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Propagation of Partially Coherent Flat-Topped Beams in
Gradient-Index Media
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( ' College of Electronics Information , Sichuan University, Chengdw, Sichuan 610064, China )

Pan Pingping' Dan Youquan'**

? Department of Physics, Civil Aviation Flight University, Guanghan , Sichuan 618307, China

Abstract By using the method of generalized Huygens-Fresnel diffraction integral, the analytical expression for the cross-
spectral density of partially coherent flat-topped beams propagating in the gradient-index media has been derived.
Consequently, the propagation properties of partially coherent flat-topped beams propagating in the gradient-index media have
been studied. Moreover, the influence of the gradient-index parameter of media, the beam order and the beam coherence on
the propagation properties has been discussed. The results show that the on-axis intensity distribution of partially coherent
flat-topped beams propagating in the gradient-index media varies periodically. The period depends on the gradient-index
parameter, but has no relation with the beam coherence. The on-axis peak intensity in media increases with the beam order,
the beam coherence parameter, and the gradient-index parameter of media. Furthermore. the intensity distribution near the

plane of peak intensity varies rapidly with the propagation distance.
Key words laser technique; partially coherent flat-topped beams; generalized diffraction integral; gradient-index media;

propagation properties
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Fig. 1 Scheme of partially coherent flat-topped beam transmission in gradient-index media

X 3 B B AT 5 R A B AT S AR AT R OR
n=mnl[l1—r"2"/2], |Ila*<1 (6)
b g A N b TS R I B B BT S R 2 B AR IV 1 £ i i T 2R o
{A B}:[ cos I'x sian/F}
C D —I'sinIx cosI%
He (D 2R A A (DO A 2L IR AR A

=

Jexp(—sz—FBx)dx: /%exp(z%> (8)

S LA B A P TG A A BE I 5 A0 o v 9 4 i 2 oK

Iko} __iklcotI%, » Na . 1N—1/2
W(Jfl s X2 92) ‘ Sln 1_‘ ‘ p[ 2 (Il X ) }X l;,’;amam (4qmqm 1) X

D)

ox [7 ‘o kb (quai — i +q,ﬂx§)]
P Gsin =) (bgpqy — 1

~

B 0) 9



1254 B % ¥ it 28 &

1 ikltanTx, , A <
Wz, x;,2) = ‘ cos = ‘ exp[ 5 (xi xz)}x ,,Zl I”Zla,,,a,,,/ X
2 2 2
. X ro Xy (xy — 1) }} _
exp {[mp CcosIz) 2w }’— [mp (cos I'e) wh }'_Z(COS )it |” (B =0 am
A,
_ B p. | igiklcot Iz | 1 _ ,
q,—liﬁer 5 Jrzy (t=m,m) (1)
= (1+w/a) "%, 12)

NCHR A A T2 @ W LB AE 0 M L ZE .= 1 F1 8= 0 735X B F 58 e 25 [RAH O og & E M 6. %
wy = ay = & W (9) FANCL0) X RI AT A5 21 35050 K1 - IO HAE B BE 7 5 350 52 o 19 58 o A o w] RIE R
4 B =0, (10) M) EE2—EH I Tt RE ML A T B )24 0. 3820 A1 TF TG
SRTEA BE T 36 30 I 1 A& A 3 T T C9) SR Bl IA

M = 1, (9) SR AL AR B HR A i R G AL B T 5 AR A o 0 AL 5K

I'A kot

W(Il s L2 ,2) =

exp
|sin e | V4w —1

- ek (u” 28 — x 200 + uxl)
exp[ (sinT2)?(4uu™ — 1) :|’ (1%
. _ 1+F it kcot I'z

BE—2 4 (13) Ay g— 1. BRI 45 2 58 A i 6 TR B2 37 36 3 4 i 1) £ 4 2 5
B = x, = o= 00, [ (9) RP AT A3 25040 - TG A AL I 56 340 o o 19 %l 658 0 A

M M
1€0.2) = >) D ksla,a’, X

r ,(15)

m=1m'=1

A[L,L,(sinl2)?—YL,[sinl*—Y L, sinlx —I*Y?]— (sinI%)?

A,
o tBZ]L i _ .
L’_l—‘[})JrZ’ (t=m,m") (16)
y — ia?,/ec;sl“z. an

Gy BT (15) 2RI AL T 6 AL 46 T 1) 19 %l | 5
S JE AR A M A 45 R AE AR R R /T B B
Propf R R BOR Y E T SO HAH TG 6. #—2
HR A (15) 3 0] 15 21 4 b s dee R AE A& Ry

_m (Ll Pk
zjmax - F(Z +])’(] j‘j%;{&) (18)

ML) AT LA H o7 Tt A B J3E 3 55 3 A o
bR B R AL B A BT R BT

3 BUEITE Kb
FAOXEME T TS &R k=
7000 mm ™!, w, =2 mm "1
 2Ca) 5 5 8 43 AH T 1 T0O'G o 78 86 B2 47 45
A JoT T A2 A I B — k' g B A A R
fb. B BLER D=0.5 mm ', LLER =
0.1 mm',3=0.5.M=3,

P23 FH T P OO0 oA B R 3 Sk A8 A T b A%
AF A b ol i B i B S SR M AR Ak A 1)
S0 BREATS R REUR . B BT SR R A
0.5 mm L B2 6. 28 mm B EE AT AR R
oM 0.1 mm "B, HIZ N 314 mm., R AEfE
MRS B (5 AR 85 R 42—

N T R0 LAY S5 BE 3 A 58 5 BN B 1w '
ST A SE A L B 2Ch) 45 T AN R A B T 3R R A
(DAF LT # 43 AH 7 T 78 Bl - O 98 04 {8 40
(e ) HOBE FIOE 300 M. 1555 0 B—o0. 5,
M=3,

43 RH T TR A Al b D' 5 A {1 A ) 6 v '
S I3 A S AL A A . BA R TR AR T 2 i R
W RO DGR A Bk JBE B S5 30 2R BB A D) 0 Ak
Bl 1 sEBR R O HRBE BE BN

Sy T U BTG TR B O A% R 0 R L [ 3 4
Hh T A [ B 8O R ] 1 5iR 0 A i A e e )
b Bl 3(a) BB B i {E Ak B 1 7 B (: =5 mm) ;
[l 3(b) Sy BB B8 e (i b 38 30 1) 437 (= = 15. 5 mm) ;
B 3C) WIEE A E (=15.7 mm), HAi B S &
r=0.1mm ',8=0.5,



734 WV A5 RO T T AR B B 3 S S A S e i 42 i R A 1255

©

@)

o]

1(0,2,,,,) /(a.u.)
| © = DN W s ot &

3 2 -1 0 1 2 3 4
/107w,

W

0 45 50

2 AR BR BEIT S A8 R BT S B0 20 A0 T OGS i Sl b 03— o' 58 I 14 46 B e 100 28 A () W (L A R0 88 1) D16 58 53 A (b)
Fig. 2 Normalized on-axis intensity distribution versus transmission distance (a), transverse intensity distribution at the

plane with peak intensity (b) for different gradient-index parameters
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Fig. 3 Variation of transverse intensity distributions of partially coherent flat-topped beam with propagation distance

for different beam orders
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Fig. 4 Variation of transverse intensity distributions of partially coherent flat-topped beam with propagation distance

for different coherence parameters
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