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Abstract:

It is the reporting of a novel idea of using coaxial lines with core filled in pure organic liquid
(nitrobenzene) which acts as an optical guiding structure with properly placed thin film line electrodes
subjected to radio frequency field. It is found that the R.l of a organic media may be varied with the
induction of considerably large electric field (~10” volts / metre) in the organic media due to electro
optic Kerr effect. Hence with proper placing of thin film electrodes surrounding the organic media and
the distribution of R.F current within the electrodes the author has generated electric field distribution
of considerable magnitude in the organic media. Earlier works show that the magnetic field generated
due to R.F current through conductor lines may cause sufficiently high electric field whose magnitude
is guided by R.F frequency (~50MHz) and intensity of current. Hence the design part is done to
properly establish a spatially varying electric field of proper magnitude to contribute sufficient amount
of induced Kerr nonlinearity. The guidance property of a small portion of organic coaxial guide has
been checked experimentally and the dispersion and attenuation of such a guide has been calculated
which shows that the type of coaxial guide holds good result in comparison with optical fiber. Once the
coaxial guide has been designed and verified experimentally, the author discusses about how other
optical device like litho grating structure or dispersive crystal may be thought differently with this type
of coaxial waveguide structure.

1. Introduction:

In an earlier work the author has tried to develop high frequency (~50MHz) magnetic field and
consequent induction of electric field of magnitude ~10"volts/meter [1]. In another work it is shown that
this concentrated electric field of sufficient magnitude can be utilized in creating refractive index (RI)
change in transparent organic liquid (nitrobenzene) media due to Kerr nonlinearity [2]. Here it has
been tried to devise a magnetic field of frequency such that the nonlinear R.I change varies in
magnitude comparable to that of R.I variation between core and clad of optical fiber. Besides attention
is given to the design of a coaxial structure such that magnitude of induced electric field distribution
increases from core to clad and R.I decreases from core to clad. The organic liquid nitrobenzene
exhibits a dielectric breakdown voltage and Kerr constant so that nonlinear Kerr effect generated (for
proper R.lI change) needs an electric field (~107v/m) which is much less than dielectric breakdown
voltage.

The theoretical analysis has been stated in support of the physical principle and practical
findings are also reported. The experimental results are found to conform theoretical results with 1.5%
accuracy.

2. Construction of coaxial optical guide :

The co-ax fiber has been fabricated with the operating organic liquid (nitrobenzene) core of
250 m dia fitted with four thin film conductor lines of nearly 1-5 m thickness, along the length of the
cable. The conductor lines are coated with ferrite layer of 5 m deep to strengthen the magnetic field
lines for RF current in the conductors. RF (~50MHz) current has been fed to the four conductor lines
with each line 90° phase apart from the other line. The core of the coaxial guide has been filled with
nitrobenzene which transparent to light and shows absorption in UV region. The details of the Coaxial
cable is shown in figure 1.



2(a). Construction of field dispersive grating:

To develop a field dispersive grating the conductors of the coaxial fiber running along the
length of the Coaxial line, are shorted with a thin film (1 m thickness and coated with ferrite) line
circularly along the co-ax guide clad (250 m dia). The construction of the field dispersive grating is
shown in figure 2.

3. Theoretical Explanation:

The magnetic induction B of a long straight wire (infinite) carrying a current | amps, shall be
seen to be directed along the normal to the plane containing the wire and the observation point [4], so

the lines of magnetic induction are concentric circles around the wire. The magnetic induction B is
given by [4].
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Where, R is the distance of the point from straight wire in meters and , is the relative permeability of
medium where point is placed, , is the permeability of free space in Henry/meter.
If current in the wire is of frequency f then
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Where, |y is the amplitude of current waveform.
The Faraday’s electromagnetic law states that [4],
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Again Faraday'’s integral law for moving circuit may be stated as [4]:
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Where, E is the electric field directed along the wire.



As, B is along contour around the wire.
Equation — (4) takes the form:

Where A is the cross-section area of core of coaxial line.
Putting equation (1) in equation (5), we get:
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Hence, the magnitude of electric field vector E is:
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Again, The conductor is coated with ferrite on its two sides (10 m thickness), hence , may be
replaced by fenite:
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For a particular case, where, R = 250 X 10°m (Core dia), f=50 X lOGHz., teriite = D X 104,

ny=4p” 10 "H/m, 1, = 8A(2A in eachof four conductory A = 0.0009m?, the value of
electric field within core of co-ax line is:
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In our particular case, of co-axial guide filled with nitrobenzene K = 2.44 X 10™ S, =633n.m, the
Kerr effect generated is:
Dn¢=KE2/ .....................(10)

Here it is noted that the electric strength of a narrow (250 m dia) tube of nitrobenzene is
nearly 6 X 10° v/m. Hence, at the estimated maximum electric field strength of 6 X 10’ for coaxial
guide design, the nitrobenzene media do not break down.

From calculation, we find that, this high frequency magnetic field induced electric field

produces a considerable nonlinearity (Dn() (i.e. difference of R.l between core and clad of coax

guide) of the order : 0.008 — 0.02. Nitrobenzene is an organic liquid whose Rl is 1.5524 at 27° C.
Thus, this change in  n* between 0.008 — 0.02 amounts to a variation in numerical aperture (NA) 0.19
—0.25, which is appropriate for corresponding single mode and multimode fibers.

The numerical aperture of a multimode fiber is 0.19 — 0.30 which indicates that the refractive
index difference between core and cladding is in the range 0.008-0.02, hence it is theoretically
possible to fabricate multimode/single mode guide with RF induced ferrite coated transmission line.
The four wire design produces an induced electric field at the central part of the cable at least two
times smaller than the outer part of the cable. In such a case, the difference of Rl between central
part and the outer part of organic liquid (nitrobenzene) is calculated from equation (10) which is 0.008
to 0.02 with the change in current in conductor the amount of R.l shift in organic liquid may be
changed, as desired.



fig-2a
In this type of structure, the resultant electric field at the centre of the Co-axial fiber is
minimum and off centre field is higher. As the system have circular symmetry the distribution of
electric field and RI along profile has been shown in figure 3 & 4.

Hence Kerr nonlinearity is maximum at the edge of the circle so that refractive index of
nitrobenzene is maximum at the centre and reduces along the radius in a Gaussian type profile. The
profile is expected to have circular symmetry.

The basis of using four conductor (TFT) technique is that during bend or squeeze of the cable
the Electric field pattern is unchanged due to symmetry of this structure. The conductors are fed with
current each 90° phase apart from the other i.e. the respective phase of 1, 2, 3, 4 No. conductor as
1 2 3 4 is traversed counter clockwise, are 011), 9012) , 18093) and 27094). This offsets the
extra capacitive effect generated during co-ax fiber bending or squeezing.

From the diffraction and scattering theory, if there is a discontinuity in the refractive index of
magnitude comparable to the wave length of optics [5], then the optical light faces dispersion in
transmission through the discontinuity. The discontinuity in refractive index of nitrobenzene, as shown
in figure-2(a), caused by high frequency electric field induced nonlinearity produces a circular aperture
of offset R.l of thickness 10-20 m and radius 125 m (optical wavelength 633 m) in organic liquid
media.

4. Experimental Setup:

The experimental setup is shown in figure 5. He-Ne laser has been focused by a lens at the
central point of the core of the co-ax cable optical guide of 5m length and the output at the other end
has been passed through a lens. The output is passed through a co-axial cable structured R.I grating
and the dispersive rays of different wavelength has been collimated.
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5. Experimental Results:

The ratio of output intensity of the cable and the Laser input intensity has been calculated
from the experimental results and the attenuation for 5m of fiber is found to be 0.01 dB. The
experiment has been performed with different bends of fiber at most 90° and the attenuation is found
in the range 0.01dB — 0.02 dB. The optical frequency vs. attenuation curve with input intensity as
parameter is shown in figure 6.
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The diffraction grating structure with co-ax cable has been used as a tool for experimentation
and the diffraction angle for different wavelength of laser has been shown in figure 1.

The photodetector used here, detects the light intensity with intensity resolution of 0.1 mv/ps.
6. Conclusion:

In this paper the author has tried to design and devise an organic liquid filled coaxial optical
waveguide for Kerr nonlinearity (R.I change) caused due to high frequency electric field induction in
organic nitrobenzene media. The experimental and theoretical work has been extended to the
development of co-axial guide grating structure, with discontinuity in R.I. The coaxial cable, connertors
and ferrule has been developed in the laboratory and their functionality has been tested. The
experimental work has been performed in Electronics Laboratory, A.P.C Roy Polytechnic, Jadavpur,
Kolkata — 700 032.
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