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ABSTRACT 
Reflection and absorption cnaracteristies of a structure consisting of a two 

dimensional array of  magnetic dipoles distributed over a plane metallic sheet have 
brcn studicd at X-band, as a function of the number and orientation of the dipoles 
and angles of incidence of the incoming wave. I t  is found that the structure 
behaves ar an  efficient absorber or reflector depending on the proper orlentation 
and distribution of the elements of the array. 

INTRODUCTION 

Recent investigations' on  the reflection and absorption characteristics of 
composite dielectrics a t  X-band have led to  the present work which has been 
undertaken to develop a metallic structure containing a large number of 
magnetic dipoles suitably distributed on  a plane metallic sheet such that the 
structure would exhibit pronounced reflection o r  absorpiion characteristics 
depending on the orientation and distribulion of the dipoles The dipoles 
arcdistr~buted uniformly over a plans metallic sheet in a two dimensional 
array as suggested by Meyer et .  a/*. In order lo determine antslier 
(hie presence of the  array o f  dipoles on the body of an aircrafr would 
dkct  its aerodynamic characterisrics, the  dipoles with their associated coaxizl 
puides were fitted on the  wings o f  a model aircraft and a wind tunnel tesfs  of 
the model were carried out. A comparative study of the drag, lift and 
moment coefficients wilh respect to the angle of attack shows very little 
diference in the results of ?he tests with a model aircraft with ar.d without 
I h t  dipoles. The reflection and absorption characteristics of the structure 
have been experimentally studied with the help of a microwave ~ p e ~ t r o n ~ e t f r ' .  

i.; found that the absorption characteristics is very pronounced for  a 
Wl i~u ln r  distribution o f  the dipoles with respect t o  the incident wave. 
*hereas. the reflection cheracteristic becomes very mnrked hlrnost double that of 

plan0 mer1:llic sheet for a different dis~ribulion and orienretion of the dipoles. 
1% i s  hapcd that the results of this  inverrigntion nil1 find son= use in The 
:,)n?::uc'ir?n of  m ic rowav~ :~  anechoic ehalnher and in the  problem of dereciion 
$'f . q:ls :ti rnicroan.ic frryucn~"ies. 
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FIG. 2 
Equivalent circuit o f  the dipole showing distribution 

of Equivalent Resistances. 

qwraient rzs.stance of the  resonant circuit may be  put approximately equal 
;i. the resistance of  the iron powder only as  the  power lost due ro the other two 
c~iiscs i, very small compared to the  amount of dissipation in the iron power. 

A large number of magnetic dipoles associated with their co-axial guides 
were idbricated and mounted o n  a 'plane duralumin sheet t o  form a two 
dimensional array (Fig 31, such that  the  loops are backed by the rnztal sheet 
snS rht: coaxial guides are  supported a t  the  back side of the metal plate. 
Suimbie arrangement is provided to  orient the loops in perpendicular directions 
when desired. The size o f  the plate is determined by diffraction expe~iments 
by following the procedure reported elsewhere" The number of dipoles 
naunred on the  plate is decided by the choice o f  spacing between the dipoles 
rr.6 the dimension of the  individual dipole which is determined by the con- 
ridzrsrion of wavelength of the incident radiation. 

Several materials such as grey iron powder, ferrosilicon powder. cLc. were 
: r i d  as absorbing material in the coaxial guide. It was found that for the 
$ m e  weight grey iron powder exhibited maxmum absorption a t  the  operating 
fm+Ieiicy of 9 4 GHr. It was also found that 3.8 milligranls of pure grey iron 
powder war sufficient t o  absorb the incident power on the loop. Fig. 4 shows 
the absorption characteristics o f  the grey iron powder as a function of weight. 

order to avoid absorption of moisture by the ~ o w d e r  it was kept before Use 
a desicator. Measurement of the weight o f  the powder was made in a 

Precision chemical balance. The  powder was transferred immediately to  the 
Wide which was then sealed with wax. 
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The rkt of the plate o n  which the dipoles were mounted a n d  hcnce the 
m a y  di%.nt ih  wars &!ermined by diffraction experiments. T h e  minimum 
~iz l :  to be used with the spectrometer was F0ur.d ro he 63 x 70 cms. T h e  actusi 
she of she gf3W used is 65 x 74 cms. This size ensured tha t  the uphole m a r  

illumiiaaaeJ olrnost uniformly by the incident wave enwnating from the  
t ? * ~ b f i i i t l ~ r  horn whk3 is fitted with wnvtfroni correcting lens a n d  the c Scct  of *.- . ..., . . -. ':: .*'as 3sgllgibly smir11. 
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( a )  Effect of the number o f  dipoles : Reflection coeificient measurements 
have 5-en made as a function of the  number of dipoles for spacings bstween 
the dipolss of 5 ems (Plate I) and 6.4 cms (Plate 11) 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 
cor5cient for thc two plates and two dipole orientations with respect t o  the 
incident wave. The percentage is with respcct to the total number of dipoles 
tha: con be occornmodated within the same area of the stlucture. 

TABLE I 
Nunber of dipoles needed for the same reflection coefficient for different spacing and 

orientations of the dipoies 

Percentage of total dipoles 
-. - 

Spacing 5 cms. Reflection Coefficient Spacing 6.4 crns. 
. .- .- - 

Horizontal Vertical Horizontal Vrrtical 
Orimtation Orientation Orientation Orientation 

1.0 zero zero zero zero 
0 785 2.38 7.15 22.2 31.3 
0.715 9.54 9.54 33.4 44.5 
0.64(, 25.0 29.8 46.5 58.6 
0.600 35.7 41.6 52.5 6h.S 
0.515 59.5 72.6 '71 8 9 3 
0.174 85.0 95,3 100.0 .. - 
0.428 

. - p~ - 
100 0 

- - - -- -. - -. . -- - 
( 6 )  Efeel of the angle of incidence: The variation of the reflection 

cu-escisnt of the structurz with respect t o  the angle of incidence is s!wwn in 
Fig. i. They are  uniformly spaced and oriented horizontally. It is seer1 
:hat the reflection coefficients are much higher for all angles of incidence 
when the spacing between the adjacent dipoles is 6.4 crns. The nature of 
variation of the reflecrion coetlicient with angles of incidence for the coaxial 
side of ibe structure is shown in Fig. 8 for the sake of comparison. 

(r) Effect o f  alternate orienration qf ihe dipoles: The variation of 
reflection coefficient with respect to angles of incidence of the wave was 
studied by placirig every alternate loop of the array s t  right angles t o  each 
other. The result of measurement is shown in Fig. 9. The spacing o f  the 
dipoles is 6.4 cms. The  results show that the reflection coefficient of the 
structure with alternate dipoles placed a t  right angles l o  each other is much 
higher than the resection coefficient of a plane metallic sheet ~ ~ h i c h  forms a 
goand plane of the array. 



The absurption roeiEcient O F  the structure is a function of the number 
of o i p o i ~ s  ~ p c i  IS 0 1  the dipoles and ang?es of incidence of rhe wave. Thz 
absorpiiuii coc h ~ i e .  "i under dEerent condirions are derived 7rom the reRlcc- 
lion co&&rais. TIX rrsul:s are shown in Figures 10 and I t .  

The in\'<i:igxiofis show that an array of mapneiic dipoles gropcriv 
dls;ribu.cd at: a gou& phne alii act as an  absorber of micro~vaves. In 
order to dcteimine t h e  e K x t  on the aerodynamic charactertistia of an 
aircraft w>cn these w:po:es are fixed s t  approprjate places of  the  aircraft 
s!iuc:uie, s nmdrl a;rcr:~f: 4 Fig. 15)  was fitted. wi th  these dipoles and was 
:isled i n  i b e  ~ i i d  tlinnei urider Lhe following conditions : 

(ij T h t  i ~ o s s  w x t  ii:,::!iled ar 3 per cent of the chord from the  leading 
eCfz of ?he  wing, ti;< pld~:t: c f  the loops being along the dire~t ion of Bow 
( P a i ~ i o ~  11, 

RctPrcra:.Vu!tsue 16:: '/i>ir.i 
Gai^ 9Gl:IOB x-25 
for! .- Grey !ran- - -- 
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XUMBR OF DIPOLES 

FIG. 5 
Rcflection Coefficient 1,s. Number of Dipoles 
Dipoles Orientation Vertical 
Plate I- Plate I1 . . . . . . 

jii, The loops wcre instalfed a t  66 per cent of the chord from the 
lc~dlng edge, the plane of the loops being the same as  above (position 2). 

The drag (C,), l i f t  (cL) and the moment ( c ~ )  coefficients defined by 
the following relations vary with the angle of attack, which is defined as the 

of attack, which is defined a s  the angle between the direction of fiow 
and ik chord of the wing. 

Drag force c, - --- - -- + p 02s 

Lift force c, = . -. 

+ p o 2 s  

Movement 
I& - 4 B  dZ<s 



RrF~it ioo C i i ~ t B ~ m i f  "4, h w i w l  0 1  DI~OISI  
Dipoles OrLsntariud Horizoritai 
P h t ~  g -" Pkc-Il . . . , . ,  

% k m  
p - dcn6rry of :.ir 
r. - ~ 1 0 r h y  ut" iii* 
S -area o f  the wing in the plane rom 
i - elaaracterlbtio length (the mean chord of the wing) 

klxa tmutec UP wind tamei t a t s  of the vsrlailun of the abova coeRicienfr ui'h 
:be m g i s  of  strack b r  aha two positions of the  loops are shown hl 

Fagarrer 12, 13 anpi 14. Thra test speed LS 160 f11sec. and the Z U I ~ U I E ~ ~ C  
fa&r is 1.12 Tnc m8r!m%m sp6cd used is about 350 frjsec Figure 15 
%hew ihr rsodcE uf an ~sliccxrrt with dipoles mounted on its wings. 



FIG. 7 
ReBeotion Coefficient vs. Angle of incidence 

Wofiacted pomwr meusxed nt Snell's Angle of Refisction 
PIata I- Plate PI . . . . 



FIG. 8 
ReBection Coefficient vs. Anglo of incldcncc 

Sample PlnPe E wilh 168 Horizontal Dipoles 180 degrees aspect 

The reUection from soeh a structure i s  not spacular and multiple ped 
in ths reflected beam have bean observed as reported elsewhere3. The memi: 
i?.entS of lhc reEection cecflicients have been c i l ~  ricd out at rile Sn:li'r b n t .  

of  reflection. I+ may be rncntioned tha t  the multiple peaks are possihl~ 6; 
to the inhomogeneous n a t u r e  of the structure In r;r;hich case the co~ldirim + 

npeculdr reflection does not hold good. 

As  observed From [lie wind tunnel tests. t h p  ~ e r o d y n o m i c  c h a w t e r W  
of an aircl.ift fitted yith soch rcson:ltlng elenlent5 arc nor expected '% 

11~1dergo stgn~ficnnt changes. 
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*PIOLE O F  INCIDENCE IN DEGREES 

FIG. 9 
Reflection Coefficient vs. Angle o f  incidence 

Dipoles orientation alternately vertical and Horizontal in Plate 11 





Absorption Coefficient vs. Anplz o f  incidence 
Reflcc~ed Power measured at Snoil's Angle of Refi:cxioo 
Plate I-- Plate 11 . . . . 



Fro. 12 
-0-Without Loops 

CD Versus a x . , . x Loops in Position I 
0-'-0 3 ,  ,, 3 ,  2 

Drag Force 
Co - 112 Density x V ~ I ~ x A r r a  of the Wing 
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Fao. 13 
Lift Coefficient C ~ v s .  Angle of Attack a 

Lift Force 0-0 Without Loops 

Cc --sity x "el.* x w!np Area z.1; at ,, 2 

It may also be concluded that it  is possible to develop a merallic surface 
with minimum reflectivity hy suitably controlling the inhomogeneity of the 
surface o f  a metal sheet. The inhomogeneity in the present case is a function 
o f  the density nnd distributions of the resonating e len.en~s and their associated 
damping resistance. 



u--o Without Louys 
Cw. Versus a. x . . . x Loops in Pxirion. i 

0-.-0 ,, , 1 
M o m e n t  

'M- i j Z D e n s i t ~ ~ 3 ~  W K z G ~ ~ r b r d  
-Wihtout Loops . . . hoops at Position 1 
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FIG. 15 

Photograph of the model aircraft with loops mounted in the wings 
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