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Abstract: This study presents the characteristics of thenmaand the effect of the laser beam to best
suit the plasma model behavior. Special attentopaiid to the “Genuine” Two Fluid Model and the
ponder-motive and transient forces. These modeds tamslated into a numerical study of the
parameters, such as the electric field density @mdperature distributions once electromagnetic
energy is supplied to the plasma. The parameterprasented graphically against time and distance
into a small plasma fuel pellet. It is noted hoeldi density and ions form undulations through the
plasma. Types of plasma fuels are discussed wihrds to their key parameters, such as density,
volume and temperature. These characteristics iwitialy used in computations that were performed
using the laser driven inertial fusion energy opti@sed on volume ignition with the natural adiabat
self-similarity compression and expansion hydroayica™.
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INTRODUCTION Table 1: Plasma Properties
Plasma Electron Density Temperature
Situation (N) » K

This is a very complex field of study, involving

many fields of understanding, electromagnetic fieldlsnrt)zrg:lacuc 10 per e 101010
theory, atomic structure and quantum mechanicsterstellar 10* and 10 per 100 weak
(noticeably litle used or mentioned in the Medium cnt. ionised 10
literature.) It deals with the mathematics of geadi = Hoand 346 per Slt(r(jongly on.
fields, the resulting forces, moving charges ane th cnt.

theories of thermo-kinetic movement and especiallyinter-planetary 1 and t@er cni.

employs non-linear mathematics. There is anPace Latter value

occurring most

overview at the beginning, of the fo_rces involvedia when powerful

the models of plasma structure. It is too vast @aa corpuscular

of knowledge to plough into at this study, without fem'S?'hO”S occur
. . . rom the sun.

showing such an overview. Coupled with the p_Iasme}Onosphere 1and 3.0 per 300 to 3,000

structure are the values of temperature, energids a cm3.

densities, etc. Involved. Numerical work is offeied ~ Thermo- ~1& per cn 10 to 10

this study dealing with the non-neutrality of plassn nuclear Estimated by Current
. . . . . Reaction some for apparatus it is

Specially, the internal ‘churning’ that goes onides

a plasma, before and during any external fieldshsu ' controlled fusion. 10to 10.

as lasers supplied electromagnetic fields is offere gggg;fg%as 18 per cni.

them' apparatus

Debye length and plasma neutrality:One of the first
guestions to be asked about the nature of the plasm electron density varies (Tablé®)

how far apart are the particles? By particles, what If there is a density of the electrons, then intre

meant, the ions or ions include_zd with surroundingp|asma that should be approximately the densithef
electrons? In the case of deuterium, one electoon f positive jons, there could also be neutral pamicle

every ion, one proton and accompanying neutronwhich introduce the idea of the degree of ionizatio
Indeed this idea of electron and ions leads to amqgr example, in Earth’s lower D layers of the
addition to the plasma definition. Looking at it as jonosphere, the neutral particle density is aroléfd.
dielectric medium whose properties are determined bThe ratio of electron density to neutral particnsity
free charges, with no dipoles invol&d This s 10" to 10% In the Sun’s corona is almost zero. If
describes fully ionized plasma, a condition thatre@  the plasma is not fully ionized, then # ny electron
always be considered to be the case. number will not equal in numbers. This being theeca
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Examining some plasma’s it can be found that the
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potential difference will exist. The averageof which,
taken at any proper the plasma, can be repressegdyt
Poisson’s equatiétr:

/ Coulomb Potential

Screened Potential

I]ZV:—(ni —ne)e/:’:0 1) v

On the other hand if the plasma is fully ionized
there could be 3N equations for N particles, makipg
the equipartion function;

«——d—» r
v:proztl—(r2 /352” 1Z, O<r<r,

=pr?/Z,r r>r

) Fig. 1: Coulomb Potential between the Charges

The interesting point is that the space-chardddie
can actually maintain a condition close to neurali
Sommerville® offers the numerical example of0m®
of equal electron to ion particles and goes onhimns
using the above equations that a small electronic
movement ends up requiring a field of¥0n, too large
to maintain, so conditions close to neutrality are
maintained. He establishes departure being no thare
a few parts in a million over volumes such asif,

By examining the proposition of what happens
when a test charge is placed in it, the particénd an
iron, small so that no plasma particles approachin%
within the boundaries of inter-particle distanoaffer a rd
potential energy charge in comparison to the kTntiag
energy’. The ion would attract electrons, increasing
their density in the region, while positive ionswia be
repelled. The beginning of an inhomogeneous sidnati
one that could be induced by use of ion/particlenis

Fig. 2: Coulomb Collision of an Electron andlan

Charge me, at the center has potential 1/2 #ie
er of the thermal energy. This dimension is also
relevant for the space-charge sheaths that develop
where plasma come in contact with the walls ofrthei
confinement vessel.

The Debye length also relates to the plasma
frequency, due to inertia causing the overshoathef
instead of lasers, to induce fusion. oscillating charges. The perturbation of the etmtir

The Coulomb potential is thus reduced here bJrom neutrality and subsequent oscillation, relatio
virtue of the movement of charges making the plasm the ions is situated specifically determining plasm
When r>>d the potential becomes zero. A shieldin requency:
effect ensues, as screened potential from the plasm

screening effect (Fig. ). w, /2m=(n,& /4'[280%)}/2 =dn (5)
A few special situations arise from this, but tme

of interest here is, if the charge is moving with a ¥

velocity equal to or greater than the ions, bus lgmn @, =(noez /Eome) ’ (6)

the electron velocity. In this case, the screemitigbe
due to the electrons only as the ions cannot keeg.p One small, but important point, these velocitias c

The ‘d’ will be equal to (kEg/né ) This is the pe relativistic if KT = m& This may occur at T ~ 19
Debye Length, which due to above derivation, can b&. By adding thermal effects the mechanism to allow

seen to earn the name Debye shielding distance: wave packets to propagate is admitted. This is diyne
including the plasma pressure t&fnn the equation of
Ay =(kTesO/ne2)y2 =T /n S.I units 3) motion. Thus the dispersion term, from the freqyenc

term becomes:

Should the charge move faster than the electrons o 3KT k
ions, nothing screens it. The Debye length candems o’ =wf +—=-2
also the size of a sphere, so the number of charged m.
particles within will be:

(7)

Te, being electron temperature.

-4 - % i} . . .

NO‘/SmV%‘m(SOkTe) Jén (4) Schliiter's two fluid equations: Electrons and ions
collide. Electrons are attracted to ions, with teral
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separation of ¢ between them, the impact parameter The non-linear force, described by:
(Fig. 2).

Time allowed for interactiont =" now over this  fy. =1j XH + L [1E +—1I].(n2 —l) EE (10)

Y] c an 41t

time the electron’s momentum will change, giving th
angle @. is complet€!.

In discussing the effects of electromagnetic
radiation on plasma it will be noticed, that a ditmy  Genuine two fluid plasma model:When the electron
exists. The energy absorbing, or reflecting, depesmi  cloud is pushed by the nonlinear force; the iors ar
whether the ions or electrons are being discussegubsequently dragged on by virtue of electrostatic
Clearly if fusion is the direction of the discussighan fields. The equations:
the ions, the nuclei are going to the highlightedren
The input energy to compress the plasma will beagpr _myv, Zmy,
over both components; hence both need to be fuIIyV_ m, +Zm
treated before focusing on the actual nuclear EsESR

The model of envisioning plasma as the two fluisd( j:e(ni Vo r\‘?Ve)
using Bolztmann’'s kinetic theory, as being used _ _
throughout here) is the work of Arnulf Schiiffer As a net velocity and for the current density have

In discussing the effects of electromagneticto be coupled with the Maxwell equations at theyver
radiation on plasma it will be noticed, that a dithmy  least, the Poisson equation.
exists depends on whether the ions or electrons are The first thing to emerge from research is the fac
being discussed. The model of envisioning plasma aglasmas are not free from internal electric fieddithe
two fluids is the work of Arnulf Schltter. In hi980  high-frequency range of an irradiating laser. Thisas
study, “Dynamik des Plasmas | Grundgleichungenseen in studies of cosmic and geophysical plasma’s,
Plasma in gekreuzten Feldern”, he explains that thiby®'%. This led to a real time, collisional, non-linear
dichotomy allows the plasma to be seen as an entitygeneralization for these high-intensity laser feld
“Das Plasma zieht sich dann zu einen FadeAransfer of energy from electrons to ions and back
zusammem”. Essentially, plasma has the abilityresvd ~ again, by an adiabatic compression, had to bededu

it together in one single thread (or unit). Energy from the laser to electrons of ions is aldtep
Taking the Euler equation and setting it for if a process allowing for nuclear fusion is to alized.
electron§’. The process is complex, some simplification needs t

be made, such as omitting minor radiation losesseh
dv, _ e 3 do not greatly affect fusion gain calculations. ¢ler
mAe— = ~NE- N wx "FD/z nKT, (8a)  bremsstrahlung losses need to be included. Thenplas
under consideration is one-dimensional and of rgainl
deuterium. It includes collision produced viscosityd
thermal conductivity; where Spitze?8 value was
While for ions: corrected from his value by 50 to 100 for deuterium
pellets. This agreed with the electric double layer
mn v, _ Zn eE+ PE vx H preventing electrons carrying energy off. This gyer
dt c (8b) transport ceased to be electrons and was only by io
‘D%”i KT, —mn, Vei(vi - Ve)+ K, thermal_ _gon(_juctivity. The ratio between both
conductivities is:

+mnevei(vi - ve) + K,

v; being ion velocity, é_/electron velocity, mi ion _and m, _5.4858026 10
electron mass respectively. E is the electric figitlile e m—
g . 0 . m  2.014101795
je = N Ve is the current density involved in the Lorentz
force. Te and Ti terms are thermo-kinetic pressure_ 0-91095316 10 (%U”k ):2.7236965698 e

=2.723696798 10

terms, relating to the temperature of electronsiand, 3.344548
as has been u_sed l_)efore. The vle_ctron-lon_ coII|_5|on _ 0-5110031}\Aev —2 72333256% 10
frequency, which will help, determine the viscositya 1876.139

net velocity and for the current density. Also gsthe
neutrality (space charge), the equation of motién oAverage value = 2.723575439710
plasma becomes: The square root of which is = 0.016530503

dv 1 1(w, 2 The thermal conductivity was reduced by a factor
f:m‘nim:_mp+ij+m[] EME 9 of 71 for deuterium plasma (Fig. 3). Essentiallg th
¢ © model involves seven unknowns:
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n. electron densities
Ve electron velocity

Te

and the longitudinal electric field E, corresporglito
plasma oscillations. Expressed through seven ensti

o
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; lon densities
vion velocity

electron temperature i Ton temperature

Continuity for electrons and ions:

:t(mene) aix(meneve) =0 (11a)

%(ml )+ (11b)

Equation of MotioH?:

(mnv)

5} 5} 5}
5 (nemeve) o ( n.m e\fe) M (12

(NI~ Yo (EL+ H)

0 0
‘%HE&E‘ mn( v, v \’\Da( nmey)
=_90 _9 Zgd
- ax(nimviz) ax(nkT)+4TrE6xE

+m; n, (ve -V v)

(12b)

Expressed as conservation of momerttim

e e

n.m ve) ~ a(neme\f; _op,

ot X ox

_neeE_ nerneve( Ve_ vi)+ fNL

o

nmy)__o(nmy) ap

ot X ox

-n,zeE+ nm | y- vi)+%‘* fu

Conservation of Energy:

selnpi) == (v Fpir)

2 K Teneg Ve (13a)
o K| T f

2 3p)=-2ne 54

at\ /270 ox\' /2

‘/2%1iTi”iai"' (13b)

Ho o

) 3 T, -T,
— |- n
BXJ /Zymi B ¢
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— Hot plasma + Cold plasma
- D
_ + » Highly
] D—I_ energetic tail
<+—
—|— »
_|_
_|_

Fig. 3: Genuine two fluid plasma model

. oE
v. —

o (14)

=-4me(n, - Zn)

Initial conditions and boundary conditions need to
be put, which are time dependant with regards & th
laser, i.e. Pulsed. This has to be evaluated fcin &éme
step by the spatial dependence of W, the poweritgens
for energy transfer, as a solution of Maxwell's
equations. We can be viewed from the fluid mechanic
point of view to be like the external heat depasiper
unit volume; assuming no external foré8siz:

%[p(s+}évzﬂ+ div[pv(h+}/2v2ﬂ+ divg= W

It includes all reflections and absorption projsrt
belonging to the inhomogeneous plasma. All the
equations and material to this point have been tsed
develop computer codes, of varying accuracy. Data
gleaned from varying experiments, also adds toofill
test the accuracy of these codes. As the cost @i su
experiments is prohibitive. While the power of the
computers involved limits access by many. To fully
describe plasma’s behavior, like that of the fluide
thermodynamic state and velocity of flow are
required™ . The state variables, usually two such as
pressure, density; plus three vector components of
velocity are usually all that is required for thguation
of state. The variables being independent of edaéro
They form the dependant variables against the
independent variables of space and time.

Any plasma formed in the code or reality expands,
thus in one dimension there is as many negativeegal
as positive values of velocity on the average. The
magnitudes are usually of the same order. Takidg a
keV deuterium plasma, starting at time zero and
developing at a density of near critical £oon®) with a
temperature of order 1% for both ions and electrons.
The laser intensity is taken to be that of a nemidyn
glass laser of 1§ Wcm™ (square pulse) with
wavelength, 1.06im. The density being important, as it
changes the refractive index and can result inl tota
reflection of the source of the driving folcé
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To bring about fusion it is required that the eiicif Other forms of which appearfl. The original
the deuterium are forced together so as to overdbme idea from workers [ik€®. This would suggest one
Coulomb force of repulsion. To bring them into should see rippling through the small plasma sample
proximity of a Fermi (10° meter). This means (25pum), over very brief time periods (0.5 to 1.5 p sec)
increasing the density of the ions, as it is thsjavhich  once energy is being inputted from a laser. Tipplimg
constitute the site of the nuclei. Examining sorh¢ghe  should be evident from the bunching and dragging of
variables it can be seen the longitudinal eledteld is  the plasma. The density profile should reflect rid a
zero at the outset, Fig. 4. The electron fluid exisa hence phase reflection would be expected at these
faster, thus developing an electric field. The ®tets  ripples, this in turn halting the acceleration, ghilhe
change direction, as discussed earlier, leadingarto hydrodynamic disappearing of the ripple within
oscillation, which appears as the plasma frequefisis  picosecond&2*%

being electron density dependant. Given enough tiirae Figure 4 shows the zero internal fields. At 1.1
field becomes a uniform internal one of Mem™ 2% picoseconds the field builds rapidly (over 0.2
Spatially this occurs over T@m. picoseconds) and at the virtual surface of the filegce

Once the laser is turned on at 0.6 p sec, lonigialid  of plasma that is within the first 8 micrometregeTirst
Langmuir oscillation results. Their amplitude isoab fie|d peaks at approximately 30vcm™, the field
one-tenth the transverse laser field ~amplitudeqropping off from 20 micrometres. The movementhf t
Unfortunately non-conservative characteristics Itesu gjactrons surrounding those “trailing behind” idnslds
when very strong oscillations occur due to therlaBlis the field over this distance. In reality a very sho

6,14.17]
has been explored _by workers suchi®38™", Indeed 8istance, nearly half an interatomic distance. Glghe
Umstadter found using a 25TW-pulsed laser produce . .
graph shows a polarity reversal at 7.5 micromedires

30 MeV electrons in vast numbers and the plasm i ) T i
acceleration mechanism result®d Took the ©vertime 1.2to 1.5 picoseconds. This is eviddacehe

conservation equations and derived the followirgrir direction undertaken by the electrons and hencétie

the oscillation equation: This is a ripple effect as can be seen by the dtsmél,
but still visible, ripple from 10 to 20 micrometré3y 25
PE  O0E , micrqr_netres there appears to be little field, buhare .
FWEH%OE: Ea0 o sensmv_e probe _shou_ld detect an ever-decreasing
amed B+ H (15) undulation of the field, given a Igrger piece oafspha.
T +anev(n v - Zn y) The actual electromagnetic energy density of the

laser field is shown in Fig. 5(E?/8n). This graph

Where: gives an indication of how much energy is actually
deposited by the laser and where/when is it aVeilab
Pulsation is again detected both over time andutitro

O (3nkT , . 2 distance. It can be seen to be time dependaninstaat
e ox| m, Y 0.6 p sec, dropping off and reforming in 0.7 ancbgeo
N The maxima would correspond to strong penetration.
e e A Each rippl d lerat i
axl m eVe ach ripple corresponds to acceleration stoppiig Ga

and b). This is the stuttering effect reported bydllever

Zn and also Hora. It shows the energy is not beingilgve
m delivered over time and throughout the plasma. perak

is reached at around 0.9 picoseconds, droppingllyapi

) ) L . down by 1.1 picoseconds, then a smaller rise at 1.5
The solution of which are the longitudinal electri picoseconds. This same pulsation in or stutterisg i

m m,

e 1

n
2 2 e
(})po =4me (+

fields, the electrostatic of Langmuir, termed E evident through distance. The greatest densiteposits
of energy being near the surface at 4-5 micrometres

_4me 3 (30KT , o) 9 (30K, Iapoking over tiLne, the maximum ﬁensities occgr‘rﬁﬂt
*TWE| ox “m A ™ —— nv, istance. Further suggesting the energy does not

penetrate very deeply and making pellet size écatit
L1090 B+ H (1_ exp(—vt/2coso )) factor in obtaining fusion. The rippling shows tiensity
m,dx  8m ¢ changes, which result in reflection of the laselsgst
& —de? e 3 (16)  From the laser point of view a smoother delivery of
+ﬁ——|(Eﬁ + Hf)cos&)t energy is required. The field structures so faedare
(O‘)p ~ 4w ) m, 0x the results of the nonlinear force. This same fovitlbe
2vw  4me d ) the determining force for all the ions (and eleg}ro
* 7 |(El + H)sin2ot movement determining th h sh d I
5 m. ax g the graph shape and are sesult
((A)p 4002) e . . , i
derived from the ‘genome’ two-fluid model.
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The field density pulsation should also be seen in
the ion density changing, thus effecting refledyivi
Low ion density should relate to higher laser field
energy densities. By comparing Fig. 5 and Fig. t6a i
can be seen the field values so micrometres. Thie wa
of ions built up on the plasma surface accumulatest
a few picoseconds. The movement to that positios wa
against the direction of the laser beam. As notsligat
ripple is seen at a distance of 4-5 micrometretileLi
effect is seen then until 12.5 or so micrometresann

almost unperceivable ‘bump’. One would speculaéd th
Fig. 4: Electric Field inside the Plasma ChangingiO given more time and continuing irradiation thisniro

Time. The Field Being Generated around thewall woulq migratg through the plasma. The pulse is
Focus of the Laser Beam in the Plasma better defined in Fig. 6b.

It was suggested by Weibel in the early 1950's,
that this wall could be made to surf on the fieldve.
The ideas being to have an input wave collisiorhwit
reflective wave and hence fuse the ions. Certaiofy,
first examination of this idea, it would seem fédesi
that if enough energy could be imparted to the two
opposing waves that Coulomb force of repulsion @¢oul
- be overcome, the ions brought within a Fermi arhth
. the nuclear force would take over fusing the nudiéie
time over which this event took would be cruciatian
is here the idea fails, (Hora, oral communicatiddhe
still feels the basic idea could be explored furthe

Figure 7 shows the vector nature of ion velocity.
Fig. 5: Electric Field Density of the Laser. Theegy ~ There is little movement until 0.6 picoseconds. iUnt

Concentration is in Joules per Cubic that time, when the laser is activated the ions are
Centimeter. A Caviton can be seen at about 0.4iniformly travelling in all directions at relatiwelslow
Picosecond and at a Distance of 3.5 Micrometrevelocities. Taking one dimension they are travgllat
—19000 cmg and 19000 cm$, uniform expansion of
the 25-micrometre plasma. As the laser energy gets
the non-linear force the ions are greatly accuredlat
diminishing the original expansion velocities, even
those quoted which occur on the periphery. For
example, after 1.0 picoseconds and 2.5 micrométees
speed (magnitude of velocity) reachesxa@ cms?,
i.e. around 9000 m§ 32,400 kilometers an hour or
nearly three times the speed of sound in air. This
= o> expressed it in terms that the average person could
= appreciate; like “jet plane” speeds. At 1.1 picasals
this has increased to &B0° cms' or 95 kms'
_ , , _ (342,000 kmF).
Fig. 6a: lon Density, per Cubic Centlme_t?r. The Kem Clearly Fig. 7 shows the oscillating nature if the
of lons being taken in the Order in'10 values. From the surface rise over time to a higgitive
value, 4.25 x 1Dcms?, the graph plummets, to high
negative values —8x#@ms*. This shows the ions have
charged in one initial direction only to do an abface
and charge on the other, through a distance oftalidu
micrometres. In the next 5 or so micrometres the
direction is again reversed, but by 15-20 microesthe
forces seem to suffer a delay in their effect anitns.
Only by about 17.5 micrometres is the next undoitati
building and then not as dramatic. It can be shanhit
takes time to build the moving walls of ions. Irddin
the largest proportion of effect is in the area of
immediate contact with the laser. It is furthereubthat
Fig. 6b: lon Number Density Shows the Ripple Effectthe response time to cause a change in directivaris
Better Than lon Density quick, a few picoseconds. Further the space redjdine
173
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the turnaround is short, nearly half a Fermi (lbgsan
order of magnitude). A point of curiosity is thestdince

created between packets of undulation, some 5% '

micrometres. Given the Debye lengtfs .
2

)\D:(nnez)y2 5

=7.43x 16 T2 2 cm, sub in 10

=7.43<16( 316.27766 N¢ cm
= 2349572.3011 cm

Taking into be an Avogadro number of ions:

Fig. 7: lon Velocity in Centimeters, lllustratindghet

Surface Effect of the Initial Activity with

_2349572.301 “Calm Period” Leading to Next Rippling Effect
©7.76.21906% 10

=3.022713883 16 cm
=3x10°m or 0.03 micronetrt

Q800 1800 2400

In a hot plasmgT,V =10%,n=10) A, = 7 10* cn

for thermonuclear

(T.V=10",n=10°) A, = 2 10° cn®?. For the sample
chosen, at temperature chosen, =n 10Fcm? Ap

becomes= 0.743 micrometres. Given the theoretical
value of thermal ion velocity is:

Electon Temp (e AQETY)

vy, = (KT /m /2 =9.79x 16" T* cmg' Fig. 8: Electron Temperature in Units of ‘1Degrees
Kelvin

_m . 1 .
Where = AP which form ;H is 1.0080602 1o glectrons being at least 2,000 times lightanth

. : . ions are more easily affected. Writers such as tdoch
approximately, Wh",efH being 2.016992018. Lalousis, claim the effect on the ion is of the erdf
Thus the velocity is for: m/me less. The equi-partition time given by SpitZér
is around 310° seconds for the parameters used.
'H:3.07x10%ms 2H: 1.5x10° cms™

The variables were chosen from the two fluid
models, as expressed in the continuity equatiofia (1
These values are in reasonable agreement Witﬂnd 1.1b.); and the equations of mpﬁanue to t.he
those of maximum value in Fig. 7. very limited computing power available, numerically
The discrepancy probably lies in the units usec]ldiscrete variables were chosen based on earlier
During the time that these graphs represent thgomput[elzllzed models using t_he step L_ax-Wendroff
temperature remains reasonably constant. This is i ethloc;lj, .'IP? l’;hesed the stez\_/\/_|se grid ?g'rg forml(Jan,
accord with the concept of adiabatic expansionis It coupled with boundary conditions, cou e used to
taken as 10" K at the start, over the next time unit f!nd Va'“?s for fNL. The_electrlc f|eld,. changinyey
the 0.6 picoseconds it barely’changes ' time, derives from the Poisson’s equation:
Figure 8 shows a rise of 0.7 to 0.9 picoseconds on
the surface. I_t is over the 0.7 to 1.0_p|coseccmhms a£:4ﬁe(fLVe— ZniV.)
temperature rise for the electrons to migrate thhotine ot
plasma. This creates a hot spot, a depth of 7.50to

micrometres. This translates to maximum thermal

These values were simulated using the SPLUS
movement of the electrons and corresponds the ‘calrpackage and each set against discrete time urits. T

period’ of ion velocity in Fig. 8. This could be was done to better highlight the rippling in thagrha

interpreted to illustrate a time delay in electronas discussed by many previous authors (Hora and

movement setting up a field to drag the ions. @ata  Lalousis). Many of these values agreed with these

electron temperature is at base level when ioncitglo  previous workers, but the idea here was to viewohll

is undergoing its greatest changes. them over time, howbeit, very short units of it.
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CONCLUSION 7.

This study has investigated the nature and
properties of plasma by a mathematical approach. 8.
focused in on the movement of electrons and ions in
fully ionized plasma. Electrostatic forces wereedito 9.
the list of forces involved. The non-neutrality of

inhomogeneous plasma was examined. The distancd®.

between the particles and the effect of collisions
between were viewed in terms of electric curreeisd
evident in any plasma. Models, such as Schlitecs tw

fluid models were examined along with the non-lnea 12.

force. From Schluters two fluid models emerged the

“genuine” two fluid plasma models. The study udeel t 13.

two fluid models to examine internal electric figldhe
plasma frequency and its relation to a laser fragye
The simulations in the study analyzed the key Wem
of ion density, velocity, electric field densitiend
temperature over time. These variables were also
looked at with regards to the depth of penetratibthe
laser beam. This was viewed against the backgrofind
the oscillations set up in plasmas by the ions yog
the moving electrons.
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