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Abstract Based on paraxial approximation of beam propagation, intensity and spectra of polychromatic
radially polarized beam (PRPB) are investigated during propagation. It is found that, in near field, the increase
of the original spectral width introduces a little increase of the beam width of PRPB; however in the far field,
the increase of the original spectral width can cause a little decrease of the beam width of PRPB. As to spectral
property, there always exists a critical position on observing plane, inside of the critical position, the observed
spectrum is blue- shifted, and outside of the critrcal position, the observed spectrum is red- shifted. The
increase of original spectral width will push the critical position away from the beam center wherever in the
near field or far field. For the case of certain original spectral width, the observed spectral shift width in far
field is bigger than that in the near field. Besides, while comparing the PRPB with the polychromatic linearly
polarized Gaussian beam, it is found that at the same propagation distance, the radius of the critical position of
PRPB is obviously bigger than that of the polychromatic linearly polarized Gaussion beam.

Key words physical optics; polychromatic radially polarized beam; intensity; spectra; critical position

OCIS codes 260.1960; 140.3295; 300.6170; 260.5430

1 5 5

e AR FEAR R EE b T DL A R 19 3 AR 2 SRV 2 D0 SO I VG o 10 T B AR B0,
L s S A AR 4 0 0 R 90 L O RS ) T X O 3 0 0 4 T R
A2 8 450 T L2 0 5 51 6 5265 T 0 5 303 D0 7 L5043 6 oA DR R 25 43 A 0T 40 R R 45 8 R e
e £ 2 R 6 [ 2 L R0 3o O Y SR R 3 T 5 1 L 7E S b T 00 1 AT B I BBl
SR L P v S 3 A L TR L P R R R SR AR 0 55— O R e R X

5 H #3: 2014-09-24; Y 2l 1& 20 f H #5: 2014-10-27

EEWHE: MAKHRBI4(61307001,61178015) 45 4 H SRR 22 %42 (2013]05094,2014]05007)

1B B A BRI (1990—), Lo, B0 58 A, 28 N3 5% e 0 s A5 5 77 T 9 i 5% . E-mail: 423877680@qq.com
SImE . T EE(1980—), B b Bl 2SO L S 7 1 9Y . E-mail: dingpanfeng@163.com

0415001-1



S I S

DI TR A1 A5 R 07 T8 Ay SR A, SO - 1T 25 AR 37 2k PRI B s o A L AT A, AR SO 5 03 SCRORR O AT s S il 4
WA C A A AL SR AR DT T BT AT T RO Iz BT IR R R AR LR AT R R PR —
0 o A 1] i 41 e e, T LA Qi 4 O 2 7 Ry A 1 D RO , o nT LA e Ok AR 0 4 05 s R AR, i
DS A D A B AT SO0 BRI 368 ok KRR (R AL AR SR A e 3 B 1w AR ] RUBRAR M B i R B, T
TR A7 BOLZ U, [ PN 22350 X Rl Ok O R R AT 1T IR A BRI (R R 2RO S AR i R Y
WS AR BT B RS IE |, SEBR i AR AR HAT — & 3 58 , 3 T L, AR SOX 22 @ 4% o i IR OE R BEAT BT, 73
A FEAE A% i v A9 D 2 DA BOE T R |, I8 5 B0 (0 155 B0 0 2 D 41k v 307 ' ACHEAT X FE o

2 IE & o b
BAEOLT AR ) 4 56 5 Bk i AE DR 7 LT DLROR
E(r)= wLexp(—rz/wﬁ)Eo(a)) s (1)

Ao r RN FALE R RN oy w, FRIROERERST, B (w) 5 IG5 B BRBOM G . AR — ek ik
DR T 7 5 2 R B S () i i 28 o3 A, D)

0)=|E" ()] =—1 mp{(w_wﬁq,
NELEA oI

K o, RFOCIE LB, TR RETE Y RS E 17 500001 E a5 A bR AE DX J5F L 5

ARFR N ECS B e 5 (o) MR . AT A OE R B AL — B B 2, U -t L 3 AT LR R N

_iexp(ikz > /
p )HE y'.z=0) exp{zk [(x—x’) +(y - y)]}dx dy’, (3)

A R AR R AR Hr( )fﬂJEJ\( )2, A L, y 23 B0 5
_ Yo : _ ( L\\ ( 1, U ’ ' ’
[E((x,y,z)— o exp( T jﬂx exp{ a|:\ + 2 ) +Ky + a :|}dx dy
_ Yo u +v _ ( L\
BRI Y

2

(2)

E(xyz

, (4)

o

ih(x® +° : ik
KLy, = —ik exp(lkz)exp|: (x2 r )j|,a=l - lk _ ikx v=22
z

w, Zz 7 z

I 578 pR R 23 24 X

}exP(_ﬁZzZ —iqt)dt = \/B;exp(— 42;) , Re(B)>0, 5)

o
am

Yo w40’ \Tu o
Ev(x,y,w,z)z —wfexp 4o EE (w)
0

Yo W) o o ’
E (x,y,w,2)= —w—exp( 1o )ZQZE (w)
0

LIS T b AR BR R p 5 (x,y) AL, AT E &R
S(p.w.2)=|E (p)e, + E (ple }[E (ple, + E (ple,] . ()
e, Ml e, 4350 R o Ly 1) L BN 0k o AT A ORI ST T % 4 R 1 43 A PR ALK
S(p,w,2)=M(p,w,2)S’ ()

Mp. ,z:pz 1 o {_ 2p° } (8)
p.@.2) 1+ zz/zi)2 P 1+ zz/zi)wz
ﬁquf“;—?,cﬁﬁgqnfm_ H(8)ZE AT LA, WIS T 156 3% 5 TG S (o) A 3, Il B 57 5 5 8

0415001-2



S I S
M(p,,z) B ] 5 76 B 5 A UL 1 a7, G 3% %5 2 R 50 ey SO0 A0 9 2 A DR /N bl s 5 LA 9 TR AL A TG
Ko AEQ@)RYSERY b, AU WIS T b 22 (042 ) fi R 06 R B OG5 G IE R PR RE AT OF ST .

3 nmdrE
R T, & 0 42 [ s I G A 00— BB 0 2 5 AT — S0 A A T R B . 15 8 (7 p R R O

FOR] , 2240 4% 1] P ' AR A2 DL 55 (G638 1(p, w,2) T 225 18 T A A0 R 8
[(p.w.2)= [S(p.w.,2)dw . (9)

P12 T 22 A 1) i B 06 SR A% i rP B D B8 A, T B % 9 A5 i B M S B 8 o BT v i
WSH LR A 8 632.8 nm, BRI Z (OB R A DR o, =2mc/A, , T'=0.02uw, (B JT 75 5658 S A X T8
RRP U ONETUEE SR

0.020

0.20 0.015

0.4 0.010 2
0.005
ZAVE ki,
~50 0 50
=12 2

p/w,
1 2 (042 16 0 98 O A5 6 19 D638 4 A
Fig.1 Intensity of polychromatic radially polarized beam during propagation
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Table 1 Maximum position of polychromatic radially polarized beam during propagation
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Table 2 Critical position of the spectra of polychromatic radially polarized beam during propagation

z

r
0.5z 2zkn REAN 20z
0.02w, 1.1184w, 2.2370w, 5.1003w, 20.0290w,
0.04w, 1.1194w, 2.2398w, 5.104 1w, 20.041 1w,
0.06w, 1.121 1w, 2.2443w, 5.1103w, 20.0609w,
0.08w, 1.1235w, 2.2505w, 5.1187wo 20.0874w,
0.10w, 1.1261w, 2.2569w, 5.1274w, 20.1152w,

R 2F LA 1, G 05200 15 Hil 1) 20200 1 3 B2 11, 1 2057 B N 24 Lo B8 3 B 29 200, 25 01T 1% i 7O
BE R ST Y R B8 5 8 B E A 0 I0 S 187 B, B A0 FE 2=0.520 220 Szin 2020 5 AL S BE B AL, MOCTRIETE M T =
0.02w, 3G M B T =0. Lawo B, X N7 A9 1 5557 B A9 S /DN 08 B 9 185 Jon, 38 o 55 43 531 2 0.007 700 . 0.019910 . 0.027 Lawy
0.0862uwq, 14 il i #AR /N , 1B 25 G A% i B 85 LA RO U535 98 W9 A~ 5 T AT LA e A% o B e 4 R — e R B
545 56 W53 v ) 272 X it S 1% 5 e B0 Y

TG A% i 8 A AT, 00000 S T b £ RS X e o A, LT RS B ) RN R R R . AR
PR BGN 0.5z0n IV, 5 K Y 35 #5129 0.3% , 100 24 1% i P 125 39 0 3] 2200 I, B KO AL 1 29 1.2%, 185 % 5 (10 3 R F
. BN San i, I KRR B 1.4% , [b 220 R 5 1 0.2% , (H BE G BE R SF 2 2=220 I 1 2 5 22,
A2 5 FE B 3 N R 2020 B, HE KA EE RS 12 29 1.7% , LU 2208 B AR 1 0.5% , {H I 4 56 B RS 2 2=2200 5] 1 8~9
Vo G R v K 25 A5 BB 1 43 #50™ 8, DRI AN D 95 AR Pk (L0 B8 B E RS I AR EETTT L A AR IR
RS () A B OETR AR S AR T 2R B R TE 2z BT ARG I 1 A R M R AR A SRR

SR R B OGIE T S Y AR XTI AL A S i AR B ES  H X — s s mT DU AR 6 a0 O A
B FF BE R R, W ARG R FH 22 (A% ) e % D' A (2 1w s I D' ik e, B 3 bk e 5 B2 %) 9/ N XoF 107 3 A B O
TR BE N, AE B — B 2 AU IS T, A 2=20z0y, BT OB TR AR KABLAL T p=140w, B 355, UL £ 7T Lk £ fEp=
10wo B 3T , 24 Y6 W53 55 43 51 T =0.02100.0.04105 ,0.0610, ,0.08w0, . 0. Lo [N}, 122057 B 1) 6 38 24 Hy B K AH Y 80% , i
X R B W RS R 043 514 0.00119625 . 0.00476418.0.0106422.0.0186851,0.0281801 , 3 &4 % 4f 11 5 4% 4k g
DK (632.8 nm) 1 #8200 43 55108 0.76 .3.01 .6.73 . 11.82,17.83 nm., U115 76 32 LI 5 4G 0 1) oo 9 K A9 D
B fe{E, DRI L T Y R 1 35 5 1 L

5 HZmkZ 05 AR

22 (0,28 D B 130 397 0 SR04 S 43 A5 O v 30T B A% B O BE TR A RS ARS (B TR B ), HE AT b A 2R e 4R s B
R 5 A5 1) i I D' SR S AR L AT AR BE B AR X SR o 1E X S8, o S HOh o K A, =632.8 nm,
I'=0.04w, , LA z=2zq B9 LI - 18T A7 461) , X6F LU 45 SR an 141 4 B o

P 4 v 28 Al % v 0T ' AR %) 3 S i 4 A 1 BRI A7 L A7 T p=1.583 8w , 1111 425 110 i 1 X6 R 194 W6 5L 07 47 T
p=2.2398w,, 7 F W . K TR 5 78 2 6] #4985 B8 1X (o << 1.5838uwo) , 42 111 i 9% 06 o A9 4R %o 3% A% 4 K, 76 3L Rl Ay 21
B X (0>2.2398w0) , £& it I 155 07 6 SR 10 AR G338 B 8 G o Pl 4 O % v 07 06 S %) S B Wl KA T R L T 2
04 1] D F% D' o A DG 3R AR K AB AEp=1.5776wo, Z5 6 %5 TEOGHR FIE A% 1 1Y B3R, X T 4RI 5, e FE7Ep=Lwo
LG A RS R A LB A OS2 iR T O RN AR i iR O SR RS S 4 O 0.001537
0.004078 , % Ak, Sy v i 4 1 e 28 543 51 4 0.97 .2.58 nm , 22 AR W . WA S 10 # BE R B L 7E M — AL iR

0415001-5



S I S
BEAL X T 2 A A AR AR G TR, WL A5 A% A BRI 1) L 3 , J F TRT G SRR IS A R A o3 R 3 1) A A B Y
S5 G T b A B 0 s X T 2 A% 1) i 9 ' PR T3, LI %> A5 32 0 4 11 s, 37 D) 2 51 THT G B X g A 4%
Ji 73 FEL 3 14 Qi A1 (1] 5 60 25 R0 8 I A0 405 2R R L TR B ) o 3K ol 2 S 2 (00 45 0 8l 016 SR A9 A [ 030 3% it o3
A i A [ 4 B A [ — L i Ak R 37 1) 2 T 45 R 58 A [R) AT S5 EOUL I i Ak Ol 3% %5 B2 00 A 1 25 5 L B
2 Az i FUALE LA KGR R 22 5

0.010——————————
0,005 b—nadereemechonmecdeecac]
ol--
-0.005
®_0.010
-0.015
~0.020} -polarized Gaussion beam
_0.025 7ra(llially p?lmizefl bea.m‘ )
0 1 2 3 4 5
plw,

P 4 22 A% i i 9 Ot o5 28 O IR i J07 DI SR 3 A% X 1L

Fig.4 Comparison of spectral shift width between the polychromatic radially polarized beam and the linearly polarized Gaussian beam
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