
pressor it has been found that elimination
of the high -frequency noise immediately
makes the low -frequency noises more
apparent and more irritating. For this
reason alone the low frequency circuit is
well worth including. Actually, it is

essential to include the low -frequency
section for reasons associated with main-
taining a correct aural balance. It is well
known that the characteristics of human
hearing are such that a band pass of
correct balance is more acceptable than
an extension of either end of the spectrum
when one end is attenuated. This is
usually expressed in terms of the product
of the lowest and highest frequencies in
the pass band. By proper coordination of
the high and low frequency reactance
sections and their associated control cir-
cuits, it is possible to maintain a very
satisfactory balance in the action of the
Dynamic Noise Suppressor. In high -
quality systems this characteristic is
imperative if satisfactory results are to be
obtained.

Other Advantages
There are a number of secondary

advantages obtained with the Dynamic
Noise Suppressor. Among these is the
fact that tendencies toward oscillation
through mechanical or acoustic coupling
in systems with extended low frequency
response are greatly minimized. In the
reception of recorded programs from
radio stations, particularly FM, where
the noise suppressor is not used in the
transmitting system, the background
noise may be limited just as effectively as
in phonograph operation. Other types of
interference, such as tube noises in pre-
amplifiers, transmission line noises, hum
and ordinary static, are greatly reduced
in nuisance value.

The remarkable results obtainable with
properly designed and operated dynamic
noise suppressors are aided considerably
by inherent characteristics of human

hearing and by the structure of musical
sounds. Most music contains passages
where the required pass band is very
limited. It is also true that the frequency
response range of the ear is greatly
restricted at low intensity levels. Under
many conditions of playback, listeners
find it desirable to operate the reproduc-
ing equipment at high average intensity
levels. Under these circumstances the
observed noise level during quiet pas-
sages of the music or during intervals
between notes is particularly distracting.

It is this latter circumstance that makes
it possible to produce limited noise reduc-
tion with volume expanders and other
"vertical" noise suppressors. These sys-
tems operate on a variation in amplitude
of the entire (or block portions of) the
frequency spectrum. For various reasons,
including the fact that the control volt-
ages are not derived from limited fre-
quency bands, these systems are generally
inadequate. This is particularly evident
in connection with abrupt transients, such
as the sharp clicks that characterize
noise developed by vinylite and similar
record materials. One form of vertical
noise suppressor is a selective volume
expander where the frequency spectrum
is divided into three channels. The high
and low -frequency channels may be inde-
pendently driven by obtaining the control
voltage after the dividing networks. A
serious disadvantage is the fact that the
entire high and low frequency ranges are
opened "vertically" when only a limited
portion may be needed for full range
reproduction. An inverse form of this
effect has been described.'

Pass Band

The Dynamic Noise Suppressor is of
the "horizontal" type, providing dynam-

1. Goodell, John D., and Michel, B. M. H.,
Auditory Perception, Electmics, July
1946.

is adjustment of the pass band from
approximately 2% octaves to full range.
This means that the signal-to-noise ratio
is optimum at all times in terms of the
instantaneous requirements of the music
versus background noise. In broadcast
work and in some home radio -phonograph
installations, it is advantageous to be
able to extend the controls electrically for
remote operation. Fortunately, the con-
trolled components are in portions of the
circuits to facilitate this arrangement.

The most convincing evidence of the
success of this method of noise suppres-
sion is actual demonstration. Many de-
vices that work wonders in the laboratory
do not prove successful in the field. The
Dynamic Noise Suppressor is no longer
questionable in this regard for it has
withstood the test of widespread installs.
tion in radio stations and in home radio -
phonographs and has won wide acclaim
among engineers and music critics. It is
of some importance to emphasize that
the effectiveness of the results obtained
may sometimes be limited by associated
components and economic compromises
in design policies. A serious problem in
the industry is the selection and training
of sales personnel in dealers' stores to
learn enough about the merchandise they
sell to make effective demonstrations and
to instruct their customers properly. The
finest radio -phonograph, with or without
a Dynamic Noise Suppressor, makes a
poor showing if it is improperly operated.

The Dynamic Noise Suppressor does
not eliminate the value of tone control
circuits, but, on the contrary, makes it
possible to operate high and low boosting
circuits without the usual attendant
increase in noise level. It will not pro-
duce music from blocks of concrete, but
it will produce the most music and the
least noise possible from any given record.

Experimental Noise Suppressor
CHARLES D. COLE

Complete data on a noise suppressor developed by the General
Engineering Department, American Broadcasting Company.

ACHALLENGE, long outstanding in
both the broadcasting and home
radio industry, is the needle noise

or hiss generated in the playback of re-
cordings. Although the ordinary shellac
pressing is the worst offender in this
respect, the high grade electrical tran-
scription often contains noise components
which may prove objectionable, especially

on low level musical passages. Elec-
tronic noise -suppressing devices have
been designed to overcome this difficulty,
but for the most part have proved to be
somewhat expensive, especially for the
home record player. Below is presented
a system for noise suppression which
needs little or no maintenance and whose
initial expense is quite moderate.

Operation
The operation of this suppressor is based,

first of all, on the nature of playback noise
and its relationship to the recorded
program material. It has been found
that the amplitude of the noise is approxi-
mately constant throughout a recording,
irrespective of the amplitude of the
recorded program. For high level pas -
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sages the noise is masked, but for moderate
to low level passages, which constitute a
greater portion of an average recording
the noise may become quite objection-
able. Secondly, investigation reveals
that the greater part of the noise energy
lies in the middle and upper ranges of
the audio spectrum. Very little noise is
found below 1500 cycles. The third
factor which enters into the design of
this equipment is the relationship between
the peak amplitude of the recorded pro-
gram to the average amplitude of the
noise. The program peaks are approxi-
mately 40 db above the noise, and this
figure was used for design purposes.
With these facts concerning the nature
and behavior of playback noise, an in-
strument was designed whose funda-
mental basis for operation was first set
forth by Dr. H. F. Olson of the Radio
Corp. of America's Princeton Labora-
tories. Dr. Olson's proposal and the
final instrument evolved from it centered
around the characteristics of the ger-
manium diode, and the principle of selec-
tive octave filtering.

In a conventional representation of
input vs. output voltages for the germa-
nium diode, (see Fig. 1) little attention is
given to the load line as it approaches
very closely to the origin. The load line
for most practical purposes is linear.
However, if the portion near the origin

Fig. 1 (left). Sup-
pression character-
istic for 1.5kc to 3kc
channel at 2500

cycles.

Fig. 2. Conduction
characteristic
of germanium diodes
used in the sup-

pressor.

is investigated more closely, it will be
found that the load line does not remain
linear, but curves tangentially to meet the
ordinate axis. The point of tangency
(approximately 1 millivolt input) deter-
mines the practical minimum level at
which conduction can occur in the for-
ward direction. Therefore, an effort to
adjust the noise level of the recording
so that it would fall in this rejection
range was made. For reasons of design
it was found more desirable to connect
two diodes in series, doubling the rejec-
tion level and operating the networks at
higher voltages. Two sets of series
diodes are connected to give full wave
conduction essentially linear except for
very small voltages. (See Fig. 2). With
the noise level adjusted to fill the dead
zone, the program material has a linear
excursion some 40 db higher in level.

Although noise is rejected below the
point of conduction, program material
of a corresponding level is also rejected.
This is not especially noticeable to the
ear due to the wide dynamic range of most
speech and music, except for some elimi-
nation of reverberation, or attenuation of
sounds inherently low in amplitude such
as the spoken letter "S."
Distortion

For signals whose amplitudes are 6 to
12 db above the noise level, serious dis-
tortion occurs due to clipping and bend -

Fig. 3 (left). Individual filter response curves for experimental noise suppressor.
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ing of the load line. It is this distortion
that necessitates the use of electric wave
filters. Identical filters are used both
before and after the diodes. The input
filter admits a band of frequencies one
octave wide and the output filter passes
only this octave and rejects all other fre-
quencies by at least 30 db. The term
"all other frequencies" includes not only
the program material frequencies, but
even more important, the harmonic fre-
quencies or distortion generated by the
action of the diodes. The frequency
range has been arbitrarily divided into
four channels: 0-1500 cycles low pass,
1500 to 3000 cycles band-pass, 3000 to
6000 cycles band-pass, and 6000 to 12000
cycles band-pass. The fact that very
little noise occurs below 1500 cycles
accounts for this division and subsequent
octave relationship. In general, the
filters were designed to include the least
number of reactors and yet give satis-
factory performance. For the low pass
filter, an m -derived section was chosen
A value of .6 for "m" was selected since
both input and output terminate in
resistive networks. With the low pass
section adjusted for satisfactory opera-
tion, rejection at the notch is 38 db, least
rejection 21 db and rejection at three
octaves is 28 db.

The three band-pass filters are constant
K networks whose surge impedance is

Fig. 4 (right). Block diagram of noise suppressor.
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Fig. 5. Complete schematic of the experimental noise suppressor.

equal to six thousand ohms as is the im-
pedance of the low pass "m" derived
filter. All three band-pass filters behave
similarly so far as attenuation is con-

cerned. (See Fig. 3.) A frequency re-
sponse curve through both input and out-
put filters shows approximately 30 db
attenuation one octave either side of the

roll -off frequency. The surge impedance
of 6000 ohms was chosen to represent
the best relationship between the high
signal and low signal bridging resistance
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of the diodes whose resistance varied
from several hundred to over 40000
ohms.

The input and output mixing busses
are identical. (See Fig. 4.) All four
channels are fed by "L" pads with proper
building out resistors which are fed in
turn from a matching transformer. A
variable "T" pad isolates the transformer
from the mixing bus. The output trans-
former is identical with the input and
is also isolated from the output mixing
bus by a variable "T" pad. The input
and output "T" pads are ganged on the
same shaft and are reverse connected so
that as the input is raised the output is
lowered by the same amount, thus
achieving uniform level out while cor-
recting for proper noise level into the
diodes. A variation of 15 db input results
from this arrangement which has proved
adequate for correction of differences in in-
dividual recordings. A fixed loss of 15
db results from this arrangement. The
input bus, which is composed of poten-
tiometers "L" connected and building out
resistors, has a fixed loss of 8.4 db. In
general, individual adjustment for each
frequency range is made with the corre-
sponding input potentiometer to achieve
best signal to noise ratio in that band of
frequencies. The output potentiometers
are adjusted for uniform response through
out the entire band and since some ad-
justment is required at both input and
output bus, a mixing loss somewhat
greater than 8.4 db is incurred. There-
fore, the total loss in the suppressor is on
the order of 35 db. With the constants
shown in the diagram, (Fig. 5), the opti-
mum input level was found to be plus 20
dbm and the resultant output, approxi-
mately minus 15.

Crystals

The crystals selected for this equip-
ment are the standard four -element
balanced diode modulators mounted in a
metal shell provided with an octal base.
They are known as the Sylvania type
IN40 Germanium -Diode varistor. In.
the construction of the filters, UTC
variable inductors were selected for the
reactive elements. These reactors have
an adequate range of inductance, satis-
factory Q and permit trimming of the
final filter to compensate for stray capac-
ities. The capacities encountered in the
filter elements are for the most part odd
values and parallel connection of two or
more standard capacities is required in
many instances to achieve correct values.
Small postage stamp mica capacitors are
used because they lend themselves well
to neat parallel installation and occupy
a minimum of space.

The input and output coils are selected

to match 600 -ohm lines to the mixing

Fig. 6. Frequency
response curves
showing suppressor
action at low level
as compared with
peak and average

levels.
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buses,.. whose impedances are approxi-
mately 2500 ohms. The mixing bus
itself is composed of ordinary composition
potentiometers and pigtail composition
resistors. Three rotary switches are
included on the front panel. Each switch
is associated with a pass band. The
switches have three positions which
selectively switch the diodes into each
pass band for suppressor action, replace
the diodes with an equivalent resistance
for no suppression, or disconnect the pass
band completely for test purposes.

The front panel is standard rack width
and is 5% inches high. (See photo.) The
compensated volume control is mounted
on the left side of the panel. A double
jack for input is located in the lower left
corner of the panel and the output jack
is mounted directly opposite in the right
hand corner. The chassis is No. 16
gauge cold rolled steel. All transformers
and reactors are mounted upright on the
surface of the chassis and are arranged in
rows corresponding to the frequency
channels for which they are intended.
(See photo.) The potentiometers are also
mounted upright through the top surface
of the chassis and are located at the input
and output of their respective channels.
The inductance of the reactors is set
with a bridge before being installed in the
circuit. After wiring is completed, each
individual channel is calibrated separately
and trimming of inductors may be neces-
sary to achieve the final band-pass char-
acteristics desired. An audio oscillator
is connected to the input terminals and
response is read at various points under
study with a vacuum tube voltmeter.
For a channel response curve through the
entire system the input and output pads
on all other channels are set to maximum
attenuation.

Signal Source
The Clarkston 16 -inch sweep frequency

record provides an excellent signal source
for final testing of the suppressor. With
the aid of an oscilloscope connected across
the output of the suppressor, the fre-
quency response can be observed and any

minor equalizing of levels can be accom-
plished under practical operating con-
ditions. At the same time the pickup
and amplifiers associated with the sup-
pressor may be checked for hum noise
and proper gain. The optimum input
level is plus 10 VU and distortion through-
out the suppressor is less than one-half
per cent.

In planning a system which is to include
this suppressor, several facts must be
borne in mind. An input level of plus
10 VU is required which means that a
program amplifier must precede the
suppressor for practically every appli-
cation. Secondly, the loss in the sup-
pressor is of considerable magnitude and
an amplifier is required to recover the
original level before suppression. For
example, let us assume that the suppres-
sor is to feed a line at plus 8 VU level.
The program amplifier originally driving
the line at plus 8 VU must now feed the
suppressor at plus 10 VU which presents
no formidable stress on the system.
However, a booster amplifier will be
required to return the output of the
suppressor to plus 8 VU the original
level feeding the line. The booster
amplifier represents additional equipment
in this case and must have 30 db gain and
be capable of plus 8 VU output.

In addition to its use for suppressing
needle noise, this instrument shows con-
siderable promise when used with mag-
netic tape recorders. Some other appli-
cations that seem worthy of consideration
are as follows: The suppressor may be
used with applause microphones that are
located out over the audience. The
applause is unaffected, while occasional
coughing or room noise is eliminated.
Open air concerts often encounter the
problem of automobile horns or other
undesirable noises which might be
eliminated by using this instrument.
And finally, moving scenery on television
sets while the program is in progress
might be accomplished with less unwanted
noise by the use of this suppressor.
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