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Discussion for propagation of superposed unpolarized beams and
acquisition of scattering potentials

ZHANG Ming-hui
( School of Physics and Material Science, Anhui University, Hefei 230601, China )
Abstract: Two independent unpolarized light beams can sum up to be one unpolarized light beam based
on the classical Stokes theory. However, it’s demonstrated that its global validation needs a preliminary

requirement. The work was carried out with an example of a Gaussian-Shell beam. An applicable hint was

given with the determination of scattering potentials in atmospheric and biological experiments.
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R 451 Stokes FIRIN N, REIEHAEBMEF, Stokes KEBMIRME M EA T Bt 1 . HE LA A
B TFHAE: 1) A wIRE, B0H— R — R AR B A 2) FRAFRIRGE
&, VA AE IR,

EF| 2008 4, Wolf @xt X Eikan@ 1) AT, $5H) Stokes FH iR Ay BRARAE T X H AT S hnE T 12 WL
R “AHfTHRH> (JFICE “ local behavior ”, Bl4g “ZATHUFAE &M =S B HE—ABTE),
AR A T AL R “2RfTR” (FICZ “ global behavior >, BIHE “iZAT R % T &% 2571 i
FrERE L") . Wolf FHBFRA HERIRFTERB LT, M8l 1) BURLHRESME, HEH

“ Stokes YoH” WM& B . WIERE| K T —HARA BT, WSk [4~6] .

H52Z M, ATEREEE L 2) fiTie, BR Stokes HLRTEN &, IREARHBAMITH
MeFAT ey XA, R, BEEaHE 2) [LIRAL, LA R —EWRTRAF SNEERIRSREMZE |
R¥ )G, —BRSERHRIRCHFRE.

ARE 2 FRURA TAERT T emt A8 7R R LT 48 3 A IR mIRICEINE &% IE
IR FTE L&, Bl Stokes FIRTEMABN FEA2RE XM &M, B 4 FETEH - B/REE R
T, BREZRBELZMAENHEZBOERITAP, FRBRML; WASL, NFERwEMAM. w53
HH—MNHARBE, T8 6 TIEHSR.
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AW RS EEMEMACHZEME 1 R, P AEALBRRPEE —&, HAUE, B4
r R, Ep, AEHESESSHE 2, v BIAFMESE. p VEET 2z 124K E, Hr=(p2);|&
WA HEERN 2 BifEHE. B P A Py 2> 0 SEHEET A, NFRE— AT BA 40 1
E X P
(Ep(ri,t)Ey(ra,t + 7)) (E;(r1,t)Ey(r2,t + 1))

(By(ri,t)Be(ro, t + 7)) (By(ri,1)Ey(ra,t + 7)) @)

F(Thr?:"—) = l
KA (r,t) f3E <=M P it W7, EAR < * 7 FIRES « () » AANEELM R G TEH, Rk
KA EGHRET REE {E(r, 1)} WA, BRAR, Y ri=ro=7r, H =08, BEMHETHEE 3) R
R MR (2) . EATERE (3) A Ert2EH @

1 o .
W(ry,ra,w) / I'(ry,re,7)e™7dr (4)
—0o0

" or
o EIEm R, HAMREAY

W$$ ? ? Wit ) ?
W(ry,re,w) = l (71,72, w) y(T1 r2,0)
Wyz('rl,?“g,w) Wyy(rl,'rg,w)

RN E T, FTERESE I T A R g E P
Wij(r1,r2,w) = (Ef (r1,w)E;j(r2,w)) , i,j =2,y . (6)
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(6) Ry “BfaYeH> 7 (W [2]) . Lahiri 5 Wolf BiEH B, Wi;(ry,ro,w) BWHEE X, FHNZ
HHRBELF DR w WEFTEGCHE, BHNEES v LHERERN « 28 ro &b j S EHEEERE
(i,j=a,9) B . AIUEH, % r=r b, (6)BUHRBREHMIRSH b8 M

Wez(r,w) Wey(r,w)

Wir.w) = Wyo(r,w) Wy (r,w)

(7)
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H L Rk R, HYEE SCYZOERGES T O0BR N « AT )E, B MR (5 (2) Xt
BY) . WRERER TR T PR L@ mMIRIRES, Moy Wik (48, SiEmIRERE——f
R HIHETE T R B AR R R ARIE) . ZOERIEZR P A IR IR G B A AT

Ax

Ey
Pirw) = 1= 2D g g I &
’ E,
i, Bl /0 T
Woo(r,w) = Wyy("';w) #0 ) y \
Wzy(r7w) = Wyz(raw) =0 ‘

Fig.1 Parameters related to propagation of

K2 YLK Stokes BLiE, (7) NBA &M, a paraxial beam
BT oy PR R 7 T AL B L6 (M AARILo A . B) E&MAME “GRO6S”, HikmEHEE W(r)
AT AR PR & R AR R 2 A 1, B

W(r) = Wa(r) + Wa(r) . (10)

R (7) T 5 EAR I A MR IRIRES, (ERIRIRES 03B, AR MEM (7) T2
HERES AN (5) AR 0, BEOERABS RPN TEETEE TN L 2 = 0 THAEH I 5k
BERRER WO (of, ph,w), T 2 > 0 RERPEEEEFE P oA P WEEEEEGE W(r,r,w) 72
WO (o, py,w) HTFRFEE

0
z] 7‘1,’!‘2, // W( ) pl’p2a (pllarlaw)G(pIZar27w)d2plld2pl2 ) (11)

Sooft G AT A e R T 60 48 T
Glp.r) = = exp [T (12)

£ 2 HEEH P EFH 2 =0 WEE.

3 ARRIREEINE L R0 AR IR TG B FEE AR A

BBA LRI AR AR MRS R A . B, R (9), EHWEHFH 2 = 0 QnATArd, UL
5 (0) ¥RI0) £ H By 5 BEAE R 2351

Wikww) 0 WO (pw) 0
W.&O) (plaw) = A (0) > W(O) (P y W ) = B (0) > (13)
0 Wiy (P'sw) 0 Wayy (P w)

H W (', w) = Wi (p',w) , Wil (p',w) = WD (p,w) - (14)
GEE (9) A1 (10), HIWIEA T & RO B R I MR B & 1
Do) = W (o w) + WD (0 w) =

(15)

B g1, BTN 2 = 2 BT ESEHATER W (p,0), N “JERmIREHREM
R ARRIRIER” BOLH S RAE R ORI H MBI T, (15) ¥I3
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Wé;) (p’ LU) = ngzz)z(pa LU) + W]gi,)z(p,w) =
WD, (pw) + W, (p,w) = Wy (p,w) # 0 (16)
Wiy (p,w) = WE) (p,w) + W) (p,w) =
Vﬁ%@w%ﬂﬁﬁww%ﬂWﬁmM=o
Rar, BIES
(15) = (16) an

JRALFE Stokes Hip iR “MMIECEBIETHRMIRE” RA2REXHTERM. B 2 HHaBR 4T
N M 2FATH B,

BB HHOEHTETH 2 = 0 ¥ hse2drmitot,  (15) RERFIAR & 6T IR 522 3
. ASCETOREITIKRY, B, HFARE A SHIRE PG R B & RO HEEITH 2 = 2 B,
i seeArmiRos ((16) ); MAERE (17) AL, Bl “MmiECE MR MG BA 2R E SRR
B e — R AR

S~
\ A

»
rl

Fig.2 Notation relating to the global validation for the superposed unpolarized beams. According to Emil
Wolf, the local behavior refers to the condition when the theorem only validates in the plane z = 0, and the

global behavior refers that the theorem validates through a region for any values of z

PR AR - BUREOEHOE], BT (17) FFARERGL A BN (17) BGL, R —E R
[HE:Z L

4 —1

Bl - H/RHE (Gaussian Shell-model, fifk GSM) JEHR AR XRE—FOGI, EHBBRE L, BWE 5K
BRNEBW R RR, SHEAR, HEEREM M RN N SEMLRE, 5% 5 0ERR NS
WL R 10 | Al R - WRBDGHE Y BRI 2 B& MBS, HAYKRTE 2 =0
M H EERE WO (pl, ph,w) WEHETH
! 1)2

12 /2
), 1 4 Y _(P1 | P2 _(P1_P2 oo
Wij (p1, P2, w) = E;E;C;j exp [ (0_12 + 0'12- )] exp [ 512] (6,5 =m,y) , (18)

EXFESZHE TR M j RS RGBT R, BHEH, LTS o M o; 2 HIRFER
TEZG BERTE Y o A0 j J7 rI R RRBE AR O T 055 AN pf A1 b PIBEE AL TN 0 o j - RAIHSR
ZRBHE P B D0 T B B, AR B A R TERIAE T IR R AR AR AR 4 A T s C
N HZF R AR EE, e, T R

1, i=3j

07 l # J ? (zﬂj = :E’ y) * (19)

EiZEjZE,Ui:O'j:U,CZ'j:{
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TS EFTRA - BURBDER A A1 B; 4k (18) F1 (19), A B4 B B E R Wy (0, ph,w) HIKEFE
T
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aij
a aij
TR o FRIEHR A F1 B, TR, FHARREE, —BBELT LR
5aii765ajj ) (a:AaBJJ]:waJ?éJ) (21)

WM, SERTWHRTE 2 = 0 (SEMTHE, ERWIESH I —RERRY; BN, R
AT B TR BER—BE. B4 pf = pb = o, i1 (19) A1 (20) T B 153 TSRO 3 2 B
W s (0h,w) BSEETEA E
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Wiy (', w) = Wi (p/,w) = 0

R G BOE R AER 36 T P9, B3 BT (15) 5712 (15) —34, BehIEmiRdt. TEHZEA. BW
N E MBI R d =2 )5, BI7ENSERET EENRE 2 = » WARIEHELL. K (20) foA (11) #1 (12),
TS Z AT I L B R W, (4, b, ) B Ty [
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(2) _ a e S R
Wailerpw) = gricsee [~ gzt 202,22, (2)

MO e o
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EE - S Y RO
Wais(:) Aiij()exp[ 202Af21ij(z)]7(a Bibi= i =) ) (26)
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AZAij (2) A]23ij (2) ) (27)
W (p,w) =0, (i, = 2,30 # J)

FEAER (21), BR-FE (27) Y
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HAROL (17) FE B RAAL.
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Fig.3 Illustrating the notation relating the scattering

TERE 3 BIRIIEEE T, A EG MBS R (AR) 5, M r 565 E(r,w) o A5
HHTE v HIE ED (r,w) LIRAR r' ALRTHE F(r') B3R 0T RS R 1
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B(r,w) = ED(r,w) + / F(r',w)E(r,w)G(r, v, w)dr | (32)
D

Aot BE(r',w) b ' L0863, Gr,r') K (12) TR EET. ERBEMT, ' 32) ks M

E(r,w) ~ ED(r,w) +/ F(r' w)ED(r' )G (r,r" w)d®r (33)
D

HFTIL, 383 TR A SRR HUR R B Z .

58 4 3 M AT RIS, BIAE B AIEAIEE T ASDE B9 (0,0) R LIRMIRE, (EAURIEHG
B B(r,w) BwiRIE, 7578 REE IR BUR TR DGR RIS A HE— . SXRFEDNURSE B9 (0,w) H ik
S8, MARMRIE ED(r,0) TRIEmIR. WRREHIG A MIRIE, 98582 B T 8 A5 H S
FHR, TRAECHHES W RIREER BN SR, HAERRASE BO (r,0) RERMIRE
BORBRTIR T, SR TURCR MRS A A iEm. B 4 N, XESRIGIE NV EA S0 Mg 8 A
T28((29) ) .
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W - WRBDERCAE], SMRX PRGBS R AR T 2R ((29) ), XPRSE 2R miREE
A mEEE, NHREE2IF MR

FIRHX WK, £58 Stokes BIR T T B REE, (UEA THAMITR, —RIEL TIFAER
T ERATH. (29) f1 (21) FH, BMAPHEIEMIRICEMTM S, Stokes BIRTEM AL H LT
., BA2RECTHREXMRZOCREA SR BB AT, XM IR mIRER, AufEny
2008 4RI« Stokes Y3 B X —s2Bl. T3 M AR THER R AR HAR SR M A BT, JRAL4E
bR 2L Wolf R {RFRH 2 R B et 10220 | [H g2 7 07 A R IR B FT stk 2227

VERRG], A SCIRG H— 58T X J7 T FE R SR S50 77 T i I F 7 491
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