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Abstract

Effect of Primary Spherical Aberration on Optical Trapping

Wang Xiqing®

* Department of Physics, Science College, Southwest Jiaotong University ,
Chengdu . Sichuan 610031, China

Based on Richards-Wolf vectorial diffraction method, we investigate the effect of primary spherical
the valid area. These changes caused by positive and negative primary spherical aberration are not always in the same
force will change.
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aberration on radiation forces of Rayleigh particles when a radially polarized beam is focused by a high numerical-
patterns. The positive spherical aberration makes the gradient forces shift from oposition to the positive direction of z

aperture system. The distributions of radiation forces along axial direction varing with coefficient of spherical
aberration are obtained through numerical calculations. The results show that when the primary spherical aberration

is changed, influences reflect not only on the magnitude of the radiation forces, but also on the balance position and
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axis while the negative spherical aberration makes the opposite shift. Under different numerical apertures, the ratio
OCIS codes

of aperture and waist length and particle radius, the influcences of primary spherical aberration on optical trapping
140.7010; 030.1640; 290.5850; 350.4855; 240.6690
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physical optics; optical trapping force; high numerical-aperture; spherical aberration; radially polarized

H T ' B AR B OB T LA s 2 e SORE F 1 B A8 405 5 Ashkin™ FE 1970 4E 8 S5 & BL T 62 1 4R 5 0 R A%

AN PR 7P 1 OB — W& 5« AR R S SR A AR W R DR 2 43 1 4B O TR AT ST R 40 AR
¥R BAH

E£&mA

PyR oy TARAT g AR R A fiiz S LA 10 EE 28 T Be. JOBOERTE R BUE AL AR (NA) B B T R D6
E& &It

A
1 38 53 A1 DR S ) T BT T I PR 45— R 9 L 10 BRIV, . 161 4R AT 1
: 2011-01-13; R EH: 2011-02-28; ML HARAH: 2011-05-05
2 [E K H B E R4 (60977068) ¥ B R4,
SR E A

 BRRAE98T—) A BT ST A T S IOE G o AR e 5 T A BT SY . E-mail: championbingbing@126. com
071401-1

I ARME(1962—) 35 L B B NSO AL H BB Jr AT Y . E-mail: jixiong @hqu. edu. en



48,071401 MM SKBIZFHE www. opticsjournal. net

b Xk R 19 L 37 70 A1 LA B Hp s 8 R R L TR EE A L 8 0 OB FLAR TR AR+ REAE 7™ A B A Al U 06 R [ i 9 06 B
N R AEERES g T AR 2 2 0 AT B Y A AR o A AR BR A L. T RN IR T A
Je Bl R AR T T IOt BE . B R ARG BRRE  WNER 22 AT AR . S EUE =4 e A AR AL
BB AT A Az WAL o DA T 4 A2 3R A O B o ik DA S 3R A ) 3 B AN (H T FE R T O U SR AR L i B R
BOEBE ) 3 A8 0 ST X (OB B A R B P DR AR 22 ) L, DRI A A X R 5 E A T RS 5 45 A ) F R 22 AR O
JCBF IR Ar e E . AR SCEE T Richards-Wolf 8 5 R BAE L BF 8 1T 448 1ol i 4ik DL 2 H- v 07 e A
1 RBAE FLAR IR AR+ 35 B40) 2Bk 22 3 Fi AL 5~ B9 BIE 7 9 3 i

2 BB T

S 558 5 A B T 15 400 R OB 2 £ 3 1 6 722 £ 19 13 25 50T R — A6 8 B 6 W B 2 vt 3 9
2 TG B O (RO 3 B — 5 BB I 4 232 S B ) 09 06 FE B0 31 50 56 B 9 R0 S B R T
TE AN T HOHE R F GBS Bk b0 (B IR B+ 232 ) — 4 1 B bt 1 6152 7 Ok 76 56 B P 2 50 R 5 ) 1 3
SEHCH SRR BE ST . B 1ok 6 TE SO o R R R T S e g B T 7 A A 9 5 T DR Bl e T
T AT 7 00 P SO 007 T W S A 4 07 1) A R B R T 1 2 6 R A B D7 132 8,
J13k R T R A 5 AR H AT R A AR R . O T R AR I S G SR R B R AL L AR
A A T 9 11 5 T R KT KB B

A3 F RGBTSR T R = BT S . W 1 R MR T R RS B AR 7 R
Sl 57 0T 160 B SR 9 AR B2 9 — 3080 0 6 5 0 e =0 7 11 b 0 52 380 0 1) 9 B 13 0 970 160 F

FE S A RES S KT R b A S AR . Y T AR ST R — AR SR — A,
BT Z AN T ahBE L R 22 0, il IN 28 Hovp o 63 b R £ A5 M B9 L OBS BE 1) K3 1 GRS
T ORE A S 1 2 TR AR Y 58 B KA CRE 5 R L BRBIF R0
Yo U@
K &2
0 0
0 1 -1 0 1 -1 0 1

BL O AeEEE ). o) 5 s 2 B (o) Bl S 58 B, Coo il i 1805 Iy (D Bl g 46 2
Fig. 1 Gradient forces and the scattering forces. (a) direction illustration, (b) light intensity of z direction,

(¢) scattering forces of z direction, (d) gradient forces of = direction
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Fig. 2 Distribution of Fs, Fs and Fs+ F;; along = direction varying with primary spherical aberration
under different numerical aperture. (a) NA=0.7, (b) NA=0.9
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Fig. 3 Distribution of Fy; along = direction varying with negative primary spherical aberration a=230 nm,
NA=0.9. (a) $=0.5, (b) =1, (c) p=1.5
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