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Rotational frequency detection of spinning objects at

general incidence using vortex beam (Invited)
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Abstract: The vortex beam is a kind of spatially structured optical beam carrying orbital angular momentum,
whose frequency shifts when it illuminates the surface of a rotating object. This phenomenon, known as the
optical rotational Doppler effect (RDE), can be used to obtain the rotation frequency of a flat object by measuring
the frequency shift. While the frequency shift is influenced by the incident condition, by revealing the influencing
law of incident condition, the rotational frequency of the object can be measured directly. Firstly, a method of
velocity projection was used to analyze the mechanism of optical RDE. Then, the rotational Doppler frequency
shift distribution law at general incidence of vortex beam was obtained, and the theoretical method of extracting
the rotational frequency was proposed. In the end, an experiment of RDE using a superimposed Laguerre-
Gaussian beam with topological charge [/ = £18 was set up, and rotational Doppler frequency shift spectrum at 4
incident conditions was obtained. The experimental spectrum and the theoretical result were combined, then
rotational frequency of the object could be extracted with an error less than 1%.
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Fig.1 (a) A vortex beam illuminates on the surface of a rotating object

vertically; (b) Pointing vector distribution of vortex beam
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Fig.2 (a) A vortex beam illuminates on the surface of a rotating object at

general incidence; (b) Coordinate systems of the vortex beam and

beam spot on the object surface

20210451-3



ISk A2

%94 www.irla.cn % 50 A
A, 05 6l R BE G R, 20/ 2 1 BB g S (1) W] LIS E)
HAUESS T o, A Q) 5 h: 7 \/Aﬁ) +Afy Afap+Afap 1Q (12)
2 mod = 2 T 2 T

+cosycos2 6+
Y

fsiny(rcosf —dsing) Ny )

c2nr
Horpr, 55 N IR 23 78 A7 sUR A Y TiE s 2238 Bt
¥, Jo — TR LM Z B RS . 2R F 40 i B0Ch
+1 1 Z NS BEOCAE A PRI DEIS, +15 -1 B ENEE R
e IO SR T 1) B B RN TR, T T AR
7 BT 22 RS R/ MU RIS A S, TR 1 22
T RO S8 A AR o P T A N A 18 T B A )
HE AW, K5 5 PR AR 22 o 2R PR ARAS
ARV, e e 22 B RS g o TR, R SEOB Y
Jig ket 22 % AT RS«
1Q]sin’*@

Af=—
f T | cosy

+cosycos?6+

d
—(sinfcos ¢ —cos@singcosy) (10)
’

My = 0H =0}, B} HAFTERE w2 Ko d, RS
Af =1Q/n(1 +d/rsin6); 24d = 0 H.o=01F, BJ H7E7E i
By, Wi N Af = 1Q/a(sin’0/cosy + cosycos?d); 24
v d. of 0 W, B HE G L 16 5 W IR S i i
e 2 MM AL =1Q/n, X5 Bﬁlﬁ?ﬁ%fﬂ (it B

WARE2Y S, R WIEY 1% LR
P
A3 (10) AT, B BECAER AL T, heh

ZEMPM =2 By dv @FINFRAYRME, [R5
b — SR — IR . Ry T AR W R e
WA, e OB IR A

Q d
0=0,Af =— cosy——singocosy)
T r

=AM =T

on lQ( 1 d )
+—cosg
cosy r

(11)
Q d .

0=n, Af = —[cosy+ —singcosy
T r

3 2 1 d
Hz—n,Af:—( ——cosgo)
2 m\cosy r

AR Ty d. oFWER, A4 HrE SRR
BEFENTR f = fnoa /25

R Y WML B T TR AT A ST (e
e 22 WAL o1 AT A, R A =X (10), B S8
¥ =30°,¢=30°,d = 1 mm, %€t ¥ 42 r = 4 mm, i Fh
T 401 = +18, YR TER: MK f = 50 Hz, 1 #5305 H 1 45
R anE 3 s .

2600
2400 }
2200 }
2000 }
1800 |

1600 |

Rotational frequency/Hz

1400

1200 ! . :
0 /2 b 31/2 2n

3 BRCHERAS AR T B e 28 iRs 341 (i
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Fig.6 Experimental frequency spectrum of RDE at general incidence of vortex beam
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