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Comment on “Eigenfunction expansion of the dyadic Green’s function in a gyroelectric chiral
medium by cylindrical vector wave functions”
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Several conceptual errors found in the paper by C&mys. Rev. 55, 1950(1997] are corrected, and we
provide general expansion formulas for the dyadic Green’s function using cylindrical vector wave functions,
which could be reduced to the exact formulas in special céses anisotropic medium, isotropic chiral
medium, and isotropic mediym S1063-651X99)08403-3

PACS numbgs): 41.20.Jb, 42.25.Bs, 52.35.Hr

Recently, Chengj1] developed a dyadic Green’s function k=0, Osk, <+ and —oo<k,<+o,
for an unbounded gyroelectric chiral medium by means of an
eigenfunction expansion in terms of cylindrical vector waveryis 4150 ensures the radiation condition in the far zone so
functio_ns. We report several conceptual mistakes and othgf,5t \vaves propagate away framot toward the sourcdsee
errors in Ref[1] as listed below: Ref.[2]). From the denominator of the integral in Eg6) of

(i) Equation(26) in Ref. [1] is not correct for the case Ret (1], given as follows, we can determine the pole points:
considered in that paper. Mathematically, it is incorrect be-

cause the residue value is not correctly estimated; and physi- (kx =K1 35)(ky—Kz46 =0,
cally, it is also incorrect because only two poles of the four
possible pole points can be taken into the evaluation of thavhere the subscriptd,3,5 and(2,4,6 stand for three pairs
residued 2]. Also, the summation sign corresponding to in- of equations for point pair¢l,2), (3,4), and (5,6) respec-
dexj in Cheng’s Eqs(20), (22), (25 and(26) is quite con- tively. Obviously, we need to consider only two pole points
fusing. In fact,k, ks, andks stand for the wave number of (although there exist four possible poles mathematigally
three types of left-handed circular polarized waves, while i.e.,
—k,,— k4, and —kg denote the wave numbers of the three
types of right—hanged circularly polarized waves. As obvi- kz= k% 35 ke,
ously seen from the coefficient expressions in the Appendix
of Ref. [1], the coefficientk,,k,, andkg are all negative. klz: _ \/W (1b)
Therefore, the summation is never taken. DR

The solution of an integral similar to Eq26) in [1]
was evaluated by Engheta and Kow§#2, Yin and Wang

(1a)

where the superscript denotes that the pole point is located

[3], and Li et al. [4,5]. Without the summation, a factor 2 in the upper half sheet of the complex_plqne, while t_he su-
fro’m 21 should 'first be given, and the ’residues of perscriptl represents that the pole point is located in the

lower half sheet. Physicallyk, —k does not give any
MK+ —kizd (VK + Ko —kaag] at k= kizs—k; pole point as discussed earliér. #48
andk,= \/k12’3'5— kp2 should also be correctly estimated. The pq k, changes from 0 te>, we can see physically thiaf

form.ulation is detailed below. and k'Z are almost simultaneously either real numbers or pure
i Sincek,, (orky)) represen.ts the wave ”“m*?er or proF,)""ga"lmaginary numbers. When we consider the casa’ (or z
tion constantk, (or k,;) satisfying the following equation <2'), we need to take the upper pokit (or the lower point

must be greater than zero: k) into account in the residue evaluation. Therefore, we

kn= k2 +kz, have

F » VE (—ky KV (K k) 27k, 35
e KK Kiad (K —Koag) [k, (Kyg5—koao 1VKS 55— K2
VA (= kS 25~ KoKV (VK 35— K5 k) for z=2'
X 4 ’ 2
V(R R VI R Kk, for 2=z @
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In the above integral evaluation, whem=z', we carried out the counterclockwise integration in the upper sheet of the
complexk, plane so that the value of the integral is the residue itself. However, whear, we conducted the clockwise
integration in the lower sheet of the compliexplane so that the value of the integral is the negative number of the residue.
(i) With the mistake in Eq(26) in Ref. [1], related results have been affected. It is found that the error propagates to
Cheng’s Eqs(25a), (25b), and(25d). With this formulation, the correct form of Cheng's E¢253, (25b), and(25d) are

R K, V(_l,Z'(—\/kf—kZ,kp)Vgl)( /—kf—kz,kp)
pP=—gp | —— '
kP (ky — ko) VIZ—I2 | VER (Vi — kG k VR (= VK=K k)
ke VO (= I— K2 Kk )V (VKB K2 k) [for 7=7'

Pl for z<7'. (38

+ , :
(ks—kg) JKE—K2 VA (JIE=I2k ) VP (= IkE= K2 k) [ | P

o K VO (— Ik )V (G K2 k)
pre__ Tal % )
bp kp¢ (k]__kz) /klz_kpz V(_]'%(\/ki—kzykp)vgl)(_ /ki_kz,kp)

ks VA (= VIG= I k) VP (G2 K,) [for z=7'
_ R : : 3b
(ks — k) VIG— K2 VA (VKE— K2,k )V (= Vk3— K2 k) p{for z<7'. (3

27iksg . V(‘lf)Wl(_ Vké_kz’kp)\/gl)(Vké_kz'kp) for z=7'
S z / 'z 3c
7k (ks — ko) VIE—K2 | Vo (VKE—KG K VP (= ke kG K, ) {for 2=z, 9

(iii) In a similar fashion, the integration carried out in EgQ) in Ref.[1] is also found incorrect. The correct form of Eq.
(20) in Ref.[1] should read

Joc ” V(=K k) VP (K, )

0o " Ky(ky=kyz5(k\—Kz4p

_ 1 . (p_<)n|
In|(k,— K135 (K, —Koa6) ° P>

2wk, 35 {V(—lr)1,(_k2v\/kis,s_kg)vﬁ')(kz:\/kis,s_kg) for p=p’

T, glln(¢” = ¢ ) +ky(z”=27)]

+ , )
(K135~ Kaa0) (Kl a5~ K2) | VO (=K, VKE 55— KOV (K, VKE 55— K2)  for p<p’,
where the following relation has been utilized:
1 (p- In|
lim [J,(K,p=)Yn(k,p~ =——<—> .
kpﬂo[ n( P )Yn( pP )] |n|7T os
Therefore, the vector operatoTavsv andTv' that are not defined in Reff1] should be specified as
To(@®) ! VX(@2)* ! VXVX(®2) (5a)
v = — Z) £ — )|,
w 2 K,
T (@) ! \% x(o“)+lv XV'X(@2) (5b)
o' — ! 7)+— ! ’ 2|,
w’ \/E kz

where the prime denotes thWe' operation with respect to the coordinates ,(',z'). The operators in the final expressions
are necessarily provided here so that readers can make use of them straightforwardly. Without explicit expressions for the
operators, readers have to reconsider the problem and derive these themselves.

(iv) Due to the change of Eq20), Egs.(223), (22b), and(22d) in Ref.[1] should read as follows:
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Po] | P 1 1 T,T,[[pc|"
pe | =] 5 |- _{ + oY (p_<) el[n(6” = %) +ky(z” =290 | 4 1
o] | @ (k= k) (k;—ka)  (k;—kg)(k;—kg)| 2[n] [ p~
VE (= ke G-IV (K, VKE—KD) . VO (ki IG =IOV (K, G~ kZ)l
(1—ka/ky)(Ki—K2) (1—Kq/kg) (K5 K2) p|(for p=p’
X ' ' o~ ,
V(_3,)1(—kz,\/ki—kﬁ)vgl)(kz,\/kf—kf)+V(_331(—kz,\/kg—kﬁ)vﬁl)(kz,\/kg—kﬁ)l o|| for p=p’,
(1—Ka/ky)(ki—K2) (1—kq/k3)(K5—K2)
(6a)
Py & i In
_F‘fsp o] _{ 1 B 1 |TUTU{(p_<) ei[n(¢>_¢<)+kz(z>_z<)]}_7T
po P (kz_kl)(kz_kz) (kz_ka)(kz_k4) 2|n| { P>
VI (ke GV (kNG KD VI (ke IG—IDVEY (K, VG~ k?l
(1—ka/ky) (Ki—k3) (1= kg /kg) (K5—K2)
X ! ’
VO (— ke G- IOV (K VK- KD) - VE) (—kz,Jki—ki)v#)(kz,Jk%—k?)]
(1—ka/ky) (Ki—K2) (1—Ka/kg) (K5~ K2)
pl(for p=p’
’ [f, for p<p’, (6b)
. T,T, [ Il 2mik
pro_3.| — v v P<|" giln(d™ = ¢ ) +kyz” =270 | 4 5
22~ 2| " Tn(k,— ks) (K,—Ko)| € 2 2
2~ Ks)(kz=Ke)[ | p= (ks —kg) (K2—K2)

) VR (—ky =KV D (k, =KD [ | for p=p. (69

VA (—k,, VKE= KV (ky, KC—K2) ] [for p=p/

Previously, it was claimed below E@26) in Ref. [1] that together with Eqs(258—(25d) in Ref.[1] are correct. How-
“the components arising in Eq$249 and (24b) can be re- ever, they are incorrect. According to Cheng’s ELp), we
duced to the counterparts of chiral media.” In fact, this is nothave
true simply because the correct form of the dyadic Green’s
functions in Secs. IVA and IV B of Ref1] consists of ad- dk
d?tional factorsk; /\/ka— kp2 andk; _/\/ka— kZ which the forms P = f k_P AL V(_lr)1’( —k, ,kp)vgl)(kz K,)
given by Chend1] do not contain. 0 %p

. Now the above equ_ations for the gyroelectric chiral me- pre pno pne
dium can be systematically reduced to those for the aniso- PP pe pz
tropic medium €.=0), the isotropic chiral mediumg( Py, Py P )
=0), or the isotropic mediuntboth £.=0 andg=0). It has P pie Ny '
been confirmed that exactly the same results for those special zp 2 2z
cases can be obtained from the reduction.

(v) In the previous considerations, it has been assumed -

that Eq.(21), together with Eqs(22a—(22d) and Eq.(248,  The inverse matriA ™! is given by
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App —Apg O

VIV, VIV, VIV,
Alz| Aos Agp O ®) VY (—ky k )V (K, k)= | Voo VaVe ViVa
0 0 A, VIV, VIV, VIV,

9
where the nonzero elemenss,,,A,,,As,, and A, are

given in the Appendix of Ref[1]. At the same time, the

dyadic V) (—k,,k,)V{Y(k, k,) is given by Therefore, we have thap component of as follows:

DI wdkp ’
Pl,,= fo k—p(ApprVp A,gVuV,)

BTN (1) PRV y
=, &, PeoP Vo (T ke k) ViT(ke k) P—Apsp- VI (= kg K)VEP (Kz K,) - B]. (10
p

It is clearly seen from the above form that the corrﬁﬁt componentP,, has one more term as compared with fh}e
componentP,, given in Ref.[1]. The similar conclusion applies to other elements of the dyRdie.g

., instead of the zero
component given in Eq22¢ of Ref.[1], the correctg z componentP,, should be

_ =dk
Pl g= fo k—”(Ap¢v;vZ+A¢¢v;,vz)
P

= fok—”[Ap¢h-vG&’< ke k) VR (g Ky) -2 A gy b VY (= kg KV (K, k) -2, (11)
14

The final and correct form of the dyadi€sin Eq. (21) andQ in Eq. (23) of Ref.[1] are obtained and given as follows:
S:E].‘F +E3+ +55+ , (129
Q=0Q1 +Qs-+Qs-, (120)
WhereEj+ for a givenk,; , is given by

1

P =— th

P.
T -

— 1 P Ini : >_ < >_ <
P . T T =] elln¢T—eT)+hzT-27)]
alr |n| T ps

Vgl)(kz'k)\j+)vl—n(_k21k)\j+), p>p/
V_n(_kz’k)\j+)v,l(’11)(k21k)\]'+)1 p<PI ’

while 61'7 for a givenk,;_ is represented as

(133

_ 1 1 P< In ‘I > < >_ <
- , [(¢” = 6) +kyl(2” ~25)]
Q- 4772f- de 2 {Qa’_ ' Tw<p ) ‘

>

Lo [vW(kz,kM YW (—Kg. ko), p>p
PIT T W (= Ky Ky W P (K, ko), p<p’

(13b

In Egs.(133 and(13b), the intermediate dyads are defined as

P2?3+ _ i Y
_21?1+ _ i B+ pD) 62{33_ ~ 2(h- kg+)(h—ky) (Ppd+pp)
Q| 2k (h—koa) PP

' PN A A
T 2A(h—ke.)(h—k,) (PP PP
(14b)

T ~An A A
Tk (kL) (#P PP, (14
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P 1 lations of Eqgs.(249 and (24b), together with Eqs(259—
a5t — i z, (140 (250, in Ref.[1], can be made in a similar fashion. However,
2?5_ (h—ks-)(h—Kg-) they are not provided here because E9) and(23) of Ref.

[1] are actually incorrect. The mistakes in E¢E9) and(23)
Py’ 1+} i Ky of Ref. [1] are due to the use of the following incorrect
= —(¢¢ pp) formula:
Qi) 2 Malkiz—kos)
VX[aM]=aV XM,
T (Ghepd). (149
52 .. . \@p—p .
A2 (Kye— ko) since
Pae| i ks > 15 : ;
o = —(¢¢ pp) 2 2 a,[VM]XX,]XﬁﬁE 2 a|X|[VM]XXJ],
ne A3 (Kgs—Kgs) b b
b,3 3+(K3+ =Ky
T Kgo wherea stands for a constant vector ahtldenotes the vec-
ﬁ(d’ﬂ pd), (149  tor wave function.
)‘3+( 3=~ Kgs) (iv) Formula(4) in Ref.[1] is incorrect, since the last term
in that form of the left-handed side is not obtainable after Eq.
Pb 5+} i Ks+ (22) (146 (3) is substituted into Eq(2). Obviously, this can be seen
S S —— . .
8,257 )\§+(k5+_k6i) from the relation given by
In the above-given and subsequent expressions, it is assumed €[Ir)-T(r,r")]#I(r")-[e T(r,r")],
that
ko1 Tk wheree, J(r'), andL(r,r') identify the permittivity tensor,
M _ M (153 the vector electric current distribution, and electric dyadic
Ki+ kj | Green’s function, respectively. Only when the left- and right-

handed sides of this form are the same, will the results ob-
Kol [Kyi tained subsequently in R¢fl] be valid. However, the author
! ! of Ref.[1] ignored the condition, so that part of his results,
k_|= , (15b) Lo
i- even though correctly formed somewhere, are very limited in
§——¢ their usefulness since the aforementioned condition is rarely
satisfied in practical probleni$-9].

where the wave numberk;(j=1-6) are given by Egs.
(AB6)—(A1l) in Ref.[1]. The authors would like to express their acknowledgment

It is now seen that Eq$229—(22¢) of Ref.[1] are only  to Siew-Bee Yeap and Jin-Hou Koh for their useful discus-
part of the complete expression given as above. The formusions.
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