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Abstract:

In this paper, the effects of polarization-mode dispersion and third-order dispersion on soliton
pulse propagation and also studied effective pulse dynamics in single mode fiber. In this paper
we are discussing about optical pulse propagation inside single mode fiber, polarization mode
dispersion is discussed, effects of third-order dispersion and birefringence on solitons

propagation and methods for solving coupled nonlinear Schrodinger equations.

Keywords: Nonlinear Schrodinger- NLS, optical pulse propagation inside single mode fiber,

OSP- optical soliton propagation

I. Introduction:

The evolution of optical communications revolutionized the speeds of data transmission
in communication networks. The enormous bandwidth available at carrier frequencies of THz
range increased rate of information greatly and backbone networks at 2.5 Gbps became a reality.
The growing demand for faster information transfer and also the increased demand for
information itself has necessitated that speeds beyond 2.5 Gbps be achieved. We know that
information as electrical signals are sent in the form of pulses and the amount of information that
can be transmitted is limited by the pulse width , lesser the pulse width, higher the bit rate and
greater the rate of information transmission. But as we transmit electrical pulses in fibers due to
material dispersion the pulses spread and overlap. This results in loss of information. The
spreading relative to the initial pulse width is more if the pulse has very small width than if it has
larger width. So if we try to send more information by lessening the pulse width and hence
increasing the bit rate, we would have to encounter dispersion and it may be so harmful that large
amounts of information loss can happen. To prevent loss of information generally error control
coding techniques are used but these only decrease the amount of actual information transferred
in the sent bits in a given time. Another way is suitable line coding, so that information can be
obtained despite dispersion. One more solution is Dispersion compensation i.e. to counter the
spreading of the pulse by introducing a dispersion of the opposite kind that reduces the pulse

widths so that the two effects nullify and there is no net change in the pulses transmitted. But
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then many other phenomena like non linearity in fiber, polarization mode dispersion etc become

prominent.

Solitons have been proposed and implemented successfully as the solution to the problem
of increasing the bit rate higher. Using solutions, bit rates as high as 40 Gbps have been
achieved. So what are solutions? Why are they solutions to the problem of increasing bit rate?
What are the limitations in implementing soliton based communication systems? How are they

overcome? My project has been step towards answering these questions.

11. Optical pulse propagation inside single mode fiber:

We obtained the nonlinear Schrodinger (NLS) equation that governs propagation of
optical pulses inside single-mode fibers. For pulse widths >5 ps, one can use equation given by
o 2
I@AZ_I_aA+&8 A—}/|A|2A

ERl |
Where A is the slowly varying amplitude of the pulse envelope and T is measured in a frame of

reference moving with the pulse at the group velocity Vg. The three terms on the right-hand side
of Eq govern, respectively, the effects of fiber losses, dispersion, and nonlinearity on pulses

propagating inside optical fibers. Depending on the initial width T, and the peak power P, of the

incident pulse, either dispersive or nonlinear effects may dominate along the fiber. It is useful to

introduce two length scales, known as the dispersion length L, and the nonlinear lengthL,, .

Depending on the relative magnitudes of L, L, and the fiber length L pulses can evolve quite

differently.

Let us introduce a time scale normalized to the input pulse width T, as
T t-z/V,

e
TO TO

At the same time we introduce a normalized amplitude U as

A (z,7) =[P, exp(~az 1 2)U(z,7)
Where Pg is the peak power of the incident pulse. The exponential factor in Eq accounts for fiber

losses. U (z, 1) is found to satisfy
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Where sgn(f,) =+1 depending on the sign of the GVD parameter f, and L :ﬂL’
2

i

N

Poy
The dispersion length L, and the nonlinear length L,, provide the length scales over which

dispersive or nonlinear effects become important for pulse evolution. Depending on the relative
magnitudes of L, L, andL,, , the propagation behavior can be classified in the following four

categories.

When fiber length L is such that L<<L,, and L<<L_, neither dispersive nor nonlinear

effects play a significant role during pulse propagation. This can be seen by noting that both
terms on the right-hand side of Eq can be neglected in that case. i.e., the pulse maintains its shape
during propagation. The fiber plays a passive role in this regime and acts as a mere transporter of
optical pulses (except for reducing the pulse energy because of fiber losses). This regime is

useful for optical communication systems. For L=50 km, L, and L,, should be larger than 500
km for distortion-free transmission. One can estimate T, and P, from Eq for given values of the
fiber parameters B, and y. At A=1.55um |B,|=20 ps®/km, and y =3 W 'km™ for standard
telecommunication fibers. The use of these values in Eq shows that the dispersive and nonlinear
effects are negligible for L < 50 km if T,> 100 ps and P,= 1 mW. However, Ljand L,
become smaller as pulses become shorter and more intense. For example, L, andL,, are ~ 100
m for T, = 1 ps and P, = 1 W. For such optical pulses, both the dispersive and nonlinear effects

need to be included if fiber length exceeds a few meters.

When the fiber length is such that L<<L,, but L~L,, the last term in Eq is negligible

compared to other two. The pulse evolution is then governed by GVD, and the nonlinear effects
play relatively minor role. The effect of GVD on propagation of optical pulses is discussed in
this chapter. The dispersion-dominant regime is applicable whenever the fiber and pulse
parameters are such that
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When the fiber length L is such that L << L but L=L,, , the dispersion term in Eq. is

negligible compared to the nonlinear term. In that case, pulse evolution in the fiber is governed
by SPM that leads to spectral broadening of the pulse. The nonlinearity-dominant regime is

applicable whenever

Ly _Polo
LNL |ﬂ2|

ps) with a peak power P, =1 W. Note that SPM can lead to pulse shaping in the presence of

>>1 This condition is readily satisfied for relatively wide pulses (T,> 100

weak GVD effects. If the pulse develops a sharp leading or trailing edge, the dispersion term

may become important even when Eq is initially satisfied.

When the fiber length L is longer or comparable to both L, andL,,, dispersion and

nonlinearity act together as the pulse propagates along the fiber. The interplay of the GVD and
SPM effects can lead to a qualitatively different behavior compared with that expected from
GVD or SPM alone. In the anomalous-dispersion regime (3, < 0), the fiber can support solutions.
In the normal-dispersion regime (B, > 0), the GVD and SPM effects can be used for pulse
compression. Eq is extremely helpful in understanding pulse evolution in optical fibers when

both dispersive and nonlinear effects should be taken into account.

111. Split-step Fourier method:

We split the computation of A over distance L, into 4 steps:

Stepl.Nonlinearstep: Compute A, =exp(L.N)A(Z,T) (by finite differences);

Step2.Forward FT: Perform the forward FFT on A,: A, =F A;

Step3.Linear step: Compute A, =exp(L.L) A,;

Step4. Backward FT: Perform the backward FFT on A,: A(Z + L., T)=F " A;;

After step 4 we will get the soliton pulse amplitude after traveling length L .hence to find the

soliton amplitude after traveling long distance we have to repeat the above algorithm for many

number of iterations.

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories
Indexed & Listed at: Ulrich's Periodicals Directory ©, U.S.A., [JsIIBEEEL]E as well as in Cabell’s Directories of Publishing Opportunities, U.S.A.

International Journal of Management, IT and Engineering
http://www.ijmra.us



January 131 ) Volume 2, Issue 1 ISSN: 2249-0558

2012

1V. Results:
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Fig.1 pulse profile in nonlinear regime with n,=9/2, o, =2/3and dy,=4

0.35

¢ input pulse
03l output pulse | |

pulse profile( arbitrary units)
] ]
= [=] i
th ) th

o

o
o
M

o .
-150 -100 -50 a &0 100 180
timelps)

Fig.2 Pulse profile in nonlinear regime with n,=9/8, a,=2/3 and dy=1
The evolution of a pulse along the fiber is simulated by use of the split-step fast-Fourier-

transform algorithm  operating on Eq. In this algorithm the fiber is subdivided into small
sections in which the dispersion and the nonlinearity can be taken into account separately, in the
frequency and the time domains respectively. The length of the Fast-Fourier-Transform vector
used for our calculations is 2048. To deal with edge effects, we enlarge the computational region,
by a factor of 2 or 4 to Z= (-80,80) or Z=(-160,160) . As one may expect, the relative magnitude
of k, and ks depends on the deviation of the optical wavelength Ao from zero-dispersion
wavelength Ap, the smaller Ay deviates from Ap, the larger ks is. For 5-psec pulse we can obtain
I'=0.0105, which corresponds to a loss of 0.2 dB/km.

V. Conclusions:

We have examined the behavior of optical pulses in birefringent single mode optical

fiber near the zero-dispersion wavelength. When the pulses propagate at the zero-dispersion
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wavelength the third-order dispersion plays a crucial role and its effects must be carefully
investigated. We have shown that effects of the third-order dispersion on the soliton propagation.
The third-order dispersion has different effects on the two polarizations. The solitons produced
and their subsequent evolutions depend on energy of the launched pulse and the fiber parameters.
It is found that the third-order dispersion in the fibers is strong enough to cause the pulse
distortion.
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