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ABSTRACT

With uncertainty in changing global and regional climate variations, it has become important to obtain
accurate quantitative computation on particle’s radiative properties. Transition matrix method (T- Matrix)
is one of the powerful tool for the Mie computations for light scattering and absorptions coefficients by

isotropic particles is presented. The internal E“(r) and scattered E“* (r) fields are approximated by
the vector spherical wave functions M_.(kr) and N, (kr). Considering the linearization of the Maxwell

equations and the constitutive relations, the E®®(r), E™(r)and the scattering characteristics were
computed. When the particle is spherical and in nonmagnetic media, all the non-zero T-matrix elements

are diagonal, such that (Q™');>  =(Q™)7, .. =0.Hence, all the Lorentz Mie scattering coefficients are

derived and computed for some various particle parameters. It was found that, the T- matrix technique is
applicable to a wide range of particle’s scattering parameters.
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INTRODUCTION alternative derivation of Mie scattering coefficients by

The theories and numerical computations of light spheri_cal particles using t_he T- matrix technique_. This
scattering by particles  (spherical and technique can be applied to any symmetric or
inhomogeneous) have found many applications asymmetric particles. The unique feature of the_ T-
in atmospheric sciences, astronomy, engineering, Matrix depends on the geometrical and physical
chemistry and biophysics. However, the characteristics of the particle and is independent on the
uncertainties in light scattering characteristics Propagation direction and polarization states of the
upon interaction with particles attract the incidentand scattered field.

attentions of many researchers, since it was first

conceived by P.C. Waterman. (Waterman 1965) THEORETICAL FORMULATION =
and recently developed over last three decades The general behavior of the macroscopic field in any

(Barber and Hill 1990), (Borghese et al., 2003), given quia is describ'ed by Maxwell’s equations in
Chew (1994), Doicu et al., 2000, 2008), dlﬁerent@l forms; (Doicu et al., 2006).

Mishchenko et al., (2000). With current VXE:-@ 1

challenges in changing climate modelling, it is ot (1)

important to obtain reliable and accurate ~ oD

quantitative information on particles parameters VxH=J]+-— )

such as atmospheric aerosol optical properties on ot

a global scale. This paper aimed for the
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V-D=p (3)

V-B=0 (4)

Where B is the magnetic induction, E and H
are the electric and magnetic fields, D is the
electric displacement and p andJ the electric

charge density and current density respectively.
The T- matrix relates the expansion coefficients
of the incident and scattered fields due to series
expansions of the incident and scattered fields.
The scattered and incident fields in terms of
radiating vector spherical wave functions are
given to be (Doicu et al., 2006);

ED) =3 S £ M2 (k) + 0N (K.F) (5)

n=1l m=-n

Ein) (r) Z Z amann (k r) +bmn mn (k r) (6)

n=1 m=-n

From equations (5) and (6) the functions

f,andg, and a, and b, are related in

matrix form, known as transition matrix (T -

-I-(12) amn
el o

T and

matrix) as;

f a T
mn — T mn —
|:gmn:| |:bmn :| T(Zl)

The leading diagonal components,

(2 describe the transformation with the same
parity (electric to electric and magnetic to
magnetic), while the off diagonal components,
T and T® describe the coupling between
different parity (electric to magnetic and
magnetic to electric).

If the T- matrix is known, all the scattering

characteristics such as extinction, scattering and

In terms of the coefficients

a..b f andg. .
cross section can be expressed as (Binggiang et al.,
2020; Doicu et al., 2006)

c®v

expansion

The extinction and scattering

—Re Jkii Z (fmn mn+gmn mn}><
n=lm

hrgl) (ks R) [ks Jn R(ks R)] '~
Jn (R KRR (k,R) |}

(82)

Using the Wroskian relation (Doicu et al., 2006),
hrgl) (ksR)n [ks RJ (ksR)] -

j (GR) [ KRR (R) | /=L (80)

Jn( S )[ S n ( S )} kSR

then

et Z > Re(fuin +0ubl) )
n=1l m=-n

LORENTZ MIE THEORY

For isotropic particle, the T-matrix relating the

expansion coefficients of the scattered and incident
fields is given by the Q™ matrices (p =8, ¢) for the
€ - dependency and (q=p,a)are for the ¢€-

dependency. On relating the particle’s coordinate
system, the expressions for the incident and scattered

fields are

absorption cross section can be readily
computed.
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E(mC) r 9 (0 i i amnM;n(ks’r’07¢)+bmnNr%1n (ks’r'g’go) (10)
E(Sca)(r 0 ¢ Zw: Z fmann(ks’r 0 ¢)+gmn mn(ks’r 0 gp) (11)
n=1l m=-n
While in the global coordinate system, these expansions take the form
E™ (r,@,¥) Z Z 8,,M5 (Ko, 1, @, 9)+0,, N2 (K, 1, @, P) (12)
n=1l m=-n
EC (r,0,¥) Z Z faM2 (K, 1, @, %)+ G, N2, (K, 1, @, ) (13)

n=1l m=-n

When the media is nonmagnetic, then;

k, = ko\/g, k, = ko\/g and the matrix Q® (k,,k,) takes the form (Doicu et al., 2006),

prkl,k»{(Q )21 (@ )22] (14)
(qu) (qu)
Such that.

qu

Ik
V4

! n(r)qu(kr)}DNp(kr)+\/:[n(r)qu(kr)D\Ap(kr)}dS(r) (15)

(16)

qu

J_
i A a7

@
_Jk { n(r')><Nq(kzr')]DNp(klr')+\/‘9:2[n(r')><Mq(kzr')][l\/l p(klr')}dS(r')
Vs &
(Q™) j{ [n(r)xMe(k, r)}[l\/lp(kr)+\/:[n(r)><Nq(k r)]uNp(kr)}dS(r)
S &

qu J‘{ n(r Y N (k,r ')][I\/I P(k,r ')+\/g:2[n(r YxM(k,r ')}DN P (k,r ')}dS(r ) (18)
S &

The Lorenz—Mie theory shows that, the Q™ matrices equation (14) are diagonal such that:
pg P _
QYo = Q) onmn =0 (19)

For all such values of m,n,m, and n,. Therefore,

Q) = XL I MDA 00T =0 0OM,Xj, (M)} 61,6, (20)
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Q) = (NP () X0 ()] =D )M, X0 (M )]} 6,0, B, (22)

Qe = X dn (MX) DX, (01" J, OO, X3, (M X))} 61, G, (22)
QY = {0 (M, X)X, 001 J, (LM, X0 (1, X)]} 5y, B, (23)
QM2 = ,# {=h® () m, x5, ()] +m? j, () (]} 6,1, (24)

r

Qs = - K { o OO Im,Xj, (M) [, 001+ M7 o (M X)X, ()]} Gy G, (25)

I‘

(@), == I GO XN (M )0, (014 0 B (1, )T, (T} 6,5, (26

r

(@), =L {2 00 X (m ] PR (MO T} 0 (2T

r

Where X =KR is the size parameter and m,_=./n, /n,_ is the relative refractive index of the particle

with respect to the ambient medium. For suitable computing the Q™ matrices take the logarithmic

derivatives of A and B, by;

A= {In[xj (1 = L0 ((X))] 29
And

_d [xh® (1"
B,(X) = {In[xh (¥)1}= O (x) (29)
Using the recurrence relation
[in (X)]I = XZn—l(X) - nzn (X) (30)
Where z, stands for j, or h” then, equations (21) — (28) can be written as
Qo ==X (M x){[m A (m,x) +;]h§1)(x)—h(1) (X)} G, O, (31)
(@2 == i, )L B0 010,00}, @2)
(@, == BN M0 LM B, (30 + I () 00} Sy S (89)
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(@) =IO ET O0 0-10,00} 5,08 (30
QM)mmmn, ==X Jn (M) {[m, A (m,x) + ]J (X) = o (X)} S, O (35)
@ mey =3 in 0L 00 - 0o . (36)
mr X
QB = ~ 20D (mpx) {Lmy B (my ) + ;] i () - jn_l(x)}smmlannl, (37)
m,
(@2 == IMXE MO0 00— 0} 60, (@0
COMPUTATIONAL TECHNIQUE
The functions ¥, (X) = n:(rl ()1() P (39) Where ¥, stands for A and B, such that stable
n+l

scheme for computing ‘¥, relies on the estimate of ¥, where n is larger than the number of terms

required for convergence.
The T matrix for spherical particle is diagonal with entries

11 1
T iy =T, 6mml oy (40)
and
22
Tmn ,myny = Tn mmy,nn, (41)
Where

-I-l _ [mrph(mrx)*_%]jn(x) B jn—l(x)

; (42)
[m, A, (M) + 110" () ~h, (%)
AMX) | nTi _i
Tn2 - _ [An(grx) +nx]J(:)(X) Jn(—ljg(x) (43)
[Tr + ?]hn (X) - hn—l(X)
Equations (43) and (44) relate the T- matrix to the size parameter x and relative refractive indexm. .

The data extracted using the software package TMATRIX FORTRAN program to compute the scattering
and absorption of electromagnetic waves by particles with arbitrary geometries using the T- matrix
method developed by Doicu for various particle’s parameters (Doicu et al., 2006);

RESULT AND DISCUSSION
The results were computed using continental polluted aerosols as particles under considerations.
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(d) (e) Q]
Figure 4.1(a) — (f) shows the near field amplitudes of scattered electric field intensity at the wavelength
of 323 nm inside a continental polluted aerosols of radius 5000 nm, n=1.64 + 0.0i .
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Figure 4.2 (a) and (b), presents the variations relative scattering intensity with scatting angles
wavelength of 323 nm inside a continental polluted aerosols of radius 5000 nm, n =1.64 + 0.0i.

35
35
3.0
3.0
- s
L9 =3
S =
820 £
g g
- & L5
S 15 3 1
: &
1.0 1.0
05 05
0.0 0.0
0 2000 4000 6000 8000 10000 0 5000 10000 15000 20000 25000 30000 35000 40000
Radius, r [nm] Radius, r [nm]

| PUBLICATION OF YUSUF MAITAMA SULE UNIVERSITY, KANO



YJPAS Vol 1, Issue 1, Pages 332-339 ISSN: 3043-6184 Shuaibu Uba, 2025
(a) (b)

Figure 4.3 (a) and (b), presents the variations efficiency factor with particles’ radius at wavelength of
323 nminside a continental polluted aerosols of radius 5000 nm, n =1.64 + 0.0i.
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Figure 4.4 (a) and (b),show the variations in scattering cross section with particles’ radius at
wavelength of 323 nm inside a continental polluted aerosols of radius 5000 nm, n = 1.64 + 0.0i.
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Figure 4.5 and show the variations in asymmetry factors with particles’(a) radius at (b) wavelength inside a
continental polluted aerosols of radius 5000 nm, n=1.64 + 0.0i.
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CONCLUSION Diego: Academic Press; p. 29-60.
The Lorenz Mie theory of interaction between
electromagnetic radiations and a spherically
homogeneous particle has been studied within the
framework of T-matrix formalism. The Lorentz
Mei scattering coefficients are readily derived in
terms of T-matrix. The derivation provides an
opportunity to investigate the applicability of
Lorentz Mie coefficients and to make
recommendations for future research. It has been
found that, the T- matrix method is applicable to a
wide range of particle’s scattering parameters such
as wide range particle’s radius, wavelengths and
refractive indices.
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