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Slow modulations called binaural beats are perceived when tones

of different frequency are presented separately to each ear. The

sensation may show how certain sounds are processed by the brain

f two tuning forks of slightly different
I pitch are struck simultaneously, the

resulting sound waves and wanes pe-
riodicallv. The modulations are referred
to as beats; their frequency is equal to
the ditference between the frequencies
of the original tones. For example, a
tuning fork with a characteristic pitch of
440 hertz, or cveles per second 1A above
middle C on the puno), and another of
431 hertz, if struck at the same time, will
produce beats with a frequency of six
hertz.

In modem investigations tuning forks
are replaced bv electronic oscillators,
which can supply tones of precisely con-
trolled pitch. purity and intensitv. Beats
are produced when the outputs of two
oscillators tuned to slightlv different fre-
quencies are combined electrically and
applied to a loudspeaker. Alternatively,
the signals can be applied individuallv
to separate speakers and the beuats will
still be heard. The result is the same
whether the tones are combined electri-
cally und then converted into sound,
or converted into sound separately and
then combined.

A quite different phenomenon results
when stereophonie earphones are used

.’and the stgnals are Jppi[ct.{ separately to
{ each ear. Under the rizht circumstances
beats can be perceived, but thev are of
l.m entirelv different character. Thev are
' called binaural beats, and in many ways
1th::1, are more interesting than urdmm
: beats, which in this discussion wiil be
! catled monaural. Monaural beats can be

i heard with both ears, but one ear s suffi-

cient to percerve them. Binaural beats

require thie combined action of both ears. -

They exist 2s a consequence of the inter-
action of perceptions within the brain,
and thev can be used to investigate some
of the brain's processes.

.

by Cerald Oster

The physical mecharism of monaural
beats is a special case of wave interfer-
ence. At any instant the amplitude of the
resulting sound is equal to the algebraic
sum of the amplitudes of the original
tones. The signals are reinforced when
thev are in phasg, that is, when the peaks
and nulls of their waves coincide. De-
structive interference diminishes the net
amplitude when the waves are in oppo-
sition. The pure tones used in these ex-
periments are described by sine waves;
the resulting beats zre slowly varying
functions similar to, but not precisely
conforming to, a sine wave.

A beat frequency of about six hertz,
as in the example given above, would
sound something like vibrato in music
«although vibrato is ﬁ'equency'modula-
tion rather than amplitude modulation).
If the interval between frequencies is
made smaller, very slow béats can be
produced, down to about one per sec-
ond, but at this speed the beats may be
difficult to perceive. Rapid beats, up to
about 30 hertz, are heard as roughness
superimposed on the sound, rather like
a Scotsman’s burr. With still greater in-
tervals beats are not heard; the two
tones are perceived separately.

Br:uts are rarely encountered in nature

because in nature sustained pure
tones are rare. Thev abound, however,
in mechanical dewices. In an airplane.
jet engines operating at slightly different
speeds may produce a very stmng~beat,
often recognized only as a feeling “in
the pit of the stomach.” Acoustical en-
gineers can filter out the whine of the
engines, but the slow vibrations are dif-
ficult to suppress. Occupants of apart-
ment houses may be annoved by beats
produced by machinenv, such as two
blowers running at diferent speeds, but

thev will have a hard time finding the
source.

On the other hand, beats are used tu
advantage where frequencies must be
determined precisely. Electrical engi-
neers compare the output of a test os-
cillator with that of a standard oscillator
by detecting the beats produced when
their signals are combined. The tuning
of pianos is another process that depends
on beats. Typically the piano tuner will
first listen for the beats produced by a
tuning fork of 440 hertz and the A above
middle C, and tighten or loosen the A
wire until the beats slow to zero. He
then strikes the A key and the D key be-
low it and tunes the latter wire until 10
beats per second are heard. That fre-
quency is produced by the interaction of
the A string’s second harmonie, or sec-
ond multiple (2 x 440 = 880), and the
D string's third harmenic (3 X 290 =
870). In this fashion, key by key, the
piano is tuned; in theory it could be
done even by someane who is tone-deaf.

Binaural beats were discovered in
1839 by a German experimenter named
H. W. Dove, but as late as 1915 they
were considered a trivial special case of
monaural beats. It was argued that each
ear was heuring sounds intended for the
other. This extraneous result could be
eliminated by placing the tuning forks
in separate rooms. with the subject in 2
third room between them, and guiding
the sounds through tubes to each ear. It
was necessary to carefully seal each tube
to the head, however, and another ob-
jection was raised: that sound presented
to one eur could be conducted through
the skull :o the other. Bone conduction
is well established, and indeed some
hearing aids operate on this principle.
although sound is attenuated a thou-
sandfold from ear to ear.



The possible contribution of boue
conduction to the perception of binaural
beats is eliminated, however, by the use
of moderu stereophouic earphones. Such
earphones have padding, often liquid-
filled, to insulate. the head from the
sound source, and are designed eaplicit-
iv to prevent conduction n.ﬁec:ts Indeed,
xtereophomc recordings plaved through
2arphones can sound unnatural because
-he instruments seem too isolated.

The difference most immediately ap-

parent between monaural and binanral
beats is that binaural beats can be heard
ouly when the tones used to produce
them are of low pitch. Binaural beats
are best perceived when e carrier fre-

q_ﬁm—ls about 440 he:tz . above that
Frequencyt thcw%exbfné l{cts‘sridutuut‘ and
above about 1 000 hertz thev vanish al-
together. No person I have tested re-
ports hearing beats for frequencies
above 900 hcrtz. Experimental condi-

tions, particularly the intensity of the

sounds and the type of earphoues used,
cun affect the results, however, and oth-
er investigators report detecting beats
produced by tones up to almost 1,500
hertz. At the other end of the scale beats
also become elusive. Below about 90
hertz the subject may confuse the beats
with the tones usid to produce them.

J- C. R. Licklider of the Massachusetts
Institute of Technology developed a
technique when he was working at Har-
vard University to measure a spectrum
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SINE W AVES COMBINE TO PRODUCE BEATS in this illuatra-
t1an hased nn aecilloacope trares. The two waves at the top are of
when they are combined, the result-
Ing warve at the hottom varics slowly in amplitude. The veriations

“tizhtly diferent frequenry;

are beats and would be perceived acoustically »s modulations in
loudness. If the two signals were presented separately to ench esr,
binsural beuts would be beard. These differ in character from
monaural, or ordinary, bests and sre genersted within the brain



v oled e the cars so that binaural beate
wic prodioned, and are accompamed i
eack vl DY nose qust loud enough to
aoscare the tones, the beats hecoine
i distinet. In an analogous c\peri-
ment with monauial sizoals only the
notse will be heard. Ty the luhm.ltor\
the source of noise is an electronie device
that =zenerates a random signal called
white noise, which sounds something
iike the swish of the wind through
swatap grass. When it i added to the
sig::a!.\ at the proper luudness. the origi-
nal tones cannot ’bt' heard, but the noise
seems to be modulated by the beats. The
enbancenent of binawmal beats by noise
15 explained by L. A, Jeflress and his col-
feuzues at the Umversity of Texas in
teriny of chunce reinforcement. At any
instant the amplitude of the noise will be
mure bkely to be reinforced if the am-
plitudes of the signals are in coincidence.
Wlhen the amplitudes of the signals are
in opposition, destructive interference is
more iikely.

: Estening to binaural beats produces the

illusion that the sounds are located
somewhere within the head. This in it-
self 15 hurdly estraordinarv: when music
1» plaved through stereophonic ear-
phones, the orchestra seems to be some-
where i the head rather than “out
there.” It is intriguing. however, that
when the beats are very infrequent. few-
e1 thun about three per second. thev
seem te move hack and forth in the head.
1f the intensities of the tvwo tones are dif-
ferent, the motion takes an elliptical
path.

This apparent moyement may be ex-
plzined by the connection between bin-
auira] beats and the mechanism by which
the brain senses the direction of sounds.
For Jow-frequency signals, such as those

ised to produce binaural beats. sound
s sculized primarily by detecting the
ficrence in phase between the sounds
“eaching the two ears [see “Anditory
Localization,” by Mark R. Rosennweig;
SCIENTIFIC AMERICAN, October, 196G1].
scunds of low frequency have wave-
uwﬂn much longer than the diameter
ol the head; as a :csull the sound travels
Mound the head by diffraction. Lord
Ravleigh, the 19th-century  English
Phesivast, cileulated that a tone of 256
hortz imiddle C) striking the head from
the side would reach the far ear with 90
Prrcent of the intensity it had at the near
Car. In otlier words, the head is not un
obstrindion to sounds of Tow pitch, and
lorudization by the detection of relative
inlrm'il}' wagld be inefRcient for those
fmqm'm its.

Lacalization by detection of phase dif-
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PERCEPTION OF BEATS depends on the manner in which tones are presented 1o the
cars. In there schematic reprerentations the applied tones at the left can be assomed 10 be
of low pitch and separated in frequency by a small inicrial. The foor diagrams st the 1op

" represent the monaural condition. When rignale of the tame inten-ity {egual amplitude)

are combined, the beatr vary from loudnest 10 rilence. With sipnal: of diflerent londness
tunequal amplitude) the intensity of the hieats -b» rednrcd. When one tone is below the - -
threshold of hearing (subthreshold . no beatr gre pareeived. 1f the 1ones are sccompanied
Py noiee just Jond cnough 1o obhecure them, agsin no heatr sre heard. In the foor disgrams
st the bottom, reprerenting the binsoral rondition. the wave forms m the Jeft are the same
ar those ahove biul are prerentcd to eark car seperately. Under there ronditions beats are
henrd whether the sigoals are of equal er of vuequal amplitnde and even if one §r eob-
thresheld. If nofse mavkhs the tones, binsura)l beats are atidl beard, modulating the noin
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EAPLRIMENTAL METHOD for generating monaural beats uses two electronic o»cillatore
and a network. here called a mixer. to combine their outputs, Each ear bears s composiie
signal: the Leat: can be heard with one ear or both. With the o-cillators tuned to the dre-
quencies shown. six beat: per second (440 hertz minu: 434 hertz' would be perceived.
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BINAURAL BEATS arc produced when each oscillstor ir ronnected separately to one ear-
phone. Again the Leat frequency is rintheris, but in this mode the heatr are bevr distinet.
Whereas matarsd heats are produced by the phyricsl inferference of itwe round waves, hin-
aural Leat- wre a result of the interaction of auditory signals occurring within the brain.
Lo
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on puge 1021 He adpy ted the froone e
oy of vie oscillaior unite the st og, ot
large cnough v that tin beats sevneg
“rough”. then he noted the freque e
of the UIIL'fx.lnf_‘«-d reflerence oscdlots
Neat he chanioed the setting of the 1o
ence oscillator wnd Tepeated the 0o -
dure. I this wany the range of peicoping
of cacl: subject was recorded

Anotner distinguishing churac tenista
of Litaural beats 1s their muffied sound,
Monaurs beats produced with souia- o
('liu..:‘ P LE RS 1N pulu‘ tron: lendnese 1o
silence, as thenr wave forn would sug-
aest Binavral beats, on the ather hand.
are unhy a shght modulation of « loud
backuround 1 have tried to estnate the
depth of the mudulation. and it scems
rTl( about thre du.lln!k ! .ulmui a
tenth thelougness of o whispes. In order
to help subiects recognize these relatine-
Iy famnt efiects 1 usually present signals
with moneural beats and then suddenh
chunge to the tenaural mode With tones
of ubwout 340 heriz it usually takes two
or thive wo ends for the subject to recoa-
nize the hinaural beats.

Tu product a monaural beat that vanes
from a mavimum to complete silence
the loudness of the two signals must be
identical: if the sicnals are mismistched,
the instuntaneous amplitude of the alge-
braic sum will 3]\\a\< be greater than
zero. As the c:fference in intensity in-
creases. the beats become less distinet.
Binaural beats. on the other hand, have
the same apparent strength regardless
of the relative intensities of the two
tones. In fact. E. Lehnhaidt, a Berhn
audiologist, discovered that binaural
beats ar;pergned even if one of the
siglm_\s_is_htiq\\_ihhlh reshold of heannc

J- J. Groen of the State University of
Utrecht has studied this phenomenc,
Working with tones of about 200 hertz.
he found that beats were perceptibic
when one signal had a louduness of 40
decibels and the other a loudness ot
minus 20 decibels. a hundredth the loud-
ness of harely aundible sound. Evidently
the brain is ab]c 10 detect and_process
the signals e ew-n lhoqg'h one of them is
too weak to impinge on consciousness.
\Thén the experiment is attcmpied maon-
aurally, only the louder sound. without
beats, is heard.

A perhaps related effect is the inter-
action of noise and binaural beats. Nowe
ordinanly masks sounds onc wants to
hear. For example, “static” sometimes
overwhelins a weak radio signal. The
perception of binaural beats, how ever, is
Lml""ﬂ'h“rm'ﬁ R e e
“When h\n appmprmu toncs are pre-




mg to the place theory, the inpalses
santticd by the auditony nones e
nect the intensny of the sound but ot
the frequency; what piteh s perceived
-~ detertaned by the place on the cocli-
«wa where the nenve originates. fre

Above ubout 5.000 hertz the place
theory seems to be adequate to describe
pitch paveption. At lower frequencies,
however, the mechanical response of the

tasilur membrane is too unspecific to ac-

count for the precision with whicl; the

ear ideutifies tones. Furthermore, at- -

tempts to test the theory by excising in
aperimental ammals those nerve fibers
that should be the sole carriers of low-
irequency tunes have been unsuccessful,

Faor the frequencies between 500 and
= N) Emest Glen Wever of
srmceion: University in 1939 proposed
e voliev theory. Althougli individual
nerve fibers cannot fire more thau 500
ames per second, a group of nerve cells
could exceed this rate by firing in succes-
<:on, Wever suggested, much as platoons
m an infantry company could fire their
weapons in successive vollevs. Thus
vhile some nerve cells are in their re-
fractory' period others are producing
ulses. The fading of binaural beats at
:requencies between 500 and 1.000
‘hertz suzgests that the mechanism of the

N
e
NUra

beats follows the telephone theorny wnd,
al fi ]lif..'!:('.’ frt-qu('w_-rt'k, follows the re-
lated volley theorvy.

lnlcrm-tiunﬁ.‘tlnv si:;g:_tls_frum the two
ears probabiy occurs at the bram center
nﬁﬂu-d__thg_su_pm‘jpr olivarv nucleus. As

e mt'.\suf_'v-s ascend the auditory path-
wavs o be processed and interpreted
8t higher centers, this is the first center
in the bram te-receive signals from both
i ears [scc ilivsiration on page 1013, Actu-
" allv there are two superior obvarv nu-
clei: they are arraved svimmetneally on
each side of the bram, and each j a
terminus for nerve fibers fron; hoth ears.
They have long been comidered likelv
. sites for the neural piveessing of Jow-

frequency sound impulses.

Ao
ln experiments with cats Kobert G-
lambos showed in 1959 that lond
clicks stimulating both ears genciate
nerve impulses that meet in the superor
olivary nudleus. When the clicks are
simultaneous, the signals are reinforced
at some site in the superior olivary nu-
cleus. When a slight delay is introduced.
however, the resulting sizual is inhib-
ited. Thus a small phase shift gives rise
to a E'Tc?ikgr"p;irc'-_éptidh”o'f sound. I* is
presumabiv for this reason that one tends
to turn toward the source of a sound

and eliminate the phase difierence
When one 1 im—:"ning thruu:_-_gh (s
phones, of course turming the head has
no cficet on the plucse of the signals.
Newve potentials at the superior oii-
vary nucleus of the cat have been mez-
sured duectlv. Wik human subjecis
it is possible to muasure these signals
by recording evohed Potentials: smal!

c'harmhc electrical praperties of
the scalp produced as a result of uctin-
ity of the brain. Beczuse they are objec-
tive indicators of certam brain functions
evoked notentials have chimeal applica-
tons. For esample. m cases of possible
hysterical blindnesws evoked potentials
from the scalp above the acapital lobes
can cetermmne whether or not the bram
1 receivite vvaal isiominton Similarh

“evoked patentials can be used 1o detect

deatuess 1 infants, which 1t othenvise
quite difficult to d:ignose. The poten-
tials are very smali ‘measured in mi-
crovolts) and are obscured by manv
random signals not asscciated with
the stimulus. Thev can be measured on
an oscilluscope, but special procedures
must be followed.

First. the horizonta! sweep of the os-
cillascope must be svnchronized with
the st:nlus; this is done by using the
stimulus current tr trigcer the start of
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- HIGH-FREQUENCY SOUND LOCALIZATION sho requires bin.
_#ural hirsring, but dificrences in intensity vather than phare sre
“detected. The wavelength of a higl-pitched tone is emaller thun
the Giameier of the head and a distinet sonle shadow §s formed;
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thus one ear receiver more sound than the other. This mode of
sound Jocalization i less accarate than phave detection except at
very high frequencies. The tranvition takes place at abiout 1.000
bertz; st this frequency too the peroeption of binaoral beats wanes.
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ferenices 1s highly efficient, however. In
an upen arca with no reficcting struc-
tn:es one can locate a Jow-pitched sound
to withiu 10 degrees. To do so requues
detecting a phase difierenee of Jess than
one millisecond, a feat accomplished
without difficulty by the mecharasm of
biraural hearing. The sine phase difier-
ence 13 present in the tones that produce
hinaural beats, which is why slow beats
seem to be in motion. A source of sound
ievelving around the head would pro-
ducc a aumilar sensation.

For svunds of higher pitch the wave-
lengthi is comparable to or smaller than
the size of the head, and the head acts
as « barmer, so that the ear in its shadow
recein ¢s almost no sound. Above about
1.000 heriz sound localization is gov-
erned primarily by intensity rather than
phase differences. It is signibicant that
the ability to hear binaural beats also
wanes when the tones presented ap-
proach 1,000 hertz. Direction-finding at
the higher frequencies is less accurate
than it is for low-pitched tones up to
about $,000 hertz, when the pinna (the
externz) ear) becomes effective as an aid
to Joculization.

The avditory mechanisms manifested
in the perception of binaural beats aid
human hearing in another wav. It has

oiten been observed that the ability 1o

sedect and listen lo a sin:.:h- conversation
in xivble of background noise is a 1e-
markable and viduable liuman faculty.
Th:s plienoinenan. sometimes called “the
cocktail party effeet.” iss dependent o
bipanra! heanse, Itoas in fuct. an np]‘ﬂf-
cation of the enhuncement of phase per-
ception with noise also seen inthe per-
ception of binaural beats.

Hearing gencrally deteriorates with
age. Yet I Lave found that older people
are able to detect binaural beats and
to locate sounds almost as well as the
voung. At 5,000 hertz the auditory acu-
ity of a man of 60 is, on the average, 40
decibels below that of a man of 20, and
the highest pitch he can hear, 8,000
hertz. is half that heard by the vounger
man. His acuity for low tones. however,
is Dbarelv affected, and evidently his
phase perception is also undiminished.

\Y,«That is the neurological basis of bin-
aural beats? The simplest explana-
tion is that the number of nerve impulsc:
from each ear and the route they travel
to the brain are determined by the fre-
quency of the incident sound. «nd that
the two nerve signals interact somes
where in the brain. .
One theory of the perception of pitch.

colledd the teiephone theor o
prosed e W, Bhatherford 2 Yoo I
tniated that the ar como. . o
vibrations into electrcal i i canehs
- nuerophone dovs, emitiines o0 era
inpals for eack evele of tie @0 - S
vie el fibers L‘-lll'I\‘.\}hrii(’n feaseni stie

nb onh up to sbout 500 hertz, I weues,
so that the telephone theory coald G-
senbe the behavior of the car Lodv 1o
the limvest frequencies. Tn 1855 e
man von Helebosley PTOposLa e plec
theary, svhich aseribed piteh diss e

fion 1o the micchamical propertics of the

cochles. or inner car. The coclilea 1 a
cone-shaped, fluid-filicd vessel il i
nerve eodings and coiled libe oo’
shell " Cochlee™ is Latin for a0 - The
colled tube of the cochlea i disnded
half wlong its length by the baslar men-
branc. which sibrates Tasponse e
sound Georg vou Békésy found by di-
rect vicusl obsenation that a sound of a
certain frequ:-!:cv will make the basilas
raenitrant bu'ce most noticeablv in a
cestan: piace | see “The Ear” by Georg
son D hesv: ScieNTiFIC AMERICAN. Au-
cust. 1957) Thas Jocal stimulation. it is
be'ieved, excites receptor cells in the vi-
cinitv of the buige and thus excites the
nerve fbers connecting the recepror cells
to the auditery area of the brai: Accord-

e e o et e e g

1.0CATION OF THE SOURCE of a «ound it determined for low-
yitchied tone: by detecting the difference in phase between rignale
wrriving st cach ear. In thi: illostration & campresrion wave has
rearhed the Ieft car while the right is near @ mazimum of rarefuc.

tian. By dclecting toch a phare difference the ears can find the di-

rection of & Jow-Srequency tune to an accoracy of abour 10 d, grees.

At there freqnencies linle round ix blorked by the head: the wave-

length is Jarger than the head and sound is diffracted aronnd it
y . -
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EVOKED POTENTIALS for subjects listening to monaural beats are thown in & photo-
graph of an orcilloscope screen made by the suthor with Adam Atkin and Neil Wother-
spoon at the Mount Sinai School of Medicine. Tones of 300 bertz and 303 hertz were pre-
sented to each ear; an electrode attached 1o the rcalp was nzed to measure electric polentiale
in the ekin evoked by underlying electrical activity in the brain. By evnchronizing the hori-
zontal sweep of the oscilloscope with the beat frequency it was possible 1o correlate these
+mall potentials (measured in microvolts) with the stimulus. The steplike wave form at the
top of the screen is a signal used to time the oecilloccope eweep: the rise of each pulse cor-
responds 1o the mument of maximom loodness of the beat. The periodic wave below it re-
cords the evoked potentials. It consisiz of the average values for each point or the curve,
determined by a small computer (a signal-averager) afier many iterations of the procedure,

S

BINAURAL EXPERIMENT wat condocted under the same conditions, except that the
tones were precented separately to each ear. Fyoked potentiale were once apain cuccessfully

syecorded, but they differed from those detected under monsural conditions in amplitade, in

wove form and in timing with re<pect to the etimulus. These differences suggest that binan-
ral beats are proccrsed 4n anothicr way or st another ite in the hrain than monanral beats

gre. In the illustration the amplitude of the cvohed potentiale nppears to be abont the same

a: 8t is for manaural beats; i is actualls moch smaller. For clarity the vertical ecale of the
oxcilloscope her been eapanded, 25 ran be vcon by comparing the apparcnt amplitudes of
the timing signals. In both illucirstione Lright areas not associated with the muin wave form
are exirgpeous signals produced by residual noite gencruted in the recording apparstus.

the sweep. In addition, a great many
tracings must be made in order to obtain
unambiguous data. A computer know,
as a signal-averager stoies a senes of
tracings electronically, then on com-
mand adds the instantancous potentials
of all the tracings to produce a cuin-
posite signal. Because the extraneous
random potentials have no fixed phase
relation to the stimulus they are progres-
sively suppressed as the number of truc-
ings Incredses.
If binaural and monaural beats are in-
deed processed at different sites in the
brain, 1t should be possible to detect tius
difference by measuring the evoked po-
tentials. With my colleagues at the
Mount Sinai School of Medicine, Adum
Atkin and Neil Wotherspoon. 1 sct out
to test this hypothesis. Because the stim-
ulus was a continuous tone rather than
a brief click, it proved particularly diffi-
cult to obtain clear tracings. Eventually
we learned that for eﬁectx\c results the
subject must concentrate on the beats
while in tota] darkness. This is a boring
task, since the binaura! beats are mdxs-
tinct and manv tracings must be aver-
aged. Often the subject experiences
auditory Lullucinations unposing a spu-
rious pattern cn the sound. which spoils
the results. Nevertheless. after many
iterution: of thic procecure we were
able t¢ demonstrate that the evoked
polentials produced by bindural and
monaural beats differ quml:tatn c]\ and
quantitatively, indicating thal they are
processed dj.ﬁerenﬂ\ [sec illustrations

af left]: R T

Binaura] beats may have clinicz] ap-
plications. With some of my stu-
dents I examined a number of neurologi-
cal patients and discovered that z few
could not hear binaural beats. Among
these paticnts a few could not localize
sounds (produced by the examiner's
snapping his fingers}. It mayv be signifi-
cant that some of those who could not
hear the beats suffered from Parkinson’s
disease, a disorder of the central nervous
system characterized by a lack of spon-
taneous muscular actvity, an immobile
facial expression and tremor. One pa-
tient, a violinist, was unable to hear bin-
aural beats when he entered the hospi-
tal. As his treatment continued he be-
gan to perceive the beats produced by
the very lowest tones, and gradually he
progressed to higher frequencies. At the
end of a week, when his condition was
considered satisfactory, he could hear
beats produced by tones up to aliout 650
hertz.
A sex-related varation in the ability



{1 e percesion of Binuural beats du.r- "pcrco[\tion.- The enhancement of thsy
i fiig the menstrual cycle. When the beats  beats by noise is a inodel of the mecha-
- are not heard, women often hear two i nism by which auditory messages are "3
separate tones. Men, on the other hand, © sorted from a noisy luLLgmund That
i showw no variation during the month. . subthreshold sounds wse eFectively ren-
.- These resalts sugvest that the binaurak @ dered audible by binaural beats suggests
i u.hr.at spectrun may be influenced by the | that there mav be other stimul proc-
& r : Jovel of estrogen in the blood. essed bv the brain of which we are not
3 Binaural beats have been widely re- ‘aware. Finally, it is possible that hor-
AR f 3 t‘tﬁ\rued as a mere curiosity. A recent text- monally ind luced physiological or be-
Ur-que ‘natruchonal gomes ““9""’ by une L Thook on hearing dues not mention them ! havioral changes tou subtle to detect by
:;&:;::;m:w:&mm:’px [ {ak all. Yet the measurement of binaural | ordinary means may be made apparent
conbemorteredby young children— final gomes "]:leatq can expluin the processes by which ‘bv measuring the binaural-beat spec-

;:" ::::""': i"“'“'“; "F'Z).'""‘:;’N“::'h: e! souuds are locnled a crucial aspect of ' trum.

WEF ‘N PROOF Publishars, Al — - 5
WFFN PROOF (logic) sacpsil e

QUERIES ‘N THEORIES (science) 578 F° .. 45 s : +
EQUATIONS (mothematics) S50 A ot
ON-SETS (set theory) S0t s

FRCPAGANDA fsoci0l studies) 6. 50 :

CN-WORDS lword structw es) 550 | -

CONFIGURATIONS (geometry) 5 50

TRI-NIM (probiem solving) 4 50

REAL NUMBERS (orithmetic) 7i 7L

WFF rbrgmr!f'l |og:g) 178

CWIK-SANE (puzzie) 1.75

TAC-TICKLE (pwre sirctegy) 1.25

Teocher’s Monual 125

RODIN'S THINKERS BOOKENDS N o

Complete 12-kit THINK TANK &
Teochers Monual
with bookends {Sove 10.25) 59 50
=thout bookends (Sove 9.25) 4% 50

Order from: WFF ‘N PROOF, 1111-.NE

Maople Avenve, Turtie Creek, Pa. 15145
*pOSIage Meiuded 10 above prices
Fully guoronieed Ceaser nouwier invied

fts Fhal e s OMPLIMENT ol scerve i

BEAI FREQUENCY (HERTZ)

0 230 500 750 3 00 1.250 1.500
TONE FREQUENCY (HERTZ)

i SPECTRUM OF BINAURAL BEATS was measured by J. C. R. Licklider, J. C. Webster
+ and J. M. Hedlum. Rapid beats, up to about 26 per tecond. can be heard when the tones
" uted to produce them are about 440 hertz. With tones of higher or lower pitch the maxi-
‘ mum beat frequency declines. When the interval exceeds abount 30 bertz, two tones are heard.
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SEN BEFATED MARIATION in the pereeption of hinaural beats i~ plotted from data rom-
piled by Jo V. Tobia-. A~ the piteh of the tones used to produce Leats increaser, both men
teolurt und wemen 1bluck) cease to perecive them. Women. however, lose the ahility at
lav et ircquencies. Some femnale subjects also report variations during the menstrual cycle.
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