American International Journal of
Research in Science, Technology,
Engineering & Mathematics

ISSN (Print): 2328-3491, ISSN (Online): 2328-3580, ISSN (CD-ROM): 2328-3629

AIJRSTEM is a refereed, indexed, peer-reviewed, multidisciplinary and open access journal published by
International Association of Scientific Innovation and Research (IASIR), USA
(An Association Unifying the Sciences, Engineering, and Applied Research)

Available online at http://www.iasir.net

Behaviour of Electrical Pressure with Temperature and Electric Field for
<100> Tunnelling Model

Mukesh Upadhyay* & D N Pandey?®
*Department of Physics,

North Eastern Regional Institute of Science & Technology,
Nirjuli — 791 109, Arunachal Pradesh, INDIA
$Department of Physics
L B S Post Graduate College
Gonda, — 271 001 Uttar Pradesh, INDIA
*Corresponding Author

Abstract: In the present paper we have investigated theoretically the variation of electrical pressure with
temperature and electric field for <100> tunnelling model along different direction. Which may be used to
explain various experimentally available data and may be also used for further theoretical investigations.
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l. Introduction

Diatomic and off-cantered monoatomic impurities alter the properties of host crystal drastically. There has been
considerable recent interest in the impurity modes of ions substituted at lattice sites in alkali halide crystals. A
small concentration of impurity doped in certain alkali halides cause a large rise in dielectric constant at low
temperature.[1]. The octahedral potential for the angular motion of the diatomic impurity in solid state matrices
was first presented by Devonshire[2].Many experimental results for system such as OH™ and CN- ions in alkali
halide matrices[3,4] and HCI,HBretc impurities in rare gas matrices[5] have successfully explained. The effects
of externally applied electric field on induced dipole moment of the impurity were studied by Gomez et al[6]
using tunnelling models.
Theory - The electric field polarisation for the <110> off centered model and for the model of simultaneous
minima along the direction <110> + <111> has been explained by Pandey et al [7,8].Theoretical study of
polarisation and dielectric constant for the various tunnelling models have been obtained by Raj Kumar et al
[9,10,11,12] using the relation

e=2 1.1
The expression of polarisation and dielectric constant for electric field along different crystallographic direction

for system<100>is listed in Table-1 with x = i—i
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The expression for electric pressure is given by
2
s=Z 1.2

2e
Where ¢ = surface density of charge.

AIJRSTEM 18-409; © 2018, AIJRSTEM All Rights Reserved Page 41


http://www.iasir.net/

Mukesh et al., American International Journal of Research in Science, Technology, Engineering & Mathematics,24(1), September-
November, 2018, pp. 41-43

Using the expression of dielectric constant as listed in Table 1, we have obtained the expression for electrical
pressure and given below.

Case-I: Electric field along <100> direction-
The expression for electrical pressure for system<100> and the electric field along the direction<100> is worked
out and given as

_ o2kT(4+eX+e7%)2 13

8Nu2(1+eX+e~%) '

Case-II: Electric field along<110>direction-
The expression for electrical pressure for system<100> and the electric field along the direction<110> is worked
out and given as

 ra 5
crsz(1+e VZie ﬁ)

S= 1.4
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Case-Il1: Electric field along<111>direction-
The expression for electrical pressure for system<100> and the electric field along the direction<111> is worked
out and given as

 ee )
3U2kT(e V3te \/5)

S= T 15

The variation of electric pressure with temperature is shown in the figurel.1 and1.2 as given by equationl.3,1.4
and1.5.
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Figl.1 variation of electrical pressure with temperature at constant electric field
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Fig 1.2 Variation of electrical pressure with electric field at constant temperature.
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1. Result and discussion

With the study of dielectric constant for the different tunnelling models, we have studied the electrical pressure
incorporated by electric field applied along<100>,<110>&<111> direction for <100> tunnelling model. Also we
have obtained the variation of electrical pressure with temperature at steady electric field. The expression for
electrical pressure as a function of electric field and temperature is represented by equation 1.3, 1.4 & 1.5 for
<100> tunnelling model. The variation of electrical pressure with electric field applied along the
directions<100>,<110> and <111> is plotted in the figurel.1 at steady electric field 10°v/m and figl.2 represent
the variation of electrical pressure with electric field at constant temperature 10K. It is included that the electrical
pressure increases with increase in electric field.
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