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Abstract— This work presents a comparative study of 

evanescent field wave based fiber-optic liquid concentration 

sensors of two different configurations. The two different 

set-up being proposed here has the potential to detect 

concentration changes in a liquid to a good degree of 

precision.. Important characteristics of the proposed sensors 

are that they utilize inexpensive materials like multimode 

plastic optical fiber and are applicable for various solutions 

at normal temperatures. The amount of rays guided along 

the fiber probe is a result of the absorption of evanescent 

waves being produced at the core-cladding interface.  A 

millivolt range multimeter displays voltage output which is 

an indicator of the refractive index of a certain concentration 

of a solution. The two separate set-up measures light 

intensities across unclad portion of a plastic clad silica 

optical fiber, where salt solutions of known concentrations 

serve as cladding regions. According to results, the 

sensitivity of the direct transmission mode is 1.23 and that 

of the reflection mode is 11.00 which follows that the 

reflection configuration mode is more sensitive than the 

other. 
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I. INTRODUCTION 

The measurement of refractive indices of liquids or their 

corresponding concentrations are important aspects in 

variety of applications in modern scientific research. 

Recently, optical fibers have become an important member 

of sensor technology. A fiber based refractive index sensor 

can be very compact in size, and is usable for liquids of 

wide range of concentrations; it needs only a very small 

volume of the liquid and can be adapted to be chemical 

sensors also. Evanescent waves in the cladding region are 

exploited for developing evanescent wave absorption sensor. 

This is achieved by removing a certain region of the 

cladding of the fibre either chemically or through etching 

process and allowing interaction with the external medium 

(in this case it is the salt solution)[2]. Evanescent field 

absorption occurs when the solution, which forms the 

cladding of the waveguide, absorbs the light at the 

wavelength being transmitted through the fibre. 

When light suffers total internal reflection in an 

optical fiber, light is not instantaneously reflected when it 

reaches the interface. Rather, the superposition of the 

incident and the reflected beams results in the formation of 

standing electromagnetic waves. The maximum of the 

electric field amplitude is located at the interface but decays 

exponentially in the direction of an outward normal to the 

interface. The decaying field is the evanescent field [1].  

The electric amplitude, E, at a distance x along the 

normal is given by    

E=Eoexp(-x/dp),     (1.1) 

where  

Eo is the electric field at the interface  

 dp is the penetration depth. 

  The penetration depth is given by                  

dp= 
 

    √   
    (     )

 
    (1.2) 

where  

λ is wavelength of light in vacuum,  

θ is the angle of incidence with normal at the interface, 

n1 and n2 are the refractive indices of denser and rarer 

medium respectively. 

 
Fig. 1: Evanescent wave phenomena at the core-cladding 

interface. 

In an optical fiber, if the refractive index of the 

surrounding medium of the core is less than the refractive 

index of the core, then the power in the fiber core is 

insensitive to environmental changes in the surroundings. 

Otherwise, if the refractive index of the surrounding 

medium is very close to that of the core (In general less than 

5%) and the fiber cladding is only of few wavelengths(< 5 

units), then the power in the core decreases exponentially 

and will penetrate into the surroundings. The evanescent 

wave exponentially decays as a function of radius of the 

fiber core [1].This is the basis of the absorption sensors 

utilizing evanescent waves in an optical fiber. 

This work is aimed at measuring the output 

voltages of the emerging light from the receiving end of the 

fiber. A specific part of the fiber has been stripped off its 

cladding by etching process, and is exposed to solution of 

known refractive indices, which will yield different output 

voltages at the detector[3][4]. Two different configurations 

with the same fiber have been manifested where a 

comparative analysis has been performed in detail using the 

same analyte of varying concentrations. 

II. METHOD 

The multimode fiber is a PCS (plastic clad-silica) FT-

600UMT (n1 = 1.457, n2 = 1.368, NA = 0.37) of dimensions 

200/220 μm has been stripped to 3.3 cm of its cladding 

exposing the core. If P0 is the power transmitted by the fiber 

in the absence of an absorbing fluid, then the power 

transmitted in its presence is given by 

P=Poexp(-γL9)          (1.3) 

where L is the length of the unclad region and γ is 

the evanescent absorption coefficient of the fluid which can 

be  written as    γ=NT   
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Here, N is the number of ray reflections per unit 

length of the fiber and T is the Fresnel transmission 

coefficient of the light at the interface of a lossless core and 

lossy cladding [2]. 

The light source is a white LED (EVERGREEN 

ELECTRONICS) wherein the final wavelength is 

determined using a wavelength filter of 540 nm which have 

20 nm spectral width bandpass characteristics. The rays are 

focussed into the fiber using a convex lens of short focal 

length. The attenuated light at the output end of the fiber set-

up is fed to the surface of a light dependent resistor(LDR), 

CdSe coated having peak spectral response at 550nm; model 

NORP12 (RS components). 

The output across the LDR using a mega-ohm 

resistor is displayed by a millivolt range digital multimeter 

whose voltage values are indicative of the corresponding 

refractive index of the cladding medium.[5]                                        

In the direct transmission mode, as given in figure 

2, the partially unclad fiber is encapsulated in a plastic tube 

with inlet at the top for pouring in and sucking out the 

analyte. The fiber is fitted with cork at the two base ends of 

the cylindrical tube to ensure no leakage of liquid out from 

it. 

Light passing through the wavelength filter is 

launched at one end of the fiber and the output light is 

received at other end by the LDR. The change in 

concentrations of salt solutions gives changes in the 

refractive indices, giving corresponding outputs in the LDR 

circuit. A graph is plotted with refractive indices along x-

axis and LDR output voltages along y-axis. 

 
Fig. 2: Direct Transmission set-up 

In the reflection mode, a plane mirror closes one 

side of the plastic tube, while the other side has holed cork 

to fit tight the unclad fiber and a cladded fibre as shown in 

the figure 3. The unclad fiber receives filtered light of the 

LED and transfers it on the mirror surface. The cladded fiber 

collects the reflected light from the mirror and feeds the 

attenuated light to the LDR located at the output end. The 

output voltage is read by the multimeter corresponding to 

different salt solution concentrations. 

 
Fig. 3: Reflection transmission set-up 

III. EXPERIMENTAL OBSERVATION 

The standard numerical values of the refractive indices for 

certain concentration of salt in water are collected from 

some standard sources provided in the literature and are 

followed thereby. 

While plotting the normalized voltages 

corresponding to the refractive indices of the cladding 

region, straight lines are found in both the cases. It has been 

observed that the output values in both the cases vary quite 

uniformly with the change in refractive index values. The 

useful comparative parameter to be studied is the different 

sensitivities of the two set-up. 

The graphs below show a comparative analysis of 

the two configurations. 

 
Fig. 4: Normalized output vs Refractive indices( set-up 1) 

 
Fig. 5: Normalized outputs vs. concentration values ( set-up 

1) 

 
Fig. 6: Normalized outputs vs. refractive indices( set-up 2) 
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Fig. 7: normalized output vs concentration values( set-up 2) 

IV. RESULTS AND DISCUSSIONS 

The sensitivity of a sensor is the incremental change in 

output intensity with corresponding change in concentration 

of the analyte[4]. This means that the slope of the graph is a 

measure of sensitivity of the fiber-based sensor. 

Here, in the transmission mode, the slope is 

calculated to be 1.23 while in the reflection part, the slope is 

11. As a consequence, the second set-up is found to be more 

sensitive than the first one. 

V. CONCLUSIONS 

Since, the slope of the reflection mode is more pronounced 

implying its greater sensitivity; this sensor is applicable to 

sense those liquids whose refractive indices vary at a slower 

rate with concentration, as an example, our analyte, the salt 

solution. On the other hand the direct transmission mode can 

be considered for those classes of liquids whose refractive 

indices increases at faster rates with concentration, like that 

of sugar solution.   Keeping in view of the applicability and 

precision, these two configurations of refractive index 

sensors can be very useful to get proper results. 
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