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AUTOM.TIC QONTROL P.NEL FOR .. SOUNDPROOF ROOL

/This is a translation of an article written

by Yu. G, Eratin and B: Yu{ Yuganson in Zhurnal
¥ysshey Nervnoy Deyatel'nosti imeni I, P. Pavlov
(Journal of Higher Nervous ..ctivity imeni I. P.
Pavlov), Vol II, No 6, Moscow, 1959, pages 841-947./

Modern physlologlecal experimental techniques require
exact dosage of the stimulant, with respect to quantity and
duration of time. Meanwhile, inclusion ,of the stimulant by
hand is still a widely applied practice in the conducting
of experiments, according to the cnditioned reflex method,
This mode of inclusion inevitebly leads to errors due to
the experimenter's inaccuracy of performance, which is often
unnoticed or disrcgzarded. If such crrors can be tolerated
to a certain degree in cascs where relatively slow reactions
arc reglstered, such as, for example, at the sceretion of
saliva, whosc initial moment is defined in seconds, then
in the case of clectro-physiological investigations, where
rcadings of hundredths or thousandths of a second are
required, inclusion of the stimulant by hand is likely to
produce inadmissible errors. '

In order to sccure an objective proccess of the clectro-
nhysiological ecxperiment, not’ only during the recording of
the rcaction, but also at the introduction of the stimulant,
we designed an automatic control pancel, which has becn
successfully in operation for more than three years.

The control panel is based on the electromechanical
principle of operation, which utilizes a number of
clectromagentic rclays of various types. The automat makes

¥ The design and construction specification for the control
panol was prepared by one of the authors of this article

(Yu. G. Eratin), who also participated in the design and
mounting of certain circults. The general design of the
control pancl was developced by another author of this article
(B. Yu. Yugmanson), who, together with N. S, Trukhin, per=
formcd the assembly and final regulation of the entire
system., ¥, D, Zismont and V. V. .Lirtemev alsc participated
in this project.
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it possible to introducc four stimulants. Under strict
control, simultaneously or succecssively, in any desired
combinetion, whereby the duration of cach stinulant can be
varicd by the cxperimenter within the renge of 0.1 to 26
scconds., Rhythmic inclusion of the stimulants during the
gourse of the entire experiment hasg been forcseen. '

The geripral view of the oscillographic sctting with
automatic control panel is shown in Figure 1, 4 wiring
diagram of the pdhnel 1s presented in Figure 2.

 When vicwed from the outside, (below the round open-

ing for the dynamic loudspcaker), four rows of button
switchos, corresvonding to the number of channels to which
stimulants can be applied simultanoously, are visible in
the center of the panel (Figure 1). Each row contains 26
push buttons (Xh). These push buttons serve for selecting
the duration of the stimulants and distribution of the
stinmulant combinations in time. They are connected with four
rows of nlatcs of thc stepning relay (26 plates in each
row), which is mounted at the left side of the panel., The
lower, fifth row of push buttons serves for sclecting of
break /interval/ durations, and this row is connccted with
the right hand stepping relay., .n oblong strip with eight
jacks for the conncction of cight supply sourccs for the
stimulant devices 1s mounted at the left edge of the panel
This is the point of entry /input/ of the panel (Bx). Here
the tone goncrator (one or ‘several) -~ power supply for
the clectric lamps and other ... C. or D. C, voltagc sources
which will be cut off by the automatic control system of
the panel -~ can be hooked up. This will ensure proupt
cutting in or cutting out of the scund, light, electro~skin
stinulant contacts or any other stimulant devices.,

8ix knob switches are seen to the right of the strip
with the input jacks, The four upper knob switches (Pr)
serve for switching of the stimulants; they arc applicd to
the innut of the panel, to one of the four channels of the
pancl corresponding to the given knob. The two lower
knobs determine the step duration of the stepping relays
(the right~hand onc -~ the right relay, Pul; the loft-hand
onc -=- the left relay, Pu2) and, by the same token, the
multinlying factor of cach knob in the channels of the panel,
Thig faector may amount to 0.1, 0.2, 0.5 and 1.0 scconds.
In this way, if we switch on, in any row, five knobs in
succession at the sotting of the appropriate knob on the
0.1 sccond division, the duration of the stimulant will
amount to 0.1 x 5 = 0.5 scconds. If we press push buttons
1=D=3=4-5 and push buttons 16-17-18-19, for example, mounted
in the same row but in two different places, then the stimu-
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lant, say the sound, will be applicd twice during onc step
/run/ of the stepping relay: the first time for 0,5 seconds,
and azein after one sccond (10 push buttons were left out)
for O.4 scconds (4 x 0.1).

. Lot us assume that we must produce a combination
consisting of three stimulants distributed in the following
manncr? duration of sound -~ 2.5 seconds, light «- 3
gscconds, whoreby the light is to cut in after a two sccond
igolated sound porformance, and the clectro-skin stimulant
of onc-second duration -- two scconds after the inclusion
of the light. For this purpose, we first distribute our
stinulants among the channcls, that is; we set knob Pri

of the first channel in the séund posgition, knod Pr2 of the
sccond channcl in the light position, and knob Pr3 of the
third cHannel in the electro-skin positiochi s the next
sten we sct knob Pul for the rclay's step duration on the
0.5-sccond scalc division, in so far as this step duration
is the most suiteble for the given case, and finally we
have to scleet in a specific order the roquired number of
push buttons in threc channels. In the first row we press
push buttons 1 through 5 incluslively, in the second -- fronm
5 to 10 inclusively (this cnsures isolated performance of
the sound during a veriod of two scconds, since push buttons
{-4 romain dlscngaged), and in the third row we press push
buttons 25, 26 (push buttons 11, 12, 13, 14 have an integral
betwoen stimulants), ..t this time wo switch on the panel,
and this cntirc accurately mecasurcd off group of stimulants
is aponlicd to the chamber.

Red pmoints go on above the pressed push buttons, and
arc thus distinguished from the remalning oncs.

. row of double-currcnt keys is mounted below the
five push button rows. The keys ipl - ¥p8, from left to
right, scrve for cuttlng in of the stimulants: oclther by hand
(key vosition down), or automatically through the control
pancl (key position up). The last Lkey in thls row {ksh)
engaces the 1cft (position up) or right (position down)
stenning relay. ‘

Two aguplifiers for microphonc-dynamic loudspeaker
comaunication with the chamber-arc mounted in the upper part
of the wmancl; the control knobs of the amplificrs can be
scen to the right and left from the speaker opening. This
systen makes communication with the subject in the chanber
possible.

Six additional knob switches are mounted at the right-
hand sidc of the panel, One of them serves to start a
small warrcn-type motor; the second -~ to turn on the aicro-
phonc-dynamic speaker system for communication with the
chamber; the third one loops the ctcuit of the timing
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device; the fourth makes it possible to conncct various

stinulant markings in parallel to one line; the fifth (Pn)
serves for varying the operating [5brformancg7 conditions
of the interval stepping relay ?doscribed below); and the

sixth is a sparc switgh.

Leads for the stimulant markings (Shr), for rccording
of the cxperimenter's sound record, and for the subject's
resnponses are led out at the right-hand edge of the pancl,
Those lines pass through opsHings in the panel board and
torminate in two-pin plugs for conncetion to the oscillo=
graph (Figure 1), The microphone which transults the
cxperinentor's words to the chamber is nounted on the same
board. ( o ‘
For a morc detailed explanation of the control
panel's operating prineciple lot us turn to the wirlng
diagran (Figurc 2). The point of entry to the pancl is
shown at the lower left angle of the diagran (only two
input jacks arc shown)., Let us assuue that a gsound fregauency
from the audio~froguency oscillator Zgr tone gencrator
(2zg) is applicd to any pair of input terminals. The diagranm
shows that the clectric circult, which connects the tone
goncrator with the dynamic spcaker in the chamnber, 1s
interrunted by the contacts of the magnetic relay Rz, whosc
closing resoumds in thc chamber, Othor stimulant lines
connected with the respective relays R1-R8 (according to
the number of inmput jacks) operate in the same manner.

The closing of the contacts R1, R2...R8 takecs placc upon

the application of dircet currcnt to the windings of these
rclays. Onc cnd of the winding is connected to the conmon
"nlus," while the "minus" is applied separately to cach
rclay through a double-currcnt kcy Kr belonging to the glven
rclay {only one such key - K1 is shown in the diagran).

By prcssing the key down, the "minus" is scnt direcctly fron
the supply source -=- in this manner the stimulant is
switched on by hand. If, however, tho key 1g set in its

up position, the "Minus" 1s applied to one of the four chanw
ncls of the autonatic system through the sclector awitch

Pr. The latter inserts the given channel into the oircuit
of onc of the relays R1-R8 controlling the inclusion of the
gtinulant. In such a casc the "minus" from the supply
source reachcs onc of the poles of the push button switch.

. total of 26 such poles is thus connected (sec left-hand
nart of the wiring diagram; the push buttons arc nuabercd

1, 2, 3,,, 25, 26). BEach of the 26 other poles is conncctod
to a corrcsvonding plate of thoe stepping rolay. If the push
button switeh 1s closed, the "minus" rocaches the plate.

If five push buttons are closed in a row, five plates will
prove to be under voltage. The contact slider of the
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stepping rclay, which moves along all the ‘platces (the
contact slider in thd diagram is shown by an arrow),
removes the voltage from thesc plates and applics the
"ninus" to the winding of that stimulant inclusion rolay
(R1-R8), which at that moment 18 connected through the
.soloctor switeh Pr. This rclay will remain engaged for as
long a time as it takes tho ¢ontact slides to skim the
plates under voltage, and, Bonscquently, tho stinulant will
be connceted for an equal length of tine, In this way the
duration of action of the stimulant is determined with
resscet to the number of engaged push buttonsd and the rotae-
tion spced of the dontact slides of the stepping relay.

The rotation of the contact sliders Sht 1s carricd
out by a rathecet gearing, which is fcd by dircct currcnt
pulscs from the interrupter. The latter congists of a row
of disks with rcetangular tecth, to which tho "plus" is
supplied from a dircct currcent sourcc. The disks arc mounted
on the Bhaft of a small Werren synchronous zotor (¥y),
which rotates at a speced of onc rovolution per mlnute.
There arc four disks: the first onc has a single tooth,
the sccond -~ two tcech, the third -- five, and the fourth ~-
ten. Contacts, which at the rotation of the disks remove
fron cach disk a number of pulscs per second corresponding
to the number of toech on the given disk, adjoin the teecth
of the disks, Tho pulses hit thc selector switch Pul -~
and then the winding of the stepping relay via the key dsh
(the "minus" is continuously applied to the other end of the
winding). Depending on tho position of the solector gwitch
Pul, the winding rcceives 1, 2, 5 or 10 pulscs per gsccond,
which also determlnes the step duration of the rclay, which
will be equal to 1, 0.5, 0.2 or 0,1 seconds.

The stepping relay Shi is stattod upon the closing
of the koy Xsh (up position). If, however, its opeoration
depended only on this keoy, it would be difficult to cut in
the stimulant at the desired nonment, since the switchin
over of the relay into the first step /initial positiog?
by hend would not always succced. This task 1s earricd out
with the aid of a block reclay Bl. In the initlial position
the contact slide of the stopping relay is on the 26th
plate, which is connected to the block relay. The corrcs-
ponding push button is always in closed position, and a
currcnt proceeds to the relay winding, since at the sanc
instancc a "plus is applied to the other end of the winding
(across a 500,chn resistor and contact glidos). In this
position the contacts of relay Bl are disconnceted (the
rclay is closed in normal position). From the wiring
diagran it is cvident that the contacts arc connected in
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parallel to the key Ksh., When we closc that key, the
stepping relay is actuated and its contact slider jumps off
the plate 26 and switches over to 1, 2, 3, ctec., .fter this
opcration, the winding circuit of tho stepping relay is
interrupted, and tho relay discngages, which brings

about a cloging of its contacts. .4t this tinc it doecs not
matter whethor the key Ksh 1s closed or open, since during
the ontire cyecle, in the coursc of which the contact slider
docs not rcach the 26th push button, the contacts of the block
rclay will continually closc the same circuit as the key
would., If the keoy Ish is left closed, the stepplng rclay
will rotatc uninterruptcdly, On the other hand, if, after
the starting of the stopping relay, the key 1s opened, then
the contact slider, after having rcached the 26th contact,
will again apply a "plus" to the winding of the block rclay.
The latter will be actuated and its contacts will openy

the winding circuit of the stepping relay will be inter-
runcd, and the stepping relay will ramain in its initial
nosition.

The block reclay is comnected to the fourth channel,
and, therefore, the linc which links that channel with the
sclector switch Pr contains contacts operating from the block
rclay, which disconnect the line at the moment the contact
slider passcs the 26th contact, This exclusdes the possi=~
bility of contact between the block relay and the rclays
Rt~=-R8, In othor respccts, all four channels arc equivalent
and opecrate synchronously, sincce four contact slideors move
sinultancously along the four platc rows of the stepping
rclay. .8 a result, this arrengement makes it possible to
deteraine the duration of a sighal or combination of signals,
cither at a single instance or at any nunmber to times deslred.

Let us now turn to the right part of the diagram where
the systeir of the stepping relay Sh2 is presented. Thils
systea cnsured the inclusion of the stepping relay Sht at
deternined time intervals. The relay Sh2 is started by the
sanc oulses cmanating froa the interrupter as the stepping
rclay Shi., The spced of its contact sliders along the
plates is also varied with the aid of a similar sclector
switch Pu2. It is startcd by the same key Xsh, but in its
down position, It is vrovided with the same blocking
systen (reclay B32), connectod with a special row of plates
(row 2) wherce the contact slider finds only the last --
the 26th contact =~ under voltage. ..8 a result, at an
onen key Zsh, the stepping relay stops in its initial posi-
tion. If key Ksh remains closed, the rclay opcrates
uninterruptedly.

The sccond row of plates, designated by the nuicral
3, has only on> initial plate under voltage, to which the
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"minus" is applicd. The contact slider of that row is con-
nected to the winding of the ordinary rclay Gi. When the
stepping reclay is actuated and the contact slider hits the
first plate, the lattor closes the winding clrcuit of that
relay. .8 is cvident fron tHe diagran, thce contacts of that
relay oncrate in parallel with key Xsh of the first stopping
rclay, and when they close the lattor isg actuated and runs
through a cycle cngaging all the stimulants corresponding
to the program determined by tho push button set. Next the
steonping relay Shi cuts out automatically and the stopping
rclay Sh 2 continucs its opcerations, Onc nore row of its
nlatcs is connected to a row of push buttons (fifth from
ton). Uvnon the closing of any push batton, a "minusg" fron
the dircet current sourcce is applied to the corresponding
platc., VWhen the contact slidor reaches that platc (on the
diagren that moment is shown by an arrow), it closes the
circuit of the Maccelerating rclay" (Y). This reclay is of
the self-blocking typc; ag a result, it also remains
actuated, when the contact slider jumps off the plate of
the stepping rclay, to which the "minus" has beon appliced.
The blocking is insurcd by means of a speclal row of plates
of the stepping relay (Row 4)., . "minus" is applied to all
the contacts of the relay, with the exception of the last
onc, the 26th contact. ..8 soon as relay Y is actuated by
the pulsc passing through the contacts of the push button
in row 1, it closcs its own contacts (in the diagram -- the
upper vair); as a result, the "minus" is appliecd to the
fourth row of platcs of the stepping relay Sh2.
.t this very moment, that ls, whoen the contact slider

1 of the pnlate row rcaches the closged push button -~ actuating

as a recsult, rclay Y -- the sccond nair of contacts, which
is connceted with relay ¥ (in the diagran -- the lower con-
tacts) and inscrted in the winding circuit of the stepping
rclay Sh2, closes. Frequent current nulses -~ 10 per sccond
~= arriving from point 0.1 sec, of sclector switch Pu2
innediately begin to pass through the above contacts. Thesc
nulses cnanate originally from the interrupter. .8 a re-
sult, from this nonent on, the spoed of the stepping rclay
Sh2 changes drastically. If, prior to that moment, it was
making, for exauple, onc step per minute, then afterwards
it will opcratc at a speed of 10 steps per second, and the
contact slider will radiply slip through the stoppced con-
tacts. By pressing one push button or another we can detor-
ninc in advance the duration of the intervals between inclu-
sions of the stepping relay Sh2 systen., For exanple, if
we press push button No 15, the stopping relay Sh2 -~ being
actuated -~ will cut in stepping re}ay Sh1 on push button

>
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¥o 1, the forner will operate and stop, and thc stepping
rolay Sh 2 will continue its operation -~ for oxanmple, at

a- sncod of one step per sccond (Pu2 on the 1-sce division).
~Tter the contact slidor has rcached push button Ho 15,
rclay ¥ begins to operate and the contact slider slips
through the remaining 11 push buttons at an accelerated
speccd ~- 10 steps per second. Lfter that the specd of the
stepping relay Sh2e will again drop to its original value,
that is, onc step per sccond, since the accelerating relay
will disengage as soon as the contact slider of the fourth
row rcaches the last -- the 26th -- contact of that row,
which is not under voltage (0 <+ in the diagram):. The cntire
cvele will repcat with the inclusion of the stepping relay

11 and the stimulant feed system conncoted to it., In

this way, a rhythnaid - inclusion of stimulants through prosget
intervals in the range from 0.1 to 26 scconds can be cnsurcd.

The stepping relay Sh2 can also operate under diffe-
rent ovnerating conditions, under which, in the coursc of
its run -~ in this casc at a constant step -- 1t can at a
given noment cengage the systen of the stepping rclay Shi
scveral times., For this purposc the sclecctor switeh Pr
is set in its sccond position., Iiow, unon starting the
stepning relay Sh2 it will continue, as before, to cngage
the sgystemn of the Tirst stepping relay at the opening of
the first »nush button; besides this, however, it can switch
on that syston by any other push button -~ if that push
button is cngaged in the systen -~ becausc at the mouent
the contact slider slins through the corresponding plate
it will feed the "minus" to rclay G2, whose opcration is
sinilar to relay Gt ("plus" is continuocusly applied to both
relays), In this way, it is possible to insert, for exan-
ple, a stinulant or a systen of stinulants at the first,
tenth, and 22nd scconds from a given umoment, if push but-
tons No 10 and No 22 arc pressed and the stepping reclay opera=
tecs at a specd of one step per sccond.

Expericnece has shown that the pancl satisfactorily
necets the requircnents of clectro~physiological experiments,
espccially at the rocording of an electro-encephalogran at
a scanning spcod of throe to six centimeters per second, when
the inertness of the mechanical switching systems of the
stinulants has not as yet made itgelf felt, The pancl can
be utilized for the conducting of various experiments on
reflex bchavior, with the application of classical and
other nethods of investigating the higher nervous activity
of human beings and aninals, Nevertheless, the panel has
digadvantages as a rcsult of the noise produced by the opera-
tion of the stepning relays. The noise can be easily
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reduced, however, by placing these rcleys in a sound-
absorbing housing, In the case of an adequate soundproof
chanber this problem docs not play any role at all.

In 2ddition to ensurins a high degree of objcetivity
in the determination of the inclusion nements of stinulants
édnd their durations, the nan¢l also pernits repid and accu-
rate change-over tn the order of application and tinme
characteristics of the stimulents, which is frequently
required in the coursc of the cxperiments., PFurthernore,
when scveral investigators, employing various systens of
stinulants, usc onc setting, the capabllity of changing the
experincntal schene rapidly is particularly inportant.

211 this favors the application of an autonatic stinulant
feed systen, an exaple of which is the above-described control
panel,

O




futomatic control panel and general view of the apparatus. Upper
right -- panel, below it =-- six-loop oscillograph, at the left -- audio-
frecuency oscillators.
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Fig. 2

Control panel working principle. B-blocking relay; Bkh, Vykh -input and
outprut of the panel; Gi, G2-contact [or transitory ] rslays; Dp-interrupter
disks; Zg-audio-freguency oscillator; Kn-push button; Kp-key for direct
end automatie inclusion of stimulants; Ksh-stepping relay key; Mu-small
Worren motor; Pu-pulse selector switch; Pp-perforiance change-over

switch for relay Sh2; Pr-channel selector switch; Pl-P8estimulant
inclusion relay; Y-accelerating relay; Shi, Sh2-first and second step-
ping relays; Shl-stinulant marking loop.
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