect is often used for special dra-
matic effects.

This auxiliary two-position mixer is also useful for
supplementing the regular mixer positions and can be
connected into the circuit in a variety of ways by means
of patch cords.

PERFORMANCE
Although the CBS 2A console has been used primarily

for standard amplitude-modulation broadcast service, it
was designed with frequency-modulation requirements
in mind. The measured performance of the units readily
meets such standards.

CBS 2A STUDIO CONSOLE
OVERALL RESPONSE - FREQUENCY CHARACTERISTICS

(MAXIMUM SPREAD FOR ALL CHANNELS)

1O 30

20 30 50 100 200 IN0 ,LE SECON
FREQUENCY IN CYCLES PER SECOND

Fig. 10-The over-all response-frequency characteristic of the pro-
gram channel of the Columbia Broadcasting System 2A studio
console is well within the requirements dictated by good engineer-
ing practice. Measurements made on a number of channels illus-
trate this fact and, also, show the high degree of uniformity
between channels.

The response-frequency characteristic of the program
channel is uniform, within 0.3 decibel of the 1000-cycles-
per-second value over the frequency range from 50 to
10,000 cycles per second and within 1 decibel over the
range from 30 to 15,000 cycles per second. Fig. 10
graphically shows the extreme range of values obtained
for a number of different channels.
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The single-frequency nonlinear distortion of the pro-
gram channel at output levels of +10 vu is less than 0.3
per cent over the test-tone fundamental-frequency range
from 200 to 7500 cycles per second, and less than 0.75
per cent for test-tone frequencies from 50 to 7500 cycles
per second. At output levels of +20 vu, that is, 10 deci-
bels above normal, the distortion is less than 0.5 per cent
over the frequency range from 100 to 4500 cycles per
second and less than 0.75 per cent over the range from
50 to 7500 cycles per second. Fig. 11 shows the extreme
range of values for a number of different channels.

CBS 2A STUDIO CONSOLE
OVERALL DISTORTION - FREQUENCY CHARACTERISTICS

AT NORMAL AND 10 DB ABOVE NORMAL PROGRAM LEVEL
(MAXIMUM SPREAD FOR ALL CHA.NNELS)
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Fig. 11 The harmonic distortion, as a function of frequency, of the
complete program channel of the Columbia Broadcasting System
2A studio console is shown above. The measuremnents are full
single-frequency test tones at output levels corresponding to nor-
mal program level (+10 vu) and at levels 10 decibels above nor-
mal (+20 vu). The absolute magnitude of theharmonicdistortion
and the spread for a number of channels are seen to be quite small.

All of the above measurements are for the complete
program channel from microphone preamplifier input
to the output of the line pad. Normal gain-control
settings were employed and the over-all insertion gain
was 68 decibels. Under these circumstances the signal-
to-noise ratio at +10 vu output levels ranged from 59.5
to 61.5 decibels for various channels. It is to be noted,
however, that these measurements are not- nearly as

poor as they may seem, since they were made with re-

spect to a single-frequency test tone, corresponding to
normal program levels (+10 vu) as read by a standard
volume indicator. Of course, the peak value of actual
program material is many decibels higher than the indi-
cated values-the peak factor ranging from perhaps 8 to
14 decibels, depending upon the program content. CBS
established practice, which is now accepted by the indus-
try (e.g., Radio Manufacturers Association), has been
to use an average value of 10 decibels for the peak factor.
Transmitters are designed accordingly, and the 100 per

cent modulation point for sine waves is considered to be
10 decibels above the normal program level. Obviously,
signal-to-noise ratios should also be measured with re-
spect to the sine-wave test-tone level that produces
100 per cent modulation of the transmitter, that is, 10
decibels above the normal program level. When this was
done, the signal-to-noise levels of the CBS 2A console
were found to be from about 69 to 71 decibels.

CONCLUSION

In the final analysis, the excellence of any design is
proved by its performance under actual operating condi-
tions, and the enthusiasm with which the device is
accepted by the profession. The CBS 2A console has met
both of these tests with distinction.
These equipments have been in constant service since

1940, or for over six years. During that time, no modi-
fications or alterations have been necessary to meet any
of the requirements of a large broadcast network pro-
gram-origination center in New York-even though the
period included the trying war years. The additional
initial cost of the console, as compared to more prosaic
designs, has been more than justified by the subsequent
saving in material, labor, and lost time that a less com-
plete assembly would have entailed when additions and
modifications, made necessary by program-production
demands, were undertaken.
The acceptance by the profession can best be judged

by the interest now being manifested by others in the
design and by the requests for permission to duplicate,
in whole or in part, various features that are incorpo-
rated. In fact, it is because of current interest in the
basic layout that this paper is being published. Although
originally prepared in 1941, but not quite finished be-
cause of the war, the material presented will not only
make available to others certain fundamental studio-
console-design considerations, but also serve as a basis
for new designs. The relay-rack-and-panel age for broad-
casting studio audio facilities is probably a thing of the
past.
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