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ABSTRACT

Reflection and absorption cuaracteristies of a structure consisting of a two
dimensional array of magnetic dipoles distributed over a plane metallic sheet have
been studicd at X-band, as a function of the number and orientation of the dipoles
and angles of incidence of the incoming wave. 1t is found that the structure
behaves as an efficient absorber or reflector depending on the proper ortentation
and distribution of the elements of the array.

INTRODUCTION

Recent investigations' on the reflection and absorption characteristics of
composite dielectrics at ¥-band have led to the present work which has been
undertaken to develop a metallic structure containing a large pumber of
magnetic dipoles suitably distributed on a plane metallic sheet such that the
stragture would exhibit pronounced reflection or absorpiion characteristics
depending on the orientation and distribution of the dipoles The dipoles
are distributed uniformly over 2 plan2 metallic sheet in a two dimensional
array as suggested by Meyer er. af°. In order lo determine whether
the presence of the array of dipoles on the bedy of an aircraft would
affect its aerodynamic characteristics, the dipoles with their associated coaxial
guides were fitted on the wings of a model aircrafi and a wind tunnel tests of
the model were carried out. A comparative study of the drag, lift and
moment coefficients with respect to the angle of attack shows very litile
difference in the results of the tests with a model aircraft with and without
the dipoles. The reflection and absorption characteristics of the structure
have been experimentally studied with the help of a microwave spectrometer’,
ki is found that the absorption characteristics is very pronounced for a
pitticular distribution of the dipoles with respect to the incident wave,
whereas. the reflection characteristic becomes very marked almest double that of
& plane meinllic sheet for a ditferent disiribwiion and orientation of the dipoles,
Etis hoped that the resuits of this investigation will find some use in the
samsirystion of microwaves anechoic chamber and in the problem of detection
of L rais a1 microwave frequencies,

e

*Sg+. Lér. Kaushal is at presenc at the A.F.T.C., Bangalore.
103



. Kavsar ano {Mrs.) R, CHATTERIE

R

Nashern Drpopes

The megnets dipole used 1o make the structure forms part
guide in which the cenirs condustor is extended outside the guide to a lengy
tess thun gusrter of & waveleagth and bent into the form of a loop. the frey
end of which is brazed to the outer conductor of the cosaxial guide (Fig. 1.
ne other end of the centre conductor is brazed io the bottom plate of

The Jengrh of the guide is made greater than gquarier wave but fes
w wavelength, so that it wmay act a s capacity.  The loop and thy

guide form a resonunt circuit Pufe grey iron powder of proper weighti
wonide the guids whi s tazn sealed with wax to prevegnt moisture

‘.hsryrbed b‘ the powder, Tne energy picked up by the lovp from the
1 3 sanant oscillation when the freq lency 0.

the sameas the frequency of the equivalent circuit {
e Icmp und the guide. The rescnant oscillation is damped dus
ergy by the iron powder, The total loss of power in

s due o the power dissipated in the iron powder, power
from the loop and the ohmic loss in the loop. The
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equivalent resistance of the resonant circuit may be put approximately equal
1o the resistance of the iron powder only as the power lost due to the other two
causes is very small compared to the amount of dissipation in the iron power.

DIPOLE ARRAY

A large number of magnetic dipoles associated with their co-axial goides
were fubricated and mounted on a ‘plane duralumin sheet 1o form a two
dmensional array (Fig 3;, such that the loops are backed by the metal sheet
and the coaxja]l guides are supported at the back side of the metal plate.
Suitable arrangement is provided to orient the loops in perpendicuiar directions
when desired. The size of the plate is determined by diffraction experiments
by following the procedure reported elsewhere®, The number of dipoles
mounted on the plate is decided by the choice of spacing between the dipoles
and the dimension of the individual dipole which is determined by the con-
sideration of wavelength of the incident radiation.

EXPERIMENTAL
it dbsorbing Material ;

Several materials such as grey iron powder, ferrosilicon powder. elc. were
tried as absorbing material in the coaxial guide. It was found that for the
sime weight grey iron powder exhibited maximum absorpticn at the operating
frequency of 8 4 GHz. 1t was also found that 3.8 milligrams of pure grey iron
powder was sufficient to absorb the incident power on the loop. Fig. 4 shows
the absorption characteristics of the grey iron powder as a function of weight.
In order to avoid absorption of moisture by the powder it was kept before use
inn desicator. Measurement of the weight of the powder was made in a
precision chemical balance. The powder was transferred immediately to the
guide which was then sealed with wax,
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The site of the plate on which the dipoles were mounted and hence the
areay dimension was determined by diffraction experiments. The minimum
size 1o be used with the spectrometer was found to be 63 x 70 cms. The actugl
size of she plate used s 65 % 74 cme.  This size ensured that the whole array
was iuminated almost uaiformly by the incident wave emanating trom the

transmitter horn which is fitted with wavefront correcting lens and the « ffect of
a0t was negligibly small

{38y Peflertion coefficient

. The method im“ measurement of the reflection coefficiert is the same 28
oattined cleewherst 3,
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(a) Effect of the number of dipoles: Reflection coeflicient measurements
have b-en made as a function of the number of dipoles for spacings bstween
the dipcles of 5 cms (Plate I) and 6.4 cms {Plate 1I) for two different
oritntations of the dipoles. Figures 5 and 6 show the results of measurements
for an angle of incidence 25° in the two cases. Table I shows a comparative
study of the number of dipoles required to produce the same reflection
coefficient for the two plates and two dipole orientations with respect to the
incident wave, The percentage is with respect to the total number of dipoles
that can be accommodated within the same area of the sttucture,

TasLE T

Number of dipoles needed for the same reflection coefficient for different spacing and
orientations of the dipoles

Pzreentage of total dipoles

Reflection Cosficient Spacing 5 cms. sgacing 6.4 cms.,
Horizontal Vertical Horizontal Vertical
Orizntation Orientation Orientation Orientation
1.0 zero zero Zero zero
0785 2.38 7.15 22.2 31.3
0.715 9.54 9.54 334 44.5
0.640 25.0 29.8 46.5 58.6
0.600 35.7 41.6 52.5 66.8
0.525 59.5 72.6 71 8 93
0.474 85.0 95.3 100.0 -

0.428 1000

(b} Effect of the angle of incidence: 'The variation of the reflection
co-efficient of the structure with respect to the angle of incidence is shown in
Fig. 7. They are uniformly spaced and oriented horizontally. It is seen
that the reflection coefficients are much higher for all angles of incidence
when the spacing between the adjacent dipoles is 6.4 cms. The nature of
variation of the reflection coefficient with angles of incidence for the ceaxial
side of the structure is shown in Fig. 8 for the sake of comparison.

{c) Effect of alternate orientation of the dipoles: The variation of
reflection coefficient with respect to angles of incidence of the wave was
studied by placing every alternate loop of the array at right angles to each
other.  The resuit of measurement is shown in Fig. 9. The spacing of the
dipoles is 6.4 cms. The results show that the reflection coefficient of the
structure with alternate dipoles placed at right angles to each other is much
higher than the reflection coefficient of a plane metallic sheer which forms a
ground plane of the array.
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s30ReTION COEFFICIENT

¢ absurption coefficient of the structure is a function of the number
of dipoles spaci g of the dipoles and aogles of incidence of the wave. The
sbsorption coeficier ts under different conditions are derived from the reflec-
ticn coaficients.  Toe resulis are shown in Figures 10 and 1i.

ABRODYNaMIC CHARACTERISTICS

The invesiigations show that an array of magnetic dipoles properly
disiribuied oo 2 ground plane wiil act as an absorber of microwaves. In
order to determine the effvct on the aerodynamic charactertistics of an
ajrcraft when these dipoles are fixed at appropriate places of the aircraft
structave, 2 model aircraft {Fig. 15) was fitted with these dipoles and was
tested in the wind tuanel under the following conditions :

(i} The joops were installed a1 3 per cent of the chord from the Jeading
dge of the wing, the pluse ¢f the loops being along the direction of flow
Pusition 1},
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(ii. The loops were installed at 66 per cent of the chord from the
leading edge, the plave of the loops being the same as above (position 2).
The drag (Cp), 1ift (C;) and the moment (Cps) coefficients defined by
the following relations vary with the angle of attack, which is defired as the
angle of attack, which is defined as the angle between the direction of flow
and the chord of the wing.
- Drag force

Cp T
zPUS

Lift force

Cp= 0%
$p0s

Movement

Cie =

lpdcs
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p = density of uir

v o= velogity of uir

§ =ures of the wing in the plane form

£ = characteristio length (the mean chord of the wing)

The resuits of wind tunned tests of the variation of the above coeflicients with
the apgle of auack for the two positions of the Joops are shown In
Figures 12, 13 20d 14, The test speed is 180 fi/sec. and the turbulence
factor s 112, Tne maximum sped used is about 350 fr/sec. Figure 15
shows the medel of an sirorsit with dipoles mounted on its wings.
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a0 So° ] &
AMNGLE OF INCIDENCE IN DEGREES

16,7
Reflection Coctficient vs. Angle of incidence

Refiscted power measured at Suell’s Angle of Refiection
Plate T Plate1f ....
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Reflection Coefficient vs. Angle of incidence
Sample Plate I with 168 Horizontal Dipoles 180 degrees aspect

DASCUSSION AND TONCLUSION

The reflection from such a structure is not specular and multiple pest
in the reflected beam have been observed as reported elsewhere®, The measit
ments of the reflection cceflicients have been curried out at the Snetl’s g
of reflection. It may be mentioned that the multiple peaks are possibly g
10 the inhomogeneous nature of the structure in which case the condition
specular reflection does not hold good.

As observed from the wind tunnel tests, the acrodynamic characterisi
of an aircraflt fitted =with such resonating elements are not expewd 4
undergo significant chunges,
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Fig. 9

X Reflection Coeflicient vs. Angle of incidence
Dipoles orientation alternately vertical and Horizontal in Plate Ii
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It may also be concluded that it is possible to develop a metallic surface
with minimum reflectivity by suitably controlling the inhomogeneity of the
surface of a metal sheet, The inhomogeneity in the present case is a function
of the deasity and distributions of the resonating elen-cnts and their associated
damping resistance.
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Fic. 15

Photograph of the model aircraft with loops mounted in the wings

REFERENCES
1. Chatterj=e, S. K, Chatterjee, R, J. Instn, Engrs. India, 1968, 48 ET -2, 115,
(Mrs.) R, Chatterjee
2, Erwin Meyer, Haos Severin and Z: Phys., 1954, 138, 465.
Gerhard Umlaufi.
3. 8. K. Chatterjee and M. M. Rao .. J. fustn. Engrs. India, 1965, 45 ET -2, 98.
4. 8. K. Chatterjee, C. Ruan.abat and J. Indian Inst. Sci., 1954, 36, 172,

P, R. Shenoy.



PO 8 st e SRRt 3K i

THE WEALTH OF INDIA

A DICTIONARY OF INDIAN RAW MATERIAL AND
INDUSTRIAL PRODUCTS
Raw Materials ¢ Veol. VII {N.P¢)
Provides a comprehensive survey of published information
on the distribution, availability and utilization of
raw material resources of India
Contains 301 entries—
254 on plant species, 4 on animals & animal products
and 3 on minerals

The major entries included in the Volume are :

Nicotiana {Tobacco) Pelargonium (Geranium)
Papaver {Opium) Olea (Olive)
Oryza (Rice) Palaquium {Gutta-percha)
Pachyrrhizus (Yam Bean) Passiflora (Passion Fruit)
Paspatum {Kodo Millet) Persea {Avocado)
Pennisetum (Pearl Millet) Nardostachys {Indian Nard)
Narcissus {Jonquil) Nerium (Indian Qleander)
Nyctanthes (Night Jasmine) Nigella {Kalajira)
Ocimum {Basil) Oxalis (Wood-sorrel)
Pandanus (Kewda) Pastinaca (Parsnip}
Petroselinum {Parsiey)

Oysters Parasitic Worms Oldenlondia

Onosma Paeonia Peltophorum

Neohstea Oroxylum Ougeinia

ete.

Pages xxviii + 330 +ix, Demy 4 fo
9 plates and 140 illustrations
Price Rs. 30 00, Sh 60 or $ 9.00 (Postage extra)

Can be had from Sales & Distribution Section

PUBLICATIONS & INFORMATION DIRECTORATE

CSIR
HILLSIDE ROAD, NEW DELHI-12

“ Journal of the Indian Institute of Science” Vol. 51, No, 1, Jap, 1969




