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Abstract
Optical Kerr material plays very important role in optical 
switching and data processing. These Kerr materials can be used 
also in wavelength conversion if some time dependent optical 
pulses having some regular power shape functions are passed 
through the Kerr type of non-linear material. Again in digital 
optical communication optical pulses are preferred for sending 
the message signals. Here in this paper the authors propose a new 
method of obtaining ultrashort pulse by the use of optical Kerr 
material and a sawtooth optical pulse.
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I. Introduction
Kerr type of isotropic nonlinear material has many applications in 
optics as optical self-focusing and defocusing, optical switching, 
optical signal processing, pulse shaping etc [1-7]. In a Kerr type 
of isotropic nonlinear medium the refractive index of the medium 
is dependent on the intensity of the light passing through the 
medium [8-14]. Due to this property Kerr materials can be used 
in wavelength conversion when electronic sawtooth pulses are 
passed through such type of nonlinear materials. In this paper the 
authors propose a new method of obtaining an ultrashort optical 
pulse by the use of wavelength conversion character of Kerr 
type isotropic nonlinear material and a sawtooth optical pulse. 
The conversion of frequency of a sawtooth pulse will help the 
generation of ultrashort pulse with desired frequency. 

II. Behaviour of Keer Non-Linear Medium
In a Kerr type of isotropic non-linear medium the refractive index 
(n) of the medium is expressed as 
n = n0 + n2I     (1)
Where, n0 is the constant refractive index term, n2 is the nonlinear 
correction term and I is the intensity of the light passing through 
the medium. Due to this intensity dependent refractive index of 
the medium the propagation constant of a beam in the above 
medium becomes
β = β0 + K0 n2 I     (2)
Where, β0 is the propagation constant in the linear medium. K0 
is the free space propagation constant of the light.
An incident electromagnetic wave of the form A eiω0t after passing 
through non-linear medium of length l would emerges as 
A e i(ω0

t-βl) = A exp [i(ω0t-β0l-K0n2 lI)]  (3)
Thus the instantaneous frequency of the light can be expressed 
as –
ω(t) = ω0 – K0n2ldI/dt    (4)
Here intensity I is a function of time t. 

 
III. Sawtooth Optical Pulse
The shape of the sawtooth pulse resembles the teeth of a triangular 
saw blade. It has a slow rise but extremely steep decay. A sawtooth 
electronic pulse when passed through a LED or diode laser, it 
emits an intensity dependant sawtooth optical pulse.  
A Sawtooth shaped pulse with intensity variation with time (“Fig. 
1”) is given by –
I = K1t;      0 < t < T0

Where, K1= Constant.
At t = T0, I =I0
So, K1 = I0/T0
So, I = I0/T0 t;     0 < t < T0        (5)

Fig. 1: Sawtooth Shaped Intensity Function

IV. Method of Obtainiing Ultrashort Optical Pulse by 
Kerr Type of Nonlinear Material and Sawtooth Electronic 
Pulse 
The instantaneous frequency of signal after passing through Kerr 
non-linear medium of length l is ahead given in  “(4)”.  
Again the intensity of a sawtooth pulse is given by “(5)” as
I = I0/T0 t; 0 < t < T0.
So the instantaneous frequency of a sawtooth pulse after passing 
through Kerr nonlinear medium is given by 
ω(t) = ω0-K0n2lI0/T0 ;0 <t <T0
Thus the frequency of a sawtooth pulse is changed when it passes 
through Kerr nonlinear material. This will help to generate 
ultrashort pulse with desired frequency. 

V. Analytical Result
Frequency spectrum of a sawtooth pulse after passing through 
Kerr nonlinear material of length l is given in “Fig. 2”.
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So, when a sawtooth pulse of peak intensity I0 is sent through the 
Kerr nonlinear material of length l the frequency of the pulse is 
down converted, by the amount K0n2l(/I0/T0). If an optical filter 
of pass frequencies ω0- K0n2l(/I0/T0) is kept after the nonlinera 
material, a light pulse of the alone frequency will be obtained for 
the duration T0.  

                 
Fig. 2: Frequency Spectrum of a Sawtooth Pulse After Passing 
Through Kerr type Non-Linear Medium

VI. Conclusion
Kerr materials can be used for frequency conversion by using 
device length and time dependent optical sawtooth pulses having 
some regular power shape functions. When a sawtooth type of pulse 
is passed through a Kerr nonlinear medium the down conversion 
of frequency is received from the output of the material. So a 
desired pulse frequency can be obtained from this.
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