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ABSTRACT: The electric and magnetic properties of matter play an important role in the optical properties
of matter. Thus one expects any model that describes left handed materials to rely heavily on the notion of
electromagnetic field. In this work the notion of medium electric and magnetic fields is used to construct a
model that describes the nature and behavior of left handed materials. The model shows that the left handed
material atoms should be in the form of electric and magnetic dipoles having certain values and certain
orientations with respect to the internal field. The model expresses the refractive index in terms of the electric
and magnetic permeability components parallel and perpendicular to the external electric and magnetic fields.
Keywords: refractive index left handed material, electric permittivity, magnetic permeability.
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l. INTRODUCTION

In the March of 2000, scientists at the University of California at San Diego announced their
production of the first “Left-Handed Material.” These materials are exciting because of their unusual optical
properties; in a left-handed material, light seems to propagate opposite the direction of energy flow [1,2]. This
leads to a negative index of refraction and reversed Doppler shift for radiation! The materials were called "left-
handed"”, because the electric and magnetic fields propagate in a direction given by a left- hand rule: put the
thumb of your left hand in the direction of the electric field, the fingers of your left hand in the direction of the
magnetic field, and your left palm will point in the direction of motion [3,4]. (Conventional materials follow a
right-hand rule, as described in the module - same assignments of thumb, fingers, and palm but using the right
hand). But "left-handed" is used to describe a different set of properties when applied to particles (see, for
example, from), so some prefer to identify these materials as "negative index" materials [5,6]. Snell’s law has
long been used to calculate angles and refractive indices for refractive materials. What we didn’t know until
recently, however, is that these indices of refraction can be negative! As light enters a left-handed material from
a right-handed material (a material we are already familiar with like glass or air) the light will refract, but the
refracted ray in a left-handed material will be a mirror image of the refracted ray we typically see in right-
handed materials. Refraction is not the only effect where left-hand materials give an unexpected result. Light
from a source traveling toward a detector through normal (right-handed) materials appears “blue-shifted”
because of the Doppler Effect. As the waves approach an object, they bunch up, decreasing the wavelength as
measured by the object. But in a left-handed material, light from a source traveling toward an object is red-
shifted, appearing to have a longer wavelength! For more information about the Doppler Effect, refer
to from materials [7]. To this date, no one actually knows why the materials act the way they do. All that is
known is that the material has a negative electric permittivity and negative magnetic permeability, which could
explain why the Doppler shift and Snell effect are inversed [8]. Unfortunately, no one has yet explained why
the material’s permeability and permittivity would be negative. The links below provide more information
about this exciting new class of materials. You might want to bookmark footnote, that page will be updated as
more developments areas. This work is devoted to construct a model that shows the atomic nature of left handed
material this is done in section2.Sections 3 and 4 are devoted for discussion and conclusion.
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I. THEORETICAL MODEL
The complex refractive index can be written as

ny = cA(HLEEL) (1)
The left handed materials have negative refractive index, i.e.
Ny=— (2)

To see how this condition is satisfied, it is better to write the total magnetic field intensity H and flux density in
the form
g = ‘Ll.ﬂ = .u'O(He + Hm) (3)
Where H, and H,,, stands for external and medium field respectively.
The medium field can be spotted into real part parallel to the external field and i.e. imaginary one
perpendicular to it ,
Hy = (Hpy + iHyy) 4
The medium field itself can be expressed in terms of external one in the form
H, = ¢H, +ic,H, = Hp, +iHy, (5)

Which can also be rewritten in terms of the angle ¢
H,, = coH, cos ¢+ icoH, sin ¢ (6)
Thus inserting equation (6) in (3), yields
B = po(1 + ¢y cos ¢)H, + ipgcysingH,  (7)

Therefore
B = [uo(1 + ¢o cos @) + iugco singlH,  (8)
But since B can also be written as
B = #He = (#1 + i.“Z)He (9)

Thus comparing (8) and (9) gives

p1 =po(l+cocosd) , py = pocosing  (10)
Similarly the electric flux density D and intensity E can be written in terms of the external field E, and medium

fieldE,, .
2 = gEe = gO(Ee + Em) (11)
Ep = (Epy +iEpy) (12)
E, =cE, +icE, = E,;1 +1E,»
= cyE, cos @ + icyE, sin 6 (13)
Q =& (Ee + Em) (14)

D = [gy(1 + ¢y cosB)E, + igycy sin OE, ] (15)
D = [g9(1 + ¢y cos B) + igycy sinO]E, (16)
E = SO(Ee + ClEe + iCzEe) = 80[(1 + Cl) + iCz]Ee

= [&; + ig]E, 17

& =¢&(1 4+ cycosB) & = £yCysind (18)
In view of equation (1), n; is negative if
. py—_ Ho=— E1=+ &=+ (19)

This can satisfied, according to equation (10) ,when
t1 = po(1 +cocosg) <0
H2 = poCosing <0

For:u, = —  thisrequires (1 +cycos¢) <0
Thus
[cocosg| > 1 CpCoS = — ¢p=— (20)
For: yu, = — this requires
M2 = HoCo Sin ¢
U, =— if  ¢ysing<0
lcosing| > 1
Thus
cysing = — sing = — ¢p=— (21)
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In view of equation (1), n, is negative if
b. p1—— E2=+ Ho=+ E1=-
This can satisfied, according to equation (10) ,when
t1 = po(1+cocosg) <0
M2 = MoCosSing <0
For:pu, = —  Thisrequiresthat (14 cycosg) <0
Thus
[cocos gl > 1 CoCOS p=— RS
b. According to equation (1) , n; is negative also if
E1=—— &y (22)
According to equation (18) this requires
& (1+cycosf) <0
Thus
cosf < — %
or
cosf = — (23)

Co <0
It also requires

&0Cp Sinh = —

This requires
sinf = — (24)
This means that n, is negative when
180° < 6 < 270’ (25)
c. Equation (1) indicate that n, is negative if
Hi=— 1=
Ho=+ E2=+ (26)

This requires
90" < 9 < 180°
90" < ¢ < 180° (27)

¥

2018

WWWw.ajer.org

Page 182




American Journal of Engineering 2018
'
E
d 6
0
v
d. Also n; isnegative ,according to equation (1) when
&= Ho=—
1=+ Hi=+ . (28) .
270 <6 <360
270" < ¢ < 360° (29)
A
6
¢ -
v
The refractive index n; given according to equation (1) by
n, = Cz( #182+#2€1)
1 2ny
for n, positive n; can be negative if
|| > |p &l (30)
This can be satisfied when
Hi=+ E2=+ Ho=+ &-- (31)
Ho=— 1=+ Hi=+ &=+ (32)
Also when
|t e2] > uzeql (33)
n, is negative when
Hi=— E2=+ Ho=+ 1=+ (34)
Hi=+ E2=— Ho=+ 1=+ (35)
Condition (31) requires that
For:i g = — (1+cycosf) <0 JcycosB]|>1
cpcosf = — cosf=— 6=-—
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Condition (32) requires that
For: u, = — thisrequires p, = uycy sin ¢
U, =— if  ¢ysing<0
Thus
[cosing| > 1

CoSing=— sing=—

Which meanthat ¢=—

Ha
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Condition (34) requires that
For: uy—_ this requires (1+cycosdp) <0
CoCOS p= — cos ¢ = — o=+

H

Hy = —

%

lcocos ¢l > 1

Hg=+
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Condition (35) requires that
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For:e, = — thisrequires (1+¢ysinB) <0 |cgsinf]| > 1
Thus
cySinfg = — sinf=—- 6=-—
A
51 =+
6
52 =
Y
i
\
. DISCUSSION

The condition to have left handed materials are studied here on the basis of the angles 6 and ¢ subtended by
the medium generated electric and magnetic fields with respect to (w.r.t) the external incident electric and
magnetic fields respectively.According to equations (20) and (21) the material become left handed when
U1 Mo are negative .This requires the angle ¢ subtended by the medium magnetic field with respect to the
external one to be in the range

180° < ¢ < 270°
Equation (22) and (25) shows that left handed materials requires the angle subtended by the medium electric
field with respect to electric field is given by
180" < 6 < 270°
The materials can also be left handed , according to equation (26) if wu; and &; are negative this requires [ see
equation (27)]
90" < 6 < 180°
90" < ¢ < 180°
According to equations (28) and (29) the material is left handed when

270° < 6 < 360’
270" < ¢ < 360°
According to equation (31) the material is left handed when
Hi=+ 2=+ Ho=+ E1=—
i.e. ,when
90" < 6 < 180°
0°< ¢p<90°

>
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H> P
Ha -+
According to equation (32) the material is left handed when
Ho=— 1=+ Hi=1 E2=+
i.e. ,when
0°<6<90°
270" < ¢ < 360°
+
A
5=+
B
=d
g = +
v
_I.
_|..
A
6 /\ 5=+
— < K > +
E
v 82 —
According to equation (34) the material is left handed when
Hy=— €2=+ Ho=y E1=4
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i.e. ,when
0" <6 <90

0’ < ¢<180°
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According to equation (35) the material is left handed when

Hy=t &= Ho=+ E1=4
i.e. ,when
270° < 0 < 360°
0’ < ¢<90°
+

A

6

. -
N

&y =
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+
A
H
A
s =<k 1)
= >
+
M =+

IV. CONCLUSION
The model shows that left handed materials atoms should posses some electric and magnetic properties
.The atoms need to be in the form of electric and magnetic dipoles having certain orientations and values w.r.t
the external fields such that the refractive index becomes negative.
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