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Application of Orbital Angular Momentum of Beams

Yang Weidong, Qiu Xiaodong”, Chen Lixiang ™

Abstract Light can carry spin angular momentum and orbital angular momentum. The spin angular momentum is
associated with the circular polarization state of the beam, while the orbital angular momentum is related to the
spiral phase of the beam. Since Allen et al. theoretically confirmed the physical concept of the orbital angular
momentum of photons in 1992, this novel type of light field with a special spiral phase wavefront has attracted many
research interests and found many important applications in both classical and quantum optical realms. This study,
from both the fundamental and applied physics, reviews the preparation and detection methods of the orbital angular
momentum beam, especially the recent progress in a variety of fields with the orbital angular momentum ranging

from spiral-phase contrast imaging and remote sensing of the rotational Doppler effect to optical micromanipulation.
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0500013-4



th i

i G

e

Xha b FEBL NERWEK; £ oV EHEEE,
(2o y) Fl Cu o) 83 SLM2 H1 SLM3 1 I 9 B £
AFR

Sz ef, ASFEZ SLML 775 B R B3 f )
G, WA 7 5 — ) R, B S 248 SLM2 SE

Phase

Input
P corrector

beam

=1
o
o
3
[}

.
o
-]
o
ok
o
=
L m

1 A A 1) X KO8 AR s 1) 22 4L AR R g AR v OB AR I
JEAR A 22 51 AR L W A2 M SLM3 #1543 3
] 3 HE LI A Bl B O AR R A I 7 5 5 i
71N BRI i) A2 A6 B8 DG TR, 2 3 5 3R AR s A A AUL 285

FH S0 45 B4 A0 P 7 55 = R U 1) fr s
Modeled Observed
detector detector

k)
]
B

o

PR 7 B 45 1 TS0 R 00 38 149 A £ 5 8 G A

Fig. 7 Simulated and observed phase and intensity distributions at various

planes in the optical system™"

AT T3 80 DR A S A RS2 o 28 37 1 3R A ) A
WEAMPEM SRR S MR AL ERG . HN
T SERX — R, 2013 4F, Boyd P BAM ) i 5 i
AN INATT 565 T A8 ok S5 B0 A o 28 466 I J T Ol o 64 52 i 5
281207 ST ARE AR A5 3R Ul A B ' TR A )
FHAE B R 1) 22 5 B A MO Al L (45 2 B 10 20 Rk
RINZHI 77 %3 FHE 9200 Lh b, S8 T 305 4L
AOERI 43 B . L Ah, 7E 2018 4R, B P9 bl R 2 A 8
T HAZ P A B Y — R A Ay R A LA
LUNNRE S Wy Ak e S BoR LA RN I V3 )
AT LAY J5 AR R TTHLIE AR S OB, A 8 (a) i
71N« 11T SR A2 46 T7 58 2 3l e R e i S A P AT AR
O O SE M B W R 8 () Fi R, T & HY B E AR

o T AR A 6 AR S AT S T B9 26 TR SE B R
B 1) A2 A7 8 B 0OR, S B AT BT A s A
A o 20 AR 0 2 2 T EL A AT 7 B S B9 % L o
S B, ToAe e B AR AL, B 1Y 30 S S 06 B0 1Y L MR 8
P4 73 TSR 238 35 432 00T 1 8 A A8 o 78 46 3 RO Y 3
7 0 0 A s 722 6 MR e A 46 19 X EERCR A 9
PR

it B AR R L LA AR e ik R A LS B L IE
0 2l O AR — o3 B R EL R A 3 S i AR v
IRT U A 3l O SR A R SORRAE A e 7 £ A
A R f) T 4R R 52 B BLAE ) Bl O R R R
5 RIVIIE ff 2l b A L AT5 R ORI ST — A B
FU L

0500013-5



ﬂ Transformation ﬂ

0 2m

K8 AsbRAEd s,

0 2m 4

Ca) X 0 A8 A 28 46 5 (b) R JE A

Fig. 8 Coordinate transformation ways“* . (a) Log-polar transformation; (b) spiral transformation

)

210

= — =2

S 0.8} (@) =

g — I=0

§ 06 —
0. — =2

3 02

S ool -

E 73 2 14 0 1 2 3

Position (mm)

©w

g = (C) - |=-2

e 0.8 « ‘ —|=-1

S 0.6 :I;1
0.4 — |=2

@ 0.2 “

2 0.0

<

'
w

2 1 0 1 2 3
Position (mm)

B9 ATl U A sl A A i R A

m

= 1.0

c —l=-2

; 0.8} (b) -
—1=0

s 0.6 — =1

@ 0.2

2 0.0t -

B 3 2 - 0o 1 2 3

Position (mm)

m

£ 1.0

c — =2
:: 0.8 (d) —_|=-1
g 0.6 — =0
2 0.4

3 0.2

200 '
£ 3 -2 - 0 1 2 3

Position (mm)

Ca) () A% A 28 45 T A9 (A 0L S 36 45 28 5

(o) (d) BRTEZZ 4 T 1) B (A 40 52 36 495 2R

Fig. 9 Intensity distributions of different OAM modes" . (a)(b) Numerical simulation and experimental results

for polar coordinate transformation; (c)(d) numerical simulation and experimental results for spiral transformation

3 OLHUIE A B AR e SR WUR | 8 R
M Kt 2 e s v 14 1

3.1 BREHEMBEK

AHAF AR AR B 7T 38 3] & 1935 4F Zernike
(10 240 0 5 ARO0E I T RS A AR A G AR O T
Zernike £ 1 W) 1A 109 A 57 55 B2 6 B T DL R R ) 44
FRAE U0 0 A 28T Be . B0 MG AL ] 3 AR —

A T SRAA R 7R Ty 1 S B W A B G g e
17T 320 25 4 D 19 o 27 52 B R = 2 0B e AH A B 1R
BEARN Z AR F BB AR N B =1 Y8R E A
BT A f F G008 B kS 1A Sk O A 08 R
JHE AR A7 19 AT X6 R 1 1 9 4 A AR 67 6 BE D SR BE R
JE ¥ AT A ) Pk 4 aR . B RO FE 2000 4F, Davis
SRR WA LG T R FH S E AR A 0 Ik 7 S T
Wk BT A D % S MR K IR, FE 2005 4R,
Fiirhapter 5" 5% S5 1 2 i A0 41 B0 18 5 0k 2% B 1%

0500013-6



th i

BORM G A, I 38 o S50 R WY 1 O R AR
(X)L B AR A T AR g2 1 5 9 AR A il R R T K
SEE R E L A5 R 10 MR 1L BF R, [
4, Jesacher 45107 388 3% ole 2% i 28 7E 23 (6] 06 94 1 #% |
1) B E AH A7 42 2 0 DX A AL 3 A, AR M
FT 0 W2 5 A Aok B AN W) A 0 G 39 5 G 4 ) e S
BT AR A AR T B A T R RCR 1 B AR
FIFZE LS 56 %% B Bernet %00 NI SZ B T X A9
200 MO AR AR 4 4R O RRE 0z 5 SR 2 . Sharma
SR ) 5 5 LN TE 5% pR RS BT X A 3D AT
BT ) R R E B 5R BRI, A o R AT A6 U8
i FA L A O O BUIE A B i gL AL R
BEAT B AU R R S s B Tz RS,

E

(a) (o) WIPR I 523 AR 45 T 5 (b) () AR 1) 2 E A At Al A5 405 SR

B11 G5 9 1A -5 e AT Ao 1l 1 285 S0 LE P

Fig. 11 Comparison of traditional bright field imaging and spiral phase contrast imaging results

Laser digde
(780 nm
o

Sample

stage .

Objectivg

Aﬂirror

Microscope

Relay lenses
p—— N —

g
L9

P10 R AR A AR S ke R R

Fig. 10 Schematic of microscopic device for spiral

phase contrast imaging™*”

[49]

(a) (¢) Bright field imaging results of objects; (b)(d) corresponding spiral phase contrast imaging results
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