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Abstract:

This paper deals with studying the
effect of the polarization properties of
sucrose solution (sugar which is
dissolved in distilled water) as an active
material and proves the ability of this
solution to rotate the plane of polarized
light that passes through it with an angle
(0) which 1is called the angle of
rotation.Angle of rotation depends on the
molecular structure, the concentration of
the dissolved substance, the path length
of the light that passes through the
solution,and the light wavelength. The
method of measuring the transmitted
power and angle of rotation is called
“optical activity”. Two types of light
source are used. The first one was the
xenon lamp and chooses three color
from it (red, green, and blue) using the
proper filters, and the second source was
He-Ne laser of wavelength 632nm. In
each case, the rotation angle and
transmitted power were measured and
the specific angle of rotation was
calculated at different concentrations of
the solution.

The benefit of this work, as an optical
laboratory application to measure optical
properties of various materials, including
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circular birefringence (optical rotation).
It has been found that the effect of
polarized solution on the rotation angles
was very large for blue light when
comparing with red, because of these
measured angles depends on increasing
polarized solution concentrations and
due to the short wavelength of blue light
with respect to green and red lights.

Introduction

Polarization is a property of waves that
describes the orientation of their
oscillations. For transvers, it describes
the orientation of the oscillations in the
plane perpendicular to the wave’s
direction of travel. Longitudinal waves
such as sound wave in liquids do not
exhibit polarization, because for these
waves the direction of oscillation is by
definition along the direction of travel.
Light is an electromagnetic wave, there
are always vectors, the electric vector
Eand the magnetic vectorB, coexisting
in the propagation of the light. The
vibrations of a light wave are a varying
electric field £ and varying magnetic
field B which are perpendicular to each
other and which have the same
frequency. Each of these fields is
perpendicular to the direction of travel of
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the wave. In polarization, we always
define the direction of polarization of an
E.M wave to be the direction of the
electric field vectorE not the magnetic
field [1].

There are several types of the
polarization in light such as; Plane-
polarized or linear polarize, the wave is
linearly polarized when the electric field
vectors at any fixed point are oscillates
along a line perpendicular to the wave
propagation, that means the two
components of the electric field E, and
E, are in phase[2].

Circular polarized, the electric field
vector of circularly polarized light
sweeps out a circle during each cycle of
the wave. The magnitude of the electric
field vector remains constant throughout
each cycle, but its direction is
continuously changing, this mean that
the E, and E,components of the electric
field are one quarter wave, or (90°) out
of phase[3].

Elliptical polarization, in this case the
electric field vector can be decomposed
into component E, and E,, where E, #
Eyand there are a constant phase shift
between them, the resultant E-vector
describes an ellipse[2].

Most of sources of light emit waves
whose planes of polarization vary
randomly with time. A wave of this type
is said to be unpolarized because over
any interval of time its plane of
polarization does not favor any one of
the possible directions more than any
other [3].
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There are several methods to polarize the
light such as polarization by: absorption,
reflection, scattering, and birefringence.

Polarizer:

A polarizer is a device that converts an
unpolarized or mixed-polarization beam
of electromagnetic waves (e.g. light) into
a beam with a single polarization state
(usually, a single linear polarization).
Polarizer is a thin transparent film made
of sheets of plastic (or other materials)
containing minute double refracting
crystal aligned with their axis parallel.
Polarizers can be divided into two
general categories:

Beam-splitting polarizer, where the
unpolarized beam is split into two beams
with opposite polarization states [4].

Absorptive  polarizers, where the
polarization  states  are
absorbed by the device. Polarizer will
effect on the irradiance and direction of

unwanted

polarization when light passing through
the filter, therefore the resulting
direction of polarization will be the
direction of the polarizer’s transmission
axis and the transmitted irradiance will
be less than the incident irradiance. The
relationship between the irradiance of
the incident and transmitted light for a
polarizing material is known as Malu’s
law [3].

where

1 is the transmitted irradiance,
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I, is the incident irradiance, and

Ois the polarized angle.
Polarimetry:

Polarimetry is the measurement of the
polarization of light. It can be used to
measure various optical properties of
material, including circular birefringence
(optical rotation). A polarimeter to
measure this rotation consists of a long
tube with flat glass end, into which the
sample is placed, at each end of the tube
is polarizer are placed, light is pass
through the tube, and the polarizer at the
other end, attached to an eye piece, is
rotated until all light is shut off. The
angle of rotation is then read off a scale.
The specific rotation of the sample may
then be calculated [1].

Optical Activity:

It is the rotation of linearly polarized
light as it travels through materials. It
appears in solutions of chiral molecules
such as sucrose (sugar), solid with
rotated crystal planes such as quartz, and
spin-polarized gases of atoms or
molecules. Chirality is the property of an
object of being non-superimposable on
its mirror image. Materials with these
properties are said to have optical
activity and consist of chiral molecules.
Chiral centers that have opposite
configurations rotate polarized light the
same number of degrees, but in opposite
directions. Linearly polarized light
which enters the solution can be
decomposed into a right-circularly and
left- circularly polarized partial wave
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propagate at different phase velocity so
that a phase difference arises, which is
proportional to the distance covered.
After the two partial waves have covered
this distance, their superposition results
in a linearly polarized wave whose
direction of polarization is rotated
relative to the original wave. The angle
of rotation depends on the molecular
structure, the concentration of the
dissolved substance, on the path length
of the light that pass through the solution
and on the wavelength of the light. The
observed rotation angle is converted to a
specific rotation by using the following
formula [5, 6].

D=0/(LxC) -—mmmmmmmme- )
where
@ is the specific rotation angle,

O is the observed rotation angle in
degree,

L is the length of the sample tube, and

C is the concentration of the solution
(g/ml).

Experimental Work and Results:

In this work, there are two experimental
setups. These are illustrated in figure la
and b. The first one is constructed from
xenon lamp as light source, set of
filters(red, blue, and green), polarizer,
glass cuvette with dimensions of
(15,15,15) cm as the sugar solution
container, analyzer, lens, power meter,
and observing screen. But the other one
consists of He-Ne laser as light source,
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polarizer, and glass cuvette with sugar
solution, analyzer, screen, and power
meter.

Figure 1(a) First experimental setup with

xenon lamp.

POWER

IMETER

Figure 1(b) Second experimental setup

with laser beam.

This experimental setup was built as
follows:

1-

Rotation of the plane polarization
with sugar solution using Xenon
lamp, the analyzer is oriented 90°
to the polarizer (analyzer is set to
zero) so that no light reaches the
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observing When an
optically active substance (water
with sugar) is present, it rotates
the polarization of the light and
there is no light reach at the
screen until rotated the analyzer
so that the light is observing in
the screen.Three filters are used
(red, green, and blue) to show
how the rotation angle of the
plane polarization of the light
change according to the
wavelength. Insert the red, green,
and blue light filter respectively
in the picture slider in front of
the aperture of the xenon lamp
housing, and adjust maximum
darkness in the observing screen
with the analyzer, take the
position of the analyzer down as
the angle of rotation of the
solution for all lights.

In the setup of laser source, the
analyzer was rotated to get
equally laser power on the two
sides, front view and rear view,
and then the cuvette was filled
with different concentrations of
sugar solution. The analyzer
adjusts to get the new laser
power (maximum laser power)
and measured the analyzer angle.

Screcn.

The observed rotation angle
(analyzer angle) for different
concentration of the sugar
solution for (red, green, and
blue)light and He-Ne laser were
measured as shown in figure 2.
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Figure 2: Observed Angle verses
concentration at different light sources

4- The specific angle of rotation for
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different concentrations of sugar
solution of xenon lamp and He-
Ne laser were calculated using
(eq. 2). Results are shown in
figure 3.
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Figure 3: Specific Angle verses
concentration at different light sources

5- The transmitted power of the red,

green, blue lights and He-Ne
laser which was passing through
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the glass cuvette of sugar
solution was measured. Results
are shown in figures 4.
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Figure 4: Transmitted power verses
concentration at different light sources

Conclusion:

1.

In distill water contained sugar;
the attenuation in output power
would be occurred according to
absorption coefficient of sugar
particles dissolved in water.

The of measured
rotating angles depends on very
important parameter which it’s
called optical path length. This
parameter affected by changing
in the polarized solution which
it’s also affected by the variation
of the absorption coefficients for
different light wavelengths.

The specific angle of He-Ne laser
is larger than of red light
although that two lights have the
same wavelength because of the
absorption coefficients of He-Ne
laser is smaller than of red light
that mean the transmit power of

variation
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laser larger than of red light.
These behaviors obey to the
relation between the specific
angles and transmit power
according to eq(1).

4. The advantages of method in this
work, is easy in design, cheap in
price, and taken short time to
convert unpolarized light to
polarize.
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