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157] ABSTRACT

In human subjectls, sensory resonances can be exciled by
subliminal atmospheric acoustic pulscs that are tuned to the
resonance frequency. The ¥ Hz sensory resonance atfeers
the autonomic nervous system and may cavse relaxation,
drowsiness, or sexual excilement, depending on the precise
acoustic requency near %2 [12 used. The ellects of the 2.5 [12
resonance include slowing of certain cortical processes,
sleepiness, and disorientation. For these cffects to oceur, the
acoustic inlensily must lie in a cerlain deeply subliminal
range. Suilable apparatus consists ol a porlable batlery-
powered source of weak subaudio acoustic radiation. "The
method and apparatus can be used by the peneral public as
an aid to relaxation, sleep, or sexval arousal, and clinically
lor the coutrol and perhaps ireatment ol insomnia, remors,
epileplic selzures, and anxiely disorders. There is [urther
application as a nonlethal weapon that can be used in law
coforcement standoff situations, for causing drowsiness and
disoricaration in targeted subjects. It is then preferable o use
venling acoustic monopoles in the form ol a device (hal
inhales and exhales air with subaudio [requency.

17 Claims, 5 Drawing Sheets
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SUBLIMINAL ACOUSTIC MANIPULATION
O NERVOUS SYSTLEMS

BACKGROUND OF THE INVENTION

The central nervous system can be manipulated via sen-
sory pathways, Of intercst here is a resonance method
wherein periodic sensory stimulalion evokes a physiological
response that peaks al cerlain stimulus [requencies. This
oceurs for instance when rocking a baby, which typically
provides relaxation at frequencics near 2 Hz. The peaking
ol the physiological response versus Mmeguency suggesls that
one 1% dealing here with a resonance mechanism, wherein
the periodic sensory signals evoke an excilation ol oscilla-
tory modes in certain neural circuits. The scosory pathway
involved in the rocking example is the wvestibular nerve.
[lowever, a similar relaxing response al much the same
requencies can be oblained by gently stroking a child’s hair,
or by administering weak heal pulses 10 the skin, as dis-
cussed in U.S. Pat. No. 5,800,481, Scp. 1, 1998, Thesc three
types of stimulation involve different sensory modalities, but
the similarily in responses and ellective lrequencies suggesis
thal the resonanl neural circuitry is the same. Apparently, the
resonance can be exeited either via vestibular pathways or
via cutancous sensory pathways thar carry ractile or rem-
perature nformation.

Near 2.5 1l another sensory resonance has been lound
thal can be excited by weak heal pulses induced in the skin,
as discussed in US. Pat. No. 5.800,481, Scp. 1, 1998, This
scnsory resonance brings on a slowing of certain cortical
functions, as indicated by a pronounced increase in the time
needed o silently counl backward rom 100 to 70 with the
eyes closed. The ellect is sharply dependent on [requency, ax
shown by a response peak a mere 0.13 Hz wide. The
thermally exeited 2.5 Hz resonance was found to also cavsc

sleepiness, and aller long exposure, dizziness and disorien-

Lalion.

Other, more ohscure lypes of stimulalion in the [orm of
weak magnetic ficlds or weak external ¢lectric ficlds can
also cavse the exeitation of scnsory resonances, as

SUMMARY OF THE INVENTION

Experiments have shown that atmospheric acoustic stimu-
lation of deeply subliminal intensity can cxeite in a human
subject the sensory resonances near ¥ 10z and 2.5 [z The
33 1y resonance is characterized by plosis ol the evelids,
relaxation, drowsiness, a lonic smile, lenseness, or sexual
cxeitement, depending on the preeise acoustic frequency
ncar ¥ Hz that is used. The observable cffcers of the 2.5 Hz
resonance include a slowing ol cerlain cortical lunclions,

sleepiness, and, aller long exposure, dizviness and disorien- =

tation. The finding that these sensory resonances can be
cxeited by atmospheric acovstic signals of deeply subliminal
intensity opens the way to an apparatus and method for
acoustic manipulalion ol a subjecl’s nervous sysiem,

wherein weak acousiic pulses are induced in the atmosphere

at the subjeet’s cars, and the pulse frequency is tned to the
resonance frequency of the selected sensory resonance. The
method can be used by the general public lor countrol of
insommia and anxiely, and lor lacilitation ol relaxation and
sexual arousal. Clinical wse ol the method includes the
control and perhaps a treatment of anxicry disorders,
tremors, and scizures. A suitable embodiment for thesc
applications is a small poriable batlery-powered subaudio
acoustic radialor which can be tuned 1o ihe resonance
frequency of the sclected sensory resonance.

There is an embodiment suitable for law cnforcement
operations in which a subject’s nervous system is manipu-
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lated from a considerable distance, as in a standoff sitmation.
Subliminal subaudio acoustic pulses al the subject’s localion
may hen be induced by acoustic waves radiating [rom a
venling acoustic monapole, or by a pulsed air jel, especially
when aimed at the subjeer or at another material surface,
where the jet velocity fluctvations are wholly or partly
converled inlo stalic pressure Muctuations.

The described physiological ellecls oceur only il the
intensily ol the acoustic stimulation lalls in a certain range,
called the cffeetive Intensity window, This window has been
measured in exploratory fashion for the 2.5 Hz resonance.

BRIEF DESCRIPTION OF THE DRAWINGS

I1G. 1 illustraies a preflerred embodiment wherein a
modulated air jet is vsed for inducing subliminal acoustic
pulses in the atmosphere at the subject’s cars, for the
purpose ol manipulating ihe subject’s nervous system.

111G, 2 shows an embodiment 1o which a pulsed air jel is
produced by modulating the Now from a lan by a cyvlindrical
sheet wvalve that is driven by a voice coil.

FIG. 3 shows schematically an acoustic monopole oper-
ated by a solenoid valve,

FIG. 4 shows the circuit of a simple gencrator for pro-
ducing voliage pulses that drive a piezoelectric speaker.

L1, 5 depicts a portable ballery-powered device thal
conlains the circuit and the piezoelectric speaker ol FI1G. 4.

FIG. 6 shows schematically a generator for chaotic pulscs.

FIG. 7 depicts a circuir for penerating a complex wave,

FI1G. 8 lustrates an application in a law caforcement
standoft situation.

171G, 9 contains experimental data thal show excitation ol
the sensory resonance near 2.5 1y, and the ellective inlensity
window,

FI1G. 10 depicts experimental data showing that the scn-
SOC¥ excitation occurs via the car canal.

FIG. 11 shows the buildup of the physiological response
lo the acoustic stimulation.

111G, 12 shows schematically an acoustic monopole oper-
aled by a rolaling valve.

DLETAILED DLESCRIPTION Ol TTIL
INVLNTION

[ has been found in our laboralory that deeply subliminal
almospheric acouslic pulses with lrequency near %3 [z can
cvoke [n a human subject a nervous system responsc that
includes ptosis of the eyelids, relaxation, drowsiness, the
leeling of pressure al a cenlered spol on lhe brow, seeing
moving patlems ol dark purple and greenish vellow with the
cyes closed, a soft warm feeling in the stomach, a tonic
smile, a “knot™ in the stomach, sudden loose stool, and
scxual exeitement, depending on the precise acoustic fre-
quency used. These responses show that this sensory reso-
nance involves lhe aulonomic nervous syslem.

The sharp pealing of the physiological cffects with fre-
quency is suagestive of a resonance mechanism, wherein the
acoustic stimulation, although subliminal, cavses excitation
ol a resonance in cerlain neural circuils. Since the Mmeguen-
cies and responses are similar lo those [or the 43 11y sensory
resonance discussed in the Background Scetion, it appears
that the resonance excired by the deseribed acoustic stimu-
lation is indeed the 2 [1z sensory resonance. 1l has been
lound that the 2.5 [z sensory resonance can be exciled
acoustically as well. This sensory resonance causes lhe
slowing of certain cortical processes, sleepiness, and even-
twally dizziness and disoricntation.
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One can avoid the described physiological responses by
wearing snugly filling ear plugs. This shows thal the exci-
lalion occurs via the external ear canal, so thal the stimula-
tion proceeds either through the auditory nerve or the
vestibular nerve. Frequencics near 2 Hz or 2.5 Hz are far too
low for stimulating the cochlear apparatus, but they arc
witlliin the respouse range of hair cells in the vestibular end
organ. Also, there exists a low-lrequency acoustic paih o the
vestibular end organ by virtue of the ductus reunicns which
provides a fuid connection between the cochlea and the
vestibular organ, The narrow duct severcly attenuates acous-
lic signals and acls as a low pass [llier with a very low culoll
frequency. Subaudio acouslic signals, 1.e., acouslic signals
with frequencics up to 15 Hz, may perhaps penctrate to the
vestibular organ with sufficient strength for stimulating the
exquisilely sensilive vestibular hair cells.

lior the %4 1lx and 2.5 1lv resonances, lhe described
physiological responses are observed only 1l the acouslic
intensity lics in a certain interval, called the cffective inten-
sity window. The acoustic intensity levels in this window arc
far below the human avditory threshold, so that cxposed
subjects do nol sense lhe acouslic pulses in any other way
than through the mentioned physiological effects. The upper
limit of the cffective intensity window is belicved to be duc
to muisance-guarding neural circuitry that blocks repeditive
nuisance signals from higher processing.

The acoustic signals used [or the excitalion ol sensory
resonances have the nature ol pulses. The pulses may be
square, lrapezoid, or rangle, or rounded versions of these
shapes. However, depending on the pulse frequency, strong,
harmonics with frequencics in the audible range could
stimulate the cochlear apparatus. This may be avoided by
using sine waves or appropriately rounded other waves will
low harmonic content.

The acoustic pulses occur in the aimosphere air; cven
when administered with carphones, the pulses at the sub-
jecl’s ear constilule pressure and [low pulses in the local
almospheric air.

The resonance lrequencies ol the % [1z and 2.5 1lx
scnsory resonances lic respeetively near V2 and 2.5 Hz. The
different physiological effects mentioned oceur at slightly
different frequencics. Thus, one can tune for drowsiness or
sexual excilement, as desired. The precise resonance [re-
guency is also expected o depend slightly ou the subject and
the state of the nervous and endoering systems, but it can be
measured readily by tning the acoustic pulse frequency for
maximum physiological cffect. Besides the resonances near
33 and 2.5 v, olher seusory resonances may perbaps be

found, and those wilh resonance [requencies below 15 11x 5

arc expected to be exeitable acoustically via the vestibular
nerve, since the vestibular hair cclls arc scnsitive in this
frcn]uc11cy range.

The [inding ihal deeply subliminal subaudio acouslic

stimulation can influence (he central nervous syslem sug- :

gests a method and apparatus for manipulating the nervous
system of a subject by Inducing subliminal atmospheric
acoustic pulsces of subaudio frequency at the subjeet’s cars.
[n doiug so, one may in addilion exploitl the sensory reso-
nance mechanism, bul there are important applicalions
where this is not donce. For example, the subliminal acoustic
manipulation of the nervous system may be used clinically
for the conirol of iremors and seizures, by deluning the
pathological oscillalory activily ol neural cireuits thal oceurs
in these disorders. This may be done by choosing an acouslic
frequency that is slightly different from the frequency of the
pathological oscillation. The evoked necural signals then
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cause phasc shifts which may diminish or quench the
oscillation. Lxploitation of the resonance mechanism by
luning the acoustic signals (o the resonance lrequency of a
sclected sensory resonance affords other forms of
manipulation, such as control of insomnia and anxicry, or
[acilitation of sexual arousal.

lior both types of manipulation, the reguired subliminal
subaudio acousiic pulses may be induced al one or both ol
the subject’s cars by carphones with a proper low-frequency
response, acoustic waves generated by an acoustic source
and propagated through the aimosphere, or by a pulsed jel ol
gas (which may be air), prelerably directed al a malerial
surface open 1o the atmosphere, such as a wall or the
subject’s skin or clothing. In the arca of impact, espeeially
where the surface is oriented substantially perpendicular to
the jel, atmospheric pressure pulses are then generaled by
virlue of the ram ellect, wherein Mow velocily luciuations
are wholly or partly converted Into static pressure Huctua-
tions, If the material surface on which the jet impinges
includes the subject’s ears, then these pressure pulses cause
direct stimulation ol the subject, but the pulses also propa-
wale through the atmospliere o (he subject’s ears by virlue
of acovstic wave propagation along acecssible paths.

The induction of atmospheric acoustic pulses by a pulsed
air jel proceeding 1o the almosphere and direcled al a subject
is shown in IIG. 1, where a blower 1, labeled “IAN",
produces an air jet 2 thal 1s directed atl a subject 3. The [an
is powered by a power supply 4, labelled "SUPPLY™. At the
fan, the supply voltage is modulated in pulsed fashion by a
relay 5 coulrolled by lhe generator 6, labelled
“GUNLRATOR”, through vollage pulses 7 supplied o elec-
tromagnet windings 8. Avscr can adjust the frequency of the
pulscs with the tuning control 9. The pulsing of the voltage
supplicd to the fan cavscs the momentum Hux 10 of the air
jel to be modulated 1u a pulsed manner. Upon impinging on
a material surface such as the skin ol the subject 3, the
pulsed jer induces acoustic pressure pulses at the cars 11 of
the subject. The atmospheric acoustic effect of the jet is
complicated by the lact that the region of the [an inlel
undergoes a Muctuation of static pressure as the resull ol the
modulation of jel momentum Mux. There thus are lwo
distinet acovstic monopoles, one at the fan inlet and the
other in the arca of impact of the jet on the material surface.
The monopoles radiale with a phase dilference thatl is
determined by the jel velocily, the modulation [requency,
and the distance belween [an and impact area. The resulling
sound pressure at the subject’s cars can be analyzed with
retarded potentials as discussed for instance by Morse and
Feshbach (1953). Lven a jel which does not impinge on a
malerial surlace radiales by virlue of the acouslic monopole
at the fan inlet.

When skin of the subject is exposced to gas flow of the jet,
or to the flow of atmospheric air entrained by the jet, the fow
will luciuate in pulsed lashion, so thal a periodic heal [ux
oceurs by convective transporl and evaporation of sweal.
The resulting periodic fluctvation of the skin temperature
€an eXCile 8 sensory resonance, as discussed in U.S, Pat. No.
5,800,481, Scp. 1, 1998, Henee, the apparatus of FIG. 1 can
cause excilation ol a sensory resonance via lwo separale
sensory pathways, viz,, the vestibular nerve and the allerents
from cutancovs temperature receptors. The strenpth of the
thermal stimulation depends on the skin arca and type of
skin exposed (o the Muctuating Mow. The lace is particularly
sensilive, especially the lips. The two-chamel excitation ol
sensory resonances needs [urther investigation. In any par-
ticular situation, the vestibular channel can be blocked by
using carplugs.
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An air jer with pulsed momentum flux can also be
obtained as illusirated in FIG. 2. Shown is a [an 1, labelled
“I'AN", which discharges inlo manifold 12, The air Now 1o
the manifold can be partially obstructed by a sheet valve 13
in the form of a perforated cylindrical sheet. The sheet valve
carries a voice coll 14 which is situated 1o the Teld of a
permanent magnel 15, in the manver ol conventional elec-
rromagnetic loudspeakers. When no current fows through
the voice coil, the sheet valve is held in cquilibrivm position
by springs 16. In this position, the perforation 17 in the sheet
is lined up with the Mow passage allowing essentially
vnimpeded Aow through the manitold and out the exit 18,
such as to form a jet 19 in the atmosphere. Sending a current
pulse through the voice coil 14 causes the sheel valve (o be
displayed in the axial direction, thereby partially obstructing
the air How through the manifold. Owing 1o the low ncrtia
of the sheet valve, the arranpement allows cfficient pulsc
modulation of the jel momentwn Mux.

A somewhal dillerenl modulation sysiem can be oblained
with a rotating cylindrical sheet valve that has one or more
holes along its periphery, and which is adjacent to a station-
ary cylindrical shroud thal has corresponding holes, so that
rolation ol the valve causes modulation ol the air Mow
through the holes. The valve is rotated by a stepper motor
driven by voltage pulses. The latter arc obtained from a
generalor thal is controlled by a luner.

One can also use direcl acoustic wave propagalion [or
inducing the required almospheric acouslic pulses. 11 1s then
advantageous to cmploy as the souree of the waves an
acoustic monopole, since for these the acoustic pressurc
does nol Tall oll' as last with increasing distance as [lor
dipoles. Moreover, al the very low [requencies involved,
acoustic pressure shorting across a cooventional loud-
speaker batfle is very severe. A sealed loudspeaker mounted
in an airlight box eliminates this pressure shortling, and
radiales acoustic waves with a relatively large monopole
component.

An acoustic monapole may also be produced by having a
source of pressurized gas vent throvgh an orifice into the
almosphere in a pulsed lashion. The gas may be air
Allernatively, one may have a source ol low-pressure air
inhale almospheric air through an orilice 1o pulsed [ashion.
These actions are casily achicved by an osecillating or
rotating valve, For purposes of discussion it is convenicat to
iniroduce the concepl ol gaseous [lux through the orifice,
defined as the inlegral of the normal Mlow velocily compo-
nent over an imagined surface that tightly caps the orilice,
the normal component being perpendicular 1o the local
surtace clement, and reckoned positive if the low is dirceted
into the ambienl atmosphere. The gaseous Mux has the

dimension of m™#s. Lot the case with a source ol pressurized -

gas, the gascous Hux is positive and duc to gas venting to the
atmosphere. For the case with a source of vacvum, the
gascous Hux is negative and due to atmospheric alr cotering,
the orilice. The sirength ol the acoustic monopole is

expressed as the amplitude of the gaseous Mux [ucluation, :

amplitude being defined as half the peak-to-peak variation.
The concept of gascous flux allows a unificd discussion of
venting acouslic monopoles that use a source ol pressurized
gas or a source of vacwwm, or both.

The source ol pressurived air could be a cylinder wiil
pressurized gas, such as a CO, cartridge. For personal use,
such a cartridge may last a long time because only very
small acoustic monopole strengths are needed [or the induc-
tion ol the required weak acoustic signals. lor long lerm and
long range operation, the exhaust porl ol an air pump may
serve as a source of pressurized air, and the intake port could
be vsed as a souree of vacvum.
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A simple venting acoustic monopole is shown in FIG. 12,
where the source 63 ol pressurized gas, which may be air, is
connecled 1o a conduil 69 which has an oriflice 65 thal is
open to the atmosphere. A rotating valve 66 labelled
“VAIVE” controls the gascous fux through the orifice. The
valve s rolated by a slepper motor 67 labelled *“MOTOR”,
driven by vollage pulses [rom the generalor 68 labelled
“GUNLRATOR”. The motor speed 1s delermined by the
frequency of the woltage pulses. This frequency can be
scleeted by the twner 70, which therctore controls the
[requency ol the acouslic pulses emited by the orifice 65. l'or
the simple orifice shown, boundary layer separalion may
oceur in the outlow, so that the alr pulses emerge in the form
of jets. This cavses dipole and higher multipole components
in the radiated acoustic ficld. If desired, such radiation
componenls can be avoided or diminished by placing a
sphierically or dome shaped fine mesh screen over Lhe orilice
65. Instead of holding pressurized gas, the source 63 may
hold 2 vacvum. In ¢ither easc, the pulsing of the gascous fux
causes radiation ol monopole-lype acoustic waves. The
source 63 may be replenisbhed by a pump.

Push-pull operation can be achieved in the manner shown
1n FIG. 3. An air pump 20, labelled “PUMDP”, with flow ports
64, pressurizes the pressure vessel 21 while drawing a
vacuum in he vacuum vessel 220 A valve 23 is operaled by
the solenoid 24 such as 10 allernately admit high and low
pressure air (o the condwil 26. The latler venis lo the
atmosphere through a sereen 33 placed across an orifice 27
that is open to the atmosphere. The valve is controlled by an
oscillator consisting ol the solenoid 24, which 1s connecled
lo the pulse generalor 6, labelled “GLNLERALIOR”. The
frequency of the clectric current pulses through the solenoid
is determined by the setting of the tuning control 9. This
frequency is to be waned to the resonance frequency of the
sensory resonance that s Lo be excited. The tuning may be
done manually by a user. The conduit 26 is structured ax a
diffuscr in order to avoid boundary laver separation during
the cxhauvst phase; the screen across the orifice 27 [nhibirs
lormation of a jel, thereby providing more unearly lor a
monopole lype acouslic wave. During the inlake phase the
orifice acls as a sink; streamlines 28 ol the resulling Mow are
lustrated. The wessels 21 and 22 smooth the flow fuctua-
tions through the orifice that are due to the flow fluctuations
through the pump; they are drawn al a relatively small scale
lor compaciness sake. [ustead of the oscillaling valve 23, a
rolaling valve may be used, driven by a slepper molor
powered by voltage pulses from a gencrator.

Conventional loudspeakers may be uvsed as well as the
source ol acoustic radialion. Au example is shown 1o IG. 4,
where the piezoelectric lransducer 37 ix driven by a simple
batlery-powered pulse generator buill around two RO timers
30 and 31, Timer 30 (Inrersil ICM7533, for instance) is
hooked up for astable operation: it produces a square wave
vollage with a [requency delermined by capacilor 33 and the
poltentiomeler 32, which serves as a luner thal may be
operated by a vser. The square wave voltage at output 34
drives the LED 33, and appears at onc of the output
terminals 36, after voltage division by potentiometer 71, The
other oulpul is conunected Lo the negative supply. The oulpul
lerminals 36 are conuecled lo the piezoelectric speaker.
Automatic shutoff of the voltage that powers the timer 30 at
point 38 is provided by a second timer 31, hooked up for
monoslable operation. Shuwloll oceurs aller 2 time inlerval
determined by resislor 39 and capacitor 4. Timer 31 is
powered by a 9 Voll battery 41, via a swilch 42. Optional
rounding of the square wave is done by an RC circuit
consisting of a resistor 43 and capacitor 44, An optional
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airtight enclosure 29 may be used tor the speaker 37, in order
Lo ehance the monopole component ol the radiated acoustic
signal. [nstead ol a pievoelectric speaker one may use an
electromagnetic loudspeaker with a voice coil. Because of
the low impedance of the voice coil, a resistor must then be
included in the output circuitry in order to keep the ourput
currents (o low values such as 1o allow ballery powering ol
the device. Small voice coil currents are sullicient lor the
low acoustic powers required.

Low pulse frequencies can be monitored with the LED 35
of FIG. 3. The LED blinks on and off with the squarc wave,
and il doubles as a power indicator. The pulse lrequency can
he determined by reading a clock and counting the 1.LEID light
pulses. Ior higher [requencies a moniloring 1.LED can siill be
vsed, it it is driven by a signal obtained by frequency
division of the penerator signal.

The automatic shutoft deseribed above is an example for
aulomatic control of the generaled vollage; more sophisti-
caled forms ol countrol involve awlomalic lrequency
scquences. A computer that runs a simple timing program
can be used for the gencration of all sorts of square waves
that can be made available at a computer port. An cconomic
and compact version ol such arrangement is provided by the
Basic Stamp manuwlaciured by Parallax [ne, Rockling Calil,
which has an onboard EEPROM that can be programmed for
the automatic control of the gencrated pulses, such as to
provide desired on/oll imes, Mrequency schedules, or chaolic
waves. The square waves can be rounded by RO circuits, and
lurther smoothed by inlegration and [illering.

A compact packaging of the device such as shown of FIG.
4 is depicted (o FIG. 3 where all circuit parts and the speaker,
piczaclectric or volce-coll type, are contained in a small
casing 62. Shown are the speaker 37, labelled “SPLAKLR™,
driven by the generator 6, labeled “GLENLERATOR™, will
tuning control 9, LED 335, battery 41, and power switch 42,
The LED doubles as a mark for the tuning control dial. With
the circuil of 1. 4, the device draws so lillle current that
il can be used lor several months as a sleeping aid, with a
single 9 Voll ballery.

For the purpose of thwarting habitvation to the
stimulation, icrcgular features may be introduced in the
pulse train, such as small short-term variations of frequency
ol a chaolic or slochastic nalure. Such chaotic or stochasiic
acoushic pulses can cause excilation ol 4 sensory resonance,
provided that the average pulse frequency is close to the
appropriate scnsory resonance frequency. A chaotic squarc
wave can be gencrated simply by cross coupling of wo
timers. I'1G. 6 shows such a hookup, where timers 72 and 73,

each labeled ~TIMLR™, have their oulpul pins 74 and 75 -

connected crosswise 10 cach other’s control voltage pins 76
and 77, via resistors 78 and 79. The control voltage pins 76
and 75 have capacilors 80 and 81 to ground. 1T the limers are
hooked up lor astable operation with slightly dillerent

lrequencies, and appropriale values are chosen lor the cou-

pling resistors and capacitors, the output of cither timer is a
chaotic square wave with an oval attractor. Example circuit
paramelers are: R=440K£L2, R =700KL2, O =477 ul’
Coy=47 g, with (R0)5,=0.83 s and (R();3=1.1 5. Lor these
parameters, the output 74 of timer 72 is a chaotic squarc
wave with a power spectrum that has large peaks ar 0046 Hz
and 0.59 Hz. The resulting chaotic wave is suitable for the
excilation ol the ¥ [12 resonance.

A complex wave may be used lor the joinl excilalion of
lwo different sensory resonances. A simple generator ol a
complex wave, suitable for the joint exceitation of the 2 Hz
avtonomic resonance and the 2.5 Hz cortical resonance, is
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shown n FIG. 7. Timers 82 and 83 arc arranged to produce
square waves ol [requencies [ and [, respectively, where [
is near 2.5 [z, and [, is near %3 [1z. The outpuls 84 and 85
ol the timers are conuected Lo the Tnputs ol an AN gate 86.
The output 87 of the AND gate features a squarc wave of
frequency £, amplinde modulated by a square wave of
[requency L., as indicaled by the pulse irain 88.

The very low [requency waves needed lor the acoustic
stimulation of the vestibular nerve may also be provided by
a sound system in which wealk subaudio pulses arc added 1o
audible audio program material. This may be done in the
cuslomary manuer way ol adding the currenis [rom these
signals al the inverling iuput of an operational amplifier. The
amplitude of the pulses is chosen such thal the sirength ol
the resulting acoustic pulses lics in the cffective intensity
window, Experiments in our laboratory have shown that the
presence ol audible signals, such as music or speech, does
not interfere with the excitalion ol sensory resonances.

The invention can also be implemenied as a sound lape or
CD ROM which contains audible avdio program material
together with subliminal subavdio signals. The recording
can be done by mixing the audio and subaudio signals in the
usual mamner. In choosing the subaudio signal level, one
must compensate for the poor [requency response of lhe
recorder and the clectronics, at the ultra low subaudio
frequencics used.

The pathological oseillatory nevral activity involved in
epileplic seivzures and Parkinson's disease is inflluenced by
the chemical milieu of the neural circuilry involved. Since
the exciration of a scosory resonance may cause a shift in
chemical milicu, the pathological oscillatory activity may be
inflluenced by the resonance. Therelore, the acoustic excila-
tion discussed may be uselul lor control and perhaps treal-
meni of tremors and selvures. lrequent use ol such control
may afford a treatment of the disorders by virtue of facili-
tation and classical conditioning,

In this as well as in the detuning method discussed before,
an epileplic patient can swilch on (he acouslic stimulation
LPON $ENSING 4 SE1/UNe Precursor.

Since the autonomic nervous system is inlluenced by the
V2 scnsory resonance, the acoustic exeiration of the reso-
nance may be used for the control and perhaps the treatment
ol anxiely disorders.

The invenlion can be embodied as a nonlethal weapon
thal remotely induces disorientalion and other discomflort in
targcted subjeets. Larpe acoustic power can be obtained
casily with acoustic monapoles of the type depicted in FIG.
3 or FIG. 12,11 considerable distance needs (o be maintained
lo the subjecl, as n a law enlorcement standofl siluaiion
llusirated in L1G. 8, several monopoles can be used, and il
then may become important to have phase differences
between the acoustic signals of the individual monopoles
arranged in such a manner as (o maximize the amplitude ol
the resullant acoustic signal at the location 52 of the subject.
Shown are four squad cars 33, cach cquiped with an acoustic
monopole capable of gencrating atmospheric pulses of a
frequency appropriate for the cxeitation of sensory reso-
nances. The relative phases ol the emitled pulses are
arranged such ax Lo compensale lor dilferences ol acoustic
path lengths 54, such that the pulses arrive at the subjeet
location 32 with substantially the same phase, resuliing in
constructive inlerlerence of the local acouslic waves. Such
arrangement can be achieved eaxily by using radio signals
between the monopole units, with the largel disiances either
dialed in manually or measured automatically with a range
finder. The subaudio acoustic signals can casily penetrate
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inte a house through an open window, a chimney, or a crack
under a closed door.

Some ol our experiments on acouslic excitalion of sen-
sory resonances which provide a basis for the present
invention will be discussed presently. Of all the responscs to
the excilation ol the % [z resonance, plosis ol the eyelids
slands oul Tor distinclness, ease ol detection, and sensitivily.
When voluntary control of the eyelids is relinquished, the
cyelid position is determined by the relative activitics of the
sympathetic and parasympalbelic nervous syslems. There
are Lwo ways in which plosis can be used as an indicator that
the autonomic system is being affected. In the first, the
subject simply relaxes the control over the cyelids, and
makes no ellort o correct for any drooping. The more
sensilive second method requires the subject Lo lirst close the
cyes about half way. While holding this eyelid position, the
cye are rolled upward, while giving vp voluntary control of
the eyelids. With the eyeballs turned up, plosis will decrease
the amount ol light admilled 1o the eyes, and with lull plosis
the light is completely cut off. The sccond method is wery
scnsitive becavse the pressure excerted on the cyeballs by
partially closed eyelids increases parasympathelic aclivily.
As a tesull, the eyvelid posilion becomes somewhal labile,
cxhibiting a slight flutter. The labile state is sensitive to small
shifts in the activitics of the sympathetic and parasympa-
thetic syslems. The method works best when the subject s
lying Mal on the back and is lacing a moderalely lil blank
wall of Light color.

The frequency at which ptosis [s at a maximum is called
the ptosis frequency. This frequency depends somewhat on
the slate of the nervous and endocrine syslems, and it
mitially undergoes a downward drift, rapid al st and
slowing over time. The ptosis frequency can be followed in
its downward drift by manuval frequency tracking aimed at
keeping plosis al a maximum. Al a [ixed lrequency, the early

plosis can be maiulained in approximalely steady slate by

lurning the acoustic stimulation oll as soon as the plosis
starts 10 decrcase, after which the ptosis poes through an
increase followed by a decline. The acoustic stimulation is
turned back on as soon as the decline is perceived, and the
eycle 1s repeated.

Al ixed [requencies near % 11y, the plosis cycles slowly
up and down with a period ranging vpward from about 3
minutes, depending on the precise acoustic frequency used.
The temporal behavior ol the plosis [requency is found Lo
depend on the acoustic pulse inlensily; the drill and cycdle
amplilude are smaller near the low end ol the ellective
intensity window. This suggests that the drift and the eveling
of the prosis frequency s due 1o chemical modulation,
wherein the chemical milieu ol the neural circuils involved

allects the resonance frequency ol these circuits, while the =

milicu itself s nflucnced by the resonance in delaved
fashion. Pertinent coneentrations are affected by production,
diffusion, and reuptake of the substances involved. Because
ol the rather long characleristic ime ol the ptosis [requency

shifl, as shown lor inslance by the cycle period lasting 3 -

minutes or longer, it is suspected that diffusion plays a
rate-controlling role in the process.

The resonance frequencics for the different components of
the %3 1y seusory resonance have been measured, using
acouslic sine waves wilth a sound pressure of 2107 N/m=
at the subject’s left car. Prosis reached a stcady state at a
frequency of 0.545 Hz. Sexval exeitement occurred at two
lrequencies, (.330 12 and 0.597 [z, respectively below and
above lhe sleady-slale plosis [requency. lior lrequencies of
0480 [12 and 0.527 [z the subjecl lell asleep, whereas
tenseness was cxpericnced in the range from 0.600 to 0.617
Hz.
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The resonance near 2.5 Hz may be detected as a pro-
nounced iucrease in the lime uneeded 1o silently count
backward [rom 100 10 70, with the eyes closed. The counling
is done with the “silent voice™ which involves motor acti-
vation of the larynx appropriate to the numbers to be vttered,
butl withoul passage ol air or movement of mouth muscles.
The molor activation causes a leedback in the form of a
visceral stress sensation iu the larynx. Counling with the
silent voice is different from merely thinking of the numbers,
which does not produce a stress scnsation, and is not a
sensilive delector of the resonant slate. The laryox siress
leedback conslitules a visceral inpul into the brain and may
thus influenee the amplitude of the resonance. This
unwanted influcnee is kept to a minimum by vsing the count
sparingly In cxperiment rins, Sinece counting s a cortical
process, the 2.5 [z resonance is called a cortical sensory
resanance, in distinciion wiih ihe aulonomic resonance thal
occurs ncar ¢ Hz. In addition to affceting the silent
counting, the 2.5 Hz resonance is ¢xpected 1o influence other
corlical processes as well. 1L has also been lound lo have a
sleep inducing ellecl. Very long exposures cause dizziness
and disorientation. The Mrequency ol 2.5 11v raises concerns
about kindling of cpileptic seizures; therefore, the gencral
public should not vse the 2.5 Hz resonance unless this
concern has been laid 1o rest through [urther experiments.

The seusilivily and numerical nalure ol the silent count
makes 1l a very suitable detector of the 2.5 11y sensory
resonance. It therefore has been used for experiments of
frequency response and cffective intensity window, In these
experiments, rounded square wave acouslic pulses were
produced wilh a lrequency thal was slowly diminished by
computer, and the subjeet’s 10070 counting time was
recorded for certain frequencics. The acoustic transducer
was a small loudspeaker mounted in a sealed cabinet such as
lo provide acoustic monopole radiation. Al lixed [requency,
ihe acousiic manopole sirenght in m°/s varies lnearly with
the voice coll current, with a constant of proportionality that
can be caleulated from measured speaker dome exeursions
lor given currents. The sound pressure level al the entrance
ol ihe subject’s nearest external ear canal can be expressed
in terms ol the acousiic monopole strength and the distance
from the loudspeaker. For cach experiment run, the sound
pressure level at the cnrrance of the subject’s external car
canal can thus be caleulated [rom the measured amplitude ol
the voice coll current and the pulse lrequency. Since lor the
subaudio [requencies the distance [rom the acoustic radiator
to the subject’s car is much smaller than the wavelength of
the sound, the ncar-field approximation was used [n this
caleulation. The sound pressure level was expressed in dI}
relalive Lo the relerence sound pressure ol 231077 Nim2.
This reference pressure is traditionally used in the context of
human hearing, and it represents about the normal minimum
human hearing threshold at 1.8 KHz.

I1G. 9 shows the resull of experiment tuns al sound
pressure levels of =67, =61, =55, and =49 d3. Plotied are the
subject’s 100-70 counting time versus pulse frequency in a
narrow ranae near 2.5 Hz, Resonance is evident from the
sharp peak 57 In the graph for the sound pressure level of
=61 dlb. The graphs also reveal the ellective inlensily
window lor the stimulation, as can be seen by comparnng the
magnirude of the peaks for the different sound pressure
levels, For increasing intensity, the magnitude of the peak
Mirst increases bul then decreases, and no signilicanl peak
shows up in the graph lor the largest sound pressure ol =49
dl}; this can be seen betler [rom the inseri 58, which shows
the graphs for -67 and —49 JB in a magnified scale. It
follows that the cffective intensity window extends approxi-
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mately from -73 1o —49 dB, (o terms of the sound pressurc
level al the entrance ol the subject’s exlernal ear canal.

The physiological respouse Lo the 2.5 11y acoustic stimu-
lation can be avoided by wearing carplugs. FIG. 10 is a plot
of the 100-70 counting time versus acoustic pulse
lrequency, with and withoul earplugs. The sound pressure
level al the entrance ol the subject’s external ear canal was
—6 dB for both runs. Without carplugs the counting time has
the peak 39, but no significant peak is scen [n graph 6 for
the run in which the subject used earplugs. Two conclusions
can be reached [rom these resulls. 1irsi, in the experiments
the 2.5 Hz resonance is esscatially cxeited acovstically
rather than through the magnetic field induced by the voice
coil currents in the loudspeaker. Second, il lollows that the
exciling sound essenbially propagales via the external ear
canal, instead ol through the skin and bones 1u the area of the
cars, or via cutancous mechanoreceptors in the skin at laree.

To answer the question whether the acoustic exeitation of
the 2.5 Hz scnsory resonance oceurs perhaps through the
cochlear nerve, one needs 1o consider the human auditory
threshold curve such as shown, lor nsiance, by Thomson
(1967). The curve has a minimum near 1.8 KHz where the
threshold sovnd pressure level is 0 dB, by definition. At 10
[1z ihe threshold s 105 d13. [lence, the pronounced acouslic
excilation of the sensory resonance shown in FIG. 9 lor a
sound pressure level o =61 d3 is 166 413 below the auditory
threshold at 10 Hz. The cxcitation oceurs near 2.5 He, and
at that frequeney, the auditory threshold is even higher than
al 1011z Although the curve 1n Thomson’s book does not go
helow 10 11y, linear extrapolalion suggests the eslimale of
135 dB for the threshold at 2.5 Hz, bringing the sound
pressure level that is effeetive for acoustic exeitation of the
scnsory resonance to 196 dB below the estimated threshold
al the lrequency near 2.5 10v used. "This resull all bul rules
oul excilation via the cochlear nerve.

Chemical modulation may be the cause for the small
frequency difference for peales 57 and 39 in FIGS. 9 and 10,
for the sound pressure level of —61 dB; these pealks oecur
respectively at 2516 and 2.553 1lx.

The physiological response Lo the excilation ol the sen-
sory resonances at a fixed stimvlus frequency is not imme-
diate but builds over time. An example is shown in FIG. 11,
where the graph 61 depicts the measured 100-70 time
plotted versus elapsed lime, upou application ol acouslic
pulses ol 2.558 11 lrequency and a sound pressure level of
—61 dB. The graph shows that the response is initially
delayed over about 5 minutes; thercafter it increascs, and at
about 22 minutes the slope is scen to decrcase somewhar,
Other experimenis have shown a counting time thal even-
lually settles on a plaleauw, or even slarls on a decline.
Chemical modulation and habitwation could account for
these features. The response curve depends strongly on
initial conditions.

The method is expecled 1o be eflfective also on cerlain
animals, and applications o animal conlrol are therelore
cnvisioned. The nervous system of mammals is similar to
that of humans, so that the scnsory resonances arce expected
Lo exist, albeil with different requencies. Accordingly, in the
present invenlion subjects are mammals.

The described method and apparatus can be used beneli-
cially by the general public and in clinical work. Unfortu-
nately however, there is the possibility of mischicvous vsc as
well., Llor insiance, with small modificalions the method of
110, 1 can be employed o imperceplibly modulale the air
Mlow in air conditioning or healing systems thal serve a
home, office building, or ecmbassy, for covert manipulation
of the nervous systems of occupants.
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The invention is not limited by the cmbodiments shown in
the drawings and described in the specification, which are
given by way ol example and not ol imilation, bul only in
accordance with the scope ol the appended claims.

REIERENCLS

P. M. Morsc and H. Feshbach, METHODS OF THEORETI-

CAL PIIYSICS, MceGraw-1011, New York, 1953
R. I Thomson, FOUNDATTONS OF PIIYSIOLOGICAL

PSYCHOLOGY, Harper & Row, New York 1967

I claim:

1. Apparatus [or manipulating the nervous system ol a
subject, the subject having an ear, comprising:

generalor means lor generaling vollage pulses;

induction means, connecled lo the generator means and

responsive to the voltage pulses, for indueing at the car
subliminal atmospheric acoustic pulses with a pulse
lrequency less than 15 11x.

2. The apparatus according 1o claim 1, furlher comprising
means [or automatically conirolling the vollage pulses.

3. The appararus according 1o claim 1, forther comprising
means for monitoring the voltage pulses.

4. The apparalus according lo claim 1, lor exciling in the
subject a sensory resonance lhal occurs al a resonance
frequency less than 15 Hz, the apparatus further comprising
tuning means for cnabling a user to tune the pulse frequency
to the resonance frequency.

5. The apparatus according o claim 4, [urther including a
casing for conlaining the generalor means, the induciion
means and the wning means.

6. The apparatus according to claim 1, wherein said
induclion means comprise:

means [or generaling in the almosphere a gas jel, the laller

having 4 momentum Mux; and
modulation means, connecied (o the generalor means and
responsive to said voltage pulses, for pulsing the
momentum Hux with a frequency less than 15 Hz;

whereby subaudio acoustic pulses are induced in the
atmosplere.

7. Apparatus [or manipulating the nervous system ol a
subject, the subjeet having an car, comprising:

generator means for generating volrage pulscs;

a source of gas at a pressure different from the ambicnt

atmospheric pressure;

a conduil having an orifice open Lo ihe almosphere [or

passing a gaseous Mux;

valve means, conuecled lo the source ol gas and the

conduit to conrrol the gascous thux;

means, connected to the generator means and responsive

to said voltage pulses, for operating the valve means 1o
provide an oscillation of the gaseous lux willh a [re-
guency less than 15 [

8. The apparatus according to claim 7, further comprising
vessel means for smoothing flueruations of the gascous fux
cavused by flueruations in the pressure of the source of gas.

9. A method lor manipulaling the nervous system ol a
subject, the subject having an ear, comprising the sieps ol

generating voltage pulses; and

inducing, in a manner responsive to the voltage pulses, at

the car subliminal atmospheric acoustic pulses with a
pulse [requency less than 15 11

10. The method according o claim 9, lor exciling in the
subject a sensory resonance lhal occurs al a resonance
frequency less than 15 Hz, forther comprising the step of
tuning the pulse frequency to the resonance frequency.



6,017,302

13

1. The method according to claim Y, wherein said
inducing comprises the sleps ol
generaling in the almosphere a gas jel, the latler having a
momenlum Mux; and

modulating the momentum ux in pulse-wise [ashion in a

manner responsive o the voltage pulses.

12. The method according to claim 11, further comprising,
the slep of direcling the gas jel al a malerial surface.

13. The method according lo claim 9, wherein said
inducing comprises the sleps ol

generaling a gas Mlow through a conduit orifice ithal s open

to the atmosphere; and

modulating the pas How to produee low pulsations, in a

manner responsive o the voltage pulses.

14. A method Tor remotely manipulating the nervous
syslem ol a subject in the course ol law enflorcement n a
standoft sitwation, the subjeet having an car, comprising the
steps of:

gencrating voltage pulscs;

generating, in a manner responsive to the voltage pulses,

almospheric acoustic signals al a plurality of locations
remole from the subject lor inducing al the ear sub-
liminal atmospheric acoustic pulses with a pulse fre-
quency less than 15 Hz, the signals having phasc
differences with respect lo each other arranged Lo cause
construclive acouslic wave inlerference al the subject.

15. A method lor exciting in a subjecl 4 sensory resonance
having a resonance frequency less than 15 Hez, the subjeet
having an car, comprising the steps of:
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generating voltage pulscs;

inducing, in a manner responsive to the voltage pulses, at
the ear subliminal almospheric acoustic pulses with a
pulse [requency less than 15 1y

luning the pulse [requency Lo the resonance [requency;

and also

inducing audible audio-lrequency almospheric acoustic

signals at the car.,

16. A mcthod for conrrolling n a subject neurological
disorders that involve pathological oscillatory activity of
neural circuils, the subject having an ear, comprising lhe
sleps ol:

generaling vollage pulses;

inducing, in a manner responsive to the voltage pulses, at

the car subliminal atmospheric acoustic pulses with a
pulse frequency less than 15 He; and

arranging said pulse frequeney o detunc the pathological

oscillalory aclivily.

17. A method lor controlling in a subject epileplic
scizures, the subject having an car, comprising the steps of:

generating voltage pulscs;

inducing in a manner responsive to the voltage pulses, at

the car subliminal atmospheric acoustic pulses with a
pulse [requency less than 15 1y and

initialing said inducing when a selzure precursor is [ell by

the subject.



