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FEDERAL COMMUNICATIONS COMMISSION 
CLEAR CHANNEL HEARING 

DOCKET #6741 

87721 

January 14, 1946 

REPORT AND RECOMMENDATIONS OF COMMITTEE #1 
AS TO 

"WHAT CONSTITUTES A SATISFACTORY SIGNAL Il 

PART I 

In tho Standard Broadcast band, tho principal sources of inter~ 
feronce are: interference from other broadca~t: stations; atmospheric 
noiso or "static"; noise generated by various forms of olectrico.l 
appo.ro.tus such as o.utomobile ignition, motors, generators, povler linE 
insulo.tion, neon signs, etc., and referred to herein 0.8 man-made ' 
nOise; o.nd spurious emissions by non-communication types of radio 
frequency generators, such as diathermy and industrial heo.ting de
vices. The intensities of the interference genero.ted by the lo.tter 
clo.ss of apparo.tus are frequently much higher than the intensities 
of atmospheric or man-mo.de noise and in many cases o.re so high'that 
it. becomes impractical to provide signo.l levels sufficient to over
ride them. Specific frequency assignments outside the standard 
broo.dcast bo.nd have therefore been provid~d for the operation of 
certain types of this class of o.pparatus, and it is understood that 
standards for the remainder which do not operate on the assigned 
frequencies q.re being considered to reduce their emissions to levels 
compQrab~le to the prevo.i ling levels of 0. tmospheric and mo.n-made 
noise. The determino.tion of who.t constitutes a satisfactory signal 
in the absence of station interference therefore resolves itself 
into the evaluo.tion or -

(A) 

(B) 
(C) 

Atmospheric noise levels to be expected throughout the 
United States. 
Levels of man-made noise in t'Ovms and cities. 
The determino.tion of satisfactory signal to noise 
ratios for a broo.dcast service., 

Committee 1 has undertQken to o.ssemble and analyze the available. in: 
formation on the above three phases of the work and to make measure~ 
ments to evolve additional information where necessary. The work hl:lS 
not been completed on all matters under investigation, and in the 
fOllowing detailed breakdown the status of the separate investiga
tions is indicated., Findings and recommendations have been made in 
those instances where the work has progressed to the point 'II'lhere the 
Committee feels that the available data warrant making them and where 
they VIill not be altered by investigations 'which are still under way •. 
TheCommi ttee feels that it is highly desirable and recommends that 
the Committee continue to function in its present form and that the 
several current investigations be carried to completion. 
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(A) Atmospheric Noise 

1. Effective bandwidth of receivers. The available 
data indic~te that 50% of the broadcast receivers 
in the hands of the public have an effective band
width of 4 kc or less. These data are not recent 
bu t the trend has been toward narrower bandwid ths. 
In view of this and of the fact that the wider band 
receivers are generally equipped vrith tone controls 
which can be used to redu ce the nuisance value of 
the nOise, the Committee recom~ends that an effec
tive bandwidth of 4 kc be adopted as standard for 
the purpose of calculating the atmospheric noise 
accepted by a broadcast receiver and for the pur
pose of making listener reaction tests for the de
termination of satisfactory signal to noise ratios. 

, 
2. Day noise. The Committee recommends (a) that the 

det~rmination of day noise levels be based upon 
all day hours between sunrise and sunset, (b) that 
nOise data be presented in the fo~ of noise contour 
maps of the United states for frequencies of 530 kc 
and 1600 kc, (c) that noi se leve Is for frequenci es 
lying between 530 kc and 1600 kc be determined by 
linear interpolation between the two reference fre
quencies ~ 

Annual contour maps of the recommend ed form shovdng 
atmospheric noise levels below whi ch the noise vlill 
lie for 90% of the daylight hours during the year 
are presented in Figures 12 and 13 of the attached 
report. The decision of theCornn;tittee as to whether 
the 90% annual maps will be recommended for adoption 
as standard indices of noise levels is awaiting the 
preparation of similar contour maps for the nOisest, 
month and for the quie~est month of the year. These 
are be ing prepared and should be completed by Febru
ary 15. 

3. Night nOise, The COlll.mittee recommends (a) that 'the 
determinatiol). of night noise levels be bi;lsed :upon 
the second hour after sunset, (b) that noise data 
be presented in the form of noise contour maps of 
the Unit ed stat e s for frequencie s of 530 kc and' 1600 k c, 
(c) that noise levels for frequeno,ies lying between 
530 kc and 1600 kc be 4etermined by linear interpola
tion betvreen the two reference frequenci'es. 

\ 

Annual contour maps of the recommended form showing 
atmospheric noise levels below vrhich the noise vrill 
lie for 90% of the time during the second hour after 
sunset throughout the year are presented in Figure 13 
and 14 of the attached report. 
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As in the case of day nOise, the Committee1s 
recommendation on the use of these maps is 
awaiting the preparation of contour maps for 
the noisiest and quietest months, to be available 
on or before February 15. 

l~ Man-made nOise measuring equipment and methods. 
Standard specifications for a meter and for methods 
of measurement of man-made noi se ba ve ,been developed 
by the JOint Coordination Committee of the Edison 
Electrical Institute, the National Electrical Man
ufacturers Association and the Radio Manufacturers 
Association. ConImittee 1 recommends that these 
specifications be accepted as the most reliable 
measure of man-made no.ise presently av'ailable. The 
J .. C.C. is now functioning as a standards committee 
of the American Standards Association with represen-: 
tation from other interested branches of Industry 
and from various Government Agencies, including the 
F.C.C. From time to time certain modifications in 
the above specifications are recommended; however, 
this is a long term, continuing activity which has 
no immediate ef'fect, and changes can be adopted as 
they appear. 

2. Man-made noise surveys e Mobile measurements of man
made noise along the streets of cities and towns of 
various populations were made with J .C.C. meters 
modified to operate continuous tape recorders. This 
type of survey and the necessary modification of the 
meters were not agreed to by all members of Commi tteel, 
some of whom felt that for accurate results the measure,.. 
ments should be made within homes arid vlithout modifica
tion.- Some tests were made which satisfied the majority 
of the Commit tee that the impairment of accuracy was 
not serious, and in the interests of obtaining as 
much noise data as possible in the available time, it 
was decided to make the mobile surveys. During the 
surveys, some tests were made to determine the noise 
and signal levels inside and outside of homes, so that 
the noise occurring at street levels could be related 
to noise voltages appearing at the antenna terminals 
of radio sets. The latt~r results were not definitive 
however, and further tests are being made whi ch are 
expected to require a period of about three months 
for completion. 

The res:ults of the street-level mobile noise surveys 
are summarized in Figures 16 to 20 of the attached 
report. Figure 20 shows curves of the percentage 
of measurements falling below fixed noise levels vs 
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population for residential areas near industrial 
areas. The se value s arc not urged as a st anda rd 
for the determination of required signal levels 
and for making' popula tion count s, bu t are referred 
to as illustrative of a final form in vfhich measure
ments of man-mame nnise may be expressed. It may 
prOve to be practical to combine the noise values 
for the three types of residential areas specified; 
viz, suburban, crowded and residential, into a single 
set of curVes of this type. The curves may also be 
affected quantitatively by the current investiga-

• tion of ratios bf inside and outside noise~ There 
are alternative methods of presenting the data, 
such as the specification of given signal or noise 
levels for cities in particular population brackets, 
which shOUld also be given consideration. 

Signal to noise ratios 

The method of determining satisfactory signal to 
noise ratios which has been adopted by the Committees 
consists in making tests of audience reaction when 
listening to carefully prepared recordings of both. 
speech and music with selected signal to noise rati os. 

1. Signal to atmospheric noise rati,o. Tests of satis
factory 'signal to a tmospheri c noise ra ti os made at 
previous times indicated that ratios between 69/1 
and 125/1, carrier to 4 kc average atmospheric nOise, 
would be satisfactory. The Commit tee 'was unwilling 
to adopt a ratio on the basis of the se tests and 
decided to make further tests to determine a more 
reliable ratio. The tests consist in (a) making 
signal to atmospheric noise ratio recordings for 
audience reaction tests and (b) simultaneous measure
ment of atmospheric nOise levels by the J .C.C. meter 
and by continuous recording meters having both average 
and peak time constants. From the latter test it is 
hoped that ratios can be established which will per
mit the designation of a single signal to noise ratio 
fo!, both atmospheric and man-made noise. The tests 
have not been completed and, depending upon the 
availability of atmospheric noise of the desired 
characteristics of summer atmospherics, may require 
a period of. from three to six months for their cOm
pletion. 

Committee 1 recommends that it be permitted to 
complete these tests and that no signal to 
atmospheric noise ratio be adopted prior to their 
completion. 
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2. Signal to man-made noise. Signal to man-made 
noise tests have been completed and the result s 
of the audience reaction tests summarized in 
Figure 21 of the attached report. It is recom
mended that a satisfactory signlll to man-made 
noise ratio be determined by reference to that 
Figure. 
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PART II 

"'" This is a status report of the three phases of the work of Commi ttee#~ . ~ 

f1i' 

(A) Atmospheric noise l~vels to be expected throughout the United 
States, (B) Levels of man-made n®ise in towns and cities and (C) The 
determination of satisfa~tory signal to noise ratios for a broadcast 
service. . 

A. Atmcspheric Noise Levels. 

Atmospheric noise is caused by conditions generally associated 
vii th t:tru.nderstorms. It· therefore exhibits rather well defined 
diurnal and seasonal characteristics and varies from year to year 
in accordance with the number and intensity of thunderstorms. 
For the same reason the intensity of atmospheric noise va~ies 
widely between different geographic locations. It is apparent 
that an adequate sampling, which will permit the prediction ef 
noise levels to be expected on a long term basis, suggests that 
measurements be made a.t a sufficient number cif well chosen re
cording points and over a period of. time such that a full range 
of atmospheric conditions will be encountered. As a practical 
matter, neither of these .objectives is obtainable, so the.. t re
c~urse has been made to the measurement of noise for a lesser 
period of time at a limited n').mbe,r of point sand correla ting the 
measured values with thunderstorm data furnished by the U. S. 
VJeather Bureau, which are available in summary form from 1904 to 
date. 

1. Sources of Atm~spheric Noise Data. 

The ,data on which this report is based were derived from 
measurements made at the following locations and frequencies, 
for the periods of time and by the organizations indicated. 
It is n~t possible to measure nighttime atmospheric noise 
levels in the United States within the Standard Broadcast 
band because ofsta tibn occupancy, so that the frequencies 
chosen are adjacent to, rather than within this band. Where 
condi ti OllS have permitted, measurements have been made at 
both ends ~f the band so that interpolatinn could be made for 
frequencies within the' band. 

R~(3ording . Si te Freguenci[ Hours Peri od. . Rec~rded B' 

Allegan, Mich. 530 & 1600 SR to SS+4 8/41-8/43 FCC 
Atlanta, Ga. 520 tt 9/43-8/44 FCC 
Baltimore, Md. 540 & 1575 tt 1/39-12/40 FCC 
Dulu th, 'Minn. 520 & 1900 II 3/42-12/42 FCC 
Grand Is .. ,Neb. 530 & 1580 " 1/39-1%42 FCC 
Grand Is.,Neb. tI tI 9/43-8 44 BCC 
Kingsville,Tex. 540 & 1600 II 7/44-7/45 FCC 
Portland, : Ore. 530 " 1/40-12/41 FCC 

. \ ." 
~1 0 L. " 



Reoording Slte· Frequency 

Cincinnati, Ohio 530 
Cincinnati, Ohio 1600 
Nashville, Tenn. 530 -& 1600 

2,. Measuring Equipment. 
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Hours 

Noon, SS+2 
Noon, SSt2 
Day, Night 

Period 

6/39-7/45 
6/39-6/41 
5/38 

Recorded B~;' 

WLW 
WLW 
WSM 

.... 

The measuring equipment consists of a commercial communicatioL 
type receiver fed from a short vertical antenna and modified 
so as to operate a recording milliarnmeter. The IF output of 
the receiver is rectified!. by a diode circuit with charge and 
discharge time constants each approximately 100 seconds, fol
lowed by a direct current amplifier which drives the record
ing milliammeteT. Some of the recorders are adapted also for 
peak recording with c'ircuit constants of approximately 3 sec
onds charge and 70 seconds discharge. A cam on the recorder 
chart drive switches the circuit from peak to average record
lngat twenty minute intervals. A signal generator is pro
vided for regular calibration of the recorder, the recorder 
['end signal generator being supplied from a regulated power 
source. 

The effective height of the recording antenna is determined by 
measuring the field strength of each of several ground- wave 
fields from broadcast stations having frequencies throughout 
the broadcast band and measuring each statton with the record
ing equipment to determine tho input to the equipment from t~":.: 
recording antenna. The second value divided by the fir,st 
yields the effective heighto.t a particular froquency. The 
several values are plotted against frequency, a smooth curve 
drawn through the points or among the points if scattering is 
apparent, and the curve extrapolated to the frequericy or fre
quencies at which the noise is recorded. 

The recorder is calibrated at regular intervals which are suf
ficiently short to assure that calibration will be maintained 
over the interval. This may vary from once a day, for new in
stallations or installations where poor temperature and vol
tage regulation tend to render the equipment unstable, to once, 
a week for some other installa ti ons • To calibrate the equ lp
ment, the antenna is disconnec.cted and the signal generator con 
nected to the antenna and ground terminals of the receiver. 
A sufficient range of signal levels is applied in steps to the 
receiver', at each step the output of the signal generator be
ing marked on the recorder chart at the level indicated by the 
recorder pen. 

3. Effective Bandvlidthsof Rece.ivers. 

For the purposes of the ,analysis of' noise data, it is neces
sary to knClw tho effective bEmdwi.dth of the recording 1'0-
ce~ver, vlhich is determined as follows. With the signal gen
erator connected to the input of the receiver and the receiver 
tuned to th'e frequency on which the noise is to be recorded, H 

RF responSe run is made with the signal generator, carrying it 
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to 8. sufficient distance on each side of the center frequency 
to obtain n negligible response. The ratios of the response 
at other frequencies to the midfrequency response are squared 
and plotted on linear co.ordinate paper with frequencies as ab
scissae and squared response ratios as ordinates. The area 
under the curve divided by the area of a rectangle 1 kcin 
width and equal to the midfrequency response in height will 
give theeffective bandwidth in kilocycles. (See Figure 1) 

It is also necessary to know the effective bandwidths of the 
receivers in the hands of the public, in order to determine 
what the noise intensities accepted by these receivers will 
be in relation to a measured value of noise with a receiver of 
known bandwidth. No recent surveys of broadcast receiver re
sponse characteristics, other than those.reported by Commit
tee.II, have been made because of war conditions. The most 
comprehensive surveys have been those made by the Radio Corpo-
ation of America between 1935 and 1938. The most recent of 
these, like the measurements reported by Committee II, have 
been made to determine the adjacent channel response and are 
of little value in determining the effective bandwidth for 
noise, in vlhich the portions of .the response near resonance 
carry the greatest weighto The most valuable data are found 
in the RCA License Bulletin #380, in Figure 5 of which the re
sults of measurements made on 182 receivers of various types 
built between 1930 and 1936 are weighted in accordance with 
the numbers of receivers of each type in the hands of the pub
lic and are shown as response curves for given perccmtages of 
receivers. While these data are net as recent as desired, it 
is' the opinion of the Coramittee that present receivers are of 
somewhat narrower bandwidth and tho.t the use of 1930-1936 
figures result in indicated noise levels somewhat in excess of 
those actually accepted by corresponding percentages of pres
ent day receivers. Calculations of service:made thereon will 
thus be conserva ti ve rather ,than otherwis e. In view of this 
and of the fact that receivers having good response at high 
audio frequencies are generally equipped with tone controls fOl 
further decreasing the nuisance va·lueof the noise, the Com
mittee agreed that the effective bandwidth represented by 50% 
of the receivers would be a satisfactory standard o When cal
culated in accordc{nce with the foregoing method, the effective 
bandwidth was detormined to be 4.12 kc'in accordance with 
Figure 1, whereupon the Commit tees adopted 4 kc as the recom
mended standard bandwidth. 

The atmGspheric noise which is accepted by a receiver and whi -:,l", 
must be overcome by the desired signal is preportional to the 
square root of the effective bandvlidth.o1~ In order to illus
trat'e the effect of bandwidth, the nOise accepted by receivers. 
of selected bandwidths has been plotted in Figure 2 in relatior 
to the noise accepted by a receiver of4 kc effective bandwid tt .. 

01:- i. An Experimental Investigation of the Characteristics 
of Certain Types of NOise, KeG .. Jansk-y,Dec.1939 Ire,p.'763 

2. Static Set ~andwidth Measurements, Engineering Department 
Crosley Corporation, August 20, 1945. 
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The selected bandwidths were calculated from frequency response 
data taken from'LB #380 for the corresponding percentages of 
receivers indicated in Figure 2. This chart is useful for ex~ 
amining the effect of selecting bandwidths or percentages of 
receivers other than those adopted by the Committees. For ex
ample, a noise level of 10 uv/m/4 kc is equivalent to a level 
of 12uv/m/6 kc. Thus a signal of one millivolt (1000 uv) 
under these conditions would provide a signal to noise ratio of 
100/1 for 50( of the receivers and a ratio of 83/1 for 80% of 
the receivers. 

Method of Analysis of Data. 

TWQ methods of dividing the charts into hours for analysis have 
been used since the beginning of the recording program in 1938. 
In the earlier method, the chart was divided throughout the day 
into hours beginning with the 15 minute time division nearest 
to sunris~. The night was divided into hours beginning with 
the time di visi on nearest to sunset. Following the hourly di
visions as determined aQove, each hourly median value of noise 
intensity for a 1 kc et'fective bandwidth was determined; using 
the calibrations previously described, divided by the square 
root of the effective bandwidth and the value of antenna ef
fective height. The individual hourly values were tabula ted 
on individual daily forms which permitted them to be identified 
wi th the time of re cord ing • 

In the latter method of analysis, the chart is divided so as to 
include a sunrise hour, centored on sunrise to the nearest 15 
minutes; the following two hours, sunrise plus one and plus 
two; the noon hour which is centered on local noon to the 
nearest 15 minutes; the sunset hour centered on sunset to the 
nearest 15 minutes; the two hours preceding sunset designated 
sunset minus 1 and minus 2; and the six hours following sunset 
designated sunset plus 1 to plus 6. The hcurly median values 
are determined as before and tabulated on a monthly summary 
sheet which permits ident ifica ti on of the time of recording. 
Thus identified, the data from either the earlier daily sheet 
or the monthly sheet are readily available for further analysis 
and the preparation of graphs and studies of the type presented 
in the following section... ' 

Atmospheric Noise Graphs. 

The atmQspheric noise data taken at the.above places and times 
have been analyzed to show various characteristics of the noise 
and its relationship to thunderstorms. These are presented in 
the form of graphs in Figures 3 to 15, attached~ 

Figures 3 to 6 show graphs of the annual, highest month and 
lowest month distributions of noise field intensities in 
uv/m/4 kc bandwidth vs per cent time for day hours and the 
second hour after sunset for the frequencies recorded at eight 
of the locations listed above. The data for Nashville; for the 
month of May 1938, are not shown because they do not cover a 
period during which a fair sampling of an,nual weather conditio!: 
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will occur. Howeverj the data have been compared with the 
corresponding month at other recording sites in order to 
estimate how the annual value at Nashville compares with the 
annual values at other sitesi The data for Allegan were 
taken over a period of two years, with the recorder operating 
about one week out of three on each of three frequencies. 
These data thus have somewhat less weight than that for a 
year of continuous recording 8.t the remaining six locations, 
and no reliable distribution for an individual month is 
available. These graphs are useful for the determination 
of annual no::'..se levels for percenta?es of time other than 90% 
and for comparing the percentages of time during the best and 
TIorst months which correspond in noise intensity to any de
sired percentage of annual noise •. 

The graphs were prepared as follows: the data for a given 
location, period, frequency 2.nd hour were tabulated in order 
of size on distribution sheets. From the total number of 
hours of data, the tirr.e percentage interval corresponding to 
each hour of recordinl:' was determined. The highest value of 
noise intensity, corrected for a 4 Kc b2.ndwidth by multiply
ing by the square root of the bandwidth, 2.00, was plotted 
at the center of the first time percentago interval, the 
corrected second highest value was plotted at the center of 
the second time percentage interval, etc. Near tho center of 
the graph, where many values lay in a close group, the points 
VJere plotted by groups rather than by indi vidual hourly values. 
The second hour after sunset designated by these graphs is the 
hour cent0red at a tine two hours after sunset, in accordance 
wi th the recent practice. Consequently, for the locations 
Baltimore, Duluth, Grand Island and Portland, for which the 
data were 2,nalyzed under the original practice of beginning 
the night hours with the tLe of sunset, data for the second 
and third hours after sunset have been combined. 'Thus these 
d2.tB are for the two hours centered a t a time two hours after 
sunsot. 

Figtl.re 7 shows the month to month vc..riation of the level below 
which the 530 Kc average atmosph8ric noise intcmsi ty will lie 
for 50% and 90% of the month for the second hour after sunset. 
These, together with the preceding Figures 3 to 6, should be 
useful in determining whether any adjustment of night signal 
to noise ratios is indicatod by reason of differences in the 
month to month distribution of signals and noise. For con
venience in comparison with any particular month the annual 50% 
and 90% values of noise intensities for each of the recording 
locations are shown at the left. 

Figure 8 shows the diurn[~l varia ti on of average atmospheric 
noise at 520-545 Kc at various recording locations. The values 
for each hour were obtained by determining the level belo'w vrhic' 
the noise lay for 90% of the time during that hour. Each graph 
represents one year of data, except for Allegan, where two 
years of intermittent recording have been combined, and Kings
ville, where but eight months of data have been analyzed by 
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individual hours. For Baltimore, Portland and Grand Island, 
where graphs are shovm for separate ye8.rs of recording, 
significant differences in level and in distribu tion will be 
noted. Some of this is due to differences in thunderstorm 
activity or time of occurrence. All of the differences can 
not be accounted for in this way, however, as will be shown 
in connection wi th la ter discussion on thunderstorm correlati on . 

Figure 9 shows the corresponding diurnnl variation for 1545-
1900 Kc. No noise in this :frequency range was recorded at 
Atlanta and Portland, so that no graphs a;pear for these 
ioca tions .. In general, the dc.ytime noise is rrD.lch lower than 
at 530 Kc and the nighttine noise somewhat lower, with a wider 
range betvleen day and night levels than at 530 Kc. 

In Pigure 10 the noise levels for the various recording sites 
below which the noise \"Iill lie for 90% of the time, taken from 
the annual distribution curves of Fi@lres 3 and 6, have been 
plotted agninst the numbers of thunderstorm days reported by 
the U. S. Weather Bureau for the recording 10c8.tions during 
the time of recording. Four sets of correlations are shown: 
530 Kc, Day; 1600 Kc, Day; 530 Kc, Night; o.nd 1600 Kc, Night. 
Noise values for frequencies between 520 and 545 Kc have been 
plotted on the 530 Kc charts Emd for frequencies between 1545 
Kc plotted on the 16('0 Kc chart without making correction for 
departures from the nominal frequencies of 530 and 1600 Kc .. 
The values for Cincinnati in the day correlations 8.re for the 
Noon hour alone and 3.re s omewha t lower t he,n wou Id be expe cted 
for all day. Although considerable scattering of the data 
is apparent, there is a definite upwE'crd trend of noise levels 
with increasing numbers of thunderstorm do.ys for both day and 
night conditions at 530 Kc, and straight lines have been drawn 
through the data to shoVI this trend in e8.ch case. At 1600 Kc, 
the absence of data for portland 8.nd the small s pre8.d of the 
remaining data renders the corre12,tion rather obscure, 
particularly for the day values. However, by u1Bing the slope 
of the 530 Kc trend line as a guide to the slo~e to be expected 
at 1600 Kc, trend lines have been drmm through the point s for 
the latter frequency. The maxirrD.lm departures of individual 
points from tho trends are about ~3/1. A large amount of 
scatter was not unexpected when it was a1Jprecia ted that a 
thunderstorm day, ns defined by the WGather Bureau, is a day 
on which thunder is heard at the reporting location •. Thus a d27: 
on which a single peal of thunder occurs will have the same 
weight wi th regard to the thunderstorm data as a day on which 
there is an all day thunderstorm. The effect on the noise leve 
will be v2,stly different, however. For this reason, it is 
believed that the individual departures from the trend should 
not be viewed too crit ically. 

In an attempt to obtain a somewho.t closer agreement and to 
v'!eight the thunderstorm days in duration and intensi ty, the 
rat i os of the individual noi s e vc..lue s to thEi noi se levels 
indicated by the trend line were corre12.ted with the numbers 
.of inches of rainfall for the months March through September, 
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during wl;lich period the rainfall might be assumed to be 
associe.ted with thunderstorms. For the four years of re .... 
cording at Gnlnd Island, incrG2.s,ing rainfall showed an increase 
in the ratio, but considering all recording si tes and recording 
periods, no consistent correlation was obtained. A second 
study, in whi ch the ra ti os were plot ted ag8.ins t the ground con
ducti vi ty at the vari ous recording sit es, likewise yielded 
negative results. 

Figure 11 is an isoceraunic map of the Uni ted States show,ing 
contours having equal numbers of annual thunderstorm days 
averaged over the years 1904-1933 •. The ma torial for this map' 
was taken from a report prepared by/We H. Alexander of the 
Wea ther Bureau Off:ice a t Columbus, Ohio, Figure 13 of which 
is a map, similar to the above, showing contours of equal 30 
year totals of thunderstorm days. 

Figures 12 throUgh 15 are United states maps showing contours 
of equal noise intensity below which the noise will lie for 
90% of ,the time throughout the year for day and night condi
tions at 530 and 1600 kc. These were prepared from the contour 
map of annual thunderst orm days (Figure 11) by the use of the 
trend lines of Figure 10, shovrine; the relationship of 90% 
annu21 atmospheric noise to thunderstorm days. As an example 
of the procedure used, the night trend line for 530 kc shows 
tha t an annual value of 13.3 thunderstorm days corresponds to 
a noise level of 5 uv/m. The 5 uv/m contour in Figure 14 is 
seen to follow the 13.3 thunderstorm day contour of Figure 11. 
,In some other cases, th? selected noise levels do not corre~
pond to thunderstorm day values represented by individual con
taurs in Figt.l.rell, 8.nd for these the noise contours were de
termined by interpolation between 2.djacent' thunderstorm con
tours. 

Man-Made Noise Levels. 

The measurement of man-made noise levels requirGs a somewhat 
different technique from the measurement of atmospheric noise. 
Owing to its many forms and caus es ,the nuisance value of man
made noise is somewhat difficult to measure. After a prolonged 
study, lasting several years, the Joint Coordination Committee 
of the Edison Electric Institute, the National Electrical Manu
facturers Association and the Radio Manuf8.c'D..:trers Association, 
developed a standard specification for a nOise met'er am for 
methods of noise measurement .~:- Under war-time cond1 tions, the 
availability of these meters was very limited, 8.nd it vms at 
first proposed by Committee #1 to modify comrrmnications type re
ceivers so as to produce noise meters adhering to the J.C.C. 
specification. After disyussion with several members of the 
J.C.C. who had p['crticipated in the formulation of the specifica
tion, the Committee abandoned the idea of using receivers and 
decided to use R.C.A. type 312 Radio NOise Meters, whicb 

~~Methods of Measuring Rpdi 0 Nois e-1940 ,RMA Engineering 
Bulletin #32. 
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appeared to be available on loan in limited·quantities. After 
a great deal of delay, eight, meters were obtained, three of 
which had been realigned and recalibrQ.ted at the factory'. The 
other five meters were recalibrated against the above three. 
The meters were modified to operate 1 milliampere Esterline
Angus continuous recorders through e. 25,000 ohm resistor, which 
gave the recording meters very nearly the same respons eas thE 
panel indicating instruments on noise peaks. During the latter 
part of August seven meters were shipped to Committee members 
and other participnting engineers for making surveys in the fol· 
lowing seven citie,s; Boston, Philadelphia, Chicago, Cincinnati, 
Des MOines, Nashville and Lincoln. Accompanying each meter was 
11 detai led set of ins tructions as to the me thod of making the 
survey s and of analyzing and tabulating the measurement s. At 
each of the above locations, a route through ci ties and towns 
of various sizes was laid out. In each designated city, mobile 
surveys were made of street level noise in representative resi
dential areas of tnree types: suburban residential areas, 
crowded residentiaL.areas and residential areas near industrial 
pJ.ants. 

Figures 16, 17 and 18 are plots of the peak noise levels versus· 
the population of cities and tOvms in which the measurements 
were made, for each of the three types of residential areas 
which were surveyed. The noise levels were determined by aver
aging the ten'highest peaks per minute to obtain the quasi-peak 
values and then taking the average of the individual quasi-peak' 
values over approximately equal increments of distance through
out the area surveyed. The increments to be used in each case 
were not specified in advance SO that the percentage of the 
surveyed area represented by a dot will differ from town to' 
town in accordance with popula tion and with the judgment of the 
engineers making the survey of a particular town. The distribu'· 
tion of the dots will, however, give a reliable measure .of the 
noise levels to be encountered along the streets. 

Figure 19 is a replot of the data of Figure 18, in which each 
dot has the same weight in terms of the percentage of the area 
surveyed. This was done by dividing the measured point s for 
each town into five groups, with an equal number of potnts in 
each group and each group lying at a different intenSity level, 
and plotting a' single dot at the intensity level represented by 
the median level of each· group. 

Figure 20, showing percentages of the weighted peak noise mea
surements which are equal to or below specified intensities vs 
popula ti on, was derived from Figure 19 in the following manner: 
The population scale was divided into three intervals per cycle; 
viz;· 2000-5000;5000-10,000; 10,000-20,000; 20,000-50,000; etc. 
The percentages of the number of dots· in each interval lying on 
or below'the specified intensities of 10, 20, 50, 100 and 500 
uv/mwere plotted at the centers of the corresponding population 
intervals in Figure 20, Smooth curves were then drawn among the 
points·corresponding to each of the selected intensities. 
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In order to utilize these cu"rves as a basis for, making counts 
of population which will be served by signals of known intensit; 
it is necessary to make two assumptions: 

First,that the density of population throughout each of 
the surveyed areas is substantial~y uniform, SO that intensity 
measurements express~d in terms of the percentages of the mea
surements, or 'of the surveyed areas, can be translated into 
percentages of population. No population surveys have been 
made to determine the distribu tions of populqtion wi thil1. the 
selected areas and in making the assumption that the percentageE 
of measurements and of population are synonymous, reliance Im.lst 
be placed upon the judgnlent of the engineers who made the sur
veys in each case to select areas of uniform residential charac
ter and substantially uniform' population conditions for each 
type of area. 

Second, that the noise field as measured In the street will 
bear the same relation to the noise measured at the' termlnals of 
a radio receiver as the desired signal field 'will bear to the 
signal voltage at the set terminals. Owing to the fact that 
many noise sources are in the home and that wires enterlng the 
home may be closely coupled to external noise sources, it is 
reasonable to assume that the relation will in many cases be 
different for noise than for signals. An attempt was made to 
evaluate this factor during the present surveys by making set 
terminal measurements and outside measurement s of nois'e and 
signal levels at homes where access could be had. Owing to the 
small numbers of measurements which could be made and to the 
necessi ty for m8.king the inside 8.nd outside measurements in se
quence, r8.ther than simultaneously, the results of this phase 
of the study were not convincing. Further work is being done 
vlith duplicate equipment which will permit siniultaneous inside 
and outside measurements 8.nd should resolve some of the diffi
cultiesfound with the previous measurements. 

C.. Signal to Noise Ratios. 

The method of determining satisfactory signa.l to noise ratios 
which has been adopted by the Committee consists in making 
tests of audience reaction when listening to carefully prepared 
recordings of both speech and music vrith selected signal to 
noise ratiose As each passage of the recording is played, 
each member of the audience marks the corresponding box of a 

~ ballot to indicate whether the sample is satisf8.ctory or un
satisfact'ory. A count of the ballots permits fa determination 
of the percento.ges of the audience who find the signal satis-

l factory for each ratiO, for both types of program and each type 
of noise. By holding listening tests at many locations through
out the country a good samplirig of listeners is obtained which 
should be fairly representative of the radio audience. 

1. Signal to Atmospheric Noise RatiOS. 

Re cordings wi th vari OlJ,S ra ti os of sign8.1 to atmospheric 
, 
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nOiae have been made in previous y~ars by Stations WSM-l~ and 
WLW~H~ and by the FCC.. Because the listener reaction tests 
have not included. sufficiently large groups or because the re
cordings themselves were found to be unsatisfactory in some 
respects, such as frequency response, modulation percentage, 
record nOise, ,or the method of measurement of the atmospheric 
nOise, the Committee elected to make new recordings of signal 
to atmospheric ratios, rather than to rely on these previous 
recordings. The noise for the WSM records was measured by a 
meter having time constants differing from the present meter, 
so that the ,signal to noise ratios are not directly compara
ble~ The noise for the WLW and FCC records was measured with 
the present type of meter., and while the tests made wi th these 
recordings are not regarded as sa ti sfactory for a final de.ter
minationof a recommended standard, they should be indicative 
of its order of magnitude .• The listener reaction tests on the 
WLW records indicated that a signal to average atmospheric 
noise ratio of 69/1, on the basis of 4 kc effective bandwidth, 

.would be satisfactory, whereas the FCC tests gave a ratio of 
125/1. . 

The signal to atmospheric noise test records have not been 
completed by the Committee. Untii very recentlY no organiza,.... 
tion represented on the Committee has been in a position to . 
undertake making the records.. At the present time the Crosley 
Corporation is preparing a set of test records which is ex
pectedto be completed in the near future. All of the record
ings have of course been made under fall and winter atmospheric 
nOise conditions where the noise sources are likely to be,dis
tantly removed from the recording location. The character of 
the noise is quite different from that of sumIher day atmos
pherics, in which the noise sources are local, and somewhat 
different from summer night noise which is due to a large num
ber of bot h local and di stant sour ce s •. In general, the 90% 
annual level of atmospheric noise which has been used in the 
preparation of the noise maps is determined by summer noise 
condi tions. For thi s reas on- it is necessary to continue this 
study and to. carry it forward into the period w'hen summer nbise 
conditions are available. 

2. . Signal to Man-Made Noi SG Ra ti os. 

A test record, containing passages of speech and of music 
combined with man-made noise in. several ratiOS, was made for 
the COIT~ittee by the Columbia Broadcasting System. The speech 
consisted of a substantially identic~l announcement identifying 
each passage and the music was an .:identical .passage of light 
classical music of a high average level of modu~ation. The 
noi se sources were a vacuum cleaner motor, an electric vibra
tor type raz,Or and a dial phone, representing three wiQ.ely 
different noise impulse rates. The program signal from a 
modulated signal generator was fed into the input of a high 
quali ty radio receiver, noise vOltages from one of thG se sourees 

*FCC Docket #5072A Exhibit #56 , 
..zH~Engineers Experiment Station News, Ohio State University, 

De cember., 1943 
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being fed into the input tnrough a calibrated attenuator. The 
carrier level and the radio frequency noise level at the set 
in:;:::ut were determined by an RCA 312 type noise meter, the noiso 
level being checked with the carrier off in the pa}lses be.- . 
tween: passages. Short passages were recorded for each of 
speech and music, against noise from each of the three sources, 
for Signal to noise ratiOS of 100/1, 50/1, 25/1, 12.5/1 gnd 
6:25/1. Twenty-five pressings of this recording ·were made and 
distributed among the members of the Committee for tho purpose 
of holding listener reaction auditions. The received ballots 
were examined in order to determine from the manner of marking 
whether it was apparent that the listener'understood the in
structions and whether the inclusion of the ballot s V!OU Id tend 
,to produce anomalous or misleading results. For example, some 
of the ballots might show a satisfactory mark for a given sig
nal to noise ratiO and a particular combination of types of 
signal 'and notse, and an unsatisfactory mark for a higher sig
nal to noise ra ti 0 for the same combination of signa 1 and noise. 
Ballotswhi ch were defective for thi s or 'other apparent reasons 
were discarded. The remaining ballots, approximatGly one 
thousand, were analyzed and tho results summarized in the 
graphs of Figure 21. 

Figure 21 shows that, in the caso of both speech and music, the 
noise with higher impulse rat(3s, exemplified by the vacuum 
cleaner and razor, required a higher ratio than the low im
pulse rate noise produced by the telephone dial in order' 'to be 
satisfactory to a given percentage' of listeners. The tests 
show also that a higher signal to noise ra tio was required for 
spee~h than for music, the ratio to satisfy 50% of the listen
ers being 2.5.5/1 for speech and 20/1 for music. The ratio for 
both speech and musi.c combined was 23/1. The music used in 
this record was of the light classical type with a fairly 
uniform high level of modulation, with no low ampli tude pas
s2.ges comparable in length to the pauses which occur in speech 
during which the noise m:i.ght make itself apparent. This 
chc..racteristic is' believed to boo mainly responsible for the 
differences in the ratios which were fbund to be s?-tisfactory, 
so that the use of a musical selection cont.'lining some' sus
tainedpauses o'r low passages v:Tould undoubtedly have broug)J.t 
the ratios for speech and for music more closely together. 
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