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ABSTRACT

An electroencephalophone which is battery operated
and completely self-contained in a headset to be worn
by the user and having a plurality of scalp electrodes
carried on flexible leads permitting placement of the
mounted thereon and having an electronic circuit and

transducer for converting brain wave signals picked up

by the electrodes into recognizable audio tones en
abling the user to listen to his own brain wave genera
tion. The scalp electrode signals are amplified and
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chopped by an audible oscillator signal the frequency

of which is controlled by the scalp electrode signals.
The resulting combined amplitude and frequency mod
ulation of the audible generator tone provides a distinc
tive sound for brain wave recognition.
19 Claims, 7 Drawing Figures
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are used, e.g., amplitude and frequency modulation,
while at the same time circuitry and components have
been modified and evolved to provide a small inexpen
sive yet completely effective instrument.
Another object of the present invention is to provide
an electroencephalophone of the character described

ELECTROENCEPHALOPHONE AND FEEDBACK
SYSTEM

The invention relates to electroencephalographs in
which the EEG output is converted into an audio signal
enabling audio study and analysis of the type and char
acter of brain waves being generated.

Researchers and investigators have found that there

is a relationship between subjective states of mind and
observable brain wave activity as seen with the aid of
an electroencephalograph (EEG). Anxiety, focused at
tention, relaxed inattention, the various stages of sleep,
and meditation appear to have correlating brain wave
patterns. Anxiety, focused attention and active thought
tend to produce beta waves considered as those having
a frequency greater than about 13 Hz. Relaxed, alert
in attention, with the eyes closed or at least defocused
with no patterned visual input, will tend to produce
alpha waves considered as those having frequencies
from about 8 Hz to about 13 Hz. Deeper states of relax
ation, meditation, sleep will involve lower frequencies
in the theta and delta ranges considered as between
about 4 Hz to about 8 Hz, and below 4 Hz respectively.

The electroencephalograph thus provides an important
research, educational, and training tool to aid doctors,
investigators and patients in better understanding and

15

a pleasant comfortable audio frequency, substantially

20

have a common drawback in that they do not provide
an immediate feedback as to the progress that the indi
vidual is making. It is known that a peaceful, meditative

state of mind is accompanied by the production of

free of background noise.
Still another object of the present invention is to pro
vide an extremely small, battery operated EEG circuit

combined with an electroencephalophone and output
circuit providing FM telemetry data and a direct EEG
signal, the total system being sufficiently small and light
in weight to be comfortably worn on the head of the

25

USe.

30

Still a further object of the present invention is to
provide an electroencephalophone of the character
above which will provide dependable substantially
carefree service over a long period of use.
The invention possesses other objects and features of
advantage, some of which of the foregoing will be set
forth in the following description of the preferred form
of the invention which is illustrated in the drawings ac
companying and forming part of this specification. It is

achieving various states of mind. For example, there

has been a continuing search for a means of achieving
a peaceful state of mind. Various meditative tech
niques, some very ancient and some quite new, have
been and are being used. However, these techniques

which is battery operated and completely self
contained whereby all of the apparatus is exclusively
and comfortably worn on the head of the user without
any trailing wires and thus affording the user mobility,
convenience and safety from electric shock.
A further object of the present invention is to provide
an electroencephalophone of the character above
which may be mounted on the head of the user with
ease and facility, is easy to operate, and in which the
desired brain waves are amplified and raised in pitch to

to be understood, however, that variations in the show

alpha waves and experimental studies have shown that ing made by the said drawings and description may be
a person, given appropriate feedback information as to adopted within the scope of the invention as set forth
the brain waves he is generating, can learn to turn on in the claims.
the alpha rhythm at will.
Referring to said drawings:
Various forms of feedback information have been 40 FIG. 1 is a perspective view of an electroencephalo
proposed. It has been found that the sense of hearing phone constructed in accordance with the present in
is far superior to the sense of sight as a harmonic analy vention.
zer, and is therefore more adept at detecting and ana
FIG. 2 is a cross sectional view of a portion of the
lyzing patterns of activity. Stewart, Belcher and Morris, 45 electroencephalophone.
Auditory Analysis of Electroencephalogram:
FIG. 3 is a bottom view of the electroencephalo
Electroencephalophony, Encephalography and Clinical phone.
Neurophysiology, Volume II, pages 161-164 (May,
FIG. 4 is a graph of the electronic amplifier output,
1959 ed.). The practical difficulty with listening to
FIG. S is a schematic wiring diagram of the electronic
brain wave patterns directly is that the clinically inter 50 circuit.
esting frequencies are in the sub-audible range. The
FIG. 6 is a schematic wiring diagram of the battery
brain's electrical output must therefore be transformed circuit.
before the analytical merits of the human auditory sys
FIG. 7 is a schematic wiring diagram of a photo cou
tem can be utilzed. The mentioned publication de pler used in connection with the present system.
scribes several methods by which this can be accom 55 The electroencephalophone of the present invention
plished and suggests a combined amplitude and fre has as one of its principal features the fact that it is en
quency modulation of an audio carrier by the brain tirely self-contained in association with a headset 11
waves as providing a highly satisfactory method,
having at least one earphone housing 12 and a head
One of the disadvantages of EEG equipment hereto band 13 connected thereto for mounting on the head
fore available for research, study and training has been of the user; a plurality of scalp electrodes 14, 1s and 16
the high cost of such equipment and accordingly the 60 adapted for mounting on the user's head to provide an
investigations have so far been conducted in the re electric signal pickup of brain waves; electronic circuit
search settings of major medical laboratories. Circuitry means, see FIGS. 5 and 6, for converting brain wave
and components heretofore developed and used have signals into an audio output signal and being mounted
been complex and relatively large and cumbersome, in housing 12; flexible leads 17, 18 and 19 carried by
An object of the present invention is to provide an elec 65 the headset and connected to electrodes 14, 15 and 16
troencephalograph feedback system of the character permitting placement of the latter on the user's head
described in which the very best of earlier techniques when the headset is mounted in place and connecting
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the electrodes to the input of the electronic circuit
means; a transducer 21 in housing 12 connected to the
output of the electronic circuit means; and a battery 22
mounted in housing 12 for powering the electronic cir
cuit.

Preferably a binaural headset is used having a pair of
earphone housings 12 and 24 each fitted with a trans
ducer 21 and 26 (see FIG. 5); and advantage is here
taken of the second earphone housing 24 to include
therein a second battery 23 connected in the circuit as
seen in FIG. 6. Electric cables 27 and 28 extend be

4.
Fairchild Semiconductor Model pu, A739C dual inte

5

grated operational amplifier. The pin marking on the
drawing corresponds with the pin identification on the
Fairchild amplifier. Q3A is an operational amplifier so
constructed as to eliminate common mode signals, such

as power line noise, radio frequency pickup, etc., thus
presenting at its output only clear brain wave signals.

The band width as well as gain of amplifier Q3A is
closely controlled by components C9, C10, R9, R10,
R11, R12 as well as C7, C8, C1, C2, C3 and C4.
C1 and C2 isolate dc potentials developed by contact
between the electrodes and skin, while allowing low
frequency brain wave signals to be conducted to tran

tween the housings 12 and 24 through a conduit pro
vided in the headband 13; and leads 17, 18 and 19 are
here conveniently mounted through an opening 29 in sistors O1 and O2.
the headband conduit. Housings 12 and 24 are here 15 C3 and C4 provide a low impedance path for short
mounted for reciprocation on headband rods 31 for ad circuiting all radio signals to ground thereby eliminat
justing the headset to the user's head; and the housings ing annoying radio station interference.
12 and 24 are preferably provided with the usual ear
C7 and C8 also provide increasingly better conduc
pads 32 and 33. The electronic circuit as seen in FIGS. tion for high frequencies between Q1 and Q2 and Q3A.
5 and 6 is miniaturized and constructed on a circuit
This effect is compensated for by C9 and C10 both of
board 34 in housing 12.
which tend to reduce the gain of amplifier 3A for high
With reference to FIGS. 5 and 6, the electroenceph frequencies.
alograph feedback system of the present invention
R10 serve the function of controlling the gain
comprises briefly a balanced, differential input, high andR9dcand
stability
of the operational amplifiers.
impedance amplifier which accomplishes the task of 25 R13, R14 and C11 form a high frequency filter, and
initially picking up the weak brain wave signals at elec C12 forms an additional low frequency filter to drive
trodes 14, 15 and 16 and amplifying these signals to a operational amplifier Q3B. The latter's response is fur
relatively high voltage which can be used to drive the ther modified by C15, C16, C14 and C18, C14, C15
amplitude and frequency modulation portions of the and
C16 all tend to reduce the amplifier high frequency
circuit. The amplifier is here composed of a pair of 30 response while C13 tends to set the low frequency re
source follower field effect transistors O1 and O2 con
sponse roll off point. The result of the combination of
nected to a pair of operational amplifiers Q3A and all of these frequency response determining elements is
Q3B. Q1 and Q2 comprise a preamplifier whose pur a relatively sharp band pass amplifier whose output is
pose is to provide high input impedance. Field effect delivered through R17 to an output circuit point 38.
transistors offer the advantages of lower equivalent 35 The dc stability of operational amplifier Q3B is main
input noise and lower costs. Electrode 14 is here con tained by components R1S, R16, R28, R17 and R18.
nected through capacitor C1 to the gate of transistor The amplified EEG signal at point 38 is applied to the
Q1; electrode 15 is connected to ground and through base of bi-polar transistor Q4 which is here connected

capacitor C5 to the midpoint of voltage divider made

as an emitter follower so that it has only unity. voltage

up of R5, R7, R8 and R6 connected in series between 40 gain and much lower output impedance than input im
the drain and source of Oil and O2, Electrode 16 is
pedance. The output of amplifier O4 is connected to
connected to the gate of Q2 through capacitor C2. Sim one end of potentiometer R19, the moving contact 39
ilar input RC impedance networks R1, C3 and R2, C4 of which here functions as a sensitivity control. A man
are connected in the input circuits to Q1 and Q2.
ually engagable knob, here identified by the same nu
The input amplifier Q1 and Q2 functions to provide 45 meral 39, may be seen on housing 12 for use by the op
a high input impedance for the electrodes 14-16 so as erator in adjusting the sensitivity of the apparatus,
to make less critical the quality of the contact of the
The effect of the frequency response determining el
electrodes with the scalp. Preferably R6 is made adjust ements above described is to produce a narrow band
able and may be set to a balanced condition at the fac 50 amplifier having an output substantially as shown in
tory, With such an input amplifier, the electrodes FIG. 4 where the voltage amplitude is plotted as the or
14-16 see a very high impedance, as compared to the
against frequency in Hz as the abscissa, It will be
input of operational amplifier Q3A. Input condenser dinate
noted
that
the amplifier has a peak sensitivity in the
C1 is connected to the base of O1. The addition of C3
range
of
about
4-13 cycles per second and a sharp roll
in the input impedance provides protection against off outside of this
range. As hereinabove noted the ap
radio frequency noise, Q1 and Q2 may be either N or paratus is particularly
designed for enabling the user to
P channel, Components R3 and R4, CS and C6 form a sense alpha wave generation and it will be noted that
decoupling network for transistors Q1 and Q2. The the amplifier peaks out in the alpha range of 8-12 cy.
output leads 36 and 37 of the input amplifier Q1 and cles
per second. As training progresses, and alpha gen
Q2 are connected through C7 and C8 across an output 60 eration becomes easier, the user may begin to listen for
impedance composed of R9 and R10, and to input pins the deeper rhythmic theta train leading to a deeper
8 and 9 of operational amplifier Q3A. The input imped
state. It will be noted that the amplifier out
ance of the present circuit is about 1 million ohms meditative
put
is
still
high
in the theta range of about 4-8 cycles
which is many times larger than the scalp contact resis per second. On the
other hand the amplifier output falls
tance of the electrodes and which accordingly mini
Aply
in
the
beta
range of frequencies greater than
mizes the generation of artifactual signals,
2,
Q3A and Q3B here comprises a dual externally fre
As hereinabove noted the practical difficulty with lis
quency compensated operational amplifier such as tening
to brain wave patterns directly is that the clini
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cally interesting frequencies as herein noted are in the
sub-audible range. Accordingly the balance of the elec
tronic circuit converts the low frequency brain wave
signal into a clearly recognizable audio signal by using
the low frequency signal to modulate an oscillator op
erating in the audio range whereby a combination am
plitude and frequency modulation is obtained. The bal
ance of the electronic circuit for accomplishing this re
sult comprises briefly a relaxation oscillator Q6 having
a timing capacitor C20 and C19; means, Q5, connected
to output 39 and the timing capacitor, C20-C19, for
charging the capacitor at a rate dependent upon the po
tential at 39; an output circuit including a voltage actu
ated chopper device, Q7, and a series load impedance
R25 connected to output 39 and being connected to
oscillator Q6 for controlling the operation of the chop
per device and current flow in the load impedance 25
synchronously with the operation of the oscillator; and

6
present case enables a substantial simplification in the
circuitry. The relaxation oscillator circuit Q6 differs
from other relaxation oscillators in that its frequency is
adjusted by changing the rate of charging of its timing

O

15

an electronic audio read-out device, transducers 21
and 26, connected to load impedance 25.
As a feature of the present construction, oscillator
Q6 comprises a uni-junction transistor having its bases

B1 and B2 connected to supply voltage, battery 23, and
common (ground) 41 through battery 22, R23 and R24
so as to fire when its emitter e is raised to a predeter
mined voltage, here about 4 to 8 volts. Emittere is con
nected via conductor 42 to capacitors C19 and C20.
C20 is connected to common through battery 22 and
C19 is connected to common through battery 22

through the base and emitter of transistor Q7 and resis

ing a frequency of about 1,000 Hz, Capacitor C19 cou
ples the oscillator signal to Q7 thus turning the chopper
on and off with the oscillations from O6. Additionally,
resistor R26 acts to provide dc bias for transistor Q7.
As another feature of the present circuit, the chopper
device here comprises a bipolar transistor O7 having its
emitter connected through R27 to supply voltage 22,

its base connected through capacitor C19 to the emit
through load impedance R25, capacitor C18 and resis

ter of oscillator Q6, and its collector connected

tor R29 to output 39. The primary 43 of output trans
former T1 is connected by conductors 44 and 45 across
impedance R25; and the secondary winding 46 of
transformer T1 is connected by conductors 47 and 48
to transducers 21 and 26. The result of the foregoing
is that the current passing through the earphones be

comes a replica of the brain wave signal chopped by the
oscillator signal produced by oscillator O6 and thus
comprises an amplitude and frequency modulated pre
sentation of the brain waves,

The use of the field effect transistor OS, and more

particularly its connections in the present circuit, are
unorthodox in that the normal connections for the FET
in a voltage dependent resistor mode are to connect its
drain to the supply voltage and its gate to the control
voltage. The reversal of these two connections in the

capacitance rather than shifting the firing voltage of the
triggering device.
To summarize, the voltage fluctuation at C19 due to
firing of Q6 turns on and off chopper Q7. Accordingly,
brain wave signals at R25 are chopped to ground by O7
at the running frequency of oscillator Q6. When the
EEG voltage at point 39 goes positive, the running fre
quency of oscillator Q6 will rise due to decreasing resis
tance of FET Q5 causing more rapid charging of C19
and C20. At the same time that the frequency in
creases, voltage at output 39 is going up, increasing
current flow through R29, C18, R25, Q7 and R27 to
ground. As a result the voltage drop across R25 in
creases thereby providing amplitude modulation of the
signal. On decreasing voltage at point 39, the reverse
effect takes place, e.g., reduction in frequency of the

oscillator, the chopping action of Q7 and amplitude

25

30

tor 27.

As a further feature of the present construction, the
means for controlling the charging rate of capacitors
C19 and C20 as a function of EEG potential at output
39 here comprises a field effect transistor Q5 having its
drain terminal connected to output 39 through capaci
tor C17 and resistor R21, its gate terminal connected
to supply voltage 23 and its source terminal connected
via conductor 42 to the emitter of O6 and capacitors
C19 and C20. The relaxation oscillator thus provided
furnishes a pleasing triangular shaped output tone hav

-

35
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drop across R25. The overall variation in frequency
may be in the order of about 500 Hz to about 2,000 Hz.
The combination of these two actions, viz, frequency
and amplitude modulation, provide a most distinctive
sound for brain wave recognition which is at the same
time most pleasant to listen to for long periods of time.
When the user is not producing a desired brain wave
pattern, the output at the transducer is as close to si
lence as possible. The sound produced by alpha wave
generation is similar to the vibrato of an organ at about
middle C13 the frequency of the vibrato being in the

range of about 8-10 cycles per second.
Three electrodes are preferably used although it
would be possible to have a balanced input with only

two electrodes. The third electrode, usually black,
shown as electrode 15, is desired to provide an actual
ground or electrical midpoint connection between the
other two electrodes 14 and 16, commonly red elec
trodes. A wide variety of electrode placements may be

used on the head depending on the part of the brain to

45

SO
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be monitored. It is usually desirable to employ a mini
mum amount of electrode paste on the electrodes and
particularly in the hair, and accordingly, a common
placement of the electrodes is to locate the black elec
trode on the skin of the forehead over one eye, one red
electrode on the skin of the forehead over the other
eye, and the other red electrode at the back of the head
generally behind the first electrode. These may be held
conveniently in place by an elastic headband 20.
Another important feature of the present invention is
the incorporation of a squelch circuit which eliminates
output signals below a predetermined level. This circuit
here comprises a pair of reversely connected germa
nium diodes D1 and D2 which are connected in series

with load impedance R2S and the primary 23 of trans

former T1. Reversely connected diodes D1 and D2

60

connected in this manner are effective in eliminating
annoying background noise and cooperate with vari
able resistor R19 for adjusting not only the magnitude
and frequency of the output signal but also the thresh
old of squelch action. Signals not of interest are sup
pressed by the diodes by reason of the fact that when
point 39 is at a relatively constant voltage, almost no
output will appear at transformer T1 due to the fact
that capacitor C18 conducts almost no current down

through R25 and this small current produces a voltage

7
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across R25 insufficient to cause the diodes to conduct.

On the other hand, a significant signal at 39 will be em
phasized not only in the amplitude of output at T1, but
also by shift in frequency of the oscillator. Thus the
combination of the sensitivity control R19, the squelch
circuit, frequency and amplitude modulation cooperate
to emphasize as much as possible the signals which are
of interest and to de-emphasize as much as possible
background noise which is not of interest. Also placing
the squelch circuit at the "back end' of the circuit has
the very significant advantage of applying the squelch
only where it is needed-thus not affecting the FM or
EEG output signals which may be taken from the cir
cuit ahead of the squelch circuit. Also, by reason of the
placement of the squelch circuit, the signal level is such
that no biasing is needed to set the proper squelch
level. The threshold level depends upon the component
values in the output circuit. These are chosen to elimi
nate signals below a minimum value. The squelch cir

8
drive an FM radio transmitter thus providing FM-FM
telemetry data.
Jack 54 provides an EEG output and is connected at
the output of a network formed by R30, transistor Q8,
and resistor R20, the latter being connected to point 38
in the circuit. More specifically, Q8 has its base con
nected to R20, its collector connected to battery 23,

and its emitter connected through R30 to jack S4. This
network provides a high current output EEG signal in
O amplified form but without audible tone. This signal
may be fed to chart recorders, oscilloscopes, or tuned
computer systems which will sort out particular spectra
or groups of brain waves. In all instances where auxil
iary equipment is power line operated, it is mandatory
15 that the auxiliary equipment positively prevent an acci
dental feedback of high voltage to the headset. One
means of accomplishing this safety feature is to use the
signal to drive a gallium arsenide photo diode to pro
vide a light signal replica of the EEG signal. This light
cuit is thus automatically set to eliminate all audible 20 signal may be picked up and detected by a Darlington
signals of less than the preset level which is the thresh photo transistor thus providing a means of extracting
old of comfortable listening. The sensitivity control the brain wave signal from the present battery operated
R19 also adjusts the squelch level since it changes the electroencephalophone and making it available for use
peak-to-peak signal voltage across R25 as well as ad with power line operated equipment without electrical
justing the FM deviation by changing the amount of 25 shock hazard to the user, the connection between the
EEG signal fed to Q5 through R21 and C17. It will also power line operated equipment and the present headset
be noted that the present circuit is limited in low fre being light transmission. The circuit formed by resistor
quency response in that it is AC coupled by capacitor R20, transistor Q8, and resistor R30 draws no current
C18. The presence of capacitor C18 ensures that there from
the battery unless and until the gallium arsenide
will be no carrier audible unless there is a brain wave
photo diode is plugged into the EEG output jack.
signal present above a minimum frequency and ampli
Earphone housings 12 and 24 are provided with de
tude, the circuit thus serving to achieve carrier suppres mountable end covers 57 and 58 which are removed to
SO.
open the interior battery compartinents for insertion
Other features of advantage of the present circuit is and removal of batteries 22 and 23. The present circuit
the provision for use of auxiliary equipment. As will be 35 is designed for use with, and the compartments are di
seen from FIG. 3, four output jacks 51, 52, 53 and 54 mensioned to receive, standard size 9 volt transistor
are provided on the headset housings 12 and 24 for radio batteries. Manually operable switches 61 and 62
monitoring the operation of the unit by a user, and ob are carried by the earphone housings and are con
taining an FM output and an EEG output therefrom. nected to the batteries as shown in FIG. 6. The dual op
Jack 51 is connected across transducers 21 and 26 and 40 erational
amplifier, relaxation oscillator and chopper
is coupled to a normally closed switch 56. An observer circuit are preferably microminiaturized by means of
may plug in a headphone into jack 51 and listen to the hybrid integration techniques for compact mounting on
feedback signal generated by the patient or user while circuit board 34 in headset housing 12.
cutting off the feedback to the patient. Jack 52 is simi
The light emitting portion of the photon coupler is a
larly connected across transducers 21 and 26 but with 45 gallium arsenide light emitting diode D3 (see FIG. 7)
out a switch incorporated therewith so that the ob whose anode is connected by conductor 66 to the com
server plugging his headset into jack S2 will listen to the mon
side of plug 67 adapted for connection to output
feedback along with the patient.
jack 54. The cathode of the diode is connected by con
Jack 53 is here connected across resistor R24 in the
ductor 68 through a current limiting resistor R36 to the
oscillator circuit and will accordingly provide a low im SO center
of plug 67. An ordinary silicon diode D4 is
pedance positive pulse signal of several volts amplitude reversepin
connected
the photon coupler's light
corresponding in frequency to the oscillator formed by emitting diode D3 toacross
protect
it from excessive reverse
Q6, R2S, R24 and C20. Since the signal derived is pure transients.
a
FM, it is possible to obtain a highly satisfactory record 55 The phototransistor Q9 portion here shown is a Dar
ing qualitywise using even an inexpensive consumer lington phototransistor. A feedback resistor R31 is con
type audio tape recorder. The signals can later be de nected
between its base and collector to provide dc sta
modulated by a simple diode pump circuit to recover bility. The
is "grounded," that is, it is con
the original brain wave signal. An interesting and in nected to theemitter
negative
supply lead 69 which is
portant advantage is obtained in using a stereo casette 60 also the shield 71 of thepower
cable
conductor
72 leading to
recorder having one channel connected to the heatset the photon coupler. The light emitting
and the other channel connected to a microphone so phototransistor combination, together with D4,diode
that as significant brain wave patterns are experienced and R31 are all mounted as close as possible to the R36,
by the subject he may make an appropriate note of 67 which is used to connect the photon coupler toplug
them on the second channel of the recorder. Thus after 65 EEG output jack 54. The output from this assemblythe
a relatively long session the particularly significant por a shielded cable whose shield is connected to the emitis
tions of the recording may be quickly isolated from the
of O9 and whose center conductor 72 is connected
balance of the tape, This output may also be used to ter
to the collector of Q9. The remainder of the circuitry
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All capacitors are u flac working volts.
All electrolytics have polarity indicated.

The collector of O9 is connected via the cable

through a load resistor R33 to the plus supply of battery
73. The EEG signal appears at this point. From the col

We claim:

5

1. An electroencephalophone feedback system com

lector the signal is conducted by way of a current limit
ing resistor R32 to the base of transistor Q10, an emit

ter follower. The base of Q10 is also connected to one

side of a switch 74 through filter condenser C21, the
opposite side of the switch being connected to com
mon. This switch allows a filter capacitor C21 to be in
serted or removed from base to ground. This filter ca
pacitor is inserted when the photon coupler is used with
the EEG output to filter out high frequency oscillator
noise which may be present in the output from the
headset. When the photon coupler is used with the FM
output, this switch is opened to allow the higher fre
quency FM signal to be amplified.
The output of the emitter follower Q10 is coupled by
a dc blocking capacitor C22 to the centerpin 76 of out
put jack 77 having its outside contact connected to

O

15

25

lmf/35v

RO

C2

lmf/35v

R1

10 megohms

C3
C4
CS
C6

0.00nf
0.00 inf

R12
R13

150 K ohms
470 Kohns

1000mf/6v
000mfiev

R14
R15

470 K ohms
270 K ohms

Cs
C9
C10
C1
C12

Ornf/35v
0.00nf
0.33mf/35v.
0.2nfI2Ov
inf/35v

R17
R18
R19
R2O
R21

4.7 Kohms
47 Kohns
SK ohms
47 Kohns
8.2 Kohns

Omf/35v

R22

C7

C13

Omf/35v

470 K ohms

R6

35

40

C4
C15
C16
C17
C13
C9
C2O

0.01 infl2Ov
0.47nf/3v
0.22m f/35v
22nff.6v
22nff.6v
0.47 riff35v
0.05mf/20v

R23
R24
R25
R26
R27
R2
R29

100 ohms
100 ohms
4.7 Kohns
100 K ohms
100 ohns - 1 Kohn
150 K ohms
1 K - 100 ohms
45

R

lmegohm

R30

2.2 K ohms

R3
R4
RS
R6
R7
R8

10 Kohns
10 Kohns
100 ohms
200 ohms
22 K ohn
22 K ohms

R32
R33
R34
RS
R36
C1

100 Kohns
2.2 Kohn
4.7 Kohns
O Kohn
220 ohn
0.02 rif

R9

470 Kohns

C22

250 mfl Ov

R

megohm

R31

22 megohms

D1, D2
D3, Q9

Transition S3443G germanium
signal diodes
Commercially available in a

D4
O1 O2
O3

Silicon signal diode
Fairchild Semiconductor S34134,
N-channel field effect transistor
Fairchild Semiconductor u.

O4, O7, O.

General Electric 2NS82S translator
(NPN silicon)
Fairchild Semiconductor 2N4360,
Prehannel eld effect translator
Motorola Soniconductor 2N487
unijunction transitor
Monsanto MC-2
Fred S3434

OS
O6
Q9
OO

T
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combined package as a General
Electric PC4-73 photon coupler

MA739C dual integrated
operational amplifier

5,000 ohms to 16 ohms output

having its emitter connected to said capacitor and
its bases connected to said voltage supply and com
mon to fire when its emitter is raised to a predeter
mined voltage, said means being connected to said
emitter to periodically raise the voltage thereat to

put, emitter, capacitor and voltage supply.

1 negohm

4.7 K ohms

an output circuit connected to said amplifier output
and including a voltage actuated chopper device
and a series load impedance connected thereto;
a transducer connected to said load impedance;
a relaxation oscillator generating an audible fre
quency connected to and driving said chopper de
vice, said oscillator having a timing capacitor con
trolling its said frequency; and
means connected to said amplifier output and capaci
tor for charging said capacitor at a rate dependent
upon the potential at said amplifier output.

said predetermined value.
3. A system as defined in claim 2, said means com
prising a field effect transistor connected to said out

values:
C1

prising:
scalp electrodes;
an amplifier having an input connected to said elec
trodes and having an output;

2. A system as defined in claim 1:
a voltage supply and common;
said oscillator comprising a uni-junction transistor

common 69. O10's emitter load resistor R34 and out

put dc restoring resistor R35 are connected on opposite
sides of capacitor C22 to common. This signal taken
from jack 77 and appearing across resistor R35 may be
used to drive chart recorders, oscilloscopes, and other
power line operated equipment without electrical
shock hazard to the subject wearing the headset.
The following is a schedule of suggested component

10
transfortner

may be mounted fairly remotely (several yards) from
this assembly.

60

4. A system as defined in claim 3, said field effect
transistor having its drain terminal connected to said

output, its gate terminal connected to said voltage sup
ply and its source terminal connected to said emitter

and capacitor.
5. A system as defined in claim 2;
an impedance connected in series in the connection

between common and said uni-junction base con
output terminals connected to said impedance for
providing a frequency modulated brain wave sig
nal.
6. A system as defined in claim 1 and having a com
mon, and said chopper device comprising a bipolar
nected to common; and

transistor having its emitter connected to said common,
its base connected to said oscillator, and its collector
connected through said load impedance to said output.
7. A system as defined in claim 1 wherein said trans
ducer is connected across said load impedance; and
a pair of parallel reversely connected diodes con

nected in series with said transducer and imped
CS
8. A system as defined in claim 1, and manually con
trolled means for adjusting the magnitude of said out
put potential thereby setting the range of amplitude
and frequency modulation.
9. A system as defined in claim 8 said transducer
being connected across said load impedance; and
a pair of parallel reversely connected diodes con
nected in series with said transducer and imped
ance providing a squelch action below a predeter.
mined signal level, said signal level being con
trolled by said manually controlled means,

10. A system as defined in claim 1, said amplifier
comprising a narrow band-pass amplifier having peak

3,753,433
sensitivity in the range of about 4 to 13 cycles per sec
ond and a sharp roll-off outside of said range.
11. A system as defined in claim 10, said amplifier
comprising a dual operational amplifier.
12. A system as defined in claim 1, said amplifier hav
ing an input impedance substantially higher than the
scalp contact resistance of said electrodes to minimize
generation of artifactual signals.

5

13. A system as defined in claim 12 wherein said am
plifier comprises a pair of source follower field effect
transistor
pre-amplifiers connected to said electrodes;
and
a dual operational amplifier having a balanced input
connected to the outputs of said pre-amplifiers.

10

14. A system as defined in claim 13 wherein said op

erational amplifier has common mode rejection
thereby eliminating common mode noise originating at
said electrodes and the requirement for system opera
tion in a shielded room.
15. A self-contained electroencephalophone com
prising:

15

20

a headset having an earphone housing and a head
band connected thereto for mounting on the head
of a user;
a plurality of scalp electrodes adapted for mounting 25
on the user's head to provide an electric signal
pickup of brain waves;
flexible leads carried by said housing and connected
to said electrodes for permitting placement of the
latter on the user's head when the housing is 30
mounted thereon; and
an electronic circuit carried by said housing and

comprising an amplifier having an input connected
to said electrodes and having an output; an output

circuit connected to said amplifier output and in 35
cluding a voltage actuated chopper device and a
series load impedance connected thereto; an oscil
lator generating an audible frequency connected to
and driving said chopper device; and means con
nected to said amplifier output and said oscillator 40

for controlling said oscillator frequency as a func

45
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12
tion of the potential at said amplifier output; and
a transducer carried by said housing and connected
to said load impedance.
16. An electroencephalophone as defined in claim
15, carried by said housing said electronic circuit in
cluding a voltage supply and common;
said oscillator having a timing capacitor controlling
its frequency and comprising a uni-junction transis
tor having its emitter connected to said capacitor
and its bases connected to said voltage supply and
common to fire when its emitter is raised to a pre
determined voltage; and
said means comprising a field effect transistor having
its drain terminal connected to said amplifier out
put, its gate terminal connected to said voltage sup
ply and its source terminal connected to said emit
ter and capacitor.
17.
An electroencephalophone as defined in claim
6:

said chopper device comprising a bipolar transistor
having its emitter connected to said common, its
base connected to said oscillator, and its collector
connected through said load impedance to said
output.

18. An electroencephalophone as defined in claim
17, and a pair of parallel reversely connected diodes
carried by said housing connected in series with said
transducer and impedance.
19. An electroencephalophone as defined in claim
15;

a resistor connected to said output;
an EEG output terminal;

a voltage supply carried by said housing;
a transistor having its base connected to said resistor,
its collector connected to said voltage supply, and
its emitter connected to said terminal;
a light source connected to said terminal; and
a light detector electrically insulated from said head
set and optically coupled to said light source for

providing an electrical
brain
wave signal.
x
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