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Our team consists of two students, Yi Chen and Yu Kai Lo. Both are from Taiwan.
They are Taipei Municipal Jianguo High School students. They have been partners for

about 1 year.

Yi Chen lives in Taipei. He has been interested in science since he was a kid. His
elementary school teacher described him as a lover of nature. He enjoyed every field
trip and was eager to learn everything he found on the trip. His amazing curiosity led
him to a lot of pleasant discoveries and huge happiness. He wants to devote himself to

the study of science in the future.

Yu Kai Lo has a brilliant mind and shows great talent in science. He is especially
interested in physics. Also, Lo takes active part in extracurricular activities. For
example, he was the director of drama competition and the designer of classroom

decoration competition.
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Abstract

This project utilized numerical simulation models of one-dimensional plasma to
understand the evaluation of plasma solitons under non-uniformed background

conditions.

In last year's project, we confirmed the accuracy of this model. This time we
added in the theory of relativistic to further observe the propagation and evaluation of
solitons. We found that different initial pulses will influence the shape of the resulting
solitons. And by providing non-uniformed background conditions, we could find the

general principle that solitons follow.

Last, by comparing to the paper published on journals, the result form our
simulation show high accuracy with only about 1% differential. Therefore, we directly
calculated a soliton from the formula in that paper and put it in our system to gain

more understanding of the evaluation and movement of solitons.

In the future, we will use these results to create a multi-dimensional plasma
numerical simulation model, which will be able to explain the energy transmit in the

crab nebulous.
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In this project, we want to solve an astrophysical problem about an intense energy
carrier in Crab Nebula that can transport energy afar from near the central pulsar to its
boundary, about 10 light years away. The energy carrier cannot dissipate energy during
the transportation until it reaches the target region. The mechanism should be like
surface waves in the sea. When they get to the sea shore, the energy is rapidly
converted to the random motion of water. This wave break mechanism can generally
occur in nonlinear waves and not necessarily only in surface waves. Since in Crab
Nebula electrons are heated to a relativistic temperature, the most reasonable guess for
such nonlinear wave should be that involves in proton oscillations at relativistic speeds.
Once the characteristics of the waves are identified, we test ion waves with and
without magnetic field. We find these two kinds of waves have different evolution. At
large amplitude, the one without magnetic field develops into a collisionless shock and
damps out quickly. This isn’t desirable. Another with magnetic field can become

solitons retaining its coherency and are good energy carriers.

But now, we want to find a way to make it break at the desired location and let the
electrons be heated by acquiring the released energy, like water gets the random
motion. As the scale of relativistic soliton stored energy is the protons rest mass energy,
the released energy will also be on the same scale. Wave break may be achieved by
changing the environment, in which soliton propagates, in such a way that the Mach
number increases. A layman’s explanation for the surface wave break is that the
small-amplitude wave speed becomes smaller near the shore than in the deep water.
However, nonlinear wave (soliton) speed may also alter in a changing environment.

How the Mach number should increase with changing environment is therefore a



question with no definite answer. This motivated us to conduct numerical simulations

to find out the answer in a quantitative way.

Limited by the degrees of sophistication involved in this problem, we confine this
project to a 1-dimentional problem in the relativistic situation to gain an idea for a

more complicated plasma system.
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1 grid=1sec-c
c:speed of light

FIGURE 2-1 Charge array of the system
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(- ) Procedure of our numerical calculation:

- T XV

Initial xand v ) f//Jl (x,v) K\
— calculate Pland f SR — )
—+ calculate Band E (a) (p,J)

= e —r —r
— calculate newXand v WA I
— cycle of calculation _f_\\‘\ — //\

(A | (E8) |

(= ) Physical conditions: :
1.Number of cycles: 2 x 10° cycles
2.Time step of each running: 0.01 sec < At < 0.1 sec

3.Time scale of system: 2 x 103 sec < At < 2 x 10° sec
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R = Relative height of the pulse to the background.

W = HWHM of the initial pulse.

L]
w

M

spld 0z

M

SpM3 0T

—t= 0sec Initial pulse.

— t=100sec The pulse spreads out.

— t=200sec Two solitons traveling inopposite

directions are clearly visible.

m At R=6, the two solitons generated from the
pulse continue to spread into more solitons.

m At R=6, the initial pulse carries more energy
than the R=3 case. The speed of the solitons
generated at R=6is 2 times faster than which
generated atR=3.

m At W=5 grids, the initial pulse is more localized

than the W=20 grids case. More sclitons are
generated but each is associated with less
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m As an example of R=30 and W=200 grids.

m The pulse spreads out within a shorter time
but cover amuchbroader spatial region.

m The charges thenrencrmalize into two well
separated solitons with a much localized
charge density.

m Energy of the solitons generated is so high

that it break into spreaded energy waves.

| mThe front end of the charge wave spread into

a very localized shock wave traveling a much
highly speed.
m Damping of the shockwaveis evident as it

releases energy to the system on traveling.

m Energy delivered by the shock wave causes

the system to heatup.

Shock wave iz 7 ;%8 4 & ¢ 3 Shock

£ = f5(Eq. [3-1]~[3-3]) » # Shock
Hi st L 00 T T

[3-1]

[3-2]

[3-3]
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~ Magneto-solitons :
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4 4 215 27 Electrostatic solitons & {7t o 3 A F 3 H ) 4 0 (Fig.

3-2-1) -
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Electrostatic solitan: Mo Eﬁeld background

Magneto-soliton: With a Eﬁeld background
FIGURE 3-2-1
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LOCATION OF SOLITONS
m The solitons generated are in
fact propagate at a constant il B=35N/C g B=25N/C | T B=15N/C
speed. g - § B g =
m A background magnetic field g 3 g
reduces the numbers of soliton Time (sec) Time (sec) Time (sec)
generated. 1 soliton 2 solitons 3 solitons
FIGURE 3-2-3
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m In the case of, there are two ramps at the

edge of the system. _\_Jﬂ‘_/_

m The solitons can still climb up to the ramps

on the edges. mf

m Upon reaching climb the ramps, their peaks

will renormalize into a more well-defined

. . —h“'h-_{ I\I‘L.u""-—
and localized solitons. \ ,fr

m The amplitude of rencrmalize solitons can

be twice as height as the original one.

m Breaking of solitons can occur if the back- U
ground magnetic field is high enough.
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= ~ Relativistic solitons :
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FIGURE 3-3-1
The Sagdeev potential of Eq. [3-3-1] for y; = 10 and M,/M,. = 0.8 (curve a), 1(b),
and1.2(c)
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7~ 2-D model :
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