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Abstract—In this paper, we investigate the properties of
ultrashort pulse propagation in normal group-velocity dispersion
(GVD) fiber based on nonlinear Schrodinger equation. A
numerical model is established and is programmed and calculated
by the split-step Fourier transforms. Nonlinear pulse evolution
transmitted in normal dispersion fiber with gain is stimulated
through computer. Some useful conclusions are obtained.
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I.  INTRODUCTION

Ultrashort laser pulses, which have a lot of remarkable
advantages, such as high repetition rate, wide spectrum, high
peak power and so on, can be applied extensively in the civil,
communication, mechanical, energy, military and other
fields[1-6].

However, the very high peak power is often required in
practical research and application of ultrashort pulses. If the
pulse is direct output from laser, the performance of saturated
absorber of laser is highly demanded. One disadvantage of laser
amplification that cannot be ignored is lasers are expensive,
especially in the high power amplification process, the saturated
absorber of the laser is very easy to be destruction, which
increases the cost of laser amplification.

The optical fiber amplifier technology is a good method to
solve the problem because it has many advantages. The optical
fiber structure has good strength and toughness and is not easily
damaged by physical damage. The cladding structure of the
optical fibers protects the stability of the optical fibers. Pulse
propagates in the normal group-velocity dispersion (GVD) fibers
and is not easily affected by external factors, thus ensuring the
stability of the system.

The normal dispersion fiber, which is stable and the loss
threshold is relatively large, is suitable for high power
transmission and amplification. Therefore, it is necessary and
practical to study the optical fiber amplification technology of
ultrashort pulses. The paper is structured as follows: starting
from the theoretical model in section 11, the theoretical model is
introduced. In section 11, the ultrashort pulse propagation and
amplification are investigated and discussed. A brief conclusion
is given in section V.

Il. THEORETICAL MODEL

The simulation is based on nonlinear Schrodinger equation
(NLSE):[3-6]

Oy (Z,T)
oz
_Boy(ZT)

L5 ~rw@fwET) o

+i%y/(z,T)

For an amplification with a constant longitudianal gain g, ,

it has been demonstrated that the NLSE admits of an parabolic
asymptotic solution as follows.[4-6]
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where, w(Z,T) isthe pulse envelope in a co-moving frame;
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chirp is at | 2 is normal GVD, 9o js gain

coefficient, nonlinearity coefficient 4 . %is mid frequency

and To is pulse width.
I1l. SIMULATION ANALYSIS
We solve the GNLS equation by split-step Fourier method,
for the input field a Gaussian pulse with ¢,= 0.5 m?, f,=
4.6 X 10 %ps?m, y = 25X 10 * Wiml, A (=1550nm,
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To=0.5ps, Eo=40pj. Evolution of the
simulated numerically as follows.

parabolic pulses is
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FIGURE I. THE EVOLUTION OF PARABOLIC PULSE (A)
WAVEFORM AND (B) CHIRP

From Figure I, we can find that the parabolic pulse is
generated and transmitted. In order to analyze the influence of
different dispersion effect in detail, we discuss them
respectively.
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FIGURE Il. THE EVOLUTION OF PARABOLIC PULSE WITH ﬂz (A)
WAVEFORM AND (B) CHIRP

From the Figure 11, with the increase of /3, , we can see a

considerable pulse broadening is observed, and the chirp
become greater linearity which can be used in higher output
power.

1V. CONCLUSION

In summary, the evolution of ultrashort pulse is investigated
which propagates in normal group-velocity dispersion (GVD)
fiber and is simulated by nonlinear Schrodinger equation. The
parabolic pulse and linear chirp would improve the output
power greatly. The results is significant for the developmental
research of high power pulse technology.
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