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Summary--Over a period of years, broadcast
listeners have complaimed that the musical
portions ¢f radioc programs are sometimes un-
pleasantly loud=sthatis, music is too loud com-
pared with speech. Two surveys conducted by the
Columbia Broadcasting System in 1940 and 1944
found this to be true of all broadcast stations,
and established the validity of the complaints.
This led to more definitive studies.

Two related listener studies in 1945 were
undertaken, to (1) discover proper (pleasing-to-
listener) relative levels at which musié and
speech should be transmitted, and (2) determime
the range within which the peak levels of a
program should fall in order to please the
largest number of listeners.

A total of 224 persons, representing a cross
section of the radio audience, took part in
individual listener tests. In both studies the
listeners, one at a time, heard a series of
passages from radio programs. They were asked to
adjust the volume of each passage to the most
pleasant listening level. Every variable which
could be anticipated was provided for, 1nclud1ng
such matters as 1nhrodu01ng controls to account
for differences ini room noise leveéls.

The major, findings of the studies were as
follows:

(1) Listeners prefer to hear broadcast music
and speech at about the same peak levels {as read
on a standard volume indicator).

(2) The limit of the range of peak volume
" levels tolersted by the largest number of
listeners is approximately 8 db {4 db above or
below the average peak-volume level of the
passage).

; (3) Within this range (8 db) volume-level
changes are léss annoying when made gradually, in
two or more steps.

The 8<db limit mentioned above refers to the
rangé of peak or maximum volume levels, nof to
the range of minimum and maximum sound inten-
sities or “dynamic range.” It is important that
this range of peak levels not be confused with
‘*dynamic range. "’ '

*Decimal classification: R550XR020. Original
manuscript received by the Institute, December
31, 1946; revised manuseript received, April 7,
1947.

TCclumbla Broadcdasting System, Inc., New
York, N. Y.

In sddition to the three principal findings,
the studies uncovered data on a number of related
points which obtained, irrespective of the sex,
age, education, or musical taste of the individ-
ual listeners. For example:

(1) Listeners like to hear broadcast music
and speech at the same relative levels, regardless
of the absolute sound level that is preferred.

(2) Listeners prefer an even level, regard-
less of whether they are hedring variety, drama,
farrative, or music. ’

(3) The peak sound level that the average
listener prefers ranges from 65 to 70 db above
the acoustical reference level of 10~ wabbs/cm .

This study has led to the adoption by CBS
of a new set of program transmission standards,
in order to make broadcasting more pleasing to
the listener. The old transmission Ystandards
provided for maximum peak levels or “ceilings.”
The new standards retain “ceilings” (but dif-
ferent from past ones) and, in addition, provide
mininum peak levels, or **floors,'’ below which
the level of the main program peaks should not
fall.

l." [NTRODUCT{ON

It is axiomatic that broadeasting programs
should be written and produced in a nanner that
makes for pleasant listening. Aside from the
content of a given program, a broadcast may be
easy or difficult to listen to, depending upen
the method of presentation. Tonal range, sound
reproduction level, and the range of peak volume
levels are three of several factors that have a.
bearing on ease of listening., A former study
has shown that both tonal range and sound inten-
sity influence listeners’ preferences, and that
listeners can distinguish more readily between
different sound intensities thanbetween different’
tonal ranges.

Broadeast receivers can be readily designed
to provide the listener with means for selecting
the tonal range and the sound-reproduction level
he finds mest pleasant. However, the listener
is not in a position to materially alter the
relative sound levels between different parts of
4 program.

Radio listeners have complained that, while
listening to a program, they have to make vol-
ume. adjustments because some parts of the
program are broadcast too loud, and others not
loud enough. The complaint has been registered
for many years and to essentlally all radio

3-5-01



We are going to ask you to do something
different from what you do at home when you
listen to a radio program. At home you are
usually seated away from the radio. If the
program gets too loud or teoo soft, sometimes you
do not change the volume because it is incon-
venient.

But here, the volume-contrel disl is right
before you. It works just like the dial on your
radio. We are going to play parts of radio
programs, &nd we would like you to keep your
hand on the dial while you are listening., When-
ever the program gets too loud or too soft for
you, even if it is only for a few seconds,
change the dial to the level you like best.

After the participant indicated that the
instructions were understood, a practice test
was given.
radio program nat used in the final test was
reproduced. When it was established that the
subject understood the instructions--to make an

‘adjustment whenever the sound level became too
high or too low for him--the test series was
begun.

Each participant heard five samples, vary-.

ing in length from 2-1/2 to 8-1/2 minutes. The
samples were chosen from regular broadcasts and
ranged from program excerpts with relatively
small volume-level changes to those in which the
volume varied comsiderably. A continuous,
synchronized chart was automatically drawn by a
moving-tape recorder of the volume control
settings made by the participant.

Program Haterial

All test selections were recorded from
broadcast programs, and were chosen to provide
a wide variety. Material from five kinds of
prograris was used, namely, popular music,; comedy
quiz, comedy variety, narrative drama, and crime
drama (see Table II).

Environment

The tests were conducted in a small room
furnished as far as feasible like an average
living room. The room measured 23 feet long,
14 feet wide, and 10 feet high. The average
noisé level in the room, without the loud-

speaker operating, was slightly less than 29 db.

above the acoustical reference level.

The loudspeaker was located at one end of
the room at a height approximating ear level of
the listeners. The person being tested sat in
an armchair, directly facing the loudspeaker and
ten feet away from it. In front of the partici-
pant was a small table, on which there was a
small box equipped with a dial for controlling
the volume level of the selections heard.

Equipment

Uniformity in the program material pre-
serited to each listener was assured by the use
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For this purpose, a portion of a.

TABLE 17X
Program Passages

Passage o e
o Ty Content Duration
Number Ype en

4 minutes,
59 secdnds

1 Popular Theme music, an=
music nouncements (2

male; 1 female);
“Just a Prayer
Away, '’ by Tobias
{male and orches-
tra); “My Dreams
Are Getting Bet-
ter,” by Curtis
(female and or-
chestra)

2 Comedy
quiz

Comedy quiz (3 7 minutes,
males, 1 femals) 5 seconds
Commercial (male

announcer)

Comiedy music

(orchestra)

2 minutes,
17 seconds

3 Drama Opening Announce-
ment (male)

Theme music
Conversation (2
imales)

4 - Comedy-
variety

Opening Announce-
ment (male)

Theme music
Comedy (2 males)
Comedy {3 males)
Commercial (1
male)

Comedy (2 males)

8 minutes;
31 seconds

2 minutes,
34 seconds

Conversation (3
meén. in a car)

A murder
Conversation (2
men)
Conversation
(several men)

5 Crime
drama

of especially recorded “masters’ cut on cellu-
lose-nitrate coated disks. The recordings were
made by the Columbia Recording Corporation and
employed the statidard electrical-transcription
recording characteristics. Original master
recordings were used because of the uniform
response characteristic, the low nonlinear
distertion, and the very low surface-noise level
that this type of recording affords. As soon as

- any distortion or noise became detectable under

the conditions of the tests, a new recording was
used.

In order to simulate home listening con-
ditions, a band-pass filter was placed in the
reproducing channel. The actual over-all
response of the system, including the recording




and reproducing process, but excluding the
loudspeaker, is shown in Fig. 1. The loud-
speaker was a dual unit, employing a folded horn
for the low frequencies and a multicellular horn
for the high frequencies. Facilities were not
available for a free-space calibration of the
loudspeaker, but the maniifacturers’ measurements,
which are believed to be reliable, indicate the
system is uniform over a much wider range than
was employed for this experiment.
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Fig. l--Average home sound-reproduction com=
ditions were simulated for this study by
employing a band-pass filter in the test
channel. The frequency-response character-
igtic of the channel (exclusive of the
loudspeaker) is shown in this chart.

TABLE III
Composition of the Group

Number &f persons =-92

. 55 per cent
Female 45
100 per cent
Age . ;
Under 26 years 47 per cent
26 to 40 years 34
Oveér 40 years 19 ‘
100 per cent
Education
Grammar school 12 per cent
High school 61
College 27

100 per cent

Although probably of secondary importance
for the study undertaken, the harmonic distor-
tion of the system was as low as it is possible
to obtain with the best present-day equipment.

Subjects

The group of participants were representa-
tive of a cross section of the radio audience.
They were secured by means of spot announcements
over the CBS key station, WCBS, located in New
York City. The exact composition of the 92
subjects, all adults, taking part in the
individual listener tests, are detailed in Table

III.
IVe RESULTS OF MAIN EXPERIMENT
Method of Analysis
The data were analyzed from two points of

view: (1) the actual volume changes within the
passages as broadcast, and (2) the listeners’

‘reéactions to these volume changes.

A unit of analysis was established by
dividing each of the five passages into a number
of intervals. A new interval started whenever
any clear change in volume occurred, or when the
program content changed. JIntervals varied in
length from 3 to 20 seconds, although most
intervals were of 5 to 10 secorids duration. In
all, the five program passages were divided into
390 intervals.

The average peak level of each of the 390
intervals was determined, using a standard
volume indicator,® by averaging the readings of
two trained observers who, incidentally, agreed
very closely. These readings were expressed as
differences (in db) above or below the average
level of the entire passage. Listeners’ re-
actions were then analyzed 1in terms of direction
and amount made by the listener with each
interval. '

Direction of Change

Although listeners could turn the volume
up, turn it down, or make mo adjustment at all,
any changes they made were significant only in
relation to the actual volume changes occurring
in the passage itself. Therefore, the direction
of the change in the passage had to be related
to the direction of the listeners’ adjustments.

The adjustments made by the listeners were
therefore classified as follows:

(1) Counter-adjustments, which offset the
change in volume of a passage.

(2) Pro-adjustments, which accentuated the
amount of change in the volume of the
passage.

{3) No adjustment.

5§. A. Chinn, D. XK. Gannett, and R. B.
Morris, “The new standard volume indicator and
reference level,” PROC. I.R.E., wvol. 28, pp. l=
17; January, 1940. Also, Bell Sys, Tech. Jour.,
vol. 19, pp. l-44; January, 1940.
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In other words, listeners made counter-
adjustments when variations in volume were too
great for pleasant listening-~that is; they
turned the volume up or down to keep it within
the range they preferred. They made pro-
adjustments when they turned the volume up or
down in the same direction as the volume changes
occurring in the program material.

Amount of Change

Listener adjustments were also measured by
amount of change. It was possible to measure the
amount of change in db for each listener and for
each interval. These changes were then averaged.

It is worth noting that, since a measure=
ment was taken for each of the 92 test partici-
pants for each of the 390 intervals, a total of
35,880 individual reactions were analyzed.
Preferred Range of Peak Levels

Two typical examples of thé way listeners
reacted to changes in the peak levels during a
program passage are shown in Fig. 2. In this

figure, the line graphs show the variations in
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Fig. 2--The variations in peak volume levels, as
shown by the line graphs in this chart, are
typical of the program excerpts used in
this study. 1In example No. 1 the range of
peak levels is mot very great whéreas in
example No. 2 the range is rather large.

The vertical bars show the extent of
the reaction of the listeners to these
volume changes. The bars show the differ-
ence between the proportion of listeners
who made counter-adjustmeénts and those who
made pro-adjustments.
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average peak levels, as broadcast, of two of the
program passages listed in Table II. In the
first example; the maximum variation in peak
levels was only 7 db; 3 db above to 4 db below
the average for the passage. In the second
example, on the other hand, the variation was 17

db; 9 db above to 8 db below the average.

The vertical bars in Fig. 2 show the re-
action of the listeners to these volume changes.
The bars show the difference between the pro-
portion of listeners who made counter-adjustments
and those who made pro-adjustments.

In the first example the volume variations
were slight, and few of the listeners found it
necessary to make volume adjustments. On the
other hand, the second example, containing
niarked volume changes, caused large numbers of
listeners (in some instances more than 50 per
cent) to make adjustments that offset these
changes:.

TABLE IV
Distribution of Program Intervals

Deviation of interwval

from the average level g“mhe’ of
of the passage intervals

9 + db 15

8 20

T 17

6 31

5 26

4 43

3 51

2 74

1 79

0 3

Total 390

Fig, 2 presents the data for only a few
typical intervals. In all the test passages,
the intervals totaled 390. The distribution of
these intervals, broken down according to the
differences (in db) from the average levels of
the passages im which they ocecurred, is shown in
Table IV.

The proportion of listeners who made
counter-adjustments and the proportion wlio made
pro-adjustments for each of these groups of
intervals is shown in Fig. 3. It is seen that
when the intervals were transmitted at the
average volume level of the passages (0 db),
more than half of the listeners made no adjust-
ment at all. Those who made adjustments did so
to offset or to accentuate the change in roughly
equal proportion (23 per cent made counter-
adjustments; 18 per cent made pro-adjustments).
In other words, these thanges tended to cancel
out.

Fig. 3 shows that the farther the average
peak level of an interval lies from the average



LISTENER ADJUSTMENTS AS A FUNCTION. OF VARVATIONS I'N TRANSMISSION LEVEL
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3--This chart shows the proportion of
listeners making volume adjustments as a
function of the deviation of the transmis-

Fig.

sion level of the program interval from the

average of the complete passage. The limit
beyond which listeners appear to bbject to
large volume variations scems to occur at 4
db above or below the average of the
passage.

of its passage, the greater is the listeners

tendency to offset it--that is, to narrow the
volume range down to the limit of pleasant
listening. The limit beyond which listeners
appear to object to large volume wariations
seems to occur at 4 db above or below the
average of a passage. (At this point, more than
30 per cent of the listeners made counter-
adjustments. )

Since listeners evidently will telerate a
variation up to 4 db above or below the average
of a passage, the range of listener tolerance
for peak levels appears to be no more than 8 db,

The foregoing analysis wasmadeby direction
of adjustment. It remains to analyze the degree
of adjustment made by the listeners. These data
are presented in Fig. 4 which shows by low many
db the average listener who made adjustments
moved the volume-cortrol dial.

It is seen that where the deviation of the
peak level of an interval is 4 db or less from
the average for the passage, the amount of
adjustment made by the listeners was less than
1 db. Beyond the 4-db point, however, there is
an abrupt break, and for greater deV1at10ns the
listeners tend.tocounter adjust by 2 or more db.
It is also evident that the farther a peak level
lies from the average peak levels of a passage,
the greater the adJustment.

Tolerable Rate of Change in Peak Levels

Thus far, the analysis has been limited to
listener preferences in terms of peak sound
intensity, in relation to the average peak level
of passages. This does not however, take into
account the complexity of volume changes as they

occur in radlo programs. At least two other
factors are significant in influencing listener
reactions: ?n he amount of volume change from
interval to 1nterval, and (b) the direction of
the volume change from interval to interval.

An 1llustrat10n of the effect of these
factors can be seen in Fig, 2(b). Interval 10,
while it is only 3 db above the average of the
passage, is 11 db above the peak level of the
preceding passage. A relatively large propor-
tion of listeners reacted to this change (the
difference between the percentage of listeners
making counter-adjustments and the percentage
making pro-adjustments was 35 per cent). This
illustrates the importance of the amount of
volume change from interval to interval.

Furthermore, the direction of the volume
change is of some consequence. In the same
example, interval 8, which is 8 db below the
average, las moved 17 db; in two steps, from a
preceding interval. Fbom a peak at interval 6,
the volume dropped in the same direction to
interval 8.

On the other hand, invervals 13 through 17
illustrate the 51tuatlon,when volume changes
zigzag back and forth; listeners’ adjustments
are in contrary direction. In order to unravel
these complexities, it was necessary to analyze
listener adjustments of ‘intervals in terms of
the two factors mentioned above.

AMOUNT OF LISTENER. ADJUSTMENT-DECIBELS:

BEVIATiGN or TRANSMISSION LEVEL 'OF PROGRAM INTERVAL.
FROM AVERAGE. ‘OF PASSAGE - DECIBELS

Fig. 4--The extent of the volume-level adjust=
ments made by those listeners who made a
change is shown in this chart as a fune-
tion of the deviation of the transmission
level of the program interval from the
average of the complete passage. Again it
is seen that beyond the 4-db peint there is
an abrupt break, and for greater deviations
listeners tend to counter-adjust by larger
and larger amounts.
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The amount of volume change from interval

“to interval was divided into three cateégoriesi
(1) large = more than 6 db; (2) moderate = 3
“through 6 db; and (3) small = 2 or fewer db.

For direction of volume change, intervals
were divided into those which continued in the
same direction as the preceding interval and
~hose which changed direction.

However, the analysis would not be com-
plete unless the distance of peak levels from
the average were also taken into account. That
is, some intervals were either very high or low
in volume, as compared with the average for the
passage, while others were close to the average
of the passage. Therefore, intervals were fur-
ther subdivided into those which were a large
distance from the average of a passage (4 or
more db) and those which were a small distance

(3 or few db).

The great mass of data resulting from the
analysis of all participants’ reactions to the

390 intervals involved can best be presented in

chart form. Fig. 5 presents the data in ternis
of the proportion of listeners making adjust-
ments. 1his figure shows the proportion of lis-
teners making counter-adjustments and those
making pro-adjustments where the volume change
between intervals is large {more than 6 db),
moderate (3 to6 db), and small (less than 3 db).
The left-hand column of bars is for those inter-
vals where the volume level of the interval
changed in the same direction as in the preced-
ing interval. The right side of the chart is
for those intervals where the volume level
changed in a contrary direction to that of the
preceding interval.
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Fig. 5--Listeners' veactions to changes in vol-
ume level are complex. As this chart
shows, they are influenced by (a) the
direction of the volume change, (b) the
degree of the volume change, and (&) the
reldative volume level with respect to the
average of the passapge.
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Fig. 6=-From the amount of the volume adjustmenmt
made by listeners, it is seen that not only
is a fairly narrow range of peak levels
preferred, but, in additiom, within that
range large changes are not liked. Changes
in the peak volume level must be made
gradually for easy listening.

From these data it is seen that:

(1) The direction of volume change in-
fluences listener adjustments: A greater pro-
portion of listerners make counter-adjustments
and few make pro-adjustments when volume changes
occur in the same direction as the preceding
interval,

(2) The degree of volume change from in-
terval to interval also influences listener
adjustment. The larger the change, the more
counter-adjustments«

(3) Distance from the average peak level of
a passage influences adjustments. The greater
the distance, the more counter-adjustments.

The intervals in which most listepers make
counter-adjustments are those which move in the
same direction as the preceding interval and
which, at the same time, represent a large
volume change from the preceding interval,
These intervals are also farthest removed from
the average level of a passage. The fewest
changes are made in intervals with reverse
characteristics.

The data, in terms of average db change,
for those listeners who make adjustments, are
given in Fig. 6. It is seen that direction of
volume change, amount of volume change, and
distance from average level also influence the
amount of this compensation made by the listener.
These data show that the listener mnot only
prefers a fairly narrow range of peak levels
(not more than 8 db) but, in addition, within
that range does not like large changes. In
other words; the whole range of 8 db cannot be



Jumped in one step. Volume changes must be made

gradually.
Influence of Program Coritent

Thus far, listener preferences have been
covered only in terms of relative volume levels
without regard to the program content. In
general, radio programs can be broken down into
three types of content, (1) speech, (2) music,
and (3) laughter; applause, and sound effects
(grouped together as a “special” type of con-
tent.) The test passages were therefore segre-
gated into these three categories and the peak
levels analyzed, both as originally broadcast
and as adjusted by listeners during this study.

The average difference from the average
peak-levels. of the passages as originally broad-
cast was as shown in Table V.

TABLE V

Average Difference
from Average Level
of Passage

Type of Program

Speech -0.6 db
Music 40.7 db
Laughter, applause, and 43.9 db

sound effécts

A;survey made on & wider basis scrutlnlzed
the practices of a variety of programs as broad-
cast by various networks, and verified that the
program samples used in these experiments were
typical.

The average peak level of all music in-
vals in these experiments was 1.3 db higher than
the average of all speech intervals. This
difference corresponds closely with the former
standard practice, wherein music was peaked at
100 on the volume indicator and speech at 80.
This corresponds to a difference of 1.8 db.

In order to relate the volume differences
(as broadcast) to the adjustments which the
listeners made, their reactions to each type of
program content were analyzed in terms of the
distance of each interval from the average of
the passage. This analysis shows listeners”
adjustments to music and speech 1ntervals of the
same loudness. ;

Fig. 7 shows the proportion of listeners
making counter- and pro-adjustments for intervals
of various differences from the average of all
‘passagess

‘ Listeners turn the volume up for below-
average musical intervals in about the same

8Unpublished report, CBS General Engineering
Department, April, 1945.
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Fig. 7--The reactions of listeners to different
types of program material is shown by this
chart, Listeiers’ reactions to musical
passages; speech and laughter, applause and
sound effects follow the same general
pattern.

untar AdJusteants

proportion as they do for speech. The reaction
to intervals containing laughter, applause, and
sound effects is similar to the reaction to
music.

The evidence of this study supports this
conclusion: For radio program material {ex=
clusive of symphonic music, which was not
studied) listeners prefer a fairly even level
for all types of program content.

Y. DISCUSSION

The listener's preference for a limited
range of peak levels differs sharply with the
ideas of some radio programdirectors; conductors,
and performers (and some scientists). They have
sometimes felt that a restricted range of peak
levels unduly limits the dramatic and musical
effects that can be achieved. This feeling on
the part of producers; conductors, and perfor-
mers may be a carry-over from the stage and
concert halls, in which, for reasons to be
mentioned, a wide range in peak intensities
probably does not irritate the listeners

Broadcasting, however, is an entirely
different medium. It differs from the stage and
the concert hall in at least two important re-
spects: (1) It is intimate. The listener is in
a small room and c¢annot tolerate shouts and loud
orchestral crescendos. (The listener, moreover,
frequently considers his neighbor’s féellngs, as
well as his own.) (2) Llstenlng to the radie is
a monaural process. That is, although the
listener actually hears with both ears, the
sound comes from a single source and all sense
of direction, and almost all ‘sense of perspec-
tive, is lost. The listener to “real-life”
sound, on the other hand, enjoys binaural
llstenlng He can pay dattentlon to what le
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wants to hear and diseriminate against undesir-
able sounds. The radio listener, however, must
listen to all the sounds that come from the
loudspesker.

Although the reason is not yet known, mon-
aural hearing is apparently more pleasant when
the range of peak intensities is somewhat
restricted. The manner in which sound is used
in motion pictures supports this fact. Motion-
picture sound, also monaural, is generally
reproduced at a narrower range than that which
is transmitted by radio.

It is essential that this monaural peculi-
arity of radio be taken into account. Although
it calls for a restricted tange of peak intensi-
ties, the desired dramatic effect may be gained
in another dimension--timbre. Varying the
distances of speaker or musical instrument from
the microphone will effect the apparent loudness,
even while maintaining an even level as measured
on the volume indicator, because of the change
in liveness of the pickup. The opportunity for
such effects should be exploited to the fullest
degree.

Vi. CONCLUBIONS

The conclusions resulting from the two
studies reported are:

(1) Listeners prefer to hear misic and
speech at about the same peak levels (as read on
a standard volume indicator).

(2) Listeners like to hear music and speech
at the same relative levels, regardless of the
absolute sound-intensity level that they prefer.

(3) Listeners prefer an even level regard-
less of whether they are hearing variety, drama,
narrative, Or music.

(4) The limit of the rangé of péak volume
levels tolerated by the largest number of
listeners is approximately 8 db (4 db above or
below the average volume level of the passage).

"These findings do not mecessarily apply to
symphonic music, which was not analyzed in these
‘s“,t:udles

81¢ is hardly necessary tostate that the stand-
ards contained in this report maynot remain static
indefinitely, since they are based upon current
broadcast-pickup techniques. Future operations
and experience may indicate that permanent or
temporary departures from them are desirable, and
actual practices may, from time to time, vary from
these standards. They represent, however, the
conclusions which have been reached as a result
of the investigation which is reported upon in
this paper:
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(5) Within this range (8 db) it appears
that volume-level changes are less annoying when
made gradually--in two or more steps.

The 8-db limit mentioned above refers to
the range of peak or maximum volume 1evels, not
to the range of minimum and maximum §ound
intensities or “dynamic range.” It is impor-
tant that this range of peak levels not be
confused with “dynamic range.”

As a result of this study, CBS has adopted
the following program transmission standards:®

CBS Program Transmission Standards

VI Peaks

Peaks of 100
Not less than 40

Peaks of 40

(1) Speech and Music
Normal passages
Low-level passages

(2) Theme under station
breaks

(3) Applause and audierice
reaction

Maximum peaks of 70

{4) Transition

The transition froma low- level passage
to a normal- level passage (or vice versa
must be in steps of not more than 4 db,
preferably less (i.e:, peaks of 40, then 60
and finally 100, or vice versa). Slmllarly,
two succeeding passages (voice, then music,
or voice, then a sound effect, etc.) must
not differ in level by more than 4 db, pref-
erably less, even when a contrast is
intentional.

(5) Peaking Practice

Peaking program material accordlng to
the prescribed standards mesns “gaining’” in
such a manner that the maximum VI peaks reach
the specified values as frequently as possible
without being inconsistent with the program
content. It is understood that occasional
peaks beyond the preseribed values are un-
avoidable, but these must be kept to a mini~
mum.

Yil. PRACTICAL TEST
Theoretically, the adoption of new program
transmission standards based iupon the foregoing
conclusions shonld remove the cause of listener’s
complaints arising from former practices. To
check this, a practical before-and-after test was
made. Three pairs of program excerpts were used
in these tests. In each pair the excerpt was
produced in two ways--the old way, with w1de
range in peak volume levels, and the new way, in
accordance with the findings of the study. Thus,
listeners were enabled to express their direct
preference for one type of transmission or the

other. For the test the selections used were as
follows:



(1) A passage containing a loud, but typical
orchestral bridge.

(2) A loud but typical opening followed by
conversation in. low tones,

(3) A passage containing a loud scream.

The preferences for the old and the new
transmission standards are shown in Fig, 8. It
can be seen that in two of the three cases there
was an overwhelming preference for the new stand-
ards.

The third test selection emphasized still
another condition which plainly contributes to
the sources of complaint mentioned earlier. In
this test, productlon rather than engineering
played the major part. The director realized
that some of the life-like quality of the scream
would be lost if the technician held the trans-
mission level within the prescribed limits by
" fading-down” the output of the microphone. To
avoid this loss of dramatic effect, the producer
accepted an annoyingly loud peak in the original
production of the program.

The desirable solutien, whichwould have re-
tained the dramatic effect and eliminated the high
peak, would have been tomove the performer farther
from the microphone. Advantage was not taken of
this technique in the third practical test; rather;
the levels were simply faded-down. Even so, 60
per cent of the listeners preferred the riew trans=
mission practices to the old:

7 An even wmore practical test has been the
introduction of the new transmission standards to
programs originated by the Columbia Broadcasting
System. Thiswas dore during 1946, and the number
of listener complaints on this score has markedly
decreased. Furthermore, listeners have not felt
that there has been diminution of dramatic value

PERCENT OF LISTENERS PREFERRING NEW ‘STANDARDS

12
PASSAGE 1

PASSAGE 2

PASSAGE 3

. 8--The proportion of listeners favoring
the new standards over the old, ina praccical
test 1nvoln.ng three typical passages, is

_ shown in this chart, In passage 3, changes

in production techniques would have been ;

reguired (as explained in the text) in
addition to the new transmission standards
in order to make the passage more acceptable.

in program production. Rather, they have experi-
enced a more gven transition between segments of
prograim.

(NAB Editor’s Note: Immediately following this
article will be found CBS Report No. E-611-E pre-
pared by the CBS General Engineering Department and
Research Department, outlining the direct appli-
cation of the Program Transmission Standards.)
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CBS PROGRAM TRANSMISSTON STANDARDS

The Condition Which Exists

Over a period of years, listeners have com-
plained in writing that the musical portions of
broadcasting programs are unpleasantly loud--that
is, music is too loud compared with speech. These
complamts are supported by comments frequently
made by subjects in CBS Research Department
Analyzer sessions.

This condition results partlally from the
practice of operating the monitoring loudspeaker
in studio control rooms at abnormally loud levels
(as compared to home listening practices), and
partially from the program transmission practices
that have been standard for some years.

The program transmission standards whichare
currently in use, result in the broadcasting
transmitters being modulated an equal amount, by
both speech and music, when the prescribed peak
levels are maintained. This practice insures the
maximum use of the available power. From a purely
technical standpoint, the procedure is sound--how-
ever, it does not take into consideration the
listener’s preferences. Twosurveys conducted by
the CBS Research and the General Engineering
Departments (October, 1940 and October, 1944)
established the validity of the complaints and
led to further, more definitive study,
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The Studies

In order toobtain quantltatlvedataconcern-
1ing these general complaints, tworelated listener
studies were made (January-April, 1945) designed
to:

(1) discover proper (pleasing-to- listener)
relative levels at whichmusic and speech
should be transmitted.

(2) determine the range within which peak
levels of a program should fall in order
to please the largest number of listeners.

In both studies the listeners, one at a time,
heard a series of test passages from radio pro-
grams. They were asked to adjust the volume,
by turning a dial, to the most pleasant level.
Further 1nformat10n was. secured by means of a
questionnaire.

A total of 224 subjects, representing a
cross-section of the radio audience took part in
those individual listener tests.

Every variable which could be anticipated
was prov1ded for, including such things as in-
troduc1ng controls to account for differences in
room noise levels.

The Major Frndlngs

(1) Listeners prefer tohear music and speech
at about the same peak levels (as read
on a standard volume indicator).

(2) The limit of the range of peak volume
levels which will be tolerated by the
largest number of listeners is approx-
imately 8 decibels (4 decibels above or
below the average volume level of the
program).

(3) Within this range (8decibels) it appears
that volume-level changes are less annoy-

ing when made gradually.

Some Further Findings

In addition to the three prinmcipal findings,
the studies uncovered data on a number of related
points--which obtained regardless of the sex, age,
education or musical taste of the individual
listener. Here are three of them:

(1) No matter how loud or how soft the in-
dividual operates his radio, he still
wants to hear music and speech at the
same relative levels.

(2) Listeners prefer an even level regard-
less of whether theyare hearing variety,
drama, narrative or straight music.®*

*These findings de not necessarily apply to
symphonic music, which was not analyzed in these
gtudies.
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(3) The average volume at which listeners
set their home radios ranges from 65 to
70 decibels above the acoustical
reference level.

Why?

Most professional broadcasterswill perceive
1mmedlate1y one of the reasons why present
practices are not entirely in accord with
listeners’ preferences. The explanation liesto
a very large extent in the differences between
(a) loudspeaker monitoring levels in the home
and in the control room and (b) the background
noise level in the average home and in the
control room.

Siirveys indicate that control room monitor-
ing levels from 75 db to 95 db above the acous-
tical reference level. The average is 85 db and
this is 20 db louder than in the home.

Furthermore, the background noise level in
the average control room (aside fromthat created
by the occupants) is some 20 db Iower than in the
home. Thus, the control room occupants may have
a 40 db advantage over the average listener when
it comes to hearing weak sound--not to mention
the tremendous advantage of being able tosee the
source of the sounds and thereby being able to
anticipate their nature.

In viewof this situation, the home listener
must bring the level of his radio up in order to
hear weak sounds. But when he does this, loud
sounds become excessively loud and irritating.
It is for a very practical reason, therefore,
that the listener indicates a preference for a
range of peak volume levels of no more than 8
decibels.

Abrupt Level Changes

Although the average listenmer will tolerate
ari 8 db range in peak levels, he is annoyed if a
change in levels as great as this occurs abruptly.
Changes of this amount (and more) often occur
under present practices in the following
situations:

(a) between the end of a speech passage and
. the following music,

(b) between one speaker and another,

(c) between loud musical opening of a pro-
gram and subsequent quiet conversation,

(d) between one musical passage and another,

{e) between the end of one program and the
beginning of the next,

(£) sudden loud sound effects, screams, etc.,

(g) sudden loud applause or loud audience
laughter.



~ Changes inpeak volume levelswithin'the 8 db
limit should be made gradually--certainly no two
succeeding passages should differ by more than
4 db under any circumstances.

The 8 decibel limit used throughout this
report refers to the range of peak or maximum
volume levels; not to the range of minimum and
maximum sound intensities or “dynamic range.” It
is important that this range in peak levels
should not be confused with *dynamic range.”

The Remedy

To remedy this condition, three coordinated
steps are necessary:

(a) Control room loudspeakers should be ad-
Justed to levels more commensurate with
the home listening habit.

(b) The production of shows must be under-
taken with the view towards correcting
the shortcomings of our present prac-
tices.

(¢) New standards for program transmission
levels must be adapted.

Control Room Loudspeaker Levels

In addition to the detrimental effects
already mentioned (caused by operating the control
room loudspeaker at abnormal levels) an even more
undesirable phenomenon results from this practice.

This oceurs because of the fact that the re-
sponse of the humar ear to sounds of different
frequencies varies with the intensity level.
Consequently, a program that is “balanced,” in
accordance with a producer’s wishes, at a particu-
lar loudness level, is likely to sound completely
unbalanced when reproduced at a different level.
Furthermore, the effects that seem so dramatic,
when reproduced at an abnormal listening level,
may fall completely flat at the lower, home-lis-
tening, level. Finally; sounds that are quite
audible in'the relatively quiet control room
where the loudspeaker is operating at a high
level, are entirely inaudible in the average home
with its higher noise level and lower loudspeaker
volume.

The remedy in this case is obvious. Every
effort should be made to operate the control
room loudspeaker at a level which is comparable
to that used in the average home.

Production

Listeners prefer an “even’’ volume level--re-
gardless of the particular absolute level at which
they listen. This desirable result can only be
achieved by the combined efforts of both the
program director and the studio technician. - The
transmission level standards which the studieo

technician must maintain necessarily require
tremendous assistance production-wise if the de-
sired result is to be obtained. Not only must
the program director plan his sequences soas to
avoid abrupt changes in volume level between one
portion of the program and the next, but he must
also aid in the control of extreme high level
and low level by taking full advantage of studio
acoustics and microphone distancess

It is generally conceded that the illusions
of distance, intimacy and motion can neither be
creatéd nor destroyed by changes in the trans-
mission volume. Theyare a product of acoustics,
placement before the microphone and timbre of
sound. With these facts in mind, performers
should be properly spaced before the microphone(s)
so that the pickup level is much the same for all.
Thereafter the distances should vary with the
effect desired or volume used in the studio.

When two or more people use the same micro-
phone, they should be placed so that differences
in voice levels are eliminated. This is very
important on quiz programs when the master of
ceremonies may insist on using one microphone
for himself and for all the contestants even
though the better solution would be to use two
microphones.

The new transmission standards are intended
‘to make radio more pleasing to the listenmer. An
acoustical balance in‘the studio will aid tremen-
dously in doing so.

CBS Program Transmission Standards

The induguration of new program transmission
standards will also contribute materially to the
excellence of our broadcasting. The new standards
reflect theresults of the studies that have been
made to determine listeners’ preferences.

~ The old transmission standards provided for
maximum peak levels or “ceilings.” The new
standards retain “ceilings’ but, in addition,
provide minimum peak levels or “floors” below
which the peak volume level should not fall.

Peaking program material according to the
prescribed standards means ‘““gaining” in such a
manner that the maximum VI .peaks reach the
gpecified values as frequently as possible without
being inconsistent with the program content. It
is understood thiat occasional peaks beyond the
prescribed values are unavoidable but these must
be kept to a minimum.

VI Standards
Speech and Music

Normal passages Peaks of 100
Low level passages Not less than 40
Theme under station breaks DPeaks of 40

Maximum peaks of 70

Applause ard Audience
resction
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Rewards
Application of the new standards should result
in:
(1) Greater listener satisfaction and,
consequently, a steadier audience.
(2) The listener hearing all the sounds and
the effects that are being created for
his enjoyment,

(3) An end to the protests, often violent,
that the more annoyed listenérs pen.

Symphonic Husic

Since listeners’ reactions to symphonic
music were not tested, the present standards
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will be used until such time as study
warrants achange. These tentative standards
are:

Normal passages
Pianissimo passages

Peaks of 100 ’
Must always move VI

Important

The transition from a low-level passage toa
normal level passage (or vice versa) must be in
steps of not more than4 db; preferably less (i.e.,
peaks of 40, then 60 and finally 100, or vice
versa). Slm1larly, two succeeding passages
(voice, thenmusic, or voice, then a sound effect,

ete.) must not differ in level by more than 4 db,
preferably less, even when a contrast is
intentional.



MAGNETIC RECORDING IN BROADCASTING

By 8. J« Begun*
(As Presented at 3rd NAB Broadcast Engineering Conference, Chicago, IIl., April 7, 1949)

Mechanical disc recording has been for many
years the preferred and practically only method
of instantaneous recording employed by broadcast
studios. Now there are definite signs that disc
recording will soon have to share 1ts place with
maghetic recording.

It is one of the objects of this paper to
analyze why magnetic recording has been gaining
so rapidly in importance for breoadcast work. !
appraisal of the magneti¢ recording methed dis-
closes the usefulness of its unique features. To
mention onlya few: (1) There is easy erasability
of the recording medium. (2) The practical
signal to noise ratio is greater than presently
obtained in any other recording method. (3) The
recording is relatively permanent and its re=
peated reproductionwithout quality deterioration
is only limited by the life of the recording
medium. (4) An uninterrupted recording period
of any desired length can be provided. (5) The
making of a good recording requires no particular
skill on the part of the operator. (6) A coated
tape as recording medium can be easily cut and
spliced.

On the other hand, the price of the recording
medium for any given length of recording time is
high compared to that of mechanical recording.
The making of copies; if such are needed, is
cumbersome and special equipment is required if
it is to be done on a reasonably economic basis.
The elasto-mechanical properties of the record-
ing medium make it difficult to play a recording
back within exactly the same time period within
which it was recorded.

The features enumerated on the credit side
of magnetic recording make this method of sound
recording particularly desirable when the record-
ing does niot need tobe preserved for long periods
of time, Under these conditions, the erasability
of the magnetic recording mediummore than outweighs
the somewhat lower price of disc blanks. Without
any doubt,; magnetic recording provides the best
economical solution for time delaying of prograiis.,
Here, the repeated use of the same recording
medium is only limited by the mechanical wear
which eventually deteriorates the performance.

There aré two other applications in which
magnetic recording has already proven its value:
For on-the-spot recording and for editing of
program material.

*Dr, Begun is Vice President in charge of En-
gineering for The Brish Developnent Company,
Chairman of the NAB Committee on Magnetic Record-
ing and Author of ‘““Magnetic Recording” available
from Murray Hill Books, Inc., New York.

No one instrument will be best suited for
all these applications. For time delayed programs
a sturdy rack and panel arrangement, preferably
renmotely controlled, will be most practical,
since with such a layout all operations can be
initiated by the attendant at the master control
board.

For on-the-spot recording, lightweight
portable equipment is needed. For this application,
some compromises will have to be made. While
good performance still is required, one cannot
expect to obtain results which are equivalent
to that from a studio installation.

Editing requires still another type of in-
strument. The simplicity of cutting and splicing
tapes makes it extremely easy to rearrange the
sequence of a program and thus providesanew tool
for the program director. The console type of
magnetic recorder is presently believed to be most
suitable for this application. It is important
in this type of instrument that provisions be
made to find easily any particular part of the
program.

Only a general review of the most essential
requirements of theseé three classes of instru-
ments will be attempted here. A detailed dis-
cussion of all the desirable features, which
should be associated with each of these devices;
is beyond the scope of this paper. One other
point needs mentioning here. A recording made on
any one of these machines must be reproducible on
anyother type of instrument. Furthermore, equip-
ment for various applications may be supplied by
more than one manufacturer. Interchangeability
of recorded program material is a must, if full
use is to be made of the potentialities of magnetic
recording. This calls for standardization wherever
technical developments have advarniced sufficiently
to make agreement among the interested parties
feasible.

A bird’s-eye viewof the present status of the
artat this point might be profitable. There are
four main criteriawhich determine the performance
of sound recording equipmerit:

(1) The signal to noise ratio

(2) The resporse versus frequency

(3) The nonlinear distortions

(4) Flutter and wow

In regard tothe first three points, magnetic
recording is at least equal to the best of the
optical and mechanical recording methods. Pres-
ently available experience indicates that asignal
to noise ratio in the order of 60 db might be
considered as normal. Of course; this does not
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niecessarily mean thatall megnetic recorders will
have such a high signal to noise ratie, since
only careful des1gn can assure it, Permanent
magnetization of the playback headmust be avoided
sincea d-c magnetic field component can increase
the background noise of the medium from 10 to 20
db. Permanent magnetization of the recording
head will also adversely affect the signal to
noise ratio of the system. Furthermore, the
erasing and biasing current should be free of
harmonies. Only under these conditions will the
recording medium be left, in the absence of a
signal, in a state of complete magnetic neutral-
ization, which is so essential for noise-free
operation.

Proper shielding of the playback head, which
should preferably be of hum-bucking construction,
is essential. Even small extraneous magnetic
fields can do much damage if they are permitted
to induce a voltage in the coil of the playback
head.

Response versus frequency is associated with
the speed of the medium and also depends upon
the magnetic properties of the recording medium,
In addition, it is a function of the playback
head gap length and the choice of the value of
the biasing current. Proper adjustment of the
recording and playback head are imperative since
the response at the high frequency end of the
spectrum suffers if the recording head gap is
tilted with respect to the playback head gap.
Maintenance of intimate contact between the
recording medium and the pole pieces of the
recording and playback head is another necessary
condition.

Experience has shown that with available
coated tapes, a flat response can be obtained,
with proper equalization, until a frequency is
reached which is equivalent to a wavelength of

001", In other words, with a speed of 15" per
second, the response versus frequency can be made
to be essentlally flat up to 15,000 cycles per
second. A suitable tape is one which has a
coercivity between 200 to 300 oersteds and a
remanence between 600 to 900 gausses.

Distortioncanbe kept toa minimum by proper
adjustment of the value of the biasing current,
With the b1as1ng current too low, the transfer
characteristicis nonlinear; with t,he biasing cur-
rent too high, the response at high frequencies
deteriorates. »The biasing frequency should be
at least four to five times higher than the
highest audio frequency to be recorded. It is,
of course, unnecessary to state that the record-
ing currerit associated with the maximum signal
must not exceed a given value since otherwise
overloading occurs.

The amount of distortion is also a function
of the magnetic properties of the recordingmedium
and of the dispersion of the magnetic powder in the

3-6-02

binder, Each medium must be carefully tested.
In general, for & signal to noise ratio of 60 db;
not more than 2 to 3% harmonic distortions need
be tolerated.

With regard te flutter and wow, no better
performance than obtainable with other methods
should be expected. Well designed disc, film,
and magnetic recording equipment can be made to
meet the specified requirements.

But let nobody be fooled into thinking that
a high quality magnetic recorder of the studio
type can be built less expensively than instru-
ments for other recording methods. If price is
an important factor, the purchaser of magnetic
recording equipment will have to make concessions
inone or in another respect. Inmanycases where
high performance standards are nmndatory,1tw1ll
prove to be worth-while to pay a high price for
the proper egquipment.

In the course of this paper, reference has
been made from time to time todisc recording. It
is of particular importance to the broadcast
engineer to appreciate where mechanical recording
falls short of magnetic recording. The advent of
the cellulose nitrate record blank brought about
the erawhere the recordist thought that the crest
of performance had been reached. But only most
careful attention during the cuttingprocess gives
good results. After the disc has been cut, most
meticulous protection against dust partlcles is
required to insure the maximum 51gnal to noise
ratio of the system. An excessive stylus force
coupled with a high mechanical impedance of the
moving elements of the plckup cartridge tends to
destroy the modulated groove inmany cases. after
the first playing. The eternal problem of trans-
lation loss adds an additional difficulty. But
worst of all, the tracing distortions are of
considerable magnitude, particularly when the
recorded wavelength approaches the stylus tip
dimension of the reproducing device. Mechanical
recording also suffers from the fact that the
mechanical vibrations, always present during the
recording and reproduction, lead often to an un-
wanted relative motion between the recording
medium and the recording and repreducing stylus
causing modulations which are reproduced as
runbling noises.

In contrast, magnetic recording is free of
most of these difficulties. While there is a gap
length effect in magnetic recording which in
some respects might be compared with the tracing
problem in disc recording, the gap length effect
does not cause nonlinear distortion even if the
wavelength approaches the gap length of the re-
producing head. Only the frequency response is
affected by short wavelengths of the recorded
signal,

All thls is ot meant to imply that magnetic
recording is the wonder elixir which solves all



problems. In fact, magnetic recording introduces
difficulties of its own. The recording medium,
particularly when it is a coated tape, 1susually
extreimely elastic and stretches during operation.
Its dimensions are also changedby the effect of
humidity and temperature. Expansion and con-
traction of the medium will lengthen or shorten
the playback period compared to that of the re-
cording time, 1f no spec¢ial provisions are made
to decrease or increase the speed of the drive
mechanism to compensate for the variations of
the length dimension of the tape. The use of
sprocket holes has been suggested, but appears
to be impractical, since it would require con-
siderable strengthening of the base material re-
sultlng in bigger reels for accommpdating a
given recording period.

The amount of magnetic energy which can be
stored on the thin layer of magnetic material
is relatively small. Therefore, the 1mpressed
signals can only develop weak magnetic fields
which must generate the useful voltages in the
playback head. To design a highly sensitive
amplifier which is responsive to these small
signals with the necessary signal tonoise ratio,
challenges the ingenuityof electronic engineers.
The small fields generated by the recording medium
are sometimes comparable to the magnitude of ex-
ternal fields. Thus, it is difficult to reduce
hum to an appropriate low level, But even
though problems are still to be solved, there is
good reason to believe that they do not represent

unsurmountable barriers in future developments.

Some question might be raised with regard to
modulation noise, Modulation noise is a noise
which exists only in the presence of a signal and
its magnitude depends upon the strength of the
recorded signal. The modulation noise is a
phenomenon which is not unique with magnetic re-
cording since it is at least tosome extent found
in mechanlcal recording and particularlyis pres=~
ent in film recording. Becauseof the other out-
standlng performance charzacteristics of magnetic
recording, modulation noise is now looked upon as
the one factor which limits the ultimate capa-
bilities of this sound- recording method, It
causes fuzziness in reproduction witha correspond-
ing annoyance to the listener. Various statements
have beennmderegardlng the order of magnitude of
the modulation noise for different types of
magnetic recording mediums. Valuesof30 to 40 db
have been reported but it is doubtful whether great
31gn1flcance can be assigned to these figures.
No specific measurement procedure has been agreed
upon as yet.

, Level variations are another objectionable
deficiency in magnetic recording. They occur in
the playback process, being particularly proncunced
in the reproduction of the higher frequencies of
the spectrum. Such level variations are usually
brought about by contact varlatlons between the
recording medium and the pole pieces of the record-

ing and playback head and are received by the
listener as noise and fuzziness. <Careful design
of the equipment, cleanliness of the heads,
smoothness of the recording medium surface and
of the pole pieces will all tend to reduce level
variations to a minimum.

The need for standardization has already been
stressed. Various technical organ1zat10ns and
societies have established committees to review
the available information and to see whether am
agreement could be reached with regard to certain
design featuresso that interchangeabilityof such
elements could be accomplished which need to be
1nterchangeable for the benefit of the user of
magnetic recording equipment. The NAB Magnetic
Becording Committee has drawnltsnambershlp from
industry active in the field of magnetic record-
1ngandfrom broadcasnlngorganlzatlons1nterested
in employing magnetic recording, Thus, there is
assurance that the designer’'s and consumer’s.
viewpoints are properly considered.?®

A brief review of some of the problems with
which the committee was and still is confronted
will underline the magnitude of its task. First
of all, there.must be agreement on the speed and
on the physxcal dimensions of the recording medium,
This requirement is so basic that no further
explanation is needed here. Secondly, 51gna1s
must be so recorded that the remanent magnetic
induction in the recording medium for any fre-
quency within the specified spectrum should have
a definite relationship to the remanent induction
of any other frequency., Only under such condi-
tions is it possible to obtain the desired re-
sponse versus frequency with one setting of post
equalization independent of equipment on which
the recording has been made; Furthermore, tape
reels must be so designed that they can easily
be attached to any instrument.

Very definite progress has been made in es-
tablishing standards for the physical dimensions
and for the speed of the recording medium. After
considerable deliberation, 3 tape speeds have
been chosen:

(1) 15" per second (primary standard): Where
high fidelity performance is required.

A magnetic recorder operating at 15" per
second shall provide a respense which should lie
between two limits; the upper limit isrepresented
by an equal level line from 50 to 15,000 cycles
per second. The lower limit is an equal level-
line from 100 to 10,000 cycles per second but 2 db
down with respect to the upper limit. From 100
to 50 and from 10,000to 15,000 cycles per second
the lower limit is perm1tted to drop uniforml
and progressively an additional 3 db.

1Refer to NAB Recording and Reproducing Stand-
ards in Section 1 of this Handbook.
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(2) 7.5" per second (secondary standard):
Where limited performance, as far as frequency
range is concerned, can be tolerated,

Response versus frequency of a magnetic re-
corder employing a tape speed of 7.5" per second
shall have a response in character similar to that
of lﬂ‘persecondequlpment,onlythatlnthlscase,
the 2dballowable level variations arerestricted
to the band from 100 to 5000 cycles and that beyond
5000 cycles per second to 7500 cyeles per second
the response can drop an additional 3 db. The
requirements from 100 to 50 cycles per second
for 15" and 7.5" per second recorders are the
same,

(3) 30" per second (supplementary standard)
Wherever special requirements make an increase
in speed desirable,

A few explanatory words seem to be in order
here. These 3 speeds have been chosen since
their ratio is 1 to 2 to 4. Should it at any
later time become desirable to provide markings
on the tape for speed correction to compensate for
elongation or contraction, such ratios which are
based on multiples will greatly simplify the
problem. Furthermore, speeds of 7 1/2" and 30"
per second had already wide use prior to the
final proposal made by the NAB Cormittee.
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With regard to the physical dimensions of
coated tape, its thickness shall not exceed .002"
and its width shall not exceed .250" nor shall it
be less than .0244", Qllyanupper value has been
set for the t:hlckness of the tape. There is no
objection to the use of a thinner tape, as long
as its mechanical strength is high enough to
withstand operational stresses andas long as the
coating perm1ts sufficient storage of magnetic
energy. The maximum permissible thickness of the
tape determines the dimensions of the reels for
any given recording time and thus controls certain
important dimensions of magnetic recording
equipment,

The work on standard1z1ng reels has not been
completed. This problemis aggravated by the fact
that there are instruments in use which require
different reel designs for proper operation,
After many months of deliberation it seems that
the committee can now propose a reel which will
be acceptable to all.

Muchmore work has still tobe done in setting
standards for remanent induction values versus
frequency. There are so many factors which tend
to change conditions that only careful consider-
ation can bring about a satisfactory agreement.



BROADCAST STATION AUDIO AND CONTROL CIRCUITS*

Warren E. McDowell

Radio Station WCEM, Washington, D. C.

Summary

The suthor describes the audlo frequency

control clrcults for a typlcal local statlon
operation utl1lizing one control room and two
studios. The general layout of circults 1s
shown together with detalled descriptions of
various parts of the system. It 1s not the
author's intention to furnish detalled instruc~
tions covering the Installation of such 4 sys—
tem, but rather to provide idesas which expe-
rienced enginesrs might find helpful in design-~
Ing their own studlo circult arrangements.
Those who have npt had adequaté tralning and
experience in the deslign and operation of high
quality audlo clrcuits are cautloned agalnst
assuming that this paper includes complete
instructions for making such an installation.

In broadcasting, ease of operation and
simplitication of equipmerit maintenance is
highly desirable and will pay dlvidends in the
form of Improved program production. With a
flexible 8ystem, the statlion engineer is able
qulckly to solve unusual sétup problems and
system testing. It 1s much easler to Install
a flexible design origlnally than to add a bit
at a time after the bagic system 1s on the alr,
In many stattons, lack of time and pérsonnel
often prohibit working on equipment once 1t 1s
placed 1n servi¢s. Hasty modifications usudlly
result in rhaywire.® Thus 1t becomes highly
desirable to have a certaln medsure of planning
in the original construction.

The Mixer System

There are rine faders 1in the mixing system;
handling normally two mlcrophones from each
gtudio, ofe migrophome from thé control room,
two transcéription turntables, one network line
and one remote line. Wiring of key switches and
faders 1s shown on DWG 5§ and the values of R
shown on DWG &, FIGS. € and 5. Also on DWG 3
18 shown a varilatlon of the regular mixing
system, three outputs being utllized Instead of
two. Thils latter might bé uged in & small
master control position.

As tape recorders are now c¢oming into quite
common. use 1t may be necessary to expand the
mixer systém by one or two more faders, Some of
the presefit day tape recorders dellver at least
zero level and may be brought In on the remote
key. Since most of these recorders are complete
with record and playback amplifiers as well as
gain controls all operation atid control can take
place where the units are mounted.

* Revised 1949

The regular mlxing system has two outputs,
one for feeding programs to the transmitter and
the other for audltloning a second program
simultanetiisly. The mixer 1s so deslgred that
the throwing of a key switeh .makes no notlceable
chanige 1n level elther in the program or audl-
tlon channels.

The use of different colored knobs, or
gection paneling, ls desirable since a row of
nine faders may be confusing,

DWG 1 shows all Inputs to chiannels golng
to the relay arms, arnd the inputs of the faders
to front contacts. In a chamnel where talk=back
or cue clrcuits 4o not exlst, the relay may be
turned around and the fader input connected to
the arm. This wlll make avallable an extra
input to the fader when the channel 1s 1n the

) ®OFF® posltlion.

Transcriptlion Cue and Talk=back Circults

Transcriptlon cuelrng systems In current use
are many and varied and are at times gulte In-
convenient. The system described here 1s entirely
automatic gnd 1s successfully Installed in a
number of stations.

Many of the smaller statlons begln thelr
operatlions with @ stock model console. Most of
these consoles have keys for channel control
without any room for addltion of pushbuttons for
relay control. These kKeys may be wired to turn
on a turntable motor relay to start the table
from the console positlion. Placing the key Imn
elther "ON AIR" opr WAUDITION' will start the
table and take thé preamp off the cuelng clreult
and returning it to "OFF"-will place the output
pf the preamp back in the cueing position. A4
gimple switch In the relay control circult will
de~energlze the relays and the tables can be
pperated In the normal manner, that is, one hand
on the fader and the other on the table.

By the relay method, provision 1ls made
for cuelng by automatlcally setting up a moni=
toring channel. This means that there 1s no
key switch to throw when ¢uelng a record or
listening for checking. A control pushbotton
operates relays starting the turntable motor
and placing the channel "ON AIR.* When the
channel relay 18 réleased, the output of the
plckup preamplifier connects automatlcally to
the cuelng amplifler through 4 back contact
of the relay. This 1s shown In detall on
DWG 5. Relays for channels slx and seven are
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wired similarly to cliannel one. A separate
toggle switeh on the turntable console may be
employed to operate the turntable motor when
desiring to listell to a transcriptlion with the
system in cielng position.

The talk-back circult makes the output of
& microphone preamplifier avallable for talk-
back purposes when the channel relay is not
in the ®ON AIR" positlon. <Channel relays are
directly ahead of faders in the mixing system,
beling controlled from the announcing positlon
as well as In the control room. Speaxer cutout
relays prevent feedback when the studilo 1ls
"ON AIRM, but, when talk-back 1s used, both the
microphone and speaker are on, with the galn
of the talk=back amplifler set below the feed~
back polnte

Tdalk-~bdack relays are controlled by push-
buttons &t the three mlerophone positions.
This 1s a gimple ¢ircult using a push~to-make
button to apply power to the relay coil. DWG 4
shows tle audlo wiring in a one=lline dlagram.
It may be desirable t0 use a separate speaker
in the studlo so that the regular reproducer
will not be subject to interruption at a criti-
cal point in the program belng monitored,

Remotes

The remote c¢hannel, number nine, may be
set up to handle two Temotes; one followlng
the other. Interlocking prevents putting both
on the alr at the same time. Detalls wlll be
found on DWGS 2, 4 and 5.

Several ways of sending cue t0 a remote
dperator are indicated. If the mic¢rophone
talk-back circult 1s used, the telephone may
be omitted, Usually, the remote Operator can
make use 6f a régular mlcrophone and headphones
for pre~program communication with the studio.

‘1t has been suggested that, by Incorporating -

a switching arrangement in the remote ampli-
fler, crystal headphones can be used for talking
and listening.

Relay eleven carn be made to oOpérate an
1Indlcating device 4n the control room when the
operator arrives at the remote and plugs In his
equipment. Thé center-tap of the remote ampli-
fler output transformeér has to be grounded to
make R11l operate. Thls ground; as a rule,
etfects a reduction in hum level and should
be made t0 a nearby water-plpe, For conve-
nience, the remote lihe and the ground wire
should be connected to a socket. Further, an
output plug should be bullt into the remote
amplifier paralleling or replacing the usual
terminal strip. A flexlble cord connects this
plug with the remote line=ground socket, &s
well as completing the studio call-in ¢lrculty
This procedure also facilitates the quick set-
ting up of a remote.

3-7-02

Relay twelve can be used for slgnalling
after the remote has been patched up. This
circult of battery; PB1, Ri2 and repeat ¢oll
is dupllicated In the remoté setup. The Telay
at the remote point may be controlled to turn
ofi an unattended amplifier,

Relay Controls

Relay control wiring detall 1s shown on
DWG 2, FIG 1. Relay catalogs will give all
intormation for ordering units with colls of
proper reslstance for the voltage chosen.
Telephone type Indicator lights rated at 14
voLts will glve long Service when operating on
12 volts. Should any other voltage be used,
the rating of the lamps should be approximately
fen percent above the supply voltage for maximum
11fe with satlsfactory brilliance.

The D.C. power supply for relays and lamps
should be well flltered; an electrolytic con=-
denser of 1000 mfd capaclty probably will suf=-
fice. A selenlum type rectifier supplylng 12
volts 1s a satlsfactory source of power. Cur-
rent requirements should be calculated after
relays and lamps have beern chosen. Voltage
regulation of the power supply should be capable
of handling all variations in the load that
will occur during operation.

Some trouble may be expected from clicks
‘when trelays are operated; a 1ittle experimenting
will correct this. A resistor or resistor=
condenser comblnatlion across the "OFFt push-
button contacts will minimize interference,
Relay and power wiring should be 1solated com=
pletely from audlo circuits, and 1t Is recom-
mended thdt such control circults be shilelded
in condult or braid. Any contact that bresks a
current 1s a potential source of trouble and
should be investigated 1f clicks persist.

FIG 2 on DWG 2 shows a variation of wiring
for the relays In any one c¢hanmnel. This change
causes the speaker relay to operate first, thus
cutting off the speaker before the microphone
is turred on. Alsg, 1f used In the trans-
¢ription channel, it allows the turntable to
start before cutting in the channel, In some
cages, the bending of relay contacts will pro=
duce the desired operation.

Wirlng

Audlo wirlng 1s carried in shielded pair
with two wires for each eircult sven though one
slde 1s common, Present day practice calls for
twilsted pair, third wire bare, copper braid
shleld and cloth brald over-all. The bare wire
1s used to carry the ground so that the point
of grounding a run can be controlled, this elim=
Inating a f"ground loop™ and reducing noise in
low level circults. All common wires should be
tled together at one point in the mizer console.



An external GROUND 1s also brought In at this
point. Low level clrcuits can be run Iin mike
cable to permit the grounding of the shield at
one polnt only.

If a nolse level of 80 DB below reference
1s tobe obtalned extreme care mist be taken with
all wirlng. Keep low and high level circults
well separated.

Wiring from jacks and unlts In a rack may
be brought down to a terminal strip and cross—
connected both to one another and to other
racks. This wlll simpllify any later changes
that may be necessdary. dJacks can be numbered
in order as they appear 1n the rack and this
number carriéd to the maln block dlagram. A

sample of this numbering ls shown on DWG 5.

Jack numbers should also be put on the terminal
boards within the ¢dbinets., Thls makes for
rapld tracing of clrcults and alds in making
speclal setups.

Conclusion

The manufacturer of equipment or com=-
ponents 1s not specified since each englneer
will have hils own preference. Satlsfactory
operation will depend, of course, upon the care
with which the selectlon is made. This choice
of high quality Telays, pushbuttons and key
swltches will more than repay the cost 1n good
operation,

Auxiliary ampliflers are shown for use as
indicated, rather than providing one ampllfier
for many functlons. Program and audlition

channels are 1dentical, with the level set the
same to make qulck interchange, in the program
channel, possible in the case of trouble. ILay=
out and design of the mixing conscle can take
many forms and is left to the individual
engineer,

Stations operating full time with records
and transcriptlons should give serlous consider=
atlon to the use of a third turntable to ac-
commodate spot announcements, leaving the other
two tables for programs. A complete and depend-
able recording installdtion, separate from the
playback turntables, 18 a neeessity for many
stations. It 1s expected that this system will
not fulflll all demsnds but, once the operating
reguirements are determined, a minimum number
of changes wlll effect the desired setlip.

The present day trend toward tape recording
points towards the need for two cornsole mounted
machines in the control room and one for portable
use. In addition, an editing playback unit
should be avallable for those who have to make
short programs out of long ones. This editing
can become very tedlous and should be done 1n
4 room away Irom éveryone else,

The author acknowledges the assistance in
the development of these c¢irecults from the fol-
lowing: David W. Jefferles, Radio Statlon WESB;
Bradford, Pennsylvanla; Otis L. Atherton, Radlo
Station WHDL,; Olear; New York; John T. Dowdell,
Radlo Station WIBX, Utlca, New York.
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SPECIAL ANTI-SIDE TONE CIRCUIT

REPRINTED FROM THE ENGINEERING NOTICES OF THE NATIONAL
BROADCASTING COMPANY*

Purpose

The circuit described herein is designed to
provide two-way conversation onthe air or three-
way conversation with loudspeakersatall points,
the loudspeakers and microphones being open at
all times. Thisis made possible without cut-off
or switching systems.

General

~ Referring to figure 1, if we assume that
R-1, R-2 and R-3 are all of equal value and
R-11, R-2! and R-3! are of equal value then, if
a voltage be applied across R-1, a voltage will
be observed across all other resistances of the
network except R-1*. This will be apparent with
reference to Wheatstone Bridge circuit theory.
1f, now, the resistance R-1 represents a micro-
phone output and the resistance R-1' be a loud-
speaker input then when the microphone repre-
sented by R-1 is spoken into no feedback will be
noted from the adjacent loudspeaker represented
by the resistance R-1*. Similarly, R-2 and R-3
may be microphones and R-2' and R-3* may be
adjacently mounted loudspeakers.

In the case noted above full three-way
conversation may be held. If it is desired to
-communicate between two points and have the
resulting conversation transmitted to local -or
network channels, then we assume that R-1 and
R-2 be the two sources of program and R-11 and
R-2' be their adjacently located loudspeakers.
R-3 becomes a pure resistance and R-3! will be
the input to the outgoing line or channel
amplifier. '

It will be obvious that for proper operation
of this circuit all of the resistances shown in
figure 1 representing as they do the output of
microphone amplifiers or input of loudspeaker
amplifiers must be accurately balanced against
each other, that is R-1, R-2 and R-3 must have
very nearly the same values within close limits
and the same will be true of R-1%, R-2! and R-3%,
In order toaccomplish this close balance it will
be necessary in some cases to isolate these
circuits by use of balanced H pads.

It is most convenient, in this connection,
to arrange the output of the microphone amplifiers
for 125 ohm operation and to terminate the same
in a 125 ohm resistor. The variation in balance
with this arrangement is reduced to a satisfac-
tory minimum.

*Compiled by Mr. Raymond A. Monfort and Mr.
Donald H. Castle.

The loudspeaker amplifier input is usually
of high impedance subject to some variation with
a change in the volume control. It is, there-
fore, found best to isolate the inputs to these
loudspeakers with suitable H pads. A 6 db 6000
to 6000 ohm pad is generally sufficiént isolation,

Typical Circuits

Figure 2 shows a typical 3 way talking
circuit with loudspeakers at all talking points.
Figure 3 shows a two way talking circuit feeding
a program bus for network or local station feed.

Precaution

Although primary feedback into the talking
circuit by the loudspeaker located adjacent to
the microphone is eliminated by use of this
circuit a source of secondary feedback is
possible: This occurs when a signal from, let
us say, microphone #1 heard on loudspeaker #2,
re-enters microphone #2 and is transmitted back
to loudspeaker #l. A judicious choice of loud-
speaker levels will minimize this difficulty.

Discussion

This circuit has been used to advantage in
such broadcasts as those originating on the yacht
“Seth Parker” in which a conversation with the
studio is carried on durinmg the broadcast.

No appreciable frequency discrimination is
noted by use of this bridge circuit.

3-8-01
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