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Abstract
The functionality of an improved magnetic loop antenna (MLA) is a prominent research which has
span almost three decades. Its shape and size had metaphorsize from the usual analogue to a digital
device-which is now used for experiments in space. In this paper, the application of MLA for ultra wide
band (UWB) design was proposed. A new concept was introduced -angular displacement theory which
was used to mitigate fading in multipath propagation.
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1. INTRODUCTION

The typical magnetic loop antenna (MLA) is a high-Q tuned antenna with a very narrow
pass band (as shown in Figure 1 below). It is made up of two loops of varying sizes i.e. a large
loop and small loop, support structures of either unpainted wood, plastic or fiberglass, resonant
circuit, transceiver. The large loop operates on a low frequency (i.e. 10-25KHz which makes it
suitable as radiator) and the small loop on high frequency [1]. MLAs were not recon with due to:
necessity to retune as the operator significantly changes frequency, malfunctioning when
brought near metal, slight de-tuning of the antenna when brought close to any biological body.

Figure 1. Typical Diagram of Magnetic Loop Antenna

Thereafter, several improvements have been made on the functionality of the MLAs.
The useable frequency was improved upon from 20KHz to 55MHz by the introduction of an
amplifier to separate the magnetic loops [2] and the introduction of an electrically small material
to the near-field of the electrically small radiator [3, 4]. That type of MLA was referred to as the
magnetic EZ antenna which has been proven to operate at 100MHz [5]. Recently, the MLA
application can be found in plasma physics i.e. heating and ionization for processing plasmas
[6, 7], laser-plasma interactions, plasma opening switches, and active experiments in space [8],
excitation of large amplitude whistler modes in magnetized plasmas [9, 10]. Certainly there are
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more to its functionality than already known. In this paper, we propose a magnetic loop antenna
(MLA) — suitable for mitigating fading in multipath propagation by applying the angular
displacement theory on the slots of a ground plane.

2. Theoretical Background

The time- independent Schrédinger equation was modeled to open up the electron
dynamics. The time- independent Schrédinger equation is given as:

iy — vy vy =0 1
ih=—t) — —Vip + Vip = (1)
The langrangian density related to Equation (1) is given as:

£ =4I - Ly - viwe? (2)

Applying the minimum coupling rule to describe the interaction of i with the
electromagnetic field i.e.

22 tiel, VisV—ieA whereV =V(r0) =V, +E (— —7)

Where V, is a constant on the surface of the faraday loop of the MLA, E, is the field, r is the
radius of the circular loop.
Equation (2) transforms into:

1[0 . 2 p2 .
L2+ iewe| — 2 vy — teawl - viwP| 3)
The circular conductor is accounted for where r = x.
1o . . 2 2 oy ,
L= E“a_lf + ieyYV, + iE ey (% — x) cos wt| — o~V - ieAy|? — Vll,blz] 4)

Applying the solution of the standing wave (x,t) = e¥®IT(x,t) in Equation (4)
Where E, B : R3X R — R, the lagrangian density takes the form:

) , ) 42 5 ) a? 2
Ly = Ef — |E,)* — |- |Br — eAl” + |B, + Vel —(Bz—Eo€(7‘x)| "Bz')+
2FEoVoeZlr2 )

Considering the lagrangian density of the particle electromagnetic field E-H field of the circular
monopole plasma antenna.

1
L, = a(lEﬂz - |E2|2 - |H1|2 - |H2|2)

Where the values of electric and magnetic was adapted from Glenn [11] and restructured into
the circular magnetic loop antenna [12].

E,(a,z) = (BE (a,2)e, + E,(a, z)e,)e /P sinf (6)
Ey(a,z) = (BE.(a,z)e,, + E,(a,2)e,1)e 7P cosh )
H,(a,z) = (BB,(a,2)f. + B,(a,2)f,)e /Fsind (8)
Hy(a,2) = (BB(a,2)fr1 + B,(a,2)fz1)e /P cosd (9)

— _$m _ _ M. Homj Hom
Where e =eq=_— and e;=e; =, —; f=fu="7—7and f,=f,, = —.
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The boundary conditions for Equation (6) are:

( Ei(@0) = E,(2)
{ Ei(»,2z) =0

E\(a,x) = E,(2).«
\ E(a=) =0

(10)

The boundary conditions for Equation (7) are:

Ey(a,0) = E,(2)
E;(»,z) =0
Ey(a,%) = E,(2).y
E,(a,©) =0
The boundary conditions for Equation (8) are:

(11

By(a,0) = By(2)
Bi(»,z) =0
B;(a,x) = By(2).9
Bi(a,») =0

(12)

The boundary conditions for Equation (9) are:

B,(a,0) = B;(2)
B,(=,z) =0
B,(a,x) = B;(z).0
B,(a,») =0

(13)

Where a and y are the attenuation factors of the electrical fields; o and 9 are the attenuation
factors of the magnetic fields; By(z) and B,(z) are the magnetic fields at the boundary of the
plasma antenna; E,(z) and E,(z) are the electric fields at the boundary of the plasma antenna;
x is the length of plasma antenna; g is the frequency of excited power; j is the radio frequency
current; rrepresents the radius or horizontal component of the antenna; zrepresents the
vertical component of the antenna; m represents the quality of the electrons; & represents the
electrical permeability; u, represents the magnetic permeability; e, is the spin factor which
determines the electron spin along the horizontal component of the plasma; e, is the spin factor
which determines the electron spin along the vertical component of the plasma; e, is the spin
factor which determines the electron spin along the horizontal component within the electric field
of the sheath; e,; is the spin factor which determines the electron spin along the vertical
component within the electric field of the sheath; f,. is the spin factor which determines the
electron spin along the horizontal component within the magnetic field of the plasma antenna;
f+1 is the spin factor which determines the electron spin along the horizontal component within
the magnetic field of the sheath; f, is the spin factor which determines the electron spin along
the vertical component within the magnetic field of the plasma; f,; is the spin factor which
determines the electron spin along the vertical component within the magnetic field of the
sheath.
Therefore the total action of lagrangian density is given by:

D=L, +L, (14)

Then the Euler-Lagrange equation associated to the function S = S(E,,E,,B., B,,1,0,2)
gives rise to the following systems of equation:

72 2 2
E,. + [ngr —eA|? + |B, + Vye|? — ( B, — E,e (“T— r)| - IBZ|> +2E,V,e? + Be, | E, =
BE,e.e 1P (sinf + cosB) (15)
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a a a? 1B,

E[(BZ+VOe)Er2] —5[(BZ+EOe(7—x)> Eﬂ] —-=2=0 (16)
h? 20 _ —jBT (i

o Er E(Br —eA) = BB, fre (sinB + cos0) (17)

%Ez = %Ezeze‘jﬁr(sinﬂ + cos6) (18)

a? a?

2|B,—E,e (T - r) E.E,e <r_2 - 1)

= % [@ (sinB + cosH) + %rfr (sin + 6059)] e JBT (19)

é [BE,(a,2)e,. + BB.(a,z)f, + E,(a,z)e, + B,(a,z)f,][cosf — sinf] = 0 (20)
1 2 .

o [— Ee‘fﬁrsinH(BZ(a, 2)f, + E,(a, z)e,)

—ze‘fﬁrcosﬁ(Bz(a,z)fZ +E,(a,z)e,)] =0 (21)

3. Experimental Arrangement

For the purpose of this study, we shall be concentrating on Equation (18) which
expresses the functionality of the antenna. We propose an introduction of a varactor diode of
capacitance range between 25 to 0.5pF to be installed at either the front open port or alongside
the variable capacitor. The varactor is used to limit the absorption at the resonance by the help
of a high series resistance. A series inductor (L) and protection resistor (R) of respective rating
1Q and 5.5uH are expected to allow only direct current (dc) and truncate the alternative current
flow. The type of coil used for this model is not specified largely due to constraints of access to
materials and the flexibility to incorporate recent discoveries in material science, though; we
acknowledge that coil material is the source of discrepancy between measured and simulated
radiation patterns.

4. Results and Discussion

The radiational angular displacement theory is all about substituting the slots on the
ground plane with the radiation angle which had been properly accounted for in section Il. From
Equation (18), slot with higher width is represented by the sine of the radiation angle; slot with
lower width is represented by the cosine of the radiation angle. The sum of both cosine and sine
of radiation angle represents the MLAs without slot. We simulated the relationship between the
radiation angle and its effect on the functionality of the antenna as shown in Figure 2. Though
the radiation patterns of the MLA with and without slots on the ground plane are very similar but
the performance of the MLA differs at various conditions. First, the slot with higher width was
more effective on the ground plane to minimize the ground plane effects on planar UWB
magnetic loop antenna. The slot with lower width was less effective. This concept is in
agreement with the experimental discoveries made in the past [13]. The new discovery is that
the MLA is functionally active when a slot-less ground plane is angularly displaced. This idea
was applied to slot of higher width (sin(x)-cos(x)) and the slot of lower width (cos(x)-sin(x)) as
shown in Figure 3, It improved the functionality as the transmission increased considerably to
the magnitude of the MLA without slot. Another discovery was the reversal of functionality
betwwen slots of varying widths i.e. slot with lower width was more active than slot with higher
width.
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Figure 3. Verification of the Angular Figure 2. The Functionality of the MLA with or
Displacement Theory on the Functionality of without Slot

the MLA

The frequency variation of the MLA as shown in Figure 4, suggest that MLA can cover
the entire ultra wide band (UWB) with a reflection coefficient of about -2dB. The integration of
the varactor diode into the mechanism of the MLA enables the impedance matching which is
dependent on the slot of antenna at lower frequencies. Again, the MLA with and without slot
was tested, the reflection coefficient was better than -2dB over the entire UWB with significant
difference between MLA with and without slot. In Figure 5, the MLA without slot — under the
angular displacement theory was tested under different low frequencies i.e. 1.3MHz, 2MHz,
2.5MHz, 5MHz. The lower the frequency was confirmed to favor impedance matching.
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Figure 4. Frequency Testing of MLA with and Figure 5. Frequency Tuning of MLA without
without Slot Slot

5. Conclusion

The MLA has shown additional functionality i.e. UWB by incorporating a varactor diode
to the front open port. The radiational angular displacement theory supports the MLA without
slot. The MLA covers the entire ultra wide band (UWB) with a reflection coefficient of about -
2dB. Therefore MLA can be of greater interest for commercial and military wireless technologies
if improved-upon.
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