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Abstract-

 

Verdet constant describes the strength of Faraday 
Effect for a particular material. The objective of this work was 
to measure the Verdet constant for different materials. The 
Verdet constant is measured by using the Faraday Effect 
which is a magneto-optical phenomenon; mean it describes 
the rotation of the plane of polarization of light with in a 
medium when it is placed in an external magnetic field. So this 
experiment determines the rotation of the plane of polarization 
with respect to the wavelength and

 

the magnetic field. 
Reading observed through this experiment depicts a linear 
relationship between the angle of rotation and the magnetic 
field. The Verdet constant is determined to be at constant laser 
wavelength λ

 

= 632.8nm

 

Keywords:

 

magneto-optical effect, polarization, magnetic 
field, verdet constant.

 

 

Introduction

 
he phenomenon of Faraday Effect was first 
discovered Michael Faraday in 1845. He 
discovered for the concrete evidence for the 

relation between the branch of Optics, magnetism and 
atomic Physics. He found out that when a block of glass 
is subjected to a strong magnetic field, it becomes 
optically active which we cannot observe with naked 
eyes. The effect occurs when a plane polarized light 
passes through a thickness of a transparent medium. 
This effect is not only limited to optically active materials, 
but also included some optically inactive materials 

placed in high magnetic fields. In magnetize medium, 
the refractive indices for right and left handed circularly 
polarized light are different. The effect in rotation of 
plane of polarization of linearly polarized light, this 
observable fact is called magneto-optic effect. The 
Faraday Effect is caused by left and right circularly 
polarized wave propagating at slightly at different 
speed, a property known as circular birefringence. It 
occurs as an internal property of material when placed 
in external magnetic field. The direction of polarization, 
rotation depends on the properties of material through 
which the light is passed. This effect is widely used in 
optical isolators, phase modulators, spin dynamics, etc. 
Faraday rotation is also observed in astronomy and 
used to measure magnetic field in space. Faraday Effect 
is given by the relationship.

                                        ϴ

 

= V.B.L…………………… (1)

 Where ϴ
 

is the angle by which the plane of 
polarization of light rotates in radians, B is the uniform 
external magnetic field in Tesla, L is the length of sample 
material in meters, V is the Verdet constant. Verdet 
constant is characteristic of the medium and is defined 
as the rotation of the plane of polarization

 

per unit 
magnetic field (Figure 1).

 

Fig.

 

1:

 

Rotation of plane of polarization of light within a medium due to external magnetic field

 The linear light is seen to rotate in the Faraday 
effect can be seen as consisting of a right and left beam 

and the direction of the electric field rotates at the 
frequency of the other direction. The direction of rotation 
depends on the properties of the material through which 
the light is shown. A full treatment would have to take 
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caused fields on the wave function of the electrons, and 
then calculate the effect of this change on the refractive 
index of the material for, to see whether the right or left is 
slowed down more. The Faraday effect has been used 
to measure optical rotator power and for sensing of 
magnetic fields (such as fiber optic current sensors).The 
Faraday effect is used in spintronics research to study 
the polarization of electron spins in semiconductors.

 Faraday rotators can be used for amplitude modulation 

of light ,and are basis of optical isolators and optical 
circulators; such components are required in optical 
telecommunications and other laser applications. 

 Experimental Setup 

The experiment setup (figure 2) used to 
accurately measure the Verdet constant and this 
apparatus set was purchased from INDOSAW. 

 

a)
 

Apparatus parts 
 


 

He- Ne Laser
 


 

1 U-core
 



 
1 photometer

 



 
Digital Gauss Meter with hall probe

 



 

1 Rider base for electromagnet

 



 

1 Polarization filters

 



 

1 Analyzer filter

 



 

1 Sample material with holder

 



 

2 Coil with 300 turns

 



 

1 Photometer

 



 

Power Supply 30V, 10 Amp for Electromagnet

 



 

1 stand rod, 25cm

 



 

1 stand base

 



 

1 Optical bench setup

 



 

1 Pair cables 100cm, red/black

 

b)

 

Test materials 

 

For performing experiment with flint glass, one 
requires a very strong magnetic field to rotate the plane 
of polarization of light. However, for weak magnetic 
fields as were available in laboratory, another type of 
transparent material have been used. The materials 
used in present investigations are:  Glycerin, Olive Oil, 
Water, Salty water and Potassium bromide (KBr).

 

 
Experimental Procedure

 

a)
 

Optical Bench Setup 
 

•
 

Arrange the He-Ne laser on the optical bench.
 

•
 

Position a polarizer close to the laser.
 

•
 

Place the U-core of the demountable transformer 
with the two coils on the rider base with thread and 
fix it with the holder for the transparent sheet square.

 

•
 

Place the bored pole pieces on the U core in such a 
manner that the transparent sheet can be placed on 
the holder.

 

•
 

Use the clamps to fix the bored pole pieces on U-
core.

 

•
 

Position the analyzer close to U core on bench.
 

•
 

Position the photometer opposite to the analyzer. 
 

•
 

Separate angular scale with the degree divisions 
which is attached to the translucent screen 
photometer. All analyzer settings can be read off 
from this angular scale easily.

 

b)
 

Electrical setup
 

•
 

Connect the coils in series to the variable.
 

•
 

Connect the Laser to mains 230V AC supply.
 

•
 

The maximum coils current under permanent use is 
6amp, however the current can be increased up to 8 
to 10Amp for few minutes without the risk of 
damaging the coils by overheating.
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II.

III.

Fig. 2: Experimental setup



c) Optical Adjustment 
• Switch on laser and form an image of analyzer cross 

wire on the photometer. 
• Align the light source and the bored pole pieces in 

such a manner that maximum light passes through 
the bores in pole pieces (with no transparent sheet). 

• To project an image of thread cross on the analyzer 
onto the photometer, shift the lens toward the 
analyzer until a sharp image is observed. 

d) Calibration of the magnetic field 
• Remove the sample. 
• Connect the digital gauss meter to main switch. 
• Place the hall probe between the pole pieces. 
• Use the standard material to hold the magnetic 

probe between the bored pole pieces. 
• Record the magnetic field B as function of the 

current I through coils. 
 

 

Current  

(in Amps) 
 

Magnetic 
field,B (in Gauss) 

 

  1 233 

   2 245 

3 267 

4 286 

 5 304 

6 322 

7 340 

 8 352 
 

 

Fig. 3: Current along x-axis (in ampere) Vs  Magnetic field along y-
axis(in gauss) 

It shows that current is directly proportional to 
magnetic field.  Due to the limitation of setup in the lab, 
the maximum coils current under permanent use is 
6amp, however current can be increased up to 8 to 
10amp for a few minutes without risk of damage to the 
coils by over-heating. Since electromagnets are used to 
generate the magnetic field for the experiment, a 
correlation between the current supplied to the 
electromagnets and the measured magnetic field in the 
space between the poles needed to be deduced. The 
magnetic field at the center of the poles was measured 
at each integer current between 1 and 8A.

 

e)
 

Rotation of the polarization plane as a function of the 
magnetic field B

 


 

Switch ON He-Ne laser.
 


 

Align the sample between the bored pole pieces.
 


 

Set the desired magnetic field by means of the 
magnet current.

 


 

Set the analyzer to 0ᵒ
 
position.

 


 

Find the minimum intensity by turning the polarizer.
 


 

For a final minimum adjustment (almost dark) the 
minimum light intensity can be easily checked by 
looking directly into the screen.The polarizer and the 
analyzer are set to the intensity minimum as it can 
be easier accessed then the intensity maximum.

 


 

Note the values of intensity at different angle by 
rotating the analyzer.

 


 

Note the value of intensity by using photometer or 
photodiode.

 


 

Repeat these steps for various magnetic fields by 
varying the magnetic current.
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 Results and Discussion 
a) Olive oil (sample thickness =1.5cm)

 
Table 1:  Angle and intensity at different values for current (Malus’s

 
law)

 
Angle (in 

degree ɸ) 
Intensity at 
(I=0Amp)

 

Intensity at 
(I=5Amp)

 

Intensity at 
(I=5.5Amp)

 

Intensity at 
(I=6Amp)

 
0 33

 
31

 
30

 
27

 30
 

25
 

23
 

22
 

20
 60

 
9 8 8 7 

90
 

0 0 0 0 
120

 
9 9 8 7 

150
 

25
 

24
 

23
 

21
 180

 
32

 
31

 
29

 
27

 210
 

24
 

23
 

22
 

20
 240

 
8 7 7 7 

270
 

0 0 0 0 
300

 
8 8 8 7 

330
 

23
 

23
 

21
 

21
 360

 
31

 
30

 
28

 
25

 

Fig. 4: Graphical representation for Olive oil by Malus’s Law. Rotation angle along x-axis (in degree) and Intensity 
along y-axis for different value of current
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IV.



Magnetic field and angle of rotation for constant wavelength = 632.8nm
 

Magnetic 
field (B in 
gauss)  

Rotation (ɸ) 

304 0.28 
313 0.42 
322 0.61 

 
Fig.  5: Graph between  magnetic field(in gauss) along x-axis and rotation angle(in 

degree) along y-axis  

b) Black glass (sample thickness=6mm) 

Table 2: Angle and intensity at different values for current (Malus’s law) 

Angle (in degree ɸ) Intensity at 
(I=0Amp) 

Intensity at 
(I=5Amp) 

Intensity at 
(I=5.5Amp) 

Intensity at 
(I=6Amp) 

0 5 6 6 6 
30 4 5 4 5 
60 2 2 2 2 

90 0 0 0 0 
120 2 2 2 2 

150 5 4 5 5 
180 6 6 6 6 
210 4 4 4 4 

240 2 2 2 2 
270 0 0 0 0 

300 2 2 2 2 
330 4 4 5 5 

360 5 6 6 6 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Fig. 6: Graph representation for black glass by malus law. Giving rotation angle along x-axis and Intensity along y-
axis for different values of current 

Result:  No change in the angle with magnetic field.  
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c) Water (sample thickness=1.5cm) 

Table 3: Angle and intensity for different values of current (Malus’s law) 

Angle (in degree ɸ) Intensity at 
(I=0Amp)

 Intensity at 
(I=5Amp)

 Intensity at 
(I=5.5Amp)

 Intensity at 
(I=6Amp)

 

0 41 34 32 30 
30 31 27 25 24 
60 11 10 9 9 
90 0 0 0 0 

120 11 9 9 8 
150 31 26 24 22 
180 40 32 29 28 
210 30 25 25 24 
240 9 9 8 8 
270 0 0 0 0 
300 8 9 9 9 
330 25 25 25 25 
360 34 32 32 30 

Fig. 7: Graph representation for water by Malus law. Showing rotation angle long x-axis  and Intensity along y axis for 
different values of current
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Magnetic field and angle of rotation for constant wavelength = 632.8nm 
 

Magnetic field Rotation 

304 0.59 

313 0.67 

322 0.72 

 

Fig. 8: Graph between magnetic field (along x-axis) and angle of 
rotation (along y-axis) 

d)
 

Glycerin (sample thickness=1.5cm)
 

Table 4:
 
Angle and intensity at different values of current (Malus,

 
s law)

 

Angle (in degree ɸ) Intensity at (I=0Amp)

 

Intensity at (I=5Amp)

 

Intensity at 
(I=5.5Amp)

 

0 27

 

29

 

30

 

30

 

21

 

22

 

24

 

60

 

8 8 8 

90

 

0 0 0 

120

 

7 8 8 

150

 

21

 

23

 

24

 

180

 

27

 

30

 

32

 

210

 

22

 

23

 

25

 

240

 

7 8 8 

270

 

0 0 0 

300

 

8 8 8 

330

 

22

 

22

 

25
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Fig. 9: Graph between rotation angle (x-axis) and intensity (y-axis) at different values of current for glycerine

Result: Rotation of angle with magnetic field in anti-clockwise direction 

e) 
 
Table 5: Angle and intensity at different values of current (Malus’s law)

Angle (in degree 
ɸ) 

Intensity at 
(I=0Amp) 

Intensity at 
(I=5Amp) 

Intensity at 
(I=5.5Amp) 

Intensity at 
(I=6 Amp) 

0
 

4
 

4
 

4 4 

30 3
 

3
 

3
 

3 

60 1
 

1
 

1
 

1 

90 0 0
 

0
 

0 

120 1 1
 

1
 

1 

150 3 3
 

3
 

3 

180 4
 

4
 

4
 

4 

210 3 3
 

3
 

3 

240 1 1
 

1
 

1 

270 0 0
 

0
 

0 

300 1 1
 

1
 

1 

330 3
 

3
 

3
 

3 

360 4 4
 

4
 

4 
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Salty water (40% concentration) (sample thickness=1.5cm)



Fig.10: Graph for salty water by malus law. Showing angle in degrees (along x-axis) and Intensity (along y axis) for 
different values of current 

V. Results 

Verdet constant for 
1. Olive oil is found as 16.18rad/T-m and 0.00093 

degree/G.cm 
2. Water is found as 24.66rad/T.m and 0.0014 

degree/G.cm 
3. No rotation was noticed in case of black glass and 

salty water (may be due to low magnetic fields 
available) 

4. A negative rotation was noticed in case of Glycerin. 
5. Similar problems were faced with pallets made up of 

Potassium Bromide (KBr) and Potassium Iodide 
(KI). 

VI. Conclusion 

The effect of rotation of plane polarized light is 
used every day especially by organic chemists who use 
the optical properties of chiral compounds for 
identification purposes. But less used in the 
magnetically induced optical activity seen in Faraday 
effects. The application of magnetic field causes the 
medium to become optically active and as magnetic 
field increased the angle of rotation increased. The 
project successfully measures the Verdet constant for 
different materials. There is a significant rotation in plane 
of polarization especially in shorter wavelengths. This 
effect was demonstrated in olive oil and water and value 
of Verdet constant be V=16.18 radian/T-m and 24.68 
radian/T-m respectively and also show optical activity for 

glycerin. However, no change was noticed for black 
glass and salty water. From our result we found that the 
Verdet constant for olive oil and water is positive and 
negative for Glycerin. The rotation of water and olive oil 
is clockwise looking parallel to magnetic field for both 
direction of propagation. We found that Verdet constant 
of water at 632 nm is greater than the olive oil.  
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