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The microwave auditory effect, also known as the microwave hearing effect or the Frey effect, consists of the human perception
of sounds induced by pulsed or modulated radio frequencies. The perceived sounds are generated directly inside the human head
without the need of any receiving electronic device The effect was first reported by persons working in the vicinity of radar
transponders during World War 1. In 1961, the American neuroscientist Allan H. Frey studied this phenomenon and was the first to
publish information on the nature of the microwave auditory effect.[112] The cause is thought to be thermoelastic expansion of portions

of the auditory apparatus,m although competing theories explain the results of holographic interferometry tests differenlly.m

[further explanation needed]

Research in the U.S.

Allan H. Frey was the first American to publish on the microwave auditory effect (MAE). Frey's "Human auditory system response to
modulated electromagnetic energy” appeared in the Journal of Applied Physiology in 196111 In his experiments, the subjects were
discovered to be able to hear appropriately pulsed microwave radiation, from a distance of a few inches to hundreds of feet from the
transmitter. In Frey's tests, a repetition rate of 50 Hz was used, with pulse width between 10-70 microseconds. The perceived
loudness was found to be linked to the peak power density, instead of average power density. At 1.245 GHz, the peak power density
for perception was below 80 m\W/cm?2. According to Frey, the induced sounds were described as "a buzz, clicking, hiss, or knocking,
depending on several transmitter parameters, i.e., pulse width and pulse-repetition rate”. By changing transmitter parameters, Frey
was able to induce the "perception of severe buffeting of the head, without such apparent vestibular symptoms as dizziness or
nausea". Other transmitter parameters induced a pins and needles sensation. Frey expenimented with nerve-deaf subjects, and
speculated that the human detecting mechanism was in the cochlea, but at the time of the experiment the results were inconclusive
due to factors such as tinnitus.["1(%]

Auditory sensations of clicking or buzzing have been reported by some workers at modern-day microwave transmitting sites that emit
pulsed microwave radiation. Auditory responses to transmitted frequencies from approximately 200 MHz to at least 3 GHz have been
reporied. The cause is thought to be thermoelastic expansion of portions of auditory apparatus, and the generally accepted
mechanism is rapid (but minuscule, in the range of 107> °C) heating of brain by each pulse, and the resulting pressure wave traveling
through the skull to the cochlea.l®!
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This article needs additional citations for verification. Please help improve this article by
(Top) @ adding citations to reliable sources. Unsourced material may be challenged and removed.
Basic theory Find sources: "Directional sound” — news - newspapers - books - scholar - JSTOR (December 2013) (Learn

Speaker arrays how and when to remove this message)

e also See sound from ulirasound for a beam of uitrasound that makes audible sound in a restricted target area without a receiving set.

References Directional sound refers o the nofion of using various devices to create fields of sound which
spread less than most (small) traditional loudspeakers. Several technigues are available to
accomplish this, and each has its benefits and drawbacks. Ultimately, choosing a directional
sound device depends greatly on the environment in which it is deployed as well as the content
that will be reproduced. Keeping these factors in mind will yield the best results through any
evaluation of directional sound technologies.

Systems which guide evacuses during an emergency by the emission of pink noise to the exits
are often also called "directional sound” systems.

Basic theory e

In all wave-producing sources, the directivity of any source, at maximum, correspends to the size
of the source compared to the wavelengths it is generating: The larger the source is compared to
the wavelength of the sound waves, the more directional beam results [efetion needed] The specific
transduction method has no impact on the directivity of the resulting sound field; the analysis
relies only on the aperture function of the source, per the Huygens—Fresnel principle

The ultrasonic devices achieve high directivity by medulating audible sound onto high frequency Line array of speakers

ultrasound. The higher frequency sound waves have a shorter wavelength and thus don't spread

out as rapidly. For this reason, the resulting directivity of these devices is far higher than physically possible with any loudspeaker
system. However, they are reported to have limited low-frequency reproduction abilities. See sound from ultrasound for more
information.

Speaker arrays (sqt|

While a large loudspeaker is naturally more directional because of its large size, a source with
equivalent directivity can be made by utilizing an array of traditional small loudspeakers, all driven
together in-phase. Acoustically equal to a large speaker, this creates a larger source size
compared to wavelength, and the resulting sound field is narrowed compared to a single small
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Magnetoacoustic resonance
Material from Wikipedia, the free encyclopedia [ edit| edit code ]
Magnetoacoustic resonance is a phenomenon of the emergence of a connection between sound and spin waves in femo-, ferri- and antiferromagnets when the lengths of sound and spin waves approach each other. The phenomenon of magnetoacoustic resonance was

discovered by A. I. Akhiezer, V. G. Baryakhtar , 8. V. Peletminsky in 1956 [1112] it makes it possible to excite spin waves using external ultrasonic waves, ulira- and hypersonic waves using spin waves or oscillations of an external magnetic field, to convert an
electromagnetic signal into a sound signal and a sound signal into an electromagnetic signal. Based on the phenomenon of magnetoacoustic resonance, hypersonic and ultrasound generators with adjustable frequency have been created.
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1.1 Akhiezer A |, Baryakhtar V. G, Viasov K. B, Peletminsky S. V." Rotational invariance, coupled magnetoelastic waves and magnetoacoustic resonance 2Archivedt June 3, 2018, at the Wayback Machine " Uspekhi Fizicheskikh Nauk 143 673-674 (1984)
2.1 EA Kaner, VG Peschanski, IA Privorotskii Contribution to the Theory of Magnetoacoustic Resonance in Metals [, ved (1) 2022-04-19 at the Wayback Machine ZhETF, Vol. 40, No. 1, p. 214 (July 1961)
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(Top) From Wikipedia, the free encyclopedia Text
Background . - - - - - - -
Psychoacoustics is the branch of psychophysics involving the scientific study of the perception of sound by the human auditory

Limits of perception system. It is the branch of science studying the psychological responses associated with sound including noise, speech, and music. o Standard

Sound localization Psychoacoustics is an interdisciplinary field including psychology, acoustics, electronic engineering, physics, biclogy, physiology, and
Masking effects computer science ']

Missing fundamental

Software Background [edt;

Music

. ) - , that something arrives at the ear as a mechanical sound wave traveling through the air, but within the ear it is transformed into
Applied psychoacoustics

neural action potentials.[Auditory system|audio processing]], it is advantageous to take into account not just the mechanics of the Color (beta)

environment, but also the fact that both the ear and the brain are involved in a person's listening expen'ence.[d .
Related fields Automatic

See also

Psychoacoustic topics The inner ear, for example, does significant signal processing in converting sound waveforms into neural stimuli, this processing
References renders certain differences between waveforms imperceptible.[? Data compression techniques, such as MP3, make use of this fact.’]

Notes In addition, the ear has a nonlinear response to sounds of different intensity levels; this nonlinear response is called loudness
Telephone networks and audio noise reduction systems make use of this fact by nonlinearly compressing data samples before
transmission and then expanding them for playback.["] Another effect of the ear's nonlinear response is that sounds that are close in
frequency produce phantom beat notes, or intermodulation distortion products.[°!

Sources

External links

Limits of perception et

The human ear can nominally hear sounds in the range 20 to 20 000 Hz. The upper limit ten Vercarved Haman Fest
decrease with age; most adults are unable to hear above 16 000 Hz. Under ideal laboratory

conditions, the lowest frequency that has been identified as a musical tone is 12 Hz.[5l Tones

between 4 and 16 Hz can be perceived via the body's sense of touch.

Human perception of audio signal time separation has been measured to be less than 10 ps. This S ——

does not mean that frequencies above 100 kHz (1/10 ps) are audible, but that time discrimination . AET/Ba
; An equal-loudness contour.

is not directly coupled with frequency range 78] Note peak sensitivity around |

2-4 kHz, in the middle of the
Frequency resolution of the ear is about 3.6 Hz within the octave of 1000-2000 Hz That is, voice frequency band.
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