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 ABSTRACT

The level of shielding of the enclosure in preventing EMI is usually determined through the
Shielding Effectiveness (SE) measurements of the material used for the enclosure. Standard
field simulation is the starting point of any SE measurement technique. Thus it is necessary

for an antenna which could simulate standard EM waves.

In this research work a Hexad-Loop (H-Loop) antenna has been proposed to simulate
standard EM wave for magnetic-field shielding effectiveness measurement of the planar sheet.
In making the H-loop antenna one sixth of a loop is mounted on a 60° comer reflector to
produce the effect of magnetic dipole in a confined region. The imaging effect of the reflector
transforms the H-loop virtually into a complete loop which means the H-loop acts as a
magietic dipole in front of the reflector with negligible radiation behind the reflector. Thus it
produces typical low impedance field in a quasi-shielded test enviromment which is

particularly important in the measurement of magnetic field SE against EMI.

The mathematical model of the H-loop antenna has been developed by using the image theory
and the theory of pattem multipliéation Analytically, the field due to the arc (one sixth of the
loop) is to be calculated first and then applying image theory for determining the i images of
the arc. The effect of these i lmages on the field of the original H-loop are then supenmposed

by a method similar to pattem multiplication.

The radiation patterns of the H-Loop antenna in the horizontal plane is measured by using the
two H-Loop antenna (one acts as a transmitting antenna while the other acts as a receiving

antenna). Measured radiation pattern is found identical with the theoretical pattern.



The antenna parameters such as, directivity, gain, and radiation efficiency of the H-Loop
antenna are compared with those of the Q-Loop and complete loop antenna. Comparison
shows that, both the directivity and gain of the H-Loop antenna are much higher than those
of the existing antenna. It is also found that the gain and radiation efficiency of the H-Loop
antenna become constant at frequency above 100MHz. This means that the developed

antenna can be treated as a frequency independent antenna above 100MHz.

The radiation resistance, loop and reflector resistance, loop inductance, and the capacitance

of the H-Loop are determined analytically.
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1.0 INTRODUCTION

Scientist and engineers in the field of Electromagnetic Compatibility (EMC) are always
interested in designing electronic systems which are invulnerable to hostile or interfering
electromagnetic environment and at the same time electromagnetically harmless to their -
neighbouring devices. The simplest way of reducing ingress or emission of Electromagnetic
Interference (EMI) is by enclosing electrical and electronic equipment using conducting
materials. Again, the level of shielding of the enclosure against EMI is usually determined by

the measurement of Shielding Effectiveness (SE) of the material used for the enclosure [1].

The term shield usually refers to a metallic enclosure that completely encloses an electronic
product or a portion of that product. Enclosure can prevent the propagation of electric and
magnetic fields from the product to the outside and from outside to the product, which may

cause EMI in the product.

Therefore, the effectiveness of a shield refer to shielding effectiveness (SE), is an important
factor to protect EMI in the product. SE is defined as the ratio of the magnitude of the
electric (magnetic) field that is incident on the shield to the magnitude of the electric
(magnetic) field that is transmitted through the shield. Thus, during SE measurement it is
usual practice to measure the insertion loss (IL). IL is measured by comparing the received

signal strength with and without the material under test (MUT) in the test device [2].

The standard field simulation is the starting point of any SE measurement technique. Hence it

is necessary for an antenna as a EM source which could produced standard EM waves.

On the basis of the distance (1) between EM source and the MUT, SE measurement can be
classified [2] as (1) Far field SE measurement (distance r > '0.1661, where A is the

wavelength) and (1i) Near field SE measurement (r < 0.1661). Near field SE measurement



can again be classified as Near electric-field SE measurement where source is predominantly
electric field and Near magnetic-field SE measurement where source is predominantly
magnetic field. This research work aims at developing an antenna which could simulate

predominantly magnetic field in the near field region.

In this thesis a newly developed Hexad-loop (H-loop) antenna has been proposed for
magnetic field shielding effectiveness measurement of the planar sheet. This loop acts as a

~ complementary source to develop a predominantly magnettc field at the test location.

In designing the antenna, the factors which are to be considered are (i) range of frequency,
(i) directional property and gain, (iii) standard field simulation, and (iv) shielding

performance. These factors have been described in section 1.1.
A comprehensive review of Near field SE measurement techniques is given in section 1.2.

The aim and objectives of this thesis are presented in section 1.3, Section 1.4 contains the

organization of this thesis.

1.1 IMPORTANT FEATURES OF EMC ANTENNAS

1.1.1 Frequency of operation (EMC range of frequency)

It is always desirable that an EMC antenna covers the frequency range of interest for EMC
measurement, The typical frequency range for EMC measurement varies from 20MHz to

1GHz [3]. Thus in designing an EMC antenna, this frequency range is to be considered.



1.1.2 Directional property and Gain

One of the most important features of EMC antenna is its directional property. EMC
measurement is generally performed in a shielded room which provides a high degree of
isolation from EM environments. But multiple reflections from the room walls causes a
significant measurement error. This error can be reduced if the measurement is done in an
anechoic chamber which is very expensive because of absorbing materials. This cost can be
reduced if a highly directive antenna (i.e. an antenna infront of a reflector) is used for EMC
measurement in a shielded room. Because, only a small portion of the room walls are then

needed to cover by the absorbing material.

Directivity of the antenna determines the directional property of the antenna. An antenna with
high directivity can produce a stronger EM field on a specific test location in comparison
with an antenna which may be a efficient radiator of having lower directivity. For constant

efficiency, antenna gain will be increased with the increase of directivity.
1.1.3 Standard field simulation

Susceptibility measurements require the simulation of uniform plane wave whereas emission
measurements require the simulation of either high impedance field or low impedance field at
the test location. Thus one of the requirements for designing EMC antennas is the capability
of producing the standard field at the test site. In this thesis work, the proposed EMC

antenna can simulate low impedance field (i.e. magnetic field) at the test location.
1.1.4 Shielding performance against ambient noise

An EMC antenna is to be immune from background noise for ensuring the EM field produced

by it.



1.2 REVIEW

Various methods for the measurement of magnetic field SE, which are being used by reputed
EMC compliance testing organization for testing the shielding'capability of shielded materials .

(in sheet form) are described below.

In MIL-STD 285 test method [4] transmitting antenna is placed in the shielded ro_oni whereas
the receiving antenna is placed outside the room. The MUT sheet is mounted over an
aperture in the wall of the shielded room. By comparing the transmission loss between the
same two antennas with or without the MUT gheet, SE is measured according to IL equation

described in the literature [2).

In the test arrangement of ASTM ES7-83 [5], two chambers of small boxes pivoted at one
end and the other end is clamped. The transmitting and receiving antennas are mounted inside
the chamber to emit (or receive) the radiated power and the sample sheet is placed in between
the walls of the two chambers. The data for SE measurement are taken as same as MIL-STD

285 test method.

A new method for the magnetic field SE measurement is reported by Rahman [6]. In this
method the MUT is placed between the two Q-Loop (quarter loop) antenna. One is used as a
transmitting antenna while the other is used as a receiving antenna. SE of the MUT sheet are

then determined in a similar waly to the MIL-STD 285 test method.

Hexad-Loop (H-Loop) of highly directive and high gain is proposed for magnetic field SE

measurement.

The H-Loop antenna is used for near magnetic field source simulation. One sixth of a 'loop is

mounted on a 60° comner reflector to produce the effect of magnetic dipole in a confined _



region. The imaging effect of the reflector transforms the H-Loop virtually into a complete
loop which means the H-Loop acts as a magnetic dipole in front of the reflector with
negligible radiation behind the reflector. Thus it produces typical low impedance field in a
quasi-shielded test environment which is particularly important in the measurement of

magnetic field SE against EMI.
Two Hexad-Loop (H-Loop) antenna (one acts as a transmitting antenna while the other as a

receiving antenna) can be used to measure the magnetic field SE of planar sheet like

conductive matenal.

1.3 AIM AND OBJECTIVES OF THE THESIS

This research work is aimed at developing a fractional loop antenna in front of a 60° comer

reflector. To fulfil the aim the following.objectives were envisaged:

-- Development of mathematical model of the H-Loop antenna by using image theory and

the theory of pattern multiplication.
-- Design and construction of the fractional loop.
-- Design and construction of the reflector.

-- Computation of the antenna parameters such as field patterns, directivity, gain, and

radiation efficiency.

-- Comparison of the developed antenna parameters with those of the Q-Loop and the



- complete loop antenna.

-- Experimental validation of the far field pattern of the developed antenna.

1.4 ORGANIZATION OF THE THESIS

Theoretical background of the antenna theory is g'rvenrin chapter 2. Magnetic field source
simulation at the test location for the magnetic field SE measurement is also described in this
chapter. Chapter 3 contains the mathematical model of H-Loop antenna. Comparison of the
developed antenna parameters with Lhose-of the existing Q-Loop and the complete loop
antenna is also given in this chapter. Design and construction of the H-Loop antenna are
described in chapter 4. Measurement of field pattern of the developed antenna is also
included in this chapter. Chapter 5 contains the conclusion and recommendations for further

research.
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2.0 INTRODUCTION

An antenna which produces predominantly magnetic field is necessary for near magnetic field
SE measurement. Thus the characteristics of near magnetic field source are described in
section 2. 1. It has already been stated in the previous chapter that Q-Loop and complete loop
antenna produces predominantly magnetic field at the test location. In this research, a new
antenna which can produce such field at the test location has been proposed. Section 2.2
describes the use of H-Loop antenna as a near magnetic field source. In the previous chapter
it has already been mentioned various antenna parameters which indicate the performance of

antenna. General equations to find the antenna parameters are given in section 2.3.

2.1 CHARACTERISTICS OF NEAR MAGNETIC-FIELD SOURCE

The radiated field available in the near-field region of a small loop antenna is the low
impedance field. This can be explained by considering a circular loop of radius a with a
uniform in phase current I.¢™'. For very small loop radius (i.e. a < A/10), the field radiated by

the loop can be expressed as [7]:

Er‘—_Eg:H‘:O (2])

B mzla ej(wt-ﬁr) cOSB|—jB+_l_:I

Hr w Lr P @2)
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4nr r

It is evident from the above equation that at a large distance (i.e. » » X ), terms containing

1/1* and 1/r* may be neglected compared to the term containing 1/r. The eqns. 2.1 to 2.4 then

becomes as:
E,=Eo=Hy=Hy= 0 - | (2.5)
Hon - B2 a2l e/ (@1-Prising (2.6)
4r
E¢;_Bmuo all,e/(®=Priging 27

4r

Thus in the far field region the radiated field of a loop antenna is Transverse Electromagnetic
(TEM) in nature because of containing only the Hy and E, component of the field. On the
other hand eqns. 2.1 to 2.4 show that the 1/f* and 1/r’ terms dominate over the 1/r terms (i.e,
in the near field region). Thus in the near field region radial (H:) and polar (Hg) components
of the magnetic field, and the azimuth component (E, ) of the electric field are found. This
means that the wave appears in the near field region is Transverse Electric (TE) in nature.

The field radiatéd by a loop antenna and the wave impedance of this field is shown in fig.
© 2.1(a) and 2.1(b) respectively.



Circular Loop : r

Fig. 2.1 (a) Radiated field in the far region of a loop antenna [§].
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2.2 H-LOOP ANTENNA AS NEAR MAGNETIC-FIELD SOURCE

Reflectors are widely used to modify the radiation pattern of a radiating element such as
antcnﬁa. It can improve the directional property of an antenna and can also yield a substantial
gam in the forward radiation. A large flat metallic sheet reflector can convert a bi-directional
antenna array into a uﬁidirectional antenna array by eliminating the backward radiation from
the antenna. With two such flat sheets intersecting at an angle o (<180°), a sharper radiation
pattern than that from a flat sheet reflector (o = 180°) can be achieved. This arrangement is
known as active comer reflector antenﬁa [8]. Thus, one sixth of a loop is placed in front of a
60° comer reflector to design the proposed loop antenna which can be used as a near

magnetic field source.

 Fig.2.2 A 60" corner reflector with images.

One sixth of a loop, placed in front of a 60° comer reflector produces another five images of
one sixth of loop around the back side of the reflector which is equivalent to a complete loop
in free space. This can be explained by the image theory and the theory of pattem

multiplication. These two theories are described in the following subsections.

10



2.2.1 Principle of pattern multiplication

The pﬁnciple of pattern multiplication can be stated as, “The field pattern of an array of
nonisotropic but similar point sources is the product of the pattern of the individual source
and the pattern of an array of isotropic point sources, having the same locations, related

amplitudes and phases as the nonisotropic point sources” [8].

This principle has been employed to determine the field pattern of the proposed H-Loop
antenna. To do so, the field due to the arc (ie. one sixth of the lﬁop) is calculated first and
then the images of the arc are determmed by applying image theory. The effect of these
images on the field of the original loop are then superimposed by a method similar to pattemn
multiplication as described in the previous paragraph.

2.2.2 Images of a one sixth of loop in front of a corner reflector

The image produces by the one sixth of loop in front of a comer reflector can be studied by
l' using the principle of reflection and the image theory [8]. The principle of reflection states
that when a direct wave reflected from the perfect conducting ground, the tangential
component of the electric field must vanishes at its surface. To fulfill this boundary condition,
the reflected wave mﬁst sqffer a phase of 180° at the point of reflection. Thus due to‘the
presence of this perfect ground, the field at a distant point is the resultant of a direct ﬁrave
and a reflected wave. This method is known as the method of images. According to the
image theory an ideal dipole oriented normal to a perfect conducting infinite ground plane
produces an image dipole equidistant from the ground plane. The image dipole is also
oriented normal to the ground plane and carries the same current as that of the original one
whereas the dipole oriented parallel to' the ground plane produces the image dipole which is
also oriented in parallel to the ground plane. The parallel image dipole carries a current which

11



is equal in magnitude but opposite in direction to that of the original one. It is well accepted
that instead of the infinite ground plane the image theory is also applicable if the conducting
ground plane extends beyond the dipole by several times of the length of the dipole which is
very close to the conducting plane.

The reflection behavior of a 60° comer reflector of the proposed antenna can be explained by
employing the image theory. A parallely oriented dipole infront of a 60° comer reflector,
produces five images to satisfy the boundary condition as mentioned in the previous
paragraph. The image theory can be extended for the analysis of a one sixth of loop which is
composed of mfinitesimal dipoles of length add (such as the dipole at Aj shown in fig. 2.3),
oriented normal to the reflector. Image theory straightway refers to the two images at A, and
Aj because of the reflectors OR; and OR,. If we take the comer line as a reflector then the
third image As is to be considered. Again, another two images A; and As images are
produced due to the image reflector OR4 and ORj respectively. 'I’herefbre, each infinitesimal
dipole element of the arc would have five images. Thus, the one sixth of loop in front of the

comer reflector can act as a complete loop in free space.

R

Fig. 2.3 Image produces by an infinitesimal dipole of one
sixth of loop in front of a 60° corner reflector.

12



According to the image theory the effect of the image would be experienced only above the
ground plane and beneath the ground plane which is known as the shadow region (i.e. no
field will be available at this region). Thus the hexad of one sixth of loop referring to as H-
Loop behaves as a complete loop with a field in front of the reflector and negligible field
(ideally no radiation) behind the reflector.

2.3 ANTENNA PARAMETERS

Antenna parameters such as directivity, gain, radiation efficiency, and radiation pattern are
determined analytically for the H-Loop antenna. General equations for determining the

antenna parameters are described in the following subsections.

2.3.1 Directivity

The directivity of an antenna is an indicator of the relative directional properties of the

antenna. The directivity (D) of an antenna is given by the ratio of the maximum radiation
intensity (U(6,¢) ), in a given direction to the average radiation intensity (U/,y) over all

directions [8]. Thus the directivity in any direction (8,$) can be written as

ufos),

(2.8)
Uav

Again, the radiation intensity is defined as the power radiated per unit solid angle from the
antenna. If P; is the total radiated power then the average radiation intensity in all directions

is given as
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U= Pr | ©(29)
4x

The total radiated power P; at a distant point from the antenna can be obtained from the

average Poynting vector (:S;) which can be written as
1 = o |
Sy = -z—fﬁ'.e ExH ; - (2.10)

The radial Poynting vector S; can be determined from"the Ey and Hp components of the

electric and magnetic field respectively.

The total radiated power can then be obtained as

i

In &
P, = I I Srr’singaedq; o | (2.11)

$=00=0

In the case of H-Loop. antenna radlated field is confined in front of the 60° corner reﬂector
Therefore, mtegration of eqn. 2.11.is to be performed for 0 <6 < 1: ‘and 0 < o <7/3.

For the H-Loop antenna the eqn. 2.11 can be written as

Ws s
'[3 _[Srr’smeaadq; | (2.12)

6=00=0

P =

r

14



The maximum radiation intensity for the H-Loop antenna, can be written as

3 o
P = I IU sin*0 dQ

$=08=0

w3 n
- f f U sin'0dbd

$b=08=0
4T
=g Un

or, U,= 4—Pr ; ‘ (2.13)
n

~ Substituting, the value of P, from eqn.é 2.12 in eqn. 2.9 and eqn. 2.13, the value of average
and maximum radiation intensity can' be found respectively. The directivity of H-Loop
antenna can then be found from eqn. 2.8.

2.3.2 Gain

The Gain (G) of the antenna can be determined from the dlrecuvny and the radiation
efficiency of the antenna. G is given as [8]

G=nD ' (2.14)

where 1 is the radiation efficiency. 1 is}obtained as [8]

N | |
= : 2.15
k R+ Rohmic * Rref ( )
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Where R, = radiation resistance,
Rohmic = ohmic resistance,

R = reflector resistance.

2.3.3 Radiation pattern

There are three types of radiated field pattern obtained from the antenna. These are [8]:

i) Radiated field pattern for the 6 component of the electric field or £5 (6,¢) (V m™).
ii) Radiated field pattern for the ¢ component of the electric field or £, (6,$) (V m™).
iii) Field pattern for the phase of these fields as a function of the angles 0 and ¢ or

&% (0,9) and 5,(0,9) (rad or deg).

>

A normalized field pattern can be obtained by dividing the field component by its maximum
value. The normalized far field pattern of the electric field (£, ), given as

E,(8.9)

— 2.16

E(0.9), =

16
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3.0 INTRODUCTION

The mathematical model of the H-loop antenna has been developed by using image theory
and the theory of pattern multiplication [8]. The radiated EM field due to the arc (one sixth
of the loop) is to be calculated first and then applying image theory for determining the
images of the arc. The effect of these images on the EM field of the original H-loop are then
superimposed by a method similar to pattern multiplication.

Development of mathematical model is described in section 3.1. The mathematical
formulation of important parameters of the H-Loop antenna are described in section 3.2. The
antenna parameters of the H-Loop is compared with those of the existing Q-Loop antenna as

well as the complete loop antenna. Comparison is given in section 3.3.

3.1 MATHEMATICAL MODEL OF H-LOOP ANTENNA

One sixth of loop in front of a 60° comer reflector produces five image loops of the original
one. Thus the H-Loop antenna can be considered an array of coplanar three pair of dipoles

shown in fig. 3.1.

Each pair of dipoles are parallel to each other carrying equal and out of phase current. It is
assumed that the current through the arc is in the ¢ direction only, so the vector potential at
any point in space will he ¢ directed only. The far field is computed from the vector potential

of the one sixth of loop element and the vector potential of coplanar hexad dipoles.
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Ay
Fig. 3.1 Array of Coplanar three pairs of dipole.

The followmg assumptions have been made to determine the vector potential of coplanar
hexad dipoles :

* Distances between each dipole and the point of observation (P) shown in fig. 3.2
are parallel to the radial line (op = r).

* A small loop is assumed (Le. @ << A, and a << r, where a is the loop radius), thus
during the distance calculation all terms which are less than a has been neglected

whereas in phase calculation these terms have to be considered.

3.1.1 Distances between dipoles and observation points

Three pair of dipoles in the x-y plane of the rectangular coordinate system are shown in fig.
3.2. Each pair of dipoles are parallel to each other and opposite in phase.

18



.z / r, P(r,B,-ﬁ

Fs
8|

Fig. 3.2 Far field of three pair of dipoles, arbitrarily oriented
' w.r.t. the axes of co-ordinates.

A differential length ad¢ of the arc at point A, is considered to compute the distance (r, )
between the point of observation P(r,0,) and the arc.

BT

N

Fig. 3.3 Geometry of one sixth of loop for determining
the vector potential of the H-Loop arc.
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From fig. 3.3 the distance (r; = PA) can be written as

PA%= AN?+ PN? | (3.1)
Again AN’ can be written as

AN? = AM? + MN? (3.2)

Where,
AM = asin(¢’ - §)
MN = [rsmﬁ -acos(¢’ - d))]

Substituting the expression for AM and MN in eqn. 3.2, the eqn. 3.2 can be written as

AN? = a?sin*(¢' - )+ [r'smB —acos(¢’ — 41)]2

= a® +r* sin® 8 — 2rasin® cos(’ - ¢) (3.3)
The PN’ is found as
PN? = rlcos’e (3.4)

Substituting eqn. 3.3 and eqn. 3.4 in eqn. 3.1 gives

n=PA* =a® +r? sin? 0 — 2rasin® cos(¢p' —d)+r:cos’

=r? +a* —2rasinecos(¢'—t:b) (3.5)

For r>> a, the eqn. 3.5 becomes as

20



r]2 =r* - 2rasinBcos(d’ —d)

" 2a K
or, = r[l——;—sinecos(d)'—d))] (3.6)

For distance consideration the first term of the eqn. 3.6 is taken and the r; becomes as

(3.7)

I
~

For phase consideration the first two terms of the eqn. 3.6 are to be taken and the 7, then

becomes as

a
n= rl:l— 7sin900s(¢’ - ¢)]

=r—asinBcos(¢p’'—¢) | ' (3.8)
=r—asinBcos(¢ —¢") » -

Similarly, the distances between the observation points and the dipoles at A, , As , Ay, As,
and As shown in fig. 3.2 can be computed as -

r =r-acos(¢'—¢+60°)siné

r,=r—acos(¢' — ¢ —60°)sind

r, =r+acos(¢’— ¢ —60°)sin (3.9)
rs=r+acos(¢’— ¢ +60° ) sind

r,=r+acos(¢’'—¢)sinb
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3.1.2 Vector potential of coplanar hexad dipoles

It is well known that an arc can be considered as an array of infinitesimal dipole. To compute
the vector potential of the one sixth of loop and coplanar hexad dipoles the differential
length ad¢ of the arc is considered at point A; shown in fig. 3.2. Hence the vector magnetic
potential at point P due to this dipole of 'length adj containing the uniform current along the
length at point A, can be written as [9]

A, = ke OO g gin g’ - Hoost]  (3.10)

Where k& = M
4

[1]=1¢&""™ = retarded current at the point of observation P with respect to the

centre of the loop arc.
X = the unit vector along the x direction of the rectangular co-ordinate system.
y = the unit vector along the y direction of the rectangular co-ordinate system.

B = propagation constant = (27/A).

Similarly, the vector magnetic potentials at point P due to the dipoles A, to As can be written

as

A, = kPR 2 6in( + 60°) - Foos(' + 60°)]
A, = k=IO pin( - 60°) - Feos(¢' - 60°)]
4, = —ke PeemE OO 2 (@ - 60°)— Feos(d’ — 60°)] (3.11)
- -ke‘f""““‘*"““‘;"")’“’“[fsin(¢' +60°) - ﬁéos(¢'+ 60°)]

_ke‘fﬁﬂ cos($'—¢)sin e[fsind)' - ﬁcosd)’]
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- The vector malgneli.c potential at point P due to the pair of parallel dipoles at points A, and

A, can be written as
! ‘ |

A = k[ejﬂﬂcﬂs(é'_¢)s'me _e—jﬂacos(ol%é)sma]

[£sind’— ' cosd’]

T+a

=2jk sin[Ba cos{¢’ — d))sinB][fsind)’ - )")cosd)'] (3.12)
For X >>a, and fBa << 1, the eqn. 3.12 then becomes as
A4,,, = 2jkBasinB cas(¢’ - 0 )[£sind’ - yeosé'] (3.13)

Similarly, vector magnetic potential for the pairs of dipoles at poiuts A, and As , and A; and

A, can be written as

A,;, = 2 jkBasinBcos(d’ — & + 60° )[f sin(¢" + 60°) — jcos(d’ + 60°)]
(3.14)

Ay, = 2 jkBasinOcos(¢p’'—d - 60°)

Xsin(¢’— 60°) — cos(d’ — 60° )]

The resultant vector magnetic potential due to the three pair of dipoles at the far field point

P(r.0,0), becomes as

| [cos(¢’ ~ §)sind’ + cos(d’ — & - 60°)sin(d’ — 60°) + cos(d’ — ¢ + 60° )sin(¢’ + 60° )}f ]
= 2 jkBasin®
_ L— cos(d’ — d)cosd’ + cos(d' ~ ¢~ 60° )cos(¢’ ~ 60°) + cos(d’ — & + 60° ) cos(¢’ + 60° )}}7_]

= 3jkBasin§{%sin¢ - y cos)
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=3 jkPasin® : (3.15)
where, ¢ is the unit vector along ¢ direction.

It can be seen from eqn. 3.15 that, for any orientation of the three pair of parallel dipoles but
opposite in phase, the resultant vector potential will be the 3jBasin® times of that of single

dipole. The term 3jBasin0 of eqn. 3.15 is known as the array factor.

3.1.3 Vector potential of the H-Loop element (or arc)

The vector potential (A4,, ) at poiht P(r,0,¢) in free space due to the current in the one sixth

of loop can be written as [9]

nd

- l I iPasin@cosgd — ¢’
A _ W/ J'e"’ Beost® =0 1y (3.16)
0

are 47-[’.

For jBasin@ =k  and ¢ - ¢ = «, the definite integral of the eqn. 3.16 then reduces to

j‘ej[}ushlﬂcus(@—W)dd),: Ietcusqda (3]7)

[+] b-n/3

keosa

The term e"“*“ can be expanded an infinite series as

2
kcosa

e =l+kcosa+—2~cos2a+ ----------------- (3.18)
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Substituting eqn. 3.18 in eqn. 3.17 and taking integration term by term gives

. k? |
].e‘“‘““da= I [l+kcosa+70052a+ ----------- :Ida
$-n/3 ¢-n/3
n . L . :
=3 + & sin [¢s + 5) +terms containing higher power of k (3.19)

For a small loop Ba << 1, and }sin®|< 1, thus all the terms containing in eqn. 3.19 can be

neglected. Thus the definite integral of eqn. 3.17 becomes as

" P . . n
vreﬂ]auneumm*ﬁiﬁ)d‘t’r,.‘._"_,5 ) (320)

0

Substituting eqn. 3.20 in eqn. 3.16 gives the vector potential as

Y =J—]—”"“-£$ (3.21)

arc 4nr 3
It has already been mentioned in the previous section that the one sixth of loop (or 60° arc)
can be considered as a collection of infinitesimal dipoles. Thus the same analysis can be

extended for the original arc and its five similar images.

The resultant vector potential due to the three pairs of dipoles at the far field point P(r,0.¢),

will be

A = $3jBasin® x Are (3.22)
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3.1.4 Field computation

The radiated far electric field and magnetic field can be determined from the vector potential

as [9]

E = —jod (3.23)

H s—jEJé (3.24)
n

It has already been mentioned in the previous chapter (section 2.1) that in the far field region
of the H-Loop antenna, only ¢ component of the electric field and © component of the
magnetic field are found. Thus the far electric field and magneiic field produced by the arc

alone can be obtained as

Epare = = j0Agpe | (3.25)

Hoare = _j%Aarc (3.26)

Substituting eqn. 3.21 in eqn. 3.25 and eqn. 3.26 gives

PN U L (3.27)

¢ arc 4nr 3
[ .
b, --plln (3.28)
are 4nr 3

The net electric field produced by the H-Loop in front of 60° corner reflector can be

determined as
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£y = Amay factor x £y,

pof/la
4r

asin6 (3.29)

Similarly, the net magnetic field produced by the H-Loop infront of the 60° comer reflector

will be as

Hg = Amay factor x Hy,,.

= B[i]TaBasinO (3.30)

If the co-ordinate axes are chosen so that the loop is in the x-y plane and the reflectors OR,
and OR; are parallel to plane of z, then the above field expressions are valid for azimuth angle
¢ of 0 to n/3 and the polar angle 8 of 0 to = (i.e. in front of the reflector). Reflector is
assumed as infinite ground plane. Thus neither magnetic nor electric field is present behind

the reflector. The eqn. 3.29 and eqn. 3.30 can be written as

] .
E = Mﬂa sin@ for 0<p<n/3 and 0<8<n
=0 elsewhere (3.31) -
Ha .
H =p—~Basin® for 0<¢<n/3 and 0<O<n
4r
=0 elsewhere (3.32)

The theoretical prediction of the planar radiation pattern according to eqns. 3.31 and 3.32 are

shown in fig. 3.4.
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180

Fig. 3.4 (a) Planar radiation pattern (E; ) of the H-Lobp antenna
at ¢ = 30° plane with 6 varying from 0 to 360’

Fig. 3.4 (b) Planar radiation pattern (E,) of the H-Loop antenna
at 8 = 90° plane with ¢ varying from 0 to 360°.

3.2 H-LOOP ANTENNA PARAMETERS

General expressions for finding the antenna parameters have already been given in previous
chapter (refer to the section 2.3). The antenna parameters of the H-Loop have been derived

from the general expression in the following subsections.
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3.2.1 Directivity

The directivity is defined as the ratio of maximum radiation intensity to the average radiation
intensity. The maximum and average radiation intensity can be obtained from the total power
radiated by the H-Loop antenna. The total power radiated by the H-Loop antenna can be

determined from eqn. 2.11 (refer to chapter-2), as

P = r Is,r’sf,zeaed¢ (3.33)

4=08=0

In the case of H-Loop, only the ¢ component of the electric field (£4) and the 6 component
of the magnetic field (#,) are found. Substituting the expression for Ey (ie. egqn. 3.31) and -

the expression for A, (i.e. eqn. 3.32) in eqn. 2.10 (refer to section 2.3.1) gives

15 4 41‘] 2
S, = —@f:—"sinze (3.34)
r

Substituting eqn. 3.34 in eqn. 3.33 gives P, as

5 2nA4 4!2
P =_TL__B3" o (3.35)

The maximum radiation intensity can be determined by substituting eqn. 3.35 in eqn. 2.13

(refer to chapter-2) as
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_ I5nptatl

p (3.36)

The average radiation intensity is computed as (by using eqn. 2.9 of chapter-2)

5 4 4! 2
_nat,” (3.37)
12

The directivity of H-Loop antenna is computed as

Unm
Uav

DH~I()0p = (3.38)

3.2.2 Radiation resistance

Radiation resistance (R, ) of the H-Loop antenna can be determined as [8]

R == (3.39)

where P, is the total radiated power by the antenna and /, is the maximum current flowing

through the arc i time.
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Substituting eqn. 3.35 in eqn. 3.39, yields

R = L;)'B“ (na?)? ' (3.40)

10
=SB . (3.41)

where A is the area of the loop. Eqn. 3.41 shows that the radiation resistance is independent

of the size and shape of the loop wire.

3.2.3 Loop and Reflector resistance

Both the resistance of the loop and that of the reflector depends on the size and shape of the

loop as well as material used for constructing the loop and reflector.

Ohmic or loss resistance of the antenna that carries uniform current is obtained as [10]

: / -
Rohmic = _Rs (342)
w

' Where,
!/ = length of the antenna(arc) = na/3
w = penimeter of the wire used for constructing the arc. .
= 2nr, for wire of circular cross-section.
= 4d for wire of square cross-section.
r. = wire radius,
d = length of each side of the square wire.

R. = surface resistance
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R, is determined as [10}

R = 2K (3.43)
20

Where o = 2nf, fis the frequency, p is the permeability and o is the conductivity.

Substituting equ. 3.43 in eqn. 3.42 gives

Ropic = 61 \ ,(—;ﬁ ( for circular cross-section of the antenna wire) (3.44)
r, V 20
Ta |op . .
=— (for square cross-section of the antenna wire) (3.45)
12d ¥ 20
Similarly, the reflector resistance R, can be determined as [6]
a 20pn
= 3.46)
Rer fw,+t)Y © {

where w, is the width of the reflector sheet and ¢ is the thickness of the reflector sheet.

3.2.4 Inductance of the H-Loop

Self-inductance (L;; } of H-Loop antenna is the sum of internal inductance (Lin.s; ) and the
external inductance (L,,,. ) of the antenna.
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Ly=L, y+L,. 4 (3.47)

1

Intemal inductance L., ., of a complete loop is obtained as 9]

L= b

int T

henry (3.438)

Thus the L;,.;; of the H-Loop antenna ( i.e. one sixth of the loop) becomes as

na
L. =2 henr 3.49
2y Y ( }

(L

The eqn. 3.49 reveals that the internal inductance is independent of the cross-section of the

loop wire.

Extemnal inductance L,..;; of the H-Loop of circular cross-section is found as 9]

r

Ly =apn [[n(s—a~) - 2] henry (3.50)

External inductance L..,.;; of the H-Loop of square cross-section is given as [11]

x/3
2
Le.\—r—H = Eed -[ cosb do ’ (351)

Tes=
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3.2.5 Capacitance of the H-Loop

Two types of capacitance such as end capacitance and stray capacitance have to be
considered. End capacitance is the capacitance between the flat end of the loop arc and the
reflector, whereas the stray capacitance is the capacitance between the loop arc and the

reflector. It is assumed that the stray capacitance is distributed along the loop.

For round wire total capacitance between the flat end of the one sixth of loop and the

reflector (by neglecting the fringing capacitance), is obtained as

2

2nr,
Cl'ml =E.E, (352)
’M
For wire of square cross section, total capacitance becomes as
2d*
C

end = B, T (353)

H

where r,, is the wire radius, 4 is the dimension of the square cross-section of the loop wire, ¢,
is the absolute permitivity of the free space, &, is the relative permitivity of the insulating
matenal (between the reflector and the loop arc) and ¢, is the depth of this material which is

the distance between the flat end of loop wire and the reflector.

The model of stray capacitance of the H-Loop antenna is shown in fig. 3.5. In calculating the

stray capacitance fringing capacitance is neglected. Differential stray capacitance can be
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obtained from the expression of capacitance of two parallel plate separated by a distance (d)

(ie. —Ef- ). Thus from the fig. 3.5 differential stray capacitance (dC) can be expressed as

4 I Q

d
t

7

Fig. 3.5 Model of stray capacitance of the H-Loop antenna [6].

dC =¢, ad
asin0
=g, d do (3.54)
sin@
Where,
d = strip length
" add = the differential length of the arc
dadB = strip area

asin@ = distance between the strip and the reflector
The total capacitance will be the twice of the capacitance between one half of the arc (0

varies from 11/6 to ©t/3) and one side of the reflector. Thus the total stray capacitance for wire

of square cross-section becomes as
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LT%]
a0
C =28dj._

stray o

= 2£0dln,:l +%:| : (3.55)

Similarly, in the case of round wire, total stray cépacitance can be obtained from eqn. 3.55,
where the width d has to be replaced by the r,¥r . The total stray capacitance for wire of

circular cross-section then becomes as

Coey = 287V ln[l +%J (3.56)

3.2.6 Gain

The gain of the'H-Loop antenna (Gyr...0p) can be determined by using eqn. 2. 14 as given in

section 2.3.2 of chapter 2. Gain then becomes as
Gll-—!aop = n]{—[ﬂO};DH—IOOP (357)
where

Diy.100p = directivity of H-Loop antenna

Ni100p = the radiation efficiency.
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The radiation efficiency of H-Loop antenna can be determined by using eqn. 2.15 of section

2.3.2 of chapter 2, as

R
= r 3.58
ﬂH—Ltmp Rr +R0Mic +R"f ( )

where
R, = radiation resistance
Ronmic = ohinic reststance

R..r = reflector resistance.
Substituting eqns. 3.38 and 3.58 in eqn. 3.57 gives

R
PN R 3.50
{=loop X R 4R, pic + Ry _ (3.39)

]

G,

Eqn. 3.59 depicts that Gir.1.., depends on the size and shape of the loop and frequency.

3.3 COMPARISON
The mathematical model, which is developed for the H-Loop antenna, has been compared

with those of the existing Q-Loop antenna and the complete loop antenna. Comparison are

given in the following subsections.
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3.3.1 Comparison of field component with the Q-Loop antenna and complete loop

antenna

The radiation pattern of the H-Loop antenna is similar to that of a Q-Loop antenna and that
of Complete loop antenna. This can be shown from the field expression of these three types

of loop antenna.

Expression of the radiated far fields for the H-Loop antenna are given in eqns. 3.31 and 3.32.

The radiated far fields from a Q-Loop antenna are found as [6]

E¢_=E%E]E[3asme | for0<¢<n/2and0<0<gx
=0 - elsewhere (3.60)

He=E§gBasine | for0<¢<n2and0<0<m
=0 elsewheré | (3.61)

On the other hand radiated far field from a complete loop antenna are given as [8]

E =MJ(Basm9) » " for0<¢<2mand0<0<xw
* 2r !
=0 elsewhere (3.62)
I
HG=EIZ—JEJ1(Basin6) for0<¢<2mand0<O6<n
=0 elsewhere : (3.63)
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where, [ / ] = Retarded current at the distant point w.r.t. the center of the loop.
= [ it B0
I, = peak value of current in time (which is uniform along the loop arc).

Ji(x) = Bessel function of first kind of argument x.

For small loop approximation, Ji(Pasin§) =~ (PasinG)/2 then the eqn. 3.62 and eqn. 3.63

becomes as
E¢=”—°’4[r£]3[sasn:e for0<¢<2nand0<OHsm
=0 elsewhere (3.64)
He=&ﬁgﬁasm9 | for0S¢52n@d0S95n

=0 elsewhere (3.65) |

From eqns. 3.31, 3.32, 3.60, 3.61, 3.64, and 3.65 it is evident that though the radiation
pattern of these three types of loops are identical, but the radiated field area is different from

each other.

'3.3.2 Antenna parameters

For comparison of the antenna parameters small loop is considered. Directivity and gaij] of

these three loops are given in table - 1 and table - 2, respectively.

Table - 1 : Comparison of Directivity
Antenna H-Loop Q-Loop[6] Complete Loop[8]
Directivity 9 6 3/2
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Table - 1 shows that the directivity of H-Loop antenna is 1.5 times of Q-Loop antenna and 6
times of complete loop antenna. Thus it can be concluded that, H-Loop antenna is a highly

directive antenna.

Table - 2 : Comparison of Gain

Antenna H-Loop Q-Loop[6] Complete Loop[8]
9 x R 6 x R 1.5x —R’—
Rr + Rohmr'c + Rref Rr + ‘Rohmic + Rref Rr + Rohmr'c

It is evident from table - 2 that for the same size and shape of the antenna and at the same

frequency, the gain of H-Loop antenna is higher than that of the Q-loop and a complete loop

antenna.
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4.0 INTRODUCTION

Efficient radiation from the H-Loop in the desired frequency range depends on the size.and
shape of the one sixth of the loop. Thus various parameters which are to be considered in
designing and constructing the one sixth of loop are described in section 4.1 and 4.2
respectively. Fractional loop is placed in front of the comner reflector to improve the
directivity and to convert the one sixth of loop into a complete loop by image theory. Design
and construction of the comer reflector are given in section 4.3 and 4.4 respectively. Section
4.5 gives the overall construction of the H-Loop antenna. Radiation pattern of the designed
antenna is measured in the horizontal plane at various frequencies and at various radial
distances. A description of the measurement set-up and procedure is given in section 4.6,
Compuiation of antenna parameters of the designed antenra is given in section 4.7. The
computed parameters is also compared with those of the Q-Loop and complete loop of the
same size and shape of the designed H-Loop antenna. Comparison are also given in this

section.

4.1 DESIGN CONSIDERATION OF FRACTIONAL LOOP

Antenna parameters such as the radiation efficiency and radiated power depends on the
design parameters such as the loop radius, the size and the shape of the loop arc. An accurate

selection of these design parameters are given in the following subsections.

4.1.1 Loop radius

A loop antenna of constant gain and maximum radiation efficiency in the frequency range of

interest ( 30MHz to 1000MHz) is desirable. Gain and radiation efficiency are computed at
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various loop radius. Gain and radiation efficiency at various frequencies as a function of loop

radius are shown in figs. 4.1(a) and 4.1(b), respectively.
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Fig. 4.1(a) Gain vs Frequency curve at various loop radius.
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Fig. 4.1(b) Radiation Efficiency vs Frequency curve at various loop
radius.
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From fig. 4.1 it is evident that, the gain and radiation efficiency both iricreases with the
increase of loop radius at frequencies below 100MHz. Above 100MHz, the gain and
efficiency both are almost constant at all loop radius. However, maximum gain and radiation
efficiency are found at frequency above 40MHz at a loop radius of 15cm. Thus, it is decided
to select the loop radius of 15cm, because it can provide enough arc length for easy to

bending at a 60" arc.

4.1.2 Shape and Dimension of the loop cross-section

Cross-sectional dimension of the loop wire is an important factor for the radiation efficiency
at a fixed loop radius. In this work a wire of circular cross-section is chosen to construct the
fractional loop. The radiation efficiency as a function of loop wire radius at various

frequencies is shown in fig. 4.2.
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Fig. 4.2 Radiation efficiency vs Frequency curve at various wire radius.
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Fig. 4.2 shows that the radiation efficiency increases with the increase of the wire radius at
frequencies below 100MHz. However, a radiation efficiency of 85% is found at frequency
above 40MHz at a wire radius of 8mm. Above 100MHz the radiation efficiency is almost
constant at all wire radius. Thus it is decided to select the wire radius of 8mm, because it can
provide enough space for mounting the connectors at the end of H-Loop, where it meets with

the sides of the comner reflector.

4.2 CONSTRUCTION OF HEXAD OF A LOOP

Material of having good conductivity is always desirable during construction of the fractional
loop for maximum radiation. Copper can be used for this purpose. But copper is costly and it
is very difficult to machining. Thus, aluminum rod is used to construct the fractional loop,

because aluminum is cheap and easy to machining,

Fig. 4.3 (a) Sectional view of a hexad loop. Dimensions along the width
and depth for the screw holes and for the centre stud of the

BNC panel jack are shown (all the dimensions are in mm).



Hole for centre stud of the
BNC panal cnnector

Hole for
Plastic screw

Fig.4.3 (b) Dimensions and screw positions of the hexad loop.

An aluminum rod of 16mm dia is bended at a 60° arc to construct a fractional loop of 15cm
radius. The sectional view of the hexad loop is shown in fig. 4.3(a). Loop dimensions and

screw positions for end connections at the flat ends are shown in fig. 4.3(b).

4.3 DESIGN CONSIDERATION OF THE REFLECTOR

A square comer reflector is used to improve the directional property as well as gain of the H-
Loop antenna. The length of the reflector is to be large as compared to the antenna-to-comer
spacing (i.e. the length of the loop radius), so that the reflector can be considered as an
nfinite ground plane to hold the im;ge theory. The mlmmum length of each sidelof fhe
square-corner reflector is considered fo be the three times of the antenna-to-comer spacing
(i.e. loop radius) [8]. Therefore, in this work each side of the reflector is assumed to be the

four times of the loop radius (i.e. 4 x 15 = 60cm).
The region behind the sheet reflector would not be a full shadow region due to the sharp edge

of the reflector. Thus the diffracted radiated field is found into the shadow region [12].
However, this diffracted radiation can be reduced by converting the sharp edges of the
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reflectors into the rolled edges [13], which have a curvature of radius greater than A/4. Thus
in this work, the edges of the reflector are curved with a curvature radius of greater than

75cm to reduce the diffracted field at frequencies above 100MHz.

4.4 CONSTRUCTION OF THE REFLECTOR

Any metallic sheet of good conductivity can be used as a reflector. Copper or aluminum can
be used. For the present work the flat aluminum sheet has been selected to construct the
reflector because of its light weight and low cost. The main objective of the reflector is to
achieve reflection from it, thus a sheet of any thickness can be used. However, the reflector
should be strong enough so that it remains straight in any orientation. In this work an

aluminum sheet of 2mm thickness is used in order to construct the reflector,

- e
radius > 7Sam

Ahminum reflector

thickness 2mm
Hole for BNC T
panel camedor

Hole for Plastic screw

Fig.4.4 Design of a 60° corner reflector.
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The reflector is constructed by bending a large Aluminum sheet at an angle of 60°. This
reflector is shown in fig. 4.4. Each side of the square corner reflector is 60cm long (excluding
the curved portion and flat extension). The length of the curved portion is considered to be
12cm and that of the flat extension is to be 10cm in order to reduce the edge diffraction as

mentioned in the previous section.

4.5 CONSTRUCTION OF THE H-LOOP ANTENNA

The H-Loop antenna consists of 60° comer reflector and the one sixth of a loop as stated
previously. Basically, reflector acts as a ground plane, thus it should be isolated from the one
sixth of loop. Therefore, in consiructing the H-Loop antenna, the one sixth of loop is
mounted 6nto the inner side of the reflector. A thin rubber sheet with a hole at its center for
passing the BNC panel jack is used as an isolation between the end of the loop and the side of
the reflector. A groove is done at thé flat end of the hexad loop to supply R.F. signal along
the loop wire through BNC connector. Finally, the hexad loop is fixed onto the reflector by
plastic screw. A diagram of the H-Loop antenna with end connections is shown in fig. 4.5.
The photographs of front and top view of the H-Loop antenna are shown in figs. 4.6(a) and
(b) respectivély. S

Reflector

" Rubber Block

Centre Stud of the
BNC panel connector

Hexad Locp

Plastic Screw

SR BNC panel
‘Q\J\, connector
=

Fig. 4.5 Detailed diagram of H-Loop antenna.
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Fig.4.6 (b} Photograph of top view of the H-Loop antenna.

48



4.6 FIELD MEASUREMENT

For valid measurement of radiation patterns and other antenna parameters, measurement has
to be carried out in a known EM environment. Two common test environment that are being

employed for antenna measurement are as ( i ) open field and ( ii ) anechoic chamber.

Open area test site (OATS) is a convenient method for performing the radiation pattern
measurement of an antenna. Standardised test site and the procedure for the measurement of

radiated pattern in OATS is well described in the literature [14].

An anechoic chamber is an enclosure where metaltic walls, ceiling and floor are lined by
anechoic material that has a high absorption co-efficient. The anechoic material absorbs the
incident EM energy on the wall, ceiling and floor from a source (ie. antenna) within the
enclosure and then provides a nearly reflection free enclosure. Anechoic chamber
measurement is not suitable at low frequencies (below 200MHz). Because, generally
anechoic material will be at least one quarter wavelength deep to absorb any appreciable

amount of EM energy.

However, neither of the above mentioned standard test site was available during this
research. Thus, the measurement was carried out in the laboratory enwronment which can
cause measurement error. Only the radlatlon pattern of the developed H—Loop antenna is
measured to compare the theoretical radiation pattern. Other antenna parameters such as
gain, directivity and input impedance measurements were not possible due to the

unavailability of the necessary instruments.
Throughout the measurement of radiation pattem, it is assumed that the H-Loop antenna is

treated as a passive, linear and reciprocal devices. Therefore, this antenna can be used as both

transmitting and the receiving mode during measurement of radiation pattern.
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Test set-up, instruments and accessories required for the measurement of radiation pattern,
feed arrangement, measurement procedure, test results and comparison are given in the

following subsections.

4.6.1 Test set-up

It is assumed that the developed antenna holds reciprocity theorem. Thus the two H-Loop
antenna of the same dimensions are constructed in order to experimentally observe the
radiation pattern of the developed antenna. One is used as a transmitting antenna while the
other is used as a receiving antenna. Schematic block diagram of the test set-up and a

photograph of the test set-up is shown in fig. 4.7 and fig. 4.8 respectively.

Transmitting, Antenna Receiving Antenna
5082 Coaxial load | | | Distance between, — 5082 Coaxial load
| antennas |
]
Fixed Table Turn Table
Unit ' Mixer Local
- {Oscillator Rectifier Oscillator
Power LF. Power
Supply Amplifier Supply

Fig. 4.7 Field Pattern Measurement set-up.

The receiving antenna is placed on a turn table to rotate it in the horizontal plane by varying
the azimuth angle (¢) at polar angle 6 = 90°. The angular position of this antenna is
determined by an indicator and an angular scale fitted on the turn table.
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Fig. 4.8 Photograph of field pattern measurement sel-up.

The input signal is fed into the one end of the transmitting antenna by a coaxial cable while
the other side is terminated by a 50Q2 coaxial load. On the other hand the one end of the
receiving antenna is connected to the LF. amplifier through a mixer rectifier for the
measurement of EM field received by the antenna. The other end of the receiving antenna is.

also terminated by a 50Q2 coaxial load.

4.6.2 Instrument and other Accessories for field measurement

Basic instruments for the field measurement include unit oscillator and I.F. amplifier. A unit
oscillator is used to feed the RF. signal into the transmitting antenna. At the receiving side

another unit oscillator is used as a local oscillator. Accessories include 50} coaxial load,

mixer rectifier, and BNC connectors.
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Some relevant features of the unit oscillator, L.F. amplifier and mixer rectifier are given in the

following subsections.

4.6.2.1 Unit Oscillator

Two General Radio Company Unit Oscillator (Type 1208-C) are used as a signal generator
and local oscillator. The frequency range of this unit oscillator varies from 65 to 500MHz,
Generator delivers a constant power of 240mW into a 502 load in the frequency range of
65MHz to 250MHz. Output power then decreases upto 80mW with the increase of
frequency over the frequency range of 250MHz to 500MHz [15). The output power level of
1208-C type unit oscillator is given in Appendix - A.

4.6.2.2 LF, Amplifier and Mixer rectifier

The General Radio Company unit LF. Amplifier (Type 1216-A) is a four-stage high-gain,
intermediate-frequency amplifier operating at a frequency of 30MHz with a bandwidth of
0.7MHz [16]. A built-in meter which is calibrated in decibel (dB) indicates the relative signal
level. A built-in precision resistance-type step attenuator determines the relative signal level

beyond the range of the meter.

This type of amplifier is generally used in conjunction with a mixer rectifier and a unit
oscillator to form a sensitive wide frequency-range, well-shielded VHF and UHF detector. In
this work the General Radio Company Mixer Rectifier (Type 874-MR) is used along with the

local oscillator to produce the difference signal (i.e. the difference between the signal received
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ri
by the antenna and the signal of the local oscillator) at the rectifier output. The block diagram

of the mixer rectifier is shown in fig. 4.9.

A crystal diode of type IN21-B, 250Q series resistor, 40MHz low-pass filter and capacitor

are used along with this mixer rectifier to make the 30MHz difference signal.

ISOLATING
V/RESISIOR (25063)
f R L] - ..
Signal >, NANA—e fi Signal From
Tnput : Lacal Oscillator
/ i 40MHz
! + Lo Pass Filter
CRYSTAL” o

it (fef) Output

l 30MHz Difference Signal

...........................

Fig.4.9 Block diagram of Type 874-MR Mixer Rectifier [16].

4.6.3 Feed arrangement

A photograph of the feeding arrangement with the foad connections is shown in fig. 4.10.
R.F. signal is to be fed into the loop wire from one end, while a 50Q coaxial load is to be
connected to the other end. Thus, 502 BNC panel connectors are fitted on the two sides of

the reflector in such a way that the end terminal of the connectors becomes push-fit to the

groove of the flat end of the loop.
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Fig.4.10 Photograph of rear end of the H-Loop antenna.

4.6.4 Measurement procedure

Field measurement is done at a radial distance of Im and at frequency of 150MHz. The unit
oscillator is adjusted to feed a 150MHz RF. signal into the transmitting antenna. It has
already been mentioned m the previous subsections that the operating frequency of the LF
amplifier is 30MHz. Thus the local oscillator at the receiving end is to be adjusted in such a
way that a signal of frequency 30MHz (i.e. the difference between the local oscillator
frequency and the received signal frequency) may be available at the output of mixer rectifier
(refer to fig. 4.7). A 30MHz signal having maximum amplitude at the LF. amplifier output
indicates the accurate adjustment of the local oscillator. In order to obtain horizoatal pattemn,
the receiving antenna is rotated in the horizontal plane ( ie. 6 = 90°) where the azimuth angle

(¢) varies from 0 to 180°,
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The amplitude of the input signal of the L.F. amplifier is proportional to the amplitude of field

received by the receiving antenna. This relationship has been derived in Appendix - B.

The receiving antenna is rotated to obtain the maximum field strength, which is found at ¢ =
90°, and 0 = 90°. The position of maximum field strength is then considered as the reference
position for the present task. The radiated EM field is recorded by rotating the receiving

antenna in 10 degree steps in both the clockwise and counter-clockwise direction.

The measurement are repeated at frequencies 200MHz and 250MHz. Radiation pattern are

also repeated at different radial distances ( r = 2m and r = 3m).

4.6.5 Test results and Comparison

It has already been mentioned in the previous chapter that the H-Loop antenna radiates in the
azimuth angle (¢) varying from 0 to 60° in the horizontal plane (i.e. 8 = 90°). In this work the
reference position is considered at ¢ = 90° aud 6 = 90°. Therefore, the presence of the

radiated field is to be expected in between ¢ > 60° and ¢ < 120° in the same plane.
The measured field strength at different positions of the transmitting antenna are normalized

by the maximum field strength which is obtained at the reference position. Polar plots of the

measured radiated fields are shown in figs. 4.1] to 4.13.
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Fig. 4.11 Radiated field pattern at 8 = 90° and ¢ varying from 0 to 180° at a
radial distance of Im (a) 150MHz; (b) 200MHz; and (c) 250MHz.
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Fig. 4.12 Radiated field pattern at 8 = 90° and § varying from 0 to 180° at a
radial distance of 2m (a} 150MHz; (b} 200MHz; and (¢} 250MHz.
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180

180

Fig. 4.13 Radiated field pattern at 8 = 90° and ¢ varying from 0 to 180° at a
radial distance of 3m (a) 150MHz; (b) 200MHz, and (c) 250MH-=.
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To compare the measured field pattern with that of the theoretical field pattern the far electric
field are computed by varying ¢ from 0 to 180° at 6 = 90°. The computed normalized field
pattern of the developed antenna is shown in thé fig. 4.14. Figs. 4.11 to 4.14 shows that
though the theoretical pattern and the measured pattern are identical but a weak field is found
in the shadow region. In some cases field pattern is found to be distoftpd (see figs. 4.11 to
4.13).

150

80

. Fig. 4.14 Theoretical radiated field pattern of the H-Loop antenna
at 8= 90° plane with ¢ varying from 0 to 180°.

These may be due to the reflections from the metallic objects present in the room and
associated cabling, radiation from the instruments, reception of other EM noise by both the
receiving and transmitting antenna, the leakage current flowing through the reflector which
also contributes to radiation. The distortion in the field pattern may also be due to the edge
diffraction. Change in amplitude of the local oscillator during measurement can cause

distortion in the radiation pattern.

4.7 COMPUTATION AND COMPARISON OF ANTENNA PARAMETERS

To find H-Loop antenna parameters, the following designed data are to be considered.
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Wire radius (r,, ) = 8mm
Mean loop radius (a) = 15¢cm

Reflector size = 60¢cm x 60cm x 2mm.

The above designed data are also to be considered to find the antenna parameters of the Q-

Loop and the complete loop antenna.

4.7.1 Directivity

A comparison of the directivity of H-Loop antenna with those of the Q-Loop and the
complete loop antenna are already given in the table - 1 of section 3.3.2 in chapter 3. Table
shows that the directivity of H-Loop antenna is 1.5 times higher than that of Q-Loop and 6
times higher than that of complete loop antenna.

4.7.2 Gain

The gain of the loop antenna depends on the loop radius and the frequency of interest. Gain
of the designed H-Loop antenna is computed at vanous frequencies by using eqn. 3.57 of
chapter 3. A plot of the gain versus ﬁ'equenc:es 1s shown i fig. 4.15. ‘
Fig. 4.15 shows that the H-Loop antenna gain varies with frequency below 100MHz. Above

100MHz the gain of the H-Loop is constant. Thus this designed antenna can be considered as
a frequency independent antenna above 100MHz.
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Fig. 4.15 Gain vs Frequency curve at a loop radius of 15cm.

The gain of the Q-Loop antenna and the complete loop antenna are also computed by using
the formula given in the literature [6] and [8] respectively. A comparison of the gain among
the three types of loop is shown in fig. 4.16. Fig. 4.16 shows that for the same input the H-
Loop has higher gain than that of the Q-Loop as well as that of the complete loop.
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Fig. 4.16 Comparison of Gain vs Frequency curve of H-Loop, Q—Lobp
and Complete Loop antenna. .
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4.7.3 Radiation efficiency

The radiation efficiency of the designed H-Loop antenna is computed by using eqn. 3.58 of

chapter 3. The radiation efficiency of the H-Loop antenna at various frequencies is shown in

fig. 4.17.

5 8 8

Radiation Efficiency in %
ot
e

Frequency, MHz

Fig. 4.17 Radiation efficiency vs Frequency curve at a given loop radius of 15cm.

The radiation efficiency of the complete loop antenna having the same loop radius as that of
the H-Loop is also cbmputed by using"_r_‘!;'h_e formula given in the literature [8].. This
comparison is shown in fig. 4.18. From the figure it is evident that the H-Loop has the same

efficiency as that of the complete loop. This is due to the consideration of all five images in

the case of H-Loop.
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Fig. 4.18 Comparison of Radiation Efficiency vs Frequency curve of
H-Loop and Complete Loop antenna.

4.7.4 Radiation resistance

Radiation resistance of the designed H-Loop antenna is computed by using eqn. 3.40 of
chapter - 3. A plot of the radiation resistance (R, ) as a function of frequency is shown in fig.
4.19. The fig. 4.19 shows that the radiation resistance increases with the increase of

frequency. This is desirable.
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5.1 CONCLUSION

Development of an EMC antenna which could simulate standard EM waves, was the main
objective of this research. This type of antenna can be used for the measurement of Shiclding
Effectiveness(SE) of conducting planar sheet. In this research work H-Loop antenna has been
developed for producing low impedance magnetic field. Thus H-Loop can be employed to
measure magnetic field SE of a planar sheet.

Some important feafures of EMC antennas along with the related theoretical background
have been described in this thesis for better understanding of the salient features of the
developed antenna. The radiation model, and antenna parameters of the H-Loop antenna
have been derived analytically. It has been found that the radiation pattern of the H-Loop
antenna is similar to that of the complete loop antenna. Complete loop antenna radiates over
a solid angular surface of 360°, whereas the H-Loop antenna radiates over a solid angular
surface of 60°, which is one-sixth of the surface of complete loop antenna and two-third of
the surface of Q-loop antenna. This means that the H-Loop produces a low impedance field
(i.e. magnetic field) in a quasi-shield test environment which is nécessary for the measurement

of magnetic field SE of a planar sheet material.

Antenna parameters such as directivity, gain and radiation efficiency of the H-Loop have been
computed. These parameters are then fcompa’red with those of the Q-Loop antenna as \;vell as
those of the complete loop antenna. Comparison shows that (refer to table-1 of section 332
of chapter-3) the H-Loop has the directivity of 1.5 times of that of the Q-Loop and 6 times of
that of the complete loop. The developed antenna gain is also higher than that of the Q-Loop
and the complete loop (référ to fig. 4.16 of section 4.7.2 in chapter-4). It has also been found
that the gain of the H-Loop becomes constant at frequency above 100MHz (refer to fig. 4.15
of section 4.7.2 of chapter 4). This indicates that the developed antenna can be treated as a

frequency independent antenna above the frequency of 1060MHz.
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The typical EMC frequency ranges from 30MHz to 1000MHz. Thus at this frequency range
of interest, two H-Loop antenna have been designed and then constructed. Size and shape of
the one sixth of the loop has been selected in such a way which ensures the maximum
radiated power, maximum gain and maximum radiation efficiency within the frequency range
of interest. Reflector of the H-Loop produces images and also provides shielded
environment. Thus a 60° comer reflector has been designed in such a way that the image

theory holds as well as the edge diffraction effect can be minimized.

In this work it has been assumed that the developed antenna holds the reciprocity theorem.
Thus, two H-Loop antenna have been used to measure the radiation pattem, where one acts
as a transmitting antenna and the other acts as a receiving antenna. Measured radiation
pattern has been found nearly identical to that of the computed pattern except at few cases.

This may be due to the non-standard radiation pattern measurement environment.

Two H-Loop antenna (one acts as a transmitting antenna while the other acts as a receiving
antenna) can be used to measure the low impedance magnetic field SE of a planar sheet like
conductive material. H-Loop antenna can also be a promising type of magnetic field probe,
which might be employed as near magnetic field characterisation of equipment for EMC

testing.
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5.2 RECOMMENDATIONS FOR FUTURE WORK
The following works are recommended to carry out in future.

In this work it has been assumed that the current distribution is uniform along the loop due to
smalt loop approximation. Thus it is necessary to find the actual current distribution along the
loop. The radiation pattern of the loop can then be determined from the current distribution.
Determination of current distribution and radiation pattern could be a interesting research
work in future. Current distribution in a half loop antenna has been described in the literature

[17], which could be a guideline for this recommended research work.

In the present work the theoretical analysis of the H-Loop is based on the some assumptions
and limitatibns as mentioned in section 3.1 of chapter 3. Thus in practical design
consideration, the theoretical analysis of the H-Loop is needed further rigorous treatment by
considering the limitation and assumption. Edge diffraction of the reflectors may also be

considered during the rigorous analysis of the H-Loop.

Due to unavailability of the necessary instruments, it was not possible to measure the SE of
the planar sheet during the research. Thus measurement of the magnetic field SE of different

planar sheets could be carried out by using the developed H-Loop antenna.

Due to lack of the actual test environment (e.g. anechoic chamber, and OATS) and necessary
instruments such as standard antenna and spectrum analyzer, it was not possible to measure
the antenna parameters of the H-Loop. Measurement of the directivity, gain and input

impedance could be carried out in future.
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APPENDIX A

OUTPUT POWER LEVEL OF A UNIT OSCILLATOR AT VARIOUS
FREQUENCIES

The available power output from a Type 1208-C unit oscillator into a 500 coaxial load as a

function of is shown in fig. Al.
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Fig, A1 Output power level of a typical type 1208-C unit
~oscillator into a 5052 coaxial load [6].

The fig. Al shows that, the unit oscillator (type 1208-C) delivers a constant power of
240mW from 65MHz to 250MHz frequency range. The output power then decreases above
250MHz. In the frequency range of 250MHz to 500MHz this power reduces upto 80mW.

Therefore, for maintaining constant power level, the unit oscillator (type 1208-C) has to be

operated within the frequency range of 65 to 250MHz.
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APPENDIX B

RELATION BETWEEN THE AMPLITUDE OF THE RADIATED FIELD AND THE
AMPLITUDE OF THE INPUT SIGNAL OF THE LF. AMPLIFIER

The detailed block diagram of the receiving section of field pattern measurement set-up is

shown in fig. B1. The received signal (fs), is fed into the mixer rectifier. A signal (f,) from the

" local oscillator is also fed into the mixer rectifier.

ISOLATING
/RESISI‘OR (2500)

fi Si

N gnal From

IS.:pg:lnal - /\/\l " Local UNIT POWER
: Osdillstor  1OSCILLATOR SUPPLY

/ . 40MHz
g Low Pass Filter QOCAL
CRYSTAL” | / o

CRYST T OSCILLATOR)
T B sengm
J_ 30MHz Signal @

LF.AMPLIFIER

Fig. B1 Block diagram of the receiving section of field pattern measurement set-up.

The local oscillator is adjusted in such a way that the mixer rectifier produce an output signal
(i.e. Hfs-fi)) of 30MHz This difference signal is then fed into the LF. amplifier. As
mentioned in the chapter - 4, the LF. amplifier responses at 30MHz frequency. The amplitude
of the input signal of the LF. amplifier is proportional to the field received by the receiving

antenna (i.e. the field radiated by the transmitting antenna).
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This relationship can be described mathematically as follows:

Let,

E, = instantaneous value of the output difference signal (i.e. input signal of the LF.
amplifier) from the mixer rectifier

Es = instantaneous value of the signal received by the receiving antenna

Esn = maximum value of Eg

Eso = rm.s. value of Eg

Ei. = instantaneous value of the signal from local oscillator

Eim = maximum value of E;

Eio = r.m.s. value of E,.

According to the characteristics of mixer rectifier, E,, can be written as

Es (Es + EL):Z

. . 2
o (ESm sinogt+E, smu)Lt)

o (Ezsﬂ. sin” gt + E'tmsin® 0, t + 2B, E,,. sinogtsine ,‘t)

oc [Eism sin gt + E?wsino, t+ Eg E, {cos(mSm — 0, )t=cos{wg, + m]m)t}] (B.1)

For the output difference signal, only the third term of the eqn. B.1 has been considered.

Thus eqn. B.1 becomes as

Eq < Eg EpL Cos(msr:mlalt

=2K-

ESm Elm

V2 2

= 2KE¢oE 4 (B.2)

where K is a constant.
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It has been stated [15] that the output power level of the local oscillator is constant in the
frequency range of 65MHz to 250MHz. Thus for this frequency range, the eqn. B.2 can be

written as
Eq o Ego (B.3)

The eqn. B.3 reveals that, the amplitude of the LF. amplifier output is proportional to the

amplitude of the received signal.

!
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