
microwave auditory effect
microwave auditory effect is a unique and fascinating phenomenon where individuals perceive
audible sounds induced by pulsed microwave radiation. This effect, sometimes referred to as the
Frey effect, has intrigued scientists and researchers since its discovery in the mid-20th century. The
microwave auditory effect involves the generation of sound waves within the head due to the
interaction of microwave pulses with biological tissues, leading to the perception of clicks, buzzes, or
other auditory sensations. Understanding this phenomenon has implications in fields ranging from
neuroscience and biomedical engineering to security and defense technologies. This article explores
the scientific principles behind the microwave auditory effect, its historical background, the
mechanisms involved, experimental findings, and potential applications. Below is an overview of the
major topics that will be covered in detail.

History and Discovery of the Microwave Auditory Effect

Scientific Mechanisms Behind the Effect

Experimental Studies and Observations

Applications and Implications

Safety and Health Considerations

History and Discovery of the Microwave Auditory Effect

The microwave auditory effect was first identified in the 1960s by American neuroscientist Dr. Allan
H. Frey. While conducting experiments with microwave radiation, Frey observed that subjects
reported hearing clicking sounds when exposed to pulsed microwaves. This groundbreaking
discovery challenged existing understanding of how electromagnetic energy interacts with human
sensory systems. Prior to this, microwaves were primarily associated with thermal effects, such as
heating tissue, but the auditory perception indicated a non-thermal biological response.

Early Research and Observations

Initial research focused on confirming the reproducibility of the effect and understanding its basic
characteristics. Researchers documented that the perceived sounds occurred only with specific
pulse widths and power densities of microwave radiation. The auditory sensations were described as
sharp clicks, chirps, or buzzes localized within the head, rather than external sounds. These early
findings laid the foundation for subsequent investigations into the underlying physical and
physiological mechanisms.



Terminology and Naming

The term "microwave auditory effect" became widely accepted following Dr. Frey’s publications. It is
also known in some literature as the "Frey effect" or "radio frequency hearing." These terms
emphasize the involvement of microwave or radio frequency electromagnetic fields in eliciting
auditory sensations without any external acoustic stimulus.

Scientific Mechanisms Behind the Effect

The microwave auditory effect arises from complex interactions between pulsed microwave energy
and biological tissues, particularly within the head and brain. Understanding these mechanisms
requires insights from physics, biology, and neuroscience. The effect is primarily attributed to
thermoelastic expansion and thermoacoustic wave generation within the brain tissue.

Thermoelastic Expansion and Acoustic Wave Generation

When pulsed microwave radiation penetrates biological tissue, it causes rapid, localized heating on
microsecond time scales. This sudden temperature increase leads to thermoelastic expansion—an
expansion of tissue due to heat—that generates pressure waves or acoustic waves inside the head.
These pressure waves propagate through the skull and stimulate the cochlea, the auditory part of
the inner ear. The cochlea then converts these mechanical waves into nerve signals, which the brain
interprets as sound.

Parameters Influencing the Effect

Several factors influence the perception of the microwave auditory effect, including:

Pulse Duration: The length of microwave pulses affects the amplitude and frequency of
generated acoustic waves.

Power Density: Higher microwave power increases the intensity of thermoelastic expansion,
enhancing sound perception.

Frequency of Microwave Radiation: Typically, microwave frequencies in the range of 300
MHz to 10 GHz are used to elicit the effect.

Individual Physiology: Variations in skull thickness, tissue composition, and auditory
sensitivity affect individual experience.



Experimental Studies and Observations

Extensive experimental research has been conducted to characterize the microwave auditory effect,
understand its parameters, and explore its limits. Studies have involved human subjects, animal
models, and computational simulations.

Human Subject Experiments

In controlled laboratory settings, volunteers exposed to pulsed microwave radiation reported
hearing sounds only when the parameters met specific conditions. Experiments revealed that the
perceived sounds were not caused by external acoustic waves but were internally generated.
Subjects described the sounds as clicks, hisses, or buzzes, often localized inside the head or near the
ears.

Animal Studies and Physiological Insights

Animal experiments have helped elucidate the physiological pathways involved in the microwave
auditory effect. Studies on rodents and primates indicated that the cochlea and auditory nerve are
essential in transmitting the microwave-induced acoustic signals to the brain. These findings support
the hypothesis that the effect is mediated through normal auditory processing rather than direct
brain stimulation.

Computational Modeling

Advanced computational models simulate how microwave pulses induce thermoelastic expansion
and generate acoustic waves within complex tissue structures. These models help predict the
threshold levels for perception, spatial distribution of pressure waves, and influence of anatomical
variations. Computational studies complement experimental data by providing detailed insights that
are difficult to obtain in vivo.

Applications and Implications

The microwave auditory effect has potential applications across multiple fields, including medical
technology, security, and defense. Understanding and harnessing this effect could lead to innovative
devices and techniques.

Medical and Therapeutic Applications



Research is exploring the use of microwave auditory stimulation for non-invasive neural modulation
and auditory prosthetics. The ability to induce auditory sensations without external sound sources
could aid in developing new hearing aids or communication devices for individuals with hearing
impairments.

Security and Defense Uses

Governments and defense agencies have investigated the microwave auditory effect as a potential
tool for covert communication or crowd control. Devices based on this effect could transmit
messages directly into a person's head without the need for external speakers, offering discreet
communication methods. However, ethical and safety concerns limit the deployment of such
technologies.

Scientific Research and Neuroscience

The microwave auditory effect serves as a valuable research tool to study auditory processing
pathways and brain responses to electromagnetic stimuli. Studying this effect enhances
understanding of sensory perception and brain function under non-traditional stimulation.

Safety and Health Considerations

The use and study of the microwave auditory effect raise important safety questions regarding
exposure to microwave radiation and its potential biological effects. Regulatory agencies and
scientific bodies have established guidelines to limit exposure and minimize health risks.

Exposure Limits and Guidelines

International organizations such as the Federal Communications Commission (FCC) and the
International Commission on Non-Ionizing Radiation Protection (ICNIRP) have set exposure limits to
microwave radiation, including pulsed microwave fields. These limits aim to prevent harmful thermal
and non-thermal effects, including unintended auditory sensations that could cause discomfort or
distress.

Potential Health Risks

While the microwave auditory effect itself is generally considered non-damaging at low exposure
levels, prolonged or high-intensity microwave radiation could pose risks such as tissue heating,
neurological effects, or auditory damage. Ongoing research evaluates long-term effects and
establishes safety protocols to protect individuals.



Ethical Considerations

The possibility of using the microwave auditory effect for covert communication or influencing
human perception raises ethical concerns. Issues related to consent, privacy, and potential misuse of
such technologies are actively discussed among scientists, policymakers, and ethicists.

Frequently Asked Questions

What is the microwave auditory effect?
The microwave auditory effect is a phenomenon where individuals perceive sounds, such as clicks or
buzzing, caused by pulsed microwave radiation interacting with the auditory system.

How does the microwave auditory effect work?
It occurs when pulsed microwave energy causes rapid thermal expansion in brain tissue, producing
pressure waves that the cochlea interprets as sound.

Who discovered the microwave auditory effect?
The effect was first reported by Dr. Allan H. Frey in the 1960s during experiments involving
microwave radiation exposure.

Can the microwave auditory effect be harmful?
At typical exposure levels, the effect is generally considered harmless, but excessive exposure to
high-intensity microwaves can cause tissue damage.

Is the microwave auditory effect used in any applications?
Research has explored its potential for non-lethal communication or crowd control, but practical
applications remain limited and controversial.

What types of sounds are typically heard in the microwave
auditory effect?
People usually report hearing clicking, buzzing, hissing, or knocking sounds, often described as
originating inside the head.

Has the microwave auditory effect been linked to any
conspiracy theories?
Yes, some conspiracy theories suggest its use for mind control or covert harassment, but there is no
scientific evidence supporting these claims.



Additional Resources
1. The Microwave Auditory Effect: Exploring the Human Perception of Radio Frequency Pulses
This book provides an in-depth exploration of the microwave auditory effect, a phenomenon where
individuals perceive sounds induced by pulsed microwave radiation. It covers the history of its
discovery, the physiological mechanisms involved, and experimental studies that demonstrate the
effect. The text also discusses potential applications and implications for neuroscience and
communication technologies.

2. Microwave Auditory Phenomena: Science and Applications
Focusing on both the scientific basis and practical uses of microwave auditory phenomena, this book
examines the biophysical interactions between microwave radiation and the human head. It reviews
clinical studies, experimental results, and technological innovations inspired by the effect. Readers
will gain insight into the challenges and opportunities in harnessing this phenomenon for medical
and defense purposes.

3. Neurophysiology of the Microwave Auditory Effect
This comprehensive volume delves into the neurophysiological aspects of the microwave auditory
effect, discussing how radio frequency pulses stimulate the auditory nervous system. It explores
auditory pathway responses, brain imaging studies, and the underlying molecular mechanisms. The
book is valuable for neuroscientists and engineers interested in sensory processing and
bioelectromagnetics.

4. Auditory Perception and Electromagnetic Fields: The Microwave Effect
This title investigates how electromagnetic fields influence auditory perception, with a focus on the
microwave auditory effect. It offers a detailed review of experimental evidence, theoretical models,
and debates within the scientific community. The author also considers the broader implications for
public health and electromagnetic exposure guidelines.

5. Radio Frequency Induced Sounds: The Microwave Auditory Effect Explained
Aimed at a multidisciplinary audience, this book explains the physics behind radio frequency-
induced auditory sensations. It discusses the thermoelastic expansion theory, experimental setups,
and the parameters affecting sound perception. Case studies and practical examples illustrate how
the effect can be detected and measured in laboratory conditions.

6. Microwave Auditory Effect and Its Implications in Defense Technology
This book explores the strategic and ethical dimensions of the microwave auditory effect in defense
applications. It details how the effect has been investigated for use in non-lethal crowd control and
communication systems. The author critically examines policy considerations, potential risks, and
future research directions in military contexts.

7. Human Sensory Responses to Microwave Radiation: Auditory and Beyond
Beyond the auditory effect, this work surveys various sensory responses elicited by microwave
radiation. It places the microwave auditory effect within a broader framework of bioelectromagnetic
interactions affecting human perception. The book synthesizes findings from psychology, physiology,
and engineering to provide a holistic understanding.

8. The Science of Microwave Hearing: Mechanisms and Measurement
This technical volume focuses on the experimental methodologies used to study microwave hearing,
including measurement techniques and instrumentation. It explains the variables that influence
auditory perception of microwaves and discusses reproducibility challenges. The book is a resource



for researchers designing experiments and interpreting data in this niche field.

9. Microwave Auditory Effect: Historical Perspectives and Future Prospects
Tracing the discovery and evolution of research into the microwave auditory effect, this book offers
a historical narrative alongside current scientific knowledge. It highlights key experiments,
prominent researchers, and shifts in scientific understanding. The final chapters speculate on future
technological developments and potential new applications arising from this unique sensory
phenomenon.
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high-power microwave pulses, which research results have shown can cause a cascade of health
events when aimed at a human subject or the subject’s head. The book details multidisciplinary
investigations using physical theories and models, physiological events and phenomena, and
computer analysis and simulation. Coverage includes brain anatomy and physiology, dosimetry of
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  microwave auditory effect: CRC Handbook of Biological Effects of Electromagnetic
Fields Charles Polk, 2019-07-23 The objective of this book is to present in a concise manner what is
actually known at the present time about biological effects of time invariant, low frequency and
radio frequency (including microwave) electric and magnetic fields. In reviewing the vast amount of
experimental data which have been obtained in recent years, the authors tried to select those results
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and what is conjecture at the present time.
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far from over. It is estimated that there are 175,000 new female breast cancer cases, annually, and
40,000 deaths resulting from it in the U. S. In fact, breast cancer incidence rates have shown little
change in the 1990s, while breast cancer death rates have been declining about
2percentperyearsince1990[Riesetal. ,1999]. Modernmammographyisrelieduponmost often for breast
cancer screening. Mammograms can detect most breast cancers, but they miss some. Its accuracy
and sensitivity are age and breast density dependent. For example, the false negative rate is about
25% for women under age 50, with invasive breast cancer [Kerlikowske et al. , 1996; 1997]. It
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reduces to 10% for women more than 50 years of age. Although the amount of radiation exposure
during mammography is minimal - about the same as receiving a dental x-ray, the radiation from
mammograms can cause additional breast cancer deaths [Feig, 1996; NIH, 1997]. (It has been
estimated that if 10,000 women have yearly mammograms for ten years, the radiation from
mammograms will cause one additional breast cancer death. ) Because the absolute bene?t of
screening women aged 40 to 49 years is small and there is concern that the harm may be
substantial, there have been suggestions that these women should be informed about the potential
bene?ts and risks of screening mammography [Kerlikowske, 1997].
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Fourth Edition Ben Greenebaum, Frank Barnes, 2018-11-02 The two volumes of this new edition of
the Handbook cover the basic biological, medical, physical, and electrical engineering principles.
They also include experimental results concerning how electric and magnetic fields affect biological
systems—both as potential hazards to health and potential tools for medical treatment and scientific
research. They also include material on the relationship between the science and the regulatory
processes concerning human exposure to the fields. Like its predecessors, this edition is intended to
be useful as a reference book but also for introducing the reader to bioelectromagnetics or some of
its aspects. FEATURES • New topics include coverage of electromagnetic effects in the terahertz
region, effects on plants, and explicitly applying feedback concepts to the analysis of biological
electromagnetic effects • Expanded coverage of electromagnetic brain stimulation, characterization
and modeling of epithelial wounds, and recent lab experiments on at all frequencies • Section on
background for setting standards and precautionary principle • Discussion of recent
epidemiological, laboratory, and theoretical results; including: WHO IARC syntheses of
epidemiological results on both high and low frequency fields, IITRI lab study of cancer in mice
exposed to cell phone-like radiation, and other RF studies • All chapters updated by internationally
acknowledged experts in the field
  microwave auditory effect: Report USAFSAM-TR. , 1982
  microwave auditory effect: Electromagnetic Interaction with Biological Systems James
Lin, 2012-12-06 Ever since the early 1940's, electromagnetic energy in the nonionizing spectrum has
contributed to the enhanced quality of life in a variety of ways. Aside from their well-known roles in
communication, entertainment, industry and science, electromagnetic energy has come into wide
spread use in biology and medicine. In addition to the intended purposes, these energies produce
other effects which have been shown to influence the life processes of living organisms. It is
noteworthy that these energies are not only harmless in ordinary quantities but are actually
necessary for modern life, indeed without which life as we know it would be impossible. The purpose
of this book is to present a succinct summary of the interaction of electromagnetic fields and waves
with biological systems as they are now known. The subject matter is interdisciplinary and is based
primarily on presentations scheduled for a joint symposium at the XXII General Assembly of the
International Union of Radio Science, held in Tel Aviv, Israel from Tuesday, August 25 to
Wednesday, September 2, 1987. The symposium was jointly sponsored by the Bioelectromagnetics
Society in cooperation with the International Radiation Protection Association. The choice of topics
was made to facilitate the application and to stimulate the use of nonioni zing electromagnetic
energy in biology and medicine, and to increase the awareness and to promote the consideration of
radiation safety by electrical engineers and experimental physicists.
  microwave auditory effect: Fundamental and Applied Aspects of Nonionizing Radiation
Solomon Michaelson, 2012-12-06 During the last 30 years, there has been a remarkable devel
opment and increase in the number of processes and devices that utilize or emit non-ionizing radiant
energies such as micro waves, a form of electromagnetic wave energy and ultrasound representative
of mechanical vibration. These energies are used in all sectors of our society for military, industrial,



telecommunications, medical, and consumer applications. More recently, the use of ultrasound in
biology and medicine has been considerably expanded. These increases in sources of non ionizing
radiant energy have resulted in growing interest on the part of government regulatory agencies,
industrial and mili tary physicians, research workers, clinicians, and even environ mentalists.
Although there is information on biologic effects and potential hazards to man from exposure to
microwaves or ultrasound, considerable confusion and misinformation has permeated not only the
public press but also some scientific and technical publications. Interest in the biologic effects of
high frequency currents developed in the beginning of the present century. This was followed by the
introduction of u1trashortwave therapy. During the latter part of World War II, the U. S. military
services became interested in the possible hazards to personnel working around microwave sources,
and the Office of Naval Research of the U. S. Navy began to sponsor research on the biologic effects
of microwaves in 1948. In 1956, the U. S.
  microwave auditory effect: Bioengineering and Biophysical Aspects of Electromagnetic
Fields Ben Greenebaum, Frank S. Barnes, 2018-10-03 Bioengineering and Biophysical Aspects of
Electromagnetic Fields primarily contains discussions on the physics, engineering, and chemical
aspects of electromagnetic (EM) fields at both the molecular level and larger scales, and investigates
their interactions with biological systems. The first volume of the bestselling and newly updated
Handbook of Biological Effects of Electromagnetic Fields, Third Edition, this book adds material
describing recent theoretical developments, as well as new data on material properties and
interactions with weak and strong static magnetic fields. Newly separated and expanded chapters
describe the external and internal electromagnetic environments of organisms and recent
developments in the use of RF fields for imaging. Bioengineering and Biophysical Aspects of
Electromagnetic Fields provides an accessible overview of the current understanding on the
scientific underpinnings of these interactions, as well as a partial introduction to experiments on the
interactions themselves.
  microwave auditory effect: Handbook of Biological Effects of Electromagnetic Fields,
Third Edition - 2 Volume Set Charles Polk, Elliot Postow, 1995-12-21 The first edition of this book
has been recognized as the standard reference on biological effects of electric and magnetic fields
from DC to microwaves. But much has changed in this science since the book's original publication
in 1986. With contributions from eighteen leading researchers, this latest edition includes
authoritative discussions of many new developments and will quickly become the new, must-have
resource handbook. Dielectric properties of biological tissue are thoroughly examined, followed by
chapters on physical mechanisms and biological effects of static and extremely low frequency
magnetic fields. New chapters on topics that were treated very briefly in the first edition now
receive extensive treatment. These topics include electric and magnetic fields for bone and soft
tissue repair, electroporation, and epidemiology of ELF health effects. The chapter on computer
methods for predicting field intensity has been substantially revised to describe new numerical
techniques developed within the last few years and includes calculations of power absorbed in the
human head from cellular telephones. The chapter discussing experimental results on RF interaction
with living matter now contains information on effects of very high power, very short duration
pulses. A new appendix on safety standards is based on the latest publications of governmental, as
well as quasi-governmental organizations (such as the U.S. Council on Radiation Protection) in the
United States, Europe, and Australia. With all its revisions, this updated version of the CRC
Handbook of Biological Effects of Electromagnetic Fields provides the most comprehensive overview
available of this rapidly changing science.
  microwave auditory effect: Guinea Pigs John Hall, 2015-02 For years the federal government
has sought to remotely control human behavior. Starting with the CIA projects MKULTRA and
MKSEARCH in the 1950s, the American public has been unwitting guinea pigs in a multitude of
non-consensually performed experiments that have continued into the 21st century. Guinea Pigs
takes readers on a journey into the darkest corners of U.S. non-consensual experimentation and the
various technologies of control that have led to our current surveillance state. The recent revelations



regarding the extent of NSA eavesdropping is only the tip of the iceberg. We are currently in an
information war and a mind war, where our privacy and autonomy as human beings are at stake.
Guinea Pigs will arm you with the information needed to fight back against those who seek to
eliminate human free will. Over the coming years, terms like “remote neural monitoring,”
“brain-mapping,” and “electronic harassment” will become household words. To be one step ahead
of the game, be prepared for the future with Guinea Pigs.
  microwave auditory effect: Terminal Doppler Weather Radar, JFK International Airport
and LaGuardia Airport , 1999
  microwave auditory effect: Assessment of the Possible Health Effects of Ground Wave
Emergency Network National Research Council, Division on Earth and Life Studies, Commission
on Life Sciences, Board on Radiation Effects Research, Committee on Assessment of the Possible
Health Effects of Ground Wave Emergency Network (GWEN), 1993-02-01 Written at the request of
the U.S. Air Force and Congress, this book evaluates the potential health effects associated with
deployment of the Ground Wave Emergency Network (GWEN), a communications system to be used
in case of a high-altitude detonation of a nuclear device. The committee, composed of experts in
biophysics, physics, risk assessment, epidemiology, and cancer, examines data from laboratory and
epidemiologic studies of effects from electromagnetic fields to determine the likelihood of health
effects being caused by the operation of a fully implemented GWEN system.
  microwave auditory effect: Index of Publications on Biological Effects of Electromagnetic
Radiation (0-100 GHz) James B. Kinn, Elliot Postow, 1981
  microwave auditory effect: Biological Effects of Electromagnetic Waves Curtis C. Johnson,
Moris L. Shore, 1977
  microwave auditory effect: The Invisible Rainbow Arthur Firstenberg, 2020-03-09 5g is
being rolled out across the country, despite growing evidence that it is disruptive to our health, our
safety, and the environment. The Invisible Rainbow is the groundbreaking story of electricity as it’s
never been told before—exposing its very real impact on the biosphere and human health. 100,000
copies sold! Over the last 220 years, society has evolved a universal belief that electricity is ‘safe’ for
humanity and the planet. Scientist and journalist Arthur Firstenberg disrupts this conviction by
telling the story of electricity in a way it has never been told before—from an environmental point of
view—by detailing the effects that this fundamental societal building block has had on our health
and our planet. In The Invisible Rainbow, Firstenberg traces the history of electricity from the early
eighteenth century to the present, making a compelling case that many environmental problems, as
well as the major diseases of industrialized civilization—heart disease, diabetes, and cancer—are
related to electrical pollution. Few individuals today are able to grasp the entirety of a scientific
subject and present it in a highly engaging manner . . . Firstenberg has done just that with one of the
most pressing but neglected problems of our technological age.—BRADLEY JOHNSON,MD, Amen
Clinic, San Francisco [A] masterpiece.—Celia Farber, investigative journalist This seminal book...will
transform your understanding ...of the environmental and health effects of electricity and radio
frequencies—Paradigm Explorer
  microwave auditory effect: A Technical Review of the Biological Effects of Non-ionizing
Radiation United States. Office of Science and Technology Policy, 1978
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Microwaves - Nostalgia Retro Microwave Oven - 1.1 Cu Ft & 1000-Watt Countertop Size with Glass
Turntable, Child Safety Lock, 8 Auto-Cook Programs & Digital Clock - Black Options
Microwaves - The Home Depot Find the perfect microwave for your kitchen. Browse a variety of
brands such as GE, Samsung, Whirlpool, and more. Explore microwaves with features like
convection cooking. Choose from
Microwave | Discover Microwave Ovens on Amazon.com at a great price. Our Small Appliances
category offers a great selection of Microwave Ovens and more. Free Shipping on Prime eligible
orders
Microwave Ovens - Target Shop microwaves for your kitchen at Target! Find countertop
microwaves in various sizes, wattages & features from top brands. Fast heating & easy reheating.
Free shipping on orders
The 4 Best Microwaves of 2025 | Reviews by Wirecutter   Microwaves with convection-oven,
broiler, and air-fryer capabilities are far from perfect, but this handsome, well-made option is an
excellent microwave and easier than others
Microwaves & Microwave Ovens | Lowe's A: A microwave can cook or heat food quickly, bringing
convenience and versatility to your kitchen. Some models even offer controls specifically designed to
help you defrost and melt
Microwaves: Microwave Ovens – Best Buy Shop Best Buy for microwaves. Whether you have a
full kitchen or a countertop in a dorm room, we can help you find the best microwave for your
cooking needs
The Best Microwaves of 2025, Tested and Reviewed   After researching dozens of options and
speaking to two microwave heating experts, I tested seven of the best countertop microwaves on the
market. My top pick is the Panasonic
Best Microwaves of 2025 - Consumer Reports   Below, you can view the top microwaves from
our tests, including a countertop model in each size range as well as three excellent over-the-range
options, all listed
The 7 Best Microwaves, Tested by BHG 5 days ago  Whether you’re reheating leftovers,
defrosting a frozen dish, or melting chocolate for baking, microwaves get the job done quickly with
minimal effort. Plus, microwaves usually
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