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Behaviours of Multivibrator near Instability Point

Yasuo MORIMOTO
Department of Physics, Meiji College of Oriental Medicine

Summary : Logarithmic divergence of oscillation period and power law increase of its

fluctuation with critical index of —1 are induced in multivibrator by destabilizing
the oscillation through externally added variable resistor. They are analyzed under as-
sumption that the charge fluctuates in the condencer which decides the time constant
of the circuit. The standard deviation of the charge fluctuation is estimated from the

data.
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1. Introdustion

The oscillatory-nonoscillatory transitions
in sine (or continuous ) wave oscillators
have been well investigated as fairly suit-
able theme of phase transition in systems

L2348 The transition

far form equilibrum
is induced by controlling the quantities of
positive feedback in the oscillators. The os-
cillating state 1s assigned as ordered phase
and the nonoscillating state as disordered
phase. Both states are separated by critical
quantity of positive feedback. Many charac-
teristic phenomena near critial (or instabil-
ity) point have been observed such as crit-

ical fluctuation'’, 2

critical slowing down
or irreversible circulation of fluctuation® .
The effect of external noise on oscillation
threshold has been investigated in paramet-
ric oscillator’’ and the analogy of transi-
tion with the phase transition in equilib-
rium systems has been disussed using Ginz-
burg-Landau equation® . Owing to these works
the transition phenomena in the sine wave

oscillators can now be described in terms

Multivibrator, Critical Phenomena, Phase Transition

of stochastic processes and of phase transi-
tions.

On the other hand different type oscilla-
tors are presenl from above mentioned sine
wave oscillator, that is, the discontinuouns
wave oscillators such as multivibrator, block-
ing oscillator or saw-tooth oscillator. Dif-
ferent from the sine wave oscillators the
oscillation continues through repetition of
“on” and “off" of the active elements such
as transitors in the circuit of these oscil-
lators. The dynamics are essentially describ-
ed by van der Pol equation with large gain
limit in the discontinuous wave oscillator,
while they are described by van-der Pol-equa-
tion with small gain in the sine wave oscil-
lators®’ . Accordingly we can expect differ-
ent type transition phenomena in such oscil-
lators. The examples have already been rep-
orted by the author’'®' and several problems
have also been discussed. Not the oscilla-
tion amplitude but the oscillation period
plays the important role as pointed out by

the author, however the analyses are incom-
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plete because the fluctuaion of period has
not been discussed quantitatively. We find
the example in which the divergence of pe-
riod and of its fluctuation can be analyzed
theoretically. It is modified multivibrator
circuit and the instability phenomena will
be reported in this article. In the next sec-
tion the experimental data and their analyses
are mentioned. In the last section conclud-
ing remarks and their technical applicability
will be discussed.

2. Experimental Results and Their Ana-
lyses
2.1 Experimental Results
The multivibrator circuit used in this ex-
periment is represented in Fig.1. This is
usual type circuit except the added variable
resistor R which is utilized to induce the

instability in multivibrator. The dymanics

R, s le

Fig.1 Muliivibrator circuit used in this ex-
periment.

Operational amplifier 1s 741 . The variable
resistor R is used to induce the instabilty
in the circuit. The parameters are R, =1MQ,
R,=75kQ, r=51k{l and C=0.1xF, respec-
tively. V- and V. are inverted and noninvert-
ed input bias voltage to operational amplifi-
er, respectively. V, is output bias voltage.
The currents are designated as [, I, and I-I;
through r, C and R, respectively.

of the circuit are explained qualitatively
below: initially we assume V-= 0V and V.
=0V (point A in Fig. 2) without loss of
generality. If the gain of operational am-
plifier is infinity, the output voltage V.
saturates to Vs (=source bhias voltage). At
this instance Vi is set to be R.V./(R, +
R;) and V- becomes to increase toward RVs/
(R+r) with appropriate time constant. When
V- becomes slightly higher than V.= R.Vs/
(R;+R2), V, turns out to be —Vs. The
same action repeats, and the oscillation con-

tinues as represented in Fig.2 .

Ry
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Fig. 2 Schematic diagram of the oscillation
mechanism.

Temporal variations of V-, V¢ and V, are
represented in (a), (b) and (¢), respectively.
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There is a critical value of R, Rc (=3.H
L), For R<R.

The oscillation amplitude

the oscillation ceases.
is 15V and the
duty ratio is 0.5, and they do not vary over
the range R>>R.. On the other hand the os-
cillation period T varies with R, and near
Rc its fluctuation becomes remarkable. We
define the controll parameter # as g=(R~—
R} R

T shows logarithmic divergence expressed as,

T i1s plotted against f in Fig. 3.

T=1.0-0.67ln # (msec) . {1)

To grasp the characteristics of period fluc-
tuation we measured the standard deviation
of T, av by sampling 200 data of T at an
interval of lsec. The results are represented
in Fig.4. As 1s clear from Fig.4 or di-

verges according to power law, ap <g7"".

2.2 Phenomenological Analyses of the Data

We define the currents and biases as shown
in Fig.1. As an initial condition we take
Vo=Vs, Vo=R,Vs/(R,+R;) and V-=—R,Vs/
(R, +Ry) (the point B in Fig.2). V- be-
comes to increase toward RV¢/(R+r). From

Kirchihoff’'s law we obtain the following

’a (=]
L
wu)
é o
g °
.0l o
0\
A1 1
107 8 1072
Fig.4 /g -dependence of or.

equation;

V-=R(O-1,), Vi.—V-=Ir,
4V
and I,=C T i2)
From eq. (2) the differential equation for
V- is obtained as,

dv-
dt

rC +(1+%)VW=VS. (3)

which can be solved by the variation ef con-
stant method, and gives the following solu-
tion taking into account of the initial con-

ditions above mentioned,

V-=RVs/(R+r)—[Rs/ (R, +R,) + R/
(R+1r)}Vsexpl —(R+1)t/TRC}. (4)

The period T is obtained by T=2t which sat-
isfies Vo(t)=R,V/(R,+R;) where V, turns

out to be —Vs from V.. Here let us assume
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the presence of bias fluctuation in V- prob-
ably due to the charge fluctuation in the
condenser C to derive the fluctuation of the
period. This assumption i1s done phenomeno-
logically to obtain the period fluctuation,
however it is considered to be not so un-
reasonable as discussed later. For simplic-
ity we assume moreover that the noise bias
due to the fluctuation takes two values + 4V
and — 4 V. The ahsolute value of AV can be
considered to nearly amount to the standard
deviation of the noise. Thus the equation

deciding T 1s expressed as,

RV, R, R .

} N %
R+r {R1+R2 R+r
R+r T B
- L T L |
aplmn 50 Bang

(5)

At first we consider the case of AV =0.

From eq. (b) we obtain,

T=2rRC/(R+)1n{(2RR;+RR,
+R2T>/(RR17RQI')}- ‘6)

RR; — R,r should be positive, which gives
the critical value of R, Re as R>Rc=Rr/
R;. R is estimated to be 3.90k{} which cor-
responds to the experimental value 3.94k() .
Since we observe the region of §# such as
A<107 <1 in the experiment, eq. (6) is ap-

proximated as,

L T=2rR.C/(r +R)In2(1 +R»/'R,)
—2rR.C/(r+Ro)Ing,
=0.80-0.57InA(msec), {7)

which reproduces the experimental result eq.
(1) although incomplete, and explains the log-
arithmic divergence of T. When we take into
account of AV we obtain two periods T- from
eq. [5) as follows;

__2rRC
T
T rkER
Inf 2RR,+RR, +R,r |
"RR, ~Rur+=(R+r)(Ry,+ R, AV/V,
(&)
which is approximated for <1 as,
m oo 2FREC
TpaEs———i¥
r-+ Rg
Int 2L+ Byl ) i
BE(I+1/RO+R/RDAV/ Ve
(9)

The standard deviation of o7 1s estimated to

be nearly equal to |T-—T-|, thus we obtain,

- __ 2rR:C
or=|T, Tf\—————-ﬁfr_i_ R, X

B+ +r/R)(A+R /Ry AV/Vs )
A—(1+r/R)(A+R¥/RIAVAVs

In{

(109

Although we can not estimate 4V beforehand
it should not be so large. Thus we assume
here 4 V/V,<€ . Under this condition eq.
(I0) 1s approximated as follows;

i R
g 4 + £ =1
(1 R, (1 R PR

i

_4rR.C AV
— Tk Rc Vs

{1

Clearly eq. [l reproduces the experimental
result oo 710 We can estimate 4V to be
0.5mV using eq. (I and the result of Fig.3.
The relation AV/V,< A assumed before is
satisfied since V,=15V.

3. Concluding Remaks and Discussions

As mentioned in section 2 we succeeded In
inducing oscillatory-nonoscillatory transition
in multivibrator by adding variable resistor.

The anomaly is observed in the oscallation
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period near the instability point. The period
shows logarithmic divergence, and its fluctua-
tion 1s expressed by critical index of —1
for appropriate controll parameter. These
data are analyzed in a phenomenological man-
ner by the circuit equation assuming the bi-
as fluctuation in the condenser. Two-valued
noise is assumed there for the simplicity of
the analysis. This assumption is not real-
istic, however the extension te usual noise
process such as white noise is easy and the
obtained result is similar. The problem left
is the unknown parameter 4 V. From what
does 4V come out? If the origin is ther-
mal, following relation should hold,

(1/2)CAV Y =kTx. (12)

Te 1s the temperature of the condenser, and
k is Boltzman constant. For T:=300K 4V
is estimated to he 14V which does not co-
incide with the experimental value 0.5mV.
Thus thermal noise of the condenser is not
the origin. One of the possibilities is ihat
input current [.n to the operational ampli-
fier causes the noise. If so A4 V=1L, Zi,
here Zi, is input impedance of the operation-
al amplifier. Since Zin=1MQ [;, 1s esti-
mated to be 0.5nA. This is a probahle val-
ue, however it is not clear whether I, can
induce the bias fluctuation in the condenser.
Lastly we mention that the results obtained
in this experiment are utilized in seeking
wrong parts when the period of multivibra-
tor shows anomalous elongation from the

usual period.
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