

 

Abstract—High voltage pulses are much more difficult to 

measure precisely because of sensitivity of electrical devices to 

electromagnetic noise. One commonly used technique to 

measure high voltage pulses, is the use of Kerr cell containing 

any optically active material (nitrobenzene in our case). This 

work is based on optical technique to measure high voltage fast 

pulses precisely. Optical characteristics of nitrobenzene are 

exploited to measure the pulses. We have proposed a substitute 

design of Kerr cell to prevent breakdown in nitrobenzene 

which causes severe problems in measurement. Kerr cells of 

different sizes and different types are used in the experiments 

to measure the high voltage pulses of peak amplitude up to 

100kV. 

 

Index Terms—Kerr cell, high voltage, pulse measurement, 

nitrobenzene, birefringence. 

 

I. INTRODUCTION 

A recent increase in electric power demand causes 

generation of high voltage pulses, which in turn requires 

improving the measurement and preventive methods for the 

power apparatus. Considerable electromagnetic noise may 

be generated, rising the need of a nearly perfect 

measurement system which is immune to electromagnetic 

noise. For this purpose, it is highly necessary to develop 

better measuring techniques for the fast transient impulse 

voltages. To overcome the above stated problems an 

electro-optic Kerr effect is used for accurate measurements 

of fast rising (of order 10-8 s) high voltage pulses [1]-[3]. 

This system can be very small and portable. It provides 

nearly perfect electrical isolation between the much high 

voltage circuit and sensitive measuring instruments. Optical 

measurement system shows high signal to noise ratio (SNR) 

by separating electrically the measuring system from noise 

sources of the power system [4], [5]. Objective of this paper 

is to show the work related to design and implementation of 

a precise fast high voltage pulse measurement system using 

electro-optical techniques. Main component of this system 

is a glass tube containing optically active material called 

Kerr Cell. Nitrobenzene in liquid form is used as an 

optically active material. 

Optical techniques for the measurement of current or 

voltage at high amplitude levels can be divided into two 
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general groups. The first includes measurement systems 

which exploit the interaction of an electric or magnetic field 

with a material to cause a change in the index of refraction 

[6]. These systems are based on the Faraday, Kerr, or 

Pockels effect. The second approach uses a light source, 

usually a semiconductor laser or a light-emitting diode, 

located on the high voltage line to transmit information 

concerning voltage, current, or power to a lower voltage 

level [7], [8]. There has been substantial development using 

this approach of both laboratory instruments and 

commercial prototypes. Former approach is used in this 

work to measure high voltage pulses. 

 

II. THEORY OF KERR CELL OPERATION 

Fig. 1 shows a typical setup of Kerr cell system for high 

voltage measurement. Kerr cell is an electro-optic 

transducer whose optical characteristics are highly 

dependent on applied electric field. In the absence of an 

applied electric field no significance change occurs in the 

orientation of plane of polarization of light. But when an 

electric field is applied across the Kerr medium 

(nitrobenzene in our case) by applying voltage across the 

Kerr cell electrodes, birefringence occurs in the medium and 

due to different refractive indices offered by birefringent 

material, a delay occurs in the two components of electric 

field of light, which is at an angle of -45o with the applied 

electric field, and light which is initially linearly polarized, 

becomes elliptically polarized [9]. This change can be 

assumed as rotation of plane of polarization of light and can 

be sensed by a photodetector circuit after passing it through 

an analyzer. Light should be passed through a polarizer 

before entering the Kerr cell, whose optical axis is at -45o to 

the applied electric field [10], [11]. If polarizer and analyzer 

are perpendicular to each other then negligible light 

intensity is detected at the output of analyzer by the 

photodetector circuit. 

Light intensity is detected by the photodetector circuit at 

the output of the analyzer. If we keep on increasing the 

applied voltage across the electrodes of the Kerr cell, output 

of photodetector reaches its peak value which corresponds 

to a certain value of applied voltage. This variation in output 

transmittance of light is due to the difference in refractive 

indices offered by nitrobenzene to the two components of 

electric field of light. This difference is given by [6] 

2λKEn                                        (1) 

where ∆n is the change in refractive indices offered by 

electro-optical birefringent material to the two perpendicular 

components of light, λ is wavelength of light passing 
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through medium, K is the Kerr constant of birefringent 

material and E is applied electric field. Corresponding phase 

difference in the components can be found as 

 ΔΦ 2 ΔL n                                    (2) 

where L is the length of each Kerr cell electrode. Using (1) 

we get 

2ΔΦ 2 KLE                                       (3) 

Or 

2
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                                    (4) 

which is the final relation between applied voltage across 

the electrodes of Kerr cell and corresponding rotation in 

polarization plane of light. This rotation in polarization 

plane can be calculated by Malus’ law which is 

mathematically defined as 

2

0 cos ΦI I                                       (5) 

where I  is the instantaneous intensity of light, 0I  is the 

maximum intensity of light and Φ is the instantaneous angle 

between plane of polarization of light and optical axis of 

analyzer. 

 

 

Fig. 1. Block diagram of the experimental setup. 

 

III. EXPERIMENTAL SETUP 

Fig. 2 shows different types of Kerr cells used in our 

experiments. Size of Kerr cell depends on the amplitude of 

pulse we want to measure. Mainly two types of Kerr cells 

were used. One type contains nitrobenzene having direct 

contact with electrodes therefore more probability of 

conduction through nitrobenzene. In second type Kerr cell is 

constructed in such a way that nitrobenzene is isolated from 

electrodes by a thin glass sheet which prevents flow of large 

current through nitrobenzene.  

In this approach formula which relates voltage and 

electric field is needed to be modified as [8] 
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                            (6) 

 

Fig. 2. Different Kerr cells used in experiments 

where d is the width of Kerr medium (nitrobenzene),  Ɛ is 

dielectric strength of Kerr medium, dg is the width of glass 

which separates nitrobenzene and electrodes and Ɛg is 

dielectric strength of glass. Fig. 3 shows this arrangement. 

 

Fig. 3. Kerr cell with isolated nitrobenzene 

 

Fig. 4. Complete experimental setup 

Fig. 4 shows arrangement of completely aligned 

experimental setup for high voltage pulse measurement 

using Kerr cell. Kerr cell in this setup is one in which 

electrodes have no direct contact with nitrobenzene. 

Therefore electric field in nitrobenzene in this setup is not 

the ratio of applied voltage to the separation between 

electrodes but is given by (6) because we have to take into 

account the dielectric strength as well as the thickness of 

both mediums (nitrobenzene and glass) between the 

electrodes. 

 

IV. RESULTS AND DISCUSSION 

A simulation result of 12.5 kV pulse is shown in Fig. 5. 

In this simulation length of electrodes of Kerr cell is 11.6cm 

and separation between them is 0.35cm. Kerr constant of 

nitrobenzene is kept 2.44×10-10/V2. If distance between the 

electrodes is increased up to 0.5cm then electric field in 

nitrobenzene reduces and effectively there will be less 
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number of cycles at the output as shown in Fig. 6. 

 

 

Fig. 5. Simulation of 12.5kV pulse (d=0.35cm) 

 

There are two methods mostly adopted for the 

measurement of high voltage pulse from output data of 

photodetector. One convenient but less accurate method is 

to count the output pulses and using (4) as 

 
2

2
p

Nd
V

KL
                                      (7) 

where 
pV  is the peak value of pulse to be measured and N  

is number of pulses before pulse peak occurs. Equation (7) 

is valid for the arrangement shown in Fig. 1 where there is 

only nitrobenzene between the electrodes as dielectric. If 

arrangement shown in Fig. 3 is used where nitrobenzene is 

isolated from electrodes by glass then (6) and (4) can be 

used to measure peak value of pulse as 

2
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                           (8) 

Another method which is more accurate needs some data 

acquisition techniques and computer programming in which 

output data from photodetector is stored in PC for further 

processing to reconstruct input high voltage pulse. Some 

outputs obtained at digital oscilloscope are shown in Fig. 7 

and Fig. 8. Breakdown occurred in nitrobenzene can be 

noted in Fig. 8.  

 

 
Fig. 6. Simulation of 12.5kV pulse (d=0.5cm) 

Fig. 7 shows the result of experimental setup when Kerr 

cell with isolated nitrobenzene was used and Fig. 8 shows 

the result when nitrobenzene was in direct contact with 

electrodes. 

 

 

Fig. 7. Output waveform for 100kV pulse 

 

 

Fig. 8. Output showing breakdown in nitrobenzene 

 

V. CONCLUSION 

In this paper we have explained Kerr effect and its 

utilization in measurement of fast high voltage pulses. This 

optical technique is much affective and fast enough to 

measure pulses of duration of order 10ns. We have also 

proposed an alternative method of constructing Kerr cell to 

prevent breakdown in nitrobenzene which causes severe 

problems in measurement. Kerr cells of different sizes and 

different types are used for the experiments to measure the 

high voltage pulses of peak amplitude up to 100kV. It is 

also noted that purity of nitrobenzene is an important issue 

regarding conduction and breakdown in nitrobenzene. We 

are working on this system to improve its precision and to 

apply the Kerr cell to other applications like modulation of 

light and detection of electric transmission line faults. 
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