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Plan of lecture

> EM field expression of shaped beam
> Expansion of shaped beam
> Formulae of physical quantities

> Examples of calculation and Conclusions
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EM exBression of a shaged beam

Plane wave — the simplest wave

Propagation along z direction: fr = k=
— polaraized in x direction:

—

oA —i(wi—k-7)
— polarized in y direction:
A —i(wt—k )

Plane wave: Constant amplitude : A=E,,.
Shaped beam: A = E(x,y,2)

How to describe a shaped beam?

1. The fields expressions must satisfy the Maxwell equations.
2. The theoretical fields describe as precisely as possible the real fields.
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EM expression of a shaped beam

Davis’ model:

- EM field expressed in vector potential:

1
H:;‘FxA Ez—iu[A+FIQ‘F[‘F-A)]

- Equation of vector potential:
V2A + kA =0

- We suppose for a beam propagating in z direction and
polarized in x direction:

Ay = 0y (e, y, 2) exp(—ik2)

L

' .' 3, L
w=1UYp+sPrt+s Pyt -

Cf: K. F. Ren, Thesis

0z

, My To be demonstrated
vzt'ﬁ-‘ — 2ik— =10 by yourself
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EM exEression of a shaEed beam

Circular Gaussian beam:
Solution of fundamental mode

2 2
g = () exp (—iQ * —Ey )
t[-‘o I
1 T 1
Q=—3; _wo_ -~
T+ QT” S [ -IL'-'LL-‘D
-Local diameter of the beam: ‘, y

122\ '/
w = 1wy 1 + l_2

-Curvature radius of the beam at z on the axis:

EQ
R:z(l—f— 42:2)

e = (2iQ +ip' Q) v
va = (-6Q° —3p'Q" — 2ip°Q° — 0.50°Q%) vy

- Higher orders :

MUNIVERSITE
'DEROUEN

I11-6



Lecture at Xidian University V522 FL T RHOR B AT &

EM exEression of a shaEd beam

Symmetric EM field of Gaussian beam at 5t order:

E; = Eyto exp(—ik2){1 + s°(—p°Q* + ip' Q" — 2Q°¢7)
+s'[+2p'Q" — 3ip°Q° — 0.5°Q° + (8p°Q" — 2ip"Q%)€?]}
E, = Byl exp(—ikz){s*(—2Q%¢n) + s*[(8p°Q" — 2ip Q°)&n]}
E, = Eytp exp(—ikz){s(—2Q¢) + $*[(+6p°Q" — 2ip"Q")¢]
+8°[(—20p"Q° + 10ip°Q° + p°Q7)¢]}
H. = Hovo exp(—ik2){s*(—2Q%¢n) + s*[(8p°Q" — 2ip" Q)én]}
H, = Hpig exp(—ikz2){1 + HE{—,:JQQE + -ip'1Q3 — E‘Qgr}g}
+st[+2p'Q* — 3ip°Q° — 0.55°Q° + (8p°Q" — 2ip* Q% )n?]}
H.= Hyvoexp(—ikz){s(—2Qn) + $*[(+6p°Q" — 2ip"Q")n]
+8°[(—20p" Q" + 10ip°Q" + p*Q")n]}
T Y

. ¥ .
T = —I— T — — =
f é I {: wp I n

Same comment as for Gaussian beam at 2" order but here O(s°)
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EM exEression of a shaged beam

Elliptical Gaussian beam: Other solution of
the differential
2 )2 equation:
U —zxr’Qnye‘{p( 1Q H—zQyw—%) \—t_hkg_l:{]
1 1
Qz = . 2z Qy = . 2z
T+ — [ —
I l,

R .. N .

- Local radii and curvature radii
4 2 1f2 332:
Wy = Wozx (1 — %) R:[‘ — Z ( 422
422 1/2 !2
ly = W 1 -5 R, = 1 —
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EM exEression of a shaged beam

EM fields of a Gaussian beam:

A, = ﬂﬁ!{x:y,z}exp(—iﬁ:z) Er(z,y,2) = Eotoexp(—ikz)
1 Ey(z,y,2)=0

E = —iw [A + =5 V(V -A)] 20
k E.(z,y,2)= —€L « E:

1_ - I
H=ovr=4 # Hi(z,y,2)=0

22y yz) Hy(z,y,z) = Hoto exp(—ikz)

g = 10Q) exp (—iQ . ; 2001
wg H.(z,y,z)= —E;,?Hﬁ

= Paraxial APPROXIMATION: O(s?).

= This field does NOT satisfies the Maxwell equations in strict sense.
= The approximation depends on the position in the beam.

= cf. Gouesbet J. Opt. 1985 for circular Gaussian beam
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EM exBression of a shaged beam

EM field of an elliptical Gaussian beam:

Er(z,y,z)= A»i'f-[]ﬂ.-'.'f‘]’h expl(—ikz)

0 0
, zh P . €I B = 1 \ o) —
i'-"'“[']} =i/ QzQy exp _?QTT - IQ;-,-;—_]. Ey(z,y,2) =0
Wiy Wy
9| -
E.(z,y,z)=— H?ri E;
N
1 1
Qr = 2z Qy = 2z He(z,y,2) =0
T+ E_ i+ JT_
’ ! Hy(z,y,2)= Hga_.-'-f;h exp(—ikz)
S Ta
i

= This is the EM field of linearly polarized (along x axis) Gaussian beam.
= Paraxial APPROXIMATION.

= This field does NOT satisfies the Maxwell equations in strict sense.

= The approximation depends on the position in the beam.

= cf. K.F Ren J. Opt. 1994
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EM exEression of a shaged beam

EM field of a high order Gaussian beam:

cf: Barton, Appl. Opt. 1997

m an Afx am Amn Y
TEMZ = oM (TEMS) 7 EMY = Om oM (TEMg)
agmom" oEMan"

{:l_n:i

wq ’ Wy

-With the fundamental mode TEM,,:

TEME, TEMjg,
1 \ 0
E®@ = Eggexp(—ikz)| 0 EW = Egpoexp(—ikz) | 1
~2sQ —2sQ -
0 \ —1
HY = Hovpexp(—ikz) | 1 HY = Hotbp exp(—ikz) [ O
_QSQHLIU 25@1%
RUNIVERSITE
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EM exEression of a shaged beam

Example: TEM,; and TEM,, mode:

Q%
Ef, = Epexp(—ikz) [ 0 H7, = Hyexp(—ikz)
—sQ(i +2Q¢?)

(n 0
Ej, = Egexp(—ikz) [ 0 Hj, = Hyexp(—ikz) [ Qn
—2s00Q¢n —sQ(i +2Qn?)

0 —Q¢
EY, = Egexp(—ikz) ( Qg ) HY, = Hyexp(—ikz) ( 0 )
—2sQ0)¢&n s 2)
0
Egl = Ey exp(—ikz) ( (in ) Hf;‘,'l = Hyexp(—ikz) (
—sQ(i + 2Qn?)

Q = —2iQu = 2Q? exp [iQ(€2 + 1?)]

- Same comment as for Gaussian beam but here 2 polarizations
(in x and y direction).
- Other polarization EM field can be constructed from these EM.
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EM expression of a shaped beam

Doughnut beam:

. 5 03
« Radial: Epd = ZZexp(—ikz) | O
V2 —20s [i + Q(€2 + )]
—n
H
HP = V%exp(—ik:}(?& )
. iy
* AﬂgUIar Ej:g = &exp{—ikz) ( - )
V2 0

Q¢
H;W = &exp{—ikz) ( On )

V2 —20s]i + Q€2 + 1%)]
_ 0¢
o ArC Eye = &e};p(—ikzj —;-ET?
NG} 20Qs(n? — £2)
(I
Hi' = %exp(—ikz:l(ﬂf )
—40Qstn
. - &+ in)
helix: L. _ L p———
v —Qs i + 2Q¢(¢ + in)]
]
et = B ociney | e +in)
V2 Qs [1 - 20n(£ + in)]
1 PUNIVERSITE co~<lid

UMR 6614
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EM exEression of a shaEed beam

EM field of a Bessel beam
E(r)=e,EyJ,(k,pq)e Jivdg ,—ik.(2—20) R. X . Li et al, JQSRT 2012

H(r) = e, HoJy(k,pc)e Jivéc —iks(z—20)

0.8

PG = \/pQ + pg — 2ppg CDS(@T} — ¢p) < v

04

,. _ SIN @ — g
O = tan ! (,0 ; ) - i
p Cos ¢ — Ig ol x/\/\A /\/\/\f

0 20
x, (1)

where k, = ksinag and k, = kcosag with & = 27/

- Bessel function is a non-diffractive beam.
- 0y IS the angle of axicon.
- Amplitude is independent of z.:
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EM exEression of a shaged beam

Hermite-Gauss beam:
¥ (X,Y,2)= WVZ‘;) Hm(@j Hn[@j exp(— ' jexp(—iqﬁmn(r,z))

w(z) w(z) w(z)?
TEMq, TEM;, TEM,,

TEM,, TEM,, TEM.,

RUNIVERSITE
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EM expressi lon of a sha Eed beam

Laguerre-Gauss beam:

J2r r2 cosl@
Fulr.6, Z)_W(z)(w(z)J [W(Z) jexp( w(z)? () Z)j {smle
TEMy, TEM, TEM,,
. 18 | ..
TEM,, TEM,, TEM,
. 1
» -, » . =
» .
RUNIVERSITE
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Expansion of shaped beam

1. In spherical system

Solution: W (1,0,8) = 2, (kr)P" (cos 8) exp (—img)

Any wave can be expanded as summation of these spherical functions
(similar as Fourier transform).

= 7, (kr) is a spherical Bessel function.

when kr— oo, eXk"/kr. So a spherical wave.

= P"(cos®) is the associate Legendre function.
For a plane wave or an axis symmetric wave (ex. circular Gaussian beam),
only m=1 is necessary, so Legendre function P,(cos@) .

=The index n is from 1 to infinity, describing mainly the variation inr.

*The index m from — n to n, describes the symmetry of the beam.

Therefore, for a shaped beam m takes not only 1
but also other values depending on its symmetry.
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DEROUEN

1-17



Lecture at Xidian University V522 FL T RHOR B AT &

Expansion of shaped beam

Beam shape coefficients in spherical system:

Ei :EOZ Z C}fw [g:jTMﬁmn _lg:fTEﬁlmn:‘
n=1 m=—n
Hz = HOZ Z Crfw [g:TEﬁmn +lg:[TM 4mn:‘
n=l m=—n
= E .
B(r,6,0) = 3 3 Z2(i) ™20 + 1)g pasdn(kr) P (cos 8) exp(imo)
n=1m=—n !
o0 T E
Hy(r,0,0) = 3 3 2= @0+ gl pia(or) P (cos 0) exp(ime)
n=1m=—n
7 exp(ima) exp(—im'@)do = 2m m - m’
Q ' Co 0 m % m’
" T ‘i . 2 {n —|— m)!
~/D P (cosB) P (cos ) sin Bdf = o1 (n -m)!éni

RUNIVERSITE co—=ia
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Expansion of shaped beam

Beam shape coefficients in spherical system:

To be demonstrated
by yourself
(7, 9
/ / 9) P!ml(cos ) exp(—imae) sin dfdo
A7 G (kr) (n 4+ |m
T (

)!
)!
krintl (n—|m|)! [27 H. r.@.(p)
- L T Piml(cos o —ime) sin OdOdd
e 5.0 (o |m)] / ‘/D i 1" (cos ) exp(—imao) sin #dfd o

1. The beam shape coefficients depend explicitly on r but they
should not.

= When the EM field satisfies the Maxwell equations they
do not depend on r. EX. Plane wave.

= The choice of r has nothing to do with the particle.

= The dependence on r can be eliminated by integration
over r — purification of the beam.

kri" Tl (n—|m

T

9n.TM

RUNIVERSITE co—=ia
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Expansion of shaped beam

Beam shape coefficients in spherical system:

: : : o T
- Triple integration: Jo 1091 090k = 22D o
2n+1 (ﬂ — |T?’1|) To be demonstrated
gn TM — Q( )ﬂ 1 (TI 4 |T?‘1|) by yourself
I ;
/ k’run” kr) / exp(—imao) / ET(TE:& 9) P],Lm|(ms 6) sin 0dfdod(kr)
0 0

- Axial symmetric beam:

rn_lkﬂ-g / E’p(ﬂ-gga)

Pl_ (cos @) sin 6df
2n(n + )L n (kaS) Ey "

gn —

n+1 ;
gy = 2’.:::1—'_?14— / L?Lm(kr / %ﬁﬂi(msﬁ)sinﬂdﬁd(&r)

Very stable and flexible but very time consuming.

MUNIVERSITE
= ' DEROUEN
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Lecture at Xidian University

Expansion of shaped beam

Beam shape coefficients in spherical system:

Localized approximation (see van de Huslt for the principle):
E, at the plane z=0:
2 To be understood: ]

localization principle.

O=x12 and kr=n+1/2

m 2w '
“0 [T E (e =0+ 5,6 = 2, ) exp(—imd)des
0

m —_
InTM — o Eo 9
gm _ ﬂ /QWF (r = pn,0 = E ¢') exp(—ima')de’
nTFE zﬂHﬂ 0 r T 0t i !
2n(n+1)
ZE‘ 2n + 1
_9; A\ Iml-1
Z = (2?1 m 1) ? m # 0
RUNIVERSITE co—<ia
DEROUEN
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Expansion of shaped beam

Beam shape coefficients in spherical system:

Localized approximation for Gaussian beam:
Reformulated by K. F. Ren (PPSC 1994)

. 27 explikz) 70" L BT () B
In.rar = Zn' exp(ikz0) vy 24 G +m DI\ GrmGtm+1)

- —
> | B
=Z" k — 1 -
InTE exp(ikzo)tg Qiz G +m—1)! ( (7 +m)(7+m+ 1))

aQl

= 0’2 (20 + iw0))
Wy

Widely used but not numerically stable.

RUNIVERSITE co—=ia
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Expansion of shaped beam

Beam shape coefficients in spherical system:

Integral localized approximation (introduced by Ren (JOSA A 1996)

mos = 2 [T Bk =n+ 102 T &) exp(—imd!)de
gn,Tﬂf - ZWEDL r - F 2: - 25, - p( E:?HQD) (p
m — ﬁ ZWH(i_ Q—E ! —_imd\dd'
InTE — o7 Hp Jo rlT = Pn, UV = EQ)EX]}( ?ﬂl(_i)) fo)

Applicable to any shaped beam propagating along z axis:
Applied to Gaussian beam:

g-m _ Zm B iy ) , . _ _ _
nTM ) — j02n o—1Qy"+ikzo / £21Qpn (&0 cos o+ sin ¢) (E—?-(m—l} + E—?-{m-—lj) do
?.ngE 47 0 '

Zm . .
= iQ%E_IQTE—Hkm [Ea{m—l}@(] Jm—l(ngﬂ-PD) + Ez{m-—lj@{; Jm.—l(QQP-npD)}

No problem of instability.

MUNIVERSITE
= ' DEROUEN
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Expansion of shaped beam

Beam shape coefficients in spherical system:
Applied to Doughnut beam (similar for other polarizations):

3 d 1 i) 2
Inirmt = )Zan 90 (20 T (2n) — po(Jm—1€7 2% + Jpyy1€2790)]
m,rad _ ZmQ nnc;ug J — iy J 2idg
gn,TE — a PD( m—1€ — Jmi1€ )

Applied to Bessel beam:

Iy = Zﬂ [T (@) Ty (€)™ + J_i (@) J_1_, (§) 0] ek cosrozo

Q’:;ni M Z; [}1+m( )f1+m ?(f)ﬁ_%{Hmm + -}—1+m( )}—1+m f(f)ﬁ_i{_Hm}(ﬁﬂ ¢!t cos oo
5’23‘5 = ZT ["']1( V1o (E) e —id (@) _1_y(&) “’b“} tk cos cozo

Inop = ?{ [Jim (@) Ty (§) € ™20 — J 4 (@) T g (§) € 1T HHTIOO] gk comaczo
MUNIVERSITE

« 'DEROUEN
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Expansion of shaped beam

2. In spheroidal system:
Solution:

W in (77’ 5! ¢) = S|m|n (C’ 77) R1m|n (C’ g)eim¢

Any wave can be expanded as summation of these
spheroidal functions

= S..(C.) and R, (c,&) are respectively the angular and radial
spheroidal function.

= c=kf with f being the semifocal length of the spheroid

- It is more correct to write EM in M, and N than odd and even

separated.
- The computation of the spheroidal functions is much more

difficulty, so application limited.

RUNIVERSITE co—<ia
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Expansion of shaped beam

Beam shape coefficients in spheroidal system:

EM field in spherical system:

E"Y = Z Z Coml I(Ic’_-’-n rtm:;;(r.gﬁq))""g;n,mnfa:::{r*g*q)))'-
m=—x n=|m|,n=l

+

ik - .
| <11+ 1 m (i) . r.' )
Z Z Cﬂ,pr (gn,]r.-'l-fmum (r“ 6]“ qﬁ} + Ign TE e (f" @ t}'ﬁ} )

L1 ] 3 1 ——,

EM field in spheroid system:
E"Y = Z Z ””[ iG" MY (¢:6.17.0) + G \J'”{C]:f._f;._gzﬁ}]..

] nTM* " mn

H" =

=—a r.'—|m| n#l

- zk -
[.'} 1+ m (i) ] (i)
H f.{ﬂ Z Z |:GH T'I-f‘lrm.l(cl "' ‘rl'? ¢}+£Gﬂ TEVINH(C] "‘ ‘rlF 45}:|
0 m=—x n=|m|n=0

Vector potential given in combined form

odd and even functions not separated.

RUNIVERSITE co~<la
DEROUEN
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Expansion of shaped beam

Beam shape coefficients in spheroidal system:

Relation between the vector wave functions in the two systems:

[ —#

. 2(n+ | m|)! i
m - J |fﬂ||r (i)
”;.”(r o, f}{’} Z | d}; |m| ml (C S, qﬁ
i1 (2R 1)(—|m])! Nlmli

'Ir L

_ 0,9 r
my, (r.60,0)= > 2ntmp! dr MY (e, E,n. )

e (20D (= m )N,

Beam shape coeﬁ‘luents

Gn TE Z grl|m|i‘? ‘

Moy L !
Ar+2 )! dlnlln(c ]

|

h‘|mlr C ]r 0.1

1 > 2(r+2
Grry=——"=), &
nTM N (E' ) Z &"|’"|ﬂf (;i‘ + (m )(i T
|rraer

2\m
Nr+m|+Dr! *
m
m

L L

!
1) r=0,1 +1)r!

gnm can not be calculated by Localized approximation
for obligue Incidence.

RUNIVERSITE co—ia
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Expansion of shaped beam

3. In cylindrical system:
Solution: v (1 2) =Z. (p)e™e™

Any wave can be expanded as summation of these cylindrical wave
functions (similar as Fourier transform).
= Z (p) Isacylindrical Bessel function with

p=rvk*—h® =krcosa

=\When kr— oc, e*/Akr. So a cylindrical wave.

=The index n is from 1 to infinity, describing mainly the variation inr.

= o can be considered as incident angle (of a plane wave) to the cylinder.

A shaped beam can be expanded in plane wave by
taking a as the index m in the scattering of a sphere.

RUNIVERSITE co—<ia
DEROUEN
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Expansion of shaped beam

Beam shape coefficients in cylindrical system:

P22 L B R A AL A AT i 6

Incident field:
i Eo ! 5¢ ae
L — P“ Z m 1171@[ p[]Im T‘LI(‘)) m Pﬂ) : gfi‘)
H.‘I‘H;;DL

?,'

1
S (=™ [ 8L ri(8) I (o)

p M=—0o0

Beam shape coefficients in integral form:

?'_Tﬂ

I Y o imao e E mqg de
vilo) = A
?mTM( ) 4?9(1 _ 62}Jm(PDJ /D € _[_m E.D aQag
§m 2 oo H-'
I 5 = —1m@[ mqg \d(

* The beam shape coefficients depend on z components of E,H.
* The second index Is continuous — continuous spectrum.

RUNIVERSITE co—.a
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Expansion of shaped beam

Beam shape coefficients in cylindrical system:
Localized approximation:

P22 L B R A AL A AT i 6

1 [
Lnrym = BHED/ E(9 —% p = m)exp(—id()d(
Intp = 5 HD | Hié=F.p = m)exp(-id0)d¢
Beam shape coefficients normal incident Gaussian beam:

! / exp(—s2m?) exp(—s2¢?) exp(—id()d¢
QTIH[] J —oo

= ! e _??12 'i‘? — 5—2
2\,'.-"?.5 *P -—]:"'1“"

Imrm =InTE =

The beam shape coefficients are Gaussian both on the
discrete index m and the continuous index 6.

RUNIVERSITE co—.a
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Formulae of physical quantities

Scattering by a sphere.

1. Internal and near fields:
Formula can be found in the
literature.

Practical consideration:
- Continuous at the surface,
- m must be sufficiently great.

Interesting subjects to be studied:
- Check numerically the surface

wave.
- Different effect s by illuminating
with strongly focus beam.

I RUNIVERSITE
"DEROUEN
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Formulae of physical quantities

Plane wave case:

Incident wave;

Wi =i" n(n+1) sin
Far field:
E, =H, =0
iE, 2n+1 T | = :
E, = —2exp(-ikr) COSgoZ e@) 7, (cos @) = —2 exp(—ikr)cos p| S}
kr ~n(n+1) kr
—E, 2n+1 : ~E N
E |kr sm (] Z @w, )= —ikr)sin @\S
* = Tkr (- (/)Zl n(n +1) @ﬂ@ (@ Kr (—ikr)sin 'S,
0 o0 _g . o
H, a,, b, coefficients de 7,, 7, fonctions angulaire
H, = E Al diffusion dépendants des de Legendre
0 747 -
propriétes de la particule
RUNIVERSITE co—ia
DEROUEN
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Formulae of physical quantities

Plane wave case:

\ ~ on+1 , o , =
Scattering intensities: 1= Zm (@nTn(cos ) + ibnTy(cos0)]
n=1 ' ‘
D2 = — a, T(cos ) L ib,m,.(cosO)
|||(q)=|82|2 “z:; H'LH — J_:| [ ' o
- c — )\2 - . N 0 7
Sections efficaces: Clope = ;Z‘~ 2n + 1)(|a.|* + [b,]%)
Cext:Csca_l_Cabs - =l
A2
_ o Cly= (2n + 1)Re(a, - b,
Pression de radiation: o= 5r ; nr L)Re(dn + On)
C,=C,=0
. A2 . ~a, +b,) 2n + 1 oonn+2), L
(,-In-.:: = gR.{\ [”_] {2” - J.:l 5 — ”{” T J_] nl,, — ﬁiu””\'?—kl —+ EJ”EJ”_H ]
RUNIVERSITE
= 'DEROUEN
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Formulae of physical quantities

Arbitrarily shaped beam:
1. Scattered wave In field:

< iE , - - 2n + 1 | , :
Eg = —1‘_1(1 exp(—ikr) Z Z nm+ D) 7‘,,'"'(('().\' ())ﬂl:‘::}/,’ff-,-,; T (cos ())] exp(ima)
n=1m m

E; = _Lf“ exp(—ikr) ; L ,j:; ; ll) [”@l’l;’;f'l'.\ Tn (cos@) + @)’;;fl'lf”n’“ (cos ())] exp(imd}
H;;,:g__zgg Hi= 0By Bi=H=0
These formula and those given in the following are valid for any “spherical”
particle:
- Homogenous,
- Stratified,

- Spherical with inclusion
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Formulae of physical quantities

Arbitrarily shaped beam:

The extinction, scattering and absorption sections:

, Ao = 241 n—|— |m|}' g w12
Ceat = —REZ Z 2n+ 1) (n—|m|) (anl|gmr | + 0nlgr ]7)
A2 = 2n+1 (n+|m|)
lf:'T.s«:-:t - ?HZ _Z_ ?I—|—1 — | | gnT'Lf| +|b'ﬁ3 gnTE }
Cabs — Cext _Csca
o0 n 0 0
- Double summation: » » =% »
n=1 m=-n M=—o0 N=mM=0

- The sense of the efficiency factors for shaped beam.
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Formulae of physical quantities

Arbitrarily shaped beam:

A, = ap+a,.; —2ana, .,
- - . Bn = b]’l + b;_| - lelb;—l
The radiation pressure: Co = —ilan+ by — 2a08510)
A2 &
Cprz: = ? Re {n_ 1 [*41192,]"_-1-;9211.,1&-{ + B9, redniiTE)

n=1

- 1 (n + m + 1)1 m m* —T1 —Tn*
N E [{n +1)2 (n—m)! (‘4?1gn.TJ'L-[.gn+l_.T.-'l-! + Angn TMIni1TM

m=1

m TIL® — Tt —IM*
+ BngnrEdni1TE + Bﬂgn._TEgn+1.TE)

2n+1 (n+m)! . _ -
n2(n+ 1) (n—m)! Cn (QETTA-IQ::TE - Qn.?_-&-;gn._?Eﬂ }

Cprz = Re(C) Cpr.y = Im(C)

m

p (2n + 2)! " (n+m) 1 n+m+1
=" _ FTH_I Fm-l—]._ Fm
2’.‘&';{ (n+1)2 " +Z (n—m)!(n+1)2 " n—-m+1"

m=1
2n+1
n2

—m —m+1= —m —m+1=*

m—1 _—m= * m—1 _m= *
(C"n nTMInTE — cﬂgn.T.-'L-Ign+L_.TE + Cngn,:rEQn_.T.-i-I — Cr9n TEInTM )}}

* _—m —m+1=

T m—1 _m= m—1 _m=* * _—m —m—+1#*
F =Angnrmnsirm + Bugn eI mE + A i rMIn Ty + Brln A TEIRTE

- Rewritten for programming.
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Formulae of physical quantities

Arbitrarily shaped beam:

The radiation torgue:

- -] T
dm T e AT
7. = —— tf-n ﬂ%ul_:in IR
=P PY
) 1=1 m=1
A T o
T, = — g2 2 OwsAn.
1 - Ik

dmn "
T —
T. = —— E E mC B,
c k
i T

2n+1 (n+4+ |m|)!

omo =
” n(n+1) (n— |m)!
A™m — A m—1 _m* —g-m —m+1# + B m—1 _m*x g~ —1m+1#
An = An M TM OnTMInTM n\ S rEInTE — Iy TEYRTE
! T 2 —m |2 T 2 —-m |2
By = Aj (!}n.nr — |90 Tarl ) + Bn (Ern.TI*.'l — 9. 1E )
2
An = Rlag) — |ag
3 2
Bn = tﬁrbn ) — 'E'n

- Transversal components null for transparent sphere whatever the form
and the position of the beam.
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ExamEIed results an

Scattering by a sphere:

Conditions:
1. Incident beam: Arbitrary shape
2. Particle :

» Spherical

« Homogeneous or stratified

* |sotropic

Particularities:

1. lllumination inhomogeneous
when beam is small.

2. Incident beam is described by
two series of beam coefficients :

m m
gn.,Tﬂ-[ et gn.,_TE

RUNIVERSITE
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champ diffuse

Eg

(MM)

il

P
I
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champ intericui
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faisceau laser FE.
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d conclusions

‘]Mr

!
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ExamEIed results an

Scattering by a sphere:

—<->©->*

E; - gr:r:TM
H; nTE

P 22 B TR ORI 2 B &

d conclusions

T
Ap — AnYn M

m
b, — bngn,_TE

Tu(cosf) —

Tp(cos 6)

m
n

m
—
Th

(cos @)
(cos @)

+‘->-

>

n=1

o0 M=-+tn

2. 2.

n=1m=—n
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ExamEled results and conclusions

Scattering diagram

Particule :

a=>5um | = Onde plane y
m = 1.33 ) .‘A')".‘MVW Yy S Aot o g Ll MM"‘"W‘,
3 ‘M'W‘ i VRS v ,;N'N
o 1 g I
Falsceau gaussien: i 1) ]
7\4 f— 0.6328 um [0} 20 40 60 80 100 120 140 iiogum::fgnmforg 220 240 260 280 300 320 340
WO =5 pHm Scattering diagram
A : : J
Diagramme de diffusion: 4 Falsceau gaussien sur axe '
Sur axe - symétrique . AP o
. \ Mot
Hors axe - non-symetrique 2 " i

Scattering diagram

N . _ r
; \‘1 Faisceau gaussien hors axe: d=w )
3 '“
2 . ELATEY
) 1 A

\ Vg i e H
o "y

20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340
Scatterin angle [°]
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ExamEIed results and conclusions

Scattering by s infinite cylinder:

— - f - N
E; In, (7/) Ay Apy
Sl b (D

Spectral of plane wave
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Examgled results and conclusions

Scattering by spheroid:

E® — Z Z i"" |:me}"£ lm(c‘ .17, ¢}+Gmmwm(cl 5> 17 ‘;ﬁ'}]

M=— n—|m| eI

H{” _ fkl z Z I-n+] |:G:1'TM\.]HJI (C f}__l;l'f’}—kfcm V{” (C| ‘_‘ j? ¢}:|
l([‘..]‘.if{] H=—x n—lml,n'rﬂ

’3'(r+’3'|m|)!

G, d" (¢
I ® 2(r+2\m\)1 "
Ly - m d .
e N, (c;) %, > |l T (r+‘m‘)(r+ m|+1)r! " @)

= The vector potential given in combined form not separate
odd and even function

= gnm can not be calculated by Localized approximation for
oblique incidence
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Exampled results and conclusions

Scattering of a pulse
beam by a sphere:

Internal field
Homogeneous sphere
d=40 um, t=50 fs
Gaussian beam

t=20

=120 t =1080
RUNIVERSITE
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Exampled results and conclusions
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