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A Faraday rotation measurement system with an alternating magnetic field was built to study magneto-
optical properties of transparent materials in wide spectrum range (300–1100 nm) with a resolution
under 1 nm. An experiment setup was work based on double modulating light technique and the signal
was detected by the sensitive balanced polarimetry and it was decoded with precise digital potentiostat.
The device is coupled with a mechanical splitter in order to improve precision of measurements and elim-
inate an electrical artifacts between coils and photodiodes. The apparatus was tested by measuring the
wavelength dependence of Verdet constants and the absorbance coefficient for a well-known material
- BK-7 glass. In this paper magneto-optical properties of TSAG crystal and Y2O3 translucent ceramic were
investigated as a function of temperature in UV–VIS-IR spectrum.

� 2020 Elsevier Ltd. All rights reserved.
1. Introduction

A lot of different types of transparent materials indicate
magneto-optical effects which have important applications in
modern science and technology. The Faraday effect (FE) is one of
the typical magneto-optical (MO) effects and has been widely used
in the applications such as optoelectronics and laser techniques in
optical isolator, optical circulator and Faraday mirror [1–5]. This
effect can be used to determine the value of the magnetic field,
electric current, temperature and others [1–7]. The Faraday effect
is the rotation of the plane of polarization of light due to a present
external magnetic-field. Linear polarization of light is a combina-
tion of left and right circularly polarized light. Both left and right
circularity polarizations interact with different energy sublevels
of atoms caused by Zeeman splitting of excited states. [7]. Both
components experience different velocities, so the left circularly
polarized component experiences a refractive index n�while the
right circularly polarized component experiences a refractive index
n+. As a result, the difference between them is proportional to the
change of the rotation angle of wavelength light:

h ¼ x
2c nþ � n�ð ÞL ; ð1Þ
n� xð Þ ¼ n xð Þ � dn
dx

eH
2mc

: ð2Þ

where n+-n� is directly related to the rotation angle h according to
(1–2), where x is the angular frequency, L is the optical path length
in the MO medium, H is magnetic field and c is the speed of light, m
is the mass of electron, e is the electron charge.

The total change of angle polarization of light h is proportional
to the Verdet constant V, the length of optical path L, the applied
external magnetic field B, and it can be expressed in the following
way:

h ¼ V
Z

Bdl ¼ VBL ð3Þ

h ¼ VBL ¼ pðnþ � n�Þ
k

BL ð4Þ

where V – Verdet constant, B – magnetic field, L– is the length of the
medium traversed, n – refractive index.

The relationship between the Verdet constant, the dispersion of
the refractive index and the exact wavelength dispersion is
described by:

V ¼ � ek
2mc2

dn
dk

ð5Þ

where e – elementary charge, m – mass of the free electron and
c – light speed, and dn/dk is the wavelength dispersion,
k – wavelength.
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The sign of the MO rotation is a function of the direction of the
magnetic field and the Verdet constant. It is independent of the
direct input of light. The Verdet decreases with wavelength and
increases with the dispersion of the refractive index.

The Verdet constant of materials is generally a function of
wavelength k and temperature T and it consists of two different
contributions:

V ¼ VdiaðkÞ þ Vparaðk; TÞ ð6Þ
where Vdia – diamagnetic ions, Vpara – paramagnetic ions,
T – temperature.

The component associated with diamagnetic ions depends only
on the wavelength k, and the one with the paramagnetic ones is
also dependent on the temperature T.

The magneto-optical FOM can by expressed as the Verdet
constant (deg/T*m) divided by absorption coefficient a (m�1):

FOM ¼ V
a

ð7Þ

Glasses, crystals and transparence ceramics doped with param-
agnetic ions have high Verdet constant. Therefore, they may be
used as optical rotators, optical isolators or Faraday mirrors [1,8–
10]. These devices are important components of optical systems,
especially for the high power laser systems. Different types of
materials are used as Faraday rotators, however, they have some
disadvantage. Glasses have low melting point. The growth of large,
high-quality crystals is very difficult. For that reason, the size of a
crystal is not enough. Therefore, transparent ceramics is a good
candidate to be used in high power laser systems. Transparent
yttria has a high temperature of melting (2900 K), high trans-
parence (over 80%), wide band gap (5.6 eV), low energy cut-off
photons (380 cm�1) and high chemical stability [5,8]. All these fea-
tures demonstrate that this transparent ceramics can be consid-
ered one of the most promising candidates for magneto-optical
devices.

To determine a Faraday rotation in transparent materials, a sev-
eral types of optical setups were built and tested. Currently a pre-
cision measurement setup is mainly built based on the alternating
or direct magnetic field generated by solid state magnets or elec-
tromagnets, with a typical strength of the magnetic field over
0.5 T and a laser beam as light source [4–10]. More advanced
and effective measurement method consists of modulating the
laser beam with a variable magnetic field and demodulating the
signal with a lock-in amplifier [6]. Bera has proposed a modifica-
tion of this technique with permanent magnet to obtain displace-
ment sensor [11]. Twu used a phase modulator and a balanced
polarimeter in a photorefractive birefringence measurement setup
[12]. An experiment setup with a wide spectrum range of light was
presented by Coren [13]. Suwa showed the Faraday imaging micro-
scope with a flash lamp and the confocal system coupled with CCD
camera and magnetic field ca. 1 T [14].

In the hereby paper the mechanism for the optical and
magneto-optical measurement in a wide spectral range (300–
1100 nm and 1 nm resolution) and in the temperature function
is shown. The maximization of the accuracy of the polarization
vector was obtained with the best available polarizers, and subse-
quent depolarization effects were minimized with the optical sys-
tem. The system was tested and it was proven that the proposed
framework is able to measure the Verdet constant with the preci-
sion similar to the one obtained with expensive equipment that
uses tunable lasers (e.g. optical parametric oscillator) and very
strong magnetic fields (>0.5 T) [14]. It should be highlighted that
the proposed setup offers the additional advantage of providing
simultaneous measurement of absorption coefficient, obtained at
the same time from the same sample point. With the absorption
coefficient, the optical band gap can be calculated. The spectral
accuracy check (lamp stability and resolution) proved the high sta-
bility of lamp power and its readiness for the measurement with
the spectral resolution 1 nm. The application of measurement tech-
nique that uses variable magnetic field to modulate light is quite
popular as it warrants high measurement sensitivity. In order to
improve the detection sensitivity, a balanced photodetection was
used. The two orthogonal polarized beams were separated by a
Wollaston prism and follow on two sensitive Si- photodetectors
independently. The novelty lies in the application of additional
modulation. It requires the complete light cut-off directly before
the measurement is taken. Thus, enabling the reduction of the
signal form the dark current. In this instrument, DC voltages corre-
lating to the amplitudes of both modulations are obtained with
lock-in amplifier demodulation methods and are digitized and
processed with a computer. The low-cost high-precision optical
elements were used to build this setup.

There can be identified one limitation of our framework. Unfor-
tunately, it is not able to achieve high temperature of a sample as
the lens and the balanced polarimeter that is sensitive to a temper-
ature change are located close to each other. One likely solution
would be to move the sample away from the focusing lens system.
However, it could create some problems with collecting light from
high scattering samples.

We studied the magneto-optical properties of well-known
amorphous sample (BK7 glass), a crystal sample (terbium scan-
dium aluminum garnet, TSAG) and a translucent sinter (Y2O3)
under alternating magnetic field and a wide spectral range of
350–1100 nm. Experiments have been carried out to study the
characteristic of the device and experimental results are reported
in the paper. It has been observed that the results follows other
studies with good accuracy. With the proper optical system devel-
oped here, it is possible to obtain experimental data with accurate
signal to noise ratio in order to study magneto-optical phenomena.
2. Bulk sample characteristics

In present paper three different kinds of transparent materials:
commercial BK7 glass (2.7 cm), polycrystalline Y2O3 (0.1 cm), and
TSAG (1 cm) crystal with crystal axis aligned in the h0 0 1i direction
were used to test optical system. The glass of the atomic composi-
tion 67.5SiO2-12B2O3-9.5Na2O-8.5K2O-2.5BaO has been studied
(Edmund optics). The crystal with Tb3Sc2Al3O12 composition was
obtained by Czochralski method. The BK7 and TSAG have relatively
high Verdet constants and are available commercially. The Y2O3

nanophosphor powder was prepared by adopting a sol–gel
method. The metal precursor was purchased from Sigma Aldrich,
in the form of yttrium (III) nitrate hexahydrate Y(NO3)3�6H2O
(99.8%). Ethylenediaminetetraacetic acid (EDTA) was used as a
chelating agent (Sigma Aldrich). EDTA acid was dissolved in dis-
tilled water (0.1 mol) and continuously stirred until a homogenous
solution was obtained. An ammonia (POCH) was used to dissolve
EDTA in water. During stirring, the EDTA acid was added to the
metal nitrate solution in the ratio 1 mol EDTA acid per 1 mol metal
cations. The pH value of the solution was adjusted to 8 by dropwise
addition of aqueous ammonia solution (POCH). During thermal
treatment of sol in 1000 K by 10 hrs in air, a nanopowder was
formed. The calcined Y2O3 powder was dry-pressed in a zirconium
mold under 20 MPa, followed by cold isostatic pressure at 250 MPa
for 4 min. The green body was sintered at 1750 K for 4 h in a vac-
uum furnace of 10-4 Pa. Finally, the pre-sintered sample was hot
isostating pressure at 1670 K for 3 h under 200 MPa in an argon
atmosphere, followed by air annealing at 1270 K for 10 h in a muf-
fle furnace. The ceramic sample was double-side polished for fur-
ther characterization. Detailed preparation of pure Y2O3 was
specified in the description by Kruk et al. [15].



Fig. 3. The figure shows the comparison of stabilization modes, electric (black
curve), light intensity (blue curve). (For interpretation of the references to color in
this figure legend, the reader is referred to the web version of this article.)
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The chemical compositions of all samples were analyzed by
Scanning Electron Microscope (JEOL6610LV) coupled with energy
dispersive spectrometer (Oxford).

3. Description of the apparatus

The setup for magneto-optical testing that was developed is
formed with the following elements: the xenon (Xe) lamp, the
monochromator, the main measurement unit, the potentiostat
and external units: a digital multimeter and a heating pump with
a copper heat pipe. The experimental system is shown schemati-
cally in Fig. 1 and the main unit is shown in the photography in
Fig. 2.

The arc Xe lamp provides illumination from 200 nm to
1100 nm. The light source works in light intensity stabilization
mode to allow more accurate measurements and to eliminate
some disturbance, such as the fluctuation of the light beam, thus
improving the signal–noise ratio. The time development of light
intensity is shown in Fig. 3. The figure shows the comparison of
stabilization modes, electric (black curve), light intensity (blue
curve) in emitted light from the Xe arc lamp. The Xe lamp is water
cooled.

Monochromator in the Czerny-Turner design, disperses light in
the wide UV–VIS-IR with spectrum resolution under 1 nm. It uses
up to four automatically selectable diffraction gratings. The disper-
sion constant of the monochromator with a 1200 gr/mm grating is
4 nm/mm. Two additional diffraction gratings can be added to
Fig. 1. Setup for measuring the Verdet constant, L- convex lens, F – wheel filters,MS
– electrical spliter, BS- beam spliter, WGP- wire grid polarizer, C- coil, S- sample,
WP– Wollaston prism, PD – Si-photodetector.

Fig. 2. The photo shows the appearance of the measuring system.
extend the quality of the monochromator by increasing the resolu-
tion and widening the spectrum to the infrared area. The casing has
fiber port to conduct external laser light necessary to calibrate the
system. The intensity of light and spatial resolution were tested by
Silvernova StellarNet spectrometer.

The motorized shutter was placed between the monochromator
and the first polarizer. They close and open the shutter after each
change of wavelength. This procedure was used to measure the
dark currents of both photodiodes in the balanced polarimeter.

The motorized filter wheel (ThorLabs) was mounted behind the
shutter due to the possible existence of unwanted reflection or
artefacts of light beam. Three different optical filters are mounted:
up pass 450 nm, 650 nm down pass and 808 up pass changes auto-
matically. The light beam is splitter by the fused silica quartz beam
splitter (Thorlabs type 10:90). The wire grid polarizer on the glass
substrate (ThorLabs) was used as polarizator which works fine
(1:100) in UV spectrum and 1:1000 in the wide range of light from
400 nm to 4 lm. The light beam after passing through the polarizer
has linear polarization angle that equals 45 degree.

The alternating magnetic field is generated by two solenoid
coils working close to Helmholtz system. Resonance circuit was
not used due to the elimination of the charging time of the capac-
itor. The radius and the length of installed coils are 40 mm and
10 mm, respectively. The series resistance of both circuits was
330 mX. The distance between coils was fixed to 2.8 cm allowing
our samples to be put at the center of the coil on top of a support
cooper sample holder placed on carbon rod. An alternating current
(sinusoidal shape) with frequency 50.7 Hz was generated by the
power generator (Instytut Fotonowy). The power generator
changes an output voltage depending on the circuit resistance to
stabilize the induction of a magnetic field. The distribution of the
magnetic flux density in the space between the coils was investi-
gated by Tenmars TM-197 magnetometer with step 3 mm. Accu-
rate calibration of the coil-current magnetic flux relationship
density was also determined by this magnetometer. It was found
that the flux density is constant in the center of the gap and slightly
increases to either side. These results are shown in Fig. 4. For sam-
ples under 1.7 cm thickness, the magnetic field is uniform and the
distribution of flux magnetic field has not to be considered the
determinant of the Faraday rotation.

The disadvantage of the coils is that it generates heat which
increase the temperature of the whole setup and sample. Heat



Fig. 4. Distribution of magnetic field between coils.
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has strong influence on the Faraday effect in materials especially
doped with paramagnetic ions (Eq. (6)). The long pulse current in
the coil caused also mechanical displacement. So, time between
each pulse could be changed by software. Time of one pulse is mul-
tiple number of iteration and inverse of frequency. The thermal
distribution between the coils after 30 min of their works in closed
Faraday cage is presented in Fig. 5. Photography of heat distribu-
tion was made by thermal camera (PIXO C3) working with spectral
range 3–8 lm.

AC magnetic field is used to modulate the beam light. Electrical
signals obtained from both of photodiodes are collected by the P-IF
4.0 potentiostat (Instytut Fotonowy, ver. 4.0). Potentiostat allows
to measure current at a set voltage or potential of the electrochem-
ical systems. Current resolution from 1 pA to 100nA with 1 kHz
probe frequency. The software of potentiostat was updated and
now works as the lock-in amplifier.

The power generator is connect with the potentiostat. The
power unit was sent data about the phase and the state of the elec-
tric current.

The heat is transported from the pump heat in the copper heat
pipe in c- shape placement around the sample (Fig. 2) closer to one
of coils to make changing of the sample easier. The temperature
and speed of flow of hot air is continuously controlled by the heat
pump.
Fig. 5. The thermal distribution between the coils after 30 min of their works.
The air is exhausted to the outside of the setup. This heat sys-
tem allows the obtainment of the temperature of the sample over
450 K. However, due to thermal sensitivity of both Polarizers,
experiments were carrying out up to 380 K. The temperature of a
sample is monitored by the p-type thermocouple and the data is
collected by the digital multimeter (DM3068, Rigol tech.).

In order to avoid the effect of intensity variation of incident
light, the measurement setup utilizes the balanced polarimeter
detection scheme. The light beamwas split by the Wollaston prism
(WP) into two orthogonal beams – one with a vertical polarization,
the other with horizontal polarization. A balanced optical bridge
(balanced polarization) is then used to measure the sum and the
difference between the intensities of the two beams. Although
the system of a balanced polarimeter, due to its symmetry, sup-
presses the interference from external (diffuse) light and electro-
magnetic fields very well, the experiment uses a measurement
method that provides additional reduction. The analyzer works in
spectra range from 0.35 to 4 mm (Extinction ratio > 100 000:1)
(see Fig. 1).

The two light beams were detected by two high sensitivity and
low dark current Si photodiodes (Hamamatsu). The signals from
both of the photodiodes were collected by potentiostat. The poten-
tiostat is connected to a personal computer via USB 2.0 port for
data acquisition and computation. The convex quartz lens was
placed behind the WP to improve the weak signal obtained from
translucent samples with high scattering of light.

Photodiodes are mounted on a special moving system that
allows for the adjustment of the distance between them for mate-
rials of different reflective indices.

Optical elements are mounted on a 30 mm cage system (Thor-
Labs) with the black carbon rod to prevent heat transfer between
the coils and both of polarizers and to eliminate mechanical vibra-
tions and lights reflections (black color). The whole setup is closed
in the Faraday cage (Fig. 2). The cage system reduces vulnerability
to mechanical vibrations, due to the fluctuations of ambient tem-
perature, stress, bend, and the earth’s and laboratory‘s magnetic
fields. The whole system is controlled via PC computer.
4. Measurement procedure

Proposed measurement technique is based on two independent
modulations of light beam. The first is the modification of phase
locked detection, which is a well-established technique for electri-
cal signal detection, and one of its principal advantages is its reli-
ability and the stability of signal detection, while suppressing
any noise surrounding the signal. In magneto-optics, this type of
detection presents some advantages as it renders a high signal to
noise ratio and, experimentally, it is straightforward to generate
the AC signal by using a solenoid and controlling the field with a
known electrical current. A novelty is used in the second modula-
tion of the light by electrically controlled shutter allowing the
elimination of the influence of magnetic fields (displacement) on
the photodiodes and the dark current. The scheme of experimental
procedure was presented in Fig. 6.

Light beam from Xe lamp passing though the monochromator,
filter is primarily focused by convex lens and then passed through
a beam splitter (10:90) and next through the polarizer to the
sample. Finally, the light (10%) goes straightforward to the
Si-photodiode (Hammamatsu) connected to the potentiostat.
The second beam of the light (90%) goes through the sample to
the WP that produces two orthogonal polarized light beams. The
diameter of the light spot can be adjusted on the sample which
is 0.05–5 mm range and could be continuously adjusted by an iris
diaphragm (ThorLabs). Light beams are detected by here above
photodetectors. Photocurrents are converted into electrical voltage



Fig. 6. The scheme of experimental procedure.
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by a transimpedance amplifier (Instytut Fotonowy) and electrical
signals are send to the potentiostat, where they are collected and
analyzed. The quotient of the photodiodes difference of the photo-
diodes and their sum is proportional to the twisting (for small
angles). When the light beam passes through coils, it is modulated
by the AC magnetic field with the frequency of this magnetic field.
Each individual pulse of the magnetic field lasts as much as the
inverse of the frequency. At 50.7 Hz, one pulse lasts about 0.02 s.
The integration time is set to 0.5 s. Assuming 100 averages for
one wavelength of light, we get 50 s, because the duration of the
total pulse is a multiple of the number of averages and the duration
of integration. Collected data are averaged and plotted. The stan-
dard deviation r of the Verdet constant was calculated according
to equation:

r ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPn¼10

i¼1
Mi �M

�� �2

n

vuuut
ð8Þ

where Mi – measured, M
�
-average of measured, n – number of

measurements.
The double modulation technique of the light beam is based on

the measurement of the current from the photodiode signal with
light and without light. This allows the elimination of the measure-
ment error caused by the dark current and the electromagnetic
interference between the AC magnetic field and the photodiodes.

The fact that should be highlighted is that this system allows
the acquisition of two important physical characteristics – absor-
bance coefficient and the Verdet constant from the same place
on the sample and in the same time. This, in turn, enables the cal-
culation of the magneto-optical figure of merit (FOM) during
experiment. This is very important in the case study of anisotropy
crystals and non-homogeneous materials where physical proper-
ties are changing. Usually, the two independent measurements
have to be done on different devices.
5. Experiment results

Firstly, we performed light intensity tests of all photodiodes.
The test was performed without sample from 200 to 1100 nm with
resolution 1 nm. Light intensity of the reflected light beam is
detected on the first photodiode and the sum of the intensity of
light was detected by two photodiodes (the balanced polarimeter)
as presented in Fig. 1. In the case of ideal polarizes and photodi-
odes, the signals detected at both detectors, are proportional to
Sh = Itot cos2/ and Sv = Itot sin2/, where h- horizontal, v-vertical
direction, Itot – the total intensity of the beam and h is the angle
of the polarization of the light incident on the Wollaston prism
measured relative to an axis that is perpendicular to the plane of
polarizer. The angle of rotation h can be calculated from the ratio
of the two signals Ss/Sp:

/ ¼ arctan

ffiffiffiffiffi
Sp
Ss

s
ð9Þ

During conducting experiments exists some perturbations
involve by sample, magnetic field and dark current of photodiodes.
To calculate Faraday angle h we can used:

h ¼ /signal � /dark ð10Þ
where /signal – the signal detected with light, /dark – the signal
detected without light.

The standard deviation of the data collected, before correction is
0.017� and after correction 0.009�. Comparing the standard devia-
tion of the measurements with and without correction indicates
that the precision of our apparatus, defined as the standard devia-
tion of many measurements without correction divided by the
standard deviation of many measurements with correction is
approximately 0.19. UV spectra to 300 nm is not detected by the
balanced polarimeter due to presence of the wire grid polarizer.
The collected signal by the balanced polarimeter perfectly shows
the spectrum of the Xe lamp. In the calculation of optical proper-
ties of the sample, we receive a new signal from the sample and
it is divided by the calibration signal. Each measurement for each
wavelength is repeated 10 times and averaged. The relative slow
modulation of light has negative influence on measured time and
involve fluctuation of temperature nevertheless allow to reduction
of inductance of coils and sample. The above-mentioned fluctua-
tions are eliminated by second modulation. The best angular sensi-
tivity for measuring the Faraday rotation was 2.93 � 10-10 rad

p
Hz

[3] using interferometry and laser as light source. In the other
paper Lin has demonstrated the angular sensitivity of 2.7 � 10�7

rad
p
Hz [16]. The higher angular sensitivity 2.99 � 10�8 rad

p
Hz

was reached by Chang [17]. We calculated the angular sensitivity
as 8.9 � 10�8 rad/

p
Hz. The signal to noise ratio is equal 300.
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5.1. Absorbance coefficient

The absorbance coefficient of BK7 glass, Y2O3 and TSAG crystal
in the spectrum range are shown in Fig. 7. The BK7 glass (Fig. 6a)
indicates a typical very low absorption coefficient as a prediction
theory and other results [11]. It can be seen that BK7 has good opti-
cal transparency which is around 85% in VIS-NIR. The Y2O3 pre-
sents the highest absorption coefficient due to the presence of
absorption centers like intergrain pores and wide size distribution
of grains. Translucent samples are difficult to examine because of
strong absorption and scattered light. The presence of some addi-
tional peaks (around 580 nm) in our spectrum may indicate a con-
tamination with hot-pressing in the graphite mold, starting
material or an impurity that has not been removed [14]. The TSAG
indicates a low level of absorption loss in whole specific range,
especially 700–1100 nm. There is absorption band centered at
around 488, which correspond with the transitions from the
ground state (7F6) of Tb3+ to higher levels 5D4 [17].

The advantage of this configuration is the possibility to obtain
obtained Tauc plot and estimated optical band gap of investigated
material [18].

5.2. Verdet constant

Fig. 8 shows experimental data of the Verdet constants of inves-
tigated samples in the spectral range 300 – 1100 nm and tempera-
Fig. 7. The absorbance coefficient of BK7 g
ture range 297–346 K. The Verdet constant for BK7 at 532 nm had
values from 190 to 230 deg/T*m in our studies it is 213 deg/T*m in
room temperature [6,20,21,23]. For the comparison, the plot (Fig. 8)
also shows the results of the Verdet constantmeasurements for BK7
reported elsewhere [23,24]. In our studies pure yttria had 1800 deg/
T*m at 532 nm in room temperature [5]. In our previous studies
pure yttria achieved ca. 5000 deg/T*m at 532 nm, due to a lower
transparence level (Eq. (5)) and simpler measurement devices with
a much higher (ca. 40%) measurement error. The Verdet constant
for Y2O3 doped with 10%Tb at 500 nm had value ca. 2500 deg/
T*m [9]. The dependence of the rotate angle (Y2O3) on the induction
of the external magnetic field of red wavelength 605 nm is shown
inside Fig. 8. Measuring points are arranged along a straight line
in accordance with theoretical prediction [7]. The extension of the
trend line intersects the origin of the coordinate systemwhich indi-
cates the correctness of the results obtained. The slope of the rotate
angle to the applied magnetic field for Y2O3 is positive value. The
TSAG crystal indicated the highest Verdet constant of investigated
samples due to its contain of terbium (paramagnetic) ions. Inside
Fig. 8c there is an enlarged fragment showing clearly the Verdet dis-
persion with 1 nm step. The dependence between the absorption
coefficient and the refractive index of a given material is defined
by the Kramers–Kronig relation, which predicts strong spectral
variations of the refractive index around the absorption resonance
(Eq. (5)) [18]. The Verdet constant decreased with the increase of
wavelength as predicted by theory [9].
lass (a), Y2O3 (b) and TSAG crystal (c).



Fig. 8. Verdet constant vs wavelength, BK7 glass (a), Y2O3 (b) and TSAG crystal (c) at selected temperatures. Inset (a): Presents the dependence of the Verdet constant on the
temperature for BK7 at selected temperatures. Inset (b): Presents the dependence of the rotation angle on the magnetic field value for Y2O3 at wavelength 605 nm. Inset (c):
Left side: Presents the dependence of the Verdet constant on the temperature for BK7 at selected temperature. Right side: The enlarged fragment of the Verdet constant
between 460 and 500 nm with 1 nm step. Inset (a) shows data from other papers [21,23,24].
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5.3. Temperature dependence of the Verdet constant

Temperature-depended value of Verdet constant for the BK7
and TSAG were measured in selected temperatures of: 297 K,
318 K, 337 K and 347 K. Distribution values of the Verdet constant
are presented in inset Fig. 8. The Faraday rotation angle was found
to change linearly with the temperature. The slope of Verdet con-
stant to the temperature for BK7 is positive values. On the contrary,
Verdet constant of TSAG is decreased with the increasing of tem-
perature. Value of slope for TSAG (ca. 85) is ca. 100 times higher
than for BK7 (0.65). The stability of temperature in the total mea-
sured procedure was above 3 K. Interrupt in work of coils avid to
change of the temperature. Better temperature stabilization gives
thermostats, however are very expensive, large-size and difficult
in exploitation [21].
5.4. Magneto optical Figure of merit of Verdet constant

The Magneto optical figure of merit of the Verdet constant was
automatically calculated for all samples based on experimental
data used Eq. (7). The results are presented in Fig. 9. The highest
values of FOM for BK7 have over 170 deg/T at 500 nm (Fig. 9a).
The Y2O3 shows similar values of the Verdet constant to BK7,
nevertheless the FOM of Y2O3 is significantly lower than in the
BK7 sample, because of 100 times higher values of the absorbance
coefficient. The values of magneto-optical FOM of TSAG (Fig. 9c),
are the highest, because of a low absorption coefficient and the
highest values of the Verdet constant. For the TSAG transparent
ceramic with the best optical quality, the FOM is –1000 deg/T at
732.8 nm in room temperature.

As it can be seen, this setup allows not only the measurement of
the Verdet constant with high resolution in wide spectra range in
different temperatures but also the performance of the test of
FOM of the Verdet constant. The obtained experimental data shows
the ability of our system to conduct Faraday rotation measure-
ments with high resolution and sensitivity. Each of presented
above designs has some advantages, but none of them can calcu-
lated the magneto optical FOM parameter.
6. Summary and potential applications

We have built up the measurement system for the Verdet
constant and absorbance coefficient by optimizing its polarization
control part to ensure the consistency of the linearly polarized
light and to increase measurement accuracy. We have successfully
used the potentiostat as a lock in an amplifier and used double



Fig. 9. The figure of merit of Verdet constant vs wavelength, BK7 glass (a), Y2O3 (b) and TSAG crystal (c) at selected temperatures.
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modulation of light technique to improve the quality of obtained
data and achieve obtained the angular sensitivity is 8.9 � 10�8

rad/
p
Hz. An overview of the principle of the operation is given.

Then we have used the system to measure the Verdet constant
and absorption coefficient simultaneously. Based on this data, the
FOM parameter was automatically calculated. The proposed mea-
suring technique allows the accurate measurements of high dis-
persion samples through which less than 100 nW of
monochrome light passed. The using the low–cost heat system is
possible to obtain information about temperature-dependence of
Verdet constant for the sample. Extension of the spectral range is
possible through the use of halogen lamps with the length of light
emitted from 1000 to 2500 nm and addition of a diffraction grating
with appropriate gaps. Measured error was calculated based on
series measurements and it did not exceed 5%. The values of Verdet
constant obtained in our setup are consistent with data reported
by others in the literature [10,18,19,21,22].

It is possible to study the optical quantum Hall effect. To do this
we need to place two light-collecting lenses pointing at the both
side walls of the sample. Collected light should be led to photode-
tectors by optical fibers. Other magneto-optical studies (Cotton-
Mouton, Kerr effect) can be measured after update setup. Various
compatible elements can be used to expand and change the
construction.
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