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ABSTRACT OF THE DISCLOSURE 
Processing an individual's EEG signal in such a fashion 

that it may be fed back to the patient to induce anesthesia. 
The processing involves amplitude modulating the EEG 
signal onto a higher frequency carrier and applying the 
modulated signal to the patient by means of electrodes 
fastened to the patient. Anesthetization is manifested by 
a decreased patient generated EEG signal. The modu 
lated carrier signal applied to the patient to effect anes 
thesia has low amplitude and thereby avoids both injury 
and discomfort to the patient. 

This is a continuation-in-part of now abandoned ap 
plication Ser. No. 392,216 filed on Aug. 26, 1964. 

This invention relates in general to the processing and 
use of electrical signals that are picked up from a living 
organism and more particularly to the employment of an 
electroencephalograph signal to bring about anaesthesia. 

In the embodiment of this invention described in de 
tail herein, an electroencephalograph (hereinafter EEG) 
signal is processed and fed back to the patient to anaes 
thetize the patient. A major feature of this processing 
is that the EEG signal is used to modulate a radio fre 
quency carrier. The modulated carrier is fed back to the 
same patient from whom the EEG signal was derived 
in order to bring about anaesthesia. 
Although it is known to employ an electrical signal 

in order to bring about anaesthesia, the signal employed 
has required a current level greater than is desirable 
for use with human beings. Accordingly, most electronic 
anaesthesia equipment today is employed in the course 
of operating on animals and particularly the larger ani 
mals such as horses and cows. In any case, the presently 
known techniques of electronic anaesthesia are not suit 
able for long application to a patient without danger to 
the life and sanity of the patient; possibly because nerve 
paths are destroyed in the treatment. 
The present invention, in one of its aspects, proceeds on 

the theory that since EEG signals are generated by brain 
activity, or at least are concomitant therewith, the modi 
fication of Such brain activity will have an effect on the 
nervous system. Accordingly, electrodes are placed on 
the skull of a patient to sense electrical impulses which 
are then fed back in synchronism with the generating 
signals. The signals picked up and processed by the 
electrodes are fed back by means of a feedback network 
so as to have the required phase relationship with the 
impulses internally generated by the subject's brain. 

Applicant has found, by experimentation on small 
monkeys, that prolonged sleep and anaesthesia can be in 
duced in mammals by feeding back suitably selected fre 
quency components of EEG signals, that the effects can 
be maintained for as long as desired with no apparent 
ill-effects, and that on breaking the feedback circuit the 
effects can be promptly terminated. The same animal has 
been so treated many times with no evidence of discom 
fort, no breakout of neurotic symptoms such as would 
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2 
be expected if pain had been experienced, and with no 
extraneous and undesirable medical symptoms develop 
ing at the time or over a long period thereafter. 

Applicant has further discovered that the feedback 
impulses preferably should occur as modulations on a 
radio frequency carrier (10 kc. and higher). In such case 
feedback at relatively low levels of carrier current ampli 
tude are successful, and small currents are conveyed to 
the output electrodes. Danger to the patient is thus mini 
mized, and optimum effects obtained without destruction 
of pre-existing nerve paths. Applicant believes the effects 
are due to the relative ease with which high frequencies 
can penetrate to cerebral pathways which control per 
ception. 

It has been found that selected frequency components 
of the signal picked up by the pickup electrodes are ef 
fective in producing the desired effects and that other 
frequency components are not required, and in fact may 
be harmful. Applicant has therefore filtered out those 
frequencies (essentially all frequencies over 40 c.p.s. 
and under 5 c.p.s.) which seem to affect cardiac and 
respiratory functions. Further, in order to eliminate 60 
c.p.s. artifacts, a high pass filter is employed to condition 
the signal fed to the patient. The remaining frequency 
components are quite effective in inducing anaesthesia, 
when imposed as amplitude modulation on a radio fre 
quency carrier. 

If, instead of modulating a carrier with EEG signals, 
EKG (electrocardiograph) signals are picked up, used to 
modulate a carrier and fed back in the same manner as 
described for EEG signals, applicant has found it possible 
to effect heart stoppage in all animals tested. 

Accordingly, although this invention is described in 
connection with the processing of an EEG signal and the 
attaining of anaesthesia, it shall be understood that the 
inventive techniques involved herein may be applied to 
any body electrical signal in order to provide a feedback 
signal that may be effectively coupled to the patient's 
nervous system. 
The embodiment described herein is described in con 

nection with its employment to achieve total anaesthesia. 
However, applicant has found, in experiments performed 
on himself, that by selecting the frequencies fed back he 
has been able to anaesthetize parts of his body, as one 
arm, one leg, the other arm, the other leg, without losing 
consciousness. It is evident from the experiments that 
the effects attainable are frequency and phase selective in 
respect of body functions, but repeatability has not been 
attained and precise relationships have not yet been de 
termined. Generally speaking, a very narrow frequency 
band (only a few cycles wide) of the EEG is involved 
in establishing local anaesthesia for any part of the body. 
However, the frequency value will generally vary with 
the part of the body anaesthetized. This partial anaes 
thesia is obtained with the output electrodes at the head 
of the patient and with the same circuit arrangement 
described herein in conjunction with attaining total anaes 
thesia. 

Accordingly, it is a major purpose of this invention to 
provide a means for producing anaesthesia which can be 
maintained safely and effectively over an extended perior 
of time. 

It is a more specific object of this invention to provide 
a means for employing the EEG signal produced by a 
patient as the effective signal in inducing anaesthesia. 

It is a broadly related purpose of this invention to em 
ploy the EEG signal provided by the patient being 
anaesthetized as the means for controlling the anaesthesia. 

It is a broad purpose of this invention to provide a 
technique for impressing low frequency signals on a 
patient's nervous system. 
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It is a related broad purpose of this invention to pro 
vide a means for reinserting into a patient's nervous 
system a treated or modified signal that is picked up from 
the patient's nervous system. 

For convenience, the term "patient' has been employed 
throughout the claims and in most of the Specification 
to indicate the organism which may be affected by the 
system of this invention. It shall be understood that the 
term “patient’ herein is by no means limited to a human 
being. 

Other objects and purposes of this invention will be 
come apparent from a consideration of the following de 
tailed description taken in conjunction with the drawings, 
in which: 
FIG. 1 is a block diagram of the basic system of this 

invention employed to produce anaesthesia; 
FIG. 2 is a block diagram of a more complete System 

for producing electronic anaesthesia employing the basic 
modulation and feedback technique illustrated in FIG. 1; 
and 

FIG. 3 is a block diagram of a second embodiment 
of this invention in which the EEG signal is employed to 
control the magnitude of the current output by a prior 
art electronic anaesthetic System. 
With reference to the figures, FIGS. 1 and 2 represent 

the same basic system and embodiment with FIG. 2 illus 
trating a large number of additional features included 
for the purposes of safety, monitoring and flexibility. 
FIG. 1, in starkest terms, illustrates the basic invention. 
Accordingly, the same designating numerals will be used 
for corresponding block elements in FIGS. 1 and 2. 
As may be seen from FIG. 1, a pair of electrodes 11 

are attached to the temples of a patient in order to pick 
up the EEG signal which is generated by the patient. This 
signal is then amplified by an amplifier 12 so that it can 
be raised from a magnitude in the order of microvolts to 
a magnitude in the order of hundreds of millivolts. The 
amplified EEG signal is fed as the information input to 
an AM modulator 20, which modulator 20 serves to 
modulate a carrier signal from the oscillator 22 with 
the EEG signal. The modulated signal is passed through 
a manually operable phase shifter 24 so that the opera 
tor can adjust the phase of the input to the patient to 
achieve maximum anaesthetic effect with minimum cur 
rent input. The phase shifting network 24 has been found 
essential, thus far, to achieving anaesthesia. The ap 
propriately phase shifted modulated signal is applied to 
the patient by a pair of electrodes 26. It should be noted 
that the output electrodes 26 may or may not be the same 
as the pickup electrodes 11. 
Many additional features are added to the basic cir 

cuit of FIG. 1, as will be discussed in connection with 
FIG. 2, for purposes such as eliminating many of the 
frequencies which are normally picked up by the elec 
trodes 11. In effect, by filtering out signals due to cardiac 
and muscle sources as well as extraneous signals picked 
up from the atmosphere, applicant provides what he con 
siders to be a purified EEG signal. This purified EEG 
signal is much safer to use and eliminates unnecessary 
components of the signal that are normally picked up by 
the electrodes 11. It shall be understood herein that the 
term “EEG signal' shall be used variously to describe 
both the signal that is picked up by the electrodes 11 as 
well as the processed signal which is supplied by the vari 
ous features illustrated in FIG. 2. Whether or not the 
processed or purified EEG signal obtained by the device 
of this invention contains all of the signals produced by 
the brain or, possibly contains certain signals which are 
eXtraneous to those produced by the brain, is not to be 
considered a limiting factor in this invention. Applicant 
filters out those frequencies and spikes which appear to 
be dangerous to the patient and finds that the resultant 
signal is effective and safe. Because of the nature of what 
is filtered out, it would appear fairly obvious that as a 
consequence the signal obtained is in fact a much puri 
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4. 
fied EEG signal. However, it seems equally certain that 
this processed and purified EEG signal omits certain 
frequencies produced by the brain. The extent of purifi 
cation of modification afforded in the processed EEG 
signal is a matter of speculation, the resolution of which 
does not affect the scope of this invention. 

Again, with reference to FIG. 2, the electrodes 11 are 
connected directly to an EEG preamplifier 12A which is 
nothing more than a stable low noise amplifier with a very 
high input impedance and a relatively low gain of about 
50. The output of this preamplifier 12A is then amplified 
by a standard amplifier 12 having a gain of approximate 
ly 1000 to provide an amplified EEG signal for process 
ing by the remainder of this anaesthetizing circuit. 
The amplifier 12 output is an EEG signal in the order 

of hundreds of millivolts. The amplifier 12 output has a 
great deal of noise (both background noise as well as 
information other than the EEG signal generated by the 
brain). This noise includes electrocardiograph signals, 
muscle produced signals, a possible 60 cycle signal picked 
up from the electronic equipment, and ambient interfer 
ence which may be picked up by the electrodes 1. This 
ambient noise may come from spark plug operation, the 
operation of other electrical machinery as well as the 
various electronic equipments which may be located in 
the hospital where this anaesthetic equipment is likely 
to be used. In order to eliminate as much of the noise 
as possible, a band pass filter 14 and lock-in amplifier 16 
arrangement is employed. 
The amplifier 12 output is divided into two branches. 

One branch passes through a band pass filter 14 having 
cut-off characteristics to eliminate the very low frequency 
electrocardiograph and muscle produced signals on one 
end and the higher frequency 60 cycle (as well as other 
higher frequency noise) on the other end. There is noth 
ing very critical about the band pass of the filter 14 em 
ployed except that in order to make sure that no 60 cycle 
signals get through it is very important that it filter out 
all signals substantially higher than 50 c.p.s. A fairly in 
expensive band pass filter 14 has been employed which 
has a relatively flat transmission characteristic from five 
to twenty cycles and is down three db at 40 cycles. As 
a practical matter, a five cycle lower end cut-off for the 
filter 14 eliminates much undersirable noise and many 
muscle produced signals while retaining the EEG fre 
quencies significant for our purposes. The filter 14 output 
is thus a somewhat purified EEG signal, which, how 
ever, carries whatever noise has been picked up or gen 
erated within the band pass range of this filter 14. The out 
put of the filter 14 provides the reference signal for the 
lock-in amplifier 16. 
The output of the amplifier 12 is fed along a second 

path to provide the input signal to the lock-in amplifier 
16. With the filtered reference signal output from the 
filter 14 beat against the input signal to the lock-in ampli 
fier 16, the amplifier 16 will produce an EEG signal which 
is relatively free of background noise and other extrane 
OUIS signals. A usable lock-in amplifier is described in an 
article by Robert D. Moore, entitled "Lock-In Amplifiers 
for Signals Buried in Noise,” published in the June 8, 
1962 edition of Electronics magazine. 
Although it is generally desirable to monitor the EEG 

signal in the circuit of FIG. 1 at a number of points, an 
Oscilloscope 18 at the output to the lock-in amplifier 16 is 
of particular value in giving an indication of the true EEG 
signal generated by the patient. It might also be noted that 
because the output of the lock-in amplifier 6 is a rela 
tively pure EEG signal, it can be recorded to provide a 
reference for the patient as to his normal EEG signal. 
A standard type of AM modulating circuit 20 is then 

employed to modulate this relatively pure EEG signal on 
the output of an oscillator 22. It is important that the 
frequency of the oscillator 22 be considerably higher 
than the frequencies which have generally been employed 
hitherto in electronic anaesthetization. Tests to the pres 
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ent time show that the frequency of the oscillator is not 
critical as long as it is kept at a relatively high frequency 
range. Frequencies anywhere within the rather broad 
range from 50 kc. to 15 mc. have been found perfectly 
satisfactory. Indeed, frequencies lower than 50 kc. can be 
safely used but it has been found that, as the frequency 
is materially decreased from 50 kc., higher input currents 
to the patient are necessary to effect equivalent anaes 
thetization. One of the major purposes of providing a 
radio frequency carrier for the EEG signal is in order 
to obtain the effectiveness of the EEG signal at minimum 
current level inputs to the patient. 

Applicant is not certain as to why the radio frequency 
carrier is preferable to lower frequencies but at the pres 
ent time hypothesizes that the higher frequency may cause 
a better distribution of the EEG signal throughout the 
nervous area that is being affected. One experimental re 
sult that indicates the nature of the frequencies of concern 
here is that, with the animals tested thus far, an oscillator 
22 frequency of 250 kc. has been found to be generally 
better than 40 kc. If there is a single optimum frequency 
it undoubtedly varies with the specie and indeed even 
with the individual. However, there is nothing critical in 
any narrow frequency range sense in order to obtain ex 
cellent results for the purposes of inducing anaesthesia. 
The output of the modulating circuit 20 is fed through a 

phase shifter 24 before being applied to the patient in or 
der to effect anaesthesia. The phase shifter 20 is manually 
operated by the doctor or attendant while viewing the 
oscilloscope 18. For each patient and for each application 
of this anaesthetic technique, a particular position will be 
found for the phase shifter 24 that will result in a mini 
mum EEG signal on the scope 18 thereby indicating maxi 
mum anaesthetic effect. The coupling device 26 is norm 
ally a pair of electrodes which can be placed on the 
patient's temple if general anaesthesia is to be effected. 
Indeed, the pickup electrodes 11 may even be employed 
as the output coupling device 26; providing the oscillator 
22 circuit is sufficiently well isolated from the pickup 
electrodes 11 circuit. 

Because of the danger of sixty cycle signals of any 
magnitude to a patient and the possibility that such sig 
nals may produce convulsions or cardiac disturbance and 
even cardiac stoppage, it is desirable to include a high 
pass filter 21 prior to the output electrodes 26 in order 
to filter out all frequencies below some relatively safe fre 
quency such as 10 kc. 

In general, it is desired to have the maximum degree 
of modulation without distorting the EEG signal. It has 
been found desirable to aim for a maximum of 90% mod 
ulation of the oscillator 22 output so as to avoid over 
modulation with the attendant harmonics. An oscillo 
scope 28 at the output of the modulator 20 will enable 
the operator to monitor the extent of modulation and to 
avoid over-modulation. An amplitude clipping circuit 30 
is included just before the input to the modulator 20 in 
order to minimize the risk of over-modulation by clipping 
any excessively large spikes that might come through. 
A current limiting circuit 32 is employed as a further 

safety measure just prior to the output electrodes 26 in 
order to clip any peak currents that may be put out by the 
power amplifier 29. 
As yet another safety measure, an oscilloscope 34 is 

preferably connected at the input to the patient so as to 
provide a warning to the operator in case the signal being 
fed to the patient should become deviant or dangerous 
in any fashion for any reason whatsoever. 

It will also usually be desirable to monitor the signal 
picked up by the pickup electrodes 11 on an oscilloscope 
36 so that the operator will be aware of the entire range of 
signals that are picked up and thus may spot deviant or 
danger signals. 

Though it is very difficult to measure the average cur 
rent level fed to the patient by means of this anaesthetiz 
ing circuit, the maximum current is probably Well under 
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6 
one milliampere, particularly at frequencies above 100 
kc. The actual current will vary considerably since it is a 
function of the particular patient, the carrier frequency, 
and the quality of the electrode contact between the pa 
tient and the output electrodes 26. Five milliamperes is 
understood in this art to be a standard safe input current 
to a patient and thus a five milliampere fuse 38 is used 
after the output from the power amplifier 29. In addition, 
the current clipping circuit 32, which may be simply a 
Zener diode, is set at a high point of approximately ten 
milliamperes so as to clip any instantaneous currents over 
that magnitude. However, since one of the major purposes 
and results of this invention is to provide effective anaes 
thetization at the very minimum in current input to the 
patient, the current input is normally at a level much 
under the safety limits established by the fuse 38 and 
clipping circuit 32. 
The anaesthetizing system of this invention has been 

used hundreds of times with no ill effects on five test 
monkeys and two test rabbits as well as a few times on 
applicant himself. There are no observable ill effects or 
side effects and anaesthetization was instantaneous, effec 
tive and complete. 
The band pass filter 14 has been simply described as 

one which eliminates all frequencies less than five cycles 
and all frequencies higher than forty or fifty cycles. How 
ever, it should be recognized that in the operation of this 
invention, the band pass filter 14 is a variable band pass 
filter whose upper and lower limits can be set by the 
operator to achieve optimum results. It is rare that the 
entire range five through forty cycles is desired or needed 
in order to affect total anaesthesia. Since there is typi 
cally more noise than is desirable in a portion of this five 
to forty cycle band, the operator will typically adjust the 
limits of the band pass filter 4 to obtain the general 
anaesthesia desired with a minimum of noise being trans 
mitted through to the modulator 20. The noise level can 
be monitored on the oscilloscope 18. For a human patient 
it is typical that the band pass filter may be set from five 
to fourteen cycles (which for a filter 14, of the type in 
volved here, that does not have sharp cut-off characteris 
tics, means an effective pass that runs higher than four 
teen cycles). A compromise is struck between minimizing 
noise and transmitting the full scope of the EEG signal. 
As long as the band that is passed through the system 
is a frequency band wide enough to provide general 
anaesthesia, the purpose is served. This band that is trans 
mitted is kept as small as possible consistent with that 
general purpose in order to eliminate as much noise as 
possible. 

It is desirable to eliminate as much of the noise as is 
possible while still producing general anaesthesia since 
this noise signal will just be modulated onto the carrier 
and fed back to the patient to serve no effective pur 
pose in producing anaesthesia. Furthermore, there is the 
very real possibility that this noise can produce harmful 
side effects such as epileptic type seizures. After all, one 
of the major purposes of this invention is to achieve gen 
eral anaesthesia with a minimum of total current input 
and a minimum of extraneous signal input to the patient. 

It should be understood that certain other features illus 
trated in the figures may be combined with one another 
in a single circuit that performs more than one function. 
For example, the filter 21 and power amplifier 29 could 
well be deemed a single block and labeled a tuned ampli 
fier. Thus if the amplifier 29 were tuned to the carrier fre 
quency, the filter 21 could be eliminated. 

Similarly, it should be understood in connection with 
both the description and the claims that the various func 
tions which are illustrated as separate blocks in the dia 
grams can be interchanged in sequence. Thus although 
it is probably preferable that the voltage clipping circuit 
30 be in the loop subsequent to the lock-in amplifier 16, 
there is no inherent reason why the voltage clipping func 
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tion could not occur at the output of the main ampli 
fier 12. 

Even the phase shifter 24, which is a very important 
element in the anaesthetizing circuit, could be located at 
any position subsequent to the output of the modulator. 
Accordingly, the various means in the claims must be 
understood to operate on the signal to perform the func 
tion claimed but they need not necessarily operate in the 
sequence claimed. 

It is also possible that what have been described as 
separate blocks to perform separate functions can be 
combined within a single circuit. One of the more signifi 
cant examples of this combining of two functions in a 
single element is in the pickup electrodes 11 and output 
electrodes 26. Although these are normally provided as 
separate electrodes, the very same electrodes may been 
ployed to perform both functions. Accordingly, it shall 
be understood in the claims that the recitation of Separate 
means or separate elements shall be understood to cover 
those designs where the separate means or separate ele 
ments are embodied in a single means or single element. 
One of the major purposes of this invention is to effect 

electronic anaesthesia with a much smaller input current 
than has hitherto been applied to the patient thereby mak 
ing electronic anaesthesia much safer and more effective. 
It is presently known to apply the output of an oscillator 
to a subject, particularly animals, in order to induce anaes 
thesia. With previously known methods of electronic 
anaesthesia, the muscle contractions or spasms are suffi 
ciently serious so that a muscle relaxant Such as curare 
has to be used. 

FIG. 3 illustrates an improved system and technique 
which can be added to presently available electronic anaes 
thesia equipment. In FIG. 3, the patient has the standard 
pickup electrodes 51 attached to his temples to provide an 
EEG signal which is amplified by a standard amplifier 
52. The output of the amplifier 52 is passed through a 
rectifier or RC circuit 54 to provide a DC control volt 
age. The level of the DC control voltage will be a func 
tion of the average magnitude of the EEG signal so that 
when the patient has been anaesthetized, the level of the 
control voltage will decrease considerably. This DC con 
trol voltage is then employed to control the current out 
put level of an oscillator 56. The oscillator 56 output, 
which is generally set at a given frequency, is passed 
through a protective filter 58 to electrodes 60 attached 
to the temples of the patient, thereby producing anaes 
thesia. With the improvement of FIG. 3, the output of 
the oscillator 56 is decreased as soon as the anaesthesia 
becomes effective so that the patient is not given more 
of a current input than the minimum necessary to pro 
vide the desired anaesthetic effect. 
The critical elements of this invention include the con 

cept of using the patient's own EEG signal in a closed 
loop system to be fed back to the patient to effect an 
aesthesia. The modulation of this EEG signal on a radio 
frequency carrier in order to feed the modulated carrier 
back to the patient is a key novel element in this inven 
tion. The phase shifting device 24 is further necessary 
in order to assure immediate and Safe anaesthetization. 
Within this basic inventive framework, many improve 
ments and variations may be effected without departing 
from the basic scope of this invention. 

For example, the band pass filter 14 and lock-in ampli 
fier 16 arrangement appears to be the least expensive 
and most practical means for eliminating noise and un 
desirable frequencies. However, it shall be understood 
that this invention is by no means limited to the particular 
technique shown in FIG. 2 for achieving this result. 
I have (for most of the experimentation) employed a 
spectrum analyzer in lieu of the filter 14 and amplifier 16 
to provide this general (essentially filtering) function. 
Ideally, if the appropriate filter were available on the 
market, it would be preferable to use a variable band 
pass filter by itself if one could be obtained which would 
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8 
have sharp enough cut-off characteristics. Thus if we 
wish to set the band pass filter at let us say five to fourteen 
cycles per second, we would want a fairly sharp cut-off 
at five as well as at fourteen cycles. Such a band pass 
filter with variable limits is not readily available on the 
market and thus the arrangement of lock-in amplifier 16 
and variable band pass filter 14 shown in FIG. 2 is pre 
ferred at present. 

This invention has been described in connection with 
a system where the carrier signal is amplitude modulated 
by the EEG signal because such a technique of modula 
tion has been employed and found to be successful. How 
ever, the purpose of modulation is to provide a Sub 
stantially higher frequency carrier signal in order to 
obtain better tissue penetration and more effective 
anaesthesia. Accordingly, nothing herein should be con 
strued to limit this invention to a technique of amplitude 
modulation. Any modulation technique may be em 
ployed which is effective to carry the EEG signal into the 
nervous tissue in a fashion that will permit demodulation 
of the signal and thus subsequent anaesthesia. 

Thus, the nature of the modulation could be a pulse 
frequency modulation wherein the magnitude of the EEG 
signal is represented by the instantaneous pulse repetition 
rate of a pulse train. 
One technique of modulation that might be employed 

is to use a chopper (either electromechanical or elec 
trical) to chop the EEG signal which chopped signal is 
then fed back to the patient. As long as the chopping rate 
is sufficiently high to assure effective propagation in a 
nervous system, this technique is merely one of the modul 
lation techniques that may be employed. It should be 
understood in the claims that this as well as the various 
other modulation techniques which are appropriate are 
covered by the appended claims. 
What is claimed is: 
. A system for affecting the nervous system of a 

patient comprising: 
pick up means adapted to be coupled to said patient 

to provide an electrical signal in response to a signal 
generated by the patient, 

means to provide a carrier signal, 
modulator means to amplitude modulate said elec 

trical signal onto said carrier signal to provide a 
modulated signal, and 

means for coupling said modulated signal to the 
nervous system of said patient. 

2. Apparatus for feeding an electrical signal to a 
patient comprising: 

pickup means adapted to be electrically coupled to 
said patient to provide an electrical signal in response 
to a signal generated from a predetermined portion 
of said patient's body, 

means to provide a carrier signal, 
modulator means to amplitude modulate said carrier 

signal with said electrical signal provided by said 
pickup means to provide a feedback signal, and 

means to couple said feedback signal into the nervous 
system of said patient. 

3. A system adapted to anaesthetize a patient compris 
1ng: 

pickup means adapted to be coupled to said patient to 
provide an EEG signal, 

means to generate a carrier signal, 
means to modulate said EEG signal onto said carrier. 

signal to provide a modulated signal, and 
means for coupling said modulated signal into the 

nervous System of said patient. 
4. The anesthetizing system of claim 3 further char 

acterized by variable phase shifting means to provide 
operator control over the phase between said EEG signal 
and said modulated signal. 

5. A System for anaesthetizing a patient comprising: 
pickup means adapted to be coupled to said patient 

to provide an EEG signal, 
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means to generate a carrier signal, 
means to modulate said EEG signal on said carrier 

signal to provide a modulated signal, 
variable phase shifting means coupled to said modu 

lated signal to provide a phase shifted modulated 
signal, and 

means for coupling said phase shifted modulated signal 
to the nervous system of said patient. 

6. A system adapted to anaesthetize a patient compris 
1ng: 

pickup means adapted to be coupled to said patient to 
provide an EEG signal, 

an oscillator to provide a carrier signal, 
a modulator coupled to said EEG signal and to said 

carrier signal to modulate said carrier signal with 
said EEG signal to provide a modulated signal, and 

a variable phase shifter coupled to said modulated sig 
nal to shift its phase to provide an anaesthetizing 
signal, and 

means to impress said anesthetizing signal onto the 
nervous system of said patient. 

7. A system adapted to anaesthetize a patient compris 
1ng: 

a pickup electrode adapted to be coupled to said patient 
to provide an EEG signal, 

an oscillator to provide a carrier signal, 
a modulator coupled to said EEG signal and to said 

carrier signal to modulate said carrier signal with said 
EEG signal to provide a modulated signal, 

a variable phase shifter coupled to said modulated signal 
to shift the phase of said modulated signal to provide 
an anaesthetizing signal, and 

electrodes coupled to said anaesthetizing signal and 
adapted to be connected to said patient to impress 
said anaesthetizing signal onto said patient. 

8. A system adapted to anaesthetize a patient compris 
1ng: 

a pickup electrode adapted to be coupled to said patient 
to provide an EEG signal, 

an oscillator to provide a carrier signal, 
a modulator coupled to said EEG signal and to said 

carrier signal to amplitude modulate said carrier sig 
nal with said EEG signal to provide a modulated sig 
nal, 

a manually operable phase shifter coupled to said modu 
lated signal to shift the phase of said modulated signal 
and thus provide an anaesthetizing signal, and 

electrodes coupled to said anaesthetizing signal and 
adapted to be connected to said patient to impress 
said anaesthetizing signal onto said patient. 

9. Apparatus for inducing anaesthesia in a patient com 
prising: 

pickup means adapted to be coupled to said patient to 
provide an EEG signal, 

band pass filter means coupled to said EEG signal to 
provide a first filtered EEG signal, 

a lock-in amplifier having as its signal input said EEG 
signal and having as its reference input said first 
filtered EEG signal to provide a second filtered EEG 
signal, 

an oscillator to provide a carrier signal, 
a modulator coupled to said carrier signal and to said 

second filtered EEG signal to amplitude modulate 
said carrier signal with said EEG signal to provide 
a modulated signal, and 

a manually operable phase shifter coupled to said modu 
lated signal to shift the phase of said modulated signal 
and provide an anaesthetizing signal, and 

means to impress said anaesthetizing signal onto the 
nervous system of said patient. 

10. Apparatus for inducing anaesthesia in a patient com 
prising: 

pickup electrodes adapted to be coupled to said patient 
to provide an EEG signal, 
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10 
a band pass filter coupled to said EEG signal to provide 
a first filtered EEG signal, 

a lock-in amplifier having as its signal input said EEG 
signal and having as its reference input said first 
filtered EEG signal to provide a second filtered EEG 
signal, 

a voltage clipping circuit coupled to said second filtered 
EEG signal to establish a maximum voltage excrusion 
for said second filtered EEG signal and provide a 
conditioned EEG signal, 

an oscillator to provide a carrier signal, 
a modulator coupled to said carrier signal and to said 

conditioned EEG signal to amplitude modulate said 
carrier signal with said conditioned EEG signal to 
provide a modulated signal, 

a manually operable phase shifter coupled to said modu 
lated signal to permit selectively shifting the phase of 
said modulated signal and provide an anaesthetizing 
signal, 

a high pass filter coupled to said anaesthetizing signal 
to provide a filtered anaesthetizing signal, 

a power amplifier coupled to said filtered anaesthetizing 
signal to provide an amplified anaesthetizing signal, 

a current clipping circuit coupled to said amplified 
anaesthetizing signal to establish a peak instantane 
ous current level, and 

output electrodes coupled to the output of said current 
clipping circuit and adapted to be connected to said 
patient to impress said anaesthetizing signal onto the 
nervous system of said patient. 

11. The method of impressing a patient's generated body 
electrical signal on the patient's nervous system compris 
ing the steps of: 

picking up the body electrical signal from said patient, 
generating a carrier signal, 
modulating amplitude said carrier signal with said body 

signal to provide a modulated signal, and 
impressing said modulated signal onto the nervous sys 
tem of said patient. 

12. The method of anaesthetizing a patient comprising 
the steps of: 

picking up an EEG signal from said patient, generating 
a carrier signal, 

modulating a carrier signal with said EEG signal to 
provide said modulated signal, and 

impressing said modulated signal onto the nervous sys 
tem of said patient. 

13. The method of claim 12 wherein said carrier signal 
is a radio frequency carrier signal. 

14. The method of anaesthetizing a patient comprising 
the steps of: 

picking up an EEG signal from said patient, generating 
a carrier signal, 

amplitude modulating said carrier signal with said EEG 
signal to provide a modulated signal, and 

impressing said modulated signal onto the nervous 
System of said patient. 

15. The method of anaesthetizing a patient comprising 
the steps of: 

picking up an EEG signal from said patient generating 
a carrier signal, 

modulating said carrier signal with said EEG signal to 
provide a modulated signal, 

impressing said modulated signal onto the nervous sys 
tem of said patient, and 

observing the magnitude of said EEG signal while 
simultaneously shifting the phase of said modulated 
signal to whatever extent is necessary to minimize 
the level of said EEG signal. 

16. The method of anaesthetizing a patient comprising 
the steps of: 

picking up an EEG signal from said patient generating 
a carrier signal, 

amplitude modulating said carrier signal with said EEG 
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signal, said carrier signal having a frequency at 
least one order of magnitude greater than the domin 
ant frequencies of said EEG signal to provide a modu 
lated signal, 

shifting the phase of said modulated signal by an 
amount that is determined from an observation of 
the anaesthetizing effect on said patient, and 

impressing said phase shifted modulated signal onto 
the nervous system of said patient. 

17. The method of anaesthetizing a patient comprising 
the steps of: 

picking up an EEG signal from said patient generating 
a carrier signal, 

amplitude modulating said carrier signal with said 
EEG signal, said carrier signal having a frequency 
substantially greater than the dominant frequencies 
of said EEG signal to provide an anaesthetizing sig 
nal, 

applying said anaesthetizing signal to the nervous sys 
tem of said patient, and 

shifting the phase of said anaesthetizing signal while 
observing the magnitude of said EEG signal to at 
tain a minimum magnitude for said EEG signal. 

18. The method of anaesthetizing a patient comprising 
the steps of: 

picking up an EEG signal from said patient generating 
a radio frequency carrier signal, 

amplitude modulating said radio frequency carrier 
signal with said EEG signal to provide a modulated 
signal, 

passing said modulated signal through a variable phase 
shifting network to provide an anaesthetizing signal, 
applying said anaesthetizing signal to the nervous 
system of said patient, and 

shifting the phase of said variable phase shifting net 
work to establish a minimum magnitude for said 
EEG signal. 
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19. The method of anaesthetizing a patient compris 

ing the steps of: 
picking up an EEG signal from said patient, 
passing said EEG signal through a variable band pass 

network to provide a modified EEG signal, generat 
ing a radio frequency carrier, 

modulating said radio frequency carrier with said modi 
fied EEG signal to provide a modulated signal, 

passing said modulated signal through a phase shifting 
network to provide an anaesthetizing signal, 

applying said anaesthetizing signal to the nervous sys 
tem of said patient, 

varying the parameters of said phase shifting network 
to shift the phase of said anaesthetizing signal until 
a minimum magnitude EEG signal is obtained, and 

varying the band pass of said variable band pass filter 
network until a minimum frequency range for said 
modified EEG signal is obtained without causing an 
increase in the magnitude of said EEG signal. 
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