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Abstract—— An easy and novel procedure has been 

developed to determine the change of optical polarization 

in laser light beam passing through a liquid. Change of 

optical polarization angle between the laser light beam 

passing through a liquid and the similar beam directly 

falling on the photo detector directly. The change in 

optical polarization is measured in degrees with the help 

of a Lock-in-amplifier. The indigenously fabricated 

equipment was tested using different standard samples 

like glucose and fructose. The optical polarization of 

natural sugars, honey, fruit juices and petroleum products 

was measured.  This technique can be used for the 

detection of adulteration in petrol, food products like 

honey.  

Index Terms— Optical polarization,  Lock-in-

amplifier. 

1 . Introduction 

     In the field of (liquid) materials research, it is of 

utmost importance to measure the optical polarization. 

The optical rotation plays a key role in determining the 

characteristics of the material. There are many other 

methods like Photo acoustic effect, mirage effect etc., for 

detection of optical polarization Rotating polarizing 

spectrometer technique is a direct electrical measurement 

method that results in precise measurement of optical 

rotation. This paper presents the experimental results 

observed in petroleum products, natural sugars(honey), 

and edible oils. This method is based on the change in 

phase between light beam that passed through the sample 

and direct reference. 

1.1 The Experimental Setup 

The experimental setup is given in the figure-1. 

 
 

         
 

        Figure 1.  Rotating polarizing spectrometer 

 

1. Two laser sources 2.Polarizer 3.DC Motor 4.Rotating 

Polaroid cum analyzer 5.sample chamber 6.Sample cell 

7.Thermometer 8.Photodetectors (D1-reference ,D2-

sample)9.Lock in Amplifier. 

 

 
 

        Figure 2.  Rotating polarizing spectrometer 

   The optical polarization was precisely measured 

using two monochromatic laser diodes of wave length 

of 665nm, of red color. A polarized sheet was placed 

in the path of the laser diodes so that the light from 

the lasers is linearly polarized. Another polarized disc 

is fixed to a D.C motor that acts like an analyzer. The 
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light passes through the two fixed polarizer sheets, a 

rotating analyzer, and falls on the two photo 

transistors respectively. The output received is in the 

form of sine wave whose frequencies received for 

both sample signal and the reference signal will be the 

same if the speed of the motor is same. If the speed of 

the motor changes , then the frequency varies.  

1.2 Theory 

Optical polarization 

      Certain  liquids  have  an  ability  to  rotate the plane of  

polarization of polarized light. The  amount of  rotation 

directly proportional to the path length of the beam in the 

liquid  and to the concentration of organic compound in the  

liquid. Optical  rotation can be either clockwise(dextro-

towards right) or  anti-clockwise(levorotary-towards left). 

For example camphor and sucrose posses d-rotary and 

cholesterol is l-rotary. 

      The angle made by the polarization of the light with a 

specific wavelength is rotated proportional dependent on 

the wave length 

 of the light source that is polarization varies for every 

color.  

Linear polarization: When the e-vector oscillates within 

a plane that is constant over time it is said to be linearly 

polarized. This plane is called the plane of polarization 

equation in sinusoidal form E(X,t)=Asin(2πZ/λ±2πϑt) to 

the path length and the concentration and the rotation is 

independent of direction of propagation 

 

 

Figure 3.  Output of photo transistors 

Lock-in-Amplifier:The Lock in amplifier can extract 

signal dominates by the noise. The noise dominated 

signal is given to one channel and the reference signal is 

given to reference channel. The signal is recovered by the 

principle of phase locked loop. The output of lock in 

amplifier is independent of the changes in intensities of 

the laser diodes. Lock-in-amplifiers are highly accurate 

devices and has a resolution of 10^-4  

 

1.3 Working 

      It has two beams, one is reference signal that  

passes through        the rotating polarizer and falls on 

the photo transistor. The  other signal is sample signal 

passes through the liquid sample and then falls on the 

respective photo transistor. Both the  output signals 

are in the form of sinusoidal in nature because  as the 

polarization equation in sinusoidal and the phase  

between these signal will be    varied based on the 

sample that  is introduced in the sample chamber.  

The initial phase  difference is made zero between the 

reference signal and sample signal by adjusting the 

phase shifter that is present in the lock-in-

amplifier.The photo transistor output from the 

reference signal and the sample signal are measured 

in lock-in-amplifier. The output of the lock-in-

amplifier is independent of the changes in intensities 

of the laser diodes.  

         For the calibration of the equipment the optical 

rotation of  the quartz cuvette is measured  by making it 

empty without any liquid in it then the output of the lock-

in-amplifier is monitored. Cuvette has a standard path 

length of 10mm and  has volume of 3.5ml with 

dimensions 12.5mmX12.5mmX45mm.  

       The output of  the lock-in-amplifier is varies for both  

(D)-Glucose and (D)-Fructose graphs. 

       The liquids used in the investigation are, 

D-Glucose(dextrose specific rotatory), D-Fructose, honey, 

fruit juices, soft drinks(fruit flavors), petrol, kerosene. 

2.Results and Discussions 

     The output of the lock-in-amplifier was found 

constant  

and stable for (D)-Glucose and (D)-Fructose graphs . 

Optical polarization in cholesterol is -34.70 

Compound Optical 

rotation 

(D)-glucose-

drops 

(1Decilitre=2000 

drops) 

Degrees 
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Figure 4.  optical polarization in (D)-glucose 

x-axis -change in phase(optical polarization) 

y-axis -number of drops 

     In the measurement of optical polarization (D)-

Glucose.  

     The cuvette is filled with distilled water and then the 

saturated solution of (D)-glucose is added drop by drop 

with the help of syringe and the phase transitions are 

measured from the lock-in-amplifier. Same procedure is 

followed for the (D)-fructose.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 5.. optical rotation in (D)-fructose 

4 

x-axis - change in phase(optical polarization) 

y-axis -number of drops 

Compound Optical rotation 
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      In reference with white petrol optical polarization is 

1.93 degree 

Optical polarization of pure tutee oil is 1.30 degree 

      The optical polarization of white petrol is 1.93 degree 

which is taken as reference for detection of adulteration 

in petrol. White petrol is taken as  reference because it 

99% pure petroleum product. The cuvette is filled with 

petrol and then it is adulterated with tutee oil by adding 

the oil drop by drop. 

    Petrol from different gas stations was collected and 

their optical polarizations were observed . The optical 

polarization is different  for different brands like HP, 

Indian oil, Reliance. 

     Then petrol of same company was collected from the  

different stations(bunks) and optical polarizations were  

measured for the samples. Surprisingly the optical 

rotations of the same company petrol gives different 

optical rotations. 

     This change in optical polarization is  may be due to 

mixing of impurities at the gas stations or may be mistake 

done at the production or may be some other factors that 

involved during the transportation of the petrol .   

 

Figure 6. optical rotation in petrol 

x-axis -change in phase(optical polarization) 

y-axis -number of drops added (tutee oil) 

         Honey is a natural sugar that is made of nectar from 

the flowers which is a laevorotatory. It is complex 

substance but largest proportion in it consists of sugar. It 

is laevorotatory because it has L-fructose, that has 

negative specific rotation in large quantity. If honey is 

found dextrorotatory it is adulterated. 

       This optical polarization can be helpful in detection 

of adulteration in food materials. Diabetic patients are 

advised to take the honey that has high fructose 

proportion in it . As the fructose doesn’t increase the 

sugar levels in the blood. It can be used as a sugar 

substitute. 

        The optical rotations of the different brand honeys 

are measured with respect to the pure honey. The result 

may not necessarily indicate the purity of the of the 

honey as the honey may be adulterated with high fructose 

syrup 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

         While measuring optical polarization in fruit juices 

the cuvette was completely filled with saturated fruit 

juice. Lemon juice and sugarcane juice contain 

laevorotatory fructose so the turned the polarized light 

towards negative angle. 

Note: The optical polarization angles measured with 

rotating polarizing technique are not absolute angles 

measured by optical polarimeter.  They are reletive 

readings.We can corrilate these readings with the 

polarimeter readings.  

Compound Optical rotation 

Petrol(drops) Change of 

phase in 

degrees 
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2.3 

1.4 

1.01 

0.63 

0.37 

0.37 

0.36 

0.28 

0.63 

0.94 

1.05 

1.06 

1.18 

1.13 
 

Honey(brand) optical 

polarization in 

degrees 

pure honey -1.12 

Marthananda -0.86 

Dabur -0.12 

Patanjali -0.56 

Fruit juices  Optical polarization 

Lemon juice -0.26 

Sugar cane  -1.03 

Orange juice +0.80 

Minute main pulpy 

orange 

-0.84 
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Orange juice contains a certain extent of glucose which 

gives energy after consuming it. From our results the soft 

orange drink and orange juice has a lot of difference in 

optical polarization. As the soft drink contains fructose it 

doesn’t give any sort of instant energy where as the real 

orange has some glucose contents and gives energy. The 

result may not necessarily indicate the purity of the soft 

drink as the drink may be adulterated with some sugar 

syrups. 

3 .Conclusion 

      From the results it is observed that rotating polarizing 

spectrometer technique is relatively accurate and 

sensitive when compared to that of other techniques. 

Optical activity varies for different compounds. 

Compounds having glucose turns the polarized light 

clock wise where as the compounds containing (L)-

fructose turn light towards anti-clock wise. Optical 

rotations of natural fruit juices and honey of different 

brands are analysed. Adulteration in petrol with tutee oil 

is observed. This project can be taken to the next level for 

detection of sugar levels in blood, detection of early stage 

cancer cells in blood and also detection of phase 

transitions in different phases of  liquid crystals. 
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