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Design of Slotted Circular Microstrip Patch Antenna Array for
5G Millimeter-Wave Applications
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Abstract: Fifth generation (5G) is a reliable and advanced high-speed network compared 10 Jourth
generation (4G). This paper proposes a circular microstrip patch antenna (CMPA) array with slots
for 5G technology. This paper presents the design of a 1x4 CMPA array at d resonating frequency of
30 GH:= which is used for 5G applications. The antenna uses Rogers’ R04350B substrate having the
A ) thickness of 0.76mm, a dielectric constant of 3.48 and Loss tangent of 0.0037. Further, the elements
of the antenna considered for the array are spaced at a distance of Smm in order to avoid mutual
coupling. The major aim of this antenna configuration is to achieve more gain and high radiation
efficiency. The uniqueness of this design is that Rogers R043508 substrate is used for the circular
patch antenna array with a compact size and 3/4" fed quarter wave (ransmission line. The dimensions
of antenna are calculated and then simulated using a HFSS 18. The array antennd resonates at three
different frequencies namely 34 GH:z 36.2GHz and 40 GHz. A gain of 13.2dB, return loss of -13.19
dB is achieved at 34 GH= and radiation efficiency at J0GH- is 86.6%. After the design and analysis of
this antenna, it has been found that the design is highly reliable and effective for 5G application.

Keywords: Circular Patch Antenna Array, SG, Rogers’ R04350B, 1x4 Array, Gain, Millimeter-
wave frequency;

1. Introduction

With a growth of Internet of Things (loT), data traffic in wireless communication is
increasing because of a greater number of smart phone users [1]. The 4G technology is used In
applications like machine to machine (M2M) communication, video call data and remote monitoring
[2]. Even though, 4G has many benefits, it is not able to overcome the problem of poor

N interconnectivity, bad quality, overcrowded channels and high consumption of energy [3]. Therefore,
5G system is developed to meet the smart phone user’s requirements at millimetre wave (mmw) and 1t
provides low latency, security and high-speed data [4]. The mmw aims to improve the data
bandwidth. The bands used in a frequency range of 20 GHz to 60 GHz is known as mmw band [5].
5G technology utilize mmw and it has a data rate higher than 100Mbps when the mobility is full and
1Gbps when the mobility is low [6]. 1t will aid in the industry, transportation, economic growth,
power grid, and education ete. 5G communication will interlink all digital and clectronic appliances
such as maintenance of temperature, refrigerator and printer etc [8]. Spectrum allocation is the major
anxiety of 5G technology. The frequency suggested for 3G are: 27.5 10 29.5 GHz, 33.4 to 36 GHz. 37
10 40.5GHz. 42 1o 45 GHz, 47 t0 50.2GHz, 50.4 to 52.6 GHz and 59.3 to 71 GHz respectively. But for
mobile communication, the frequency range of 28 to 38 GHz with BW 300 MHz and | GHz are
considered as beneficial, however operating at high frequency develops complexity in design of
antenna [9] [10].

Microstrip patch antennas (MPA) have drawn a huge attention because of their directional
radiation and data rate for wireless applications. The utilization of MPA become diverse due to their
size and weight. For practical applications, the antenna size and bandwidth (BW) are the main
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Abstracr: A citealar Defeeted Gronnd Structure is proposed w improve the radiation properties of o Bectangular Mizrastrip
Patel Amtenma with Quarter Wave Transformer lTeed (OWTRMPAY By crack dows cross-palanzation (XT') levels, higaer
isolation between co-palarization o cross-polarization radiation is achieved withoul disturbing the co-pulurized radiation. In
this design @ cirealar slot elched on the pround plane ss o Defected Ground Structure (DGS) results in 2 suppression af X1
U-plage. The conventional configuration rescnates st 524 Gllz, having a co-pularization peak gain of 4.5 JdB and total
iselption of 27 db. The propesed MPA shows compactness ol 420 MHz by resonuling a1 4 52 GHy with tal iseletion of 24 dh
Ihe %P levels fall below 17 dR in Hplane when compared to the conventional configuration. The fabrications of propoesed and
comventiorel prolotypes are done using the substate FRA cpoey whose dielectric constant is 44 and thickness of 1.6 mm. The
simrulition results go hand in hand wath the experimentsl data.

Keywords: Anenra sacdsation patlerns, Cross-polarizaion, HFSS, Defected Gound Structure, Taelebion and Mi
Integrated Circuirs
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1. Introduction

Micrnstap patch antenna {MPA) has been widely used for most of the wireless applications due o thor
aliractive features like low cost, lightweight, compatibility to MMIC, casy (abrication and broadside radiations.
The MEA coneept i presented for the first time i 1953 [1], but the first wark was palented in 1970 (27 and
became dominant in all wircless communication applications from 1970 onwards,  The MPAs have sone
drawhacks such as less gain, narraw bandwidth and more XP radiation. In Probe-fed microstrip paiwhes usually,
high cross-polarized radiation pattern gets distorled due to unwanted probe radiation [3]. Is significance 3 more
i H-planc then thal of B-plane. [t is not desirable in wireless applicalions [4-5].

Several research groups have taken an inferest to suppress cross-polarized radiation lrom the last two decades,
Recently, the DGS technique is proposed to reduce the XP radialion by Guha et al. achieved 3-3 db suppression
[6]. A Cireular Microstg Patch Antenna (CMPA] with single and double are DGS inveshigated using diflerent
diclectric substrates, The single and double are DGS with RT/Thariod 870 substrale achieved 1008 dB and 11,13
dB XP suppressaan is achieved, Bul [er FRE cpoxy 1193 dB and 14.34 dB XP suppression is achicvied. In both
atternpts ohserved a small reduction in peak gain [7]. Guha and the team further corried out the work using DGS
technigque [#-13] The arc-shaped DGS provides 30 dB dselation in Heplane [B] A CMPA with two new
geomelrivs of 1GS push down XP 1o 5 - 7 dB8 compared 1o the narmal ground plang |9 The dot-shaped D08 was
used lor suppression of orthogonal felds [10]. The CMPA with ancular and circular shaped DGS provides [0 db
to 12 B XI suppression [11]. The rectangular and folded rectangular DGS reduzes the X1 levels -3 db. it
smaller angular coverage [12] The contrel of the il barmonic of the fundamental resenance and X1
suppresaton of |2 dB is achieved by using compret DOGS-inegrated Feed [13] The I suppression ol about 13 dB
is achicved by circular-shaped DGS [14]0 A sharted nen-radialing edge rectanguliar micrestrip antenng with
madified cavily model (MCM) using diflerent substrates achieved XP suppression of 16 dB with a total isolution
of 34 4B [15]. A patch antenna with two rectangular grooves in 8 ground plane gives Hoplane XP less than 23 4B
with —90° 1o -90% dircetions and improves XP radistion around 28 ¢B near 50° broadside directivos [16]. Linear
[ul] wavelength R-DNGS gives H-plane XP felds Jess than =30 4B T17], Symmetric DGS integrated RMPA has
improved the XP and gives almost |7 dB principal radiation planes and achieved XI* suppressian [18].

Asymmetric geomelry of DGS of a rectimgular MPA gives more than 28 dB isolation [19]. Dumbbell-shapud
defect in Reclangular pateh improve polarization purity more than 2 dB [20]. Dumbbell-shaped defected patc!
surface investigated for different WL suppress the cross-pelarization of 27 dB [21] A small circularly polariesd
{CP) patch suppresses eross-palarization in the sideways from —14.2 ~26.1 dB |22, Defected pround structure
(T3GS) with 2 = 2 DS integrated micrositip array, etched 50% of the ground plane desipned m X-band show 12
dld improvements [23],
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Development of Remote Instrumentation and Control for
Laboratory Experiments using Handheld Devices
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Abstract—The unprecedented growth in Inlernel fechnelogies hes cread
revolutionary changes in the use of collaboralive learning tools with remole
experimentation. These tols enhance the experiential leaming aspects ol
engineering education. Labaratory sxperiments are infegral parl of seience wnd
engineering edueation. Automation is changing the nature of these labaraaries,
aral the foeus of the system designer 18 en the availabulity of various interfacing
tools 1o access the leboratory hardware remolely with the inlegration of
compuler supported learning environment

Work un labaratory experiments and project works requires aeeess Lo
cxpensive hardware couipments, The high cost of thess mstruments along wik
Grne consuming development process of experimentation in the educational
process creates & synificant bollleneck. There is a nead tor the development of
rermole laboratory using which the users can aeeess the laboratory msliuments
arl the programmuhle devices emarely on their sman phones‘ables o
perfirm the Taboratory experiments. This smplementation guails laboratory
facility for complens rwenty fiur Sours o day and will increese the productiviry
of the laberatory hardware and measuring instruments,

This paper presents the detatled architecturs and the implerentzton details
af remate leboratory by owhich user can perform laboratory experiments
pemately, Develop mobile based remote laboratory whers user can ace
pemete laboratory on his smart phone er tablet o perform the experiments,
Saftware application is develaped on Andruid platform fer the implementation,

SRN

Keywurds—Remote Laboraiery, Victual Instrumentation, Remofe Access,
Andrond stzdiu,

1 Introduction

With the advent of wireless lechnology, mobile phones are heing used e many
ather applications other than communication, Mobile applbeations are beng
developed for aiding students, wachess and aniversities in academics. Apps arc
developed for research application which consolidates the jowrnals across the
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A New Method to Estimate Skew Angle in
Printed and Historical Document Images

Banumathi K 1., Jagadeesh Chandra A P

Absiract: In fhis paper, @ new approach fi aisess the shew
angle for scannediprinted docunteits amdd fristorical dovirent
imvages has been proposed, This is substandial for o antomatic
docatent processing spstem (s fext aied fnpmpe segmentation) fo
avert ervar in auxtliary stages. The proposed taciic is based on the
statistical anafysis of the slope af the connected lines fo the
docwmrent. The proposed technique detecty shaw and povrreces i by
initial fegier (X1, ¥IH200) from left margin af the resized
(RROX RO fmeage and (X200, ¥1) from fop margin, Firal letter
(X2, V220000 ol {X2-200), Y2} weere chosen from right erered feodtnine
marging of the sapee image, The shew angle estimation is done for
ctandard skewed dutaset and affective earrection af e same 1
perforsed wilh minieun errers,

Tuifex Terms: Printed rext, Midtiple Skew, Skew Detection ardd
£ et

I INTRODUCTION

Deskewing 15 a procedure 1o align the nmags properly.
hefore wiher processing the data in the image. There are
naany exisling approaches lor deskewing the image such as
mathematical  morphelegy,  principal ol connected
components, projection prolile technigue, Fourier transform,
Hough transform, Radon iransform and K1, Transtorn.
These methods for deskewing have their own constramts
with respect 1o fonl style, font size and are nol retation
invariant [1-4].

A number of skow estimalion and deskewing technigques of
documnent images is proposed in the Dlerature. [l nas been
bracketed inte two types, they are, spatial and frequency
demain approaches, The lollowing are the [requency domin
proceidures for skew estimation and correction,

Ba Yum proposed an appreach Lo deskewing based on
Hawgh Transform. Skew estimalinn micthod was based on the
presence of noises like the steaight lines; eidges exist in the
images and not lextual conlent prescrl i that image, This
madel warks if the input imape has well-delined edees fram
the black bars around the pages, the graphical inserts, anel the
separators ol tables, columns ot paragraph [2]. lanathan
Fabrigio presented an algoriibm for skew wstimation for
bimary images in the frequency dimatn. In this methodology
first preprocessing of the image using KMNN clustering
method is te be dene and hen Fourter transform should be
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applicd 1o the image to the oullines ol the canvex hulls of
the

clustered regions, Bul preprocessing imape using KN
clustering requires parameter (K] number ol nearest
neighbours and alse compulation cast is wery high T3]
MNandini ™ et al proposed a model algorithm hased on
connected component analysis and Hough iransform. There
are two approaches namely word centroid approach and
dilate & thin approach. oo this approach, an only printed
dacument containing texl are laken inlo consideration, Bt
the method restricts for images containmg pietures {31,

M. Sarfraz et al proposed an alganthm for deskewing af
the image by using Hlaar wavelel ransfonm amd principal
component Analysis. [nitially. the tmage was decompesed
inta detailed sub images mio various levels with the help of
agr wavelel transform,  POA was used e estimale the
srientation of the principal axis in horzonial, verhical
directian in each level, Output was accurate for the il
image ol Arabic font which 1s connected and English Font
wilich is iselated in nature [6]. Mandip Kaur etal praposed an
algorilhm based on Fast Epurier Transform and Discrele
Cosine Transform, The main purpase of using FFT s 1o find
the skew angle. Initially, the DCT compression techoigue
was applied on the image Lo reduce Lming compulalion
Fourier speclrum is oblained for the compressed imape. The
alitained spectrum is divided inte four quadrants and the
skew angle of each guadrant is chigired, Al last input image
s rotated using the bilinear interpolation micthod. Here skew
angle of 43 degree to 45 degree was taken inlo consideration
[7]. Sargur . Srihasi clal sed the Touwh transform method
lor deskewing of the imags. Here vartous priblem feed in
the Hough transform like Alasing and Quantizatien Problen
were discussed as well as the selution o those nnloms was
mentioned. The oulput imape (1 S0mme Cast Wis lisund 1 be
upside-tdown or right side-up (8 Hinayan £hupresenied an
approach where (he image with texiual and pon-texival
content 18 taken into consideration, Imbially, document unags
was divided into blocks of equal size using Fourier
Transiorm and Suppart Vectar Machines wers applicd 1o
determine whether each block is textual o nomn-textual, They
determined the skew for anly textual blocks by taking
siandard deviation of (he projection profile ol various angles
[4]. The followng are the spatial domain approaches for
shew estimation and correetion.  Nguyen DT el al came up
with 2 mathematical morphology operation which can he
uscd Tor deskewing ol the imape.
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Moment method approach to analyze waveguide array
radiator with crossed dipole as a near field sensor
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Abstract

Moment method appreach i3 wsed o estimate the error encountered by the sensor in the near ficld and probe measures co-pole and cross-
pole vollages al the same time, Conversely, due to several reflections between the waveguide and dipole sensor, near field values are
changed. Caleulations are done to analyze the absolute sampled co-pole vollape pallern and relative sampled electric field (without probe)
pattern in the scan plane, and imaceuracy indoced by the sensor s determined. The wavegude reflection coefficient, radiation admittance
and susceptance with measuring sensor are reformed with reapect 1o the equivalent values in the absence of the sensor in the near feld,

Kepwords: Admitimece; Moment Method: Boflection Cogflicient; Suscepiance; Waveguide,

1. Introduction

I'he problem of modeling the crror indueed by the near-field sensor and the impedance seen by the open-ended waveguide is extremely
important in order to estimate the electromagnetic susceptibiliny of the waveguide, Thin, finite length, perfectly conducting erossed dipale
alone measures in the near tield values, this introduces ecror due o the multiple rellection hetwesn the radistor and dipole, scattering
properties of the dipole and mutoal coupling effects of the poles of the dipole, As far ticld measurement is not practicable in most of the
cages, these near field values are transformed into a far Geld patlern. Alse for enhancing the accuracy of the theoretically predicted result,
it s necessary to evaluate the ficld at the radiating aperture instead of assuming those ficlds, which was done by many researchers [1], [2].
Thevelore, it is necessary 0 determine the radiated field al any point in the free space accurately.

The crossed-dipale is an imporant probe, since it measures both co-pole and cross-pole components simullaneously, The earlier researchers
[3]. [4] neglected elTects of multiple rellections between the radistor and probe, However, the mutual coupling effect between poles of the
dipale must be determined, since the cross-polacized components are generaled in the near-Nields. This paper has mede an effort to /1 in
these gaps in the existing state of knowledae,

The situation addressed above requires an analysis for an open ended wavegoids radiator sperture in the transmitting mode, The algorithm
ance developed can bz used for finding out those for ditterent broadband and namrow-band configurations of sensars and will make the
sensor calibration possible withoul going into the rgour and expense of experimentztion.

The rectangular opening in an unbounded ground plane fad by a waveguide baing considered as a (ransmicter is excited in the dominant
TEwmode. The wavepoide opening electric field and the induced current on dipole is deseribed by weighted sinusoidal global basis func-
tions and Dirac delta functions respectively, The boundary conditions at the waveguide opening and on the axis of sensors are enforced by
taking the properties of reciprocal connection and multiple reflections between transmitter gnd probe, The wavegnide radiator reflection
coefTicient and probe valtage across 30 chms terminating impedance are determined using the known coelTicignts of the entire domain and
pulse basis functions respectively, Because of the multiple reflections between the radiator and probe, radiator reflection coctficient and
near-Reld values are changed.

Many aurhers used different approaches such as a fransverse operator method, variations], corvelation matrix and integral equation methed
[F] = [7]. while others (8] - (1] have used moment methed technigue to explain the wavegnide problems, An electromagnetic wive moan
open space incident on a thin, fine, perfectly condoeting wire was analyzed by (9] Momenl method analysis ol waveguide radiator with
dipele and crossed dipele as the near field sensor are given by the authors [9] and [10],

2. Theoretical formulation

The crossed dipole in the near field ol an open ended o woavepuode sadiater areay ol cpeatng width and breaddh of 2a=2b inan unbounded
base plene is displayed as in Figure 1.
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Error Estimation of Three Dipoles used as near
Ficld sensors

Suma M, Goutham M A, Paramesha

Alsteact: Theee sensars coupled in a crossed configuration are
wsed a5 mear field eolendating woie of w transmitter v
unhownded geownd plave. The Method of Moments is applied o
cafculate  appraximarely e inacewracr peoduced by plre
wecasuring wnie i the wear field, The Probe measuees both co-
prode, podeand divected  dipele components
stenftapennsii Sowever, due to wmeltipfe reflections betveen the
radfitar aed dipeldes, near field valnes ave changed, Comprtation
wark cavvied vut for the calibration af the probe wad to test the co-
prodee valvage amd fiefd (with ne probey in x-v plame ar HGH: 10
compare the refative tested co-pole voltage pattern wigh the
redative fested fleld pattern {with mo measyreing o, Sinve the
velitive tested co-pele veltage and field ave analized, s
imaceuricy i forced af the midpoine of the plane.

AN

Keywards — Biesis Functions; Co-pale: Cross pole: EM wave;
Moy Wavegnides,

LANTRODUCTION
The vpening of waveguide moan unbounded ground plane
supplicd
considered as energized 0 the TEIOD condinon. The three

by a wavepurde being laken as a lransmirer is

dipales e along y-axis (co-polel. ulong x-axis (cross-pele
and dipole in v-axis wre connected moerossed struclure are
considered as a near field estimating unit, These sensors are
delicate to electric field slanting alongside the axis of the y-
anis, xeaxs and osdivccted dipole of the sensor. The
scatterimy chareeleristics ol the clements are polarization
crented. The methed of mements approach is applied 10
tesele houndary value problems. The wavepuide opening
licld is designated by the waighted sinusoidal global basis
lunctions, and currents over co-pole, crossed pole and z-uxis
directed dipole are designnted by pulse basis functions, The
ponmdlary condinons wl the apeniige s Toreed ar the same
time on the plane of 4 wavepuide apenng and on the axis ol
co-pole, cross pole and #axis dirceted dipole by considring
multiple reflections and mutual coupling automatically.

Estimation has heen calibration ol the
measuring umit und o test the relative co-pole voltage
pattern o the relutve electric Neld fatthout probel putrern,
and inaveuracy produced by the sensors 15 evaluated.

done for the

Several rescarchers nsed many methodologivs such as the

variational,  correlation matrix. and  intesral  cquation

metheds [ 1] 270 The mumber of approaches has hoeen
caleulation  of the motual g
admittanee between raditing elements [2]. [3],

cvolved  for the self-
Warious
authors gsed the method of momen procedure to work oul
the wavepnide |30 (4]0 [3]0 MoM
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wavegiide transmitter and dipole, crossed dipale us the near
field measuring unil is given by writer |81, [97,

ILPROBLEM FORMULATION

Fhe three dipoles pes along voaxis teo-poleh along s-ans
furass-poled and aleng c-aas in the near Neld of waveguide
transimitter epening s Hhestrated in Figuee 1,

The magnete Deld at the opening is given by

[ 1 mx T 5
N = ¥y cos (22 ) e 46 ]
a8

The current on the y-axis dipole is designated by |3

~ g :
! 11D Ja Fop Ly 121

Where ¢,,(p=1,2, 3., M) is described by [9]:

J 1 A

{ 0 elsewhere
7

e
P H
]
L

g R T e

1ad

Cpe

Figrure 1 Measuring units in the near-field of the
trasmitier

Smmilarly current on the cross-pole (along x-axis) s
desigmasted by |97

B e e 4

Where i, [5]

i elsewhere
similarly corrent on the w-axis direcred dipele of the near-
licld probe is desigmnted by ;

i VIR N P [6]

"'\-n.\_\_\l =3
F'L'fﬁn’cﬁ'ﬁi:\‘_ .
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Gain Enhancement of Microstrip Patch Antenna Using
Metamaterial Superstrate

Vani H. R. !, Goutham M. A.', and Paramesha ?

' Department of Electronics and Communication Engineering
Adichunchanagiri Institule of Technology (AT, Chikkamagaluru, Karnataka
Wanidait@pmail com

* Department of Electronics and Communication Engineering
Government Engincering College, Hassan, Karnataka

Abstract — In this work, o szain enhancement of
conventional microstrip patch antenna has been treated
for WLAN applications. About 1.3dB gain enhancement,
compared to o conventional patch, has been achieved
by loading the microstrip patch with a metamaterial
superstrate composed of 2x3 array of Square Split Ring
Resonator. Simulations have been carried oul using
Ansys HFSS. Measured results have been taken to
validate the simulalion result.

firidex: Terms — Metamaterials, microstrip patch antenna,

L INTRODUCTION

Maodern wireless communication system requires
high data rate that depends on the gain of the antenna.
Towards  this, metamaterial starts playing a very
important role in the design of an anterna [1]-[3]. In [4],
gain enhancement of microstrip patch antenna (MPA) is
achicved by using praded index dielectric superstrate, In
|51, a planar two-layer superstrate over a printed paich
antenna 1o enhance the broadside gain is considered,
The problem of enhancing the directivity of an aperture
coupled microstrip patch antenna using one dimenzional
electromagnetic bandgap (EBG) structure is treated in
16]. Tt was found that the directivity level, beamwidth as
well as reflection coefficient and gain could be enhanced
by using superstrate with two layers, o 7], study of
perfarmance parameters of patch antennas with different
feeding methods is presented and compared with that
of patch antennas without dieleciric superstrate. 11 was
found that the directivity level, beam width as well
as refllection coeflicient and VSWR could be further
enhanced by using superstrate with two layers rather
lhan one, regardless of the feeding method, In [8], a
meandered line-double splil ring resonator {DSRR)
superstrate loaded high gain circular patch antenna is
presented lor X-band and showed that the superstrate
loading has minor effect on the return loss characleristics
but & majer effect on the gain characleristics of
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the vircular patch. Scope for miniaturization and
compactness of an antenna leads to the design of novel
antenna structure leaded with metamaterial. Hence, in
the proposed work, a metamaterial superstrate loaded
microstrip patch antenna is designed on low cost, FRA
epoxy substrate for WLAN application,

IL ANTENNA DESIGN

A Microstrip patch antenna without superstrate

The microstrip patch antenna with co-axial fecding
is designed using ANSYS HFSS on a less expensive,
widely available FR4 epoxy subsirate with relative
permittivity of 4.4 and dielectric loss tangent of 0.02 for
5.5 GHz WLAN application. Figure | shows simulated
tep view of MPA. The dimension of the patch and the
substrate s 12mm x 16mm x 0. 1mm and 26mm x 30mm
% Lbmm respectively. The equations o caleulate the
dimension of patch antenna are given in [9].
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Fig. 1o Simulated top view of rectangular MP A,

B. Proposed MPA with metamaterial superstrate
The proposed desipn consists of metamaterizsl
supersirale loaded microstrip patch antenna. Figure 2
() shows the geometry of square split ring resonator
metamalerial. The dimension of the ring is Gmm x 6mm.
The gap width is 1.5mm. Figure 2 {b) shows the simulated
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COMPARATIVE ERROR ANALYSIS OF
DIFFERENT NEAR FIELD PROBE
ARRANGEMENTS IN THE PLANE OF OPEN
ENDED WAVEGUIDE RADIATOR
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ABSTRACT

The Moment Method is used to evaluate the inaccuracy caused by different dipole
probe arrangements in the plane of the open-ended waveguide aperture. The radiated
magnetic field and internally scattered wave at the plane of the opening is estimated
by the plane wave spectrum and modal expansion approach respectively. The fields
dispersed due to induced current on the dipoles have also been calculated by means of
the theory of vector potentials. The boundary conditions are all together forcedon the
plane of the radiator opening and on the axis of the sensors by seeing numerous
reflections between the radiator and sensors. The boundary condition on the plane of
the radiator opening is the tangential component of the magnetic field, both within
and outside the radiator should be identical. Calculation has been accomplished to
equate the relative sampled sensor voltage pattern to the relative sampled electric
field (without probe) pattern in the scan plane with different arrangement of the dipole
and error induced by the dipoles are compared.

Keywords: Basis Functions, Co-pole, Cross pole, Infinite flange, Moment Method,
Mutual coupling, Multiple Reflection, Waveguides.
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