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I. INTRODUCTION

Considerable interést has:developed in the subject of\infrasonics,
i. e. ; air-borne sound waves in the frequency range between 10 Hz and
0.0l Hz, within the last decade. As a consequence of recent technological
developments, the acoustic environments in which humans must perform
demanding tasks are more severe in the low frequency range than any
previouély encountered and there is reason to believe that future develop-
ments will increase appreciably this severity. It has been estimated that
the very large super space-craft boosters of the future, viz., Nova class,
will produce their maximum noise energy in the infrasonic range (Joint
Air Force National Aeronautics and Space Administration Hazards Analysis
Board, 1961). Acoustic energy generated by large propellers.and turbojet
aircraft engines is often most intense in frequency range from 5 Hz to 100
Hz (Cole et al, 1962; Wiener, 1962; Guild, 1965). Infrasounds of somewhat
lesser intensities are generated by diesel engines, industrial ventilating
systems, and, more generally, by large machines operating at a slow
rhythm (Gavreau et al, 1966)., Infrasonic waves of substantial intensity are
also generated by tornadoes, winds, volcances, magnetic storms, earth-
quakes, seaquakes, and certain types of ocean waves (Cook, 1962; Wood,
1967; Daniels, 1962).

The physioiogical and psychological effects of intense infrasonic

environments on humans were first observed during the two: World Wars.



Surgeons serving on German submarines observed middle ear changes
in diesel:room personnel which were attributed to the infrasounds pro-
duced by the suction strokes of the diesel cylinders. World War II
“"énofkels” superimposed rhythmic pressure changes of about 1 Hz
which appeared to add to the frequency and severity of middle ear
pathology. Subjective observations indicated that enginerroom persan-
nel appeared to tire faster and were of a poorer disposition than other
submarine crew members (Tonndorf, 1950; Gavreau et al, 1966).

Studies in which the ear alone was subjected to infrasounds have been
concerned primarily with the investigation of the lower limits of auditory
periodicity analysis; however, the physiological and psychological effects,
if any, were not recorded (Guttman and Julesz, 1963; von Bekesy, 1960;
- Wever and Bray, 1936).

This thesis represents an initial attempt to determine the impor-
tance of the infrasonic environment produced by naturally occurring phe-
nomena, viz., strong winds and tornadoes, on human behavior. Automo-
bile accident rate and rate of absenteeism were selected as indicators of
the human behavior to be examined since these quantities can be computed
from well defined, recorded events which, it was felt, would most likely
be influenced by the type of symptoms previously observed for individuals
in intense man-made infrasonic environments (Mohr et al, 1965; Gavreau

et al, 1966).



The thesis is divided into the following sections. Part Il is a
brief discussion of the previous major infrasonic studies, including dis-
cussions of the effects of low frequency and infrasonic noise on man and
the propagation characteristics of low frequency sound through the atmos-
phere. Previous observations relating human behavior and weather
phenomena are described in Part III. Here the hypotheses that the
mechanisms responsible for the observed relationship of human behavior
and certain weather phenomena are infrasonic waves generated by such
phenomena are discussed. To examine these hypotheses further, the
present study was undertaken in a fashion which differed from all pre-
vious investigations in that the weather fronts or, as they are considered
in this thesis, sources of infrasonic waves, were not required to be spa-
tially or temporally coincident with the observation area. In this way it
is possible to eliminate various local storm phenomena, e. g., low atmos-
pheric pressure, wind, rain, increased ozone concentration, as causes
for the observed effect upon human behavior. The manner in which this
study examined the earlier hypotheses and the manner in which infrasonic
activity in the observation area was to be determined is also described in

- Part III. Part IV contains discussions of the methods used to obtain data
concerning the selected human behavior, of the analyses of the data, and
of the correlation with chosen weather phenomena. Part IV also contains

a discussion of uncertainties in the methods and a discussion on subjects



for further study.

The Bibliography is comprehensive and felt to be the first of
such completeness on the subject of infrasonics.

The Appendix bcontains the raw data used in this study, a record
of the local weather conditions of the study area during the study period,
and sample pages of the weather bureau data used to determine the time

of arrival and duration of infrasonic waves in the study area.



II. PREVIOUS INFRASONIC STUDIES
The subject of infrasonics can be divided into two major categor-

ies. The first is concerned with the study of man-made low frequency
sounds while the second is concerned with infrasounds produced by nat-
ural phenomena. The former category includes infrasounds deliberately
generated, as is the case for '"pure' infrasonic studies, or those gener-
ated as a by-product of man-made devices such as the slowly rotating
submarine engines mentioned earlier in this paper.

Man-made infrasonics

In the United States, infrasonic studies, for the most part, have
been directed toward understanding the by-product type of infrasonics
and the effect these infrasounds have upon men working within an infra-
sonic environment. Such studies are being carried out at the Aerospace
Medical Research Laboratories, Wright-Patterson Air Force Base, Ohio,
with the Apollo Space Program providing the motivation (Wiener, 1962;
von Gierke, 1959; Cole et al, 1962; Guild, 1965) since it has been esti-
mated that large rocket boosters will generate intense infrasonic noise
(NASA Hazards Analysis Board, 1961; WADC Tech Report, 1957). One
such study (Mohr et al, 1965) investigated human tolerance to the type
of infrasonic environment expected to be present in space capsules during
lift-off with the large (Nova) class boosters. Here four male and one fe-

male noise-experienced-Air Force officers, i.e., individuals having



worked in intense sound environments, were exposed to various low
frequency sounds produced by large propellers, turbojets, rocket
engines, and an infrasonic siren, the latter being the only source
‘generating pure infrasonic waves while other sources had broad fre-
quency spectra similar to that expected to be present in the crew
compartments of a Saturn-boosted vehicle. The objective portions of
the test were geared to the space program requirements of astronauts'
responses. during lift-off and revealed that the expected infrasonic en-
vironment would create decrement in visual acuity and interfering
modulation of speech sounds. As part of the subjective portion of the
| study, the subjects were to report the occurrence of pain, bédy vibra-
tion, respiratory changes, vertigo, flushing, tingling, nausea, anxiety,
fatigue, and other miscellaneous complaints. '"In the very low sonic
frequency range, chest wall vibration, gag sensations, and respiratory
rhythm changes were regularly observed. . . . Responses including
headaches, choking, coughing, visual blurring and fatigue were suf-
ficientiy alarming to preclude undergoing higher level'exposure;s without
more precise control of the noise environment and definition of the phy-
siologic effects elicited.'" (Mohr et al, 1965)

In France, infrasonic studies have been directed toward under-
standing the problems involved with the genération and detection of pure

‘infrasonics and the effects of these infrasounds on humans. These studies



are being conducted at the Centre National de la Recherche Scientifique,
France, (Lysanov, 1962)., Gavreau et al (1966) reported on a detailed
study of the development of generators of low frequency sounds in

which vhrious resonant pipe, loud speakers, organ pipe, pistonphone

and whistle type generators were constructed and tested, with the low-
est frequency achieved being 3. 5 Hz produced by a 1/4 wavelength closed
infrasonic pipe organ. This study was also concerned with infrasonic de-
tectors with the most practical detector being the multiple éapsule ba-
rometer, developed after the hand of a normal barometer was observed
to oscillate during the presence of infrasounds. The subjective portion
of the study has shown that the presence of 7 Hz sound seemed to hinder
intellectual activity, e. g., simple additions could not be performed cor-
rectly, and the authors suggest that since the alpha-wave of an electro-
encephalogram has a frequency of about 7 Hz, the infrasounds may be in-
terfering with the normal brain functioning. It is interesting to note a
technique used in the theatre (Burris, 1959) to induce an emotional cli-
max in the patron by introducing a slowly beating drum and increasing
the frequency of the drum beat, which causes the patron's pulse rate to
increase since the pulse has a tendency to synchronize with the drum
beat. Although it is pure speculation at this time, it may be that the
brain functions which produce the alpha-wave patterns attempt to syn-

chronize with the low frequency sounds and cannot do this without inter-



fering with normal brain functions., Further, it has been‘established
that man is particularly affected by 7 Hz stimuli (von Gierke, 1965;
Harris et‘al, 1964; Pa;rksAet al, 1961; Burris, 1959),

It has been observed that many of the psychological effects
caused by infrasonics can be greatly reduced, and in some cases elim-
inated entirely, by introducing masking or overriding sounds of audible
frequencies (Gavreau, 1968),

- Infrasound of natural origin

Cook (1962) published a detailed account of naturally occurring
infrasonics, now called '"geo-acoustics, "' which are produced by distant
tornadoes, high winds, volcanoes, earthquakes, magnetic storms; and
some, such as the microbarom, are of unknown origin.

Reports in the late nineteenth and early twentieth centuries dis-
cuss audible sounds due to natural causes, e. g., volcanoes and meteor
impact, which were recorded several thousand kilometers from their
sources (Cook, 1962). Although electro-acoustic instrumentation was
not available at that time, the inaudible sound waves were recorded because
the waves from these catastropic events were so intense that observable
deflections were produced on barographs (recording barometers) through-
out the world. Surprisingly, some of the sounds were observed several
times, and at such time intervals, by the same instrument, implying

that the infrasonic wave had completely circled the earth and retained



sufficient energy to affect the barographs. This latter observation can

be understood in terms of the propagat:';on characteristics of infrasourfd
through the atmosphere. Infrasonic waves have the: same speed of propa-
gation through air as audible sound, viz., about 344 m/sec at 20° C, and
therefore infrasounds in the frequency range of 10 Hz to 0.1 Hz have
‘wavelengths of 34. 4 m to 3.4 km. The classical absorption c‘oeffient,

a, due to viscosity and heat conductivity of the air, is given by the follow-
ing relation between sound pressure amplitude and propagation distance as

P (x) = PO exp (-ax).

Experimentally, a is found to be aboc;t 1.6 x 10_4/TZB db/m, where T is
the period of the sound wave in seconds and B is the barometric pressure
in d/cmz. For a plane wave in the lower atmosphere (B is approximately
106d/cm2) with T = 10 sec, the absorption coefficient would be less than

2 x 10_9 db/km. If allowances are made for losses due to water vapor in
the atmosphere, a becomes approximately 5 x 10-8 db/km, for the same
values for T and B. Estimated losses due to relaxation of thermal energy
stored in the vibrational state of the diatomic molecules of the atmosphere
are 10Z to 103 times greater than those due to classical absorption pro-
c;,esses at infrasonic frequencies. With these processes taken into ac-
count, a is approximately 10_6 db/km and the loss occurring in one propa-

gation over the earth's surface is insignificant (Cook, 1962). Observed
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pressure amplitudes of infrasonic waves of natural origin are often

in the range 0. 15 d/c:cn2 to 40 d/cmz. A sound wave propagating from
a point source can be approximated by a plane wave at large distances
from the source.

For the detection of natural infrasonic waves, Cook used six
standard electro-static condenser type microphones placed in an array
(Ady, 1962) which covered approximately 7 km, thus overcoming the
problem associated with the low signal level and the stronger signals
from winds. A study of natural infrasonics was carried out using this
detector and the results show clearly that earthquakes, magnetic storms,
high winds, and tornadic storms generate infrasounds, the latter gener-
ating frequencies predominantly with periods between 12 and 50 seconds.
Fehr introduced portable infrasonic detectors, called variometers, that
‘are being used aboard research aircraft in a study of high altitude infra-
sonics (Wood, 1967). It is expected that the portable variometers will
be used to give advance warnings of impending natural catastrophes,
viz., tidal waves (Daniels, 1962), volcanic eruptions, and strong winds,
and possibly to locate schools of fish which appear to generate infrasonic

waves (Walker, 1963).
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III. STATEMENT OF THE PROBLEM AND
DESIGN OF THE STUDY

Early observation of a relationship between human behavior and cer-
‘tain weather phenomena

The literature contains numerous references to a possible rela-
tionship between human responses similar to those observed in the infra-
sonic tests (Mohr et al, 1965 and Gavreau et al, 1966) and weather phe-
nomena that are known to produce infrasonic waves. For the most part,
these references are found as folklore (Aubert de Lia Rue, 1955) of re-
gions where perennial winds, e. g., the khamsin or foehn, are found
(Hoff, 1968). The following description of the effect of stormy weather
on human beings is typical of the observations that have been made.

"Just before a storm, . . . people are irritable, restless and
more likely to have headaches, nightmares and fainting spells. There
are more attempts at suicide, the rates of industrial accidents go up,
and rules are broken more frequently in schools and prisons. Lost and
found officers say that during the pre-storm period more packages are
left on busses and more gloves and scarfs lost in theaters. ' (Ellis,
1961).

Detailed studies recently completed have shown a definite rela-
tion between occurrence of automobile accidents and the pre-arrival hours
of the foehn winds in Switzerland (Moos, 1964). The foehn is caused by

damp air ascending the windward side of a mountain, losing moisture and
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heat as it ascends, after which the resulting dry air 'tumbles'' down the
lee side of the mountain, rising in temperature as it progresses (Hoff,
1968). Foehn weather is notable for its dryness, extremely good visi-
bility, and almost clear sky. Thus, the problem of isolating the other
contributory factors, e. g., wet streets, fog, damaging wind and hail,
for increased accident rates, is treated more easily than in the case of
similar studies using other types of weather fronts (Reiter, 1951). The
study concludes that there is a statistically significant higher accident
rate during the time interval four hours prior to the arrival of the foehn
wind; however, no attempt is made to determine the possible mechanism
responsible for this finding.

A hypothesis regarding the pre-storm observations

It is hypothesized that the mechanism responsible for the pre-
storm human behavior observed in thﬁs study is the presence of infra-
sonic waves generated by the foehn wind center some distance away. It
is known that foehn type winds do produce significant infrasonic waves
(Wood, 1967; Hoff, 1968). Further, the arrival of the infrasonic waves
would be expected to précede the arrival of the generating winds at an ob-

servation point by t hours, wheret is given by
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where \f is the speed of sound in km/hour, Ve the forward speed of the
‘wind in km/hour, and d the distance bétween the observation point in km
and the point where the Winds had attained sufficient strength to produce
the infrasonic waves. Using nominal values for VS and VW, viz., 1.24 x
106m/hr and 9 x 104m/km, respectively, it is seen that d need be only
100 km to cause a one hour delay between the onset of the infrasonic
waves and the arrival of the generating winds at an observation point.
Thus the change in human behavior caused by the presence of the infra-
sonic waves would be expected to occur some time before the arrival of
the winds, as was observed. The observed return of the accident rate

to normal during the presence of the winds may be explained by the mask-
ing effect of the audible sounds created by the winds (Gavreau, 1968).
Finally, the responses observed in the infrasonic tests, viz.,, visual
blurring, fatigue, and inability to perform intellectual tasks, could easily
impair a driver's ability and consequently cause an increase in accident
rate,

To examine further the hypothesis that naturally produced infra-
sonics may influence human behavior, the following study was devised,
viz., to selectv an observation area, determine when infrasonic waves
produced by naturally occurring phenomena at distant points would be pres-
ent in the observation area, to select suitable human activities that would

most likely be affected by the presence of infrasonic waves, and to ob-
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serve whether statistically significant correlations ensue. Chicago, Illi-
nois, was chosen as the observation site for this study for the following
reasons: a) tornadoes and strong windstorms, which were considered

as the genefators of infrasonic waves, normally originate sufficiently far
rerhoved from the Chicago area such that the problem of separating in-
frasonic effects from other storm-related effects was minimal; b) the

high population density of this city allowed a larger number of observations
of human behavior to be made-in a small geographical area, thereby mini-
mizing the need for corrections due to variations of the infrasonic environ-
ment in the observation area at a given time, while permitting a significant
data sample to be taken; c) the author, being originélly from the Chicago
area, found less difficulty in acquiring the necessary data on human be-
havior for this region than for any other. Weather conditions in Chicago
during the period of the study, May 1-28, 1967, were excellent (see Table
A-1), and as a result minimal corrections were required for local weather
conditions.

Determination of the time of arrival and duration of infrasonic
waves in the Chicago area were accomplished by two methods, The first
method consisted of ascertaining the time intervals that tornadoes or high
winds were present in specific localities in the United States and by ac-
counting for time zone differences and propagation time from the storm

center to the area under study. The weather information, obtained from
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the U. S. Department of Commerce publication '"Storm Data, "' did not
present the data on storm intensity in quantitative terms (see Figure
"A-1 for sample page), and consequently no attempt was made to esti-
mate the amplitude of the infrasonic waves. It was estimated from the
"Storm Data'' information that the Chicago area would experience the
presence of infrasonic waves, generated by storms up to 1500 miles
away, for thirteen of the twenty-eight days included in the study. As a
second method of determining the time of arrival and duration of infra-
sonic waves in the ax;ea of study, the U. S. Department of Commerce
publications, 112-Hour Barogram Chicago, Illinois, O'Hare Arpt.,"
covering the twenty-eight days of the study period were obtained and ex-
amined for indications thét infrasonic waves were present. It was ex-
pected that a barograph indicator would oscillate, as the arm of an or-
dinary barometer had been observed to do, in the presence of infrasonic
waves (Gavreau et al, 1966), and that the normally narrow trace of the
barograph would have low frequency disturbances | superimposed upon it
when infrasounds Wer'e pre;sen’c‘, The barograph records obtained revealed
that the recorded trace did have the predicted perturbations (see Figure
A-2) on twelve of the thirteen days estimated by the first method that
infrasonic waves would be present as well as one additional day, viz.,
May 6, 1967. Reexamination of the "Storm Data" information for May

6, 1967, revealed that weather conditions were typical of conditions
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normally found just prior to tornado activity, viz., hail and strong
-winds (Hoff, 1968), and it is possible that tornadoes were generated

but not sighted. The "Storm Data" inforr;lation predicted that infra-
sonic waves would be present on May 20, 1967, in the Chicago area
while the barograph trace did not contain any significant perturbation

on that date. Re-examination of the "Storm Data' information for May
20, 1967, revealed that the storm activity on that date was weak and
spasmodic and consequently the storm center may not have had suffi-
 cient energy to generate the infrasonic wave amplitudes to affect barom-
eter recordings. Because of their greater objectivity, it was decided
to use the barograph perturbations as indicators of probable infrasonic
wave activity for the purpose of this study. Perturbations occurred on
the following dates during the study period: May 1, 5, 6, 8, 11, 12, 1'3’
15, 18, 19, 23, 25, 28, 1967, with the underlined dates indicating large
perturbation patterns which would irhply that stronger infrasonic dis-
turbances were present.

Three types of human activities were selected for correlation
with the determined periods of infrasonic disturbances, viz., automo-
bile accidents, absenteeism among school children, and absenteeism
among unskilled factory workers. It was felt that these activities, all

of which are well defined events, would most likely be affected by the

presence of infrasonic waves. As discussed previously in this section,
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infrasonic effects may produce an increase in accjdent rate, Similarly,
the gag sensations, fatigue, and other infrasonic effects could induce in-
dividuals to remain at home rather than going to school or work. To
emphasize any infrasonic effects, absenteeism among primary school
children and unskilled factory workers was chosen over absenteeism
among secondary school students or professional occupation workers
since it was felt that the latter groups would be less inclined to absent
themseglves because of minor symptoms. Automobile accident data were
obtained from insurance company records rather than police or state
records, thereby allowing the minor accidents, 1 e. , ie’ss than $100
damage, to be included in the study; the State of Illinois does not nor-
mally require the filing of a report on accidents involving less than $100
damage. The inclusion of minor accident data was considered essential
since they would be more indicative of mminor disturbing effects. Absen-
teeism data for the primary school children were available only as month-
ly summaries; consequently the daily absentee data were obtainable only
by reviewing individual instructors' record books. During the compila-
tion of this data, individual absences of three or more consecutive days,
Friday and Monday being considered consecutive, were ignored to elim-

inate from the data cases of serious illness and thereby emphasizing the

mild; - short-term absences expected to be caused by miner disturbing
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effects, Absentee data for factory workers were obtained from payroll
department records and compiled by a company employee, and as a re-

sult the elimination of long-term absences was not made.



19

IV. RESULTS AND CONCLUSIONS

Since daily statistics concerning the human behavior of interest
to this study are not published, vthe author was required to seek this in-
formation at the source level, V3,.27 , individual accident claims, indiv-
idyal instructor record books, and individual employee time cards. To
obtain the automobile accident data, approximately 3, 000 accident claims
were reviewed at the Bloomington, Illinois, office of the State Farm In-
surance Company. Of these claims, over 2, 000 were not used in this
study for one or more of the foll‘owing reasons: a) the claim involved a
date not jncluded in this study period; b) the claim concerned a loss due
to theftﬂor‘vandalism; c) the claim concerned a loss due to natural causes,
i. e., falling tree, flood, etc; d) the claimant was unable to state the date
the da_néiage-wa,s incurred because the automobile had been unattended for
several days. It is felt that the accident data included for study repre-
sent an accurate cross section of all pertinent automobile accidents in
the Chicago area during the study period.

Data concerning absenteeism among school children were ob-
tained from individual instructor record books located at the office of
the Superintendent of School District 111, Oaklawn, Illinois. The re-
cord books of two schools, viz., Burbank and Maddock Elementary
Schools, were examined. The combined enrollment of approximately .

1500 students for these two schools was considered a sufficient sample
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space. Data concerning absenteeism among factory workers were the
most difficult to ébtain. Most companies were reluctant to reveal pay-
roll information of any kind, particularly detailed daily statistics. The
factory worker absenteeism data obtained from the Haggard and Marcus-
son Company, Chicago, payroll records were the only such data avail-
able to the author, and though they were included in this study, the

sample space, viz., 142 employees, was much smaller than desired.

Results

Days of infrasonic
Days of intense infra-
sonic disturbances

disturbances

Automobile accident
rate ‘ 0.37 0. 49
Absence rate among
school children 0.33 0.50
Absence rate among
factory workers 0.26 0.32

Table 1. Correlation coefficients of
selected human behavior and
periods of infrasonic disturbances
The correlation coefficients (Lindgren, 1960) relating the selec-

ted human behavior with the days on which infrasonic disturbances were

present in the study area were computed and are presented in Table 1.
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The correlation coefficients relating the selected human behavior with
the four days of strongest infrasonic disturbances are also presented in
Table 1. A correlation coefficient of + 1 indicates that a linear rela-
tionship exists with probability P = 1 between the two variables consid-
ered. A correlation coefficient of 0 would imply that a linear relation-
ship does not exist between the two variables, although some type of
non-linear relation may exist.

Table 2 presents the data in a form that displays the shifting
effect an infrasonic environment has on each type of selected human be-
havior. The days of the study are divided into two halves: those days
having a behavior rate above the median and those having a behavior
rate below the median. These halves are further divided into two parts:
those days which contain infrasonic disturbances and those days which
do not. The greater effect the infrasonic disturbances have on the be-
havior, the greater the variance of the ratios of the columns of each
row will be expected to have. This same presentation is also made com-
paring days of strongest infrasonic disturbances with all other days in the
study period for each selected human behavior.

Figure 1 also displays the shifting effect as well as the spread-
ing effecf, i. e., increased deviation from norm, infrasonic waves may
have on human behavior. The days of infrasonic distgrbances are repre-

sented as vertical dashes above the horizontal line and the days without
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Number of days having
automobile accident rate:

Above median Below median
Days with infrasonic
disturbances 8 5
Days without infrasonic o
disturbances 6 9
Days with intense infra-
sonic disturbances 4 0
All other days 10 14

" Daily Automobile Accident Rate

Number of days having a daily
absence rate for school children:

Above median Below median
Days with infrasonic
disturbances 6 4
Days without infrasonic
disturbances 4 6
Days with intense infra-
sonic disturbances 3 1
All other days 7

Daily Absence Rate for School Children

Table 2. Contingency tables for test of homogeneity
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Number of days having a daily
absence rate for factory workers:

Above median Below median
Days with infrasonic ' ' - o
disturbances 4 6
Days without infrasonic ,
‘disturbances 6 4
Days with intense infra- (
sonic disturbances : 2 2
All other days 8 8

Daily Absence Rate for Factory Workers

Table 2 continued

significant disturbances are represented as vertiéal dashes below the
line. The horizontal displacement to the right of the origin represents
the number of occurrences of the specific behavior. Days of intense in-
frasonic disturbances are represented by larger dashes.

Figures 2, 3, and 4 display graphically the daily deviation of
the selected human behavior rate from the average rate observed during
the study period. The dates of strong infrasonic disturbances are noted

on these graphs.

Discussion of error
Determination of the presence and duration of infrasonic dis-
turbances was accomplished by two independent methods, viz., noting

perturbations on barograph recordings and computations based on ""Storm
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DAYS WITH INFRASONIC
DISTURBANCES
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Figure 1. Data display for observation of the shifting and spreading
cffects of infrasonic disturbances
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Data' reports. For the most part these two methods yielded identical
results. While it is known that infrasonic waves cause barometer in-
dicator arms to oscillate, it cannot be assumed that this is the only
phenomenon causing these oscillations. It may be that wind directions
were such that, on the days of significant perturbations, the aircraft
arriving and departing the airport, at which the barograph recordings
were taken, passed over the ingtrument causing the observed oscilla-
tions. It is doubtful that the dates of infrasonic activity determined by
the barograph method would correspond as closely with those deter-
mined by the "Storm Data'' method if this were the only cause of the
b.arograph perturbations. However, this possibility cannot be discount-
"~ ed completely without further study.

The weather conditions in the Chicago area during the study
period were such that minimal error was introduced by neglecting lo-
cal conditions. Statistics reported by the State of Illinois Traffic Safe-
ty Division indicate that a light rain, such as that which occurred on
four days of the study period, does not significantly increase the acci-
dent rate (anon. 1967d). The effect of light precipitation on absentee-
ism among school children and factory workers is not known. Judging
from the observations made in this study, the effect appears to be in-

significant.
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It is' considered that during the period studied, theré- were no
major road hazards or traffic pattern changés that would have a signif-
iéant effect on the automobile accident rate. Accident statistics (anon.
1967d) indicate that there exists a significant difference in the urban au-
tomobile accident rate on weekdays as compared with that during the
weekend. Since the ratio of weekend days with infrasonic disturbances
to weekdays with infrasonic disturbances was approximately the same ra-
tio as all weekends to all weekdays, viz., 3/10 compared to 2/17, it was
not necessary to distinguish the days of the week during the study of auto-
mobile accident rates.

The absence rate among school children appears to depend on
the particular day of the week. From Figure 3 it is seen that there is an
increased absence rate on Mondays and Fridays and a low absence rate
on Wednesdays and Thursdays, It is difficult to determine if this is a
normal pattern or if the observed pattern is due to the presence of infra-
sonic waves, which have an almost identical distribution pattern for this
study period, since statistics concerning daily absence rates among school
children are not compiled for the study area.

It was learned during an interview with a Haggard and Marcus-
son Company payroll clerk that the normal absence pattern for this fac-
tory is a high rate on Monday decreasing throughout the week to a low rate

on Friday, which is the employees' payday. This strong absence pattern
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and the relatively small sample space are feit to obscure whatever infra-
sonic effects may be present. There were no known conditions that would
cause a significant change in the absence pattern of these workers in ex-
istence during the study period.
Conclusions

It is seen from Table 1 that automobile accidents and absentee-
ism among school children appear to have a significant degree of correla-
’Fion with the presence of infrasonic waves. Further, it is seen from Table
1 that these human behaviors have a high degree of correlation with the
presence of strong infrasonic waves, although as discussed above, the
high correlation coefficient relating absenteeism among school children
and infrasonic disturbances may be due to the coincidence of the infrasonic
disturbance distribution with the normal absence distribution. Table 2
shows 'that a very significant degree of shifting of the median occurs in
the automobile accident rate and absence rates among school children
during the presence of strong infrasonic disturbances. No noticeable
shifting can be observed in the case of absenteeism among factory workers.
Figure 1 indicates that infrasounds do not cause significant spreading,
i. e., larger deviations from the norm, in the automobile accident rate
or absence rate among school children. There is some indication that
the presence of infrasonic waves have a spreading effect on the absence

- rate of the factory workers considered in this study, viz., three of the
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four days with the highest absence rate had infrasonic waves present and
three of the four days with the lowest absence rate had infrasonic waves
present., Figures 2 and 3 indicate that relative maxima occur on dates
of intense infrasonic waves for the deviation of daily a,ccident rate and
absence rate among school children. Deviation of the daily absence

rate among factory workers, Figure 3, does not indicate this peaking to
the extent observed in the pre;\'/ious two behaviors.

It appears that a significant relationship exists between the
presence of strong infrasonic waves, generated by natural phenomena,
and the frequency of automobile accidents. It further appears that a sim-
ilar relationship exists between the presence of infrasonic waves and the
absence rate of students in elementary schools; however, the significance
of this relationship cannot be determined without further investigation of
the normal daily absence pattern of these students. Because of the small
sample space involved and the strong pattern of normal absenteeism among
the factory workers studied, the results of this portion of the study are
considered inconclusive.

Considerations for further study

The infrasonics area of the science of sound is an important yet
still little explored field. The need for a detailed systematic study of
the relationship the parameters frequency, intensity, and duration have -

on the biological effects of infrasound is apparent. Much work also re-
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mains to be done in the area of instrumentation for future infrasonic
studies.

There are indications that a similar study dealing with the rela-
tionship between suicides and other types of deaths and the presence of
infrasonic waves would also have a sighificant correlation (Mills, 1934;
Aubert de La Rue, 1955; Ellis and Allen, 1961; Moos, 1963),

Little is known of means of protecting man from infrasonic waves.
The acoustic insulating effectiveness of a structure is a function of the
thickness of the walls, the materials of construction, and the frequency
of the sound. The low frequency of infrasounds requires an impractical
thickness of materials for effective insulation (Gavreau et al, 1966). It
is not known if ear-protecting devices would protect an individual from
suffering the effects caused by an infrasonic environment. There is
some indication that audible sounds effectively mask infrasonic effects,
but only cursory observations have been made in this area (Gavreau et
al, 1966).

The detection of the presence of infrasonic waves may serve as
a warning of an expected change in huma,n behavior. Oificials, e. g.,
police or traffic controllers, thus forewarned could initiate action
which would minimize or counteract the infrasonic effects. Actions
such as decreasing the speed limit of electronically controlled thorough-

fares, e. g., the New Jersey Turnpike, and instructing all police vehicles
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to display blinking emergency lights could possibly create the desired
counter-effect.

The character of infrasonics is such that the efforts of many
individuals from many fields will be required to answer the numerous

outstanding questions raised by these first studies.
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Daily Precipitation (in inches)

-Date

Date

) Dat‘e

Date

Snow on Ground: T on 4th

5/1

0. 04

5/8
0. 06

5/15
T

5/22

5/2

5/9

5/16

5/23
0.03

5/3
T

5/10
0.67

5/17

5/24
T

(T = trace: less than 0, 01 in.)

High

Daily Temperatﬁre s: Low

Date

Date

Date

Date

Data obtained from:

5/1
76
48

'5/8

57
43

5/15
56
42

5/22
57
40

5/2
49
36

5/9
63
36

5/16
66
40

5/23
72
40

5/3
50
31

5/10
63
41

5/17
74
44

5/24
70
52

5/4
0. 09

5/11
0.23

5/18
0.15

5/25

5/4
43
33

5/11
55
41

5/18
85
55

5/25
84
49

5/26

5/5
52
32

5/12
52
38

5/19
70
50

5/26
92
61

5/6

5/13

5/20

5/27

5/6
53
35

5/13
60
40

5/20
61
40

5/27
75
52

Commerce, Environmental Data Service, Vol. 72, No., 5,

5/7

0.08

5/14

5/21

5/28
. 26

5/7
63
37

5/14
62
47

5/21
68
43

5/28
62
51

'""Tllinois Climatological Data, ' U. S. Dept. of

Table A-1 Weather data for Chicago area, May, 1967
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W 2?21

Totals

Date

28
30
16
51

1

Mon May

Tues

Wed

Thurs

55

2 9 10 812
6

4 6

Fri

32

6

2

0

0

Sat

34
41

Sun

912 4 2

3

Mon

36
49

Tues

5

8

4 4

5

10

Wed

50
56
43

11

12

Thurs
Fri

4 810 5

3

13

Sat

20

14
15
16
17

Sun

43

Mon

35

Tues

21

Wed

27

18
19
20

Thurs

32

Fri

25

4 8 2

2

Sat

14

21
22

Sun

14

Mon

25

23

Tues

21

24

Wed

23

25

Thurs

21

26
27
28

Fri

15
19

Sat

Sun

Table A-2 Automobile accident data covering May 1 to 28, 1967, in

the city of Chicago, Illinois, by two-hour periods



Date

Number
of Stu«~
dents
Absent

- Date

-Date

Date

Note:

Mon

5/1/67

30

5/15/67

34
47

5/22/67

23
40

Data are of the form:

Tues

5/2/67

26
25

5/9/67

28

23
5/16/67

18

31
5/23/67

18

34

Wed

5/3/67

15

30

5/10/67

1
1

ul

O

5/17/67
16
15
5/24/67

13
20

Date

Thurs
5/4/67

28
27

5/11/67

12

26
5/18/67

13

23

5/25/67

13
15

Burbank Data

Maddock Data

Fri

5/5/67

36
45

5/12/67

17
34

5/19/67

Burbank and Maddock are elementary schools in Oak Lawn, Illinois,
with a combined enrollment of approximately 1500 students.

Table A-3

Absence data for two schools in the

Chicago area for May, 1967

42



Mon

- Date

Number 18

of Work-

‘ers

Absent

Date 5/8/67
20

Date 5/15/67
20

Date 5/22/67

15

5/1/67

Tues

5/2/67

14

5/9/67
10

5/16/67
12

5/23/67

7

Wed

5/3/67

10

5/10/67
6

5/17/67
10

5/24/67

4

Thurs
5/4/67

10

5/11/67
5
5/18/67
5
5/25/67

6

Average Number of Employees During This Period:

Fri
5/5/67

15

5/12/67

7
5/19/67

5
5/26/67

7
Male 123
Female 19

Total 142

Table A-4 Absence data for Haggard and Marcusson, a.
factory in the Chicago area, .for May;-, 1967
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