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I. In t roduct ion  
In  many applicat,ions, such as geophysical subsurface sensing, microwave and optical 

w;tvcgnicics, one can rcducc: throo-dimensiolial problcnis into 2.5-dimensional oncs bccaiisc! 
bhc iiiliomogencity is twc-dimensional and one of the spatial derivatives in Maxwell’s cqiiit- 
tion can be siniplificd by rising t.he Foiiricr transforni. Most ~ircvioufi 2.5-D algorithms 
(c.g., 1, 21 were b;wd on the FDTD niet,lioti and risctl non-PML ahsorbing hoiindary con- 
ditioii. Very rcccnt,ly, the pseiidosl)c:ctraI time-domain (PSTD) method [3, 41 tias been 
proposeti for miilt.iciiiiiensional prol)lwns. The key point of PSTD method is that  it uses 
thc Fwt Foririer t,ransforni (FFT) other t.han finite differences to calculate spatial deriva- 
tives and IISM Bcrcngcr’s pwfcctly inatclicd laycrs [5] to remove wraparound effect caused 
by t,hc pwiodicity iwwincd in  the FFT. In tliis work we nse the PSTn method to solve 
2.~-tliiric:r~sional probl(:ms. Tho t,hcorct,ic:al analysis and niiincrical examples are prosented. 

11. Formulat ion 
In a Cartcsian coordinate system, the t,hrec-tiirneiisiorlal Maxwell’s cxlnations can be 

writ,teri ieing complex strctchcd c:oordinate variablcs e,, = a, + i? (71 = z, y, z) [4, G ]  EU : 

- 0 2  

where E = E(,) and siniikirly for other field component~s. Eqiiations (1) and (2) con- 

sist of a total of 12 mdar  eqiiations, since both E(S) and H(V) have two scalar components 
pwpcnd iciiliir to 6. 

‘rlic FFT algoritlini is wed to rcprcscnt the spatial dorivativc in equation (1) to yicld 

C 
‘I=z.v.z 

wliare 3, antl 3;l denote forward and invc:rue Foiirit:r transkirms i r i  t,hc rl dircction wliic:li 
arc c:alculatcd by FFT’s. A similar rcsrilt (;an bc obt,ainctI for oqiiat,ion (2). 

Now consider an isotropic rnc!tliiiin with two dimensional inlioiiiogcncity in t,lic! z y  planc! 
antl invariant, in the P tlircction. Since the 8oiirce at z=O may be electric or magnetic and 
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fIe(x, y, le, ,  1 )  = 7. e x ,y ,  2,  t )  cos(k,z)dz 
0 

(3) 

HJx, y, l e z ,  t )  = THO(., y, z ,  t)sin(k,z)dz (4) 
0 

to xi~nplify Maxwcll's equations. I t  can be shown that soiirces (J,,, J,,", Jze ,  Mz,, M,,,, 
Mzo)  will excite lioltls (E,,, E,,, Ezer H Z c ,  H,,,, I f z n ) ,  and sonrces ( J z e ,  Jve,  J,,, M,,, 
Mv,, M z e )  will excite fields (E,,, E,,,, E,,, HZr,,, H , H z e ) .  As an exarnple, if the source 
is a horizontal electric: tlipolc direc:tt!d along t.lic z direction, thcn only J,  # 0 and J ,  is 
eveii with respect to tlie t coordinate. Ilsing the sine and cosine transforms anti omitting 
the siibscripts e anti o, one can rcwrite (2) &s: 

10 

-m 

-m 

-m 

Siniilu cqiiatioiiv can be written from (1). 
III ninnerical iniplcnientcbtioii o f  the 2.5-D PSTD mcthotl, we iisc FFT to calculate 

the spntinl dcrivativcs nil4 ccritrnl diffcrcrlcc for t.iuia int.c:gration. Thc stability condition 
of 2.5-D PSTD rnothotl for a plane wave in  a homogcrneoils no~ico~idi~c:t~ive nictliiini can Ixr 
derived its in [4]. It  is shown tliat k, , ,cAt  5 2 in tlic PSl'D iiitrtliod [4]. Acc:ortiing to the 
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Nyqiiist, sampling t,lieorcrni, the F F T  algorithm provides exact representation for k, 5 e 
and k, 5 &. So from the equation k2 = k: + k: + k: we can get the stability condition: 

In t,hcr above, I ; ,  i8 t.he Foiirier int,cgrat,ion variable. For thc d c  
tlispcrrsion ciirves, it, can be taken i ~ 4  an input paraincter. 

111. Numerical R.esults 
In  ordrr to validate the nnimrical inipleiiientation, we compare the resiilts of the 2.5-D 

PSTD m i d  FDTD i n  Figure 1. The rntrtliutn is homogcricoiis noncontliict,ive. The electric 
dipole sonrcc is located at (z,y, 2)=(0.2, 0.2, 0) In for Fignre l (a)  and a t  (z, y, z)=(1.6, 1.6, 
U) in for Figiire l(t)). The fir:lti EL is c:omput.ocl a t  (z,g, z)=(0.6, 0.6, 0.3), (0.6, 0.6, 0.4) 111 

for Figure l(a) wi th  16 cells/X,i, and at (z, y, z)=(4.8, 4.8, 3), (4.8, 4.8, 4) m for Figure 
l(b) wit,li 2 ceIl~/A,,,;~. Figiire l (c)  anti (d) show the 2.5-D PSTD and FDTD uiethocls for 
wave proptigation in a condiict.ive Iiomogcneous niediiim. The soiirce and receivers are the 
siirnc ;U that i n  Fignre l(b). Elom Figiirc 1,  it (:an be seen that  the 2.5-D PSTD algorithm 
givcrs ;icciir;ito rcsnlts iwrn if tlic grid dt:iisit.y is 2 CCIIS /A, ,~ ,~ .  

For thc applic:atioii, we conipiit,c the open diclcctric wavcrgnitle which is shown in 
Figure 2. The result is tnat.clic:tl w d l  wit.li [7]. 

IV. Coriclusions 
A 2.5-diirieiision;il PSTD ;ilgorithni has been dcvclopccl whic:h can be nscd to  tiolvc 

Maxwell’s eqnations efficiently. The code ha.9 been valitlatctd by the analytical resiilt,s arid 
conventional FDTD mct.hot1. It  is also shown that the 2.5D PSTD dgorit,lim is niore 
cfficicnt than FDTD method. Particnlarly, 2.5D PSTD inctlioti can be nscd to  model very 
large o1)joc:t bccaiisc: it I I C ( : ~ S  a grid tlensiby of only 2 cells/Xmin. Tlie dispersion curve 
o f  a opcrii tliclectric wavegiiitl(: is obtaincrd by iising tlic 2.5-D PSTD algorithni. Further 
roscarcli work will niodcl varioiix wavognitie striict,ures. 
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Figure 1. Niiniwical rt:siills of 2.5D PSTD ant1 FD'I'D algorithis with the aiidyt,ical 
Rolulions. (a) Ax = Arsin/ lG.  (11) Ax = A 4 2 .  (c) ai111 ((1) Ax = A,,,,,,/2 for condiictive 
homogentxiis Inc!ditiin. 
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