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 
Abstract: the proposed concept in this paper aims to design an 

instrument that measures and compares the magnetic 
permeability of the given substance, hence to determine the purity 
of the sample in a non-destructive manner. This works based on 
the stimulation method, where the magnetic field acts as a 
stimulator. A certified pure sample of milk is analyzed using this 
device to get the standard permeability of the milk. Then this 
sample is diluted with a known amount of water and the deviation 
of permeability is studied. The attained results are used to 
calibrate the device. The equation, which is modeled from the 
results, is used to interpret the purity of the given sample. The 
sample that has undergone the test procedure is safe to be reused. 
This is an effective Non-Destructive Test (NDT) to know the 
adulterant. Not only milk but other fluids such as hydraulic oil, 
fuels, and solids can also be tested for their impurity content. This 
device can also be used as a complementary for Electronic 
Tongue. It is a more efficient method where the comparative study 
of materials is used. Further, this method can be used to 
approximate the boiling and freezing point of the same when the 
exact composition of the material is known 

Keywords: magnetic permeability, purity, stimulation, 
non-destructive, Electronic Tongue, comparative study. 
 

I. INTRODUCTION 

One of the methods to know the nature of the material is 

the stimulation method, where the material is stimulated by a 
stimulator and the response of the material is studied to know 
the nature of the substance like permeability, density, 
temperature, purity of the material. This response is always 
unique for a particular material. The commonly used 
stimulators are light in Photometry, Electric field in 
Potentiometry, these stimulators are unpreferable in the 
situation, where the material is opaque and Electric field has 
an adverse effect on the viscosity of the liquid material [6]. 
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Hence The magnetic field as a stimulator is ideal to study the 
nature of the material [9]. The response from the material 
where the Magnetic field is used as a stimulator is the 
resistance to the flow of magnetic field lines through them. 
This is the measure of Magnetic permeability, which is unique 
for a particular material in ideal condition. The proposed 
concept in this paper aims to design one single 

 piece of equipment to measure and compare the magnetic 
permeability of a wide range of materials that reveals the 
nature of the material. The main aim of this equipment is to 
compare the quality of the produced material to the certified 
standard sample; hence this is useful to determine the purity of 
the material and substance when all the physical parameters 
remain constant. Furthermore, this method can be used to 
approximate the boiling and freezing point of the same when 
the exact composition of the material is known. This is the 
novelty of this work. 

II.  EARLIER METHODES TO CHECK THE PURITY 

A. Chemical analysis 

One of the most accurate methods to determine the nature 
of the material like purity is the chemical analysis method [7]. 
This method is used in chemical laboratories to identify the 
presence and amount of impurities in the sample of the 
material using chemical analysis. This method is more 
complex, costly, time-consuming, needs expertise in the field, 
moreover the test sample is non-recoverable. 

B. Physical method 

One of the simplest ways to check the purity of the 
materials is to compare with the certified pure sample. This is 
completely based on the visual comparison, which reveals the 
presence of any large impurities, such as dirt or other 
differently colored impurities. However, this method is 
unreliable, since there is no uniformity in the segregation 
process, which varies from person to person. 

III. EXISTING INSTRUMENTATION METHOD 

In the present trend, the Electronic Tongue is the most 
promising device that measures and compares the tastes of the 
sample. It contains seven biosensors to detect dissolved 
organic and inorganic compounds. Like human taste 
receptors, each biosensor has a spectrum of functions 
different from the other. The information given by each 
biosensor is complementary and the combination of all 
biosensors' results generates a unique fingerprint.  
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Both qualitative and quantitative measures of the sample 
can be obtained. 

 
Fig. 1. Schematic Diagram of Electronic Tongue 
 
Liquid samples are directly analyzed without any 

preliminary preparation, whereas solids require a preliminary 
dissolution before measurement. Reference electrode and 
sensors (working electrode) are dipped in a beaker containing 
a test solution. A voltage is applied between each sensor and a 
reference electrode, and a measurable current is the response. 
This current response is a result of oxidizing reactions that 
take place in the solution due to the voltage difference, and 
can be amplified through catalytic surface treatments. The 
response is measured and recorded by the e-tongue's software. 
These data represent the input for mathematical treatment that 
will deliver results. It is possible to check and compare the 
purity through this instrument. This is more advantages than 
the earlier discussed methods. However, the major drawback 
of this technique is the test sample gets denatured, it is unfit to 
reuse in most of the cases. When the sensors are dipped into 
the test sample, it under go Redox reaction and there might be 
the possibility of contamination of sample, hence the sample 
is discarded after the test [1][2][5][9]. 

IV. PROPOSED METHOD 

A. Working Principle 

 Whenever a material is placed in a uniform magnetic field 
of intensity H0, dipoles in the material tends to align in the 
direction of the applied magnetic field. Hence there will 
be a significant change in the intensity of the received 
magnetic field H. This depends on the ability of the 
material to conduct a magnetic field, which is termed as 
permeability (μ). 

  In this case, the relation B=μ⋅H is applicable, where B is 
the Magnetic flux density.  

 Permeability varies with the geometry of the material, the 
frequency of the field applied, humidity, temperature, and 
nature of the material. The graph of the curve B v/s H 
gives the hysteresis loop, which is complicated to analyze 
the result. Hence for better approximation, the graph of 
change in magnetic field intensity v/s known amount of 
impurity in the sample is preferable. When all the 
parameters are constant then the graph is linear in nature, 
this is easy for analyzing and interpretation of the result.  

 

B. Methodology 

Before finding the purity of the unknown sample, some 
standardization has to be done. Later this standard reference 
value is compared to the testing sample of unknown purity, 
when all the other physical parameters are constant.  

• Standardizing the Parameters 
a) As an initial approach of the proposed method, only liquid 
samples are used, in order to maintain the uniform geometry. 
The testing chamber of 10ml is used, so that the geometry is 
constant. 
b) A uniform magnetic field producing instrument is used 
such that the frequency of the AC used is constant. 
c) The whole process is carried under adiabatic system; hence 
the temperature and humidity are constant.   
d) When all these parameters kept constant, the sole 
governing parameter that affects the change in applied 
magnetic field is content (nature) of the material. The graph of 
which is linear, hence easy for approximation 

C. Case study of inspecting milk sample 

Milk as a sample is chosen and demonstrated the procedure of 
standardizing the parameter and calibrating the device using a 
microcontroller. 
• Standardizing the parameter 
10ml of certified pure milk is taken in a container and then it is 
introduced with a toroid that could generate the magnetic field 
of 0.4 T, using oscillator circuit. The permeability of this 
sample is calculated and stored in the computer by the 
assistance of ATmega328P microcontroller (Arduino Uno). 
Flux intensity of the pure sample Ho is obtained [4].  

  
Fig. 2. Arduino set-up to test milk sample. 

 
• Calibrating the device 
 

 
Fig.3. Schematic representation of proposed 

methodology. 
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Known certified pure sample of 10 ml milk is taken in a test 
chamber. Then a uniform magnetic field is produced by the 
toroid. Then it is purposefully adulterated with a known 
quantity of water. The water content has hydrogen, which acts 
as a dipole and tends to align in the direction and creates the 
magnetic field throughout the sample. But fat content of the 
milk tends to reduce the propagation of the field. However, 
when the Magnetic field measuring unit detect and measures 
the received magnetic field intensity, it is always unique under 
specified condition (discussed under standardizing the 
parameters) for a sample of 10ml milk. The deviation in the 
permeability is recorded. This can be used as a standard 
reference value to measure the purity of the unknown milk 
sample. A graph of amount of adulterant in the sample versus 
change in flux intensity is drawn to the obtained values. 
The equation of the line obtained 

y = 2.4667x + 2.5 
here y denotes the deviation in the flux from the standard 
reference value, and x denotes the amount of adulterant. 
 

 
 

Fig.3. Graph obtained. 
 

The graph obtained above represents the quantity of water 
added and the change in flux intensity. If a milk sample of 
unknown purity is taken for a test, the above-mentioned 
procedures are carried out to measure the change in flux 
intensity and the value of y is found. From the standard 
reference value table and the equation, the corresponding 
amount of water in the sample can be estimated. 
 

D. Advantages of the proposed method 

• Less time consuming: if the standard reference value table 
is saved in the software, then this method takes just few 
seconds to deliver the purity results. 
• Sample is not denatured: it is recoverable for further use. 
• Less cost, as the method is simple the cost for 
implementation is less 
• Easy to use: it does not require skilled personnel to operate. 
• It is Hygienic: almost zero contamination probability can 
be assured. 

E. Applications of the proposed method 

 

 
Fig.4. Wide range of applications 

 
The proposed method has a wide range of applications on the 
diary and milk processing industries,  
• This method can be implemented in the milk collection 
centers from farmers. A standardized price can be fixed based 
on the quality of the supplied milk.  
• This method can also be used in bioscience and pharmacy 
to monitor the quality of the produced drug. 
• This method can also be used to estimate the percentage 
composition of the metal in alloys, if the combined elements 
are known. 
• Further by studying the change in other parameters, the 
nature of the material like freezing and boiling point can be 
estimated.  
 This method can be affectively used in almost all fields 
where the comparison method is applicable 

F. Limitations 

• Unlike Electronic Tongue this method cannot be used to 
detect the organic and inorganic elements in the sample, but 
this method can be effectively used to check the composition 
of the known elements in the sample.   
• Standard reference value table has to be prepared for each 
material  
• As of now only liquid samples can be taken for analysis 

V. RESULTS 

The proposed technique in this paper yields an effective 
outcome with a sample 10ml of milk. Interaction of external 
magnetic field with hydrogen molecule in water and lactic 
acid combination is interpreted in the graph. By diluting milk 
with water, the concentration on lactic acid decreases and the 
number of hydrogen molecule increases.  
 
Thus, the number of hydrogen magnetic dipoles available in 
the large quantity, results in increased magnetic permeability 
of the sample. The equation y = 2.4667x + 2.5 thus obtained is 
used to calibrate the device and further testing can be done. 

VI. CONCLUSION 

The proposed method can be effectively used to compare the 
given sample to a certified pure sample; hence purity of the 
sample can be estimated, and this can be used as a 
complimentary with Electronic Tongue.  
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Applications of this device extend into various fields. Diluted 
milk, impurities in hydraulic oil, contaminants in fuel and 
pollutants in other materials can be detected using this device 
with the same procedure and thus, it can identify counterfeit 
copies of the original material which is very useful and one of 
the main objectives of this device. The limitations of this 
method can be overcome by further study; hence there is a 
huge scope for improvement. 
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