
-AD-A273 309
IEIIIII1ii

OFETWOTDIMENSEONALIOBJECTS PE:m0602121N
4~~~U 1 OB0N. 004018

i. AGENY USE NLY P~s b&W 2 REPORTDATE 3REPORT TPANUMB AER OEE

Novembe DiviPofssiionPpe

4 TLEADavid TITaLor 5.n FUNDAGENYRP NUMBERS

11~~W SUNLEM8TAY5NTE
AUTFCTE'

lB. BeS1RIBUTOAAIBUY STTEEN Ho, an. J.RBO CODEga

1a. ABegoRACTAhu 92152-500

Man cPNORNAoNImpoit mAtENCal thAtES Are uDRESEd) inpatc10ii iorpcpoete. TPoNacouIMn(tfor teeefet, eea

Apublised inr pubEE release distribution isympolimiVol.3,19,p.76-6.

1. ASUBRECT ATEnRMS 100 NUBE OPGE

Eleto romagneti soenuomentca Efecuts onhwhniorpyafethesateigeaiofahnltadrdito

Electromagnetic Interferen fec1tPsC CD

17. SECI.MITY CLASSIFICATION 116. SECU~RlY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT IOF THIS PAGE OF ABSTRACT

UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED SAME AS REPORT

NON M5401-2804=0 Slaindewd form 296 (FRONT)



THIS DOCU-M ENT IS BEST

QUALITY AVAILABLE. TECOPY

FURMISIEID TO DTIC *CONTAINED
A SIGNIFICANT NUMBER OF
PAGES WHICH DO NOT

REPRODUCE LEGIBLY.



UNCLASSIFIED

Itie NAAE OFP ESPOMMIS INOMOUAL 1 b. TELEPH4ONE OwiUM Am6 Code 21c. OFFICE SYMBOL

T. Q. Io (619) 553-3783 Code 824

DTIC QUALITY INSPECTED 5

Accesion For

NTIS CRA&M
DTIC TAB

Unannounced U
Justification .................

By-------------
Distribution I

Availability Codes
Avail and /or

Dist Special

93-29026
!E•I j93 !j 26 06 8

wmD w-n4 m Smndfwd Am' M MA0o



* .<~a*~ .77.

yr ANISOTROPIC EFFECTS ON SCATTERING AND RADIATION
PROPERTIES OF TWO-DIMENSIONAL OBJECTS

Berijamni Beaker Thlnh 0. Ho and James C.Logan
Department of Electrical & Compuzter Engineering NCCOSC. RDT&E Division

University of South Carolina San Diego. CA 92152-5000
Columbia, SC 29208

Introuc-o

~ ~ Marry composite materials that are used In practice exit* anilsotropic properties. To accoow
~fo these effects. several integral equation forimuations for scattering and radiation by anisotropi

objctshav ben ropsed[1-1.The purpose of this paper Is to present some num ca reuts or
how the anisotropy affects the scattering behavior od a thin pat an rachation characteristics of
line souirce placed Inside a cyilndrical shell. Although Inl practice most situations are three.
dimensbioal, a great deal of Information on the EM nature of composite structures can still b(
obtained from stulying two-dunensional geometries.

Fig. I shows the geometry of the thin flat plate and the cylindrical shell. The medium It
andiosotopic and Is characterized by the fol1lowing foamn of permnittivity and permeability tensors,
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Fig. 1. Geometry of the thin plate and cylindrical shell

[3. The formulation of scatterftI and radiation problems has alreadly been outlined in referenc
13.Since the duality concept can be applied to obtain the TE solution, once the TM solution

knowr% the formulation for both of these problems Is restricted to the TM case. The radar cros:
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~ ~LiL.. -section (RCS) of the plate can be comp~uted after the equivalent surface currents have been
determned using surface Integral equations. The z-component Of the scattered electric field is

j~ ~4.2'E~j) = jJ (p)*(kRds ki6 (dXf (2)

by taking large argument expansions of the Hazkel functions. In the above equation, V is the angle* ~ ~~~ that unit normal makes with the x-axis. and ~3corresponds to th diectio ftefrfed h C
is defined through the following relaton:

Or jt (3)

~~ where E~is the Incidnt plane wave field.III' i<Tlb anisotropic shelf is Illumfinated by a source placed Inside. For this particular case, the TM
'~polarized lin source has the E and H fields that are giveni by[4J

EJp HT- (4)

~' teand

(5)

with 1. and f(p*#) being the line source current and taper pattern function, respectively. The
4i~ ~"Integral equations are then solved for the surface equivalent currents on the shell, and the radiation

~'1i patterns somnputed from themL

The scattering pm~roetles of ithin plate dure to TE excitation are shown In Figs. 2 and 3. The
anlsotroplo plate Is loesiege and Is characterized by fthre sets of material parameters, namely (exx.
2. ew -4 ). (exx - 4 . -2)i( ejj),g -. qf2 w ith z-elemer of permneability equal

i~to. 2. The excatof the uavererIsaypolarized lan wave with frequency of 300 MHz. Bothi incidenceangles of 00and 50ar consdred For Wbradsie Incidence, the RCS patterns of plates
w.I~th different diagonal perltt esrsdfe infcantly. This Is particularly evident in the

__ aflsuterina direction %a -1600). At this angie. the RCS corresponding to case .(b) is nearly 30 dB
S lower than the calculated RCS for case (a). Ite Inuodiction of Cecy - yx 2 seemns to raise the

RCS level In both forward and aciatengdrcos.As the direction of Incidence Is skewed, the
scattered field from the plate also changes. Fig~ 3 Shows the RCS of the plate when #1 - 450~. Under

~~ ~such conditions the kxcden fWld which now has both x- and y- components, senses every element of
je] tensor. ~~~~cs eln

In the above cases. the arilsotroplc medium Is assumted to be characterized by tensor
elemnentswhs uetlvlearqutdifrnfrmoeaohrFrtefloigcsdaig

Swith radiation frmaA oreinside a iclrsef eimparameters corresponding t hso
**. "' -actual composites that were determined from the measurements are used. Particularly, for the E-

~'glass composite, w~here tensor elemnents exx and eyy range from 5 - 10. 1 to 5 - 10.125 and from 4.5
-P0.09 to 4.5 -P0.1 125, jspectively, the shelf is louy with inne and outer radlili chosen to be 0.1 and
0.125 rn. The polarized source at 400 MHz Is located at the center and Is assumed to be radiating
uniformy In aNdirections. Fig. 4 shows the power loss as a function of the anisotropy and material
Condfuctivity. The two curves ame calculated by varyin one c~emnent of fja AUGe keeping the Otheis
constant. The real parts of exx and cyare 5 and 4.5, respectively. Notice that the power loss is not
the same for Increasing loss tangent values In x- and y-dlrections: The corresponding radiation
pattern Of the Shell IS Shown In Fig. 5. Despite the highly symmestric geomretry and uniformnity of the
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excitation the radliation pattern Is riot unorMO. This Is a direct consequence of material
even though tOw actual difference betweeni ex and eyy Is small.-
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Fig. 2. Scattering cross section of a thin plate with 00 incidence (a) £,cx "2, eyy 4
(b) exx = 4, ey = 2 (c) ,xx =2. eyy =4, exy =-eyx =2
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.. Fig. S. Radiatoon patte of a unhlorm line source locaed inside anisotropic shop
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