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Behaviours of Multivibrator near Instability Point 

Yasuo MORIMOTO 

Depαrtme川 01 Physics. M刊i College 01 Orientα l Medicine 

Summary: Logarithmic divergence of oscillation period and power law increase of its 
fluctuation w羡h �ritical 絜dex of -1 8re induced ﾎn multivﾎbrator by destabilizing 
the oscillation through exlernally added variable resistor. They are analyzed under as 
sumption that lhe charge f1uctuates in the condencer which decides thc tirne constant 
of t.he circuit. The standard devialion of the charge fluctuation is estimated from the 
data 
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1. Introdu:::tion of stochastic pro叩sses and of phase transi 

The oscil1a tory-nonosci Ila tory tranSltIOns 

in sine (or coniinuous) wave oscillators 

have been 、.ve ll in ves tî ga同d as fairly suit 

able therne of phase Lransition in systems 

far form equili brum ,.2.J. 4.51 . The tran s山on

is induced by conLroJling the quantities of 

positive feedback in the oscillators. The os 

cillating state is assigned as ordered phase 

and the nonosciJlaiing state as disordered 

phase. 80th states are soparated by cr�ical 

quantity of positive feedback. Many charac 

te口stic phenomena n同 r criiial (or 絜stabilｭ

ity) point have been observed such as crit 

ical fluctuation L). critical slowing down2) 

or irreversible circulation of f1 uctu at>on 3
)

The effect of externaJ noise on oscj]Jation 

threshold has been î nv四tlga凶d i n parametｭ

ric osci1lator41 and the analogy of transト

tion w1th the phase transition in equilib 

rium systems has been disussed u8ing Ginz 

burg-Landau equation 51 . Owﾌng to 叶lese works 

the transition phenomena in tbe sine wave 

oscillators can now be described in terms 

tlOn8 

On the other hand d i ff印刷 t type oscillaｭ

tors are present from above mentioned sine 

wave oscil1aLor. tha.L is. the discontinuous 

wave oscil!ators sucb as multivibrator. blockｭ

ing oscilla.tor or saw-tooth oscil1ator. Dif 

ferent from the sine wave oscillators the 

oscillation conLinues through repetition of 

“ on and “ off" of the active elements such 

as transitors in the circuit of these oscil 

lators. The dynarnics are essentially describ 

ed by van der Pol equation with large gain 

limit in the discontinuous wave oscillator , 

w h�e they are descri bed by van. der Pa:I-e-qua 

tion with small gain in the sine wave osc>l

lators6
). Accordingly wo can expect differ 

ent type transition phenomena in such osci]ｭ

lators. '1'he examples have already been repｭ

orted by the author1
, 81 and several problems 

have also 出en discussed. Not the oscilla 

tion amplitude but the QSC川ation period 

plays the important role as pointed out by 

the author. however the analyses are incom 
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。f 1he circuil are expla�ed qual�atively 

below: inilially we 8ssume V_= 0 V and V .. 

;;:: 0 V C point A in I'ig. 2 1 without 1055 of 

generalily. If the gain of opcratiollal amｭ

plifier is infini1y ， も he ou1put vollage V。

saturB1es 10 V. (=source bias vol1agc). At 

this ﾎns1ance ¥1.. is se1 Lo be R2Vs/(Rt+ 

R 2) and V -becomes to ﾎncrease tow8I-d RV./ 

(R+r) wi1h appropriaもe 1ime cons1anl. When 

¥1_ becomes slighlly higher 1han ¥1...= R2V./ 

CR,+ R,l , Vo turn5 out to 出 V ， . The 

same action repeats , and the oscillation conｭ

lﾎnues as represenled in J?ig.2 

M 

plete because lhc fluctuaion of 開riod has 

not 困en discussed quanlitatively. We find 

the example in which the divergence of pe 

riod and of its flu ctua1ion 阻n be analyzed 

theoretically. It is rnodified multivibrator 

circuit and the ﾎns1abiJi1y phenomena will 

be reported in Lhis article. In Lhe nexL secｭ

tion the experimental data and their analyses 

afe mentioned. In the last seclion conclud 

ing rernarks and their technical applicability 

will be discussed 

明示\17jJ三
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Anéト

Iyses 

2.1 Experimental Results 

The mul tivibraもor circuil used in this ex 

perimenl is represented in Fjg.l. Th>5 '5 

usual lype circuil excepももhe added variable 

resistor R which is uLilized to induce the 

instability in mulLivibralor. The dymanics 

Re5ult5 and Their Ex田n men回l2 
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Muliivibrator circuit used 
pen ment 

Operat.ional arηpli fi e r is 741. 'I'he variable 
resistor H is used to in山田 the i nsta bi lty 
in the circuit. The par'ameters are RI = 1 Mfl , 

R2 ~75 Id1 ， 1' - 51k O, and C-O.Iμ 1"， r田 pec­

tively. V_ and Vφare ﾎnverted and nonin¥'ertｭ
ed input bias voltage to 0開rational amplifi 
er , respectively. Vo ﾎs output bias voltage 
The current.s are designated as 1, Ir and I-It 
through r. C and R. respect.ively 

in this ex-Fig.l 

Fig.2 Schematic diagram of the oscillation 
mechanism 

'I'emporal variations of V_ , V... and Vo are 
represented in (a). (b) and (c) , respecllvely_ 



The 凹riod T is obtained by T=2t which sat 

isfies Vー( t)~ R 2 V ，/( RI + R 2) where Vo turns 

ouL to be -Vs from Vs. Here let us assume 

for 

35 

which can be solved by the variation (}f. con 

stant method , and gives the following soluｭ

tion taking into aCCQunt of the in itial ∞n­

ditions above mentîo ned , 

V- ~ RVs/(R+ r) -(R 2/(RけR 2 ) 十 日/

(R + r) }V， ex p{ ー ( R十 r)t/rRC). 141 

131 

121 

¥
¥
 

ヘ

equatlon 

(i -de田ndence of 0 ,. . 

10-2 

cli fferen tial 

V-~R(I -I I)' V ， - V_~ [r ， 

dV 
and 11 ニ C一一一- dL 

dV 
rO一一一+ 0 +一一) V_~ V"

dt 
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β 

From eq. 121 the 

V _ is obta絜ed as , 

10-' 

Fig.4 

equatlOn; 

01 
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2.2 Phenomenological Analyses of the Data 

We define the currents and biases as shown 

in Pig.l As an initial condition we take 

Vo 二 V" V+~R2V.I(RI+R 2 ) 田d V-~ - R 2 V .I 

(R1+R2) (the poinl B in Pig.2). V_ be 

comes to increa田 toward RV, /CR + r ) . Prom 

Kirchihoff's law we obtain the following 

To grasp lhe characterﾎstics of period flucｭ

tuation we measured the standard dev礼t.綷n 

of T , 0 ,. by sampljng 200 data of T at an 

interval o[ lsec. The resu1ts are represented 

Fig.4. As is clear from Fig.4 OT  diｭ

verges according to power 1 aw ， σT rxp-I.O 

near 

We 

1'here �s a crit祥al value of H , Rc (= 3.94 

k n ). Por R < R, lhe oscillation 

The o5c�llation amplit.ude i5 15 V 

duty rat.綷 is 0.5 , and t.hey do not vary oveI 

the range R> Rc. On the other hand t.he 05 

cilla t Îo n 開口od '1' varics with R , and 

Rc ﾎts rJ u ctuation 出co mes remarkable 

define the controll paramet.er ゚  a5 =゚ (Rｭ

R, )/ R. T is plotted againsl (i in Fig.3 

T shows logarithmic divergence expressed as , 

the 
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the presen田 of bias fluctuation in V ~ probｭ

ably due to the charge fluctuation in the 

condenser C to derive the fluctualion of the 

period. '1'his assumption Is done phenomeno 

logically to obta> n the period flu ctuation , 

however it ﾎs cons>dered to be not 80 unｭ

rea.sonable as discussed later. For simplic 

Ity we assume m目的ver that the noise bias 

due to the fluctuation takes tWQ values + L1 v 
and -L1 V. The absolute value of AV can be 

considered to nearly amount to the standard 

deviation of the noise. Thus the equation 

deciding T is expressed as , 

ロ Vs R ~ R 
一一..ート一一ームー+~)V民 ×
R+r 'R1+Rz R+r' 

R+r T , R? 
exp( - L_~n ; ~ )土 L1 V~一一二ニム一一V

rRC 2' -_. R, + R 2 

(51 

At first we consider the case of L1 V = 0 

From eq. (51 we o btain , 

T~ 2rRCJCR+ r)ln((2RR2+ R R , 
+ R 2r )/C RR, -R ,r ) ) 161 

RR1 - R 2r should be posi tive , which gives 

the critical value of R , Rc as R>Rc =R2r/ 

Rl. Rc is estimated to be 3.90k.fl which corｭ

r田ponds to the experimental value 3.94kD 

Sin四 we observe the region of fi such as 

;9 <10 • 1 <(1 in the experiment , eq. (6) is apｭ

proximated as , 

T""2rR, CJCr + R , )ln2(1 + R〆R，)

2rR,CJC r + R, ) ln ;9. 
二0 .80 - 0 . 571n;9C msec) (71 

which reproduces the experimental resul L eq 

(1) although incomplete. and explains the logｭ

arithmic divergen田 o f T. When we take into 

account of 11V we obtain two periods 巳 from

eq. (51 as follows; 

TI 2rRC 
主 主主ト一一一一一一-x

r+ 日

2RR ? +HR ， ト R ，r 、
In{ ι a ~ . , .. -, . . } 

RH , -R ， r土 CR+r)CR ，十日 2 ) L1 V/V， . 

侶)

which is approximated for ﾟ<l as , 

'" _ 2rRcC " 
I 十 R ，
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The standard deviation of σT is estirnated LO 

be nearly equal to I T + ー T- I ， thus we obt.ain. 
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Although we can not estimate L1 V beforehand 

it should not be so lar 伊 Thus we a田urne

here L1 V / V, 4;.;9. Under this condition eq 

側 is approx�mated as follows; 

_4rRcC L1V 1" , . r '\1" , . R2 \,., _1 
す- 一一一一一一{ I +一一一)(1 +一一'-)P- '

r+Rc Vs-- Rc.-- Rl 

1111 

Clearly eq. (IV reproduc田 the experi men ta1 

result σT 百 β 1. 0 . We can estirnate L1 V to be 

O.5mV using eq. UU and the result of Fig.3 

The relation L1 V / v. 4;. βassumed before is 

sat�sfied since V戸15V

3. Concluding Remaks and Discussions 

As mentioned in section 2 we su団関ded in 

inducing oscillatory-nonoscillatory transition 

in multivibrator by adding variable resistor 

The anomaly is observed in the osciUation 
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period near the in stabil .iもy pomt. 1'he period 

shows logarithmic divergence , and ﾎt.s fluct.uaｭ

tlon IS expr田sed by critical index of -1 

for appropriate controll paramet.er. 1'h剖e

da ta are analyzed in a phenomenologica1 man 

ner by the circuit equation assuming the bi 

as rluctuat.ion in the condenser. Two-valued 

noise is assumed there for the simplicity of 

the analysis. This assumption is not 同aト

istic. however the exten5ion to usual noise 

pro由5S 5uch as white noise is easy and the 

obt.ained result is similar. The problem 1eft 

is t.he unknown paramet.er L1 V. From what 

does L1 V come out? If the origin is t.her 

mal. fo110wing relation should hold. 

(1/2)C( L1 V)' "" kT, 日目

TR ﾎs the temperat.ure of the condenser. and 

k is Bo l tzman ∞nstan t. For T, "" 300K L1 V 

is estimat.ed to be 1 μV wh ich does not. co 

incide with the e広 perimental value O.5mV 

Thus thermal noise of the condenser is not 

the origin. One of the possibilities is t.゙at 

input current Ln to the operational ampli 

fier causes the noise. If so L1 V 2:� Ln Zin. 

here Z", is input impedan田 o f the operationｭ

al amplifier. Sioce Z ， n 三 1 M n I, n 1S estiｭ

mated to be O. 5nA. This is a probable valｭ

ue. however i も is not clear whether I， n 田n

induce the bias f1uctuation io the condenser 

Lastly we mention that the r田u lts obtained 

in t.his experiment are u ti li日d in seek.ing 

wrong parts when the period of multivibra 

tor shows anomalous elongation from the 

usual period 
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不安定点近傍でのマノレチパイプレーターの挙動

明治錨灸大学 自然科学教室

森本安夫

要旨 マルチバイプレータ において外付けの低t'Lを変化さ せる E とでその仮動を不安定化させ i 発振

周期の対数的発数を誘起させた 周期の揺き'は臨界指数 l の巾乗則で表わされた 結県は回路町時定

数を決めるコンデンサ- 1<屯符の錨ぎが発生しているという仮定を用いて解析され 実験との11 い一致

をみた
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