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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 exgressiun of a shaged beam

Plane wave — the simplest wave
Propagation along z direction: ]_é — kz

— polaraized in x direction:

—

_n —i(t—kF)
E=xE.e

— polarized in y direction:

—e

o —i((lX—A:~F)
E=yEe

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:

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

1
H=VxA E=-iw|A+—V(V-A)
T k2
- Equation of vector potential:
VA +EA=0

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

iEp |
A= I—Ol;'(;LT. y,z) exp(—ikz)

uJ

| ! 2 4
w=Yp+S v +sWPYys+---

OL' 4[ To be demonstrated ]
V =0 by yourself
0z
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EM exgression of a shaged beam

Circular Gaussian beam:
Solution of fundamental mode

2 2
. ol 2
o = 1Q exp (—ZQ 'Ql/ >

o]

1 w 1
_ 0
Q_ 2= §fi= — = —

it [ kwg

-Local diameter of the beam: :

422 W4
w=wg |1+ el

-Curvature radius of the beam at z on the axis: [y |\
. /
12 / 2 \

R::(”@) —ed
- Higher orders : / \

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

MUNIVERSITE
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EM expression of a shaped beam

Symmetric EM field of Gaussian beam at 5" order:

E: = Eoto exp(—ik2){1 + $2(—p’Q* + ip*Q® — 2Q%¢?)
+s![+2p'Q" — 3ip°Q° — 0.5p°Q° + (8p°Q" — 2ip" Q°)€%))

E, = Egygexp(—ikz){s*(—2Q%n) + s*[(8p°Q" — 2ip’Q°)¢én]}

E, = Eygexp(—ik2){s(—2Q¢) + s*[(+6p°Q* — 2ipQ*)¢]
+s°[(—20p" Q> + 10ip°Q° + p°Q")¢]}

H; = Hovo exp(—ikz){s*(—2Q%¢n) + s*[(8p°Q" — 2ip" Q°)én)}

H, = Hytg exp(—ik2){1 + $*(—p?Q” + ip*Q* — 2Q°1?)
+s'[+2p'Q" — 3ip°Q°> — 0.5p°Q° + (8p°Q" — 2ip"Q°)n*]}

H,= Hp¥gexp(—ik2){s(—2Qn) + 33[(—}—6/)")(23 —2ip*Q* )]
+8°[(—20p'Q* + 10ip°Q° + p*Q" )]}

pr=E+n &-—-i '7:%

Same comment as for Gaussian beam at 2" order but here O(s°)

J RUNIVERSITE
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EM exgressiun of a shaged beam

Other solution of

Elliptical Gaussian beam: g,
72 equation'
= 11/ QzQy exp (—ZQI 5 — Qy?) OL
Wy Oy C)v
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EM exgressiun of a shaged beam

EM fields of a Gaussian beam:

Az = Qu‘(;v.y.z) exp(—ikz) Er(z,y.2) = Eotoexp(—ikz)
Ey(z,y,2)=0
E=—iw [A +—=V(V - A)] 57
k2 2007
E.(z.,y.2) = —€L (}2 E.

1 o
H=-V=xA . -
L 8 - Hy(z,y.2)=0

Hy(x,y.2) = Hotopexp(—ikz2)

_ 72 +
L' H-A('.‘L'. _U:) = —€L ] Hy

= 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 exgressiun of a shageﬂ beam

EM field of an elliptical Gaussian beam:

ELx.9,2) = E(]U‘ah exp(—ikz)

9 9
sh . e o GBS YT T
‘.i‘hh =1/ Q2xQyexp | —1Qz—5 — iQy—5 By\z,9,2)=0
Wiy U.'U”
9 .
E,(z,y,2)=— 20,7 E,
[y
1 1 .
Ql‘ — % Qy = 53 }II(J'."U.:) =0
i+ — i+ —
I"[' y

Hy(z,y,2) = H(,cr("‘;h exp(—ikz)

2Q,y
——H
Iu H

H.(z.y,2) = —
= 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 exgressiun of a shaged beam

EM field of a high order Gaussian beam:

cf: Barton, Appl. Opt. 1997

TEME — oMo (TEME,) TENMY — omor(TEM,)
T mn 85771877” ? tmn agnz,ann
£ b e B
> wg? 0= wg
-With the fundamental mode TEM,,:
TEME, TEMg,
1 0
EY) = FEgoexp(—ikz) | 0 EYW = Egyoexp(—ikz) | 1
_QSQuL'U _QSQTL%
0 -1
H® = Hybo exp(—zkz) | 1 HY = Hypoexp(—ikz) | O
—'QSQ%U 25Q;
RUNIVERSITE co—ia
= 'DEROUEN n e
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EM exgressiun of a shaged beam

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

Q€
E7, = Eyexp(—ikz) HY, = Hgqexp(—
” i+ 2062)

0
3
—2sQ0Q)¢n
QI; 0
Ej, = Egexp(—tkz Hp = Hyexp(— Qn
— )QQQ&) —sQ(i +2Qn?)
—Q¢
E{, = Eq exp(—ikz H?Y, = Hyexp(— 0
- 7€QQ§7) sQ(i + 2Q¢€?)

—n
Egl = Eg exp(—ikz) Q'] Hm = Hopexp(— 0
2Q00Qsén

—sQ(i +2Qn?)
Q = —2iQyp = 2Q° exp [—iQ(&* +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
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EM expression of a shaped beam

Doughnut beam:

- Radial:

* Angular.

e Arc:
 helix:
i RUNIVERSITE

= (DEROUEN

i By e
E}" = —exp(—ikz) | Qp
~20s [i + Q(€* +7°)]

-y
H :
HP = Lexp(—ikz)| ©
\@c‘m(' )(OE )

Eq .
E° = —exp(—ikz)
dn V2 T)( /

H;¢ = Ho exp(—ikz)

Q¢
Iy
V2 —2Q0s[i + Q2 + 1]

Of
are E@ . d
Ein = —=exp(—ikz) | -y
Ve 20Qs(1” ~ £2)
Qr]
H® = ie\p —ikz)
V2 —40Q<f1y

Q(£+z1)
Elf = ic\m( ikz)
V2 " i+ 20¢(¢-+in)
H (0
Hhe = —?—e.\:p(—ik:_] Q€+ im)
V2 Qs[1 - 2Qn(¢ + in)]
CO a

UMR 65614 %
CNRS - UNIVERSITE @t INSA de ROUEN
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EM exgressiun of a shaged beam

EM field of a Bessel beam

, T R. X . Li et al, JQSRT 2012
E(r) = e EoJ,(k,pc)e’?Ce ih={2—%0) °

1 . T
ivde~ —ik.(z—2 | Hi — o"BB
H(l) = eyHoJ.-U(kp/_)G)e”""G € ik ( 0) 08 kswasuasas Fommmeee i:rll‘. ...... T 1" BB
| 1 |
! 1] |
¢ ¢ f E 0.6 f=m====== o s ol (ol o e e
PG = .\//)2 - /_)8 — 2/)/)0 COS((Q — (j)o) < : ‘l i] '
04 |=—====——= E— ----- T —:\--i——,—,\- ------ E. _________
. y | oy 1 |
/ = ) S111 (r'i) o= yO e lsosagasss t ___‘-'L_L_l_\‘_' 1 '.----l _________
b = tan™! (’ ' > i A AR &
A \NQ 7T Py PR 4.0 A Y R XV s
P COS @ — I o XSO [\ AN AR
=20 10 0 10 20
Y, ()
where k, = ksinag and k, = kcosag with k = 27/

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

Hermite-Gauss beam:

J2x \/—y] ( r2 ) :
Fon09.8) = 5 Ho (w(z)JH(wa) 0~ ey ) P 1)

TEM, TEM,, TEM,,

TEMy TEM,, TEMs,
B RERRRE
e ‘.. - s s e e
‘.' ‘ - s » O -
- s s e e»
AR

MUNIVERSITE
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EM exgressiun of a shaged beam

Laguerre-Gauss beam:

W, ﬁl [ 2r? _r—Z__ y coslé
‘Ppl(r’g’z)_w(z)(w(z)} Lp[W(z)Zjexp( w(z)? |¢p,(r,z)] {Si”m
TEMgg TEM4g TEMg;4

TEMsq TEM,, TEMs,
. 1.;’\

» T | . =
- e,

MUNIVERSITE
= DEROUEN

111-16



Lecture at Xidian University 7522 HL T RHOR A BLAOG 2 BTHT 2

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, e=k"/kr. So a spherical wave.

= P"(cosé) 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 in r.

*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.

RUNIVERSITE Ty 2N
DEROUEN coJd G2
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Expansion of shaped beam

Beam shape coefficients in spherical system:

I
o pw m = - m >
E;’ - EOZ Z Cn [gn.TMnmn _lgn.TEmmn

n=l m=-n

H H, Z Z B [g:nzﬁmn +18, 1 mm"]

n=l m=-n
- LI |
E(r.0.0) = 3 > (=" 20+ 1)graria(kr) PY™ (cos 6) exp(imo)
n=1m=—n
: , - - EO n+1 g m || : . '
H.(r,0,¢) = Z A_(_l) (2n 4+ 1)g, rEin(kr)P)™ (cos 8) exp(imeo)
2
n=1m=—n

2m m=m'

27
s 3 AN T
A m, S —2m d —
./0 exp(ima) exp(—im'¢)do { 0 m#m

2 (n+m)!

2n+1(n—m)! o

/ P} (cosB)P™ (cos ) sin Bdf =
JO

MUNIVERSITE
= DEROUEN
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Expansion of shaped beam

Beam shape coefficients in spherical system:

To be demonstrated
o by yourself
n— |m|)! ml e ,
0 P os @) exp(—ima) sin 0dOd o

m A‘ rt 5 +1 (
InirM Amjn(kr) (n 4+ |m
e B kri"tl (n — |m|)! " Hy(r,0, o) im|
GnTE = A0 (0 )] / 0 P! (cos#) exp(—ime) sin 0dOdo
1. The beam shape coefﬁuents 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
= DEROUEN
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Expansion of shaped beam

Beam shape coefficients in spherical system:

- Triple integration: Jy 1001 (00 = 2on D) "
m - 2n+1 (n— |7n'|)! To be demonstrated ]
On,TM = 97_-2(_7-).n+1 (n i |7n|)! by yourself

2T T . y
/A? D (kr) /exp(—hné)/ Er(7E}0.<;‘)) P/™l(cos 0) sin 0dOdpd(kr)
0 0

- Axial symmetric beam:

i1z N T E (a..0
gn = " / {99,9) p1 (cos 6) sin 06
2n(n + 1)vm ' (kas) Ey
) 1 n-*-l Er - 0 .
9n = 7'nn+n 1) / kr h / 1(5,0 )P.,%(cos ) sin 0d0d(kr)

Very stable and flexible but very time consuming.

MUNIVERSITE
= 'DEROUEN
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Expansion of shaped beam

Beam shape coefficients in spherical system:
Localized approximation (see van de Huslt for the principle):

EI‘ at the plane Z:O: 2 To be understooql; ]

localization principle.

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

ZITIT 1 -
m - n E L . il ‘s dd/
In.TM 27 E, / r=mn-+ 9’ 9 )(\p( mao ) o
gm o at
m _ n - . 2 s\ A
InTE — Sy /0 Holr=ip,, 0= 5’ @) exp(—imae’)do
70 = ‘27? (n+1)
2n + 1
Zm ( —2i ) im|—1 20
e = ; m
h 2n +1 ’ g
J RUNIVERSITE

. "DEROUEN
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Expansion of shaped beam

[ R R s DN S AW s ME R

Beam shape coefficients in spherical system:

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

~O +m—1— 52
-—Osh BJ C B
vm . Z ]lv 1 +
n.rr = Zn exp(ikzo)tg >Z G +m—1)! ( (J+m)(5+ n+1)>
o0 ==it+m—1—=9 52
m ZmC\p ik 0?0 lz B C { B
90 TE = 5 i — j+m—1)! (74+m)(7+m+1)
B = p,f—% (o — iyp))
wg
C = png (zo +iy0))
wg

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)

7g 1, =
i = E kr=mn -I— —, 0 =— exp(—ima')dd’
Z?TI - A
m SR o I8 A
gnTE = orH, / Hi(#=ps 0= 5" @) exp(—imae’)de

Applicable to any shaped beam propagating along z axis:

Applied to Gaussian beam:
ng\] Zm g aps 27 5 T —
n Q n _—zQ y<—+1 .,;U/ e..zQpn(gu cos ¢+1p sin @) (e—z(m—l) 3 e—z(m-l—l)> (l(f)
0

ngTl‘
n

Zm s m o : s ‘

— ZQ ;1 = Qv +ikzo Iiez(m. 1)¢("J772‘—1(2QP71/30) 4 ez(m - I)O()Jm+l(2QPnPD)}

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):

m,rad 1 T i T ) _ —_2id .
InTM SZn Qe ['—)‘/)n Im(zn) — po(Jm—167"%° 4+ ']-m.-{-l( e )]
m,rad ! moy imaog —2idg 2idg
In.TE = 9 Z n Qe 0 ( ']m- 1€ — Jm+1€ )

Applied to Bessel beam:

Zﬂ

Gnrm = - [fl('_')fl—f (e + J_i(w)J_1_,(§) €] etk cosaozo
Zm ) . o § h
Gnrm = 2 [}””“( )1 4m—n(E) € ftmido 4 J 1im(@) 1 im-u(§)e . l+n}¢ﬂ gtk cos aozo
Z 1 b -
InrE = 7;—F11( D)o (€) €T — i _y(w)J_1_,(€)e?0] ¢ oos a0z
?Zm e . } z
g:;nit — 9 [Il-l-m(m) }l-f—m 1(5)‘? Hitmigo I—1+m( )I—H—m ?(‘f)ﬁ “ l—l—n}p{}] Eﬁkcm&“ o
J RUNIVERSITE

, ADEROUEN
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Expansion of shaped beam

2. In spheroidal system:
Solution:

Y (77’ é:’ ¢) = S|m|n (C! 77) R1m|n (C, é:)eim¢

Any wave can be expanded as summation of these
spheroidal functions

= S..(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.

DEROUEN Lo 27
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Expansion of shaped beam

Beam shape coefficients in spheroidal system:

EM field in spherical system:

E" = Z S ey ™ (gm0, 0) + €7, 0.9))

m=—x n={m|,n=0

HY =-——- Z Z C " I ,'z"ru ‘»lz); (r.0, P)+ lg,’;rg :1")’(’ a. @) )

(),Un m=—x n=\m|.n+0

EM field in sphermd system:
EY = Z Z M[’C:l“— l“) €116, 7], ¢)+G’l"f\l\Tilll’l(Cl:‘:',]‘(p):"

m—=—x n—| Il n+0

HO=— 5 50 50 ]G MO (03 &,1,0)+IGTNE (c1361,0)]

(’)‘110 m——x n—Iml_n*l)

Vector potential given in combined form

odd and even functions not separated.

MUNIVERSITE
- (DEROUEN Dt
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Expansion of shaped beam

Beam shape coefficients in spheroidal system:

[ R R s DN S AW s ME R

Relation between the vector wave functions in the two systems:
x J—n
n? (r.0.4) = Z r 2(n+ | m|)! I

mn

|rmali L § 7 R0
~ \ ' (jnv—ﬁmiN mi (C‘ 2 "]‘ ¢)
I={m},|m|+1 (-n T l)( n— l m ‘ ) N!mU

N - 2n+|m|) i - :
i A : 2 ’ ! Vo 2 ' n/ - £
m illl)f(l.' H‘ (/j) = 9 \ / | I | a Lml!lﬂf‘\l :llll’((:: ;" ,]' gf))
=mpgmn (2n+1)(n—|m)! N _,

Beam shape coefficients:

e | = 2(r+2|m|)! "
G, = N o 8 i\, 1E d™ (c,)

min (€1 ) r=0.1 (r—|m|)( r+m|+1)r!
. 1 2oy 2(r+2|m|)! i
G:m! = Z gr:lml_f,&{ d,l. i (C,)
N,..(c)) <o (r+|m|)(r+ m|+1)r!

gnm can not be calculated by Localized approximation

for obligue Incidence.
RUNIVERSITE

= "DEROUEN
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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) is acylindrical 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 i <ff\\
DEROUEN 0= @)
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Expansion of shaped beam

P22 L R A B

GIRERSF:]

Beam shape coefficients in cylindrical system:

Incident field:
) EO +oC L 1 )
Ei = _2— (_i)mCmm/ Polm, T (0)Im(po)e 10C 45
H = Z m zm :J/ /)6]771..TE(6)J771(PO_)CIOg dé
P“ m=—00 —1

Beam shape coefficients in integral form:

M
2

2m peas HfHO0 5
: - . e e / —Ze "%dodC
4772(1 . Oz)Jm (,PO) /D J- Ep

Sm ' +00 i
L —imae H —id(

2
- , , I6dc
4-,¢2(1_52)Jm(p0)./0 A O

Im.T.-'\[ (6) =

[m..TE' (5) —

* The second index Is continuous — continuous spectrum.

* The beam shape coefficients depend on z components of E,H.

RUNIVERSITE
DEROUEN —

111-29



Lecture at Xidian University

Expansion of shaped beam

Beam shape coefficients in cylindrical system:
Localized approximation:

Ei(p=
Eu /

[m.TE = HO/ H (0 =
u/l

[ R R s DN S AW s ME R

Lnrm = = m) exp(—24¢)d(

,p =m)exp(—20()d(

lv[ = 'Vl =

Beam shape coefficients normal incident Gaussian beam:

1 QO ¢ ¢ D B o L ”
Imrm =Imre = 54 / exp(—s®m?) exp(—s(?) exp(—id¢)d¢
" 0 J—00

)

1 2 9 0~

- v ——C€XP | —M S — ,
2\/ms ! 452

The beam shape coefficients are Gaussian both on the
discrete index m and the continuous index 0.

MUNIVERSITE
DEROUEN
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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.

1 PUNIVERSITE
“DEROUEN
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Formulae of physical quantities

Plane wave case:

Incident wave;

e E Iy e eoso) ot

Yie

Far field:
E,.=H, =0

IE, = 2n+1
E, = —2exp(-ikr)cos :—ex ikr)cos ¢| S}
© kr P(- ¢;n n+1 D P(- 4
- E, = 2n+1 :
E |kr sm +1 1
7 kr - (p;n n+1 p '

|kr sm P\S;

H, = % E,
|°_| a,, b, coefficients de 7,, 7, fonctions angulaire
0 - - -
H, = “E Al diffusion déendants des de Legendre
’ propriéés de la particule
RUNIVERSITE
= 'DEROUEN
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Formulae of physical quantities

Plane wave case:

Scattering intensities: 5
1, (@)=[S,]? s,
(@)=]S,/?

Sections efficaces:
Cot=CscatC

sca abs

. . C
Pression de radiation: et

-

Z 2n+1 , o , .
- I:‘./.I” ﬂ_” ':‘ s 9 :I T Iifjlrr T” 'l_‘ CO= H]
nn+ 1) ' :
= ’

Z 2n—+1 , o , .
- . [{-E”T” ':":.'{]’!"\ 9] —I_ I!I-'E.-Jlr_rﬂ_” 'I":_':].l";- H]
— n(n-+1) | '

A 1o | -
— Q_WZ{QH + ]-_II{|{-‘{H|2 + |Ej”|2:]
|

_ A2 = a, +b, )
Cpr. = —Re (2n + 1)——=—

MUNIVERSITE
= DEROUEN

C Q ia
UMR 6614
CNRS - UNIVERSITE ot IS4 dle ROU

n=1
A - ‘
— 57 E (2n + J._)RE.‘{‘H.” -+ [’j” )
: =1
2n + 1 n{n + 2)
* : Loy " " .
.”1’” L J.] ”‘.’!bn - n —I— _1 'i“””-n+1 ‘I‘ E']”EJH—I—l ]

SA de ROUEN
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Formulae of physical quantities

Arbitrarily shaped beam:
1. Scattered wave in field:

- 2n + 1 ;
Ej = ___(\p( ikr )Z Z A+ 1) ™ (cos l)}mr‘:::}/,’,'f-r,; T (COS ())] exp(imao)

n=1m

2n + 1
£} = - exp(—ikr) Z:l Z mii 1) [”@w’ e (coRg)+ @"”‘n” " m"”’] explime;
»s__‘HO s -i__ﬂ Ei=H:=0
110 = E—_,DEO H,g- = E{]E r T
These formula and those given in the following are valid for any “spherical”
particle:
- Homogenous,
- Stratified,
- Spherical with inclusion
1 PUNIVERSITE
, \DEROUEN
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Formulae of physical quantities

Arbitrarily shaped beam:

The extinction, scattering and absorption sections:

Cext = %Rf ni:l m:z;n ,{?Z: 1) :Zi IZ:I;: (anlgnral® + balonrel?)
Crea = /\Til :Z e e lan gyl + [ba Pl )
Cabs = Cex'[ - Csca
- Double summation : Z Z Z Z
n=1l m=-n M=—o0 N=m=0

- The sense of the efficiency factors for shaped beam.

MUNIVERSITE
= DEROUEN
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Formulae of physical quantities

Arbitrarily shaped beam:

A, = an+an, —2anap,,
B, = brl+brz+ bnb;z-l
The radiation pressure: By = ool Be BB
2 o0
Cor. = );r Re {7141-1 (4n9nT\19n+1T\1+Bngn TEgn-HIE)

n
1 (n+m+1)!
e . (A m ‘ m* gl A —m‘ —11* '
mz_l [(n +1)2 (n—m) nn TMYIn+1.TM ndn TMIn+1TM

+ BngnredniTE + Brd, TE g;-:ll*TL)
2n+1 (n+m)! =
m— : Cv ( m ; m#* m *)
REm+1)Zm—m) " InTMINTE — In TMInTE

C'pr.:t = RC’(C) C'pr_y = IIU(C)

= (2n + 2)! " (n+m) 1 1 n+m+1
O =i ot ' Fn+l F111+l_ Fm
'27.'"2::1{ (n+1)2° " +mz::1(1—m) '(n+1)2 ™ n—m+1"

2n+1
—m+1= - —m+1=
+t 0 (Cngglrwgn TE — Cnn Tm it TE + Crdnredniy — Cndn Tudn i )] }

m— m=* * _—m —m+1=

Fl'=A,g, T\19n+1 ™ + Bngy Tr9n+1 TE + Andn i1 M In, T+ Bro.\ TEINTE

- Rewritten for programming.

) RUNIVERSITE -
« "DEROUEN
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Formulae of physical quantities

Arbitrarily shaped beam:

The radiation torque: PR
Ty o= (—I%ZZC',’{‘:}?(M{')

- 1 T m\ m

T, = Z"“ZZC A7
dm @ -

T = —%HFHZ:“"ZIIN(“ BY

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

"
Cn - \ "t
n(n+1) (n— |mj)!
m _ y m—1 m* — M —m+1= m—1 _m=x —1m —m-+1=%
Ay = An (gn_T.‘.!gn.TM ~ InTMInTM ) + Bn (yn.T[:'gn.TH ~ InTEINTE )
m m 12 —m 2 . m 2 —m 2
BY = An(lg%rml® = loninl) + Ba (lgmrel — lon5el)
< '—’
A, = R(an)— |an|
Bn = %(brl J — :'bn]’-

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

MUNIVERSITE
= DEROUEN
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Examgled 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

MUNIVERSITE
= DEROUEN

champ diffuse

Eg

(MM)

il

P
I
5]
Op~d®
champ intericui
E,
faisceau laser FE.

7 22 B FRHROR ZE IR 6 2 i %

d conclusions

‘]Mr

!
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Examgled results and conclusions

Scattering by a sphere:

— > @ »*
|+ @G

, ] : _ : _ _
Gn = GnGy TN mn(cos ) — m,'(cos ) i i mi-u
—>
by — bn.(/:,,,)'/’E Tn(cos 0) — 7',[,”(,('()5 0) n=1 n=1m=-—n
RUNIVERSITE

= 'DEROUEN
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Examgled results and conclusions

Part|CUIe ) Scattering diagram
a=>5Hm | = Onde plane N
m = 1.33 ) .mhw‘w““ Yy S Aot o g A MM"‘"W‘,
3 ‘M'W‘ i VRS fv ,;N'N
scon gausi {Ra—r
Falsceau gaussien: i 1) ARRA
}\_‘ j— 0-6328 lm (0] 20 40 60 80 100 120 140 :;(’igﬂmli.nscﬂ)nnlforg 220 240 260 280 300 320 340
WO =5 m Scattering diagram
o\ . . ]
Diagramme de diffusion: ) Falsceau gaussien sur axe '
= 1a 2 — . . ! '
Sur axe - symériqgue —— 1+ - AWV o
A . L U i
Hors axe - non-symérique ; W,W |
\ Scattering diagram
5 N : : r
. \‘1 Faisceau gaussien hors axe: d=w, X
z '“ . RTRYETA TR
) 1 AV
\" Vo i ¢ M
: i
(o} 20 40 60 80 100 120 140 :Ié?:()a tter::.:(; nal 5([)% 220 240 260 280 300 320 340
AUNIVERSITE co—=ia

= "DEROUEN

UMR 6614
CINRS - UNIVERSITE @t INSA de ROUEN
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Examgled results and conclusions

Scattering by s infinite cylinder:

*»/»&

E;
Hi

= ()

| e (7)

MUNIVERSITE
= DEROUEN

Apps Apy
b, b =

nll

Spectral of plane wave
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Examgled results and conclusions
Scattering by spheroid:

x

E(” = Z Z "HI:IG:,TE\lfer);(Cl “ ’] ¢)+G V“)(Cl " ¢)]

nTM* "mn
m——x n—lm|.n-:—0
H(i) _ lkl Z .+l Gm l(l)( )+ Gm V“’ . £ )
- ()/1 nTM"" “mn Cl ‘" ’] ¢ nTE mn l‘ B ,]‘ ¢
4 — )
0 m—xon pn|,nv-0

l =l 2(r+2|m)! I
Gl" = m ) d 1((' )
”.Tb N (€4 )r;r Srin (f""m Nr+|m|+Dr! "
R 2(r +2{m|)! A
G:.’TM ; z r": 7 ( ) » 'dl’ & (c;)
Lm;n(c )r -0,1 (’+|’71)(r+ ”1+1))'.

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

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

3 MUNIVERSITE
= 'DEROUEN
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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
MUNIVERSITE
DEROUEN
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Exampled results and conclusions

UNIVERSITE
DEROUEN



../Lecture at Xidian University/offaxis.mp4
../Lecture at Xidian University/offaxis.mp4

