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The Kokomo Hum Investigation
Introduction
In response to residents’ complaints regarding a sound source that no one could identify
and not everyone could hear (identified as “the hum”), Acentech was hired by the Board
of Public Works and Safety of the City of Kokomo in November 2002 to perform the
following tasks:
1. Establish definitively if the sound exists
2. If the sound is found to exist, determine the source or sources of the sound
3. If the source or sources are identified, identify abatement strategies for them
To perform these tasks most effectively, we decided to divide the project into the
following phases:
1.
2.
3.
4.

Resident interviews
Monitoring at residents’ homes to identify and localize sources
Monitoring at the source locations to identify specific sources
Work with the owners of the identified sources to reduce their emissions

This report describes the results of these tasks.
Resident Interviews
With the help of City personnel, private interviews were arranged with residents who
claimed to be affected by the sound. These interviews followed the initial public meeting
which was held on December 2, 2002. James Cowan, the project manager, led this public
meeting, at which he introduced Acentech and our plans for the study. The questionnaire
shown in Appendix A was distributed at the public meeting and residents were
encouraged to fill them out and return them to us. Fourteen residents participated in the
interviews, which took place between December 2 and 4, 2002.
Characteristics Attributed to the Hum
In addition to completed questionnaires and interviews, we were given copies of petitions
and letters that residents have written to the City listing the characteristics of the hum.
One hundred twenty six residences were documented as being affected by the hum
through these sources, and these locations are shown on the City map identified as Figure
1.
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Figure 1. Locations of documented complaints (solid triangles)
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The information compiled from the interviews, questionnaires, and letters contained few
consistencies. Figure 1 shows the geographic spread of the complaints. Other points
resulting from these data reveal the following:
•
•
•
•

•
•
•

While many people reported hearing a sound, their descriptions of the sound varied
from low to high pitch.
While most people reported hearing the sound late at night, some reported hearing it
all of the time.
Most people reported not hearing the sound after they leave the City, while some can
hear it nearly everywhere they go.
Some people feel a vibration at the same time that they hear the sound, some just hear
the sound, some just feel the vibration, and some hear and feel nothing but have
unexplained health issues similar to those reported by people who hear the sound
and/or feel the vibration.
There seem to be no trends related to gender or age.
Although several people report the onset of symptoms occurring during the fall of
1999, reported onset times range between 1986 and 2001.
In addition to the sensing of sound and/or vibration, the most common health effects
reported are headache, nausea, diarrhea, fatigue and memory loss.

Acoustics Fundamentals
Before explaining the results of our monitoring efforts, it would be helpful to explain the
principles behind the jargon that we use in this field. Of utmost importance in
understanding the issues here, one must understand the concept of frequency.
Frequency
Frequency is the rate at which some parameter varies with time. In the field of acoustics,
frequency describes the variation, with time, of acoustic pressures in a medium (air,
water, etc.) that have been generated by an oscillating source. When that source is
oscillating at a constant rate, the amplitude of its pressure fluctuations look like the sine
wave shown in Figure 2. The span between repeating parts of that sine wave is known as
a cycle and the frequency is designated as the number of these cycles occurring in one
second. The standard unit associated with cycles per second is Hertz, abbreviated as Hz.
Bear in mind that the term “frequency” is used to describe fluctuations in other types of
fields in the physical sciences. Electromagnetic phenomena, for example, are described
in terms of frequency and also use the unit of Hertz; however, electromagnetic fields do
not generate acoustic pressure fluctuations and therefore are not comparable to acoustic
fields of the same frequency designation. In some cases, people can hear radio waves or
other electromagnetic sources because the electromagnetic energy is somehow converted
into mechanical energy that causes something to vibrate and then generate acoustic
waves.
Unless otherwise noted, any frequencies mentioned in this report are related to acoustic
pressures only. Also note that frequencies are not associated with “levels”. Any
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reference to levels would relate to the amplitudes (or volume) of the signals, in this case
in terms of decibels.

Figure 2. The pressure fluctuation pattern of a single-frequency acoustic wave
Human Hearing Sensitivity to Acoustic Frequencies
It is generally accepted that people can hear sounds between 20 and 20,000 Hz. Within
this frequency range, however, our sensitivities vary, as shown in Figure 3.

Figure 3. Human hearing sensitivity over the acoustic frequency range (“k” after the
number stands for “kilo” which indicates thousands)
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The horizontal dashed line labeled “0” in Figure 3 represents an equal sensitivity to
incoming signals without any loss in those signals. A positive sound pressure level value
on this chart indicates an amplification of the signal and a negative sound pressure level
value indicates that the signal is being diminished by that amount. As Figure 3 shows,
we amplify sounds in the 1000 to 5000 Hz range and we have diminished sensitivity by
the amounts shown for frequencies above and below that range.
Most people cannot hear sounds above 20,000 Hz and that is why frequencies above
20,000 Hz are classified as ultrasound (“ultra” meaning beyond the range). Similarly,
most people cannot hear frequencies below 20 Hz and that is why these frequencies are
classified as infrasound (“infra” meaning below or beneath). One characteristic of
infrasound is that acoustic pressures (at high enough levels) at certain infrasonic
frequencies can be felt as vibrations in our bodies. This is because some of our internal
organs resonate at these frequencies.
Decibels
The amplitude of a sound pressure wave is denoted in units of decibels (of sound pressure
level). Decibels are based on a logarithmic scale and are not specific to sound pressure
levels (in the same way that frequencies are not specific to acoustics). Because of the
way our hearing sensitivities vary with frequency, a decibel scale has been created based
on the sensitivity curve shown in Figure 3. This scale is called the A-weighted scale, and
its units are in A-weighted decibels, or dBA. Most noise regulations are stated in terms
of dBA levels. Figure 4 shows common environments for which different dBA levels of
sound would be encountered.

Figure 4. dBA sound pressure levels for common environments
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Note that, because the A-weighted scale significantly discounts sound pressure levels
below 500 Hz, this scale does not address low frequency concerns (especially for
frequencies below 100 Hz).
Infrasound
Considerable research has been done to document the effects of short-term exposures to
high levels (greater than 90 dB) of infrasound on human health. We could find no
studies, however, that document safe limits of infrasound for extended periods of time.
Given the documented links between negative health effects and infrasound exposure,
this lack of information leaves us without the ability to rate the potential hazards of any
infrasound less than 90 dB that we measure in the community.
Outdoor Sound Travel
Sound waves that are traveling outdoors over large (greater than 300 feet) distances
normally do not travel by line-of-sight between the source and a listener. Sound waves
bend as they travel through the atmosphere, mostly affected by changes in temperatures
and wind currents. Sound waves generally bend toward cooler temperatures and travel
with the wind.
Extremes in atmospheric conditions can generate differences of more than 30 decibels of
sound pressure level from the same sound source measured at the same location. At one
extreme is the condition typical of a clear summer’s afternoon, during which
temperatures generally decrease with increasing elevation. Under this condition, since
sound waves bend toward cooler temperatures, the sound waves from a distant source
will bend upward and create what is know as a shadow zone to listeners below (as is
shown in Figure 5). In this case, the sound source will appear to be quieter than you
would expect and its measured sound pressure levels will be lower than expected. This
also occurs when sound waves are traveling into a prevailing wind.

Figure 5. Sound travel against the wind or during typical afternoon temperature
conditions
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The other extreme in conditions occurs late at night or early in the morning when
temperatures can be cooler closer to the ground than at higher elevations. When this
occurs, the sound waves, again bending toward cooler temperatures, bend toward the
ground. If the ground is an acoustically reflective surface (such as a calm body of water
or hard flat ground), the sound wave can skip along the ground and travel much farther
than you would expect (as is shown in Figure 6). In this case, a distant sound source may
sound louder than you would expect and its measured sound pressure levels would also
be higher than expected. This is why conversations can be clearly heard across lakes.
This also occurs when sound waves are traveling with the wind.

Figure 6. Sound travel with the wind or during typical late night temperature conditions
Source Localization
When trying to determine the direction from which a tone (single frequency) of sound
pressure level is coming, one need look for nothing more complicated than our hearing
system. We can sense the direction of sound sources by processing the time difference
between the arrival of sound waves at each of our ears. One can use two microphones (at
a known spacing) in exactly the same way to determine the direction to a sound source in
the community.
Community Sound and Vibration Monitoring
During the weeks of March 24 and April 28, Jim Cowan and Jeff Zapfe monitored sound
and vibration levels at the homes of residents in representative areas throughout the City
of Kokomo. Figure 7 shows the locations at which this monitoring took place.
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Figure 7. Community sound and vibration monitoring locations (circles are sound and
vibration monitoring locations and squares are sound monitoring locations)
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All of the monitored data were recorded on digital audiotape using a Racal-Heim A-80
16-channel instrumentation recorder. Sound pressure levels were measured using Bruel
& Kjaer Type 4176 and 4145 condenser microphones. These microphones are rated for
accurate use to below 5 Hz. Additional sound pressure level measurements were made
using a Rion Model SA-77 FFT Signal Analyzer. Ground vibrations were measured
using a Wilcoxon Model 731 seismic accelerometer. All instruments were fieldcalibrated before each use. All instruments in Acentech's lab are factory-calibrated
annually.
Vibration Monitoring Results
According to American National Standards Institute (ANSI) Standard ANSI 3.29-1983,
entitled Guide to the Evaluation of Human Exposure to Vibration in Buildings, the mean
human perception limit for ground-borne vibrations in the 8 to 80 Hz frequency range is
8000 microinches per second. The same standard states that the most sensitive human
perceptibility limit is 4000 microinches per second. These limits increase for frequencies
lower than 8 Hz. With these standards in mind, we monitored ground vibration levels at
the twelve locations labeled on Figure 7. We did not measure a ground vibration level in
excess of 200 microinches per second at any location, including locations where residents
claimed that they felt vibrational symptoms while we were recording data. Since the
measured vibrations were more than 10 times below the level of minimum perception, we
concluded that ground-borne vibration is not an issue for this investigation.
Sound Monitoring Results
We measured sound pressure level tones at 10 Hz and 36 Hz at some of the residential
locations while residents were present and feeling symptoms. These tones were each 20
decibels or more above the background levels. We used a dual-microphone boom at
three locations to localize the 10 Hz tone to the Haynes International facility north of
Defenbaugh Street between Dixon Road and the Wildcat Creek. We localized the 36 Hz
tone to the Daimler Chrysler Casting Plant south of East Boulevard between Home
Avenue and US Route 31 by monitoring the area directly to the north of the plant.
In addition to these two facilities, several residents mentioned two other facilities that
they were concerned about – the Martin Marietta Aggregates facility north of
Defenbaugh Street between County Road 300 West and Dixon Road, and the Gerber
Plumbing Fixtures plant at the corner of Fischer and Main Streets in the northern end of
the City. Tunneling operations are being conducted at the Martin Marietta facility and
we wanted to investigate whether or not the noise from these operations or their
associated ventilation fans could be generating the low-frequency tones in the
communities. Since the tunneling operations were underground and hidden from the
public, we could not verify this without accessing the facility during full operations. As
far as the Gerber facility is concerned, several neighbors of the facility told us about their
concerns with the noises that they have heard from the facility, although no noise was
audible (by us or the residents) or measurable from the facility when we visited their
homes. Figure 8 shows the locations of the four facilities in question.
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Figure 8. Community sound and vibration monitoring locations along with the locations
of the four industrial facilities identified for further monitoring (squares with x)
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Given this information, we requested access to the Martin Marietta, Gerber, Daimler
Chrysler and Haynes facilities to identify specific sources of the tones that we monitored
in the communities. All four facilities fully cooperated with our requests and gave Jim
Cowan tours of their facilities between July 21 and 23, 2003. Listed below are the results
of these tours:
Martin Marietta Aggregates – Martin Marietta personnel drove Jim Cowan into the
quarry tunnels where he monitored the sounds of ventilation fans. He was informed that
the quarrying operations only take place during the day and the fans only operate during
the operations. The fans did not generate any tones consistent with what we monitored in
the communities. Given this and the situation that most residents say that they hear the
noise at night (when the quarry is not operating), we eliminated this facility from
consideration as a potential source of the community tones.
Gerber Plumbing Fixtures – The plant manager gave Jim Cowan a tour of the facility
and ran all equipment in the facility while readings were taken both inside and outside the
plant buildings. In no case were any tones monitored that matched the tones that we
recorded in the communities, so we eliminated this facility from consideration as a
potential source of the community tones.
Daimler Chrysler Casting Plant – A facility engineer gave Jim Cowan a tour of the
plant. After climbing onto the roof of the building closest to East Boulevard, they found
a source of the 36 Hz tone heard in the community to be a cooling tower mounted on the
roof of Building C. Figure 9 shows spectra monitored 10 feet from the cooling tower and
in the community approximately 1000 feet to the north of the cooling tower at the corner
of Dogwood Drive and Appletree Lane. As can be seen in Figure 9, the 36 Hz tone is
present at both locations and the dropoff of roughly 40 dB is as expected over the 1000foot distance from the source. Although operational considerations prohibited us from
having the cooling tower turned off to see whether or not the 36 Hz tone disappeared, the
36 Hz sound levels clearly increased as we approached the cooling tower and dropped off
as we walked away from it in all directions, indicating to us that it was the source of the
36 Hz tone.
Haynes International – The plant engineering manager gave Jim Cowan a tour of the
entire facility, during which time specific pieces of equipment were monitored. A source
of the 10 Hz tone monitored in the communities was found to be an air compressor intake
on Building R1 (on the northern end of the facility). We found three of these intakes on
the R1 building, one on the east side and two on the west side, each emitting the same
spectral (tonal) characteristics. Figure 10 shows a spectrum monitored 10 feet from the
equipment, superimposed with a spectrum monitored at the western property line at
Belmont Avenue (approximately 200 feet to the west of the equipment) and a spectrum
monitored at a residence at the southern end of Briar Court (approximately 3000 feet to
the north of the equipment).
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Figure 9. Noise spectra measured from the Daimler Chrysler Casting facility
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Figure 10. Noise spectra measured from the Haynes International facility
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Resolution of the Issues
There are both acoustic and non-acoustic issues that comprise this investigation.
Acoustic issues are those that we could measure with our instruments and, in some cases,
we could hear. Non-acoustic issues are those that we could not measure with our
instruments and we could not hear at the time that residents were hearing the sound.
Acoustic Issues
Tones that correlate with the complaints of some residents have been identified at both
the Daimler Chrysler and Haynes International facilities. Each of these facilities has
volunteered to reduce the sound pressure levels of these tones by working with the
equipment manufacturers. After the facilities report that these tones have been reduced to
background levels or below, additional measurements should be performed in the
communities to ensure that this is the case. Members of the community should then be
questioned to determine whether or not people still hear the noises in question.
It is also critical, since residents are concerned about potential health issues associated
with these tones, that research be performed to establish safe long-term sound pressure
level limits for low frequency and infrasonic tones.
Non-acoustic Issues
The sounds that our instruments cannot measure, while they are real sounds in people’s
heads, are not generated by acoustic mechanisms in which measurable pressure waves
travel through the air to be sensed by our ears. It is also worth noting that people from
areas far away from Kokomo have reported the same types of sensings. These people
have contacted us from both ends of our continent and from other areas of the globe. In
some cases, we have sent them digital tape recorders and they have sent us back tapes
that have no correlation with what they say they are hearing. These issues are not local to
Kokomo, and need to be addressed on a national, if not global, level. Some potential
sources for these issues are listed in the Conclusions section of this report.
Conclusions
We have identified sources of 10 Hz and 36 Hz tones at industrial facilities in Kokomo.
These sources have been identified by community residents as potential sources of the
sounds and vibrations that have been disturbing them. The owners of these sources are in
the process of reducing the levels of these tones. After the sound levels of these tones
have been reduced to be comparable to background levels in the communities (which
should be verified by measurements), the reaction of the community members will dictate
whether or not these sources have been associated with any health issues they have been
dealing with.
It is possible that some people may perceive sounds that are not generated by acoustic
means. While the acoustic sources that we identified are specific to Kokomo, our
experience and research has indicated that the non-acoustic issues are not specific to
Kokomo and are being experienced by a small segment of the population worldwide.
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There are non-acoustic phenomena that have been documented as potentially causing the
types of symptoms that these people are experiencing. Some of these phenomena that are
prevalent in literature are:
•
•
•
•

Microwave (radio frequency) hearing
Electrosensitivity
Chemical sensitivity
Hypersensitivity to natural geomagnetic phenomena

If resolving the acoustic issues does not relieve residents’ symptoms, these issues may be
contributing to this situation. One complication with isolating the specific cause of the
residents’ concerns is that the symptoms for each of the above phenomena are similar and
each person may be experiencing one of these or a unique combination of more than one
of these.
Recommendations for Further Research
This investigation has revealed the need for research in several areas. Most notable is the
need for research to establish safe long-term low-frequency and infrasonic exposure
limits. Although we have identified low-frequency and infrasonic tones that are being
abated, the potential link between these tones and the reported health effects cannot exist
without this research.
Research is also needed to resolve the potential for the non-acoustic issues (listed above)
to cause the types of symptoms that are being experienced by people in Kokomo and
around the world. Because several residents who experience this noise also complained
of electrical problems in their homes, we commissioned a small electromagnetic study to
see if any obvious issues could be revealed. The report from this study is attached to this
report as Appendix B. Although electromagnetic sources could be identified by this
study, the monitored levels of their associated fields are below current safety limits. As
can be seen in the report, however, there is still research needed to establish whether or
not these safety limits are appropriate for eliminating the possibility of these fields being
able to cause the symptoms experienced by the residents.
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Appendix A
Resident Questionnaire
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Kokomo Hum Questionnaire
Name:

Age:

Address:
When did you start to hear this noise?
Do you know of any changes in the environment that occurred around the time during
which you starting hearing the noise? If yes, please describe them.

Did the sound begin suddenly or gradually increase in volume?
How would you describe the sound in terms of common sounds that you can relate it to?

Would you characterize it as having a high (treble) or low (bass) pitch?
Is the sound constant in nature or does it occur intermittently?
Is there a certain time of day or night during which you consistently hear it?
Do you hear it only indoors, only outdoors, or both indoors and outdoors?
Do you hear the sound everywhere you go and with the same intensity or do you only
hear it in specific places (if so, where do you hear it)?
Does it sound as if it is coming from a specific direction from you?
Has the intensity of the sound remained the same since you started hearing it? If it has
changed, please describe how it has changed.
Is the sound of a pulsing nature or is it steady over time?
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Does the sound fade in and out or does it remain steady in intensity?
Can you hear the sound at the same level if you cover your ears while it is occurring?
Do you feel vibrations that are associated with this sound?
Does anything rattle in the location in which you hear this sound?
Do other people in your home experience this sound at the same time at which you
experience it?
Does it sound any different during the winter as compared to during the summer?
Would you be available to join us during our sound testing to help us to identify the
sound that you are hearing? If so, please leave your phone number below so we can
contact you to make those arrangements.

Feel free to add any additional comments in the space below (add extra pages as needed):

Thank you for contributing to this study. Please mail this completed questionnaire to:
James Cowan
Acentech Inc.
33 Moulton Street
Cambridge, MA 02138
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Appendix B
EMSciTek Electromagnetic Report

