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Optical fibers may be applied in the technique of measuring electric current, particularly as so-called optical
current transducers. They are small in size, cheap, light and safe. Their sensitivity, however, connected with the
Faraday effect, is rather poor, and they are also susceptible to considerable disturbances (deformations of the
fibers). Their sensitivity can be increased by lengthening the path of effect, but this involves also an increase
of noise and greater fluctuations of the measured signal due to changes of internal stresses induced by external
factors. These negative phenomena can be reduced by applying fibers less sensitive to deformations. The author
supposes that photonic crystal fiber with a glass core may display such properties. Orifices in the cladding can to
some extent prevent the propagation of deformations from outside the core, and thus decrease the birefringence of
the fiber induced by elastooptic effects. The paper presents preliminary measurements of typical photonic crystal

fiber exposed to mechanical vibrations.
PACS: 42.70.—a, 42.79.Pw, 33.20.Kf, 42.25.Bs

1. Introduction

Optical fiber current sensors are constructed basing on
a waveguide loop, whose coils coincide with the magnetic
field resulting from the electric current flowing through
the conductor. The magnetic field causes a twisting of
the plane of polarization of the light. This twist reaches
its maximum when the direction of the magnetic field
coincides with the direction of the ray of light. This con-
dition is satisfied in the waveguide loop mentioned above.
What is therefore to be done is to choose the adequate
ray of light and the proper number of coils, in order to
attain the required sensitivity [1-5]. Unfortunately, how-
ever, any increase of the length augments also the noise
due to the birefringence of the fiber induced by inter-
nal stresses as well as those penetrating from outside.
Internal stresses arise in the course of production and
are connected with the contrast of the refraction index
between the core and the cladding, and due to imper-
fections of the technological process [5-8]. The induced
birefringence is responsible for the change of the state
of the polarization of light, causing considerable distur-
bances in the signal of measurements, which means that
it determines the stability of operation of the sensor and
the whole measurement system [8, 9].

Optical fiber current sensors constitute an alternative
of their electric equivalents, viz. optical currents trans-
ducers. These latter ones have been applied reliably for
many years warranting stable parameters. Indications
of these transformers are often utilized in safety devices.
Therefore, the stability of operation of optical sensors of
electric current is extremely important [10-12].

2. Photonic crystal fiber specification
The investigations were carried out by means of com-
mercial photonic crystal fiber (PCF) with a glass core
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(index guiding), characterized by its single-mode oper-
ation at every wavelength, restrained, however by the
attenuation of glass [6]. The photonic waveguide is made
of silica glass — its spectral attenuation in Fig. 1 is pre-
sented. Therefore, the Verdet constant of this material
depends to a large extent on the wavelength (visible re-
gion), the higher is the Verdet constant, so that PCF
permits a free matching of the optimal wavelength [10].
In the visible range of 500 nm and more the attenua-
tion of the fiber does not exceed several score of dB/km
(Fig. 1) and can be applied in sensors.
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Fig. 1. Attenuation of tested PCF fiber.

Figure 2 illustrates schematically the structure of the
waveguide. This is a hexagonal standard structure, the
cladding of which has orifices with a diameter of 3.7 ym
distanced from each other by 8 pum. Six layers contain
126 orifices.

The author alleges that orifices in the cladding may
improve the stability of the state of polarization of the
light. The perforated cladding of waveguide can reduce
the effect of stresses in the external layer of the fiber on
the deformation of the core. Therefore it was attempted
to test the fiber in the state of external disturbances in
the form of mechanical vibrations. The effect of vibra-
tions and deformations of the fiber is the main problem
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of optical fiber waveguides applied in optical fiber current
sensors. It results in a considerable increase of noise and
determines the length of the loop in the head of the sen-
sor, and consequently deteriorates greatly the resolution
and accuracy of measurements.

Cross-section of tested PCF fiber.

Fig. 2.

3. Experimental results

This part of the paper deals with investigations con-
cerning the magnetooptic effect of PCF. Special attention
will be paid to the idea of these investigations in the pres-
ence of mechanical vibrations of the fiber. The waveguide
was tested both in a constant and an alternating external
magnetic field. The results of these investigations will be
presented.

For the purpose of realising all the intended investiga-
tions, an adequate test stand had to be constructed per-
mitting state of polarization (SOP) measurements, the
excitation of vibrations and recording the varying signals
[8, 11].

This measuring position is presented schematically in
Fig. 3. The source of the magnetic field was a long air
core coil 80 cm long, in which a magnetic field is obtained
with an induction of up to about 60 mT. The measure-
ments were taken at a wavelength of light amounting to
650 nm. The applied waveguide was 2.3 m long. In
all these investigations the tested fiber had to be freely
arranged in a straight line in order to minimize the de-
formation caused by external factors. The investigated
photonic crystal fiber was equipped with FC/PC con-
nectors, so that at the input a laser could be employed
provided with a waveguide terminal consisting of polar-
ization maintaining fiber.

At the output of the waveguide there is the head of
analyzer of the state of polarization or the set of po-
larizer and photodetector. For tests to be carried out
in the presence of mechanical vibrations on the section
of the tested fiber between the source and the coil the
waveguide has been connected to an electromagnetically
excited plate (the source of mechanical vibration). This
plate vibrates with frequency of about 120 Hz and ampli-
tudes of about 2 mm. Before and just behind the plates
there is a waveguide in two sleeves. Due to such a solu-
tion the investigated waveguide vibrated chaotically.
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Fig. 3. Measurement stand.

Performed observations indicate that none of the
modes of vibration was conspicuously distinctive. The
idea of exciting vibrations has been illustrated in Fig. 4.
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Fig. 4. Electromagnetic vibrator.

The first stage comprised investigations concerning
changes of the azimuth SOP without an external mag-
netic field. The results of this experiment are to be seen
in Fig. 5. The arrows denote the intervals of time, in
which the vibrator was switched on.
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Fig. 5. Azimuth depending on the vibrations.

In the course of the second stage, the magnetooptic
effect was tested, first without and then with vibrations.
Figures 6 and 7 present the results of these experiments.
During the investigations in the presence of vibrations
the electromagnetic vibrator was switched on continu-
ously. The determined Verdet constants amounted, re-
spectively, to:

— in the case of measurements performed without vi-
brations: V = 2.17 rad/(T m),

— concerning measurements performed in the presence
of vibrations: V = 2.23 rad/(T m).
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Fig. 6. Magnetooptical effect in the tested fiber (no
vibration).
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Fig. 7. Magnetooptical effect in the tested fiber (with

vibration).

The obtained values of the Verdet constants approxi-
mate each other. In Fig. 6 and Fig. 7 it is evident that
in the case of measurements with vibrations the values
of uncertainty of the azimuth increased, whereas in the
case of the absence of vibrations these values were con-
tained within the range from 0.059 to 0.085 degrees. In
measurements taken in the presence of vibrations the val-
ues of uncertainty of the azimuth amounted from 0.117
to 0.204 degrees. This is twice as high, but the relative
value of uncertainty does not exceed 0.5%.

""""" no vibration with vibration
[ 1=6,58 A; B=17,4mT - 1=6,58 A; B=17,4 mT
—‘/w;\“ww P T s —WMH'MMWL w""’“'“"‘w.\ L
SP ) [ ) sP’ 1 e
. o\ J 7 BJ\ /\ J
N % % / N N 4
7 |
SC { SC
":"m =11,72A; B=31,1mT e 11=11,82A; B=31,3 mT
e s, e i N by
TN #T 2 A Y
/N‘m/-"/ v Mgy /\'\.,/'” o S|
SP SP
\ AN 7N 7N\ AN
" ,’/ \ SN /Y /N N/
o/ AW/ \ // N/ \ / ‘\‘ /
I NS N N NS NS
SC SC
lllll 1=1592 A; B=42,2mT T {1=15,89 A; B=42,1 mT;
LAY Ry iy o iy L
s N A NS e N AT N
o N it” R, E b | R
A~ ~ ~ A A
. . 7 i 1
\ A [\ \ /
o/ JE ) \ // /
NAVEY, "NAVA
s¢ s\ S v
';“Em i 1=20,10 A; :B=53,3 mT; ;"‘ 1=20,26 A; B=53,7 mT
e - e o,
y ””\\\ A N - /l/""\‘ rn N
s \ ~, s
SP/ e o Mol { P RWs it
AN 7N\ VANEZaN 7
& . \ \
b \ NS o
S S N5 N N N/
SC SC
Fig. 8. Signals as a function of time. SC — current

signal; SP — voltage signal from photodetector provided
at the end fibers. Each diagram concerns other values
of the effective current I and also the average value of
the effective magnetic field induction B.

In the next stage of investigations the tests were per-
formed in an alternating magnetic field. At the output
of the measuring position a polarizer and photodetector
were installed. The azimuth of the polarizer was adjusted
in such a way that at the zero value of magnetic field it
would transmit one half of the beam of light. The sig-
nals of the photodetector and the signal from the current
transducer were passed onto an oscilloscope.

The results of these measurements have been gath-
ered in Fig. 8. The values of the current and the in-
duction of the magnetic field, quoted in each diagram
are root-mean-square values. The author consciously left
the shift of the phase by 180 degrees, resulting from the
direction of the magnetic field and the azimuth of the po-
larizer. The presented curves prove that the vibrations
do not affect the signal recorded on the photodetector.

4. Conclusions

The investigations dealt with in this paper have shown
that photonic crystal fiber with a glass core may be used
in optical fiber current sensors. They display a high
sensitivity and weak susceptibility to mechanical vibra-
tion. The promising mechanical properties justify the
necessity of further investigations (including comparative
ones) concerning these waveguides, particularly the pos-
sibility of applying them in the construction of optical
fiber current sensors. The aim of further investigations
is to verify whether PCF fiber ensures more stable re-
sponds in the waveguides system of the current sensor
than standard fibers consisting of the same material.
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