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Specifying PML Conductivities by Considering
Numerical Reflection Dependencies

Scott C. Winton and Carey M. Rappaport, Senior Member, (EEE

Absiraet—Berenger's perfectly matched layer (PML] absarhing
boundary condilion (ABCT hes greatly enhanced findte-differene:
time=domain (FINTTY) scanering awalysks, In a discretized domain.
however, performance ks slznml-dependent and large-angle per-
furmamee is peor due 10 3 rapid reduction in lsyer decay rabe.
Incrensing the conduetivity to effser this reduction imoremses the
iliscrefization errors, especially 41 pesr-nonmal incidence angles.
However, by carefolly specifying the conductivity in esch of e
PIVIL sublayers, il ks paossibde o balance the small amd jnrge
ungle performance. The sigaol-Gependence of rellections may be
deseriled nterms of the number of spalial poinis per wavelengtis
Thes bemils itgell 19 sn overall sicalegy for which to search for PRL
profles thal provide superior pecformance fer woaves incident. s
a PMIL a1 angles hetween (=757 and signals that hove at least 15
spatial poinis per waveength sampling. A one-d imsensinnzal {1-13)
projection meihod may be empboyed tooalbow an exhaustive search
ts Beesme & viable alieomative o oplimizetion, Suweh o search
provides profile parameiers thal, while nol necessarily “optimal,”
zivi excellent wide-anghe wide-lsmnd reflection perfocmasce,

Tudes Terms—Fintte-dilference Gme-domadn (FIVTT melbds,
perfectly makchied lyers (PHL2),
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HE fmatc-ditterence ume-domain (FOTD) method for

electromagnetic scattering protlems 1= particularly usetul
because it is wide band, easly implemanted. and sdapiable o
witde wariely ol problems, To keep FOVTD simulations from b
carting computational ly expensive, edpes of the computaticnal
domain must be Kepl as clse o the scatterer 2% possible. To
avaid peflections from the edges of the domuan frome scatered
fichds propagating o all directigns, en absorbing bowsdary
condition (AR must absorh waves incident from all angles.
Hizstorically, ABCs have had anly hmited suceess in abeocbing
waves incident ai all angles [2]-[3]. ot this recendy changed
wit the introduction of e Berenger perfectly matched laver
{PMILY [,

The FML works pertectly in contineous analysis, ahsorbing
waves incident ol arbirary angles with arbicrary sitenoation.
Unfortunately, in onder e be used in computer simulstions.
the PML must be discretized, This discretization Timis the
copductivity increase for offseiting the reduction i Jevay rale
a5 he aagle of incidence increases and s limats the overall
performance of the PML. Although many efforia improve
the FML [7H=[15], few of ihese deal with performance as a
Funciion of angle, choosing imslesd 0 concemtrde o Improvieg
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perfromarce a1 nommal incidence. Aliheugh Jarge angle effects
iy b minct i woves incidend oo 2 PMIL ar grazing angles
reflecy nearly tormedly incident on an adjacent PML. it has
heen showen [7] thae there sre several applications where 1his
i e the case and that the performance @ lage incadence
anghes = imponant 1o the overall perfosmance of the ABC.
Conseguently. the improvemsent ol large angle perlformance of
the PRIL a2 an imporiomd problems.

Dizcrerization also preverts the PRL from being signal-in-
deperdent, as it s in the continucus case. Most investigaiors
cheose 1w describe tis signal-dependencs s a function of fre-
gquency. Because FOTD involves spatial wnd icoporsl spmpling,
we sugsest that it may be simpler te describe the signal-depen-
dence in terms of apajial poings per wavelengih.

There has alsn been much effon o anslviee nuonerical reflec-
ticens in ihe PML in order o opiimize [16]-]20] wave absorp-
tigan. Cibtaiming s closed- foam exprossion for the neflection from
i PRIL a5 2 function of the PML puranetais, however, is a dif-
ficult problens. This difficulty Lizs in the fact that aumerical re-
flections sre cranted each Do 9 wave passes from ope laver
i another, These reflections, in tim, ereae more refllections
a8 they encounter different lavers, Keeping track of all reflec-
fioms becones increasingly difficulr s the nuber of layers iz
incregsed. Furthermore, this type of analysiz can only be pes-
formied for o frequescy al 4 lme. complicating any eflort for
i zalian.

The spproach being wsed for this curren) work is largely
Beursie. We wish te understapd the mechanizms that affiec:
rellesions from a FML in order 1o develop a soratcgy than will
alboow us o pdentily FML parumeters that will provide eobhamced
porivemance over the widest range of dngles and signals.
Wiih the aid of computations] analysis tooks, an ausomaled
search has been developed for PML parsmeders . Although
the “optimal” piofile may depend on the specific apphcation,
the parameiers determined n this analysis provide the best
wide-bund wide-omgle performance reporied o the slardard
Iikersioume.

Il REFLECTENN DEPENDENCIES

The deciy rate of the PML in coatinuous time and space 15
given ad e = oy cos 7 (4], where 8 15 the incdence sngle, o s
the conductiviny of the PML | and 5 is the mpedance of free-
space. Mote thal the decay rate o proportional 1o cos 8. Since
these is no tedlecrion a1 the PML interface, « may be chosen
arbitgarly large in srder 1o offset the loss of decay rate doe o
the co= & faclorn.

The geometry for the discrete PML is shown in Fiz. 1 The
diecay rabe in the discretized PML also decreases with increasing
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Fig. 1. Lattes penpeiny and sypical plane wave iocdent oo ¥ dmer
contductivily prodibed FAIL ARC

angs. Unlike with the confimwows caze, the discretizgad o) in e
ith PML sublayer may not be chosen arhitrarily large. In pen-
cral. since FIXTDY simulaons caleulae elecine and magpenc
fields on complementary overlapping lattices, they are sepsitive
to changes in the parameiers of adjacent layers. Staed anoaher
way, at any air-FhL or PML-PML imarface. the discreta squa-
tiens for the fichds at the merface are dependent on unmatcled
conductivities.

Az an example, astame that o, are constant over a PML half-
spac. An incident wave encounders only one interface: this
belween froe-space and the PML. The dificrence equation for
the field ai the interfce will be dependent oo the conductiviny
of the free-space (¢ = 0.0 and the conductivity of te FMIL
(o = gonstant). If = is verv small, the resulting reflection will
alsc e wery small, I o is increased, the decoy rale incresses.
bt thers will also be a larzer retiection from the interfuce. I
a Cianssum pulae Bxpl— e 0 — 807 (W8], whene 1 i= the time
# which the pulse is @i its maximm, excites 1he firs row of
an FOTD g, Fig. 2 shows the total reflection frem i constant
conductivity PML hadf-space versus angle for values of o squal
015, 03, and 0045 S'm. For these ssmuolstions, fe tempoeal in-
crement 48 = 10 p&, spatal incrememt A = 0,012 moand
W o= (60730 = 0.2 m. [ is apparent that ihe reflection -
creages with an increase in o and that as § perenses e discrote
chamge in combsctivity at the imeriace 13 modecsed and the ra-
flectinn decreascs,

It should be noted that the time and space sleps need not have
physical units. Iestead, tie entre FOTD simulatos ingluding
the PRL may be antirely specified by the Courant pumber £ =
ediif A and the dth layer decay mile 5, = o;50q0; and the perfor-
mance of the PML may be parameterized ia rerms of e unit-
le=s parameters: & = (5, o, .. =N A7 A and die ansle
of incidence, . Given these, A and the wave phize velocity all
odier physical guantitics can be determined,

e way reflection from the PML s redeced is 0 vary
the subliyer conductivities from small valoes near the free
spice interface ux lormer valoes wward the final sublover. This
prafiling of PML conductivity improves absorplioa, providing
an aliereative o moreasing the number of sublayers, which
15 compuiationally expensive. Since incoming waves do ol
encounler larger values of & urti] well within the layer, the
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reflections caused by these lurger jumps in comductivity are
amenwated by the iniial lossy layers both for foewand and
buckward propagaiion. Yeleven wiih the parabolic conductivity
prafile «; = alr{rjﬁ.-'f (o], the 1mal peflection from on eighi
PML al 757 incidence is showm 1o be ahow — 33 dB. compared
i the =100 dB achieved ol normal incidence. It 15 noted
thal as the angle of iecidence is incressed. the momerical
experunenial resulis more closcly masch the theoretical loss,
which, for the case of [6] ot 75%, wos =31 dB. Thiz can
b eaplaimed by the fact that as the angle of incidence is
ingreased., the projected spatial increment A cos & decreases,
which hes the effect of decreasing the discretization emor
the jumps in conductiviey variations o every laver ierface
are smaller, giving lower sublaver refleciions.

Bipce o Jps = e, whene o7 is the magnetic conductivity,
o ¢ miay b wsod inboth Ampere’s and Farnday s laws [ 13 This-
crete comductuvily valibes 7, can be assigned 1 every half sub-
layer, Using the hall=layer profile specification and gsseming ne
dizcrebzation error, the twa-way lo%s equdion 15
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with conductivity profile wking the form o, = og(n/ZV}¥,
po= 1,20 2N For this profile Torm, te decay rale 5 may
be deseribed by Sp = & pdoand po A conductivity profile wilh o
power dependence is simple oo implement and does not change
a5 rapidly a2 a profile with an exponential dependence, winch
was Tound v nol perfoem e well

The three diffesent time-dorsain signsls shown in Fig. 3 have
differem temparal increments (Sig.1 AL = Zps, Sip.2 A = L8
P Big 3 Ar= L7 ps), a5 well as the differem waveforms,
which sccount for the different frequency conients. These
signals hove been used as the excitation Tor o one-Jinensional
(- FOTED simulation 1o test vanoes PMLs with perfectly
conducting wrmmnanons. [n esch case, the Fowser transicom
af the meflected field divided by the Fowrier wransfornm of
the mcident field hos been plodted versus the imverse of the
diserele frequency 2w /wAf dmes the Courani number [
which is also the number of spatial poims per wavelengih 375
The wse of ponphysical units © describe PML reflection s
dlsz been used in (220 The incident wavelorm was Obtained
by using a wmach larger FOTD simolagion. where the wasve
pas=es over the receiver lecation just ouside the PML and
the simulations i stopped Before reflection con aconr. Resulls
for the 1=T FIOTD simulaiions al normal incidence in P, 4
show wll three signale pracically overlapping for all thres
FML layer comfigurations of & = 8, 10, 12, The laver size
ansd nosmalized conductivaty predile is indsted Tor esch set
of graphs, Mote that snce the cerves coinckde Tor eoch PML
conhzeraton, PML refllections are mdependent of & aml of
thi wavelorm, but dependent pomarily on the relaenship
between the two (e, /AL

T funther investigate the PML reflection dependencies. we
comsider the same three sigmals, bay i this case mainain the
termeporal increment and conduzivity prodile, bul use theee dil-
feremt spmatial incremenis and, lence, differenl Cowranl sun-
bers and different values of the decay rate 5. Here we test the
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Fig. 3. Thres ama-damain sigals anil heir ssssated pever speoiral densitics. For Sigrad 1 A0 = 2 pe, Sigeal 240 = 1.8 ps Siemad 3 50 = 1.7 pa.

cight-layer PML onby; the resulss are in Fig. 2, Mote that the  rather the nonphysical quantities S and A/, This intaitive re-
magznitedes of the retlection coefficients for the different sig-  sull follows sinee the PML works “perfectly™ in the continuoas
nils sre very different, domain specifieal by physical puramcters, while reflections that

These figures clearly indicate that it is pot the physical quan-  arse from the discretized PML depends on discretization pa.
Lifnes woaned ot deteemine the reflection from the PML, but  romcess.
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111, EXHAUSTIVE SEARCH VERSUS OPTInUZATION

One obvieus method for improving PML performance is
to optimize the PML parameters Sy amd p oover all angles
and signals. To do this would require an unalytic expression
for reflections from the PML a5 2 function of the sive of the

PiIL., incedent angle, incident signal, &y, and p. Such annlytic
expressions which have been numencally verified for 2mall
N PMLs appear in the leratere [LE], 122]. For an esghi-laver
PML, analyiic expressions in the lteralure have not heen found
to aecurately predict memerical reflections for all angles and
incideni waveforms,
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Even sssmning confidence with an analytic ex pression of the
reflection coefficient, optimization of the PML over all peotiles,
signals, znd angles is a noninivial problem. By relacing the “op-
timalily™ requirement, we may wilize an exhagstive seprch 1o
identily prodiles that will provide supericr peoformance over @
wide range of sigrnls and angles,

I, EXHAUSTIVE SEARCH

Thas basie aden befyad the exharsive search w simples FIVTT
sirilarsons are run for each PML profile eader considersion,
The scarch coatinues until suitable profile purameters have been
identificd. Because we must account for both the angle depen-
dence and signal dependeacs, however, steps muost be taken o
make the search viable and manageable.

Having dezcribed the PML signal dependence, we now cop-
sider angle dependence. Swmilar 1o an optimizaiion problem,
we must create a criterion on which o judge the resulis. Fur-
thermore, recall thay the decay rae o in the PML js given as
= oy roe B Therefore, regardless of the profile. we can
expect significant reflection from a PML with a pertectly con.
ducting ermination at very large angles. It s therefore appra-
priate wointrducs i weighiing function. To improve large ongle
performance withoul sacrificing near-pormal perfonmance, we
have chosen the simple "minimax™ criferia with a weighiing
[urCticn

C8ry oo A A] = mpee {[T18, oy, p. ASRWWIENT (D)

whene 1W(#} iz a weighting functicn and i#, ap. p, /A =
the reflection froam the PML, Maote that © is mod @ fumetion of &,
We seek the values of 5y and p thar minemize . This fonction
= wall suwiied o the snde-angle minkmmn reflectica bacouse
docs not peaalize for a realization of T8} thar has a lange vari-
atien. The weighting function W{#) is equal v unry (0dBjup
1oy andd imcluding 60, ai which point it drops off o0 — 12 4857
by o mimzmvr o] — 36 3B a1 737, This dropoff from 607 1o 75
oevownts for the reduction 1n performaence pradicted by (1) In-
cident anghes lirper than 75 are aod considersd.

To dizal woth the signal dependence, we describe reflection
as a Tunctym of spatial posats per wavelength und braak inci-
dent signals o thive proups. These growps have, respectively,
& rmimurm af 15, 10, apd 30 spatinl poimt per wavelength sam-
pling for freguencies that have power densitiz: within —6 A8
of the masimum pover density, The resulis reported o this
wors are, terefone, worst-cose rellections for signals adbering
1o these groups.

W, Ome-Dipgersioral ProscTion METHOD

Bumming a two-dimenssonal {2-10 FITD simulation for every
&y and p iz tige probibitive, Furthermere, depending on the type
of excitin wsed, analyais of the reflectan at a singht a.ngl: s
quite complicated. Fortunately, it hixs been shown that 213 uni-
form plane waves may be represented wsing -0 FOTT smidla-
tions [21], Refections from a PML may also be analyzed wang
1-D FIOTT simalations. Basically, a 1-I “slice™ of a 2-I wave
1a tuken i the divsction normeal 1o the PML ander wai. This 1-D

wave maves with 8 velocity of e @, where © is the velocity
of the 2-00 wave i the propagation direction perpendicular (o
the planar waveltont, The PRML only atteaeates in the direction
mmial 1 18 oatecfice, so there are no transverse variations in
the ML, bur since the normal vanaioes ane specified by the
same FOOTD formalism as the 2-0, the 1D FIVTT simulation
ctiiciently demonsirales the complels relbectiom and Iransmig-
seom characienstics of the FML.

This can be shown analytically. Tihas been shaa [13] thar the
time hurmonic curl eguarions for T waves inside acontinoous
PML may he writien as

il

e —— = - E]
Iy FupndT { Jaj
aE; L .
T (] — jﬂj'unin) = jurisgdT, (300
aH, 1 b, .
5 (e ) = g B

The reme-hannenie planc wave solution For {37 is of the fomm

gl X
E-' - .ﬁuE 34 p—ak g fard (dab

where the lime dependence ¢9=7 will be suppressed in the (ol-
leweing:

e, . .
H = —{r zsio ¥ — ¢ cos #) [E5Y]
Fiy
wilh
J'..DI'III -ll;-r I.__lli
' e
- (Z_ 5
= (c :nm]lcml‘i' {5)

Mole that the velecity of the 1-1F slice inside the PML iz
o oo @) S50 the 1-0 soluticn should take the fiorm

IE|'|. E".' mr EE-l [ﬁ'.}

H: gy =0H, (b}

My =#,

Because the solution i (60 does nor sankefy Maeswell's curl
equatioas, Ampere’s Law must be modified. Taking the parmial
derivative of H, and H, from (2b) with mespect 1oy and o,
respectively. al g = {0, with &y = (w/clalo ¥ gives

]

I:| --1‘"“"

= = jky(sin” uEi"r (Y

=)

= jkaloos” E]Ii-—;dr,-'uﬁ:r}—f'"‘w“‘. (Vb

'.‘
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Thiz=az are equated as Thus, the lefi-hand side of {3c) hecoines

(e do —{1 — e @) 8, | o,
Ay pog? 1 — jrjwegh dx R AL — jor .:' e i -
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Moaw (3§ for the |-DF corl equations i the time domain be-
LN

sy g iy, itq
Se— = —— + —H
it T e (Ba)
1 dy Gl
= 7 _Lﬂl_: = f-—r‘;fu + FE!]I—"F"PI" [m“

Equaticn {8} shoukd be recopnized as the lossy Faraday and
Ampere laws with an fmpedonge pF™ matched to that of froc-
space y upfen = ESH,

Tt can be shown that there are 1-D equivalents for TR wives
imsice the FML as well. The derivation procesds along similar
limees,

To verify the procesding derteation, we have ran 2-0 FOTTD
simulations and cormparcd them with the 1-D equivalems. The
resulis are found in Fug. 6. In Frg, 6,0 TM plane wave incident al
I s parzally absort=d by s eight=layer PWIL af the bock wall,
The incident wave is propagatmp toward the left rear comer.
Fig. &b} shaws the reflecied field, Note that the meident and
reflected fields obeys Snelis™s law and that the reflected field
i5 saveral orders of magnitude smaller than the incident field,
Fig. &c) shows a cross sectiom of the reflecied fiekd from the
20 rad maken at 5045 from the pigh-hand side as well as the
reflected feld from 1-00 simulanen. The gme stamp of the plots
of Fig. 6ichare 130 umesieps feorm those of Fig, &0b). Mo the
similaritees in the pulse shape and amplitude, The 2-D plane
wave was craated by nsiag -1 FIFTTY simulations on dhe Jeli-
and right-hand sides of the grid as descrbed i [21]. The ahmspce
of additional reflection aifacts glong the left and nght sides
mdicate that the existing reflected field 5 generated from the
FML only.

The 1-TF method compaises o simple and efficien means 1o
teat PML reflections, The stenuation is in one direction. te di-
recion nowmal 0 the boundary, A careful dispersion amalysis
shores that the erroe from representing a 2-0 wave with a 1-D
slice s compraratde 1@ the epror invalved in numersical dispersion
whiich is inberann ro 2- D FINTD simsiateons, In fwao dimensions,
Maxwell's cur equations For the PML require either o supple-
miental equation, & wsed in (13 or splil-field cquations a3 used
by [6].

Auwmed with this powerful tool, the seorch for 5p and g is
greztly simplified and, hence, can be aulomated, A search pro-
gram mey irerate through different values of #, 3¢ snd p. Fur-
thermore, since reflections con be described in terms of spatial
prints per wavelengih, we may wse a single wide-band incident
wave as a test sigeal and be able 1o account for the sipnal de-
perdence of the PML as deseribed inthe previows seciions.

%I RESLLTS

Using the wechhiques descnbad in the previous sections,
several automued scarches were performedd 1o dentily the
FML profile parameters 5p and p thal will vield supersor
performance.

For each profile tested, o 1-E FDTD simalation was mn for
every single between snd incheding 07 and 73° ar 5° incremenis.

TsHLE 1
EHT-LAYER PHIL

AA 8y P I" [dR)
1% hAEE 877 00,27
20 01GH .74 -83.71
an DOITT 378 5.8

TaELE 11

Tea- L aeThe PRI

Al S¢ P T" tdB)
15 00215 383 “10Gar
=l 0.0170 ] -10E.35
an LO1E3 .58 -114.17

TABLE I

Twrivb-Laver PML

Afa 5 ¥ I' (d8)
15 0026 4.90 -110.60
a0 020 4.50 -122.47
3 {021 440 -1I7.E=

TABLE 1V

FulsTeEsk-LavEr PHIL

Af 8¢ p I (dB)
15 020 4,70 -130.73
20 .023 5.00 =135 12
30 .03 5.00 I

In each cose, a wide-band test signal was the incident wave. The
reflection coefficient is caloulmted by

(A& = 20 log nm{ JINET)

FIHEY)

Hr'[ﬂ']}

where

TiA/AY refllecion;

E* scaltered fiekd:

E° imcident field.

Cur expermments indicale st IUA/A) becomes nonin-
cresising aiter a certain value of points per wovelengih, wsual
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Fig 7. Refleciion coelficients of N dayer PMLs i a fusctioo of 0,08, oo 87 = (8, 558, 000161 (-5 010 551, 00025 ) - <) anad tha mesulis neparted i (6]
(). The values of 117 and 2 esed in the shavatatiore were chosen fo mabch these ussd in (&),

between LK and 150, Therefore, onge TS § hes been caleu-
laged for a given profike and angle. the maxomwm between 15, 20,
3, and 200 points per wavelength, respectively, are reconded.
Thiam thiese maxima are mudliplied by the weighting function
necessary b yield the overall mpsimum for a gives profile. The
parmmieters thid yield the smallest overall maximums are lowned
in Tables 1-TW.

As the results reported i the tables are “woest case™ for the
discrele requency with the greatest reflection. depending on the
incadent uipte-domialn sipnal, resulis may be significamly bewer
than thess reported in the tables. For example. 3 Gaussian pulse
with & 1058 thme constam kas been used as e incident sianal
i test plane waves incident on the PML at vanows angles for
some of the profiles foand in Tables [ and 11 This iz the smne
1ot signal used in [6]. The reflections coefficient as caleulied

by
E*
[T'| = 2¥ lowg, 1t |—|
Y |max, B

have been platted versus angle in Fig. 7 for the eighi-laver PML
with conductivity prefile paramnetzs Sy = (U0LG and p = 3.74
The resulis reported by Berenger [§] have also been plotied.
Mot thl these s e than an order of magniude improvement
af hoth 457 and 757, Using the same test signal, the reflection
cacfficient far a sen-layer PML with conductivity profile param-
eiers Sy = 00025 and p = 3.91 hos also been plotted on Fig. 7.
Using an additionzl veo lavers, we may Turther decrease i)
by 2 orders of magnitade a 75",

The improved perfomance shown by the tepslayer PML a0
large angles sugpesls thal the weighting function may not b

TABLE ¥
TiR-LAWWER PRIL MO WELSTIMU

Afa Fr o I' (A8
15 L0260 .00 - 1030
20 0,020 a.00 10642
an 0045 1.90 -107.4%

TABLE Wi

TWELFE-LAVEH, FHL Mo Wesmms

AL Sy v T (am)
15 0.0270 42 L116.64
i} 00305 1.1 -LE0.55
A (D36 4.1 12240

nasbecd Lo larger PMLs, To explore this ides, several additonal
searches were performed withoul including the weirhing fane-
facn, The resulis for these searches are found in Tables V-V Al
thamerh the results for searches that do notemploy the weizhimg
function are not quite as good overall, these profiles provide ex.
cellent performance across the entine range of F-75°,
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TaHLE v
ForinTrES- LavER PRIL Mo WEIGHTING
MA LT P T {aB)
15 0028 1.5 -1 13
0 (.28 4.5 1213
an il | 4.8 -13L 66

VI CogdcLusion

We hove explored the mechanisms thar govern reflection form
PML absorhing boundaries, In so domg, we have presented o
simple means of accounting for the signal dependence of PML
reflections, Furthermmore, wa have shoam tlat i is the “discrets™
parameters pois per wavelength A/ S aed loss per PML sub-
layer &, which wovern this sugnal dependerce and nol the “phys-
ical” parameters o amd o

W harve presented a fost and simgple methed o determine the
reflection from o PML due e uniform plance wave at arbitrary
angle. This method does ned require the wee of on anisotropic
media or a sphi-feld formulsion. Flane wave decomposition
may be used to pain nsight into the averall reflection from ar
bilrary wives.

Employing these methods, we have conducted searches for
conductivity prohiles that provide improved performanse, As-
summang adequane sampling. profile parameters have been pro-
wided that will insere exceptional performance over a wide wa-
nety of scaltering problems. This approach remaoves the bunden
of seeking adequate ABC absoeption from the FOTT user,

Drespitc the obviows wility of the method, caution mast he
exeroised W ensore that extreme anghes (> T3 are momimal.
The meeitiond developed here also dess not aczount forevaneseent
wives,
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