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Abstract E’
The ab-initio Maxwell's equation was introduced usmg the Schrddin tion and

the Legendre polynomial. The efficiency, bandwidth an ofsthe tr g loop was
resolved theoretically to enhance the transmission of su ss ep Ise f fadio waves to
illuminate objects. The radiation characteristics nant I tern of the loop

antenna have been improved via the introducti nd ane However, the
perfect results have not been obtained. Further s atlon%SH mmy experimentation
revealed the possibility of a high eff|C|ethe t[a ittihg loop antenna via the
introduction of angular loop displacemenf_ along a w med axis. The results were
confirmed experimentally. When the a g\q

r loo gﬂ acement is pi/2, we expect to see
an improved uplink task under elthe %’%& er.
W
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1. Introductions.” Q’

One of the a ges Q?ansmlttlng loop antennas is its ability to function
perfectly WI |m|ts uI sized antenna limited by space. Before now, it is
believed that II tra ng loop antennas sacrifice higher or larger bandwidth for
small size and efficie e more efficient they are, the narrower the frequency range in
which they can op In other words, the greatest achievement has been to attain two
options out of th,@e i.e. small size (in terms of wavelength), efficiency and broadband.
Small loo tenhas are often referred to as magnetic antennas because they mostly
respond %rnagnetic component of an electromagnetic wave and transmit a large
magnet énponent in the extreme near field (<1/10 wavelength distance). In the far
avelength distance) the radio frequency (RF) from a small loop is the same as
%m any other antenna being composed of both electric and magnetic fields [1, 3]. At
distances between about 1/10 and 1 wavelength it responds more to the electric field than
the magnetic field. Hence, this paper proposes the adoption of the principles of loop
antennas in Scanning Multichannel Microwave Radiometer (SMMR) to account for or
curb losses due to the motion of the SMMR antenna over a target region (see Figure 1).
This feat is achieved when successive pulses of radio waves are transmitted to
"illuminate™ a target scene with higher frequency within specified bandwidth. The
application of antenna technology in mobile communication has been reported by Rasool
et al. [8]. The system design is an array of antenna with half a wave and a loop antenna.
The proposed array of antenna has the capacity of improving the quality of service
delivered from wireless systems via steered radiation streaming in the direction of a
desired signal source and to also receive signals at constant level amidst the variation in
the angle of elevation and the mobile satellite station. A field strength meter (FSM) was
used in conducting the experiment at distances within the range of 3 — 33 cm. Results
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from the simulation as compared to the experiment showed that the array of systems
received signals of 4.3dB more from the moving satellite but in the direction vertical to
the antenna system.

Schreiner et al. [7] investigated the noise level and receiver stability of Global
Positioning Systems (GPS) using data collected from two independently developed Radio
Occultation (RO) instruments flying in orbit on the FORMOSAT-3/COSMIC (F3C) and
Metop/GRAS (GNSS Receiver for Atmospheric Sounding) missions. The two data
sources were investigated with the former post-processed at a frequency of 50 Hz using
single difference excess atmospheric phase algorithm and the latter was down-sampled
between 50 and 1000 Hz. The results of the standard deviations of the processed signals
over a six month period and at an altitude of 60 -80 km showed that F3C has higher
bending angle relative to Metop/G due to climatology. Hearn [8] carriedqout, an
investigation that involves the formation of lonospheric Observation dtho
investigate the flight requirements for multiple spacecraft missions. The sefu %Mdes a

@i k and a
nted above

communication subsystem for the mission comprising an uplink, a do
satellite-to-satellite crosslink. A linearly polarized resoga dp anterin

the bottom surface of the spacecraft was selected to %ﬁg a satel plink receiver
antenna. The resonant loop was chosen to satisf: ‘@physic‘%%uirements of the
spacecraft. A full-scale prototype was fabrico m e Jfrequency dependent
characteristics of the antenna. A gamma match and a QuaPter-wave sleeve balun
transformer were integrated to the system r@mize;h er reflected at the antenna
input section and so as to isolate the arit rom the &ine. The findings show that
the uplink antenna demonstrated suffi %perfo . However, it was concluded that
in order to achieve the final bandwi les W percent (i.e. 0.01), there must be
some additional tuning (inﬁreis equenzg;%wing to other subsystems that are
integrated into the final flig dy prototype. In Wiibbena et al. [10], several GNSS
receivers have been testedswith satelli nna. The gain and gain differences were
reported to be signific differergg‘m those of regular GPS receivers (antenna).
Although, the sign fA&the receiverzmay differ from the expected output in relation to
the signal process' hin the /%ver. The paper reveals that the processed signal was
finally dampgd=al 27 dB whi asdadequate for proper receiver operation but when the
tracking loof navigation. modes of the receiver were enabled, such that the initial
noise level of 22 dB w. in with power supplied from a voltage source of 9.5 V, the
tracking of the teste ivers were seen to differ slightly. In this paper, the standing
wave function as i ies to the Schradinger equation was discussed analytically. Vital
parameters whi termine the efficiency of transmitting loop antennas were obtained

for further@tnal research. The resonance frequencies with respect to the theorized
model (L@ e polynomial) were worked out.
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Figure 1. Loop Application in Scanning Multichannel Microwave Radiometer

2. Theoretical Background
5=f(T,546A4)

The Euler-Lagrange equation (1-4) associated to the function gives
rise to the following system of equations (1-3)
Trt—ﬂT-l-[%WS—eAlz+|5t+Vpe|2—( e (Z-x)| -
S0+ 2E 2+V}T=O
15.1)+ 2E,V,e (1)

%[(5:"' V,e)T?] ——[(5 +E,e (:—x}) Tg]—iai+

zdw[(vs—e,qji"?] =0 “Br YY )
Eoe(ﬂ?—x)sinﬁ( —E e(——x cosﬁ = 6
81? [—% 1— i) e P cost — #E:GTm E?‘ %’ cosﬂ@
e T

— (vs —eA
(4)
The importance of the system of ed @s (1 4) | ollows: (i) it works out the
standing waves of equations (1-4) wh t|on is e form
T=T(x) S=wt @=f(r.f) welR

(i) It is useful in evaluatmg%:O I parame reqmred for the reconflguratlon of the
transmitting loop antenna. Equations (2) (4) are somewhat identical within certain

constraints. Mathematlcal ysis us ion 4 glves the following results
"E‘T—|-(m+ —Ee cosEJ T—wl+2E,V,T—-VT =0 (5a)

Equation @ ferre&@ the Euler Lagrange equation of the function
F:HX D]

+ ¥
F(T,6) @’ww dx—(w [ 7 ax
R® . R®
& w— E e(i —x)}
lcos8|? dx

\T a 2 - (5b)
1
Ther ¢) eH'x D" is a critical point of F. The bandwidth of the

g antenna is glven as
% gzﬂ( o _E:(e_‘_x))

i 16mrET2 e x (6)

Here Q is the quality factor. The circuitry of a small loop is such that a lumped
capacitance C is sometimes placed in parallel with impedance Z to account for the
distributed capacitance. Ironically, a loop with uniform current distribution would have no
capacitance because no charge exists within the closed loop. The objective in this section
is to analyze the possible resonance frequencies in a multi-capacitor small loop circuit
when there is uniform current distribution. The theoretical loop design is shown in Figure

)
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Figure 2. Two Capacitors and Two Inductors Loop-Circuit x).

The total capacitance of n-number of capacitors is given as 62

product Cp (x)
=@ @ ¢
In the theoretical design of the loop antenna in_Eigure ) thedength’of the conductor
(x) is transformed by applying the Legendre pol nial to ca Ia e influence of the
number of the capacitors when the current dlstrlbu or i Wchjtls unlform.

x = 4nr tr:r,
(8)

Alternatively, another technique cou ésed to d}[and the effect of the length of
the conductor to the current dlstrlbut has been discussed as a derivative
of the Maxwell's equation in a u mech% ainframe [4]. Among the functions
of the refined Maxwell's po show n eQuation 9) is the ability to determine the

antenna factor as it relates curren |str|bt|
k]

J"'g’"[smﬁ' + cos@) ©)
Where a and y attenua1 actors of the electrical fields; E, (z) and E, (z) are
the electric ﬁelds ated lar difference; B is the frequency of excited powers; j
is the anten tr re re e radius or horizontal component of the antenna; z
represents t tlcal nent of the antenna; m represents the magnitude of the
particulates; & repres the electrical permeability; p, represents the magnetic
permeability; e, is @n factor which determines the electron spin along the horizontal
component; e, j&antenna factor which determines the ratio of the electric field
strength to, the vOltage, V is the total potential in space or near earth surface, Vo is a
constant on\@mrface of the charged air, E, is the electric field and a is the antenna
potential @ he Dybe length.

ults and Discussion

The advantage of this design is to minimize resistive losses close to 90%. The gain and
gain differences were reported to be significantly different from those of regular GPS
antenna.

The result is confirmed experimentally in Figure 4 [4-6]. During good weather (see
Figure 5), the transmission at 2.4 GHz boost the uplink task (see Figure 4). During rain
and fog, the transmission at 24 MHz boost the uplink task (see Figure 4). Hence, the 240
MHz is proposed to boost transmission on the satellite-to-satellite crosslink. Further the
incorporation of equation (8) to the simulations in Figures 4 & 5 revealed the possibility
of a high efficiency in the transmitting loop antenna via the introduction of angular loop
displacement along a well defined axis.
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Figure 3. Graph of T against F when F=2.4GHz, 240MHz ar@&Hz
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The reciproc@he Antenna factor (AF) is an important to ascertain our previous
results on current distribution. From literature, we expect that the reciprocal of the

antenna f
the an

eveals the ratio of the inadequacies of the field strength at the terminal of
“Hence, a negative AF signifies a high electric field strength at the terminal
ositive AF signifies low field strength at the antenna's terminal. In our
entation via equation (9), we consider an experimentation which enables the
sudden change of linearity in Figure. During transmission, weather factors may alter the

maximum features of "Sin8 + cos8x (Eigyre 5).
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Figure 5. Effect of Antenna Factor Reciprocal on System P nce

f
The 2D analysis shows that the point where the fie %@\h is perfectly
ogdi) |
d wyeat

equals to the voltage induce is at pi/2. Thus, wh aahgular | acement is pi/2,
we expect to see an improved uplink task under e her.
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Figur QD Analysis of Antenna Factor Reciprocal on System Performance

4. OConclusion

The losses in the transmitting loop antenna were analyzed under a theoretical
construction whose tuning capacitor is dependent on the length and nature of conductor.
Figure (3), reveals the efficiency of the transmitting loop antenna at three different
frequencies i.e. 2.4G Hz, 240 MHz and 24 MHz. The function of the standing wave when
it ranges from O — 1000 m band width allows for possible reconfiguration of the
transmitting loop antenna to operate at any of the aforementioned frequencies.
Furthermore, the multiple-loop antenna shows good numerical predictions with SMMR
between the 100 m and 1km but failure may set in beyond the 1km region. Hence, its
principle can be applied to Scanning Multichannel Microwave Radiometer within the
acceptable broadband width. When the angular loop displacement is pi/2, we expect to see
an improved uplink task under either bad or good weather.
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