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[57]  ABSTRACT

The method consists of subjecting the central nervous
system to the effects of rhythmic audio and light signals
which are applied simultaneously in accordance with -
biorhythms corresponding to a stable state of the cen-
tral nervous system. After setting the initial light and
audio signals, the frequency, amplitude and duration of
the rhythmic light and audio signals are varied in syn-
chronism according to frequency variations of the bior-
hythms. The method is carried out with the aid of a
device comprising a light pulse pacemaker, an audio
pulse pacemaker, pulse frequency, duration and ampli-
tude setting units, modulators of signals produced by
the pacemakers, which are controlled by the setting
units, and a switch intended to determine the direction
of variation of audio and light signals. The device also
includes a programming unit to receive information on
the state of the central nervous system.

14 Claims, 5 Drawing Figures
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METHOD FOR CONTROLLING FUNCTIONAL
STATE OF CENTRAL NERVOUS SYSTEM AND
DEVICE FOR EFFECTING SAME

FIELD OF THE INVENTION

The present invention relates to medicine and, more
particularly, to a method and device for controlling the
functional state of the central nervous system.

The invention is effective in inducing sleep or making
it deeper, as well as in raising the level of wakefulness;
it also helps against insomnia and in cases of abnormal
sleepiness.

BACKGROUND OF THE INVENTION

The rapid development of science and technology,
the information explosion and the necessity to keep
pace with the times all have had a tremendous impact
on the central nervous system. The resultant stresses
almost invariably lead either to superexcitation or to
abnormal sleepiness and strongly affect people’s health
and working capacity. )

Drugs that are often used in such cases normally
contain toxic narcotics. Prolonged courses of drug ther-
apy may result in habit formation so that the patient has
to be given higher doses or more potent drugs.

A number of attempts have been made to dispense
with drug therapy by exposing the central nervous
system to the effects of such physical phenomena as
light or sound. For example, there is known a method
which makes use of regularly repeated. light and audio
effects, such as the sound of ocean breakers or the mo-
notonous noises of rain. The method produces inhibi-
tion of the cerebral cortex and sometimes makes a pa-
tient fall asleep, but it is not effective enough to reestab-
lish normal sleeping habits and thus eliminate abnormal-
“ities of biorhythms which cause sleeplessness or, on the
contrary, make a person sleepy during the day.

The method under review largely depends on the
psychophysilogic state of an individual and at times
may prove to be ineffective. There have been attempts
to combine the effects of monotonous audio and light
signals; although more effective than the foregoing
method, such attempts have not produced consistently
good results. It can thus be inferred that monotonous
signals are not the ultimate solution. It was then found
that the action on the central nervous system could be
intensified by varying the frequency, duration and am-
plitude of signals according to an electroencephalo-
gram. Unlike monotonous signals, signals with varied
parameters are more effective in altering the biorhyth-
mic pattern and eliminating sleep distrubances. Yet the
positive effect of such treatment cannot be maintained
over a prolonged period of time. '

The latter method is effected with the aid of a device
comprising a controlled audio pulse pacemaker, a con-
-trolled light pulse pacemaker, and a unit for controlling
the two pacemakers according to variations of bioelec-
tric currents of the brain recorded during sleep. The
device has all the disadvantages inherent in the method
which it is intended to carry out. It must further be
pointed out that none of the known devices of this type
are capable of controlling the level of wakefulness.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
method for controlling the functional state of the cen-
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tral nervous system, which would ensure a stable and
prolonged effect on the human organism.

It is another object of the invention to provide a
method for controlling the functional state of the cen-
tral nervous system, which could be used to rapidly
induce profound sleep.

It is still another object of the invention to provide a
method to ensure strict correlation between the state of
the organism and the effects of signals acting on the
organism to change the biorhythms.

It is a further object of the invention to provide a
method which could make it possible to control the
degree of wakefulness and eliminate sleepiness. .

It is an important object of the invention to provide a
device for controlling the functional state of the central
nervous system of both sleeping and wakeful patients.

The foregoing and other objects of the invention are
attained by providing a method for controlling the func-
tional state of the central nervous system by exposing a
patient to simultaneous effects of a rhythmic audio sig-
nal and a rhythmic light signal and determining the
change of the frequency of the biorhythms in the course
of the transition to one of the extreme stable states of the
central nervous syrtem. This is followed by setting an
initial light signal and an initial audio signal and syn-
chronously varying the frequency, amplitude and dura-
tion of the rhythmic light and audio signals within the
established intervals of the frequency variation of the
biorhythms. The tonality of the audio signal and chro-
maticity of the light signal are varied according to
changes of the intervals. '

The invention is based on the established fact that the
effects of light and audio pulse signals are more pro-
nounced if these signals change according to variations
of biorhythms caused by changes in the state of the
central nervous system. The invention stresses the ne-
cessity of using signals of varying color and tonality
instead of monochrome and monotonous signals. The
color and tonality of the signals are to varied according
to changes of the frequency, amplitude and duration of
the biorhythm, as well as according to the interaction
between the light and audio signals.

The method according to the invention is advanta-
geous in that it is carried out with due regard for the
original psychophysiologic state of the patient and in
that the change of the functional state of the central
nervous system is a reflection of the actual state of the
patient. The reason for this lies in the fact that the
rhythmic light and audio signals are directly related to
biorhythms of the organism.

It is expedient that the chromaticity and tonality of
the initial signals should be chosen by the patient so as
to make sure that the initial rhythmic signals closely
correspond to the actual psychophysiologic state of the

~ patient. For example, to reduce the level of wakeful-
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ness, one must not start with a red light signal and a high
pitch audio signal if the patient is relaxed. This would
only lead to an unnecessary loss of time because a red
light signal and a high pitch audio signal would first
excite the nervous system and raise the level of wakeful-
ness, after which a change of color and pitch would
only bring wakefulness down to the original level.

Optimum results are achieved by using the visible
optical spectrum and pitches of 50 to 1,500 Hz.

A patient is made to fall asleep by reducing the light
wavelength and lowering the pitch of the audio signal
with respect to the initial levels.
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The level of wakefulness is rasied by increasing the
light wavelength and raising the pitch of the audio
signal with respect to the initial levels.

The method according to the invention is carried out
with the aid of a device comprising a controlled audio
pulse pacemaker intended to expose the patient to the
effects of audio signals of a desired frequency, ampli-
tude and duration; a controlled light pulse pacemaker
intended to expose the patient to the effects of light
signals of variable chromaticity, amplitude, frequency
and duration; a pulse repetition setting unit intended to
set the pulse repetition frequency for the light and audio
pacemakers; a pulse amplitude setting unit intended to
set the pulse amplitude for the pacemakers; a pulse
duration setting unit intended to set the pulse duration
for the pacemakers; modulators in a number equal to the
number of light signals produced by the light pace-
maker, their inputs being separately connected to out-

puts of the pacemakers, and their outputs being con-’

nected to said pacemakers to synchronously vary the
frequency, duration and amplitude of the light and
audio signals; a switch intended to switch in a predeter-
mined order the modulators and units for setting the
chromaticity of light signals and tonality of audio sig-
nals; a control unit intended to control said setting units
by producing signals to control the pattern of varying
the functional state of the central nervous system, de-
pending on the task to be performed, which is either to
produce a soporific effect or to raise the level of wake-
fulness; and a programming or storage unit intended to
receive information on changes of the biorhythm ac-
cording to a change state of the central nerous system,
which is connected to the pulse frequency, amplitude
and duration setting units of the light and audio pace-
makers and serves to produce a signal whereby the
frequency, amplitude and duration of pulses are
changed by the respective setting units, depending on
the biorhythm frequency within specified time inter-
vals.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the present invention
will become more apparent from a consideration of the
following detailed description of a preferred embodi-
ment thereof, taken in conjunction with the accompa-
nying drawings, wherein:

FIG. 1is a block diagram of a device for acting on the
central nervous system, in accordance with the inven-
tion;

FIG. 2 is an electrical schematic diagram of the
switch with electronic relays of the device of FIG. 1;

FIG. 3 is an electrical schematic diagram of the mod-
ulator with frequency, amplitude and duration setting
units, in accordance with the invention;

FIG. 4 is a plan view of the panel and lamps of the
light pacemaker in accordance with the invention; and

FIG. 5 is a wiring diagram showing the connection of
the lamps of FIG. 4, wherein groups of lamps are shown
conventionally.

DETAILED DESCRIPTION OF THE
INVENTION

Consider now FIG. 1 which is a block diagram of the
device for controlling the state of the central nervous
system in accordance with the invention. The device
comprises a controlled light pulse pacemaker 1, a con-
trolled audio pulse pacemaker 2, and a varying unit 3
for varying the chromaticity and pitch of the pacemak-
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ers 1and 2, respectively. The unit 3 comprises flip-flops,
of which more details are given below, and switches 4
in a number equal to the number of colors and tonalities
chosen for action upon the patient. The embodiment
under review makes use of the seven colors of the white
light spectrum, i.e. red, orange, yellow, green, blue,
indigo and violet, and of seven tonality ranges of audio
signals. (Thus FIG. 1 shows switches 4; to 47. ) The
device further includes a chromaticity and tonality
modulation unit 5§ which contains seven indentical mod-
ulators or modulating circuits 61 to 67. Thus the circuits
6 are in a number equal to the number of light and audio
signals. The circuits 6 are intended to carry out ampli-
tude and frequency modulation of these signals.

The circuits 6 of the modulation unit 5 are controlled
by setting units 7, 8 and 9 incorporated in a control unit
10. The setting unit 7 serves to control the frequency of
rhythmic signals; the setting unit 8 serves to control the
amplitude of rhythmic signals, i.e. the volume of sound
and brightness of light; and the setting unit 9 serves to
control the duration of the rhythmic signals.

The device further includes an actuation unit 11
whose purpose is to actuate the switches 4. The
switches 4 are intended to select the original color and
tonality and carry over to the next color or tonality.

The device of this invention is meant to control the
functional state of the central nervous system of both
sleeping and wakeful patients. To perform these func-
tions, it is provided with a control unit 13 intended to
control the setting units. The unit 13 forms a saw-
toothed signal. The setting units of the unit 10 are actu-
ated by the rising or falling edges of the saw-toothed
signals to form signals for sleeping patients or those
awake, respectfully.

The parameters of the output signals of the setting
units of the unit 10 are determined by biorhythms speci-
fied, for example, by an electroencephalogram. For this
purpose, the device according to the invention is pro-
vided with a storage or programming unit 12 intended
to supply information on biorhythms.

The programming or storage unit 12 stores informa-
tion on biorhythms, including the frequency of bior-
hythms in the initial state and variations of this fre-
quency occurring as the patient falls asleep or as the
wakefulness level is raised. During the rhythmic action
upon the patient, the information on biorhythms is re-
produced as a program of changes of the frequency,
amplitude and duration of the rhythmic signals. The
unit 12 is, preferably, a recording and reproducing mag-
netic device, such as a miniature tape recorder, a set of
magnetic memory cells, etc.

Consider now a detailed description of each of the
above-mentioned units and connections between them.
The light pacemaker (FIG. 4) comprises a plurality of
monochrome lamps, such as a group of red lamps 19y, .
.., 19; which are uniformly spaced over the éntire sur-
face of a screen. Outputs of these groups of lamps are
connected to switching contacts of the switch 4; and
pulsatory contacts K3 of the modulating circuit or mod-
ulator 61 (FIG. 5); in FIG. 4, each group of lamps is
conventionally designated as V. The color saturation is
varied by switching the lamps of each color, which
have different turn-on thresholds. The pitch is varied
within the range of each color by the modulator as will
be shown below.

All the seven modulators 6 are identical, so FIG. 3
shows only one such modulator 6 which is an asymmet-
rical multivibrator built of transistors T5 and T6. The
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collector circuits of the transistors T5 and T6 contain
resistors R11, R12 and R13; the base circuits of the
transistor T5 and T6 contain resistors R14 and R15. The
collector of the transistor T5 is connected to the base of
the transistor T6 via a capacitor C3; the collector of the
transistor T6 is connected to the base of the transistor
TS via a capacitor; C4 and the positive terminals of the
capacitors C3 and C4 are connected to the bases of the
transistors TS and T6. A power source “+B” feeds
current to the modulator (units 4, through 47) via a
contact K" of an electromagnetic relay P2 which has
three groups of contacts (FIG. 2). The contact Ky of
this relay P2 connects the power source “+B” to the
collector circuits of the transistors T5 and T6 and to the
emitter circuit of a transistor T7; a contact K/’ connects
the power source “+B” to a respective lamp (V)
through V) of the light pacemaker 1 and to a respective
tone generator (not shown) of the audio pacemaker 2.
The winding of the electromagnetic relay P3 is con-
nected to the collector circuit of the transistor T6; as
pulsed current is applied to it by the multivibrator, it
makes the contact K3 pulsate. Also placed in the collec-
tor circuit of the multivibrator is a circuit composed of
transistors T7 and T8 and resistors R16, R17 and R18
which determine the operating conditions of said tran-
sistors T7 and T8 (see arrow 10 in FIG. 3). This circuit
performs the functions of the setting units 7, 8 and 9 in
that it varies the frequency, amplitude and duration of
the signals (the details are given below); circuitry-wise,
it is combined with the modulator. The units 12 and 13
apply a.c. voltage to the collector of the transistor TS8.

FIG. 2 shows the switch 4; of the group of switches
41, ..., 4; The switch 4 comprises a reversible flip-flop
switching circuit 14 with electronic relays 15 and 16
connected to its output. The electronic relay 15 is actu-
ated when the device is used to make a patient fall
asleep; the relay 16 is actuated when treating one who is
awake. The flip-flop switching circuit 14 (FIG. 2) com-

prises transistors T1 and T2 with resistors R1 and R2"

placed in their respective collector circuits. The collec-
tor of the transistor T1 is connected to the base of the
transistor T2 via a resistor R3. The collector of the
transistor T2 is connected to the base of the transistor
T1 via a resistor R4. The base of the transistor T2 is
connected to two adjacent circuits, i.e. to the base of the
left transistor T2; of the next flip-flop switching circuit
(for example, for switching over from the red section to
the orange section), the connection being effected via a
diode DS5; the base of the transistor T2 is also connected
via a diode D6 to the base of the left triode of the previ-
ous switching circuit T27. The base of the transistor T1
is similarly connected to the bases of the triodes of the
previous and next circuits via the diodes D7 and D4.
Each of the discharge capacitors C1 and C2 has one
lead connected via diodes D4 and D§, respectively, to
the base of the transistors T1 and T2, respectively; the
first leads of the capacitors C1 and C2 are also con-
nected via resistors R5 and R6 to the collector of the
triode T2 connected to the power source “— B” via the
diode D2 and contact K2 of the electronic relay 15,
Diodes D1 and D3 are connected in the collector cir-
cuits of the triodes T1 and T2 and intended to effect a
drop of voltage at the collectors of these triodes. From
the power source “—B”, voltage is applied via contacts
K1 and K2 of electronic relays 1 and 2 to the collectors
of the triodes T1 and T2.

The circuitry of the electronic relays is well known to
those skilled in the art. Each of these relays comprises a

—

0

—

5

30

40

45

60

65

6

triode T3 (see reference numeral 15), resistors R7 and
R8, which determine the operation threshold of the
electronic relay, an electromagnetic relay P2 connected
in the collector circuit of the triode T3, and a diode D8
which shunts the winding of the electromagnetic relay
P2. As stated above, the electromagnetic relay P2 has
three pairs of contacts (K3, K" and Ko'").

The control unit 13 is a conventional saw-toothed
wave generator built around a transistor (not shown).
The actuation unit 11 is a switching circuit comprising
two electronic relays (not shown) connected as are
those of the unit 3 (FIG. 2, reference numerals 15 and
16). The operation thresholds of these electronic relays
are selected as follows: rising saw-toothed voltage,
produced by the unit 13, actuates the electronic relay
with a lower operation threshold, whereas falling saw-
toothed voltage actuates the relay having a higher oper-
ation threshold. Thus the contacts of the electronic
relay automatically bring into play either the first flip-
flop switching circuit 41 which corresponds to red and
is used in the case of a patient who is to be relaxed, or
the last circuit 47 which corresponds to violet and is
used to treat a patient who is awake and has to be stimu-
lated. The unit 11 includes a set of pushbutton contacts
By, By, ..., etc., and B,", which are connected in the
flip-flop switching circuits in parallel with the contacts
K1, K3, etc. and contacts K", Ky", etc. of the modula-
tor 5. The pushbuttons are arranged on a control panel.

Consider now operation of the device in accordance
with the invention. Let it be assumed that a patient
needs relaxation. He or she lies on a bed or couch (not
shown) and is told to choose a color and tonality which
seem to be the most pleasing at the moment and with
which the séance of treatment is to be started. Prior to
exposing the patient to the effects of rhythmic signals,
the initial frequency of the predominant rhythm of the
electroencephalogram (the respiration rate and heart
rate) is recorded. Initially, the action of rhythmic sig-
nals is to be in keeping with this original frequency.

Suppose the patient chooses the yellow color (the
wavelength is 580 nanometers) and a pitch of 600 Hz.
The control unit 13 is turned on and adjusted to operate
so as to make the patient fall asleep. The yellow color
button on the control panel of the actuation unit 11 is
pushed to close the contact By” (FIG. 3) which is
placed in parallel with the contact K,” and intended to
apply voltage of the power source “+ B” to the units 6
and 10 (FIG. 3); the pushbutton also closes the contact
By' which is connected in parallel with the contact K>
and intended to apply “—B” voltage to the switch 43
(reference numeral 14 of FIG. 2). This turns on the
modulator 63. Under the action of the current in the
winding of the electromagnetic relay P33, the contacts
K3; vibrate and break the circuit of the lamps in the
light pacemaker 1 and that of the contacts of the tone
generator of the audio pacemaker 2, which correspond
to the yellow color. The control unit 10 performs fre-
quency, amplitude and duration modulation of light and
sound. The initial operating conditions of the unit 10 are
set by a voltage corresponding to the initial predomi-
nant frequency of the electroencephalogram (the respi-
ration rate, electrocardiogram), which is applied from
the unit 11 to the collector of the transistor of the unit
10.

As stated above, the saturation of color is variable
because the lamps possess different turn-on thresholds.

As the modulator 63 of the modulation unit 5 is put
into operation, so is the right part of the flip-flop switch-









