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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 exEression of a shaeed beam

Plane wave — the simplest wave

Propagation along z direction: i — k3
— polaraized in x direction:

= 5 —i(wt—Kk-F)
— polarized in y direction:
= A —i(at—k-F)

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 exEression of a shaEed beam

Davis’ model:

. ) . Cf. K. F. Ren, Thesis
- EM field expressed in vector potential:

1 .
H:lTxA Ez—iu,'!A—i—ﬁV(V-A)}
7

- Equation of vector potential:
VA + kA =0

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

E
Ay = I—Oz_;‘"(;v. y,z) exp(—ikz)

w’
, | 2.4 4
V=Y t+SsPra+Ss Y+
o

0
A - 0

9 , ¢
Vb — 2ik

~
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EM exEression of a shaeed beam

Circular Gaussian beam:
Solution of fundamental mode

-l .1/2)

l'2
Ug

o = 1Q exp (—iQ

1

. 2z
1+ —

Q= _ wo
ST

1
-Local diameter of the beam: ;

422 W2
w=wg |1+ el

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

l?.
4:2)

o = (2iQ +ip' Q%) to
s = (—6Q% — 3p'Q" — 2ip°Q° — 0.5p°Q%) ¥y

Rz:(l—f—

- Higher orders :
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EM exEression of a shaEed beam

Symmetric EM field of Gaussian beam at 5t order:

E; = FEovgexp(—ikz){1 + g (—p~ Q%+ zp Q —20%¢?)
+s'[+2p"Q* - 3m"Q“ —0.5p°Q" + (8p°Q" — th'Q €%}

E, = Egg exp(—ik2){s*(—2Q°¢n) + s*[(8p°Q" — 2ip"Q)&n]}

E, = Eqtg exp(—ik2){s(—2Q¢) + s*[(+6p°Q* — 2ip?Q*)¢]
+8°[(—20pQ° + lOzp(’Q6 +0°Q")¢]}

H: = Hovyp exp(—ikz){s> (—7( )2en) + e"[(’SpQQ" '?z';)"le)&;;]}

H, = Hy exp(—ik2){1 + 2 (—p2Q* + ip*'Q® — 2Q%n?)
+s![+2p'Q" — 3ip°Q° — 0.5p°Q° + (8p°Q" — 2ip"Q°)n*]}

H,= Hpgexp(—ik2){s(—20Qn) + .s*f{[('—{—ﬁ/)")Q3 — 2ip*Q?! )
+87[(—200Q® + 10ip° Q% + p5Q" )}

. ¢ ¢ _ xI [
P=4+17 t=— 7=
wy o
Same comment as for Gaussian beam at 2" order but here O(s®)
RUNIVERSITE co-—-ia
= 'DEROUEN
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EM exEression of a shaEed beam

Other solution of

Elliptical Gaussian beam: : |
the differential
52 2 equation:
2= 0.0, exp | =10 —— 50— ,
“0 'V QaQy exp ( Qs 'wgr ‘Qy w8y> V3¢ — szat =0
1 1
Qr = s . B2 Qy = o . D
(s —l? e I,

2 — » |2
L =kwd, 1, = kw?

- Local radii and curvature radii

A ~2 1/2
uy—uoy<1+;> Ryzz(l_
Y
RUNIVERSITE
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EM exEression of a shaeed beam

EM fields of a Gaussian beam:
Er(z, v,
Ey(z,v.

E.(z.v.

H.(z,y,
Hy(x,y.2

}1:(;[’. .

2) = —€L

2)=0

2) = —€L

= 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

MUNIVERSITE
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I

2) = FEop exp(—ikz)
2)=20

E:

) = Howp exp(—ikz)
2Qy

Hy
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EM exEression of a shaeed beam

EM field of an elliptical Gaussian beam:

Ex(z,y

Ey(z,y,2

E,(z,y,2

Hy(z.y.2

H,(z,y,2

H,(xz.y.2

2) = Eotg" exp(—ikz)

) =0
0 9
2Q,r Ut = i\/Q.Qyexp | —iQ s
) = — E Y0 Vv ExGly EXT r— 27
Iy * Wy Wy
) =10
1 1
. ) Q, =
) = H(.cf,h exp(—ikz) @ oo SN ol ;i
7+ [— 1+ ~I—
T y
2
) — _ 20wy H,
Ly '

= 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 shaEed beam

EM field of a high order Gaussian beam:

cf: Barton, Appl. Opt. 1997

TEJ[‘T = ()maﬂ(TE.\[(J)ln) : TEJ[!/ _ 8771'(?72‘(T‘E."‘[g0)
mr (-)5 m C‘)nn mn 0&' — 0,7 -
F =L p=-"41L
S we s 1 -
-With the fundamental mode TEMy:
TEMg, TEM},

1
E(:l‘) = E()l.»';'() exp(_ik:) 0 E(y) — EOU"() GXp(—i}\':)
—2sQZ 25Q 7,

0 —1
H(Il‘) = Hpiy exp(—ik;) 1 HY = Hyg ('.‘.Xp(—il{-;:) 0
_QSQ%U 2sQ-
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EM exEression of a shaEed beam

Example: TEM,,; and TEM,, mode:

Q§
E.lro = EO E‘Xp(—'ik:) HIO = H() exp(_j]\-_ )
" w0 +208)

( Qz)

0
Ej, = Egexp(—ik -) Hj, = Hyexp(—ikz) | Qn
- ’<QQ£77 — Qi + 2Q12)

E{, =Eqy eXP(‘—ik-“) HY, = Hyexp(—ikz)
—’*QQ&?

—Q¢
0
sQ(z +

2Q¢?
—Qn
)QQ% n

- 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

| RUNIVERSITE
 "DEROUEN

0
E}, = Egexp(—ikz) | Qn HY, = Hyexp(—ikz)
—sQ(i +2Qn?)

Q = —2iQyp = 2Q? exp [ Q6% + 772)]
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EM exEression of a shaEed beam

Doughnut beam:

« Radial:

* Angular.

e Arc:
 helix:
j,(JJ RUNIVERSITE

“DEROUEN

Eq i
EPd = —;exp('—-ilr:) Qn
v2 —20s [i + Q(¢2 + )]
-y
H = H—ﬂcm(—ik:)(ﬂg )
V2 0
: Oy
Ey = icxp{'—ik:] —0¢
V2 0
¢
H;¢ = %cxp{—ik:] On
v —2Qs[i + Q2 + 1]
, s
Eg’ = %exp(—ik:) -y
V2 20Qs(n? — £2)
n
Hi® = %exp(—ik:‘) 93
Ve —400Qsén
< Q& +1im)
EX = [%cxp(—ik:] 0
V& —Qs i +2Q¢(¢ + in))
0
Hi = i,'_‘icxp(—ik:_] Q¢ +1n)
V2 Qs[1 — 2Qn(& + in)]

UMR 6614
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EM exEression of a shaEed beam

EM field of a high order Bessel beam

, 2t Y S R. X . Lietal, JQSRT 2012
E(r) = e, EyJ,(k,pq)eV?c e~ tk=(2—20)
( ) x40 l,( pf G) ] ; - '
ivbe —ik.(z—z i (i'l . —= o"HB
H(r) = eyHO']l.v(lfpl)G)f'“ ba ,—ik=(z—20) N _— - — 15
| | : | |
S e mrweersry [ S S B
/ G =_ /) /_0 _/ /_ 0 COS () (;)O < i ‘| ||
04 == E— ----- £ T{L-}'-m ------- r ---------
KT ! ) R & :
. - DSIN @ — Yo oo R L T4 40 L (D T RN
g = tan™! (l | > )- KR A T AR &
N OCANQ D — st N K A VLA X s
pcos ¢ — xg o 20X W A AUBG0ed
¥, (Hm)
where k, = ksinag and k, = kcosag with &k = 27 /A

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

MUNIVERSITE
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EM exEression of a shaEed beam

Hermite-Gauss beam:
\Pmn(xi y’ Z) = WV\(I(;) Hm(@j Hn(@j exp(_ ’ j exp(_ i¢mn(r1 Z))

w(z2) w(z2) w(z)?
TEMy, TEM,, TEM,,

TEM,, TEM,, TEM.,
B ERERN
o ‘ ‘ . i - -

LA
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EM exEress on of a shaeed beam

Laguerre-Gauss beam:

J2r r? coslg
LIJ'”'(r"g’z)_w(z)(w(z)J [W(Z) jexp[ w(z)? (T, Z)j {smle

TEMq, TEM,, TEM,,

TEMy, TEM,, TEMs5,

MUNIVERSITE
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Expansion of shaped beam

1. In spherical system

Solution: W (1,0, 8) = 2, (kr)P" (cos 0) 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, eX"/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,(cosé) .

=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.

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

RUNIVERSITE T a5\
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Expansion of shaped beam

Beam shape coefficients in spherical system:

E‘i = Eoi i Cnpw[g:]n,TM ﬁmn _ig;ln,TEmmn:I

n=1 m=—-n
= OZ Z pr[gnTEnmn +IgnTM mn:|
n=1 m=-n
- E n+1 7« m ||
E.(r,0,0) = Z L_(—Z) (2n 4+ 1)g,) ' rapdn(kr) P (cos 0) exp(imo)

-
o~
—
-~
-~
-~

'.O

o
mn

H.(r,0,9) (—3)" T (2n 4+ 1)g™ g in (kr) P™ (cos 6) exp(im )

|
8
?“|D'j

Il
o

-~

1

)

/ P (cos )P (cos ) sin 0df =
Jo

m

o

i o 2 m=m'
exp(imo) exp(—im’¢)do = 0 Ll

2 (n4+m)!
2n+1(n—m)! o

MUNIVERSITE
= 'DEROUEN
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Expansion of shaped beam

Beam shape coefficients in spherical system:

- kri"tl (n— im|)! - 9 D) i . |
InTM = 30O (o ) / / P1 I (cos ) exp(—ima) sin 0dOd o
m ITln+1 (n =z |I71 ) 7 9 O) m I\ e .
' . 0o) () / / Pl |(cos 0) exp(—ima) sin OdOd 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.

MUNIVERSITE
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Expansion of shaped beam

Beam shape coefficients in spherical system:

- Triple integration: Jo 14005 ()X = 2(2;:1) O
2n+1 (n—|m|)!

InTM = 272(—i)" 1 (n + |m|)!

27 T % 4
/L?U /e\p(—imd))/ Er(;%(?.d)) P|™l(cos 0) sin 0dOdpd(kr)
0 0

- Axial symmetric beam:

'i""*'”llca.s /Tr Er(as-f))
2n(n + 1)&;"‘,(11)(]\’-05) /0 Eq

(2n+ 1)2 gret-d E.(r,0 :
= / krg( (kr /D ](50 ) P! (cos 6) sin 9d6d(kr)

P! (cos 0) sin 6d6

gn —

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:

O=x/2 and kr=n+1/2

q;nT” — Qi;l;;() / Ey(kr=mn +% 0 = % d') exp(—ima')de'
InTE = %/ﬂhﬂ- (r = pp, 0 —g ) exp(—imae’)de'
2n(n + 1
Zn = 7;(nn+1 )
iy = (2;_2{_11 m # 0
RUNIVERSITE

DEROUEN
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Expansion of shaped beam
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Beam shape coefficients in spherical system:

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

~O +m—1-—=9 552
—0sh 1 I C B
i P Zr I\V . |
n TM exp(ikzo)g -2,-2_: j4+m—1)! < (j+m)(j+m+1)>
i 'S Fﬁ'm_lﬁj EQ
m Z77 ez b . 1— \
In,TE = C\p(l O)LO _)_‘IJZZOJ‘(J_,_n)—]_)' ( (].—}-771)(]'477241))
y: .
‘lL'O

G = py LQ (o + iyo))
0

Widely used but not numerically stable.

MUNIVERSITE
= 'DEROUEN
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Lecture at Xidian University

Expansion of shaped beam

Beam shape coefficients in spherical system:

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

Zm [ 1 T
- = ' E, (kr —n—l—— 9—— exp(—ima')do’
9n.TM 2’/TE() /0 ( 9 ) ! ( )
Z?n '27]’ T :
m <o n s L Pt LA
InTE — —‘271'H0 . H w7 = Pn 0 = 5 )C\p( 1M )(l(;)

Applicable to any shaped beam propagating along z axis:

Applied to Gaussian beam:

gm Zm 2 i 2 : ’
an\[ Q n r—zQ‘r +zkz(;/ -zQpn(&Ucoso——nuamo) ( ‘——z(m 1) 4 C——-z('m—rl)) (lC)
Zgn TE 0
Zm
=iQ) ; —IQ, _le“[ =Tt 7 m— 1( QPnPO)iC s 1CDJm I(ZQPnPD)]
No problem of instability.
) PUNIVERSITE

. "DEROUEN
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Expansion of shaped beam

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

m.,rad 1 mo  imd o . " . —2id 2id¢
InTM T 5 Zn (Lpet™o [2/—)71 Im(Tn) — ol Jm—1e7 0 + ']771.—{-1 A )]
m,rad L meoy imaog —2idg 2idg
9 TE — 5 Z n $n€ Po Jm-1€ — Jm+1€ )

Applied to Bessel beam:

Z“ -
Borar = 2 (@) a(§)€79 + Ty ()T 1y (€)ei%0] eikewenso

Zm » . L . h
Inrm = 5 [J14m (@) Ty m—u (&) € Wm0 4 J 3 (@) 1 pm—o (€)X 1+”'}‘I’“] gik cos aozo

Z i b o
gEJ'E - T [? JTl(ﬂ“"_") Ji- 1(6) o i ("‘T‘r) J 1 ?(g) M)U] ik cos aozo

?an y f . . z
g:iniﬁ B ) []l—l-m (ﬂ"‘_‘r) ]l—l—m 1(6)6 itmipo J—1—|-'m.(W)J—l—lﬂn—?;(g)ﬁ i l+n}ﬁﬂ] Etkcma{) o
) RUNIVERSITE

. "DEROUEN
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Expansion of shaped beam

2. In spheroidal system:
Solution: |
l//mn (77’ é:’ ¢) — S|m|n (C1 77) R1m|n (C’ g)elmcﬁ
Any wave can be expanded as summation of these
spheroidal functions

= S5.n(c,m) 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.

AUNIVERSITE i <H 2\
DEROUEN 27
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Expansion of shaped beam

Beam shape coefficients in spheroidal system:

EM field in spherical system:
L“) Z Z: ( ” I(‘ igr]:,.TEn]::n)z(r* ()*¢) T g:J".T;\f nirln);(r‘ ()~¢)) "

m=—x n={m|,n#0

HY =— il Z Z Co, )I(g Tuh 1, (r.0,¢)+ ig,, el “)(’ 0. ¢))

(),lln m=—x n=|m|.n#0

EM field in spher0|d system:
E(H = Z Z :rl[ICt \lm((l -. ]] (/5)+G [”\‘”((1 -. ,’ (ﬁ)J

m——x —| zl n+0

HO=—2L 5 30 ] Gr MO (e £,1,8) + G N (c36,1,9)

(’)‘110 m——x n—lml. n={

Vector potential given in combined form

odd and even functions not separated.

MUNIVERSITE —
- CDEROUEN ma
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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+ | ml)! i
i)lz);(’ U (1)) E ’ | ‘1n’m[m 'IIII)(C " ,7 ¢
= (2n+1)(n—|m|)! N ’
I=|m|,|m|+1 (Zn+ * Vi

2n+|m|)! i

O (r0.5)= Y dr MO £, )

g1 (Zn+1)(n—|m)!' N _,

Beam shape coeﬁ‘lments

Gre = N Z g, i) 7E

Imw(c ) =0,1

2(r+2|m))!

(/}f"l" (c,)

—|m|‘)( r+ml+1)r!

G Z 2(r+2|m|)!
n, g, ’ :
- VW ,(c ) /=o1 |'| L (r+lm|)(r+

d™ ()

nl+1)r!

-~

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

MUNIVERSITE
DEROUEN
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Expansion of shaped beam

3. In cylindrical system:
Solution: v (0. 6.2) = Z. (p)e™e™

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

p=ryk*—h? =krcosa

=\When kr— oc, eTk/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.

MUNIVERSITE =1 (/“\
DEROUEN A &)
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Expansion of shaped beam

Beam shape coefficients in cylindrical system:

Incident field:
Ey Sy

> . ] 1 ‘ POl
Ei = o (_i)mclnwf l pg)]‘m.T;\[(O)Jm(/)O) 08 ds

/Hm——x

.+_
— H ~ m zmr,; : _2] VT i6¢ 15
o Z lp(] 772.T1:( )' 'zn,(p()_)c (14

ph m=—0o0

Beam shape coefficients in mtegral form:
Ion a1 (8) = = / T gmims / Y B, st gpac
el 47T2(1 e 52‘)Jm (,PO) JO ‘ J—o0 ED 4 a5
im /2‘r iind +00 HI

—im
47?2(1 - 62)J771(p0) Jo J—00 HO

i

—id(

]m.TE ((5) — (IC)(IQ

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

AUNIVERSITE
DEROUEN
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Expansion of shaped beam

Beam shape coefficients in cylindrical system:
Localized approximation:

Im.T."U == > EU / E? ==

]m.TE == HO / H

= m) exp(—1i6()d(

[VI"l l\)l-\-q

p =m)exp(—id()d(

Beam shape coefficients normal incident Gaussian beam:

1

[o'@)

9 ) 9 .9 .- g e

ImmMm =Inre = o H / exp(—s“m~) exp(—s°(”) exp(—20¢)d(
&N O J—00

)

1 2 9 0~

== —— €XP | M S — ,
2\/ms ' 452

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

RUNIVERSITE

DEROUEN < 2
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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 MUNIVERSITE
“DEROUEN
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Formulae of physical quantities

Plane wave case:

Incident wave;

Y] 1< 1 2n+l ! Cos ¢
[ i ]—kzz.n+1n(n+l)wn<kr>Pn (ws0) 20

18 n= | SIn
Far field:
E. =H, =0
E, = Eexp( ikr) COS(DZ 2n+1 e@) @@, = iE—OeXp(—ikr)COS(D S
“nn+1)\J kr ‘
2n+1 . : :
E (—ikr)sin ¢Z gz, (cos @)+ %@) exp (- ikr)sin 'S,
’ ~n(n+1)
H, = % E,
|°_| a,,, b, coefficients de 7,, 7, fonctions angulaire
0 . - ,
H, = —E—E¢ diffusion dépendants des de Legendre
0 . 5
propriétés de la particule
RUNIVERSITE
DEROUEN
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physical quantities

Plane wave case:

.

, 2n+1 __
Scattering intensities: Si= ), D) (anTn(cos 0) + by Tr(cos 0))]
=1 !
| (@)=]S4/° S — 2n+1
2 = —[H,J,.'HI}HHI—I—e'ﬂ-"l,:“'iicl‘-wf?ll
1,(@)=]S,|? ; n(n -+ 1)
Sections efficaces: Cica = —Z* 2n + 1)(|a,|* + |b,|*)
Cext Csca_l_cabs =1
: .- .f (2n + 1)Rela, +b,,)
Pression de radiation: et = o Z] e LR T On,
C,=C,=0
. = (a, +0,) 2n+1 ) nin + 2)
{"hr'..’: — _1_1‘ [Z" 2n + -]-l 5 - (L 1) ”‘-’!hn — ﬁ*” ”.* +1 + hnj Mt 1. )
ri=1 - ' /
RUNIVERSITE
= "DEROUEN
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Formulae of physical quantities

Arbitrarily shaped beam:
1. Scattered wave in field:

)

2n + 1
[l) = _(\I)( ikr )Z Z n( IIII :—_ 1) [ “qn TMTn ((1)\0}%}”11),,([” TE “n ((("”)] (\l)(””“)
n=1m m
I 4+
Eg = :\p( ikr )Z Z “';l,: s ll) [nm,,qn TmTn (cos ) + ibngy TETh ((‘U\”)] exp(ima}
n=1m-=-—m
N Hy s Hy s ES—H%=0
I Hf = ——2E3 r=Hf =
Hy = Lgr g En "
These formula and those given in the following are valid for any “spherical”
particle:
- Homogenous,
- Stratified,

Spherical with inclusion

MUNIVERSITE TEB L
- ADEROUEN Tt
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Formulae of physical quantities

Arbitrarily shaped beam:

The extinction, scattering and absorption sections:

X° - - 2n+1 (n4|m|) = z
Ceet = —Re : anlgn Ml + bnl9nTEl”
r — RZZI m:z_n 1) |m|)!( 9rrarl 9nTEl")
X Sy 2n+1 (n+|m|)! e o 5 =
CIQC — s X | | . 2| m", 2 bn)— ‘m s Z
5 T ~ _Z_n 77(’1—'}-1)(7?—-517?”!”0 I xgn.f.\ll +| [ 1971.7[_[ )
Cabs — Cext _ Csca
0 n 0] o0
- Double summation: > » = »
n=1l m=-n m=—c0 N=mM=0

- The sense of the efficiency factors for shaped beam.

MUNIVERSITE
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Formulae of physical quantities

Arbitrarily shaped beam:

Ap = an+ag — 20054,
B, = by+b,— )b,,b,, 1
The radiation pressure: Co = —ilan +by4r — 2an8510)
/\’ =
Cpr = = R( {n _]*-_1 (471gn f\]gn—rl ™™ +Bngn ILgn+I IL)
n=1

n
1 (n+m+1)!
+ - (‘4 ’7;11' - 7_;]2‘ T + ‘4 ,_"Z, -—117* ;
Z [(n+ 2 (n—m) n0n TMIn+1,TM ndn TMIn+1,TM

m —m*

m m*
+ Bngn.TEgn+l.TE + B”gn TE gn+1 TE )

2n+1 (n+m)!
m— i C'n ( m } m#* —m*)
RZm+1)Zm—m) " InTMINTE — InTMYIn TE

C'Pr..r = Re(C) C'Pr.y = Im(C)

2

(2n+ 2 41 = (n+m)! 1 41 n+m+1
7 " + Fm s Fm
{ n+1 E Z (n—m)! (n+1)2 " n—m+1 "

m=1

1

—m+1= m= —m —m+1=

(Cngm;:\[gn.?[? Cﬂqn T\[gn 1.TE + Cng;z7 TEgn ™™ — Cngn TE9n TM )]}

+

tv t\\‘a|>,
ﬁM/

+

[

n

m=* m —m—+1=# —m+1=

m TL —1m
F'=A,.g97'r \19n+1 ™ + Bugn'r T Ini1.TE T Andniirm9ntrr  + Brdn i TEINTE

- Rewritten for programming.
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Formulae of physical quantities

Arbitrarily shaped beam:

The radiation torgue: .
Ty = = I:jZZ:IC "R(A

. dm =
r;; = :”Ai g g (_ Sl 1
im w )
T = _$FZ§:M'"’B'"

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

" son
Cn - / \ /[ N
n(n+1) (n— |mj)!
m _ . m—1 _m — 17 —m+1=% m—1 _m=% _—1m -m-+41=%
Ay = An (.‘/n.Tf.!-‘Jn.fr.\! ~ 9 TMYIn T ) + Br (-L’n:rlc.(l,..ﬂ-: ~ InTEInTE )
m m 12 —m 2 : ), m 2 —1m ‘2.
Bn = -'4” (.‘)n.Tﬂ!“ - |-qu.T".I| ) L 13“ (:!}H.T[’:l - I."n.T[f‘» )
As = Rlaz)= |(I,,"2
Bn T \}?(bn) x Ihn:-

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

MUNIVERSITE
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ExamEled results and conclusions

Scattering by a sphere:

Conditions: z P
1. Incident beam: Arbitrary shape e
: champ diffuse ;
2. Particle : E
» Spherical ’ () |8
« Homogeneous or stratified ; ;
* |sotropic '
P Op~d®
Particularities: ; champ interieui
L Ee

1. lllumination inhomogeneous
when beam is small.

2. Incident beam is described by W faisceau laser  E,
two series of beam coefficients : ‘ ‘
Pt ‘ |1,
1 m (_}{, :
nrar €U GnrE u/
RUNIVERSITE co~<ia
= "DEROUEN e g s o
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Exameled results and conclusions

Scattering by a sphere:

— > @ »*
Tt AR

i

Up — AnYn1TM mp(cos@) — m)'(cos 6) L L "'Z“
—
. m '
by, — b9, 1 Th(cos @) — 7, (cos 6) n=1 n=1m=—n
RUNIVERSITE

= "DEROUEN
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ExamEIed results and conclusions

Part|CUIe ) Scattering diagram
a=>5um | Onde plane
m = 1.33 4 WM 'h‘-’«f;w,m \ . WM"“MMM
: wa v INEI m iy o
Faisceau gaussien: : W AR
7\4 j— 0.6328 um (0] 20 40 60 80 100 120 140 gioanﬁjfgnnlfcr)g 220 240 260 280 300 320 340
WO =5 pHm Scattering diagram
A : : /
Diagramme de diffusion: 4 Falsceau gaussien sur axe '
Sur axe - symétrique e A o
o . L T R
Hors axe - non-symetrique . WY'!}W ,,lpw
\ Scattering diagram
N _ _ r
) \‘1 Faisceau gaussien hors axe: d=w, !
z '"nﬂ.\,‘ . VAT
. L AV v Y
0 \: Voo v ¢ N
4

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

o

RUNIVERSITE co—=<ia
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ExamEIed results and conclusions

Scattering by s infinite cylinder:

— / = &
E w7 An1s Sn
Hi In,TE (7/) bn:’ bn:: »

Spectral of plane wave

MUNIVERSITE
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ExamEIed results and conclusions

Scattering by spheroid:

(i) _ - - i+l | 2 m @) s, .z m (1) o -
E o Z Z ! ':IGM.TI:"\Inm(('I"‘-",]'(p)+GN.TMNnm(CI"-",]“b)]'

m——x n—|m|.n 0

H”’z—ii Z ,‘"*‘[G"’ \-‘l‘”(c,:;‘.1].¢)+iG,','f,,;N"”(c,:;‘./].lﬁ)]

nTM* “mn mn
(5),110 m——x n"I’nl_.n-:l)

- 2Ar+2 m|)!

m l m
Gn.TE - N Z gnlml.ﬂf

| rmafrr (Cl ), =0,1

dl'"l" (c,)

(r—‘m Nr+|m|+1)r!

G | Z - 2(r+2 m|)!
IM = g
T Nl 5 A (r+|m|)(r + |m|+1)r!

: If"l" i)

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

= gnm can not be calculated by Localized approximation for
oblique incidence

MUNIVERSITE
= DEROUEN

111-42



Lecture at Xidian University i N B B R S N 53 Y AW, i 1R A

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
MUNIVERSITE
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Exampled results and conclusions
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