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Oscillating Mechanisms in Oscillators Connected with

Nonlinear Element and Sensing Coil

Yosihikatsu FUKAYA

The relaxation oscillations, which would always occur in the oscillators using nonlinear
elements such as ESAKI-diode (E.D) and U.J.T, is basically important in studying the oscillating
mechanisms so that there have been many research reports in this field in this past.

However, in those research papers, the researchers have rather intended to escape that
they have utilized inductors as an element in the relaxation oscillators if possible, because the
oscillators that have inductors as the elements of the oscillator’s circuits have great tendency to
increase the distortion of the output waveforms and/or to decrease the degree of the stabilities
in oscillation.

In this paper, we will rather intend to challenge to study the relaxation oscillator having
sensor coils, that are a kind of inductors, as nonlinear elements, because we have purposes of
detecting the positions and displacements of bodies at the proximity of the sensing coil.

As a result, in the paper, we will report that the outputs in those oscillator’s output waves
would take the forms of P.W.M (in the case of E.D circuits) or P.N.M (in the case of U.J.T

circuits) according to the distance between the sensor and the bodies at the proximity.

(1) Introduction

In the modern industries or robot manufacturing, it

is extremely very important that the engineers study
and research how to detect displacements, positions
and shifting distances of some bodies, for knowing
the defects of the used materials and thier qualities
with the procedure without contact with those bodies.
We believe that,it is a new kind of detecting method
that is that, when we do deposite the object of
materials in the magnetic field produced, by the
sensing coil and excited with high frequency exciting
current, first the sensing coil in itself would detect the
variation of the state of magnetic field, and then the
mode of the state of electric circuit would tansformed
into other mode, and the signal output necessary for
detecting it would be produced.
Just recently, the above mentioned technics are utili-
zed in the industrial fields such as the high frequency
oscillating type-proximity switch and the un-
destructive measuring method of material, using
eddy-current inductive procedure, etc. These have
been useful in the industrial and manufactural proces-
sing.

This article has reported the matters that are

concerned about the sensor network, which is a kind
of relaxation oscillator, connecting with a near-de-
posited sensing coil and a nonlinear circuit element.
We have constructed two kinds of relaxation oscil-
lators, the one has used the voltage controlled
element of E - D as the nonlinear element, and the
other has used the current controlled element of U -
J - T, respectively.

In each one of those cases, their motion mecha-
nisms, which would be produced according to de-
crease the distance between the object (flat-plate
type) and the sensing coil (as honeycomb coil),
transform from the steady state into the oscillating
state, both of which are very different from each
other.

In the case of the relaxation oscillation with E « D,
the oscillating state will beccome into the state of
controlled or disturbed oscillation that is caused by
the response of the sensor coil. On the other hand, in
the case of the relaxation oscillator with U+ J T,
the oscillating state has the mode of attenuating
oscillation. Those oscillating phenomena have very
contrast with each other, and furthermore it is pos-
sible that we can transform the mutual distance
between the object and the sensing coil to the pulse
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width of output (P « W - M) in the former case and to
the pulse number of output (P - N « M) in the later,
respectively. It is, in other words, that it is possible
that those oscillating systems can generate the di-
gitalized output signal, which is to be the distance or
displacement for proximity body and its shifted posi-
tion transformed into the suitable form of signal
processing.

This article would cover the theoretical back
grounds and their experimental results concerning
the above mentioned materials.

(II) Theortical considerations of noncontact ele-
ctromagnetic type detecting method

We will, at first, consider the propositions men-
tioned above for clarifying and knowing the mecha-
nisms of the detecting behavior of electromagnetic
and proximity sensor in noncontact manner. The
assumptions are such that, 1) the detecting bodies
have to be placed within a magnetic space and 2)
their physical natures and the physical constants (x,
e, € and t etc.), which are those of the matterials
placed between the near-deposited body and the sens-
ing coil should, be kept in the time invariant or
unchanged states.

And now, let us denote ‘d’ variable to mean the
relative distance between the near-deposited body
and the sencing coil in the form of face by face, and
let the range within which we can use it in the d-
expression be the region, in which the sensor has the
detecting ability as a sensing coil, and the distance is
the one that would be measured from the face of
honeycomb type coil, using the sensor. Furthermore,
we will denote by the symbol ‘d,’ the nearest distance
between the near-deposited body and the sensing coil,
and we partition it into the smaller and discrete
values such as

do, di, dp,eer s de and
Ad, =doe; —da.
Each one of them, Ad;, i=1,2,------ ,n means that in-

finitesimal distance during which the action forced by
the near-deposited body is constant, in other words,
within which the output of the sensors circuit ma-
itains the equal response and we identify it a unit
distance.

If we denote by P the set that contains various
dimensions concerning the near deposited body as the
elements, then it is d=P where d will be a subset of
the set P. Furthermore we will denote g the subset a
set of element E, the total collection of constants of
circuit elements, which will be influenced to be chang-
ed by the near deposited body of the sensor. Then the
d would specify the value of E, it means that in other
words, a function from the set P to the set & can be
definable, that is

f:Poe(dr—— E=f(d)) . -eeeeemeerees a-n

Furthermore, the range, within which the response

by the sensor would be definable, would be specified

by parameters such as the inductance values, the
constructed forms and the kind of wires of the coils,
and resistances and permeabilities of the cores etc.
Those contains such variables as L,,L,,------ L, and
TL1, Lz, - I, of the dissipated resistances. There-
fore, these factors decidly rule various conditions for
setting up the internal characteristics, the charcteri-
zed motion modes, mechanisms of the oscillations and
the output characteristics.

Furthermore it could be considered that the proper-
ties of output pulse-wave that are characterized using
the definable state of the above mentioned factors,
would get to be the W, range. Therefore, the mapping
could be defined, as follows

g:E— Wp(=g(E)
and furthermore using the composited mapping de-
fined above all, it will be obtained that h(d)=g{f(d)},
and then, the mapping in other forms

h=gof:d|— Wy cceoremmmrarrenerneann (1-3)
can be defined.

As a result, we may recognize that there exists a
functional relationship (and furthermore it is a mapp-
ing) with the distance d between the sensing coil and
the near-deposited body and the pulsewaveform of
output.

As a final concluding remark, I would like to say
that there exist high possibilities of including so much
informations in the pulse wave form, and so that it
has high values that the output of the pulse wave
form will be detected and picked up as the electro-
magnetic type of information.

(1) Circuit of voltage controlled nonlinear ele-
ment for transforming pulse-width

(a) Relaxation Oscillator using Esaki diode (E.D)

Using a Esaki diode circuit that has voltage cont-
rolled, N-type v-i characteristics, we have a coil (L)
of the circuit to be utilized as a sensor as shown in
Fig. 1. Here, let us assume that the parameter ex-
plicitly unwritten in the figure could be neglected,
then we would have obtained the equations as fol-
lows,

sensor
vs :rL L H . :

Fig — 1
Basic Circult
di .
Li—l—ri-l—ve:Vs, 11:cciilte
i:il'i"ie, Is:i+i0
iORs:VSy ie:f(Ve)
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Where
Ge= d(fi(“;:) ) %(Ve) = Ge“’e
IsRo :VSY Ve— Vp=V

and we denote the D.C bias voltage by syrhbol Vo and
D.C conductance by symbol Ge, using the equation III
—@® and [MI—@®), we would obtained,
- 1+R, , G -
v+ <T+ ?> v
+%{1+(r+Ro)Ge}V:0

Using the equation III—@®), we will gain the charac-
teristic equation as follows, using the theory of fun-
damental differential equation,

/12—|—P)H—q:0 ............... HI—@
the equilibrium points of the above eq. llI—@ are
_1+R,  Gp
Po=—T7"+T
Go=p {1+ +Ro)Go} | Go=Ge
............... IH_.®

Now, if we characterize the singular point as a
unstabilized saddle point on a phase plane, then the
circuit has become a oscillator of relaxation-type,
and the constraint at the time is to be that

q>0, p<0, p*=4g>0.

That is, in other words,
Go<0, (r+Re)Go>— Go®
and
L
(r+ Ro)Go = & Go? 2 \/%GD

and these inequalities show that there are some
relationships between the parameters in Fig. 2, show-
ing that E.D element has a N-letter type v-i characte-
ristic.

2

Fig
Characteristic of E.D

In the figure, the range of region, being enclosed
around up with the straight line connecting two
points V; and P, and with the inclined line part
between a load line and the V,—I, load line, will be

called a load line range in the sensing circuit.

In this case, it is well known that because of having
the property of unstability, the oscillator is going to
gradually tends to a limit cycle P — J,—» V — J,— P.
The Q of circuit is Q=G v L/C ; and the steady-
relaxation oscillation will be continued on the range
of Q=10. In the output waveform, the time duration
that is needed to jump for P—J, and V-], is
extremely short so that we may neglect it. Then using
piecewise approximated method (refer to Fig. 2) and
the equivalent circuit, we would gain the following
equations,

— L Io"Iv
T=g L]
Lok
T.=g L[]
where we denote the mean-incremental value of E.
D and the dynamically internal conductance by G,

and G, with respect to oP duration and J,V duration,
respectively, and we put that

Ri=r+Re+1/Gi,  Ro=r+Ro+1/G,
I0 gKZ]/R;, Ibgu
2
Then, the period of output wave will become
T=T,+T, = ceeeeeeneenen m—@®

Therfore the peak voltage value Vi of the wave
form is constant, and the values, L, R, and R, specify
the duty ratio and the period of the wave. In the view
of the above facts, it shows that the value L of the
sensor has actually got to influence the action. In this
case, it would be required that the shifted value to be
caused by the response of the near deposited action is
dropped in within the one-cyclevalue of oscillating
period. Its value can be easily specified by the design
procedure of the sensor.

(b) Controlled Oscillation in Nonlinear Conserv-

ative System.

Fist we are going to develop our considerations in
qualitive manner. Now in Fig. 2, the oscillating point
in the phase trajectory will be transmitted into the
valley point V just after it has jumped from point P to
J.. As shown in the figure, I think that the negative
conductance that is exhibited to jump from V to J, (V
— J,), can take various values different from a dis-
tinct P point of V;, since there physically exists a
excess current region in the materials, in the neigh-
bovhood of the V point.

The neighborhood region that the oscillating point
would reach on in the V valley point, is that Ge= +0,

Ve>V>V,, %< 0. On the other hand, inductance L

and the dssipated resistance r may be changed on
according to approaching the near-deposited body to
sensor. Therefore the operating point places in be-
tween Q and V points, because the load line (Fig. 2)
will get to cover the range of parts where hatching
are written. In other words, we have come to have the
equibilium point within the negative conductance.
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Using the equation which contains D.C components in
the eq. [II—@®), we obtain,

© (THRa_ [Ge|N:
i (R L by
+ el 1= +Ro) | Ge | Jv—VsI=0

Where, in the case of that

r+R, _ |G| .
L — C -

the equation will statisfy the conservative property
and
v-+f(v)=0

Here, we can put that v=y, y=—1(v).

Then the sloping angle of the phase trajectory in
each point of the phase plane could be obtained from
the equation ;

dy _ —f(v)
dv™ vy

In this case, the singular points has the coordinate
of

(Vs/ {1—(@+Ro) | Go |}, 0).

Furthermore, we would obtain the equation

%Y2+V(V):K(const.)
using integration, where the initial circuit energy is

Ko= Yot V(vo),
V)= - [fn)dv
the equation III—@®) could be described in the fol-
lowing form by calculation,

V)=t =51 Go |

VS 2
(-G s
N S
LG )
Therefore the value of V(v)max would have become
Vs
V= 1_%| Gol2 n—®@

and this value shows that the point is unstability
saddle point in the mean of Liapunov function. We
will study in details the phenomena that will occur in
the neighborhood of the point. Here the equation

y==+ v 2(K=V({v)

could be obtained and it produces a class of integral
curves. Using the above mentioned procedures, v—
V(v) energy-plane figure of Fig. 3 (4) could be ploted
and v—y plane figure also could be written. In this
case. v is output voltage and therefore comparing
with the Fig. () and (B) of the relaxation oscillating
wave, we can recognize the mutal relationships be-
tween then and have some knowledge about it.

In (B) of Fig. 3, there is a trajectory that the operat-
ing point of steady relaxation oscillation is going to
move from peak value V; to the valley point, and by

Vi)

T (c)

Fig —3
Saddle pojnt,v, and
R —Wave

it, the value V(v) will have been reached at the
maximum value in the neighborhood of value point
(qo, 0) and it is the unstability mountain pass point,
that is saddle point. In this case, all of trajectories
except that only one trajectry toward the singular
point, are far away from the singular point according
to the time being on. Under the above mentioned
conditions, the operating point does move along
through the trajectory of @ (B) in Fig. 3, and it soon
reach the point (qo, 0) and then go to rise toward the
point J; in Fig. 2. In other words, the operating point
will finally reach at the point qo— q,, and it shows the
maximum amplitude, then the amplitude will become
to be (V,—vn). Using a energy condition, the follow-
ing equation can be gained
AVemvel A p LI | OVl
r+R,+R,) = dt 2 2
The operating point is going down to the valley Vv
just after the operating point is going along the tra-
jectory of R-wave, which have gone out of the cross
point q, of R;-wave, because the increasing of the Ge
desipated part G of E.D element is produced by the
rising up of the wave form. Therefore, that the forma-
tion of the controlled oscillation will be repeated later
on and approximating the period of repeating wave,
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we would obtained the equation that

T,=2CR, In (VF—_‘{:JF—VM)

In the process of the wave forming in the oscilla-
tion, the time constant that influences the value of v
along with the changing of | G. |, satisfies the in-
equality as follows

TL(:ﬁ) >

C
TC(ZTG:l—:CRZ>

This controlled oscillation later at the point q,
moves toward the point q, to follow the inequality
that (die/dt)<O0.

In addition, when the sensor-coil responses for a
proximity body, the amplitude would increase up one
oscllating period by one, towards to that the disipated
energy condensed in the L would be decreased. In this
case the moving point is going to jump from V to J,
(Fig. 2) after t, time in Fig. 4, and the next R-wave
will be formed. The following equation would be
obtained as the pulse wave.

Steady Relaxation

v Oscillation
Contliolled
oscillatjo
g Sl
A% A
f
/ —_-
( Vg
6 s
\\ 1 '
\ LA
Yl P
t § ottt —e
Fig—a
Controlled Oscijlating

Wave
B(duty ratio)= 8o+ Baa(l— o)
n : the number of the controlled oscillating
B, : duty factor of the a state oscillation
Where n is specified by the factors such as sensor L,
the physical quantities of near-deposited body and
thier mutual distance etc. foq=0T¢/T:+T,+nT,.
(© Experiments and Consideration of Results.
Using the basic experimental circuit as shown in
Fig. 5, we have investigated and considered about the
properties and characters of the theoretical aspects

inverse Pul se
Pulse Output
Amplifier
, my
-4 Sensof Unit part - ;
g v Rl 1Ke |y o5 sopc
Fig 5 Ro 1 10002
ig — . ED : 1S1761
Experiment CilcCuit C: 200er

100

M.

7 04

60

133
B e 1]

50

5 10 15 d m m

Fig —6

d-9p
mentioned until here. The practical system used in the
experiment could be partitioned into a unit of stabili-
zed source, a sensing unit and a unit of signal process-
ing. In the sencing unit the frequency of steady re-
laxation oscillation is 250 kHz, and we do set up that
L :1.41mH, Q : 65 and the output duty ratio is 8=50
%. The variation of the relaxation frequency forced
with the variation of source voltage would be mea-
sured in relation to the value Vs as shown in Fig. 7.
The characteristic of Af deviation to Vs has some
linear regions. We would set up that the critical value
of the neighborhood in the linear region was V,=0.19
~0.2 (V).

Fig. 7 shows that how many degree the near-de-
posited body would give the influence on the value L.
It would be recognized from Fig. 7 that the value of
the influence is about Af~1.3 9% untill d,=15mm, in
the case of the material quantity is usual Iron,. and in
the range of d,<15mm, controlled oscillation would

af'"

KHz

Fig —7
d(vy) —af

abruptly rise up so that pulse-width modulated trans-
formation would occur. On the other hand, the ma-
terial as Aluminum or Copper are +Afn.~14%
within the range d,>8mm, d;>6.5mm, and the cont-
rolled oscillation would occurr as soon as the valued
would begin to drop below the above mentioned
value. And in that case the value of V. would be
rising up in the manner of step by step (refere to Fig.
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4). After the value of V. would drop down below V,
(that is V,=Vj), the controlled oscillation would be
come into the state of stopping on. However, even in
that state only one pulse of the relaxation ocsillation
would be remained on, so for it, we could utilize it as
a synchronizing pulse of signal processing. The num-
ber of the controlled oscillations would force to
change pulse-width and output £ of pulse-wave. The
relationship of the distanced to 8 of the near-de-
posited body would be shown in Fig. 6.

(IV) Circuit of current-controlled nonlinear ele-
ment for transforming pulse numbers.

(M) Steady Relaxation Oscillation using UJT.

In the basic relaxation oscillator that is a CR-cir-
cuit type and that make use of UJT as a element of
the circuit, we connect it to the sensor coil between

Ej
jw{wIwE

o
t=o

Fig 4 — 1

Basic Circuit

two terminals S and E as shown in Fig. 4—1. In this
circuit, we take out of it the output wave that is in the
form of mixing and combining two types of opera-
tions, the one is CR integrating operation and the
other is LC oscillating one. And then, the form of
electro-magnetic energy changings that the sensor (L)
would be given by the near-deposited body, make the
waveform of LC oscillation influence a part of the
original relaxation oscillation. In that case, we must
strongly mention that we would get the output in the
form of attenuating the amplitude of the oscillating
wave.

Now, we will noticed that the UJT is a non-linear
and negative resistance element having S-letter type
characteristics, and we show it in the form of capable
of comparing with the characteristics in Fig. 4—2. In
this figure, we have to set down the load line within
the region (the part of the sloped line writting) among
two lines, the one is CA line and the other is CB line.
The excitation of positive pulse (the pulse width=W)
will be set up to satisfy the following condition for
maintaing the oscillation during W-period ; that is

(EBi=Vo/R)> Lo, (Bi—=Vy/R) <L, coeeeeeeeens v—@

For the reason of it, the operating point encircles
the orbit of G- H->I1->J—> G- , and then the
output waveform correspondence to the encircling
would be produced. As the orbit of simple and basic
CR relaxation oscillation having no sensor is that of

! Negative Saturation

“regijen A region -
"Lvsa ‘* \\4 ls2>0

Jof~|~ B v
lg2z 0

>
le
i
oAy ket (Alv<% )

I‘.(,B = Ei/R"&Rz

Fig 4 -2
Load line of yyT

G—-H,~>I,—>J, >G> , we could recognize that
the part of triangular HJJ, would be added to the
orbit for L connected. In other words, it could be
considered that the part would be occurred by in-
creasing the electro-magnetic energy of L. It can be
recognized from seeing the i.v. characteristics in
Fig. 4—2. This UJT has abruptly changed to on-state
just after the operating point has reached at V,, since
input E; would be fully condensed. At that time we
can obtain the formula as follows ;

Vp: 7]VBB+VebD ............... IV*“@
Igi=Ig+Ile, e V—03
Ei=V/L)<RKE=Vp/I;)  cooveeeemeneas V—@

where 7 : stand off ratio
Vewp : 0.6~0.7" forword diode voltage

The charge on C will discharge through sensor (L)
and UJT. In this case the time consant is very small,
so that UJT will be biased in the reverse direction for
being L. And again by E,, C would start to be charged,
then the equation

Ve=Ei{1-exp(~ gt}
would be satisfied.

It can be considered that the time duration T,,
which it will be needed untill v. would have reached
at a value V,, is a period of the relaxation oscillation,
and then we obtain,

To=R,C log(Ei/(E\-V,))

=2.8R,C 10gw(1/(1_x,])) ............... V—®
where X=Vygg/E,, frequency f,=1/T, -+ V—®@

(B) Mechanism of Pulse number Transformation
in the attenuating Oscillation.

We have described about the operating mode of
steady state, relaxation oscillation in (), which would
occur when sensor’s coil has been no influenced by the
near-deposited body. For further investigating it in
details, the above mentioned circuit will be ex-
changed into the equivalent circuit as shown in Fig. 4
—3, where it would be assumed that UJT would have
to take a switching motion. As S is off, the formula :
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Ts o1

I
1
i
i
1
|
|

1=R '1‘“9 1Equivalent
' of uJd T
Figd —3
Calucujated Circuit
T >R DT, TL=Ts, ie=0
- E,—v
i|0= IR . e V—@®
1

will be satisfied. And as S is on, at first we will
calculate the following equations

Vc:va RZ:(rL+rS—Rn>

i:ie.|_ic t=0------ q:QH
where —R, is the mean negative resistance of UJT.
Then, we would obtain the circuit equation as fol-
lows, putting here

_dg
P—?t“(lc),
LCR,P?*+ (R, R,C+L)P+R,+R,=0

where we put that

2
a=(cr+),  Qu=CVs

1
2__ 1___ 2 W, =

\/ Wi-Tr T “=UIc

and will get the solutlon of v.. It is as follows,

R.E, (QH_,_ R.E >e—“t

Ve=R, IR, | R.+R,
2 2
{cos yt+(1— 5—‘%2 . I%‘Z)Sin yt}

In the same way as the case of (4), we have to

satisfy the oscillating condition that %<C_{T -

1
R 1
L' <TIc
voltage. Furthermore, in this case we will investigate
the negative half wave of the oscillating wave in
condition of f,<f,, particullary in details. Because of
maximum value of v, has to be specified by the value
Vo.

Now, as the near-deposited body (metal)is going to
approach to the face-plane of sensor’s coil, it will be
resulted that the value of the inductance in L will be
gradually decreasing and that the effective value of
resistance will be increasing. Then it would has great
influences to drop down the Q of coil, so that the
oscillation of v. will be attenuating along the various
envelops (dotted line in the Fig. 4—4 (B)) during the W
period of exciting signal, since the attenuation coeffi-
cient a will exist. The coefficient « has a inverse
proportional relationship of exponential functional to
d. By the reason, the value of @ would be necessarily

in the duration of W period of exciting

" L
Excited wave
Eif-——~""~~"""—=~—-=---" :
i
|1 3 |
Vo, |“v:|'
1
= T To : \
T
-
11 ! . t
0 (A e
Ve

Vil 1
—rn/
/o
v, - _———
1] Ll =t

'/j/m /,4 _ -

g //,/’//ol
/ ////

7z
LT dayd"ya ydy o

w

—Ve

(B)
Fig 4 — 4
Output and Relatijon
of Ve g 4

decided according to specify the value of d, although
the value will be fluctuated with the qualities and the
constructed forms of the near-deposited metals. Using
the condition that CR,>L/R, and the eq. IV—©), we
could obtained that

a= 1
"4
If «<ay, then we obtain that the output pulse
number is Ny =W/T,, where N is a positive integer.
On the other hand, when it is satisfied that a> a,,
since the attenuation of the envelope of negative-
ward oscillating wave in v, will become a great value,
its value will reach at the equibilum voltage V, of
UJT at the time T, during the W period. This eq-
uibilum voltage would be decided by the factors such
as Vg, the constant parameters of elements used, and
Veat, and it will be dropped duration of Vg and V,,
and finally it would be specified within the region of
saturating currents.
As a result, we would obtain the formula as follows

R, E
Rzlu = Vl ...... V—®

L'p+I1)?=C(V,+ V) 2=2R, T +1,)% -+ v—®

Therfore, on the duration of t>t,, the energy for
risng up the waveform would be disipated with in-
creasing the effective resistance. In other words, as
shown in Fig. 4—4(a), the fourth pulse N, in the
output pulse would become the final pulse, and the
pulses Ns~Ny would dissipated in the time duration.

As previously mentioned, the output pulse would be
decided with that is at what time the envelope of e at
ne would identify to the value of V. It means that the
distance d between the near-deposited body and sen-
sor’s coil is correspondence to the value of «. If it is
dmax at d= 0, then it will get only the N, out put
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pulse. Along to that a is decreasing to smaller than
the value of &, the output pulse is going to increase
the pulse numbers one by one and the maximum pulse
number Ny will be obtained at the point the exciting
voltage become W.

(©) Experiments and Considerations

In the experimental circuit used (Fig. 4—5), the

Sensor Coil

O
F Vge

o
TV,
Qutput puluses

T i
L -
W:ims TPIRS3 MR 5002 |R.: 3K®
o I C:10.024F |r:11.20
Experiment Circuit R : 1KQ L 180

sensor (L) was made of honeycomb type coil (dia-
meter is 20mm), and we used the near-deposited body
made of the same type of plane plate. The output of
sensing circuit would be coupled with the next stage
by the photocoupler, since it could be separated from
the signal processing network so that the load effect
could be neglected. As it will be seemed from the eq.
IV—®, the exciting voltage E, would force to change
the output pulse-numbers. (Fig. 4—6). In this research-

N mH
128 gguH
351 .
30 28" €
25
20
15
10
5
0123456782910
A —dmm
'EI — Ei
established point
Fig 4 —6
d and E, — N

Characterjstic

ing paper, we would set u a pulse width is 1lns in Eg
and Es would be set up 6(V), so that group maintaing
oscillation (burst signal) of wave having N,=30 as
the pulse-numbers, would be possible. Furthermore,
considering that the degree of temperature stabiliza-
tion of UJT would be controlled by the temperature
characteristics of V,, Rg, would have to be specified
from the equation that dV,/dT=0. Then we would
obtain that

_ 0.1312rgs
R, = 7Ves
where rgg is resistance between two biases of UJT.
This means that it is the composted value in divid-

ing ratio with positive temperature coefficient since
Veop 1S a negative temperature coefficient. Although
it would be allowed that duration of the value is
about 400~500Q, we would specify it 500Q. Here we
would plott the characteristic of pulse number (N) to
the near-placed distance of sensor (d), which is very
useful from the practical point of view. The value of
L would be specified at the value 180uH since it
would be fairly fitted with the value between 100 H
and 1.5mH. In the case of Fig. 4—4 (B), we would
experiment the characteristics of the attenuating
coefficient to distance (d—a) as a experimental
value. (refer to Fig. 4—7).
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Now,it would be hoped that, there was the relation
of doc N when we desired to used it as a transducer of
the near-deposited body displacement. However, it
would be clear that it had exponential functional
features and in that case it had the advantage of the
same direction of the relationship between the chang-
ing-directions of N and d. Nextly, the oscillating
wave of v, is an attenuating oscillation so that the
envelope curve of V¢ |minis a exponential function of a.
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In such circuit of having the form of operating, that
is to have the UJT sensor’s circuit, the value varia-
tion ratio of effective dissipated resistance is greater
than the variation ratio of inductance of sensor (L)
influenced by the near deposited bedy.

Seeing from the experiment, it can be decided how
many the output pulse numbers change by the degree
of changing dissipated resistance in outer side. On the
other hand, the effect of the inductance can be de-
tected ouly in the final pulse wave, as changing of
pulse-width. Fig. 4—8 shows the characteristics of
envelope that is the relationship between the dis-
sipated resistance by parameter « and V¢|mm, and
using it. It is possible that we recognize the value R,
by knowing the zero cross point of the curve.

(V) Concluding remarks

we have constructed and investigated the relaxa-
tion oscillating circuit, which a nonlinear element is
used with and a sensor’s coil is connected with as a
circuit element, for purposes of detecting the position
and displacement etc. of the near-deposited body. We
could have clarified the material as folilow, by the
investigatings of oscillating mechanisms mentioned
through whole of the paper :

(I : We have recognized that, it is fully possible to
do detection of the transformation of pulse-width by
the method of the relaxation osillating method using
E.D element, and also it is fully possible to detect the
transformation of pulse-number by the method of
using UJT element.

(II : A controlled oscillation is produced at the
valley point of characteristic curve of E.D element,
and in that case, the pulse-width is increasing step by
step successively. The phenomena can be fully des-
cribed by the theory of satisfying a nonlinear conser-
vative system.

(IT : In the valley point of the characteristic curve
of UJT element, the abruptly rising up of pulse can
not be occured at that point, since the point is eq-
uibilium point. The pulse-number until reaching that

point is decided by the time duration from the biginn-
ing to the time at which the envelope line has to reach
the equibilium point.

(IV : In any nonlinear element used on those circuits,
the key point of the operating behaviour is essentially
to be the valley point in the characteristic curve.

(V : In the case of using a electromagnetic sensor
and E.D element in practice, it is the serious problem
that whether the stability of the circuit would be
provided. On the other hand, in the case of using UJT
or PUT, we have confidence to say that the circuit
has full stability for practical using in any real ap-
plicating circuits.
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