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ABSTRACT 

A non-contact and low-cost nanomaterial based fiber-optic sensor is developed for measuring large values of electric 
currents.  The magnetic field, generated by the electric current, changes the refractive index of a liquid in which 
nanomaterial particles are suspended.  The change of refractive index is converted to a change in the intensity of light 
transmitted in an evanescent field based fiber optic sensor.  The change in the intensity is proportional to the magnitude 
of the electric current and thus the current can be measured by measuring the resultant change in the intensity of light.   

Keywords: Photonic Sensor, Nanomaterial, Electric Current Measurement, Fiber Optic Sensor, and Ferrofluids 
 

1. INTRODUCTION 
In various industrial systems, such as electric power generators, nuclear reactors, particle accelerators, electrochemical 
metal (esp. Aluminum) extraction processor, we need to measure electric currents having magnitudes in the range of 
hundreds or even thousands of Amperes. There are many devices and systems, such as, Rogowski coils, current 
transformers, and Hall effect devices, available for monitoring such large values of electric currents1.  Most of these 
current sensors are electrical and involve a set of safety measures for handling such dangerously large values of currents. 
Highly sophisticated and expensive fiber-optic current sensors based on Faraday effect or Sagnac effect in optical fibers 
are also available in the market2. 

Several types of fiber optical sensors have been developed for measuring electric currents.  They can be classified in two 
main categories:  (1) Fiber Polarimetric Sensors, and (2) Fiber Interferometric Sensors. Fiber polarimetric sensors are 
based on Faraday effect that changes the plane of polarization of a polarized beam of light in the presence of a magnetic 
field.  The angle by which the plane of polarization is rotated is linearly proportional to the magnetic field generated by a 
current-carrying conductor.  The relation of change of polarizing angle to an external magnetic field is determined by the 
Verdet constant of the optical fiber material.  As optical fibers have a small Verdet constant, sensitivity of the system is 
increased by winding large number of turns of the fiber around the current carrying conductor.  Fiber interferometric 
Sensors use the principle that when two light beams propagating in opposite direction passes near to a current carrying 
conductor, then the magnetic field of the current produces a phase shift between the beams.  So by measuring the phase 
shift the current can be measured.  Both methods are complex as one need to measure either plane of polarization or 
phase shift, and both the quantities are difficult to measure. These devices are sensitive to vibrations as well as costly2. 

However, the advantages of photonic sensors for monitoring and measurements of various physical and chemical 
variables are numerous2.  First of all, the photonic sensors are mostly constructed with optical fibers made from 
dielectric materials immune to electromagnetic interferences.  Thus, they can be easily used in electrically hazardous 
domains with electrical discharges, high electric or magnetic fields or strong radio frequency fields.  Optical fibers are 
lightweight and highly flexible and thus they can be taken to or attached to hard-to-reach places.  Optical fibers have 
almost unlimited bandwidth resulting in high throughput from various photonic sensors.  Particularly, for electric current 
sensing, the high bandwidth makes observations of harmonics and transients possible1.  Since optical fibers are excellent 
channels for long-distance communications the signals generated by photonic sensors can be multiplexed together and 
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transmitted over a long distance.  Thus, remote and distributed sensing systems can be easily built using fiber optic and 
photonic components2. 

In this paper we describe the development of a non-contact and low-cost sensor for measuring large values of electric 
currents.  It is sensitive to magnetic field generated by the current flowing in a conductor.  The sensor can be used as a 
handheld device for monitoring the current.  

    

2. DESIGN 
We use a ferrofluid, a magnetic fluid consisting of fine ferrite particles of about 70-150 oA in size, dispersed in a 
colloidal suspension.  Many kinds of oils and water can be used as a base liquid.  We used a ferrofluid with a light 
mineral oil base for our sensor.  It is well known that when an external magnetic field is applied to such a magnetic fluid 
the dispersed nanoparticles are agglomerated and form magnetic columns.  The separation of the columns from the 
liquid phase may lead to a variation in the effective dielectric constant or the refractive index of the colloidal mixture3-5. 
   
The effective dielectric constant εMF of the magnetic fluid can be expressed as  
 

εMF =
−εcol (1− f ) −ε liq ( f −1) + εcol (1− f ) +ε liq ( f −1) + 4(1+ f )2εcolε liq

2(1+ f )
    (1) 

 
where, εcol denotes the dielectric constant of the magnetic column, εliq represents the dielectric constant of the liquid 
phase.  

f = (Vcol /V )
1− (Vcol /V )

           (2) 

where Vcol is the volume occupied by the magnetic columns within the total volume V of the liquid.  The ratio (Vcol/V) is 
a function of the external magnetic field and hence the refractive index of a suspension of magnetic nanoparticles 
undergoes a change with an applied magnetic field3-5. 

Thus, if we bring a conductor carrying a high current near a magnetic fluid, the magnetic field produced by the 
conductor introduces a change in the refractive index of the fluid.   We monitor this change by using fiber optic sensor 
capable of measuring small changes in the refractive index of a liquid.  The fiber optic sensor consists of about one 
meter of multimode fiber in which the outer plastic jacket and the cladding layer are stripped away over a region of 5 
cm.  The evanescent field in the core-cladding interface of the optical fiber is exposed to the environment in the region 
without the cladding.  Any change in the dielectric properties of the surrounding medium can affect this exposed 
evanescent field and hence, can be measured by monitoring the output light intensity from the sensor fiber2.  A block 
diagram of the overall scheme is shown in Fig. 1.  A schematic diagram of the evanescent field based fiber optic sensor 
system for measuring electric current is shown in Fig. 2. 

 

 
 

Fig. 1 A block diagram of the nanomaterial based fiber optic sensor for measuring current 
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Fig. 2 A schematic diagram of the experimental system for monitoring electrical currents using a nanophotonic sensor. 

 

3. RESULTS 
A prototype of the sensor shown in Fig. 2 has been designed and implemented in our laboratory using off-the-shelf 
components and a magnetic nanomaterial based ferrofluid.  The light from an 850 nm LED is transmitted through the 
optical fiber.  The intensity of the light detected by the optical receiver is about 1 μW.   Using a heavy-duty conductor 
we made a coil of 10 turns.  The radius of the coil is 20 cm.  The middle portion of the fiber optic sensor in which the 
ferrofluid is in contact with the cladding-stripped fiber is placed in the center of the coil.  The electrical components of 
the fiber optic sensor, namely he transmitter and the receiver, are kept away from the coil shielded from any magnetic 
field associated with the coil.  We turned on a current in the coil and recorded the change in the response of the optical 
receiver in the steady state. The change in the response of the fiber optic sensor with an increase in the magnitude of 
current being measured is depicted in Fig. 3.  It is clear from Fig. 3 that the intensity of the light output from the fiber 
optic sensor is a function of the current flowing in the coil.  There was a hysteresis error of about 8% in the response of 
the sensor system. 

 

 
Fig. 3 Changes in the photodetector output current as the current in the coil is increased. 
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4. CONCLUSIONS 

It is clear the above discussion the output optical power of our fiber optic sensor is a function of the electric current in 
the adjacent conductor.  So we can calibrate the output to make a current measuring device based on the fiber optic 
system.  This nanophotonic method is quite safe as one can take the readings from a distant point.  So this is a risk free 
method to measure very large currents.  This is relatively low-cost as compared to the Faraday or Sagnac effect based 
fiber optic sensors or polarization based optical sensors for current measurement available in the market.  Ongoing 
research in our laboratory is focusing on improving the speed, accuracy and reliability of this sensor. 
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