sser

© 2017 IJSRSET | Volume 3 | Issue 8 | Print ISSN: 2395-1990 | Online ISSN : 2394-4099

Themed Section : Engineering and Technology

doi : https://doi.org/10.32628/1JSRSET1173828

Studies on the Nonlinear Dynamics of Two Coupled

Microwave Oscillators

Manaj Dandapathak
Department of Physics, Ramkrishna Mahato Government Engineering College,Purulia, Agharpur, Purulia,

West Bengal, India email: phymanoj@yahoo.co.in

ABSTRACT

The nonlinear dynamics of two bilaterally coupled Gunn oscillators (BCGO) has been tried to explain

theoretically by considering the cubic type nonlinear model of Gunn oscillator. To explain the dynamics,

Melnikov’s technique is used. From analytical point of view it is possible to predict the values of coupling

factors and set of parameters zone for which the system dynamics may be chaotic. Effect of coupling factors on

the two systems have also been calculated numerically and it is observed that numerical results are nearly

similar with analytical prediction.

Keyword : Ultrasonic velocity, Binary mixtures, FLT and Intermolecular interaction.

I. INTRODUCTION

Microwave and millimeter wave oscillators are
essential components in all microwave and millimeter
wave transceiver for wireless LAN, radar system etc.
Single solid state oscillator has limited output power in
the microwave and millimeter region [1]. It has some
problems also like spectral broadening, frequency
drifting etc. To overcome these problems there are
many ways and one of that has been considered by
the

synchronized oscillators [2-5] by unilateral or bilateral

many authors is combining of numerous
coupling. Bilateral coupling is more effective than
unilateral coupling to overcome the problems [4]. In
bilateral coupling, fraction of output of one oscillator is
injected to another and vice versa. Now depending on
the coupling parameters the system dynamics may be
stable or chaotic. The experimental results of two
bilaterally coupled Gunn oscillators already have been
reported in literature [4]. Due to its high nonlinear

character the detailed analytical study is very difficult.
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In this paper we have tried to analyze the behavior of
BCGO by Melnikov’s technique [6-9]. By studying the
Melnikov’s function the values of parameters can be
predicted in which the oscillator system become
chaotic. This analytical study is helpful to find the
stable or synchronized mode of oscillation and also to
find the regions of chaotic oscillation, which can be
used to generate chaotic signals.

The whole study is divided into the following sections.
In section-II system equation equations have been
formulated. In section III and section-IV analytical and
numerical results are discussed and finally in section-V,

some conclusions are made.

II. DESCRIPTION OF THE SYSTEM AND
FORMULATION OF SYSTEM EQUATIONS

Microwave Gunn oscillator is designed by mounting a
Gunn diode inside a cavity with proper dc biasing so
that the diode is in negative resistance region. We

consider the equivalent circuit representation of two
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coupled Gunn oscillator systems as shown in figure 1. ) . R. . .
P Y Ch capacitance (Ci) and resistance 'i. Total resistance is

Here Gunn diode is replaced by the series combination . .
P Y the combination of load resistance and lumped

of two nonlinear voltage sources of cubic type .
resistance.

nonlinearity as written in equation (1), (2) and the

cavity is replaced by lumped inductance (L) and

V, ==Bi— i’ 1)

Figure 1. Equivalent circuit of BCGO.

Using the Kirchoff’s mesh law and equation (1) and (2) the normalized system equations can be written as

d’q, s, 00 (de) | (dg, dg
—1L=a0,-bo’ +c,—=-d,| = | +k,| —2-—" 3
dt? 10 =00 +6 at U gt 2 7t dt 3)
d’q, dg, . (dg,) ., (dg, _dg
=2,0, —0,q5 +¢, —2—d,| == | +kp| —--—= 4
dt? 202 =00, +C, a2 dt 2| 4t dt 4)
Where 5 — a,C, —1b, =a,C,, c :M d :M and the normalized time is ot
1 1 L | i 1 a)rl LI ’ 1 LI
w®, = 1 represent the resonant frequency. Here K;,and K,, are the coupling factors in between two

LG
oscillators. Now solving the two equations (3) and (4) analytically by Melnikov methods the dynamics of

coupled oscillator can be studied.
III. ANALYTICAL PREDICTION USING MELNIKOV’S METHOD

The dynamical properties of the BCGO can be studied by solving the system equations (3) and (4). However, to
get a closed form solution of these coupled differential equations is difficult, if not impossible, in general. In this
respect one can employ well known Melnikov technique of nonlinear dynamics as a possible analytical tool [6].
This method is applicable in studying a perturbed dynamical system [6-9]. Obviously, by evaluating the
Melnikov function for the system, one can predict about the stability of the system. This function would have
negative, zero or positive values for different sets of system parameters. If the function is of zero value or

changes its sign, the dynamics of the system could be predicted to be chaotic in nature.
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To derive Melnikov function, first it is necessary to find total Hamiltonian of the system. We rewrite the

system equations (3) and (4) as a set of four first order differential equations as in (5).

G=p (5a)
pl =a,0, — b1ql3 +C P, — dl pl3 + kZl( P, — pl) (5b)
Q2 =P, (5¢)

pz =a,(Q, _bzqg +C, P, _dz pg + klz(pl - pz) (5d)

Now, examining the set of equations (5a) to (5d), one can write the total Hamiltonian of the system in terms of

canonical parameters P,,0;, P, and (], as follows,

H :Fl(ql’p1)+F2(Q2’pz)iH'(qllcﬁvpppz) (6)
Where
1 1 1
Fi(@, p) =2 P — S a0+ by (7)
1 1 1
Fz (Q21 pz) = E p; _Eazqzz +Zb2q; (8)
and
H'(a,.G,, Py, P,) = —C,P,0, +d, pya —C, p,0, +d, P30, — Ky, (P, — PG — Ky (P, — P,)0, 9)

Here F(q,,p,) and F,(q,,p,) represent the two unperturbed Hamiltonian individually and
H’'(q,.q9,, p,, p,) represents perturbed term due to which the system dynamics may be chaotic.
Now for simplicity to calculate Melnikov’s function we consider for F, (q,, p,) we have a periodic oscillation

and for system F, (q,, p,) we have homoclinic orbit by equating it to zero. We can write the equations of

q, = /% sech(t\/g) (10a)

p, = — /bialsech(t\/a)tanh(t\/aT) (10b)
1
Also the periodic solution for F,(q,, p,)may be written as
d, = A Sin(a)ozt) (113)
P, = @y, A COS(a)ozt) (11b)

homoclinic orbits as

1/2

Where A _ 4% and w? :a_2 l+% _1| are the free running amplitude and frequency of
3dw? %2 d,a;

oscillation.

Now for this type of coupled system the Melnikov’s function is defined as

')

M (t,) = [{F, H'jdt (12)

—o0
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Where (FL H" = OF, oH’ ok oH’ (13)
v oq, op, op, oq,

Using the equations (10), (11), (12), (13) the Melnikov’s function for the system may be written as

3/2 712 3/2 3/2 3/2
M(t,) _8a’c, 483 2d1 _ 4kg,a; N k21A07r\Ea1 seﬁzh(;m)02 /2/a) sin(yt,) +§ kpa'®  4k,a
3 b 35 b b, b, 3 b 3 b (14)
7Ky (Aal + a)ozz)cosech(ﬁa)02 1 4Ja) sech(way, | 4a)sin(wyt,) T V2mA 0 . :32/2 sech(zay, / 2+/a)sin(wy,t,)

1 171
The dynamics of the system can be predicted by the analysis of the Melnikov function. In figure 2 and 3 the

variation of Melnikov function with coupling factor and with the frequency of the second oscillator are shown.
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Figure.2 Variation of Melnikov function with coupling parameter ~ Figure.3 Variation of Melnikov function
with frequency

For a, =0.73,b, =0.52,c, =0.2,d, =0.51,k,, =.15

From the plot of Melnikov function we see that the function becomes zero for some value of K, (near about

0.24). The function has zero value also in some range of frequency of the second oscillator. Now zero value of

the function represents the unstable or chaotic oscillation of the system. So by studying the variation of

Melnikov’s function with different parameters, the dynamics of the system can be explained.

IV. NUMERICAL SIMULATION RESULTS:
The system equations (3) and (4) are solved numerically by Runge-Kutta algorithm for some values of different

parameters. Phase plane plot and Fourier spectrum is shown in the following figures.

Aniplhe

Figure.4 Phase plane plot and corresponding Fourier spectrum of first oscillator for
a, =0.73,b, =0.52,¢c, =0.2,d, =0.51,k,, =.1,k,, =.25
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Figure.5 Phase plane plot and corresponding Fourier spectrum of second oscillator for
a, =0.73,b, =0.52,¢c, =0.2,d, = 0.51,k,, =.1,k,, =.25
From these results we see that first oscillator is in chaotic state but second oscillator is in stable state. Now
depending on the coupling factors two oscillators at a time may be in stable mode or in chaotic mode or one
may be in stable mode or another in chaotic mode and vice versa. In numerical results only one set of results
are shown. From analytical and numerical results it is observed that for the set of values of parameters at which
chaotic oscillation is observed, Melnikov’s function shows a zero value. So, analytical predictions are close

agreed with numerical results.

V. CONCLUDING REMARKS

In this paper theoretical numerical studies on the
behavior of two coupled Gunn oscillators have been
done by calculating the Melnikov’s function. By
evaluating the function it is possible to predict the
parameter zone and values of coupling factors for
which the chaotic oscillation is observed. So the
stability and behavior of two oscillators can be
explained by observing the value of the function.
This study may be helpful to remove unwanted chaos
in many coupling systems or may be helpful to
produce chaotic signals by two coupled oscillators

with proper choice of coupling factors.
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