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INTRODUCTION

Tunneling phenomena is most interesting phenomena which is much widely discussed in a variety of areas of physics. It has
been pointed out by Mendis et al. ), Mendis &, Shukla ¥, Shukla and Mamun “ and Fortov et al. ® that there are many situations
in space and laboratory, where the large negative charge and small radius of the dust particles cause a sufficiently large electric
field at the surface, which is enough for significant field emission of electrons to occur from the particle. The electric field emission
of the electrons is the dominant process of electron emission in the absence of photoelectric or thermionic emission of electrons
from the surface of the particles. It has been specifically pointed by Mendis et al. ! and Mendis ' that the electric field emission
of electrons from the dust particles should be taken into account in electron/ion kinetics in dusty plasma. Sodha et al. ® have
recently formulated a quantitative theory and concluded that in some situations the incorporation of the electric field emission of
the electrons in the formulation has significant effect on the electron/ion kinetics and the charging of the dust particles.

Recently, Sodha and Dixit [ have made a comparison of the results of the popular Fowler ¥l and Fowler and Nordheim ©! the-
ory for the tunneling probability of an electron with those, based on exact solution 2% of the Schrodinger’s equation. It was pointed
out " that the results of the popular theory ! are at considerable difference with those based on the exact 2% theory; further the
formulation of Ghatak et al. ** and Roy et al. *? gives almost exact values of the tunneling coefficient for symmetric potentials.

In most of studies (e.g. Shukla and Mamun ), the electrical field emission from curved surfaces has been calculated from
the expression given by Fowler and Nordheim ! for plane surfaces and putting the values of the electric field, as that at the curved
surface. It is well known that the electric field around a curved surface is far from being uniform and hence it is not appropriate to
use the expression of Fowler and Nordheim ), based on the assumption of a uniform electric field. Besides as pointed out in the
preceding paragraph this expression is a poor approximation, even for a plane surface.

Sodha and Kaw 3 and Sodha and Dubey ¥ obtained expressions for the tunneling probability and field emission current
density from spherical '3 and cylindrical ¥ surfaces by solving Schrodinger’s equation, corresponding to appropriate expression
for the potential energy of the electron, using the JWKB approximation. Dubey '3 made a similar analysis for the spherical sur-
face, taking into account the image force on the electron. Sodha et al. % and Sodha and Dixit *”! have recently investigated the
electric field emission from spherical ¢! and cylindrical [*® surfaces, using the formalism of Ghatak et al. 'Y and Roy et al. 2 ; the
screening of the particle by the electrons, ion, and other particles was neglected in these investigations. Sodha and Dixit **! have
also studied the effect of Debye shielding (linear screening) on electric field emission from spherical and cylindrical surfaces and
found that screening increases the tunneling probability.
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Tsytovich et al. 8 have studied the screening of the charge on the particle, which is an important parameter in the evalua-
tion of the tunneling probability. The nature of screening '8 is determined by the parameter

B=zaldt=27Ze (zn)" [(kT))"* > 1)
Where

z=7¢"/akT,
is the radius of the particles,

2 47ml.ezZ,.2 . o ]
di :k—T is the ionic Debye radius,

1=T/T,
b

Ze is the charge on the particle,
e is the electronic charge,

k is the Boltzmann’s constant,
n, is the ion density,

eZ_ is the ionic charge,

TI. is the ion temperature,

and Te is the electron temperature,

In general the potential energy of an electron around a long cylindrical particle with charge -Ze per unit length and radius
a is given by

V() = ——In(%e) AGr)
In(Zery 7 forr>a (2a)
a
and V(r)=V -V, for r<a, (2b)

/130‘
a

where V, =2Z¢’ In(

) is the potential energy of an electron at the surface of the particle.

A (r) is a function of r, distance from the axis of the cylindrical particle, characterizing the screening of the charge on the
particle and ¥, is the surface energy barrier.

When g <<, the screening is linear and the screening parameter A(r) is given by [l
A(r) = exp[~(r—a)/ 4] for r>a (3)
where 4,7 = 2, [1+(T,/T.)(n,/n,Z,*)],

n, is the electron density
and 4, is the usual Debye radius in the plasma.

When f <<, the screening corresponding to Gurevich screening potential is nonlinear and the screening parameter A(r) is
given by 18

A =[1-(r-a)/2, 1 for a<r<(a+Aa,), (4a)

and Ar)=0for r > (a+1 ), (4b)

where 4 =3.4,(n ﬂ/4)%

RRJPAP | Volume 4 | Issue 3 | March, 2016 53



The electric field emission of electrons from the surface of spherical and cylindrical particles has been discussed by Sodha
and Dixit *® for the case of linear screening (8 <<1), when the screening is well represented by Eq.(3). The electric field emission
from the surface of spherical particles in the region of nonlinear screening has been investigated by Gyan Prakash 19,

In this paper the author has evaluated the tunneling probability (for the electrons with energy more than surface energy
barrier (¢ (=E ¥V )>1) and the electric field emission current from a negatively charged cylindrical particle for the case, when the
screening is nonlinear (§ <</) and represented by Egs.(4a) and (4b).

Using Egs. (4a), (4b), (2a) and (2b) the potential energy of an electron is given by

V(p) =ln(Z—S—l)ln(lu7_l)'A(p) for 1< p < s 5a)

V(p)=0 for p>pu (5b)

V(p)=-V,+V, for p<1 (5¢)
where

p=rla

A(”):[l‘z_jrand u=(+4,/a)

Substituting for V() from Eq.(2b), Schrdédinger’s equation for an electron inside the particle (7 < a ) may be expressed as

Vi (r,0,z) + Sz m/ W) [E+V, ~V)ly(r,60,2) =0 (5d)
Where m and E are the mass and total energy of the electron and % is Planck’s constant.
Putting

l// — rfl/Zu(r)eiinﬁeiicz (5e)

Where n and c can be interpreted in term of P and P, (the § and Z components of linear momentum) as suggested by
Sodha and Kaw ¥ and Sodha and Dubey 4,

Using Eq.(5e), the equation (Eq.(5d)) reduces to

2

du +B7m/)E, +V, V. u=0
r .

d2

Following earlier workers 3119 the term 4 */8mr can be neglected as compared to the other energy terms. E is the radial
energy of the electron, the above equation reduces to

d*u

dp2+ﬂl[8r+1_ﬂ2]u:0forp<11 (68)

where '81 = 87[2a2mV0/h2 i
gr = EV/I/O ’
and B, =V, [V,
Similarly, for regions I < p < y and p > u Schrodinger’s equation may be written using Egs.(5a) and (5b), one obtains
u—1
In(—/—
d*u (

du _ P Pl _oforl < p< (6b)
o HAe —(Box Tl = T =0 P<H
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2
and du

~+Beu=0for p>p. (6¢)
dp

Using the analytical solution of Egs.(6a) and (6¢) and numerical solution of Eq.(6b) by the well-known matrix method and
matching u and j—” at p=1 and y, the tunneling probability of an electron T(¢ ) has been evaluated as a function of €. Details of

I

this approach maypin addition to other places be seen in the book by Ghatak and Loknathan [101'

The computations made by the Sodha and Dixit [! for a plane surface indicate that there is no significant dependence of the
current density on the temperature of the metal at least when kT/E,, < 1073. Hence in the present investigation only the case T=0K
is considered; in this case the current density is given by [16:19],

drme
J:_T'Vozq)(ﬂpﬂzﬁgF) ("

where ®(f,, f,,¢,) :T(SF &) (B, py.¢,)ds,

ngEF/I/OJ

EF is the Fermi energy of the metal and ¢,and ¢,are the limits of ¢, of electrons taking part in the field emission ; these are

& =& —1+p5,
and g, =0

Figure 1 displays the dependence of the tunneling probability T(¢ ) on the radial energy ¢, of the electron. It can be seen that
the tunneling probability increases with increasing ¢ _and decreasing value of u (corresponding more intense screening); this is
because the width of the energy barrier decreases with increasing ¢, and decreasing u. This is also clear from the Figure 1 that en-
ergy of the electron is increasing and reaching the surface barrier or beyond, the tunneling probability 7(¢ ) is tending towards the
unity. Figure 2 shows the dependence of T(z) on ¢ for different values of 8,=V V. Itis seen that T(e ) increases with increasing ¢,
and decreasing f,.This is due to the fact for any value of ¢, the width of the energy barrier is larger for higher values of 5, (=V V).
Figure 3 illustrates that (¢ ) increases with decreasing 1 (o V). This is again because for a given value of ¢ and g,(=V V), the
width of the energy barrier decreases with decreasing B1 (o V). Finally Figure 4 shows that the field emission current increases
with increasing 8,(=V_V,) and decreasing u ( increasing screening). This is a consequence of the dependence of T(¢ ) on ¢ and ¢,
on f,and u, as displayed by Figures 1-3. Eq.(7) along with the computed values of ¢ is an essential input for the investigation of
the kinetics of complex plasmas, when the role of electric field emission of electrons by the particle is significant.
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Figure 1. Effect of Gurevich shielding (u=1 + Ascr/a) on the dependence of tunneling probability T( er) on er for 1=150, f2=0.95. The curves

a, b, c and d correspond to u=3, 4, 5 and 7 respectively.
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Figure 2. Dependence of Tunneling probability T(¢) on ¢, for different values of ,, for B,=150, u=3. The curves a, b, ¢ and d correspond to
B,=0.80, 0.85, 0.90 and 0.95 respectively.
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Figure 3. Dependence of Tunneling probability T(e ) on € for different values of B, for B,=0.95, u=3. The curves a, b, ¢, d and e correspond to
B,=100, 125, 150, 175 and 200 respectively.
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Figure 4: Effect of Gurevich shielding (u=1 + A__/a) on the dependence of field emission current density ¢ on the charge on the cylindrical
particles Bz=VS/VOfor B,=150, £.=0.75. The curves a, b, c and d correspond to u=3, 4, 5 and 6 respectively.
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