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The process of irradiation of light energy from optical fiber’s conic top
covered with metal and dielectric layers is studied. As a dielectric layer is used the
meniscus formed during an output of conic top from a solution. Peculiarities
registered peak of radiation allow to explore structural features of solution.
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Sensors, created on optic filter base, due to a number of their features are
very interesting and perspective. Their features are: many-mode spread possibility,
interferential sensitivity, lability to electromagnetic noises, lightness, small sizes,
which enables to make various sensors with high permission.

Covered with metal and dielectric layers the optical fiber conic top, which is
used in microscopy of near-field as a scan sonde, has a lot of interesting physical
features. In due course it becomes clear that various optical sensors can be made on
the basic on these features [1-9].

Here we investigate light ray propagation features through the conic top of
optic fiber covered with thin metal layer, where added dielectric layer is formed
[10-20].

The longitudinal section of such structure is presented in Fig.1. It has two
waveguides, first is the core of optical fiber (internal waveguide), where the light
initially propagated, and the second one is the dielectric layer (external
waveguide). When the metal layer is relatively thin, the inner and outer waveguides
can connect resonantly, and as a result the energy of one of waveguide channel will
transform to the other one. Such transformation will occur, if wave vectors of mode
are very closed.

Propagating by the inner waveguide, the light energy part is reflected, and
the second part transits into the core outer waveguide and get out of the fiber top.
Thus experimentally measured wave energy is the energy irradiated from external
waveguide. Hence it can be assumed that the energy transforms from internal
waveguide mode to outer one at the certain distance from conic top. As mentioned,
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the connection mode wave vectors equality is necessary for resonance
transformation that can occur only at the certain thickness of dielectric layer.
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Fig. 1. Longitudinal section of fiber, covered with metal and dielectric layers.

In practice the resonance transformation can be revealed by changing
dielectric layer thickness. Such layer can be got in the process of fiber top get out
the liquid. Then a meniscus (a layer of transparent liquid) which changes its form
simultaneously to fiber top movement is formed because of its surface tension. As
if the waveguide vector of outer mode depends on dielectric layer thickness and
hence from meniscus form, the wave vectors are equalized at top certain position
relatively to liquid surface. At this time energy pumping from one mode to the
other one and sharp increase of light power is observed. The purpose of experiment
is to measure and register this energy.

Experimental scheme is presented in Fig. 2.
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Fig. 2. Experimental scheme.
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Radiation of semiconductor laser with power 30 Mw and wavelength
690 nm is introduced into optic fiber with diameter 100 z Fiber conic top angle is
20, it’s covered with gold layer (thickness 50 nm) [4]. A solution of dimethylsul-
phoxide (DMSOQ) and water with different volume proportions is used as a liquid.
Fiber top by means of piezoelement is transformed in cell with step of 0,15 wmol.
During each step the radiation power from fiber top is register 10* times and
averaged.

Here we investigate a cone as a sequence of cylinders with decreasing
radiuses that is the transformation to the conic structure is realized adiabatically,
which is used only at cone small corners [21].
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Fig. 3. Peak power dependence on solution compound.

For cylindrical waveguide the wave vector has the form [3]

2
ﬂ;/nz‘;’_z_;/, (1)

where n is the medium refraction coefficient, @ is the wave frequency, c is the
light rate, y is the coefficient of connection between two waveguides. From theory
of connected modes is known that y is inversely proportional to parameters of

wave localization region (area). Hence the wave vectors for outer and inner wave
will be:

where n; and n, are the refraction indexes of optic fiber and liquid correspondingly
(see Fig. 1), a; and a. are the parameters of outer and inner waveguides
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correspondingly, ¢; and ¢, are the constants, determined from theory (c;, ¢, ~1). For
conic structure at %9, << 1 rad the dependence of a; and a, from z coordinate will
be a;= $z, a.= Y.z . From theory of bounded modes [22] it follows that the
effective transformation of wave energy from one mode to the other will occur at
equalization of wave vectors:
¢ c,
nz ne 4 lgiz 1962 * (3)

First condition is accomplished at selection of corresponding liquid. DMSO
solution with water is used in our experiment, which refraction coefficient changes
from 1,36 till 1,42, depending on DMSO quantity increase in water. Experiment is
carried out separately for each solution, only fiber refraction coefficient (n=1,46)
and temperature (in this case the room one) remain unchangeable.

The second condition can be accomplished by changing angle . &,
decreases when fiber top logs out the liquid. Hence, the conditions (3) are
accomplished at movement of fiber top relatively to liquid surface. A strong
increase of outer power is observed at the moment of (3) accomplishment (Fig. 3).

Dependence of peak power on liquid volume ratio in solution
x=—-->3M0 i shown in Fig.3. Coefficient of solution refraction is calculated
Vomso + V0

by following formula:
1y = Xnpyso + (=) - “
Hence, a strong increase of peak power is revealed due to DMSO quality
increase in water. It’s explained: the structural changes occur at room temperature

and DMSO certain concentration in solution. Method, suggested here, can be used
for study of the structural features of solutions.
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E. Q. Qunpgut

Lniényph Junniguspuyhtt wnwbdbwhwwnlnipnibubpp ntuntdbwuhpbinu
hwdwp oyyuinphihwljut dwbipupkjuyht uktiunp

Munidtwuppynud £ dbnwunujut b ghEjupuut okpntpnd gundws
oyunhljuljut dwtpwpkh §nttwdl ququphg ntuwght Eukpghwih fwnwquypdut
wnpngbkup: Npybku nhkEjupuljub okpn swnwymd k §ntiwdlh ququph 1nidniyphg
nnipu qunt  phpwugpnmd  gnjugws  dbuhulp: Gpubgdus gwunwuquypdwub
wnwbdtwhwwnlnipmmitipp  pny; i wwjhu  nundbwuhpl]  nwdnyph
Junnigduspuyhtt wmnwdtwhwwnlnipnittbpn:

J.T. I'eBoprsiH.

OnToxuMHYeCKH BOJTOKOHHBIH CEHCOP JIA UCCIECA0BAHUS CTPYKTYPHBIX
0co0eHHOCTEH pacTBOpa

N3yuaeTcst npoLecc U3Jyu4eHus: CBETOBOM SHEPIUU U3 MOKPBITOM METAIIIMYECKUM U
JTUDJIIEKTPUIECKAM CJIOSMH KOHHYECKOW BEpIIMHBI ONTHYECKOTrO0 BOJIOKHA. B KkadecTBe
JTUDJIEKTPUIECKOTO CJOS BBICTYHAaeT MEHHCK, OOpa3oBaHHBIH B TMpoIecce BBIXOJA
KOHHYECKOW BepIIUHBI U3 pacTBopa. OCOOCHHOCTH 3aperuCTPUPOBAHHOIO MTHKA HU3JTYUCHHUS
MO3BOJISIOT CYIUTh O CTPYKTYPHBIX 0COOCHHOCTSIX pacTBOpA.



