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ABSTRACT

The theory of "negative resistance" and steady state oscillation
for a singly resonant LRC circéit.is'revipﬁed. The average negative
resistance R,, is defined and conditions for steady state oscillation are
established in terms of averaggaffectﬂé parallel impedance, using a
plot of average negative resistanée ir:e';;Sus amplitude for the negative
resistance device. The extension of ihe theory to a doubly resonant
LRC circuit is discussed and an attempt is made to compare the theory
with data, using the tunnel diode as the negative resistance device.
Qualitative agreement is satisfactory, but quantitative agreement is
poor due to a lack of accurate determination of the tunnel diode char-
acteristics and circuit reactance changes which are not accounted

for in the theory.
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INVESTIGATION OF A TWO-DIMENSIONAL

NEGATIVE RESISTANCE OSCILLATOR



INTRODUCTION

While studies of coupled non-linear oscillators go back to the
-early twenties, it is believed that a reexamination of some general
properties of such norblinear oscillatory systgms w;gulci be fruitful.
Most o‘.séillatgory phenomena in nature involve the non-linear behavior
of one or more elements of the symem;invo%ved.. These elements
may be distributed through the volume of the system as in a plasma
or they may be lumpad as in an electrical circuit, where each element
is a localized component of th_}e circuit. Deviations from linearity may
be classified as large or sm@ii.:anﬁp}itiude‘ eifects. Relaxation oscilla-
tions are typical of large amplitude ;nonl-ifi'near behavior of a system.
Small amplitude sinusoidal oséillationa on the other hand still require
non-linear efiécts in their cle‘s’criptibﬁ, although they can be treated by
almost-linear (”'quasi-line.ar") méethodss, such as thosé discussed in
this thesis.

Since all real devices have losses, self-sustained oscillation
can occur only if the system contains a source of'e:nefgy” such as a
battery. The manner in which a bb.tt&ry can supply losses to an oscill-

ating circuit frequently involves the concept of ''negative resistance."



The non-linear behavior of a one dimensional oscillator has been

: 1,2 - ; :
extensively analyzed and is well understood. The behavior of the
non-linear oscillator with several degrees of freedom has also been

2,3 : » , .
discussed but is less well understood than the one-dimensional
case,

Further investigation seems desirable in order to develope
some ''intuition' or 'feeling" as to the physical behavior of multi-
mode oscillation, since this is not always clear in terms of the math-
ematical descriptioh. A considerable interest has arisen recently
with regard to multi-mode oscillations, particularly in the areas
of Iasgré and of plasma physiga4.. This thesis will, however, be
devoted to the simple case of two coupled circuits containing a sin-
gle non-linear element in the form of a tunnel diode, in the hope of

clarifying some of the general properties of raulti-mode oscillation,

1E. V Appleton and Balth: “Ya;n Der Pol, "Oscillation Hy-
steresis in Simple Triode Gehe;’atorr’s, " Phil. Mag. 43, 177 {1922)

2‘“101101&5 Minorsky, Nonlinear Osmiiatwns (D Van Nostrand
Co., Inc., New York, 1962} e

3Balth. Van Der Pol, ""Oscilﬁlation Hysteresis in a Triode Gen-
erator with Two Degrees of Freedom, " Phil. Mag. 43, 700 (1922)

_ 4Confe:ma:me on Phenomena in Ionized Grses, 7th Belgrade
1 965, Proceedings {to be pabhshed), Gradevinska Rnjiga, Belgrade
1966,



SMALL AMPLITUDE NEGATIVE RESISTANCE OSCILLATORS

The equation most often used to describe the motion of an oscill~
ating system has the form

X FPX fhX =0 ()

1

The term in iﬁe .equationt;invalv‘ifxgﬂ is the-"de.mpmg";%érm and de-
scribeé the di;sipative efigct-s; on the system. K D= 0‘, the system
conserves energy and osciliates Wzth arbitrary constant .amplifudé.

If D>0, there‘:'is ‘d‘amp:’mg, the s&ste{m diésipates energy and oscill-
ates with an ampiitude whi'x:fh: decreases with time. If DO the energy
increases and the s%‘stem ;o‘seiliatés‘f}?fiih increasing amplitude.

Since no real physical systems are lossless, such a system can-
not be de.scr’ibed by an equatic;x of Athe type D = 0, since this implies
no damping. On the other hand it cannot be described by an equation
of the type D> 0 or DK 0, since these imply decay to zero or infinite
growth of oscillation respectively. A system' of self-sustained os-
cillation at a definite amplitude requires that the damping of the system
be positive when the oscillations hecome t?g‘large and negative when
the oscillations ibecgme too small. That‘iﬁs, the damping in a system
of self-sustained oscillation must be a function of its 'amplitudg of
oscillation; the enhergy required to overcome losses must be supplied,

for example, by a battery.



In an electrical circuit this type of non-linear behavior may be
obtained by inclliding in the circuit a suitable "negative resistance
device, "' 'such as a tunnel diode. Figure (1) is a plot of the current -
voltage characteristic of a typical tunnel diode, Over a portion of its
I V'chara‘_c‘teris‘ti;c the tunnel diode »xhibits a "negative resistance:'"
i.e. a decrea;se? in voltége causes an increase in current. Also of im-
portance is the f‘a‘c‘vt‘ that this "negative resistance' is confined to only
a limited portion of the characteristic, preventing the current from
increasing without limit for large decreases in voltage. If such a
device is put into a circuit it can feed power into the circuit, the power
originating from the battery used to biasg the diode to the negative re-
sistance region of its characterisitc,

Wea will proceed next to discuss such a negative resistance os
cillator, following Brunettis, and describing the extension of his
method to the case of two degrees of freedom. Suppose that a nega-
tive resistance device such as a tunnel diode i5 connected across the
simple LRC circuit shown in figure (2). (Connections for biasing
the negative resistance device are omitted in this figure.) If a sinu-
soidal voltage is present across A B the circuit is able to make up

for losses because the negative resistance device R, feeds power to

5Cledo Brunetti, "The Clarificaiion of Average Negative Re-
sistance with Extensions of Its Use," Proc. I. R. E., 25, 1595
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it; the instantaneous value of i depends on the instantaneous value of

the sinusoidally changing  voltage. We are thus dealing with a quantity
whose value changes periodically along with the voltage across the
circuit. The I - V relation is non-linear. Since energy conservation
must hold we may expect that the average power supplied by the nega-
tive resistance device must just gquai the cixjcu;"t losses. In the steady
state, the average may be taken over one cycle pf the voltage. The
circuit is then able to sustain oscillation. The average effective nega-
tive re sis,ta‘z;ce“- Rn may be defined by ’r__eqt;ixir;g t?;ai :t_he powe r.fed into
the circuit gverag:ed ovqr one cycle of oscillation be ‘given by:

/= 2/?,,, ) {2)

where V is the maximum value of the oscillation voltég:@., assumed

sinusoidal. * The avarage‘efiﬁectwg. resistance of the device is thus:

zp
A'.If the voltage is given by

U=V S &t (3)

thg power delivered to the circuit averaged over a single cycle of

' %*The assumption of "*mall Amphtude” is somewhat subtl; hidden
in this assungmon which is well verified expemmamallw in many cases,
{ci. Brunet )}, but is obv1ouslv not true for relaxation oscillations.



oscillation is: X

' 4
I /. -2,/*
/7:? CU'%“’ 27/—/ «J oA{ J {4)
v, /.

where T is the period of oscillation and i the current resulting from
v. The characteristic relationship between the current and voltage of

the negative resistance device can be represented by the series:

(= o(,/’fﬁu" + Yt 1-<(‘(/“' +EJF ffu" t7o0 T y {(5)
where £,3 'Y, . . . are constants. Using equation {3) this becomes:
i =LAV sin wt + ﬂV'?‘ sin® ot s v Sin & EH oue
With the use of trigonometric identities the form of this series can
be changed to yield:

i= 1,

Whe?&:ﬁ‘—ﬁl’gf%é\\/%+' . -

+1p sinat + Iz cos 2at + L, sin 34% 4 ceeny ()

Ir

’

3 5 s, 3% v
<Vt IV EeVT BT, L |
()

Lz

H

T
v <§ V"
. — — — — ¢« o o
./3 2 =3
If this expression for t is substituted in the integral for the average

power delivered (o the circuit, 'he only term which remains after

integration is the I, sinotterm; i e.:
T a
% Y
7 (L svat )(Vsimut )
- . « :
| cooft = = LSamat )(Vsamat ) o/t
o

()

¥ 3



The other termsa vanish gince in cach vasge the integration ig over one

complete cycle of the oscillation. Then:

% .
P L] st ofen L
[4

(8)
2
“"/SI"CC ~/€, = —Z-V—l; w-e 401.»& .
p-Y / (9)
” ]:( 41_3/‘/7/‘/‘{.%&‘/7_/.3&%?1/‘*.. .

It can be seen that R, depends only on the maximum ralue of the amp-
litude of oscillation V and on the constants: £, 7, €, 7, . .
Congidering figure (2), we kanow that at junction A

iz -V and also: 1= V « (admittance of circuit).

Ra

Eguating we get:

L G ot~ R-g~L
-7 _&1 C/+/?+J"°L -ﬂur.-i- Py {10)

Since the circuit is operating under steady state conditions, the real
and imaginary parts of either side of squation (10) must be separately

equal. giving the two indepondent equationo:

we = L . 1 _ R
R‘-]-hféz / "/PN - Rl.,.lu’*/-z (11)

L
ff’z{‘UZLz: - R1+Q1Lz=~/?k>~
/? - - L ) {12y
RcC
Thus under steady state conditions the frequency of oscillation

of the circuit ig such as to make its eifective impedance a pure resis-

10
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_ L ,
tance of magnitude —— . Using equations {9) and (12) we have:

(S
L /
Re = #ZYvieEeytv TV

The left side of equation (13) is the effective impedance of the circuit

(13)

and the right side is the effective average negative resistance.
If one plots a graph of -R as a function of amplitude V, it is
possible to predict conditions for oscillation. A typical plot of this
kind is sketched in figure (3).
If R{eg), the equivalent parallel resistance of an LRC circuit,
is such that the line R{eq) = constant intersects the -Rn versus v
curve, steady state oscillation is possible. An increase in R{eq)
will result in oscil lations of larger amplitude while a decrease will
decrease the amplitude. As R(aq) approaches P the amplitude tends
smoothly to zero. A plot of this kind for a particular negative resis-
tance device clearly shows the conditions on R(eq) for self-sustained
oscillation of a particular LRC circuit and predicts the amplitude of
oscillation for any particular value of Rleq). However, from equation
(13) it can be seen that the function need not bs the monotomically in-
creasing type just considered; the shape of the plot of -R o versus Vis
determined by the characteristic I - V curve of the negative resistance
device and the bias point, corresponding to V= 0. We are dealing bere
with 2 small amplitude device which swings over only a portion of the
I - V characteristic. The exact portion over which the oscillation swings

is determined by the bias on the negative resistance device and by R{eg).

11
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Many positions on its I - V characteristic are possible.

Another negative resistance versus amplitude curve is shown
in figure (4). Some of our data show this effect, and other examples
are shown in Brunettis.

The question now arises as to whether values of R{eq) situated
below the -R;l intercept yield two amplitudes for stable oscillation,
since these values of R(eq) yield two values of v/ To investigate this
we note that the average power delivered to the circuit by the negative

resistance device is

and the average power dissipated by the circuit is

VZ
2 Rleq)
The difference between the average power absorbed per cycle by the
circuit and that supplied by the negative resistance device is:
AP- V' _vY

:.Z_-@) -
2 /e (14)

L I
= Z{ ( /A v JGey) ).
When AP is negative, the negative resistance device is supply-
ing more power per cycle than the circuit is dissipating. This results
in an increase of the energy in the LRC circuit, and hence in the ami::«

litude of oscillation. When AP is positive, the negative resistance de-

vice supplies less power per.cycle than the circuit dissipates.

13
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This results ina dgcraase in energy and a corresponding decrease in
amplitude. In order that an oscillation of amplitude V be stable it is
necesgary that AP be pogitive if V increases in amplitude i.e. damp the
amplitude down to V again. It is also necessary that AP be negative if
V decreases in amplitude i.e. push the amplitude up to V again. For
stable Qsciliaﬁon'then. we must have the condition:

d _(AaP)>0 (15)

g

dv
Taking the derivatives this becomss:

d (AP)= D(aP) drR, + 2(AP)

e———y

av 2R, dV 2V

P(ar) 2
-_ V. D) ‘ [
o I == VI(ERG) -

Thus for stable oscillation:

VLB,
&ﬂ‘ﬁ+v(@+ [P/"ﬁ))>0

We already know that for amplitude V to be possible: R, = ~ Req)

thus the condition for stable oscillation with amplitude V becomes:

d(-Ry) > 0 (16)
av

We thus see that values of R(eq} below the -R, intercept represent con-
ditions for stable oscillation, as long as the curve there has a positive
slope.

Consideration of figure (4) shows, then, that if the value of R{eq)
is decreased the oscillations decrease in amplitude but persist, even
for values of R(eq) below the R, intercept. The oscillations continue

to persist until a value of R(eq) is reached which corresponds to the

15



ordinate of the curve at the minimum, where its slope goes negative.
At this time the oscillation vanishes. It is interesting to note that if
now the value of R{eq) is increased slightly, bringing it ‘back above the
minimum of ‘f:he curve again, os-cinat;tm will not be initiated. In order
to initia;tg oscillation the value of R{eq) must be increased to its value
at the -Ry i;z\;;arcept‘ of the aﬁr;ze'. The positive slope region below
the -R, intercept corresponds to a type of metastable condition where
oscillation will persist if R(eq) is brought into this region from above
the intercept, aij:hough escillation will not be initiated here unless they
are started by some external source, such as a starting pulse, noise,
etc. The negative slope region of the curve corresponds to conditions
which are unstable for self-sustained oscillation. It is interesting to
note that if R{eq) is increased from zero the oscillation amplitude dis-
continuously jumpts to an amplitude corresponding to é pesiﬁon on the
positive slope ﬁn?tian of the aufve: and from this point increases con-
tinuously as the value of R(eq") is :i'x;creaseci. More complicated de-
pendance of -R, on V is discussed by Brunetti®.
We next c:cmsiderAthe behavior‘;f a simple negative resistance
oscillator with two deg#ees of freedom, such as the one shown in
figure (5). Since the two main subsystems here are the negative
resistance device and the circuit to which it is connected, itis con-
venient to consider their interaction with each other in terms of the
separate systems. That is, again consider a negative resistance de-

vice connected across an "effective' parallel circuit. Such a system

16
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is represented in figure (6). If one obtains -R, versus amplitude curves
for the negative resistance device, proper consideration of the behav-
ior of our two dimensional oscillator to which it is connected should
predict conditions for oscillation, as well as stability and amplitude.
As was the case for the one dimensional oscillator, in order for the
circuit to oscillate the total effective equivalent parallel impedance of
the coupled circuits must be resistive and greater than the minimum
value of -R {and to be self-starting must exceed the intercept value
of ~R,.;); the frequency must be one for which the susceptance is zero.
The problem differs slightly now, since we are dealing here with two
circuits coupled tagethér whose total effective impedance is a function
of the frequency of oscillation, and the susceptance may vanish at
more than one frequency. {Actually two parallel resonant and one
series resonant, for the circuit shown and for the case when both cir-
cuits are tuned to approximately the same frequency.) The question
arises quite naturally then as to the possibility of multi-mode oscilla-
tion of a system such as this in the event that the equivalent parallel
resistance is high enough at both parallel resonant frequencies simul-
taneously.

It should be possible to arrive at stability conditions for multi
mode oscillation by considerations analogous to these above, except
now for multi-mode oscillation:

v=asin At + bsin{ &t + N ),

18



where a and b are the amplitudes and &) y ‘and &, the frequencies of
the modes. )\ is a phase angle..
It is this expression for v which ié now substituted into equation
i =f(v) = f[ a sin 4% t. +bsin Wyt 4;)«.),)..

But i is also given by:

N 2tw) ,“ z(u.) * Z () 4

where Z (A ) is tha 1mpedanc:e at frequency {), and 2’.( 4/1) that a‘é Wy .

E‘quatmg these two expresszons for i:
f(a. sin w, t. + b sin ( mtt +)\ ) ) = a smw,t +b sm( Lt +A)
> Z(w,) Z (@,).

If A, and W, are not commensurate, we may expand f(v) in 2
""double Fourier Series" inwt; & at .+ A, and as we did in the one
dimensional case, we may require that the coefficients of sin @, ¢,
‘cos 4 t, -sin ( ¥t .+ A )andcos{w,t+\) be identical on both sides of
the equation, giving four indépendent equations in a and b. For cubic
f (v) these 'eq{mtinns are the 'same ones arrived at by Van Der Pol._.3
These lead to four possibilities between a and bt

a > 0, b = 0
a = 0 ., b > 0

a . &

19



The last. a > 0 and b > 0, leads to a contradiction in the equations and
is thus impossible. We conclude therefore, that multi mode oscillation
is not possible for a cubic { {v}

. Stability considerations are also possible, except that one should
consgider effects of the changing pf'each;amplitude; alone, aqd'fix;xd the
changes in power supplied io or absorbed from the ci‘rcuit by er’ These
should lead to equations in a and b and changes in power which will again

be the same as.Van Der Pol's and stability conclusions will be the same.

20



EQUIPMENT AND PROCEDURE

‘}"he negative resistance device used in these cxperiments was a
type 1N2939 tunh‘el diode. The I - V characteristic of the device was
obtained by inserting it in the resistance bridge shown in figure (7).

It can be shown that if the bridge is initially balanced (i: e. balanced
with no tqz;nei diode in the circuit), inserting the diode in the circuit
unbalances the bridge in sucﬁa way that v’ is proportional to the cur-
rent through the diddg;. 'V represents the voltage across the diodeé.

The I~ V characteristic of ih.e: tunnel diode was plotted directly,
using a Model 135 Moseley Autograf X Y recorder. To do this the
bridge was vfirst balanced without the diode in place. After }:alancing,
the dio@é was plac&d across the 104 resistor and the voltage across
the bridge was slowly increased. The 10 resistor shunting the diode
prevented it from swifsahing, thus giving values of I and V in its nega-~
tive resistance region. Iand V were fed directly to the X and ¥ ‘a;xes
of the yaca‘rder respectively. The recorder traced out their values as
the power supply voltage was raised. The diode was then removed and

the characteristic curve of a 4 K- resistor was obtained to callibrate

‘6A1vin M. Goodman, "Tunnel Diode Test Sct, ' The Review
of Scientific Instruments, 31, 288 (1960)

21
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the current scale on the recorder. Figure (1) is the I - V character-
istic obtained for the 1N2939 tunnel diode.

Values of 1 and V were taken directly off of the curve and a 1620
IBM digital computér was used to obtain a least-squares fit to a fifth
degreé polynomial. A seventh degiee polynomial fit was also obtained
for comparison. Then since:

/
—./?’- é<+%f)/\/{+%_‘€v‘(+...

the machine was programmed to calculate -R  for a range of values of

/

V from this equation, first using the fifth degree polynomial fit and then
again for the sevenéh‘. Figure {8) shows two of these curves each re-
presenting a different bias point on the I -V characteristic. On the’
basis of the calculated variance of fit no preference was distinguishable
hetween fifth and seventh order fits for the characteristic. It is sus-
pectefd»;‘that'the fit of a polynomial to the characteristic of the diode is
poor. It is plain, however, that changing the bias on the tunnel diode
quite drastically influences the amplitude of oscillation. The plots
plainly show a decrease in oscillation amplitude as the bias on the diode
is increased. This agrees with what was seen experimentally.

Figure (9) is 2 schematic drawing of the negative resistance
coupled cireuit oscillator used for these experiments. The resonant
frequency of the secondary circuit was varied by tuning the variable
100 pf. capacitor. A regulated power supply was needed, since the

proper operation of the tunnel diode is very sensitive to.slight voltage

23
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fluctuations. Voltage fluctuations of less than . 5 mv were needed for
consistant data. Measurements of voltages across the diode could be
made with a Leeds and Northrup Millivolt Potentiometer.

The tunnel diode was disconnected from the circuit and effective
total impedance measurements of the coupled circuits were obtained,
under conditions of resonance. At resonance the effective impedance
was a pure resistance and measurements could be made without the
complication of phase angles. Figure (10) shows a block diagram of
t;he set-up used for the procedure.

To avoid difficulties due to an unbalanced signal generator, a
differgntiai amplifier phzg-in was used and {A - B) sent to the vertical
piat@s of the scope. VR and V}{ were displayed on the vertical and
;horizontal plates of an nsci:iioscope respectively and -the circuit swept
with a signal generator, until the resulting ellipse degenerated into a
straight line. The values of Vg a;zd Vyx were then read directly off of
the scope screen and RX cdéid then be computed{ since at resonance:

v _ £
V;L__L o /6%’;@

S
In this way the total effective parallel impedance of the coupled circuits

was obtained for a range of values of secondary circuit capacitance. The
resulting measurements are §1nttad in ﬁgureﬁ {14a).

Whereas the total effective impedance of the one dimensional
oscillator is just L, it can be seen that the total effective impedance of

the two dimensional oscillator is a function of ite frequency of oscilla

26
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tion. As might be expected, when the two circuits are tuned to frequen-
cies near to ~ach other, the coupled circuit possesses two resonant
frequencies. Since the circuit can be resonant at two frequencies at
once, a question of interest is the one of possible multi mode oscilla
tion. Of interest also are the conditions under which the circuit will
oscillate in one mode or the other.

To investigate the behavior of the frequency of oscillation of the
system, frequen;:y and amplitude measurements were made as the cap
acitance (and thus the resonant frequency) of the secondary circuit was
varied. The data is in qualitative agreement with the behavior which
would be expected on the basis of the curves in £igpres (8) and (14).
Comparison of these curves show that a decrease in the effective par -
allel resistance of the circuit is accompanied by a corresponding de-
crease in amplitude of oscillation. Figure (14a) shows that at a capac
itor setting (in the primary) of five the frequency of cscillation of the
circuit is such as to make its effective parallel impedance (RX) lie on
the low frequency curve. Figure (14b) is a plot of frequency versus dial
setting for the circuit. It can be seen by comparing figures (8) and (14)
that as the dial setting is increased, R‘X i'aa decreased and both the fre-
quency and amplitude of oscillation should correspondingly decreése.
Figures (11),: (12) and (13) show that Fhi@ was verified experimentally.
If the dial setting is increased furthé‘r, RX is decreased until it be-

comes less than 'Rn or until the circuit ceases to be resonant in fhiﬂ
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range (point B on figure (14a) ), and the frequency jumps to the higher
frequency range with a corresponding increase in amplitude. If the
dial setting is now decreased again (the frequency of oscillation now
being on the high range) the frequency now increases until it reaches A
(or where it is such that Ry < =R ) and jumps to the low frequency band
again with its corresponding increase in amplitude. This characteristic
behavior can be followed in the plots ;)i figures (11), (12) and (13) quite
easily. It is interesting to note that the jurmnps do not occur in the same
place with increasing frequency as they do with decreasing frequency
causing a (frequency and amplitude) "hysterisis" effect. E;igure (14a)
shows that the circuit is doubly respnén& between points A and B, and
singly ykgscn.antelsewhera. No data wé.és obtained showing mglti«mode
ascillatién. .T‘hese results are similar to those of Van D-r Pol. 3

The curves in figure (14a) are shifted to the left relative to those
of figures (%:1), (12) and (13) due to chanpes in circuit capacitance, when
the circuit was disconnected from the tunnel diode forithe measurement
of figure (14a). The resonant frequency of the operating circuit was
near 45 {on the dial set scale) and if the point ofi intersection of these
curves is moved to this position, the frequency jumps predicted are
relatively near where they were observed. It is quite clear from figures
(11), (12) and (13) that these frequency jumps are also'sstrongly effected

by the bias on the diode. The width cf the hysteresis loop increases with bi

bias, as would be expected from the decrease in R_, but a quantitative
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comparison is not possible. It is believed that the lack of ‘accuracy
of the low-current portion of the tunnel diode characteristic is largely
responsible for the lack of detailed comparison between theory and

experiment.’
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CONCLUSIONS

Qualitative agreement of cxperimental results with theory is
satisfa@ary. It was found experimentally that changes in circuit re-
actance occured when conntections were altered in order to measure
the equivalent paralle} resistance. Since this effect is not included in
the theory and because of lack of accurate measurements of diode char-
acteristics quantitative agreement is not good. The changes in circuit
reactance are probably partly due to the tunnel diode and possibly op-
erating at a lower frequency would minimize this effect. Anoth_er al-
ternative would be to use a nonwreac;ive negative resistance device.

It is not obvious how well the polynomial fits the tunnel diode char-
acteristic.’ The least squares estimates of '"goodness of fit" provided
by the computer program did not allow us to distinguish clearly between
polynomials of different orders. Amplitude measurements off of the
MR? versus arnplitude plot are doubtful.

In conclusion, we have found good gualitative agreement with
theory agd increased our understand_ing of negative resistance oscilla-
tors. We believe, however, that the incorporation of some of these
suggestions and/or the direct measurement of R, as suggested by

5

Brunetti” would lead to better detailed agreement.
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