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> ELECTRICAL MEASUREMENTS AND THEIR INDUSTRIAL APPLICATIONS

A GENERATOR OF ELECTRICAL NOISE

@ ELECTRICAL NOISE is, by definition,
14&.10 an unwanted disturbance, and its reduc-
IN THIS ISSUE tion in communication circuits is a con-
Page stant aim of the electronics engineer. When

Type 700-P1 Vorrace : :
e v 9 supplied by a properly controlled genera-
MISCELLANY. ........ 10 tor, however, noise becomes a remarkably

useful signal, making possible a new ap-
proach to many measurement problems. The new General Radio
Type 1390-A Random-Noise Generator, shown in Figure 1, is such a
source. It provides a high level of electrical noise at its output terminals,
and its many possible uses make it an indispensable item in the equip-
ment of the modern electronics laboratory.

Typical applications are room acoustics measurements, loudspeaker
and microphone tests, psychoacoustic tests, filter tests, calibration
checks on recording systems, modulating signal generators and test
oscillators, tests of r-m-s response of meters, observations of resonances

Figure 1. View of the Type 1390-A Random Noise Generator.
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in systems, electrical averaging of reso-
nant responses, comparisons of effective
band width, and crosstalk measure-
ments on multi-channel systems.

Furthermore, many college labora-
tories will find the noise generator help-
ful in familiarizing students with the
characteristics of noise and with the
measurement, problems associated with
noise. In the classroom it can be used for
demonstrating various degrees of corre-
lation, possible errors of random sam-
pling, and other concepts of statistical
theory.

DESCRIPTION

As shown in the elementary schematic
diagram of Figure 2, the Type 1390-A
Random-Noise Generator uses a gas-
discharge tube as the noise source. A
transverse magnetic field is applied to
the tube in order to increase the noise
level at high frequencies and to eliminate
the oscillatory nature of the electrical
discharge usually obtained in a gas tube.’
The noise output from this gas tube is
amplified in a two-stage amplifier. Be-
tween the first and second stages the
noise spectrum is shaped in three differ-
ent ways, depending on the setting of
the range-switch control shown just
below the meter in Figure 1. At the 20-ke
setting, a low-pass filter is inserted,
which has a gradual roll-off above 30 ke,
with the audio range to 20 ke uniform
in spectrum level. The 500-ke¢ setting
puts in a low-pass filter that rolls off
above 500 ke. At the 5-Me setting, a

1J. D. Cobine and J. R. Curry, ‘‘Electrical Noise Gen-
erators,” Proc. I.R.E., pp. 875-879, September, 1947.
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peaking network is used that approxi-
mately compensates for the drop in
noise output from the gas tube at high
frequencies, so that a reasonably good
spectrum is obtained out to 5 Me.

The output level is controlled by a
potentiometer and a two-position switch,
both these controls being located at the
right as shown in Figure 1. The rectifier-
type, average meter, located in the upper
center of the panel, is calibrated to read
the r-m-s value of the noise at the output
terminals.

Easily portable and weighing only 14
pounds, the complete generator is
mounted in an aluminum cabinet with
rounded corners and with rubber feet.
The a-c power input to the instrument
is about 50 watts.

OUTPUT VOLTAGE

The maximum open-circuit output
voltage on any of the three bands is one
volt rms. This corresponds to a relatively
high noise level, since the output imped-
ance at maximum output is only about
800 ohms. To show how high this level
is, it can be expressed in terms of the
resistance noise corresponding to 800
ohms at room temperature. The r-m-s
voltage in a one-cycle band that is due
to thermal agitation in an 800-ohm
resistor at room temperature is about
3.6 x 10 volts. The level from the
Type 1390-A Random Noise Generator
is about six millivolts for a one-cycle
band when there is a total output volt-
age of one volt on the 20-k¢ band. This
level is then about 1,600,000 times the
corresponding voltage for resistance

Elementary schematic circuit diagram of the Type 1390-A Random Noise Generator.
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Figure 3. Oscillograms of three different samples of
the output voltage wave of the noise generator. Only
a single sweep and not a repetitive one was used in
each case. The sweep speed for the middle trace was
about four times that of the upper trace, and the wave
was spread out even further in the lower trace by
using a sweep speed of twenty times that of the
upper frace.

noise, or about 124 db above resistance
noise at the same impedance level.

CHARACTERISTICS
OF THE NOISE OUTPUT

Describing or specifying a noise signal
is more difficult than specifying a sinu-
soidal signal. A picture of the output
waveform such as that given in Figure 3
makes this evident. No regular pattern
appears in this waveform; it is character-
ized by randomness rather than regu-
larity. Because of this randomness, noise
is usually described by statistical means,”
and the noise is characterized by its
distribution of instantaneous amplitudes
and by its frequency spectrum.

A random noise is frequently defined
as one that has a “normal” or “Gauss-
ian” distribution of amplitudes. This
concept can readily be understood by
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illustrating it in terms of the following
simple experiment performed on the
noise generator. The noise generator was
set to the 20-ke¢ band, and a small
capacitor was connected across it. The
capacitor was disconnected, and the
voltage across the capacitor was meas-
ured on an electrometer. This voltage
is the instantaneous amplitude of the
noise voltage at the time of disconnecting
the capacitor. This experiment was re-
peated until 400 readings had been ob-
tained. (For convenience, only voltages
of one polarity were measured.) From
this set of data the chart of Figure 4 has
been prepared. It shows the fraction of
the observations that were in each in-
terval of 0.2 volt. This chart shows that
most of the observations were relatively
low values, but some relatively high
values were observed. These same re-
2§ 0. Rice, *Mathematical Analysis of Random Noise,”

Bell System Technical Journal, Vol. 23, No. 3, July, 1944,
pp. 282-332; Vol. 24, No. 1, January, 1945, pp. 46-156.
L. L. Beranek, Acoustic Measurements, New York, John
Wiley, 1949, pp. 440-515.

J. L. Lawson and G. E. Uhlenbeck, Threshold Signals
(Radiation Laboratory Series, Vol. 24), New York,
McGraw-Hill, 1950, pp. 33-122,

S. Goldman, Frequency Analysis, Modulation and Noise,
New York, McGraw-Hill, 1948, pp. 205-403.

Figure 4. A chart of the results of a voltage sampling

experiment performed on the noise generator. The

continuous curve is a normal probability distribution

curve adjusted according to the r-m-s value of the

noise voltage and the size of the intervals used in
plotting the chart.
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Figure 5. The normal distribution curve of
a truly random noise.

sults are also shown in a qualitative
way in the oscillographic picture of Fig-
ure 3.

The normal (Gaussian or Laplacian)
distribution curve is also shown on the
chart of Figure 4. It has been adjusted
according to the computed r-m-s value
of the data (the standard deviation) and
the size of the interval used in plotting
the data. The experimental data fit the
normal curve very closely. The depar-
tures from the normal curve are almost
entirely a result of having so few obser-
vations. If many more observations had
been made, the result would have been
even closer to the expected values.”

This normal curve is more precisely a
probability density curve, and it is shown
plotted in the usual fashion in Figure 5.
The probability that a voltage between
two limits will be observed is given by
the area under the normal curve be-
tween those two limits. Expressed in
other terms, if the voltage output is ob-
served over long periods of time, the
fraction of the total time that the volt-
age is between the two voltage limits is
given by the corresponding area under

3Nic Knudtzon, “Experimental Study of Statistical
Characteristics of Filtered Random Noise,” Technical
Report No. 115, M.I.T. Research Laboratory of Elec-
tronics, July 15, 1949.
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the probability curve." For example, the
instantaneous voltage magnitude will be
no more than one-tenth of the r-m-s
value for about eight per cent of the
time, and will be greater than three
times the r-m-s value only about 0.26
per cent of the time.

DEPARTURES OF OUTPUT
OF NOISE GENERATORS
FROM TRUE RANDOMNESS

The normal curve of Figure 5 is sym-
metrical about the origin, and the out-
put of the noise generator is also very
closely symmetrical, with no appreciable
d-¢ component being present. Because
of the inherent amplitude limitations of
vacuum tube amplifiers, however, there
is some limiting of the distribution curve
at high levels. The normal distribution
is modified only slightly on the 20-ke
range, while moderate clipping occurs
on the other ranges. These limitations
are of no importance for the majority
of applications.

FREQUENCY SPECTRUM OF NOISE

The meaning attached to the phrase
“the frequency spectrum of a noise’ is
also readily described in terms of an
experiment. If a wave analyzer, such as
the Type 736-A Wave Analyzer, is used
to analyze the output of the noise gen-
erator, a fluctuating meter reading will
be observed at any setting of the ana-
lyzer. If the average value of this reading
is taken over a period of time very long
compared to 0.2 second (the period cor-
responding to the five-cycle effective
band width of the analyzer), this aver-
age value is the level in that five-cycle-
wide band. The level determined in this
way on any of the ranges of the noise
generator is essentially independent of

4R. E. Neinburg and T. F. Rogers, “Amplitude Distribu-
tion Analyzer,” Radio-Electronic Engineering, Vol. 46,
No. 6, December, 1951, pp. 8-10.
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Figure 6. Typical spectrum level characteristics for Type 1390-A Random-Noise Generator.

the frequency setting of the Typre 736-A
Wave Analyzer. Thus the spectrum in
this region is uniform. The relative spec-
trum of the noise can be determined by
using suitable analyzers to cover the full
range of the principal energy regions of
the noise. A typical result of such an
analysis is shown in Figure 6 for the
three bands of the Tyre 1390-A Random
Noise Generator. When the spectrum is
uniform over a broad band, as shown
there, it is frequently called ‘“white
noise.” The “whiteness” always applies
to a definite band only. For example, if
the noise spectrum is uniform from
100 ke to 500 ke, the noise is referred
to as white in that band.

It is customary to adjust the measured
value of analyzed noise to that corre-
sponding to an ideal filter of one-cycle
band width. Since noise voltage increases
as the square root of the band width, the
value determined on the Type 736-A
Wave Analyzer is then divided by

J

to obtain what is called here ‘“‘spectral
voltage density.” This value can be
defined as the r-m-s voltage correspond-
ing to the energy contained within a
band one cycle per second wide.

5 eycles
1 cycle
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ANALYSIS OF NOISE
BY CONSTANT-PERCENTAGE
ANALYZERS

If the output of the Typr 1390-A
Random Noise Generator is analyzed by
a Type 760-B Sound Analyzer, the re-
sults will be similar to that shown in
Figure 7. Here the indicated level in-
creases 10 decibels for each decade in-
crease in frequency. This result is to be
expected from the fact that this analyzer
has a band width that is essentially a
constant percentage of the center fre-
quency. For example, at 5 ke the effec-
tive band width for noise is about 160 ¢,
and at 500 ¢ is about 16 c.

ANALYZER LIMITATIONS

Some analyzers cannot handle a noise
signal satisfactorily because of the dy-
namic range required. As an illustration
of the difficulty one can encounter, the
results of an analysis of the output of
the noise generator by one of our earlier
Type 760-A Sound Analyzers is shown

Figure 7. The results of an analysis of the output

voltage of the noise generator by a Type 760-B

Sound Analyzer. The straight line is drawn at a slope
of 10 db per decade of frequency.
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Figure 8. The results of an analysis of the output

voltage of the noise generator by the earlier Type

760-A Sound Analyzer. The straight line is drawn at a

slope of 10 db per decade of frequency and the

departure of the observed points from this slope are a

result of the inadequate dynamic range for noise
signals of this earlier instrument.

in Figure 8. This analyzer was designed
for periodic signal inputs, and it has
ample dynamic range for that applica-
tion. When an attempt is made to ana-
lyze noise, however, incorrect readings
are obtained as shown. The dynamic
range of the instrument is affected by
the setting of the tuning control so that
the levels within any one band do not
follow the 10-db-per-decade slope. Fur-
thermore, at the ends of two adjacent
bands at the same frequency setting the
available dynamic range is markedly
different, and a discontinuity is obtained,
while a check with periodic signals shows
no such discontinuity. The extent of this
discontinuity will vary from instrument
to instrument and will depend on the
condition of batteries and tubes. In any
:ase the noise generator provides a good
source for checking on this effect of
dynamic range. As shown in Figure 7,
our newer model of this analyzer, the
Type 760-B Sound Analyzer, has ade-
quate dynamic range for the noise signal.

APPLICATIONS
Some applications of a noise generator
depend on its amplitude distribution
characteristics, which are shown in Fig-
ures 4 and 5. For example, the amplitude
distribution is similar to that of speech,
music, and many other sounds or elec-

trical disturbances that oceur naturally,”
while the amplitude distribution of a
sine wave is entirely different. These
similarities and differences can be seen
by comparing the distributions of Figure
9. Because of this characteristic, random
noise is an important signal for psycho-
acoustic tests.

Other applications depend on the
various possible frequency spectra of
noise. The frequency spectrum is inde-
pendent of the amplitude distribution
in the sense that a normal distribution
of amplitudes is possible with any fre-
quency spectrum, flat, broad, narrow,
sloping, or peaked. Systems that affect
one characteristic, however, may also
affect the other. For example, non-
linear clipping affects both the amplitude
distribution and the frequency spec-
trum. Linear filter networks used on
purely random noise do not affect the
randomness but alter the frequency
characteristic and correspondingly the
time scale. Linear filter networks used
after clipped noise alter the frequency
spectrum and also tend to make the
noise more nearly random.

Interference Tests

Since noise is a common form of inter-
fering or disturbing signal or signal that
limits the threshold of detectability, the
noise generator can be used to check
receivers, communication systems, and
detection systems for their susceptibility
to interference. It can also be used as a
training aid for operators who must
communicate through interference. For
these applications relatively low levels
of noise are sometimes required, and

5H. K. Dunn and S. D. White, ‘‘Statistical Measurements
on Conversational Speech,” Jowrnal of the Acoustical
Society of America, Vol. 11, No. 3, January, 1940, pp.
278-288.

W. B. Davenport, Jr., ‘‘A Study of Sneech Probability
Distributions,” Massachusetts Institute of Technology,
Research Laboratory of Electronics, Technical Report
No. 148, August 25, 1950.

File Courtesy of GRWiki.org



these can be obtained by using a TyprE
700-P1 Voltage Divider or other suitable
attenuator as an accessory.

Frequency Response Measurement

For measuring the response of circuits
and systems, the noise generator can be
used in place of the usual sine-wave
oscillator. In this application the selec-
tive characteristics of generator and de-
tector are reversed from those ordinarily
used in point-by-point measurements;
the wide-band noise source and a selec-
tive detector replace thesingle-frequency
source and wide-band detector. For
speech and music cireuits, this tech-
nique provides a much closer approxi-
mation to operating conditions than
does the older system. This approach is
particularly useful in testing recording
systems.’ The usual sweeping sinusoidal
tests are sometimes inconvenient be-
cause of the problem of determining the
recorded frequency when playing back.
The use of a recorded noise signal that is
analyzed on playback eliminates this
problem.

63, S. Stevens, J. P. Egan, and G. A. Miller, ‘‘Methods of
Measuring Speech Spectra,” Journal of the Acoustical
Society of America, Vol. 19, No. 5, September, 1947,
pp. 771-780.
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Because of its broad frequency spec-
trum, noise is frequently used to avoid
the marked resonance effects that can
oceur when measuring vibrations in
mechanical structures and acoustical
systems. Its use as a source in measuring
the reverberation characteristics of
rooms and the transmission characteris-
tics of building structures results in a
type of electrical averaging of the char-
acteristic, provided a reasonably broad
noise band is used. This averaging fre-
quently simplifies the comparison of the
characteristics of different structures.
The noise generator is useful for taking
response measurements on loudspeaker
systems in rooms.” The electrically aver-
aged response can be taken so as to
determine the optimum characteristic
for equalizing networks. It can be used
for setting the relative levels of woofer
and tweeter units or for adjusting levels
of multiple speaker units mounted in
different locations in large halls.

Resonance Tests

Because of the broad frequency spec-
trum of noise, its use can sometimes

7Leo L. Beranek, op. cit., pp. 665-668 and 697-702.

Figure 9. The amplitude distribution curves obtained on various representative sounds are shown in the left-hand

set of curves. The curves labeled "speech” are particular cases of the sounds produced in reading printed

matter,® and the curve labeled "music” is an analysis of an orchestral selection made in a large theater.® The

right-hand set of curves shows for comparison the distribution curves of a single sinusoidal wave and a random
noise.
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simplify the search for resonant condi-
tions in a system.” The resonance pro-
duces a peak in the frequency spectrum,
which can be observed in oscillographic
displays.

Other Uses

Noise generators have been used for
some interesting statistical demonstra-
tions. The equipment and methods for
demonstrating various degrees of cor-
relation and possible errors of random
sampling have been deseribed by Lick-
lider and Dzendolet.’

Further interesting applications of
noise sources are deseribed in the refer-
ences cited at the end of this article as
well as in many issues of the Journal of

8Emory Cook, ‘“White-Noise Testing Methods,” Awudio
Engineering, Vol. 34, No. 3, March, 1950, pp. 13-15.

the Acoustical Society of America (for
which there are two comprehensive in-
dices available).

CONCLUSION

The wide frequency range and high
level output of the Type 1390-A Ran-
dom Noise Generator make it useful
for a wide variety of applications from
the audio-frequency into the radio-
frequency and video-frequency ranges.
The features of compactness and rela-
tively low price also make it particularly
attractive to the small laboratory, and
its availability should lead to an expan-
sion in applications for a noise source.

— Arxowrp P. G. PETERSON
m{. Licklider and E. Dzendolet, “‘Oscillographic
Scatternlots Illustrating Various Degrees of Correla-

tion,” Secience, January 30, 1948, Vol. 107, No. 2770,
pp. 121-124,
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SPECIFICATIONS

Frequency Ranges: Three bands of noise as se-
lected by a switch are provided:

(a) 20 ke: The spectrum level is uniform from
30 ¢ to 20 ke within =1 db.

(b) 500 kc: The spectrum level is uniform
from 30 ¢ to 500 ke within 3 db.

(¢) 5 Me: The spectrum level is uniform
from 30 ¢ to 500 ke within 43 db and from
500 ke to 5 Me within about 48 db.

Output Voltage: The maximum open-circuit out-
put voltage on any of the three bands is about
1 volt rms.

The average spectrum level with 1 volt out-
put is approximately as follows:

(a) 20-ke¢ band: 6 millivolts for one-cycle
band.

(b) 500-ke band: 1 millivolt for one-cycle
band.
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