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Introduction: “The Hum” and “Taos Hum” are the common terms used for an annoying low-frequency sound of 
unknown and seemingly mysterious external causes. The Hum is a phenomenon occurring worldwide that affects 
approximately 2% of the population, called hearers or hummers. Objective: This study investigates the different 
manifestations of the Hum based on questionnaires tailor-made for hearers, with the aim to demystify this phenomenon. 
Material and Methods: Questionnaires completed by 162 hearers were evaluated, with a focus on three often-reported 
features: whether their Hum forms beats with external sounds, whether head rotations remove their Hum, and if air 
travel produces a time lag until the Hum reappears. Results and Conclusions: The presence of at least one of the 
three features is typical of the Hum for 73% hearers. The three features are statistically significant dependent on 
each other. Hum-oscillations are typically influenced by head rotation and by sounds and are most likely located in 
the semicircular canals and the cochlea. Therefore, for the majority of hearers, the Hum may represent a rare form 
of tinnitus that has nothing to do with external sounds. The remaining group doesn’t experience any feature of a 
typical hearer.
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INTRODUCTION

The perception of an annoying low-frequency 
sound of unknown origin, also known as “the Hum” or 
the “Taos Hum”, is found to be a worldwide phenomenon 
that affects approximately 2% of the population, called 
hearers or hummers. Although it is often believed that 
hearers hear the same mysterious sound, frequency 
matches in Taos demonstrate that the Hum does not 
consist of one Hum frequency identical to each hearer, 
but rather of different frequencies ranging from 30 Hz 
to 80 Hz that are different, even for hearers in direct 
proximity1.

Hearers report that their Hum may form beats with, 
lock into, and match the frequency of an external sound 
(ES); that they experience a time lag of two to three 
days until their Hum reappears after longer air travel; 
and that they can stop their Hum during purposeful 
head movements. Such observations are not commonly 
reported for tinnitus, which is the main reason why these 
force-interactive hums (FIHs) very often are not assigned 
to tinnitus but rather to other somehow mysterious 
external sources2.

The term acoustic beat is classically used to 
describe the interference between two ESs of slightly 
different frequencies, perceived as periodic variations of 
their volumes at a rate corresponding to the difference of 
the two frequencies. This kind of interference has long 
been familiar because beats can be generated in almost 
all human ears. The Hum can also beat with an already 
present ES as if it were an ES itself.

Interference between two forces only occurs 
as long as the same process and the same system 
are involved simultaneously. If the forces involve two 
separate receptor elements, a pattern of interference 
cannot arise. Further, it is a physical impossibility for 
two entirely different forms of energy to interact in this 
manner; that is, it is inconceivable that beats could be 
produced by interference of electrical and mechanical 
forces. This principle is called the superposition principle 
or superposition property, and the terminology suggests 
the Hum to be a second ES, which beats with the present 
ES.

The aim of this study is to discuss the reasons for 
this unusual behavior of the Hum on the basis of replies 
to questionnaires customized for hearers, and to localize 
the FIH oscillations.

MATERIALS AND METHODS

The study is based on 162 questionnaires. They 
differ from the usual questionnaires used for tinnitus 
because they contain questions with a special attention 
on frequently reported observations of hearers. The 
questionnaires have been designed under the leadership 

of a group of scientists who have been personally 
involved in Hum phenomenon for several years. The 
questionnaires could be downloaded from a homepage 
or were sent via email or letter. All questionnaires that 
arrived within a given period of time are included in the 
study.

The evaluations were carried out in 2015, and 
the focus was on the three frequently reported features: 
whether their Hum forms beats with ESs, whether head 
rotations remove their Hum, and whether air travel 
produces a time lag until the Hum reappears.

The Van der Pol-oscillator is the simplest model 
used to simulate nonlinear biological oscillations and a 
tool to proof the nonlinearity of SIHs. It closely imitates 
biological phenomena and has been used successfully 
to simulate spontaneous otoacoustic emissions3. The 
typical interactions of the forced Van der Pol oscillator, the 
periodic pulling with, and synchronization into external 
sounds are used to prove the internal origin of SIHs4.

Beats between an ES and the Hum are used as a 
tool to determine the locations of the Hum-oscillations 
because beats between one ES with one internal sound-
oscillator may behave differently to beats between two 
ESs. They may generate beat-frequencies that are 
pulling towards the ES to an extent that depends on 
the frequency difference, while beats between two ESs 
interact linearly. This phenomenon is well known for 
oscillators in the ear that can be simulated as forced Van 
der Pol-oscillators3.

RESULTS

Basic information about hearers
In the study, 83 males and 79 females with an age 

range from 9 to 84 years (average ± SD of 48 ± 11) 
completed the questionnaire survey. At the time of the 
data collection participants had been experiencing 
their Hum for an average of 6 years. For the majority 
of hearers, the Hum does not change its pitch, and it is 
heard only in silent surroundings.

Sixty-five percent of hearers describe their Hum 
as the sound of a truck idling in the distance, 27% as 
the humming sound of the transformer working, 14% as 
the droning of a propeller plane, and 11% the chugging 
of a fishing boat. Multiple responses were possible. The 
location of the Hum is perceived by 26% in both ears, by 
26% it alternates between the ears, by 15% it is heard in 
the head, by 17% in the left ear, and by 9% in the right ear.

Otologists certified a healthy ear for 77% of hearers, 
and 86% evaluated their hearing ability as normal to 
above average. Further, 15 participants matched their 
Hum with the sound of a generator plus headphones as 
shown in Table 1, which confirms the findings of Mullins 
and Kelly1 that the Hum cannot be a suspected external 
sound, audible only to sensitive hearers. In this case 
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hearers in the immediate vicinity would have matched 
the generators to the same frequency, and no difference 
would have been matched between the right and left ear 
of each individual hearer.

The chi-squared (Chi2) test of independence 
shows a strong stochastic dependence at p < 0.01 for the 
simultaneous occurrence of SIHs and TLHs (Chi2 = 9.29) 
and for the simultaneous occurrence of SIHs and HRHs 
(Chi2 = 8.42). The simultaneous occurrence of a TLH 
and an HRH appears coincidentally (Chi2 = 1.01). These 
different mutual dependencies indicate a key function 
for SIHs.

The simultaneous presence of an SIH, a TLH, and 
an HRH in the Hum of a single hearer would offer an 
ideal situation to test the dependencies and correlations 
of these three main features of the Hum; this rare 
simultaneous occurrence is only represented in 7% of 
hearers, as in the case report of Frosch4.

Cumulatively, we found an SIH or TLH for 66% and 
an SIH, TLH, or HRH for 73% of the hearers. Additional 
abnormalities of the Hum have not been observed by the 
hearers. This indicates that these three parameters of 
FIHs may completely describe the Hum. The remaining 
27% do not fall under the definition of an FIH and should 
not be called hearers because their complaints are 
caused by completely different reasons that are not 
correlated with FIHs and do not fit into the typical reports 
on the Hum as a worldwide phenomenon.

DISCUSSION

Careful examinations of the manifold individual 
statements received from hearers in questionnaires, 
personal measurements on their own Hum, and contacts 
to self-help groups lead to the conviction that the often-
reported strange observations that sound, rotational 
forces, and longer air travel are influencing FIHs cannot 
be artifacts but must have something to do with the 
location and generation of FIHs.

Although the results of the questionnaires were 
obtained from a limited number of Hum sufferers 
(162), mainly from one geographical area, this number 
demonstrates a significant trend. Identical findings 
of individual hearers all over the world confirm this 
evaluation; and quantitative evaluations concerning 
these main features from third parties do not exist. Let 
us concentrate on the 73% of “real” hearers experiencing 
FIHs and assign their origins from the observations made 
on SIHs, TLHs and HRHs:

SIHs can be simulated as Van der Pol oscillators 
and their oscillations are supposed to be located in 
the cochlea. This kind of perceived sound is actively 
involved in the hearing process. TLHs cannot be used 
to define a location of the Hum as long as the receptors 
for the Hum-oscillations within the ear are not clearly 
localized. Undoubtedly, some unusual additional external 
influences may cause this strange effect. Possible causes 
are exposure to abrupt changes of atmospheric pressure 
or gravity, or to prolonged vibration and noise, all of 

Table 1. Measures and locations of Hum impressions.
Person Left Ear (Hz) Right Ear (Hz) Impression

DB 32 - left ear

DS 70 - left ear

EC 65 - left ear

FF 56-58 65-68 head

FV 75 78 head

FS - 30 right ear

HA 37 38 head

HF 65-68 65-69 both ears

KL 65 57 both ears

KB - 40 right ear

LG 35-45 35-45 both ears

MA 37 37 head

RA 70 70 both ears

ST - 50 right ear

SM 75-80 75-80 both ears

Additionally, it demonstrates an interesting 
relationship: when the Hum is present only in one 
ear, the Hum impression is in the same ear. When the 
Hum can be measured in both ears, the impression is 
either in both ears or in the head. When sounds are 
presented to a listener dichotically, or one through 
each ear, binaural beats may occur. Depending on their 
frequency-differences, binaural beats may have negative 
effects on mood5.

Simultaneous Hum-oscillations in both ears may 
cause binaural beat interactions perceptible as volume 
fluctuations, vibrations, and the droning of the Hum. 
Binaural Hum-interactions may be the reason for the 
often reported body vibrations and the negative mood 
of many hearers.

Main features of the Hum
In 60% of hearers, the Hum interacts with sounds, 

and a quarter of them additionally report in detail that 
their Hum may form beats with, lock into, and match 
the frequency of an ES. A time lag of two to three days 
until the Hum reappears after longer air travel has been 
reported by 55% of hearers. Thirty-seven percent report 
a Hum that can stop during purposeful head movement; 
for half of them, this takes place exclusively by horizontal 
head rotation. The three main features of the Hum, being 
a sound-interacting Hum (SIH), a time-lag Hum (TLH), 
and a head-rotation stopped Hum (HRH) are statistically 
evaluated.
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which are known to affect the vestibular system. HRHs, 
however, can definitely be assigned to the receptors for 
detecting rotational forces, which are the vestibular hair 
cells in the cristae ampullaris of the semicircular canals.

When integrating these three kinds of FIHs, it can 
be concluded that there are two locations simultaneously 
involved in the generation of the Hum: the cochlea and 
the semicircular canals. These results are supported 
by the highly significant stochastic dependence of the 
simultaneous occurrence of SIHs and TLHs and of SIHs 
and HRH. The 73% of FIHs cannot be caused by an 
ES, because no ES can force another ES into Van der 
Pol-interactions, no ES shows a delay in its audibility 
with/after the change of residence, and the Hum can 
be eliminated by head movements but the ES cannot.

Therefore, the Hum cannot be caused by any 
external source, and is not the result of any oscillation 
in the human body, being outside the direct signal path 
of the ear, such as the middle-ear myoclonus or other 
muscle contractions or reflexes of the human body that 
are called the causes of the Hum. Let us evaluate these 
findings:

There are many convincing arguments that the 
function of the cochlea is limited to sounds and that 
of the semicircular canals to head rotations. Neither 
tinnitus nor otoacoustic emissions are well-understood 
phenomena; they are mainly defined according to 
their clinical aspects, not on causes or mechanisms of 
production6. Audible spontaneous otoacoustic emissions 
and beats between an ES and tinnitus do not really fit 
into the definitions.

According to Vernon7, only 4% of subjects with 
tonal tinnitus can produce beats. Penner8 found that 
approximately 5% of all spontaneous otoacoustic 
emissions are also audible to the subject; however, the 
portion thereof that can produce beats has not been 
investigated.

An overlapping function has been reported for 
intense sounds that activate the utricular and saccular 
maculae neurons of the vestibule in addition to cochlear 
neurons9 but not for head rotations that influence acoustic 
neurons. However, the potential for acoustic stimuli to act 
on the balance sensors of the vestibular system and vice 
versa is greater than commonly appreciated because the 
auditory and vestibular sensory epithelia are housed in 
a common bony capsule, the labyrinth.

Acoustic sensation without endolymph flow in the 
semicircular canals may occur by longitudinal sound 
pressure waves acting on the vestibular hair cells of both 
sides of the three cristae identically and eliminating the 
influence of head movements10. Vestibular II hair cells are 
candidates to play an active part in the FIH-oscillation 
for several reasons: They are sensitive to changes in 
hydrostatic pressure11, which may explain the observed 

time lag before the Hum reappears after longer air travel 
and may be the reason why it is temporarily not audible 
at other places. Air travel is known to be accompanied 
by strong and fast air-pressure changes that may have 
a prolonged effect on vestibular II hair cells.

Vestibular II hair cells respond to velocity but 
not to acceleration of head rotations12, which has been 
confirmed in a case report4 in which the Hum could be 
eliminated at an angular velocity above 306°/s. Vestibular 
II hair cells interact with acoustic forces13; the found 
hearing sensitivity of single vestibular fibers of not better 
than 70 dB SPL may strongly be enhanced by averaging 
the signals of several hundred identical parallel vestibular 
neurons. When a signal is periodic and the noise is 
random, as a principle, the noise goes down as the 
square root of the number of averaged neurons.

Approximately 1300 myelinated and unmyelinated 
axons make contact through vestibulocochlear 
anastomosis14, a number sufficient to lower the 
vestibular hearing level by averaging below single 
digits. Acoustically responsive vestibular neurons with 
synapses on cochlear fibers may be an explanation for 
this15, as it seems that the hearing of the Hum involves 
the semicircular canals and the cochlea.

An external force can influence a Hum-oscillation 
only if it has direct access into the process of the 
oscillation. A Hum-oscillation that is influenced by head 
rotation and by sounds is most likely located in the 
semicircular canals and the cochlea, which interact with 
each other. It seems as if energy is generated in the 
semicircular canal and flows into the cochlea to support 
a self-sustained oscillation, and both get stopped during 
head rotation. The so-called Hum-interacting sites use 
information from both locations. Further studies are 
necessary to assign the functions and locations of the 
Hum-interacting sites and to identify the flow between 
both locations.

CONCLUSIONS

Based on the majori ty of repl ies to the 
questionnaires, the Hum is found to be sound interactive, 
sensitive to head rotations, and/or having a time lag of 
two to three days until it reappears after hearers’ longer 
air travel. The presence of at least one of these three 
features can be taken as typical for the Hum.

Self-sustained oscillations similar to those 
observed with cochlear tinnitus or audible otoacoustic 
emissions may act in one or both ears and cause the 
Hum. For the majority of hearers the Hum may represent 
a rare form of tinnitus that has nothing to do with ESs. 
A small separate group is not sensitive to any of these 
features. Their complaints are caused by completely 
different reasons that are not correlated with any 
observations originally found with hearers.
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