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Optical Rotation of Crystal CaCO; Micro-Particle in Optical Tweezers
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Abstract In the paper the principle of optical rotation due to the transfer of spin angular momentum from light to
particles was discussed by analyzing the interaction between the beam of light and birefringent crystal particles, and
then an optical tweezers was formed on nanometer optical tweezers system with a linearly polarized light beam (He-
Ne laser 633 nm, 10 mW), A quarter wavelength plate was used to change the polarization of light. The calcite
particles (about several um in diameters) were then trapped by the optical tweezers under different polarization of
light. At the same time optical rotation of the particles was realized. The rotation frequency was measured by CCD
camera and quadrant photodiode detector (QD). The dependence of the rotation frequency of the trapped particle on
the laser-power was analyzed and experimentally studied for several calcite crystallites with different sizes in the
optical tweezers. The effects of several particle parameters such as thickness, radius, and orientation of its optic
axis etc. were also discussed.

Key words laser optics; optical rotation; optical tweezers; spin angular momentum; polarized light; birefringence

Vol. 32, No. 3
March, 2005

1 5 75

M 20 42 30 AFEARNAMTRLTF 3R 3R R L BDOLEURE
Hmrk. RESTHBE, RSO B RO
BEFERE T AN RIE . SOk R AT 52 B X OB Y
6 1) B A » B AR BB THORE B9 = 2 SRR S i B XL
BT — 4 B AR, M RERER N R B
B FRDERBTFOCBUIE R i R 78 TR R
¥ B o AL AR A FR) FH ZR AN B T I DB B AR TR T

Y% B #8:2003-10-22; W BBk B I :2004-04-06

55 it T PR T S fth L ) ik, B T S 4 T B AT
SRR AR T . 750, BEIR T ERAE,
oA YEBURE R 9 DL R BT AT R . SBER R ORLIY
FEBCREFE A ER — Pl A B S B Sk, T AT A4
JiE e 2 WO R T B A 21 57 Sb—RL 1 M T Bl -
TR, DT A ok B D3k 1) F 3l BF 5 0 5 B 1z
RYETFB. HETLBOBEIEH KB RE . HE
S 32 TR R A FORL T 1 BUT S 45 1 L R i e

HE&TH:BEX BRBEESE (10072062) A1 # E B2 B AR A% TR (KICXDE BT E .
EHEE A ADEFA78) L, RHEMA FERRERRZYH AWM LR L, TENERE PRI TR,

* BEB A A . E-mail:liyinmei@ustc. edu. cn



316 g 5|

" K 32 %

FURL T B R ER LT TE AR, SR RS BOL LR 19 B e /8
R Pub A RMAES RS,

AXEE BB AN LR B X4 CaCO;
o VA OREAE D i B B e A 3l B B 7 R I % sl
13 T HE5E, PRGNS T OB TR B R/ ST AL
T LA 5 LA B JF s i B 1) <6 IR 3 LT B9 e
HESEOLIRZ AR R I,

2 ot

A — BN E i XT3 W R A, — B R
fRRESRERE. I T HEWW, T L&y
H—AE AR CaCO; ik, BEErWHmTE 2 5
6, AT FoR I (oy FHD 5 = B R AN
05 SRR BT T4 FIR n, on, . B SR I RTG T 2
= 0,J5Ui T =z = d,d R TR . — AT = Fhi 5 1)
BB AEOLEGE W UAW M EEENBER
2R

E = (E.x + E,y)exp(ikz —iat), (D
HA E.,E, R S5NRMEAERMERE 2 HBER,
w K9 Y B AR 7 18 L 9 2R R TE 5 K
oy FEWEET K7 H LRRRT, WFTT 2
By B R BT LIER A 2 = icosd— jsind,y
= iAsin6+jAcos¢9,’fJ€/\(1) A AT LS B ST B S ARl
WE(z = 0) EHIEGN
E =exp(—iwt) « [i(E,cos8+ E,sind) +
j(— E,sinf+ E cosd) ], (2
B BELE BB (z = &) LREHA R
E = [i(E.cosf+ E,sinf) exp(ikdn,) +
j(— E,sind+ E,cos@exp(ikdn,)] « exp(—iwt),
(3
I, T. A. Nieminen 2517 22 W& % W F R 5T 9 &%
T, B3 TR MR CaCO; Sk R LM N
T

f :Zia;’{i(EzE; —EED[1— coskd (n, —n) ]+

sinkd (n, —n,)[(E;E, —E, E,)sin20 —
(E.E; +E:E,)cos20]}, 4)
e e, RIRMEZ P ROCEM A B HH A
SRR (E, = 08 E, = 0 i, (H) XA
I 5 A
ceg

r = | =—sinkd (n, — n,)Ey E,sin28| ,
2w

Horp Eo Do £ A4 0t i) IR 08 o XA ) 2R AT DL 4

BT HS, B RS « Mim Ao = 05E
/2., JIF LA SR AR 3% 6 Xof ST 56500 R 1) B HE R

M E, =—iE, B, AS6 A 26 Ji€ B R % 0% » (4
KA UM E K

r=C(ceo/20)E; E,[1 — coskd (n, —n,)] =

(Py/)[1— coskd (n, —n,) ], (5)

Hep P RS RIERFAHEEHRNERBO® .o
WMES 6 Jo3k . X A J7 50K 0B 7™ A= 7% S21H € 1)
gl T H 2R TR o B e B AHAL 22
kd (n,—n.) = @m+ Db (R F# AL TF—A
PR BT AT LIRS IR R 3 J1 4,

TERGPE WA b 5% Bl IR T34 32 2 U 44 1 BRLS
J15E AR SR T 0 e B A B Q L EL B, B L
REBOCh DR T iR i 2 B B 3 R

r=1I0 = Q[l—coskd(nu —n,)]1—DaQ,
w

(6)
B -IRBOL AR S I B R R T
FE R PE VR A T % Sl i 52 30 i BEL 7 0 4, 3 T B AR
BT D =32q7%/3,r JBLT W FAR, R 7K BRI
KU T 48 1 FURIE R 00D = S,
BT AR E R (Q = 0), Xt T B e i | 45 R0k
F,H6) XAjE
O =Px[1—coskd(n, —n,)]/Dw =
3P[1— coskd (n, —n,)]1/32wyr®*, (7)
LB ORI o KRG R L R —EW . A
WX TR —ARF,Q SEOC TR MM R R, HAY
R
(3/32awn) « [1— coskd (n, —n.)]/7r*, (8
MO XFLUE H R RZHTHEE BT R UK
Sl 0 B 1) S R R B D
LW R AT EIE T
. GRS RGN, X 5B K X OB e s
SR I AT ARG 3%, BT LA Sk s 1 4y A FE S5 T
RUE =SSR 3 e 38

3 SR B A

B REFEPKEFER G LR, LR %
BWE 1A, BEEERE HeNe BOL &
(Coherent, USA), % tH KT FE 10 mW, ¥ K
633 nm, LR WIE LEI 2 500:1, f1,f HEEBEEY H
Hin g, BBOLY L, A5 B WA BS KT HEA
B 8% (100X ,N. A=1. 35, OLYMPUS,JAPAN),



3 IEIF F: B CaCO; B ABURL I LB IE R 317

HFHHERSRBEEBOEH. Ni(neutral filter) 2
PEREP T 4, IR AR BOL T 3., LB 1/4
B FR AT ORI RIRAR S . BB WOLHIT 1
B ARIR G IR I 7 1) AT B 7 B DR B R B e
BER, A EBETEERBEM I ONEREA
PLSEHE CaCO; iy (40 1H0RE 1€ % 9 45 00, — 8%y CCD
F#H#L(CoolsnapCF mono camera, USA) K% R &E &
G, ERMBELE WM BR R TR TR, HE
CCD B [a] 3 HE e85 22 , 1 BB A0 W6 2 L 7 % T AR PR
B B RG BE SR, ) 5 — B DR R AR I 25 (QDO T & R
GEAMEX B, VIR PR SR 25 F 00 B i 43 S i
MR, K E S 2 X WA E ERES#T—
EBREMEER . BARPN AR T3, L5 m
FOR G 38 23 A LA [RIARE Y o] S B = e 3l , PR
BT OB TR V- 1T A0 F O R BRI 25 B T S 15
SR RL T R B 3 5 8L, 4T 4R BR 2RI A% i
W5 S BT 18 B AR 8, BV AT 75 210807 I e F A R

@ ittuminate

= sample

N.A=1.35
100x oil

He-Ne
laser

CCD/QD

Bl ZREFEFEE
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