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Stability of A Class of Fractional-Order

Systems Using Quadratic Lyapunov
Functions

Abstrat

Through this research, we presented an effective method for studying the
stability of solution of fractional differential systems, which is Lyapunov

method.

Whereas at the beginning we mentioned theorems and basic definitions of
stability in addition to definitions and basic concepts of fractional derivation,
then we dealt with presenting basic inequalities to study the stability of
solution of fractional differential systems, which is an important tool in the
study. We started from studying the stability of linear fractional differential
systems, then we moved on the studying the stability of nonlinear fractional
differential systems. After that, we studied the stability of the fractional
integro differential systems, explaining the necessary criteria for each study

separately. Then we supported these studies with illustrative examples.
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Semigroups on the Set of
Pythagorean Pentads

Researcher: Dr. Basel Hamdo Al-Arnous

Assistant Professor, Department of Mathematics — Faculty of Science — Homs
University.

Abstract
In this study, we define a closed operation * on the set of
Pythagorean pentads, denoted by PP, as follows:

Let (a.a,.8,,3,35),(b;.b,.b,,b,,b)ePP;.  We define the

following binary operation on PP, :

(al’aZ’a3’a4’a5)*(bl’bZ’b3’b4’b5):(Cl’CZ’C3’C4’CS)
Given that:
c,=ab,-ab,-ap,-ab,
c,=ab,+ab, +ab,—a,b, o, —ab,
c,=ab,+ab, +ab,-ab,
c,=ab,+ab, +ab,-apb,

Accordingly, (PPg,*) forms an algebraic structure.

Then, We prove that this structure constitutes a semigroup.

Keywords:

Pythagorean pentad, Pythagorean quadruple, Pythagorean triple, structure,
semigroup, identit.
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(11,3,5,6)*(~15,9,-3,13,22) =
(-80,48,~16,-92,132)
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A study on how to determine the optical
properties of chemical compounds by
guantum-chemistry:

Some cosmetic ingredients as examples
Prof. Dr. Adnan Kodlaa (*)

Abstract

In this work, it was demonstrated how to study the optical
properties of chemical compounds quantitatively by applying this to some
cosmetic ingredients. Two components of cosmetics were chosen, one of
which was acrylic acid during the calculations, in order to clarify how to
implement the working steps, and the other, during the discussion of
properties, was propylene glycol, in order to clarify how to discuss the
results. Application results showed:

- Both compounds are affected by light, as the quantum yield for acrylic
acid is (27%) and for propylene glycol (49%).

- Both compounds have the property of florescence, as violet
photoluminescence is observed in the case of acrylic acid at the
wavelength (404.54 nm), too violet photoluminescence is observed
in the case of propylene glycol at the wavelength (437.37 nm).

- Neither compound has the property of phosphorescence because it is
not possible for spin-orbit coupling to occur associated with
interference between the vibrational levels in the triple and single
states. This is not possible because the crossing energy between the
systems is very large, reaching (1.5556 eV) in the case of acrylic acid
while in the case of propylene glycol it reaches (2.4070 eV).

To ensure the reliability of the steps adopted and the accuracy of the

quantum method used, the visible-ultraviolet spectrum (UV-Vis spectrum)

as well as the infra-red spectrum (IR-spectrum) of propylene glycol were
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determined and compared with the returned experimental spectra, where
good agreement was found.

Keywords: Quantum chemistry, density functional theory , working
steps , optical properties fluorescence , phosphorescence |,
Jablonsky diagram , cosmetics , acrylic acid , propylene

glycol.
(*) Department of chemistry-Faculty of sciences — Albaath university-Homs , Syria
:(Introduction) dasial) -1

:(Preface) wgasi—1-1

felin lgies leelsl Ciliig cileliall 3 lagas DS 1y Asall ¢ Lall Cunl
Jreail) il paniie 2ad Y Jaaatll il pmatiie delicay AV anall Cilpastioaly leal)
Nsas dpmads dge o (goind Cum cpagl) sLall b 22353 S o Ll il aal 5as)
Gilatie e YY) Algh L Llasinly lesad FSY) dsall o 5L dsall aehy dbles
sSall (sing (LSl (e Adline Cilegana o (grind LSy Blon¥) B ddliaal) Jrenill
53l (10-15) cylasle aslsl)
O G sl el delall ¢ o (<6 e A8l palaial e bl Jelall o)
ALl Leatl ad calias dallem) gylih Vs B8 o g all liyiall (el aia) dagi
Sl pailiad o egall al A aeily ALY clinall ce S IS Abbasl
Ll gsiad) o @il o3 Ay mans Aph sk e MY OIS il

:(Basic concepts) dsubul amlia —2-1
:(Definitions) «iy s —1-2-1
oliall Jals pe Lan Y (Ludayes) Ldalies oS zlsed e 3l ipgill o
S L Tepall et Aasiad S e paalaiall daliadly LS
(s S el ) Ag SN )BY) 8 el o palal) oilaline g <) g La2y)
(100-1000 Jlsal cyam (cuslaliins el Gl (pe i (paaly oy eclippal
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.(Wavelengths of visible Light) il ssall zlsal Jlshl :(1) Jaad

Wavelength | Frequency | Photon energy

Color
(nm) (THz2) (eV)
[ violet | 380450 | 670-790 | 275-3.26
H oiue 450-485 | 620670 | 2.56-2.75

[Mcyan | 485-500 | 600-620 | 2.48-2.56
([ green | 500-565 | 530-600 | 219-2.48
[lyellow | 565-500 | 510-530 | 210-219
[orange| 590-625 | 480-510 | 1.98-2.10
B | 625750 | 400-480 | 165-198

wavelength
L 359 /M
= 400
= 450
= 500
= 550
= 600
= 650
=700
=750
= 800

V
Skailly cle ) ¢ peall 4ibesll HEVL Kt e baskll (o g8 A 1daigall o lial)
Cagl mlliadl 138 axdid Loges (sguall il cind aaad il 5Ll gl
lealsal Jlshal sl A madill (358 2a2Y) Galiaial (e Aa5U) Aikal) Do i)
slalia a5 & ansl s (100-400 nm)
&4l s sl £ UVC [100-280] , UVB [280-315] . UVA [315-400] }
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ALl e e @l iail o guall aladind o) ALY cliial) e aS IS8 4ikaslly
g Ugigh Lo Bja (i Lo 88015 Adled GLLI ST (40 52al (0
lesial 3l 48U () gAY Ciliial) pe calide JS3 Je ity iy SSIY) g e
o) Bslae B (8 o el A A Gyt o el Lgadad Aais Apal)
Bha Bsa b chad o oS Bl e pRi ) (s Daubea (JB dau
o (3amdl) 5l 5l Gy Ji) Lol mial e gm S (Apl5a¥) colela i) Slld JUia)
Ly 5 3Bl e lall 583 A8UaY Jagis 3) L Aglod) ASY J diiall sase Jal
S sap 38 Al D e Lol dalise 45 50 Ay el e b
saas Ll o1l L 50 3l i) Slie) oS LS Lo s ol Jolis
Bl Al e calian L daals dde i jailad Wy Lila

15 gual) L (Al Ailas)) Bl i) g |gi)

(photofragmentation) Photodissociation /gl <&l —
Photocycloaddition sl @laill —

Photoisomerization gl cSlall -

Photopolymerization s sall 3 eldl -

Photorearrangements il sale) —

Photo addition 4Lyl cdlelss -

Photosubstitution Jalill edlelss -

Photooxidation 4sigall 32.SY) -

Photoreduction  Jgall gla¥l -
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Sl b sl Jaal -

Ligall plasll A Ll cpilgil) —2-2-
:(The basic Laws in Photochemistry)

SV sl Abiaially A pualaasSl) VAT agdl Al foalie sac Gllia

Y (- Aipa ¢ 3)) Aea il of ([ (Max Plank Law) didy gusle (58 o
omlie 0S8 e e Laily o Slsdie S8 (saall) BBl jaas o) aial o LeiSa
Aaldal) o8 canlitig (ysial) ) oSl e (€) Al s Cilicline (e o
& lady) il e ik
(n=1,2,...) En:ns:nhv:nhcﬁzn¥

B

B
(h = 6.626 x 1073 J.s) aiay &lDL culi: h
(c=3x 10" cm.st) (sl deyu) g lady) Ll Aoy i C

el dage dsb: A ¢ asd ol Vo glatyl iy

Jelill ¢usy s Pl (Grotthuss—Draper) e —ulgis e s o
dsb 0 lise cpall dage Joha OIS 138 Lo sall aliaial iy (sl
e saslsn 8l 4l 0 Y5 el el Juany ¥ &jall Lpaiad ) davsal
Aagall Joha calidg ¢ guall g lad) () JUa
Mgal) asisi g g JS 2O (Stark-Einstein) cpiddi-diu ol o
S sl andg) GO Jelill dal e dah sasly L et & e Ll
o sk £ U1 8 (Albert Einstein) ¢utiinl <oyl U8 (e 48lis) & Cua ¢ S gl
Aanilly Wl cgalall ¢ guall 5l Bpuily amaa (sl 138 (o uall Al oS 3y dal
Ll 5y i MWie (Jelin Basy o ool oSay Agllal) A3l cld 5l dasy
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Usieal) DFT/B3LYP iy Gadat of cidil a8 smae cludyn of o okt e Y L g
Aac B Cile gana alaainly 13200 -l ddleidd) TD-DFT/B3LYP dagyla clliS (el oo
T ae (e dpag) CESA skl gl (Agiee lia) @l skl 8 elsn dibida
SMD Faall Gluddl)
33 (& eosd ¢ A3a ¢ 8)) Lddea e o(the Salvation Model based on Density)
ASsalina pally At Yy i) Gailadl) Cilumy mad Ll LS i) dle il e
o) 0sS) Al Lol Lede 33505 A gyl Jaall &l 2l gally Zam sl gallg A8 guially dualally
ApLEaY! Caai bl daliy Ghhl (e by ae 4l (lan Jisha sl
DFT/B3LYP/6-311+g(d,p) & Byl Alasiul ang et ¥ alee Ja lia
b Jaf e 22231 Gaussian09s P Gaussian03  lowsle galn 2l e Lysula
gl clipal) Jal e Sy (& 5 oSy Gang iy GsSlls Cang el
5L Lalall cdlabedl Ja) (e A @l Jal e AGL) @l 8 61 oans (e 4364l
Gaussian 09W , ) olimasle maly dand Craata dply Cilgaly yie Gugpaal SHall
s (& .- PlGaussView6.0 « P1GaussView5s.0) Jie (&) ... Gaussian 03W
sVl e gy 48y ST aleays IS Jaal) Joeaw 63 51 LAl e el 00 Bl
cildlanl) A Dl A gl cDlalaay Aalaiall Gl daliy O labeall Jlas) oL 8 dlaadl)
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Ay pglad) Al oaas daaly ddaa
Yags lise 2025 ale 12 2l 47 ol

o8 iad (R i Lbhan) Alead Lty W3l bl Banliy CSal) Jabs b aiia s
iyt o LS el Alla g Agaldll Ails 850 Jid Al 80 sy of A b Alla
5| ChemSketch11) A5l o)l el aal 5 dgalsll oda dasi wly (S5l
s)ChemBioDraw14
B 0S5 el dgalsll 8L e 4ialis 430 5 (e (.. 5| ChemBio3D Ultra 14
Aabiaall A caldlan) ) Al Lgie JS 8 <l pSIY) aae s Aabiaall Wbl gay Ll
(el g ag) e e B ARG Gy B
ARY) A (e sy 53 ((Spin_Multiplicity) SM
SM = 2S+1 (1)
(&) o osd ¢ Aia ¢ 5)Y) A paal) Aleall KN el D) aall Jig S G
AL (e g
S = ks ()

Clig SN ae Jiar K 5 (S = %) Lola aiady 0 5SOU ol 310 20l S Jiay Cam
g ) Aleall b (Applall) L4l
s A Sl 3 (50K 530 Slied

C (Z=6) : 1s? 2s? 2p?
oty Al el bt SM I o8 &b

2 |A+| | | ; SM=1 , Singlet
2p
2) [ATA] ] ; smM=3 , Triplet
2p
3) ITl |*|*|*| : SM=5 , Quintet
2s 2p
\3/4
Sp
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2Lkl 98 AailaanSl) il jall A guiall ailiadd) dyaas 48 4 o
ALl Jrandl) 3 ga il g8a (any

(SM = 3) deall a)sall o AL Al o Dl <Y Al

:(Working steps) Jasdl cijghad -2-11

ALY aen tdiendl) dse li€e aaf JEeS Al Jaall Gifglad ki 498 mungl
el dikpa gsme SHe sag (2-propenoic acid) Lad e «(Acrylic acid)
LS el cilaine ol Jpeatl) Clpaatione b & Lual) Glail aaiiiny (C3H402) (Aleaall)
AL ks (a5 lay KU Jie sl cudiy o

\)LOH

2-propenoic acid

Laldl) Dlal) o clizal) 3)5)) 5,5l laayly palaiey) Blh yaas -1-2-11
F(Aalad) Bl eyl L)

s Jand) Cifghad Y
an] Aaligs G psal) Sall Facal V1 A bl A sy o GuliDU Taie sdale Aaadle
O Jimiys) Lo auly adaing (... 5f GausView 51 Chembiooffice) dsbul cilgalsl
GsS O Qeaig) L alae e (MOI) £57 e ileS (M oS5 Sl anly ilal) 6

D il (Sily e pad o (el auly sl
I (Ground State) GS dulud! Alall b loadll digll dad) alay) 1 J6Y) 5 ghadl)
:M a4l (Infra-Red Spectrum) IR ¢lpeall ciat 2251 Cajla
é‘\:’ LS Jlany) cala gay O —
%chk=D:\ 1-M.chk

# opt freg=noraman b3lyp/6-311+g(d,p) scrf=(smd,solvent=Solvent-
name)
geom=connectivity

M : Opt + IR in Ground State

0 1
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Ay pglad) Al oaas daala dlaa
Yags glise 4 2025 als 12 23l 47 alaal)

teil LS DAY el o
SCF Done: E(RB3LYP) = ....... a.u. after ....cycles
Gy H(Br ogl) Bl Al 8 Sl g pSIy) AdS) ddall ag
coaliaiaY) Al Cilus 8 20308 Cisu e daill 030 Jiaas
LS Gl LI o 0585 o camy (e s ) Al Al g 180 3y —
# opt freg=noraman b3lyp/6-311+g(d,p) geom=connectivity
TD-DFT alasinly sylall Alall 1) Ll ) Al e 25g5al) 5)5) 4500 5hil)
pa aul (-M.chK) cald) s ay dgll sehadl) ) JEy) Jé cddaadle -
Lisy 25 Jae) GaussView dgals ik o= (.Mol) g3 (e calall x383 &5 ¢(2- M.chk)
0 Lale (Saving Gaussian Input File) o) sie 538U jelaié Jaa) (leS (2-M) iy
(A LA e 2
L;a\:\ LS Jlasy) cala oy oy —
%chk=D:\ 2-M.chk

# td=(nstates=6) rb3lyp/6-311+g(d,p) scrf=check guess=read
geom=check

M: Vertical excitation with linear response solvation
0 1
tal WS 2RV ek o g -
Excited State 1:  Singlet-A" ...eV. ..nm f=..

LS dga il LSl o 05 of Gany (e (s ) Aplad) Al S § 1l a5 —
# td=(nstates=6) rb3lyp/6-311+g(d,p) guess=read geom=check
odisha llii Ay 4 gend) 5EY) CV s dye g 1 AAAY Fghadl)
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1Lk o€ Auilassl) il pall 43 guial) ailiadl) st LA duf
ALl Jrandl) 3 ga il g8a (any

3 auly (1-M.chk) ald)l mus &y ZED sghall ) JEsY) J8 :ddadle -
Lis) & Jaas GaussView dgals ik e (mol) g5 e il xa8 &5 (3-M.chk)
lde (Saving Gaussian Input File) Olsime 33U el Jaal (el (3-M) auly
(A L) e oy 0 jld
tol LS Jlaay) cale san of cany -

%chk=D:\ 3-M.chk

# rb3lyp/6-311+g(d,p) scrf=(smd,solvent=Solvent-name,read)
geom=check
guess=read

M : prepare for state-specific non-eq solvation by saving the solvent
reaction field from the ground state
0 1
NonEg=write

-- link1 --

%chk=D:\ 3-M.chk

# td=(nstates=6, root=1) rb3lyp/6-311+g(d,p) geom=check
guess=read
scrf=(smd,solvent= Solvent-name,Externallteration,read)

M : read non-eq solvation from ground state and compute energy of
the first excited with the state-specific method

0 1
NonEg=read
el LS Yl ek o e -
After PCM corrections, the energy is ..... a.u.
dagdl) o3a Jiand any (B3 ) )l Allall 3 (Spall Ay 5OV A0S0 Z8ll
coabaia¥!) il Clus 8 aadid Cagu LY
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Ay pglad) Al oaas daala dlaa
Yags glise 4 2025 als 12 23l 47 alaal)

LS Apa bl LSl o 05 o Gang (e (s ) Aplad) Al o g 18l b —

# rb3lyp/6-311+g(d,p) geom=check guess=read

-- link1 --

# td=(nstates=6, root=1) rb3lyp/6-311+g(d,p) geom=check
guess=read

Ll Alla & TD-DFT aladinly 1591 8)tall Allall duxia cudgs sdag) ) 8 ghadl)
s aul (2- MehK) Gl s 2y Zaghll sshall 1) JEy) Jé cdbaadle -
Laaad 25 Jaed GaussView dgals @b oe(mol) ¢l (e cild) =iy & (4- M.chk)
ool Lele (Saving Gaussian Input File) o) sies 3380 jedaié Jua) CaleS (4-M) asly

é‘l-l LS Jlany) cala gay oy —
%chk=D:\ 4- M.chk

# opt=readfc td=(read,nstates=6,root=1) rb3lyp/6-311+g(d,p)
scrf=(smd,solvent=Solvent-name) guess=read = geom=modify

M : excited state opt
Modify geometry to break Cs symmetry since first excited state
is A"
0 1
pel WS ZhaY) ek of e -
Excited State 1:  Singlet-A" ....eV ....hm f=....

Total Energy, E(TD-HF/TD-KS) = ... a.u.
Al Aolid) (i sladl) A aa (.. €V) (V) 6yl Allal) A8Ua 45lie 255 Cgas
((05eV) Hslai¥ Lo SUll LT S o g i) Gl LoDl
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L) S AilaasSl) LS pall 43 gudall Qailiadl) apant 4 A
ALl Jrandl) 3 ga il g8a (any

LS Faliiall bl s (558 oF camy (e 05 o) Aplad) Al S g1 8y —
sl
# opt=readfc td=(read,nstates=6,root=1) rb3lyp/6-311+g(d,p) "
guess=read  geom=modify
(hadl) dpdgal) 5ylall Aladl 3 Ll (e oSED SI5aY) 505 cllua Slad) sAualad) 5 ghadl)
O 13) Lad Al sl pand cang Gl Jal ey AJEN) GV gaa) 8 L
ol o lind 138 5 AIEEY) SV ) gan) (8 S pall )5S s L) gl sy el
apaa &l e Jpasll Jlagy) cale
A auly (4-M.ChK) Cald) Fus i dlal) seladll ) Jluyl J8 ilasdle -
Lis) 35 Jaed GaussView 4eals Gab oo (Mol) g5 e calall i) &5 ¢(5- M.chk)
lde (Saving Gaussian Input File) ol sixs 3380 jedaié Ja) alS (5- M) auly
A LAl Jadi oy 0 jld
ol LS JAy) Gile o of oy -
%chk=D:\ 5- M.chk "

# freg=noraman td=(read, nstates=6, root=1) b3lyp/6-311+g(d,p)
scrf=(smd,solvent= Solvent-name) guess=read geom=check

M : excited state Vibrational fqg

01
daalye Lle Al ST S lalaa) il Jla 85 Aunse lIFRY) a asea of S Caay -
LS (goal dayyhay 5yl Alal) 4l Clua Lde Yl ais e cllaall salely Jlasy) il
NER PR
Pl LS Aaliaal) LK e 585 o cany (e 05 o) Al Al Ly —
# freg=noraman td=(read, nstates=6, root=1)  b3lyp/6-311+g(d,p)
guess=read geom=check

(LG Cuddl) Hlaayl Al Capags tdwald) ghil)

(6- wa auls (5- M.chk) calall gews &y daolid) sgladll ) JWsy) U8 ¢ ddasdla —

28 & uselal) sshaall & (5- M.chk) caldl e Jlasy) aabin clluall (d M.chk)
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Ay pglad) Al oaas daala dlaa
Yags glise 4 2025 als 12 22 47 alaall

Al (6- M) auls Lais) 2 Jas) GaussView dgals ik oe ((mol) g5l (e aldl
A LAl J=8) 05l Lede (Saving Gaussian Input File) o) s 3380 jedaia Jla|

L;\LJ LS Jlany) cala gay O g —
%chk=D:\ 6- M.chk

# td=(read,nstates=6,root=1) b3lyp/6-311+g(d,p)
scrf=(smd,solvent=Solvent-name,Externallteration,read) guess=read
geom=check

M : emission state-specific solvation at first excited state optimized
geometry

01
NonEg=write
t ol WS 2 haY) ek of s -
After PCM corrections, the energy is ..... a.u
Cogos Ll Laiill 038 Jonass Cany (B ) aSpall 20K 335 pSIY) 28U 4
Byslally Hlaal) A8la lua 3 anaild
LS Apabitall LSl o 0585 O Gang (e s ) Apladl A S 18l g -
# td=(read,nstates=6,root=1) b3lyp/6-311+g(d,p) guess=read
geom=check

gl 5ladl) Aais lgad & Bshadll o8 A of Ll
(Sl Ala) Algal) Apalal) sl ) laual) dagleal) 5 ghadl
sl (6- MChK) Caladl s 2y daglid) s5laal) L)) JE) Jé rdlasdle -
& bl sohall 3 (6- M.chk) caldl (e Jlasy) 3 clluall ol (7- M.chk)
auly Laisny 2 Jaad GaussView  dgals vk oo (mol) gl e caldl iy
&b (el Wede (Saving Gaussian Input File) o) s 3380 jelaié Jia) caleS (7-M)
P | RN g e
‘;\Lj LS Jlany) cala gay oy —
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L) S AilaasSl) LS pall 43 gudall Qailiadl) apant 4 A
ALl Jrandl) 3 ga il g8a (any

%chk=D:\ 7- M.chk

# b3lyp/6-311+g(d,p) scrf=(smd,solvent=Solvent-name,read)
guess=read
geom=check

M : emission state-specific solvation at first excited state optimized
geometry

0 1
NonEqg=read
il LS DAY Dedas o s —
SCF Done: E(RB3LYP)= ..... a.. after ... cycles
Cogos Ll Laill 38 Jinass Cany (E7 ) oS all g IY1 400 G3LAD)
Byslally Hlaal) A8la lua 3 anaild
LS Apabitall LSl o 09585 O Gang (e s ) Aplad) A g 18 b —
# b3lyp/6-311+g(d,p) guess=read geom=check

sclluad) LG

ALY paes o Al deadl clgha Gulai & Glleall el 489S muagl

alaaiuly (Solvent-name=Acetonitrile) —wiS Jisi siad 2580 (M=Acrylic acid)

:(6-311++9(2d,p)) dacldll de ganall

& ) Adsall claagl) dlea ) 5 (€V) ) Ay pSY) ASH clilall af et 2 -1
: S WS ¢ kd/mol

1a.u. =1Hartree = 27.2 eV = 27.2 x 23.0702 kcal/mol
= 27.2x23.0702 x 4.18 kJ/mol = 2622.989 kJ/mol

P(AED 3kl ey IV 55kl () PRI b pabaia¥) A8l Clua -2
€ = hv = |E,-E;|=|-4.8199| eV =4.8199 eV

absorption absorption

P(Lpadl 5By AU ¢ gl ) (aiad) ¢ sual) daga Jsh ilus =3
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Ay ?JM\M oaas daaly ddaa

Yags lise 2025 ale 12 2l 47 ol

€ =hv =h—C
absorpion absorpion ;\,absorpion

— 3 =_NC 25724 m

absorpion sabsorpion
sdahll sshaall ) Asbla¥) dsl S el Y15yt Al Al s —4
... = & = 3.6007 eV
adiabatic

first excited singlet state

Excited State 1: Singlet-A™ 3.6007 eV 344.34 nm =0.0001
<S§**2>=0.000

P(Ambd) Bladl) 5 Acalid) skadl) () 3yskaIL laal) Adls lua =5

g = hv"  =|E -E,|=[+3.0649eV = 3.0649 eV

emission emission
Aalks alay) oS AU S Alal) g ls IV 5ylal) Allall A8l slay) s s B
(Al Al 3 S) Bl e V15 Al

= g@) = e + g (5,)=3.0649 +0.4647 = 3.5296 eV

adiabatic -
emission freq
'SJ)NL& )JLAX\ ¢ pall A g d}k wlus —6
WF = NC —40454 nm
Byl 35350 lua =7
SF
QF = emission _ 30649 _
e 4.8199
absorption
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2Lkl 98 AailaanSl) il jall A guiall ailiadd) dyaas 48 4 o
ALl Jrandl) 3 ga il g8a (any

Sl Ay SV Al jaus) Jasdill 8 Craadiinly Agjall Lghuatial ) A8l Gilua —8
talal Alall & (Lgall gl

e = & - & = 1.2903 eV

activation absorption adiabatic

2Bl 2 gayall Gl =9

&
Qs_m: %: 0.268
s 4.8199
absorption

oar ge (bl pshall () Aadid) Alall (4 shadll el (e 43l -10
P Bshadd) () Apulu) Al 8 skl Jlal)
H( Ay Bshall (e) Apulul) Al 8 skl Jlaall page —
€ = \ELUMO - EHOMO\ =6.3036 eV
(A sslaall () Aladad) Al & shaaall Jlaall mpe -
€ = \ELUMO - EHOMO\ =5.0132 eV
Jadll (mpe padss ) ol 8 gl o sl .(-1.2904 6V) Legin @Al of a3 —
Aty (agyaall CSGall Al saly ol 4l 6 L(20.5 % ) Llaiay slasll
(20.5 %)
G W o ae (Ll 3shaal) () Aniiall sl 3 Qi) S e 4jlae —11
P(dsY) 8shaal) () Laulu) Al
() Bshaall ) Al Alad) 8 QUadY) 5L L -
M, = 2927 Debye
PRl B5ladll () Adaiall Aladl 3 QUaEY) LS a5e -
M, =4.352 Debye
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Ay pglad) Al oaas daaly ddaa
Yass clise 4] 2025 als 12 2221 47 alaal)

S e saly ) ol 3 epnll of Gl L(1.425 Debye) Legin Gl of ass -
sty Gugpddl el Al 5ol ) ol ol L(48.7 %) e Ul
.(48.7 %)
Loale) Al e cligiad) 5)5)) Bhudlly Jlaa¥) 5 pabaiad) Bls yaas -2-2-11
(AN 3yl cylal) )
: Jaad) 43yl —Ys
b LS (Rl — Al ¢ Al Jeall lglat sale) S5 s piudlly s dila ddjeal
sdlay) clile Je EBLaall sy e ha) ae ALl 3)l)
toily LS A0 Bghaddl A JAY) Cila gay Cua
%chk=D:\ 2-M.chk
# td=(nstates=6) ub3lyp/6-311+g(d,p) scrf=check guess=read
geom=check

M : Vertical excitation triplet states
0 3

il L An) 35l
%chk=D:\ 4-M.chk

# td=(nstates=6,root=1,read) ub3lyp/6-311+g(d,p)
scrf=(smd,solvent=Solvent-name) guess=read geom=modify
opt=readfc

M : exited triplet state optimization

0 3
ol LS Aaldl] 5 ghadl)y
%chk=D:\ 5-M.chk

# freg=noraman td=(nstates=6,root=1,read) b3lyp/6-311+g(d,p)
scrf=(smd,solvent= Solvent-name) guess=read geom=check

M : excited triplet-state Vibrational Fq
0 3

75



2Lkl 98 AailaanSl) il jall A guiall ailiadd) dyaas 48 4 o
ALl Jrandl) 3 ga il g8a (any

il LaS Aaalid) 5 ghadllg
%chk=D:\ 6- M.chk
# td=(nstates=6,root=1,read) b3lyp/6-311+g(d,p)

scrf=(smd,solvent=Solvent-name,Externallteration,read) guess=read
geom=check

M : emission state-specific solvation at first excited state optimized
geometry

0o 3

NonEqg=write

il LS Aaglidl) 5 ghadl)y
%chk=D:\ 7- M.chk
# b3lyp/6-311+g(d,p) scrf=(smd,solvent=Solvent-name,read)

guess=read
geom=check

M : emission state-specific solvation at first excited state optimized
geometry

0 3
NonEqg=read

seblaal) Wil

ALY Gaes o Al deedl Glgha Gald 5 Glliad)l chal 488 maagil

(Solvent-name=Acetonitrile) i< Jijii il 255 (M=Acrylic acid)

- (6-311++9(2d,p)) e ldl) de gandl aladiuly

S l) Al chasgll Aas ) 5l (€V) (Y g Y G lBlal) o Jigas i — 1
: Sl WS kd/mol

1a.u. =1Hartree = 27.2 eV = 27.2 x 23.0702 kcal/mol
= 27.2x23.0702 x 4.18 kJ/mol = 2622.989 kJ/mol
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Ay ?JM\M oaas daaly ddaa

Yags lise 2025 ale 12 2l 47 ol
(Rl 351aa)) 5 sl 35lasl (4a) Bl jlaal) 3l Glua —2
g = hv"  =|E,-E,| =[+0.5744|eV = 0.5744 eV
emission emission
'&)s.us!h JJLAM C-}-\AS\ KA}A djja k_ﬂ.ua; -3
hc
AP = ————=2158.51 nm
emission o
emission

30l 35310 il —4

Ph

&
QPh — emission = _ 0.5744 = 0.12

s 4.8199

absorption

P(Aahll sshall () AsUlaY) Al o AN 1Y) 55 Al Gl Qles =5

PN 16V 8)tal) Adlad) slayl Lia 2y
Excited State 1: 3.010-A"™ -0.9897eV -1252.75 nm f=-0.0000
<S**2>=2.016
oyl oSad A ) Aalal) elgn (S 3Gl A Adl alay a3 s (B gpy
(A A 8 D) DA e V) 5l Ala)) 43l

= &T) = e+ g (5) =0.5744+0.4674 = 1.0418 eV

adiabatic -
emission freq

PO — e Y AU A8 ) AalalY) G sl A8l Clus —6

=gs)-[em+e m)]

freq

=3.5296 - [1.0418 + 0.4675] = 2.0203 eV

intersystem crossing

oSauiglila hahia -3-2-11
: el Jaled (Sp) Al Al a8l

(e = 00¢eV)

ground state

77
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ALl Jrandl) 3 ga il g8a (any

sl Al 8 4p505aY) Clygul) -

Frequencies -- 99.6616 283.2471 482.2406
Frequencies -- 534.1493 565.8305 586.6724
Frequencies -- 837.1164 838.0763 1015.6377
Frequencies -- 1026.1913 1032.9170 1196.440
Frequencies -- 1316.5075 1364.9944 1444.6422
Frequencies -- 1671.0551 1733.5243 3153.1550
Frequencies -- 3185.8232 3242.4496 3748.4659

3748.4659 cm:l= 2667.76 nm =0.4647 eV
1733.5243 cmd = 1233.74 nm =0.2149 eV
:(S1) a1 AN 5y Ala) sl -

( €() = 3.5296 eV )

first excited singlet state

Excited State 1. Singlet-?Sym 3.6007 eV 344.34 nm f=0.0001
<S**2>=0.000

Allall oda 8 3 Y) clygad) dually jaeall Jaledy
a1 Y1 5yl Allal 3 lpa Y] clsad) —

Frequencies -- -45.9798 223.1984 239.7439

Frequencies -- 414.7571 419.2538 568.3987

Frequencies -- 572.0217 678.5184 852.3595

Frequencies -- 886.3429 1019.7641 1157.2669
Frequencies -- 1231.5076 1278.0153 1367.1411
Frequencies -- 1488.6216 1622.4559 3165.4976
Frequencies -- 3182.0061 3261.6579 3740.7663

3740.766 cm2 = 2673.25 nm =0.4638 eV
1622.4559 cm- = 1154.69 nm =0.2011 eV

2(T1) i) I8N 5, Alal) 8. —
( - "9 ®)

(&m) = 1.0418 eV )

first excited triplet state

Excited State 1: 3.010-?Sym -0.9897 eV -1252.76 nm f=-0.0000

<S§**2>=2.016
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Ay pglad) Al oaas daaly ddaa
Yass clise 4] 2025 als 12 2221 47 alaal)

Allall oda 8 30 Y) clgad] dually jiall daledy
DA 1Y) 5)Eal Allal) 6 dyipay) calsadl —

Frequencies -- -487.6826 152.2332 211.8206
Frequencies -- 250.1663 505.8970 543.5833
Frequencies -- 631.3712 639.6549 810.6789
Frequencies -- 861.7500 986.9526 1063.0995
Frequencies -- 1215.0417 1319.4104 1405.3142
Frequencies -- 1453.8203 1664.3757 3181.6230
Frequencies -- 3230.2617 3302.2478 3770.4928

3770.4928 cmL = 2652.17 nm = 0.4675 eV
1405.3142 cm=L = 1000.15 nm =0.1742 eV

Energy [eV]

A
6 1 5 Vibraional Relaxation
5 '------‘[-- S2 —
Internal Conversion
4 2 Y
S 1 =
------ - ¥/ 2 Q,
31 3 h’e"s Ses, .
= = Vstq, pl,,
S 3 w ~O,,
2 2 Fner y of osgy bi
2 1 = @ irst Heded 7
o - singlet state ,
@« = pu—
= _— e pr—
enc! 1
1 < h“ Phosphoresc - F . 0 Tl
Crossin nergy o
= e B Sl
0 SO [ e L L L L L

:(Results and Discussion) 4déliallg gl — 111

dsSide galusy Dl 2 A4l deall clshd Guli < A0l 44S muagl
-Jaeaill alse il e 228 (Propylene glycol)
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Optimizing Linear Modeling for Ordinal and Nominal
Data Using a Novel Algorithm

Fatima Shallaf*

Abstract

This study aims to develop an effective algorithm for selecting the most appropriate linear
model for analyzing ordinal data measured using the Likert scale. The approach involves
transforming the ordinal data into quantitative data suitable for statistical analysis using the
Categorical Principal Components Analysis (CATPCA) technique. This method allows for
the conversion of nominal and ordinal variables into quantitative forms while preserving
linear relationships among variables, enabling the evaluation of different linear models
within a panel data framework.

The proposed algorithm was applied to data from small-scale projects in Homs city and its
countryside, with a focus on the social and financial dimensions. The ordinal data were
transformed using CATPCA, followed by testing three panel data models—pooled, fixed
effects, and random effects—to determine the most efficient one.

The results indicated that the pooled model was the most suitable. A strong positive
relationship was found between the social dimension and the first financial component,
associated with profit, sustainability, and investment orientation. A positive effect was also
observed for the component related to expansion and strategic success, while a negative
effect was noted for the purely evaluative financial component. These findings highlight
the importance of sustainable financial performance and strategic growth in maximizing
the social impact of small enterprises.

Keywords: Categorical Data, Ordinal Data, Nominal Data, Categorical Principal
Components Analysis (CATPCA), Panel Data Models, Fixed Effects Model,
Likert Scale, Linear Model Selection, Small Enterprises, Social and Financial

Dimensions
*Teacher, Dept. of Mathematical Statistics, Faculty of Science, Homs University.
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Numerical Solution for Fokker-Planck
Equation by Using Boundary Element
Method (BEM).

Dr. Berlant Sabri Mattit

Baraa Hassan Alkhaled

Abstract
In this article, a study is presented on the numerical solutions of the linear
Fokker-Planck equation in two dimensions using the Boundary Element
Method (BEM).
This method relies on analyzing the boundaries of the studied region
without the need to discretize the entire internal area, which can offer more
efficient computations in some cases compared to techniques like the
Finite Element Method (FEM).
The effectiveness of the method in finding approximate solutions is
demonstrated by applying it to the Fokker-Planck equation and apply it in
the MATLAB program R2019a.

Key words: Partial differential equations, linear Fokker-Planck Equation,
boundary element method, integral equation, shape function, Dirichlet
boundary conditions, Neumann boundary conditions, Green’s function.
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tsde Juand ((4dim bayd) P(xy, yp,t) = 0 of Layg

4
Z q(xil Yis t)G(xlr 4T tlxi! yl) =0

i=1
45352 sl vie cillall (a5 2y
paie U9 G Ay la .4
2 jemiadl ) Al P, ssiad i
1 (0—2)2 + (0 —1)2
6(0,0121) =————exp | —
(0,012,1) 4n*0.707eXp< 4% 0.707
6(0,012,1) = —— ( )—0019
e = 0707 P\ " 2828) T
1 aiall ) Al Py saBall aie
6(0.110,0) — 1 (0—0)% + (1 - 0)?
A = 0707 P 4%0.707
G(0,012,1) = ! ( )—0079
e = w0707 P\ T 2828) T

Aigylal) ity ) L il S
tiahall deall areat .5
idgha CYaleas dlea (8 lgzand ¢ paie JS die 3aie JSI pnpe Al al Glus 2ag
a11G; + Q1292 + A13q3 + 149, = Py
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o\

+ O

Az1q1 + A32q2 + Ay3Q3 + 049, = P,
A31q1 + A32q, + A33G3 + A34q4 = P
A41q1 + A42q, + Ay43q3 + A4eqs = Py

Aol & puan) DIl Aagiye e o @ Cam
1q, + 0.079q, + 0.019¢; + 0.027q, = 0 sl
0.079q; + 1q, + 0.027g;5 + 0.019q, = 100
0.019q, + 0.027q, + 1g5 + 0.079q, = 100
0.027q, + 0.019q, + 0.079q; + 1q, = 0
A8 sl CDEN 35030 Windi Gy = Apy = Qg3 = gy = 1

5q3 5qz 3Gy &b o Jsanll Jadll juall of Zapll aladinly dleall 38 Ja oS
:Matlab alasiuly 2l Lasgl 35 .q,

q, = —9.394,q, = 98.235,q5; = 98.235,q, = —9.394
e =i, R? iymall Clagall (slE DA (e Wadl) uyxi Cagus
Ol (8 Al adll (agsaiy ALl Sl A gy 5 G5 5 G 5 G1 s
 waliall 2aad Loually Agde ies ) ey = 0.0532810995 :of Laay i)
A5 ldaral) aan Jialy asts Cua odlef agall Jliall Matlab galiy (V) asis
slaaall Laall T g pally 3Ll JUall & dsiasal
Constants
= 0.707; % Assuming D x = D y = 0.5

= 1; % Example time point
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[e)

% Number of boundary elements (4 corners in this
simple case)

num elements = 4;

% Define boundary points (corners of the
rectangle)

x boundary = [0, 0, 2, 2];

y boundary = [0, 1, 1, O0];

% Initialize the coefficient matrix A and vector Db
A = zeros (num elements);

b = [0; 100; 100, 0]; % Boundary conditions as

given
% Define Green's function for Fokker-Planck in 2D
G = @(xl, yl, x2, y2) (1/(4*pi*D*t)) * exp (- ((x1l-
x2) "2 + (yl-y2)"2)/(4*D*t));
% Populate matrix A using Green's function
for 1 = l:num elements
for j = l:num elements
if 1 == 3
A(i, j) = 1; % Diagonal elements
(handling singularity)
else
A(i, j) = G(x boundary (i),
y boundary (i), x boundary(j), y boundary(j)):
end
end
end
% Solve the linear system A*g = b
g = A\b;
% Display the result
disp('The solution vector g is:');
disp(q);
% Visualization
figure;
scatter (x boundary, y boundary, 100, g, 'filled');
colorbar;
title ('BEM Solution for the Fokker-Planck Equation
(q) ")
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xlabel ('x");
ylabel ('y'");

1(2) Jba .7
S palic sae Aliey 80 Galud) JB a2 Cig
(Adhise Adass 12) ddlisal) d5liiia 3323 16 ) (1,2) Y (0,0) Jidiiasall 390 apasiy o st
:(2,0) Akl Y (0,0) ddaiall (pe xiah rddand) d3ls))
(0,0), (0.0667,0), (0.13333,0), (2.0)
Ogsbas ddlall oda o adll o & duag jiall Baall Jag yuills
2(2,1) Al Y (2,0) Adaiall (pe 2idi 1 el bl
(2,0, (2,0.3333), (2,0.6667), (2.1)

13 Aala oaa Jsba e 100 ) 0 oo Glad 2lagi aill of o diag i) Laall Loyl
[0, 33.33, 66.67, 100] _» Al

:(0,1) adaaall ) (2,1) Adaiill (o i dylal) dala)

(2,1), (1.3333,1), (0.6667.1), (0.1)

10050 Aalall s3a e al) o & duag jiall daall Jag il
:(0,0) sl ) (0,1) Al (e i 2g pul] Zila)

(0,1), (0,0.6667), (0,0.3333), (0,0)
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13 sl oda Jsha e 100 3 0 e Ll (miass il o & L gjiaall paall Lyl
[100, 66.67, 33.33, 0] »

BEM Solution for the Fokker-Planck Equation with D=0.707 and 16 Beundary Elements
1

(2) Jlall Apaal) paliall Agyyha aladinly @Dy S8 Aalae Ja 1(2) JS5
P opaie JST e Ay Gl
bl a3 G(x, y, tX, ¥, 1) e Adla das

1 (x; — xj)z + (v — y]_)z

4mtD(t —t") exp(= 4D(t —t") )

Ay = G(x, yu t|x;, y;t') =

D = /DZ+DZ =052 + 052 = 2 = 0.707 ¢

(e, y1) = (0,0) 5(x2,¥5) = (0.6667,0) ¢ peaiall Clusal Ylia 22l

1
G(0,0|06667,0) = mexp <—

1 0.4444

= 3885 e 2828 = (.0961

(0 — 0.6667)% + (0 — 0)?
4 x0.707
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(x2,y2) = (0.66667,0) 5(x4,¥4) = (2,0) : pmaiall Qlusls

(0.6667 — 0)2 + (2 — o)2>

1
G(0.6667,0[2,0) = ————exp <_ 4% 0.707

1 1.7778

= 8885 e 2828 = (0.0600

(x3,y3) = (1.3333,0) 5(x7,¥7) = (2,0.6667) : yainl Slualy

G(1.3333,0/2,0.6667)
1 (2 — 1.3333)% + (0.6667 — 0)?
~an+0.707°%P 4 %0707

1 0.8888

= 8.8856_m = 0.822

(a0, ya) = (2,0) 5(x6,y6) = (2,0.3333)  :_juainll lualy

6(2,012,0.3333) = —— (2 -2)* +(0.3333 - 0)°
ST T 0707 P 170707

1 0.1111

= 5885 e 2828 = (.1082

Agphall Gl jealiall AL JeSiy
tha OValee Adea e Jians juaie K g Al Glaa 2ny
t oY) Aabad)

q, + 0.0962q, + 0.0600g; + 0.0274q, + 0.0274q; + 0.0263¢,
+0.0234q, + 0.0192q, + 0.0192g, + 0.0421q,,
+0.0675¢,, + 0.0790q,, + 0.0790q,5 + 0.0962¢,,
+0.1082¢,5 + 0.1126g,, = 0
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4 Asledl)

0.0962q, + g, + 0.0962¢5 + 0.0600q, + 0.0600g; + 0.0577q,
+0.0513g, + 0.0421q5 + 0.0421g, + 0.067544,
+0.0790g,, + 0.0675¢,, + 0.0675q,5 + 0.0822q,
+0.0925¢,5 + 0.0962¢,, = 0

<A Adalald)

0.0600q, + 0.0962q, + g5 + 0.096g, + 0.0962¢= + 0.0925¢,
+0.0822g, + 0.0675¢5 + 0.0675g, + 0.0790q,
+0.0675q,, + 0.0421q,, + 0.0421q,5 + 0.0513q,
+0.0577¢45 + 0.0600g,, = 0

1aa)yll Adalall

0.0274q, + 0.0600g, + 0.0962q5 + q, + 0.1126q; + 0.1082q,
+0.0962¢, + 0.0790¢5 + 0.0790g, + 0.0675¢4,
+0.0421qy, + 0.0192q,, + 0.0192¢,5 + 0.0234q,,
+0.0263¢;5 + 0.0274q,, = 0

tda &) Adaladd)

0.0274q, + 0.0600g, + 0.0962q; + 0.1126q, + g5 + 0.1082q,
+0.0962g, + 0.0790¢5 + 0.0790q, + 0.0675¢4,
+0.0421qgy, + 0.0192q,, + 0.0192¢,5 + 0.0234q,,
+0.0263¢;5 + 0.0274q,, = 0

sdald) ddaled)
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0.0263q, + 0.0577g, + 0.0925q; + 0.1082q, + 0.1082gs + g,
+0.1082g, + 0.0962g5 + 0.0962g, + 0.082244,
+0.0513q,, + 0.0234q,, + 0.0234q,5 + 0.0263q4,
+0.0274q,5 + 0.0263q,, = 33.33

Aaslod) Alabeall

0.0234q, + 0.0513¢, + 0.0822q5 + 0.0962q, + 0.0962¢= + 0.1082¢,
+ g, + 0.1082g, + 0.1082q, + 0.0925g,, + 0.0577q,,
+0.0263q,, + 0.0263q,5 + 0.0274q,, + 0.0263q5
+0.0234q,, = 66.67

141l alad)

0.0192¢, + 0.0421¢, + 0.0675q5 + 0.0790q, + 0.0790gs + 0.0962¢,
+0.1082q, + g5 + 0.1126g, + 0.0962q,, + 0.06000g,
+0.0274q,, + 0.0274q,5 + 0.0263q,, + 0.0234q;:
+0.0192g,, = 100

sdanlll) ddaled)

0.0192q, + 0.0421g, + 0.0675g5 + 0.0790q, + 0.0790gs + 0.0962¢,
+0.1082q, + 0.1126¢5 + go + 0.0962q,, + 0.0600q,,
+0.0274q,, + 0.0274q,5 + 0.0263G, + 0.0234q;
+0.0192q,, = 100

13 ydlad) dlalal)

0.0421q, + 0.0675g, + 0.0790g5 + 0.0675q, + 0.0675qs + 0.0822¢,
+0.0925¢, + 0.0962¢5 + 0.0962q, + g1 + 0.0962q,,
+0.0600q,, + 0.0600q,5 + 0.0577g4 + 0.0513q,5
+0.0421q,¢ = 100
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yde alall daleall

0.0675q, + 0.0790q, + 0.0675q5 + 0.0421q, + 0.0421gs + 0.0513¢,
+0.0577q, + 0.0600gg + 0.0600q, + 0.0962¢,0 + 11
+0.0962q,, + 0.0962q,5 + 0.0925q,, + 0.08224,:
+0.0675q,, = 100

Byde Al Adaleal)

0.0790q, + 0.0675q, + 0.0421q5 + 0.0192q, + 0.0192gs + 0.02344,
+0.0263q, + 0.0274q5 + 0.0274q, + 0.0600q,
+0.0962q4; + g1 + 0.1126¢,5 + 0.1082q,, + 0.0962q,5
+0.0790g,, = 100

5yde ZAIAN Adalall

0.0790q, + 0.0675¢, + 0.0421q5 + 0.0192g, + 0.0192¢- + 0.0234¢,
+0.0263¢q, + 0.0274qg + 0.0274g, + 0.0600q,,
+00962¢y, + 0.11264;, + gq3 + 0.1082q,, + 0.0962¢;5
+0.0790g,, = 100

Bydie daa)yll Aaladl)

0.0962q, + 0.0822g, + 0.0513¢; + 0.0234q, + 0.0234qs + 0.0263q,
+0.0274q, + 0.0263gg + 0.0263¢, + 0.0577¢4,
+0.0925q,, + 0.1082q,, + 0.1082q,5 + q14 + 0.1082q,<
+0.0962q,, = 66.67

Byde A Al Aalall

0.1082q, + 0.925q, + 0.0577q5 + 0.0263q, + 0.026qs + 0.0274q, +
0.0263q, + 0.0234¢5 + 0.0234q, + 0.0513q,, + 0.0822q,, +

0.0962¢,, + 0.0962¢,5 + 0.10824,, + q;5 + 0.1082¢,, = 33.33
131



(BEM) &3aal) jualiad) 43y )k aladiuls Fokker-Planck astaal gasd) Jal)

5 puie daalial) Aldlel)

0.1126q, + 0.09624, + 0.0600q5 + 0.0274q, + 0.0274qs + 0.0263q,
+0.0234q, + 0.0192g5 + 0.0192g, + 0.0421¢,
+0.0675q,, + 0.0790q,, + 0.0790q,5 + 0.0962q,
+0.1082q,< + g6 = 0

5q6 595 594 593 5q2 5q1 a8 Ao Jsanll Anapll aladiuly dlaall oda s (Say

e‘ﬁiiw\-.’ e:‘ﬁ\ UJ.A}T Bs.016 5915 5914 5913 5912 5911 5910 599 598 547

:Matlab

g, = —21.4750,q, = —24.9202 g5 = —24.9202,
q. = —21.4750,q; = —21.4750 g, = 9.3386 ,
g, = 41.6115 ,q5 = 76.4767 ,qo = 76.4767,
10 = 70.2191, g4, = 70.2191,q,, = 76.4767,
13 = 76.4767 ,q1, = 41.6115, g, = 9.3386,
Gie = —21.4750

e =2, R? iymall Clagall (5lE DA (e Wadl) uyxi Cagus
5912 5911 5910 599 598 597 596 595 594 543 542 51 G2 ==

Las g alad) o 0lall 8 Aaslil) adll omg gty ALl cVaall & Q16 5 Q15 514 5 Q13
alindl 2ae 3y LS el el o sl e, = 0.0478539445 :f

AB Yy bl pan JUEal asil G el masall JUall Matlab galiy oY) adis
slasall Zpaall T g pally 3l JUall & daia sl

o\

Constants

= 0.707; Diffusion coefficient
= 1; % Time point

Number of boundary elements

oe

o+ T
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num elements = 16;

% Define boundary points (4 points on each edge of
the rectangle)

% Here we use 4 points per edge to total 16 points

num_points edge = 4; % Number of points per edge
% Define x and y boundary coordinates
x boundary = [linspace (0, 2, num points edge),

2*ones (1, num points edge),
linspace (2, 0, num points edge),
zeros (1, num points edge)];

y boundary = [zeros(l, num points edge),
linspace (0, 1, num points edge),
ones (1, num points edge),
linspace (1, 0, num points edge)];

% Check if the lengths are correct

if length(x boundary) ~= num elements ||
length (y boundary) ~= num elements
error ('The length of x boundary or y boundary
does not match num elements.');
end
% Initialize the coefficient matrix A and vector

zeros (num_ elements) ;

zeros (num_elements, 1);
% Set boundary conditions:
Bottom edge: P = 0
Right edge: P varies linearly from 0 to 100
Top edge: P = 100
Left edge: P varies linearly from 100 to O
b(l:num points edge) = 0; % Bottom edge
b (num points edge+l:2*num points edge) =
linspace (0, 100, num points edge); % Right edge

o°® o° o© oy o
I

o\°

b (2*num points edge+l:3*num points edge) = 100; %
Top edge

b (3*num points edge+l:end) = linspace (100, O,

num points edge); % Left edge

% Define Green's function for Fokker-Planck in 2D
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G = @(xl, yl, %2, y2) (1/(4*pi*D*t)) * exp(-((xl-
x2) "2 + (yl-y2)"2)/(4*D*t));

Q

% Populate matrix A using Green's function

for 1 = l:num elements
for j = l:num elements
if 1 == 3
A(i, j) = 1; % Handling diagonal
elements (self-interaction)
else
A(i, j) = G(x boundary (i),
y boundary (i), x boundary(j), y boundary(Jj)):;
end
end
end
% Solve the linear system A*g = b
g = A\b;
% Display the result
disp ('The solution vector g is:');
disp(q);
% Visualization
figure;

scatter (x boundary, y boundary, 100, g, 'filled');
colorbar;

title ('BEM Solution for the Fokker-Planck Equation
with D=0.707 and 16 Boundary Elements');

xlabel ('x"');

ylabel ("y');

:lgidiliag ilidl) .8

aladinly ey 8 kil Fokker—Planck dalas Jal d4pa)ylsa ol Alliall 028 o3 Lied a3
Y aleall Ja o 3500 LY Glldg dled diyyke et dayyhal) oda g (BEM diaall jealiall 44yl
e oy LS adf LY LSy old bl Jall g ol o) dalas cddadl) Ajall dlalil)
Ja e ey dbianl) Ll Gk Zaeal (535 s ey ¢33 Adphll Ciasal jealial
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B L il o Ll ciaaall Al 8 Ll LS alal) Lgiay Leidlad y Jilsal) s
.R2019a da.ill Matlab zaliy aladinly leasea o

scluagilly claliiiay) .9

e IS 32l Apal) pualiall diph culglad o V) il Do) mitl Adld e a2l
Oo g5l 138 Ageia oy ¢ SST BEN Jall e Lggll WIS jalial) aae ol LS8 gl
e ST o e didaey ST akae daal) dag i) cuilSy Jadas ST JKAN IS 13) Jiledd)
sl adag (Agiial) Aplialinl) Alslaall dipa A dasanal) e gl axe 2 S e DY

) LS () Aaalal) LY lEe 8 Lgalaihy o g LIS
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AStudy on the Stability of Coupled
Nonlinear Dynamical Systems With Fixed
Topologie

*Nsreen Alasaad,** Mouhammad Alali,*** Abd Albaset Alkhateb

This chapter studies the stability properties of coupled nonlinear
systems with fixed topologies. The vector fields of the
individual systems are assumed to satisfy certain hypotheses.
Again, the equilibrium set contains all states with identical state
components. This class of systems generalizes that of coupled
linear systems and is abundant in biology ,physics, engineering,
ecology, and social science: e.g., a biochemical reaction
network, coupled oscillators , arrays of chaotic systems, and
swarm of organisms .we model such systems by coupled
nonlinear differential equations in state form. Similar to the
linear case central to the stability issue of such systems is the
graph describing the interaction structure in the interconnected
systems that is, who is coupled to whom. And a central question
is, what properties of the interaction graph lead to stability and
attractivity with respect to the equilibrium set.

Key words: : Coupled Dynamical Systems, nonlinear, Stability and
attraction of coupled nonlinear dynamic systems .
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Phenotypic and functional characterization of
major lymphocyte populations in the spleen
of Rousettus aegyptiacus and their response

to inactivated rabies Vaccine

Abstract

The unique ability of bats to serve as reservoirs for highly pathogenic viruses affecting
humans suggests distinctive characteristics and functional features of their immune
system. However, the lack of bat-specific reagents, particularly antibodies, has limited
our understanding of bat immunity. In this study, we examined the phenotypic and
functional characterization of immune cell populations in the spleen of the Egyptian fruit
bat Rousettus aegyptiacus belonging to the Pteropodidae family. Additionally, we
investigated changes in these populations as a result of the bat's immune response to
inactivated rabies vaccine.

Immunohistochemical analysis of the spleen revealed strong positive staining for CD3 in
T-cell regions. The CD4+ T-cell population was selectively present in the T-cell area of
the spleen and in the marginal zone. We also observed clear expression of CD20+ cell
populations in follicles, germinal centers, and the marginal zone. By the tenth day post-
injection with the inactivated rabies vaccine, staining for CD3 had doubled, with a
greater accumulation of CD4+ T cells in the T-cell regions and follicles, along with an
increased density of CD20 expression in follicles and germinal centers.

Keywords: Rousettus aegyptiacus, Rabies, CD2(0.CD4.CD3., Spleen.
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