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Generation of Vector Beamswith Axially-Symmetric Polarization
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Based on the optical rotatory effect of liquid crystal, we have fabricated a compact and efficient optical device
for control of space-variant polarization. Using this device we generated vector beams that have axially-
symmetric polarization from alinearly-polarized beam. In this paper, we describe the measured characteris-
tics of polarization distributions and beam patterns in the near- and far-field regions, comparing these with

theoretical predictions.

Key Words: Vector beam, Axially-symmetric polarization, TEMq3+ mode, Liquid crystal

1. FU®IZ

—ICHWOEND L — ¥ — ¥ — AIERREERH - ¥
MRIETH B, L0 M2 FEBRE S LTI
RHDHEHF2LODDHY, TNHIENT MV L —H—
C—n & Xidhs., MBEEE TIITMB L UTEE— F2°
FEL, L= —RERROEREE— FTh5TM,,
£ 7213 TEy [ IE T A EME— F2H 155, Zhbid

Maxwell T2 % FIfE BRI R (¥ — 2 OIEMT 10 Z 28 & 5
%) TR Z EIZE o TRO SN L BREEIZRTH D,

e (6l Lot L TR X7 M VERG T FEo Z 8
& Bl B St (Axially-symmetric polarization: ASP) & & 131
TWwb, FRICRCKECTH HTEM«E — Fi&, Fig 1R
T I —LHLLREER IS L IEHMA K
EHREAS A EFEOOT, ZENT YT IVEHR-
TEMg+, A (a)), 7 ¥ I 29 IUREFE(A-TEM«, A
(b)) & XiZhTna
_ﬂ%®%—bi WE DI AR B %
2BV, ﬁﬁﬁm#ﬁﬁdmx:ﬂ%ﬁtt L% o
t%&%m?tb,ﬁﬁw WEH SN TE . FiICT
TT MR 7 MVE— L%, (R Gl 1T 5
ZIRES % Y (Y 7217 T <, ARy FAERIC
S PAT 2 DI HRE) % E (e Yy D3 & IR
JEORETHAET A I EFMLENTWE, Bz, dilixd
ﬁ@%%%uv F=IML2DBLOL —F— &ﬁAmm
GV, HEBEIE TSI ARV WL —F— 12X 5

L%E%WL” FE RGP FEANT L 5 8RR
BT LR VT T T4 =< A OEH LS
wP B B TG T-RURT X 2 W EE NSO~ 0
IEHAS, 2L CHBEL LR EMTHVE Z L ThY
vy FMUANDIBHBTT NS B E, BA RS HTRY
FVE = ADIERFEPREIN TS
INLOIEMIE, BUTL—H— &m@ kot
ASPXZ FLE — Aéﬂifééiqk&ottbf%
D,%®ﬁ%m&‘éiﬁiv W — ARG O E —
PEIRNT L0 E | Fh IR %fﬁﬁ%@mm
b, LorLl, WINbLL L ORFHET2LELET S
DI RIIBEHETH Y, X7 MV — 2 0nHEH
IR 51213 & 0 B CERIE D ASPIREAE T O BSOS

@) Y\ ® Yy
‘%

H V E

”&&;

Fig. 1 Electromagnetic field vectors of axially-symmetric
polarized (ASP) vector beams ((a): radial polariza-
tion and (b): azimuthal polarization). White and
Black arrows denote directions of electric and mag-
netic field vectors, respectively.
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Fig. 2 Geometrical description of a focusing of the ASP
beam.
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Fig. 3 Schematic explanation of the axially-symmetric po-
larizing plate (APP) based on the optical rotatory of
liquid crystal. Arrows denote polarization direction.
A laser beam with linear polarization through the
phase shifter is directly converted to that with radial

polarization.
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Fig. 4 Distribution of twist angle A¢. of liquid crystal mol-
eculesinan APP. Jump of A¢. along x axis createsa
defect line in the alignment of liquid crystal mol-
ecules.
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Fig. 5 Experimenta setup for measuring (a) the spatial-po-
larization and phase distributions in the near field
and for observation of (b) the spatial-polarization
distribution in the far field of ASPbeams. LD: Laser
diode, PL: Polarizer, AP: Aperture, BS: Beam split-
ter, MR: Mirror, APP: Axially-symmetric polarizing
plate, CCD: Charge coupled device.
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Fig. 6 Near-field intensity distribution of radially-polarized (a) and azimuthally-polarized (b) vector beams observed without and
with an analyzer. Arrows denote axis of the analyzer.
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Fig. 7 Interference pattern of aradially-polarized beam and
alinearly-polarized plane wave. Experimental re-
sult (a) agrees well with that calculated (b).
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