
AN OCTAVE-BAND ANALYZER 
FOR NOISE MEASUREMENTS 

e MODERN INVESTIGATIONS in the field of noise m asure1nents 
have ·hown the n d for fr quency analy,e of the noise . pe ·tra. 
Problems that require calculation of the loudness or the pee�h intcr

fcrcn ·e of noi c, the determination of the effect of manufa ·turing Yaria

Lions on produet noi e, the u ·e of noi e mca ·urement to deteet faulty 

operation in machinery, or the identification of sources of noi ·e to aid in 
quieting can best be solved byusinganalyzerswith the sound-level meter. 

Q,·er-all sound levels alone ar an inadequate indication of the effect 
uf complex noise on the hearing mechanism and on the ability of people 

Lo con verse. Most sounds of a complex type im.pre s the listener a,s 

interfering "·ith hi peech and hearing only wh n th jntensity of the 
noise is high in the frequency range between about 500 and 5000 cydes 

per second. Similarly, studies of aviators' and boilermakers' d afness 
reveal that ::;ounds in th·t fr quency range eau ·c Lhe iuo::;L damage. 

Figure 1. View of the Type 1550-A Octave-Band Noise Analyzer 
with cover removed to show panel. 

www.americanradiohistory.com

www.americanradiohistory.com


GENERAL RADIO EXPERIMENTER 

In building , on the oth r hand, noises 

whi h have tra v led through parti ion 
r in large part horn of h ir higher

fr quency component . h ann ying 

effect of these ound mu t frequently e 

judged b th inten it in the frequ ncy 

range below 1000 ycle p r second. 

The acou ti al engineer require more 
inf orma ti on than imply the over-all 

noise level if he is to select acoustical 

materials, or if he is to de ign acoustical 

muffler for reducing the noise of ma
chinery and ventilating systems. He also 

needs to know the spectra of noises in 

vehicl s if he is to isolate one type of 

noi e fr m another, ay, o isolate wind 
noi e from engine noise. 

The xampl s ju t cited show the 

nece si y for knowing he di tribution of 

in ensi ies of a complex nois a a fun -

ion of frequency. For some years, the 
General Radio ompany has supplied 
the TYPE 760-B ound A nalyzer fo 

determining in detail the spectrum of a 

complex noi e. Ha ing an effective band 
width of slightly more than three per 
cent, that instrument, continuou ly ad

justable in frequency, effectively di

vides the frequency pectrum between 

25 and 7500 cps into 1 0 separate bands, 

in each of which the intensity of the 
noise may be determined. Analysis in 
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uch detail as provid d by the 7 -B 
ound Anal z r i often necessary when 

resonances in a d vice ar b ing ought, 

or when the in ten i ti s of the ev ral 

harmonic components of a sound with a 
low-frequ ncy fundamental are desir d. 

For many application , how v r, much 

1 s detail is d ired than is given by an 
instrument wi h th equivalent of 1 0 
bands. 

In response to the demand for an 

analyzer with fewer bands, the General 

adio TYPE 1550-A Octave-Band Noise 
nalyzer as been developed. It divide 

the frequency range from 20 to 10,000 

cps into eight bands so that the analysi 
· 

relatively simple. Yet it is sufficient in 
he great maj rity of cases to provide the 

information needed to solve the prob-

1 m m ntioned above. 

This new portabl instrument, pic-
ured in Figure 1, combines versa ilit 

with superior filter characteristic . In 
addition to the filter t, as shown in he 

simplified s hematic of Figure 2, it con

sists of an amplifier, an indicating meter, 
and a portable battery supply. The om

plete assembly, including batteri , 

weighs only 27 pounds. This de ign 

makes it possible for the user to con

nect the instrument, without concern 

over the av ilability of 60-cycle power, 

AMPLIFIER 

to the output of a sound

level meter, a magnetic
ta pe recorder, or any other 

source of audio-frequency 

0 6CXJ-1200 0 

INPUT signal. Furthermore, for 
l>--';1�---� conomy in laboratory or 

ATTENUATOR 

20c-10kc I o '200-2400 o 1 
4800-10 kC 0 I 02400-4800 ° I 0 

I I 
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i_ __________ _J 

+ + 

louTAA plant use, the cabinet has 
-==-

b en m.ade large enough so 

that the bat ery can be re
placed by a TTPE 1261-A 
A- Power upply. 

Figure 2. Elementary schematic 
circuit diagram of the analyzer. 
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FILTER DESIGN 
AND CHARACTERIS TICS 

The filter assembly itself is small and 
light in weight, with excellent selec ivity 
characteristics. This combination is a 
result of taking advantage of design by 
modern filter theory. Good selectivi y 
is not diffi ult to obtain by ordinary 
filter design, bu the re ulting filter is 
heavy, larg , and expen ive, becaus th 
indu tor must have low los es. To avoid 
thi excessive weigh , the filter in the 
o tave-band analyzer has been designed 
on an insertion-las basis, rather than by 
the characteristic-impedance method. 

complete analysis of the e:ff cts of 
the loss in all the induc or element 
showed that the desired filter could b 
obtained Virith all induc or having a Q 
(reac ance-to-re istance ratio) 1 than 
8, with a moderate in er i n-lo in the 
pa band. This lo> Q made i po ible 
to use mall "postage- tamp" indu tor , 
tapped f r mor han one range, vvith
out spoiling the filt r characteri tic b -
cau of high losses. Typical filter char
acteri tics are shown in Figure 3. 

Th filter e ha pa band with he 
follmving nominal cut-off frequen ies: 

20 c - 75 c (low pass) 
75 c - 150 c 

150 c - 300 c 
300 c - 600 c 

600 c - 1200 c 

1200 c - 2400 c 

SEPTEMBER, 1951 

The ix middle bands are an octave 
in width, and the other two are a 
low-pass and a high-pass filter. Th 
eight bands has been found particularly 
useful for noi e analysi , and they are 

tandard in many application . 
straight- hrough or o r-all connection 
i provided in addition to th ight 
fil er band . 

he band-pa ec ion hav an ini -ial 
rat of attenuation beyond cut-off of 
about 50 d ibel per oc ave of fre
quency. Thi high initial rate i im
portant when the measur-d noises have 
energy levels that change rapidly as a 
function of frequency. When such a 
noise ha appreciable energy extending 
over a wide-frequency range, the hirrh 
level of over 50-decibels attenuation at
tained in hi filter set at frequen i w ll 
beyond cu -off i al o importan . i th
out the e feature the analysi of many 
noi es encountered in prac i would be 
seriou ly in error. 

The filter is i olated b a re istan e 
pad. This pad make the filter char
ac eristics e sentially independent of 
the source u d to upply ., the ana
lyz r, pro ided th ource impedance 
is constant over the audio-frequency 
range, or small compar d to the 
20,000-ohm input impedance of th 
analyzer. 

2400 c - 4 00 c TYPICAL RESPONSE. CHAR.ocTERISTIC OF GENERAL RAOIO TYPE l550·A OCTNE BA1'0 ANALYl.ER 
4800 - 10,000 c (high pas ) 
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Figure 3. Typical response char
acteristic of the Type 1550-A 

Octave-Band Noise Analyzer. 
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MEASURING 

AND OUTPUT SY STEM 

The attenuator, amplifier, and indi-
- eating meter permit one to measure 

octave-band levels over a range of about 

60 de ibel . The attenuator is calibrated 
in 10-db tep · fr m 0 to 50 db, and the 
indicating meter provides a range from 
-6 to +lOdb. The amplifier compensates 
for the pass-band insertion loss of the 

filters and provides more than 50-db 

additional gain to obtain a meter read

ing for the 50-db range. A level control 
is provided to set the gain of the ampli
fier to the desired value. 

In order to use the full range of analy
sis provided, an input level of about one 
volt is required across the 20,000-ohm 
input impedance of the analyzer. This 

level is readi ly supplied by the TYPE 
1551-A1 and TYPE 759-B Sound-Level 
Meters. Levels below one volt can b 

us d with a correspondingly reduced 
range of analysis. Higher voltages can 
also be us d, but above 10 volts the 

char ct ri ti of the low-frequency 
filter chang s with signal level and the 
amplifier may be overloaded . 

Any amplifier or sound-I vel meter 

that is used to supply the input to the 
analyzer should b operated s that it 
introduc s very little distortion, noise, 
or hum in o the amplified signal. Any of 
these added effects will lead to incorrect 

results in analysis. The xtent of th 

4 

error 'iv.ill depend on the relative level of 
these added components . For example, 

a hum level 60 to 70 db below the total 
signal level is very satisfactory . Some 
sound-level meters have an inherently 
poor signal-to-noise ratio over much of 
the range, while others introduce appr -
ciable distortion . The TYPE 1551-A

1 and 
TYPE 759-B Sound-I vel Meters are 

inherently superior in these respect , 

and are recommended for supplying the 
signal for analysis. 

For the analysis of high-level sounds , 

the analyzer can frequently be con

nected directly to the output of a micro
phone system. The TYPE 759-P25 Dy
namic Microphone3 Assembly is a suit
able type of microphone for the range 
from 70 to 140 db, and an Altec-La.nsing 
Type M 11 Microphone System is an

other type suitable at levels from 60 to 
135 db. A crystal microphone is not 
sati factory for connection dire tly to 
the analyzer because its capacitance 
source impedanc will lead o a respon e 

that increases with fr qu ncy over most 
of the audio range. For a particular 

microphone of known sensitivity , one 

can compute the level at whi l an 
analy i can be made, thus determining 
whether or not the simple combination 
of a microphon system and analyzer 

will be satisf ac ory for a given applica
tion . When he TYPE 759-P25 Dynamic 
Microphone ssembly is used, the ab o
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tTo be described in a forthcoming 
i8sue of Experimenter. 
2• 'A Dynamic Microphone for the 
Sound-Level Meter," Experimenter, 
, pril, 1951. 
3E. E. Gross, "An Aooustio Cali
brator for the Sound-Level Meter," 
Experimenter, December, 1949. 

Figure 4. Octave-Band fre
quency analysis of noise pro
duced by machines in a factory. 
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A separate, low-distortion monitoring 
output is provided for supplying a signal 
to a recorder or for listening to the 
filtered signal. It can also be used to 
supply a signal to a narrow-band ana
lyzer, such as the General Radio TYPE 
760-B Sound Analyzer, when more com
plete analysis within one band is de
sired, and when the selectivity provided 
by the octave-band noise analyzer is 
necessary to reduce strong in erfering 

components to a low value. 

EXAMPLES OF USE 

Some problems that require analysis 
have been mentioned briefly in the in
troduction. For example, a value of 
loudness can be calculated from the 
results of an octave-band analysis.4 This 
value will agree, in general, with subjec
tive estimates much better than a value 
calculated from the reading of a sound
level meter. 

Some further typical e ampl s of the 
many possible uses of this instrument 
are given below. 

ANALYSIS OF MACHINERY 

N OISE AND EAR PR OTECTI ON 

The General Radio TYPE 1550-A 

Octave-Band Noise Analyzer is particu
larly useful in measuring the noise 
spectra of many types of industrial 
machinery. Examples of noise spectra 
measured in a large factory are shown in 
•Leo L. Beranek, "Acoustic Measure
ments," New York, John Wiley & 
Sons, Inc., 1949, pp. 524-526, and 
Leo L. Beranek, J. L. Marshall, A. L. 
Cudworth, and A. P. G. Peterson, 
"Calculation and Measurement of the 
Loudness of Sounds,'' Journal Acous
tical Society of America, Vol. 23, N. 
3, May, 1951, pp. 261-269. 

Figure 5. Results of analysis of 
vehicle noise made with an oc
tave-band analyzer at a dis
tance of 20 feet from the 

vehicles. 
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Figure 4. From these data the manage
ment concluded that ear protection was 
required for operators of the air drying 
equipment and metal saws; that ear 
protection was desirable for operators 
of routers; and that ear protection was 
not required for operators of paint spray 
guns. 

A comprehensive study of the deafen
ing effects of noise has recently been 
made by Kryter.5 His study has lead to 
tentative limits on levels that confirm 
the conclusions above. 

A NALYSIS OF VEHI CLE N OISE 

Cities are showing an increased in
terest in the noise made by vehicles such 
as elevated trains, electric and steam 
trains, buses, automobiles, and motor
cycles. Recent studies of noise in 

hicago have used the octave-band 
method of analyzing vehicle noise.• 
Typical results of their measurements 
are shown in Figure 5. The da a for this 
figure were measured at a di tance of 20 
f et from the vehicles. 

ANALYSIS OF OFFICE N OISE 

Forward-looking corporations ar be
coming increasingly aware of the advan
tages of sa -isf actorily low noise en-
SKarl D. :Kryter, "The Effects of oise on Man," Journal 
of Speech and Hearing Disorders, M nograph Supple
ment 1, eptember, 1950. 

GG. L. Bonvallet, ''Levels and Spectra of Transportation 
Vehicle oise, " Journal Acoustical ociety of America, 
Vol. 22, N. 2, ?.farch, 1951, pp. 201-205. 

40 
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vironments for their employees. With 

charts made available recently, it i 
possible to measure the noi 1 v 1 in 

offices using he General Radi T PE 
1550-A Octave-Band Noise Analyzer 

and to rate the office noise on an appro

priate rating scale. 
7 

The proc dure is to 

take a simple average of the noi 1 vels 

in the 600-1200, 1200-2400, and 2400-

4800-cp band . Thi quantity is called 

the speech-interference level. Transforma

tion from the speech-interf rence level 

to a rating of the noise condition in the 
office i possible with the aid of Figure 6. 

A NALYSIS OF AIRCRAF T N OISE 

The increased use of airplanes for 

long-distance travel b the general 

public has made the problem of noi e in 

airplanes particularly important. Army-
avy specification today require that 

airc aft noise be mea ur d with an 

in trument posse ing octav filter band 

having the am cutoff frequenci a 

the General a io TYPE 1-50-A Oc ave

Band oise Anal zer. In airplan (and 

al o in ffices), the peech-interfer nee 

lev 1 i a reasonable measure of the 

7Leo L. Bex·anek and R. B. Newman, "Speech-Interfer
ence Level as Criteria for Rating Background Noise in 
Offices," pre ented at June 22, 1950, l'vl ting of cous
tical ociety of America, State College, Pa. 

6 

noisiness of the variou compartments. 
8 

The relation hip betwe n the ability of 

pass ngers to conv r e at arious voi e 

1 vels and di tan es a a function of 
peech-int rf r nee lev 1 is shown in 

Table I. 
TABLE I 

MAXIMUM VALUES OF PEECH-I -
TERF RE CE LEVEL 0 ·SE F R 
WHICH ENTIR Y RELIABLE PEECH 
INTELLIGIBILITY WILL BE OBTAINED 
FOR AVERAGE VOICES AND HEARING. 

Voice Level 
Distance Very 

ft. Normal Raised Loud houting 

0.5 71 77 83 9 
1 65 71 77 83 
2 59 5 7 77 
3 55 61 67 73 
4 53 59 65 71 
5 51 57 63 69 
6 49 55 61 67 

1 2  3 49 55 61 

D E TERMINATI ON OF 

AC OUSTICAL CHARACT ERIS TICS 

OF STRUCTURES 

The ound-transmi sion loss of build

ing wall , partitions, and floor is det r

minable in the field at igh point along 

the frequency scale' ith the o ta e-band 

analyzer, a sound-level met r, and a 

ource of sound whi h produces either a 

random noi , an xplo ive ound, or a 

warbl tone. 

TELEPHONE USE SA.TIS ACTORY 
TELEPHONE TELEPHONE USE 

8Leo L. Beranek and H. Wayne Rud
nose, "Sound Control in Airplanes," 
Journal Acoustical ociety of America, 
Vol. 19, N. 2, March, 1947, pp. 357-
364, and L. L. Beranek, "Airplan 
Quietin� II- pe<.;�fication of Accept
able Noise Levels, Trans. A . . M . E., 
Vol. 69, February, 1947, pp. 97-100. 

INTOLERABLY 
LOUD 

VERY NOISY -

NOCSY 

MODERATELY 
NOTSY 

QUU:T 

VERY 
QUIET 

20 30 40 

USE DIFFICULT UNSATISFACTORY 

CRITERION POINTS DESIGNATE DE
SIRABLE UPPER LIMITS OF NOISE 
FOR INTELLIGIBLE DISCUSSION 

-�+----+ (A) NORMAL VOICE AT 9 FEET 
(B) SLIGHTLY RAISED VOICE AT 3 FEET 

50 60 70 80 90 

AVERAGE OF SOUND LEVELS IN BANDS 600-1200, 1200-2400,2400-4800 

Decibels re 0.0002 µ.bar 

100 

Figure 6. Rating chart for office 
noises. Data were d etermined by 
an octave-band analysis and corre
lated with subjective tests. (Cour
tesy Beranek and Newman.) 
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OT HER USES 

These examples serve to show the 
variety of appli ations that can be 
handled in the field of noise analysis. The 
TYPE 1550-A Octav -Band oise Ana
lyzer, however, is not re tricted to that 
field. It has been found useful as a selec
tive bridge detector, particularly when 
used with headphones in the monitoring 

SEPTEMBER, 1951 

ou put. It can be used as a filter t for 
purp ses other than analysi , for x

ample, sound effects and speech stud:ie . 
To in rea e further the general u eful
ness of the in trument, phone jacks are 
provid d o that the amplifi r or the 
filter an be used alone for various type 
of laboratory measurements. 

- A. P. . PETERSON 

SPECIFICATI ONS 

Range: 20 cycles to 10,000 cycles in 8 bands: 
20 c to 75 c (low pass) 600 c to 1200 c 
75 c to 150 c 1200 c to 2400 c 

150 c to 300 c 2400 c to 4800 c 
300 c to 600 c 4800 c to 10,000 c 

(high pass) 
In addition, a band with a flat characteristic 

from 20 c to 10 kc is available at two switch 
positions for convenience in calibration against 
the sound-level meter. 

Input level: Between 1 and 10 volts for nor
mal range. Levels below one volt reduce the 
range of reading; those higher than 10 volts 
overload the filters. 

Input Impedance: 20,000 ohms. Input is iso
lated by a resistance pad, so that performance 
is independent of source if source impedance is 
constant over audio range or is small compared 
to 20,000 ohms. 

Source: Sound-level meter supplying analyzer 
input must have low hum, low internal noise, 
and low distortion. The TYPE 1551-A or the 
the TYPE 759-B Sound-Level Meter is rec
ommended. 

Direct Use with Microphone: TYPE 759-P25 
Dynamic Microphone is recommended if the 
band levels exceed 70 db. 

Type 

Level Indication: Meter calibrated in decibels 
from -6 to +10 db; attenuator covers 50 db 
in 10 db steps. Level is sum of meter and atten
uator readings. 
Attenuation: Except for the lowest and high
est bands, at least 30-db attenuation i ob
tained at one-half the lower nominal cutoff 
frequen y and twice the upper nominal cutoff 
frequency; at least 50-db attenuation is ob
tained at one-fourth the lower nominal cutoff 
frequency and at four times the upper nominal 
cutoff frequency. The 75-cycle low-pass filter 
has at least 30-db attenuation at 200 c and 50 
db at 400 cycles. The 4800-cycle high-pass filter 
ha at lea t 30-db attenuation at 2400 cycles 
and 50 db at 1200 cycles. 

Tubes: Three 1 4 and one 1 T4, all furnish d. 
Power Supply: at ery, Bw·gess 6T A60. Bat
tery is included in price. For a-c operation, 

YPE 1261-A Power Supply fits battery com
partmen . 
Accessories Supplied: hield d cable and plug 
assembly f r connecting analyzer to sound
level meter. 
Dimensions: (Width) 11 % x (height) 12 Yi 6 X 
(depth) 9 inches, overall. 
Net Weight: 27 pounds including battery. 

Code Word Price 
1 550-A 

1 261-A 

Octave-Band Noise Analyzer . . . . . . . . . . . • . . . . .  · 1 
Replacement Battery for above ................ . 

A-C Power Supply . . . • . . . . . • . . . . . . . . . . . . . . . . .  

ABEAM 
ABEAMADBAT 

UTTY 

$535.00 
5.79 

120.00 

SERVICE DEPARTMENT NOTES 

Our Service Depar m nt is now in a 
position to supply inf orma ion on the 
modification of the following instru
ments to accommodate newer and more 
satisfactory vacuum tub s. More com-

plete detail will b forwarded upon 
r quest. 

T YPE 1861-A MEG OHMMETER -

urrently available 85 tube do not oper-
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ate satisfactorily because of high grid 

urrent. The 6A U6 tube can be substi
tuted, but other changes are necessary. 

T Y PE 561-D VACUUM-T UBE 

BRIDGE-This bridge can be adapted 

to making measurements on noval 
tubes. Also, more complete shielding can 
be installed to eliminate spurious oscil
lation when tubes of high transconduc
tance are being measured. 

8 

T YPE 805-C STANDARD SIGNAL 

GENERAT OR - tability of the out

put meter can b improved by replacing 
the 955 tube with a 6AU6 and making 
certain wiring changes. 

When writing always mention the 
type and serial numbers of the instru
ments for which information is re
quested. 

MISCELLANY 
NEW PLANT U NIT I N  C O NC ORD

Construction has been started by the 
General Radio Company on a new plant 
unit in the town of Concord, Massa
chusetts, to provide the additional 

manufacturing facilities necessitated by 
the nation's defense and rearmament 
program. The new plant will be a 
modern three-story brick-faced struc
ture of 72,000 square feet and will pro
vide facilities for about two hundred 
employees. 

The executive offices and main manu
facturing plant will continue to be at 
275 Massachusetts Avenue, Cambridge. 

Present space at the Cambridge plant is 
about 145,000 square feet, with ap
proximately 500 employees. 

CR ED ITS - The TYPE 1550-A Octave

Band Noise Analyzer was developed by 
Dr. Arnold P. G. Peterson, author of 
the article appearing in this issue. 
Credit is also due to Dr. Leo L. Ber
anek, of M.I. T., consultant in the d -
velopment, to Mr. Corwin Crosby for 
the mechanical design, and to Mr. 
Robert J. Ruplenas, who performed 
much of the experimental work on the 

circuit development. 

T THE General Radio EXPERIMENTER is mailed without charge each 

month to engineers, scientists, technicians, and others interested 

in communication-frequency rneasurernent and control problerns. 

When sending requests for subscriptions and address-change notices, 
please supply the following infonnation: na-rne, company address, type 

of business co-rnpany is engaged in, and title or position of individual. 

GENERAL RADIO COMPANY 
275 MASSACHUSETTS AVENUE 

CAMBRIDGE 39 MASSACHUSETTS 

TELEP H 0 NE : TR owbridge 6 • 4 4 0 0 

BRANCH ENGINEERING OFFICES 
NEW YORK 6, NEW YORK 

90 WEST STREET 

TEL.-WOrlh 2-5837 

LOS ANGELES 38, CALIFORNIA 

1000 NORTH SEWARO STREET 

TEL-HOiiywood 9-6201 

CHICAGO 5, ILLINOIS 

920 SOUTH MICHIGAN AVENUE 
TEL.-WAbash 2·3820 
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