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FEEDBAGK MONI

Build an

You may be able to

learn how to relax

through electronics

THERE is nothing quite so pleasant as

being able to relax completely whenever
you want to. Unfortunately, today’s quick
pace rarely leaves us the time to truly re-
lax. '

Perhaps for that reason, scientists have
come up with an electronic approach to re-
laxation that might revolutionize the art
of “calming down.” Drawing on knowledge
of general psvchology, eastern meditation
techniques, and, in particular, clinical elec-
troencephalography, researchers in  the
field of alpha-wave feedback have pro-
gressed rapidly in the last few years and
made many significant gains.

Unlike the older forms of meditation,
alpha-wave feedback requires neither an
avatar or guru. Researchers have found that
the minute brain-wave frequency band be-
tween 7.5 und 13 Hz is continuously pro-
duced in meditative stages of Yoga and Zen.
This is called the “alpha state.” The assump-
tion is that the length and intensity of
alpha-wave production is an impartial
measurement of the ability to reach a spe-
cial state of “relaxed awareness,” found in
certain types of meditation.
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BY MITCHELL WAITE

People who produce continuous alpha
seem to experience a generally heightened
sense of well-being, with a parallel increase
in clarity. Thus, alpha feedback allows one
to prepare for demanding mental tasks by
previously clearing the mind of distracting
thoughts and ideas. It is precisely for this
reason that some businesses are investigat-
ing alpha feedback. Researchers are also
suggesting that the “pain” of education can
be lessened if these procedures are used in
attention control. There is the possibility,
thev say, that recall can be improved and
mental blocks avoided during examinations,
by the use of alpha feedback.

Basic Approach. In alpha feedback, high-
gain, low-naise amplifiers detect the micro-
volt signals of the brain and use them to
modulate a sound or other stimulus. The
person training for increased alpha com-
pletes the feedback loop by listening to the
rise and fall of a tone as the brain waves
come and go. Thus, by learning to produce
just the elusive 7.5-to-13-Hz modulation, a
person can experience the alpha state.

Actually, all brain waves have charac-
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teristic mental correlates. For example, deep
sleep produces the long slow waves between
2 and 4 Hz; problem solving and daydream-
ing give rise to the theta thythms (3.5 to
7.5 Hz); while tension, worry, or surprise
produce the beta frequencies (13 to 28
Hz). There is also evidence that creative
and spontaneous moods occur most often
when the frequencies between alpha and
theta are active. This has led some re-
searchers to speculate that creativity and
insight might be facilitated by learning how
to increase frequencies.

The important thing is to find out more of
all this for yourself. With the circuit de-
scribed, you may be able to influence and
enjoy all of the brain-wave states. In addi-
tion, the project can be used to listen to
such body signals as scalp tension and heart
rate.

About the Circuit. Because of the rapid
increase in the popularity of biofeedback,
a large selection of feedback monitors have
appeared on the market. Their complexity
ranges from a device for alpha feedback
using only one IC to research laboratory
equipment costing thousands of dollars. The
latter include such features as strip chart
recorders, multi-channel amplifiers, highly
controllable filters, percent time indicators,
etc.

The circuit shown in Fig. 1 incorporates
functions usually found only in more sophis-
ticated equipment. For example: because
the different brain waves are very clase in
frequency, a switchable 4-pole bandpass
filter is used. Each filter is tuned to the
center frequency of the theta, alpha, and
beta bands. These filters obviouslv make
recognition of a particular brain wave much
easier and faster.

Another critical parameter of a feedback
machine is its ability to reject strong com-
mon-mode interference—such as 60-Hz hum
or erroneous signals from electrode move-
ment—while presenting a high input im-
pedunce. An inexpensive solution to this
problem is to use a single low-noise op amp
in the differential mode. This solution is not
completelv satisfactory because of the in-
evitable tradeoff between input impedance,
balance, and common mode rejection. Here
we use an instnimentation amplifier for the
front end, with two low-bias op amps (ICI
and IC2) providing an almost infinite input
impedance and excellent common mode re-
jection.
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Electrodes, which couple the microvolt
signals to the amplifier, are critical in two
respects. They should not generate short-
term voltages (tiny noise spikes) or long-
term voltages (offset or dnft). A number
of low-cost commercial machines use an
inert material such as stainless steel for
electrodes. The difficulty with these elec-
trodes is that they produce some noise
spikes and (more seriously) generate a
slow voltage offset, which (if the input
stage is direct coupled) can eventually
saturate the output. A better approach is
found in laboratory applications where
silver electrodes coated with a layer of
chloride are used. Though these electrodes
are free of noise and have no long-term
voltage drifts, the chloride surface must
eventually be replaced so the electrodes
are disposable types. However, with proper
cleaning, they will last for some time. The
least troublesome approach is to use pellet-
type Ag/Ag-Cl electrodes which, due to
their special construction, last indefinitely.

Another more general consideration in
designing an EEG monitor is the type of
modulation used to produce the aundio
feedback. Most models use the amplified.
filtered brain wave either to amplitude- or
frequency-modulate a fixed tone. In the
monitor described here, a unique combina-
tion tone-threshold control can be adjusted
to produce either AM, FM, or a combina-
tion of the two.

It is also necessary to determine what
aspects of the brain-wave envelope shall
vary the tone. The two most common meth-
ods use either a direct or integrated wave-
form to modulate the audio. With the mode
selector switch, §2, in the pIRECT position.
the instantaneous waveform passing through
the filter frequency modulates an adjustable
tone. This mode creates an effect in which
one seems to be tumning directlv to the
thought of the brain. If the continuous tone
is objectionable, the oscillator can he set
just below its threshold point so that only
the peaks of the filtered waveform trigger
the tone. The latter method integrates the
filtered waveform over a fixed period of
time.

In this monitor, depending on the setting
of the threshold control (R42), the tone
can be made absent when no signal is
present. When the threshold is exceeded,
the frequency of the tone is proportional to
the envelope of the signals. This mode is
better for biofeedback tran'ng since the
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PARTS LIST

B1,B2,B3,—9-volt battery
Cl—1-ukF, 10% Mylar capacitor
C2—0.01-uF disc capacitor
C3-C6—0.2-uF, 109% Mylar capacitor
C7,C8—0.1-uF, 10% Mylar capacitor
€9—0.001-uF, 10% Mylar capacitor
C10,C11—100-uF, 2-volt electrolytic capacitor
D1,D2—IN4003 silicon diode
IC1,IC2—N5556 op amp (Signetics, do not

substitute)
1C3-1C7—741 op ump
QI—TI558 field effect transistor
02—2N4250 transistor
()3—2N3565 transistor
R1,R36—1000-0hm, Ys-watt, 5% resistor

R2,R3—47,000-0hm. Y4-watt, 3% resistor
R4-R6—3900-0hm, Y -watt, 5% resistor
R7—3300-ohm, Y4 -watt, 5% resistor
R8,R12,R15,R19,R22,R33—100,000-0hm,
Ya-watt 5% resistor
R9,R31—470,000-0hm, Y4-watt, 5% resistor
R10,R39—5000-0hm, V4 -watt, 5% resistor
R11,R16—200,000-0hm, Y4-watt, 5% resistor
R13,R14,R20,R23—62,000-0hm, V4i-watt, 5%
resistor
R17,R25—56,000-0hm, Y4-watt, 5% resistor
R18,R21,R24,R26,R29—39,000-0hm, Y4-watt,
5% resistor
R27—1-megohm, Y% -wait, 5% resistor
R28—4.7-megohm, Y -watt, 5% resistor
R30—1.5-megohm, Ys-watt, 5% resistor
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Fig. 2. Actual size foil pattern is

at right with component layout above.

tone gives a direct indication of the desired
result.

This monitor also has an audio amplifier
with speaker and volume control (R43}, so
that a group can listen or the volume can
he reduced to a quiet level.

How It Werks. Integrated circuit IC! and
IC2 amplifv the differential signal hetween

the two input leads while providing unity
gain for the common mode signal. The re-
sidual common mode signal is removed by
IC3 and can be nulled to zero by trimmer
R40. The signal is then caupled through
C! to IC4 and further amplified. The gain
of this stage can be varied from about 5 to
95 by the setting ot R41I.

Integrated circuit IC5 forms a two-pole

R32,R37.R38—22,000-0hm, Y4-watt, 5%
resistor

K34,R35—10.000-0hm, Y4 -watt, 5% resistor

R40—1000-0hm trimmer potentiometer
(PC type)

R41-—100.000-0hm miniature potentiometer

R42--50,000-0hm miniature potentiometer

R43—10.000-0hm miniatnre potentiomeler
with attached switch for S3

SI1—4-pole, 3-position shorting rotary switch

S2—Spdt switch

S3-—Spst switch on R43

SPKR—M iniature 8-ohm speaker

Misc.—Four feet of 2.conductor shielded
flexible cable, metal enclosure. batitery con-
nectors (3), knobs (4), rubber grommet,

headband, electrode cream, electrodes, ear-
clip, mounting hardware.

Note—The following are available (postpaid,
but insurance extra) from Exiended Digi-
tal Concepts, Box 9161, Berl:eley, CA 94709 :
#PE2. etched and drilled PC board at $4.49;
#PE3, ICI and 1C2 at 86.49: #PE4, set of
stainless steel elecirodes at $1.49; set of dis-
posable Ag| Ag-Cl electrodes at $3.49 ; #PE6.
set of reusable AglAg-Cl electrodes at
$14.95: #PEIl, complete kit of parts in-
cluding sets of disposable and stainless steel
elecirodes, drilled and etched hoard, drilled
and painted enclosure. elasiic headband,
electrode cream, and earclip at 858.95. Cali-
fornia residents, add 5% sales tax.

JANUARY 1973

43



S2 R43(S3) R42 R4l

active filter which rejects signals lower than
the frequency determined Dby capacitors
C3 and C4 and RI! through RI6. Con-
versely, IC6 removes signals higher than
its selected frequency. The net effect is a
filter which passes only a narrow band of
low frequencies.

With DI as a shunt rectifier and C8 and
R28 as a smoothing filter, the signal is
passed to QI, a FET operating as a source
follower with unity gain. Integrated circuit
IC7 is connected in a mu]tivi%rutor circuit
and is normally saturated with the output
voltage near the positive supply voltage.
When C9 charges through R30 to a voltage
higher than the level provided by the
voltage divider made up of R31, R33, R42,
and R34, IC7 saturates due to positive
feedback. Capacitor C9 then discharges
through D2 until IC7 flips back to its
previous state. The signal from QI varies
the charge on C9 and thus modulates the
tone.

Transistor Q2 is a source follower which
provides a low impedance to drive the
speaker without overloading the multivi-
brator. A separate battery (Bl) is used for
the speaker to avoid feedback.

Transistor Q3 is a source follower which
creates a low-impedance ground about half
way between the plus and minus supply
voltages. This also permits the use of a
single-pole switch (S3) to turn the monitor
on and off. It is not necessary to disconnect
Bl because its drain is negligible with S3
open.

Construction. The use of a PC board
(foil pattern shown in Fig. 2) makes con-
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Photograph of prototype shows how
components were assembled in box.

ELECTRODE
CABLE

struction easy. Mount the components as
shown, observing the notch and dot code
of the ICs. Also make sure that the two
diodes and three transistors are properly
installed. The lettered terminals correspond
to those on the schematic. The resistors as-
sociated with SI are connected directly to
the terminals on the switch. Use fine solder
and a low-power soldering iron.

The circuit board and batteries can be
installed in any small enclosure. The three’
potentiometers (R41, R42, and R43) and
the two switches (SI and S2) should be
mounted on the front panel, with a small
grommeted hole also on the front panel for
the shielded cable. The speaker is cemented
to the front panel with a few holes drilled
in the panel for the sound to come through.

Prepare the electrode cable by removing
about 12”7 of the outer insulation from the
cable. Unwind the shield and twist it into
cable form. Solder this shield lead to the
earclip. Remove about %” of insulation from
the two insulated leads and carefully solder
them to the electrodes. When soldering to
stainless steel, first lightly sand the metal
surface with fine sandpaper.

Testing. Install fresh batteries, turn the
circuit on, and adjust the tone/threshold
control (R42) until a tone is heard in the
speaker. Set the bandpass switch (S1) to its
lowest range (3.9-7.9 Hz) and the mode
control (S2) to direct. Using a small amount
of electrode eream, clip the ground lead to
an earlobe. Saturate the electrodes with
cream, and steadily hold one electrode in
each hand. The circuit should pick up your
heartbeat, amplify it, and send it through
the speaker. This is a noticeable beep, about
one a second. The pulse signal is about 1
millivolt (10 times greater than alpha-wave
level) so turn the gain control down. If you
cannot hear your pulse, check the wiring.

If you have a si%;nu] generator and scope,
the circuit may be further analyzed by
clipping one input and the ground lead to
the signal generator ground and feeding an
attenuated signal into the other input lead.
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The dc output of all op amps should be
near zero.

Balancing the Amplifier. Potentiometer
R40 is used to trim the gain of one side of
the differential amplifier to make both gains
exactly the same. When they are equal,
common mode rejection is maximum. The
best procedure is to feed a common mode
signal of 3 to 4 volts into both inputs tied
together, across a 10,000-ohm resistor. Put
a scope or ac VIVM on the output of IC4
and adjust R40 for the smallest signal. If
you do not have a scope or signal generator,
hook the electrodes through the 10,000-ohm
resistor to ground and touch the common
leads. You will hear 60-Hz noise from your
body. Adjust R40 for minimum noise or the
clearest tone.

Use of the Monitor. First, a note of
caution. The monitor, like most commer-
cial machines of this type, is batterv oper-
ated. This is to prevent a shock in the rare
event that the 60-Hz power line shorts to the
inputs. Therefore, for complete safety, avoid
hooking the monitor to any ac-operated
equipment such as scopes, battery elimina-
tors, etc. When ac devices are hooked up
to an EEG monitor in a laboratory. light
coupling devices or fused fail-safe svstems
are used.

If you are sure the monitor is picking up
EKG and properly balanced, you are ready
to trv EEG feedback. Place a small bit of
electrode cream on the earclip and attach
it to either earlobe. Wrap an elastic or soft
cloth band around the head, aligned so
that it is over the evebrows and at the
widest part at the back of the head. Pin
the cloth to hold it on. Put a small amount
of cream on each electrode and place one
under the band just above the left or right
evebrow. Place the other in line with the
first at the rear of the head. Spread the hair
apart and add a little more cream. The
electrodes will function best when thev
float above the scalp with electrode cream
bridging the gap. With the electrodes
placed in this manner, you should be pick-
ing up mostly what is called occipital
alpha. In more advanced stages of medita-
tion, alpha production increases in the
frontal areas of the brain. You can experi-
ment with this by placing both leads on the
forehead.

Sit or lie down in a quiet, comfortable
place. Turn the monitor on, place the band-
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pass switch in the alpha range (7.9-13.0
Hz), with mode in DIRECT, turn the gain all
the way down, and adjust the tone and
volume to a pleasing level. Blink your eyes
and listen for a beep. Slowly turn the gain
up. If the electrodes are correctly placed,
no hum will be heard. Now, with the eyes
open and focused on an object, adjust the
gain for a fairly steady tone. Because yon
are producing mostly beta and the band-
pass is on alpha, you should not hear the
beta frequencies. Now close the eyes and
listen for a rhythmic modulation of the tone.
Do not try to produce this rhythm; let the
mind go and just listen for it. The occasional
fluttering of the tone will be the alpha
waves.

Notice the types of thoughts that block
the alpha. After you are sure you are pro-
ducing alpha, switch 2 to INTEGRATE and
adjust the threshold/tone control so that,
when the eyes are open, there is no tone.
Shut the eyes and practice increasing the
number of times the tone is on (percent
time training). Later try increasing the fre-
quency of the tone (amplitude training).

In laboratory training, a usual alpha ses-
sion lasts 10 to 15 minutes a day for about
two weeks. If you stick to it, you may even-
tually notice a feeling of well-being and
relaxation after each session. To experiment
with the other brain-wave bands, simply
repeat the procedure with the filter switched
to the desired band. Try lowering the domi-
nant alpha frequency toward theta in the
direct mode and notice if spontaneous
thoughts or ideas come more easilv.

When you have finished using the moni-
tor, carefully wipe the cream off the elec-
trodes. If you are using stainless steel
electrodes, sand them lightly and clean them
with alcohol.

One final note: alpha-wave feedback has
produced results similar to meditation, but
it works much faster. It is still, however, a
subtle effect and requires diligence and
experimentation to obtain worthwhile re-

sults. @

Editor’'s Note: This article, which fol-
jows last month's story on principles
of biofeedback training, describes an
easily constructed project for experi-
mentation. There have been many
claims made for brain-wave monitors
—some highly exaggerated. We make
no such claims, other than that the
circuit operates properly.
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Low-Cost Electronic Thermometer

INDICATES LOCAL OR REMOTE TEMPERATURES
FROM FREEZING TO 302°F

E LECTRONIC thermometers have proven

to be not only more accurate than the
old-fashioned mercury types; they are also
far more versatile. They can have more than
one sensor and the sensors can be mounted
almost anywhere within reason with a cable
connected to the readout.

A circuit for a good, low-cost electronic
thermometer is shown below. The unit has
both local and remote sensing and can
operate between 32° and 302°F in two
ranges.

Trermistors are used as the temperature
sensing elements so keep in mind that these
devices have a thermal hysteresis effect.
That i3, if you measure the ambient temper-
ature, then immerse the thermistor in boiling
water, after cooling, it will indicate slightly
higher than the ambient.

The two scales on the thermometer (XI
and X10) are equivalent to currents of 1
mA and 10 mA through the meter, as de-
termined by the setting of S2. The X1 range
is roughly equivalent to a temperature range
of 0° to 50°C (32° to 122°F), while the
X10 range covers 0° to 150°C (32° to
302°F).

In the circuit, most of the components
are in series. The value of R3 is chosen so
that the 1-mA meter will indicate 10 mA.
For the meter used in the prototype, a value
of 17.8 ohms was required for R3. Odd
values of resistance for R3 can be made by
paralleling higher values.

Any method of construction can be used
(perf board, point-to-point wiring, etc.).
Local thermistor TDRI can be mounted so
that it just protrudes (about %”) from the
chassis. The remote sensor is attached to the
end of a length of two-conductor cable,
with P! on the other end. The remote sensor
is not necessary, of course, if you don’t want
to use it.

With §2 in the X1 position, plug the re-
mote sensor into JI, depress SI and adjust
R2 until the meter indicates about half
scale. Remove the remote sensor, and adjust
RI for a center scale indication with the
local sensor. Hold the local sensor between
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your thumb and forefinger and note that the
meter indicates upscale. Do the same with
the remote sensor. The two changes should
be similiar in value and any deviation will
be due to slightly different resistance-tem-
perature curves of the two thermistors.

The meter scale is calibrated by immers-
ing the thermistors in ice water (32°F)
and adjusting the appropriate potentiometer
for the proper indication on the meter. Use
boiling water (212°F) for the upper mark.
To calibrate the remainder of the scale,
keep the two thermistors in the hot water,
along with a good mercury thermometer.
Stir the water, and mark the other points on
the scale as the water cools. Switch S1
should be operated only when a temperature
measurement is to be made. This conserves
the battery and minimizes any self-heating
of the thermistors due to current low. @

Resistance of either thermistor deter-

mines current flow through the meter.

e REMOTE
t TOR2
E TDRI
2RI LOCAL 9
<I0K °
Y
—_— Y

R3
17.80.

-------

PARTS LIST

B1—9-volt battery

J1—Miniature phone jack, normally closed

MI1—1-mA meter

Pl1—Miniature phone plug to fit J1

R1,R2—10,000-0hm potentiometer

R3—See text )

S1—Normally open pushbutton switch

S2—Spdt switch

TDR1,TDR2—Thermistor (Fenwall GB41P2)

Misc—Suitable chassis, two-conductor cable,
nmounting hardware, etc.
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