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Abstract A new method is employed to study the radiation forces on a transparent plate illuminated by a Gaussian

beam under geometric optics model. Unlike optic traps. it depends only on the deference of light pressure to produce
the optical lift. According to the law of conservation of momentum. the formula is derived on the basis of angular

spectrum theory. The influences of waist radius, transparent plate location and inclination angle are investigated and
the distributions of forces are illustrated in longitudinal and transverse components. From the graphical comparison,
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it is shown that the radiation forces become larger with the waist radius, the distance between transparent plate and
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the waist radius decreasing. The longitudinal force arrive at the maximum value when the inclination angle is 60°,
and the direction always keeps along the z axis. While the transverse forcees along both the positive and negative
OCIS codes

directions go up to the peak at 70°. The numerical results show that if we choose the appropriate parameters there
will be enough transverse forces to conquer the gravity force to move the plate upwards.

JeRESE A e L, R AT S i Ot i A P
N

OCATRE S A A 32 o K B2 e —
R PR A B A PR 26 WL SF i A FO A K 28
ST L 2 B R AL 44 I Ak T PR SR g gy, TEBOR R TUBLT RS T A A o R B OE Ot T i 2R
W BEH: 2011-07-10; Y B f&Esfm EH A : 2011-08-19
E&MB: FZEARPEIEG60977068) i E R4 Be b 2506 5067 AR B KT 5 9250 %8 3k 4 (SKLST200912) Fl 4 ffy
K2R R E BT B
B & I
Sl /v 4k HE (1962
GEAFB RO

R8T L AT A, E BN O AR B 5 A 5T . E-mail: 20054282@hqu. edu. cn

) B HFR . EENFE R 5 A S T H A AFSY . E-mail: jixiong @hqu. edu. cn
s102008-1



i

# ot

it o O B o 55 2 WAL SR AS: 1) 3l 28 ¥ 3 48, M T I
BOMGE FE . FH G Bh g AR 2 4 R P 6 B 4 B K
i b RO s 7 AR 4 g A R A% I R AT L B IR
FLAT T e 2 45

T8 52 B B s %56 AT 3R 0 58 02 - A b
Fifl), 2010 4E, Grover A. Swatzlander &PV ZE il
FEHRRI T 6 R R I T AR T
L 1) Optical Tt G2 TH ) Wt R 7EEE T 9
PRAABE 1) i #E 023 T 108 3l X — ROR B M=
SR RHLLEL = A T ) . SGERAE#E AR [FDE AR
7 WA o 2% 7 A A [ 08 47 5 i S 38 A KB 43 A
SPOGLZ LATE H 5 ) S 55 B IT e AT B T R — st 2
2 B R AR 7. 2 R D v IR EE Ty i A el
([0S} S =5} WA B NP L Lk R R N U9
WM 6T 't 3 Aok 37 Y A JB I 5 A T R S e T AT e
G AT RARA B S . AR SC L — 4 1Y vk Ll i
FTE BRAE AR AR BR GBS T 3 WA B AR
G oR BN 2 B R G AR SR T .

2 ISR ST

R P I 48 ) ARE 2T R X — I ] A A Y
o A L e ] SR AR %A 5 Y 993 23 A TR
B AT R T 19 525 3 A Al 2 e L g
e A SRAT IS 5 19 25 (BB 7 o0 A o 454> 25 1]
W0 3 418 25 () A L O i T AR R 2 T A () 1 4%
81 TR o PR IR s ) A3 D - T I8 14 A
T VT OB A 1 A BRI T U A R
1L PRI I — T A

FE 2 = 04k BRECU 78 2y V-1 A Z4E 4
LS ey

Ak k) :J J LU y.0)

—oo—o

exp[— i(k,x + k,y) Jdedy, (1)

;;;;;;

Ulzsy.0) :J j LA kb)) %
21

expliCk,x + k,y) 1dk,dk,, (2)
P Ao (ke s k) AR RECU 1 2 = 0 -1 E A
T 3K, 25 ) R B U Je I B LA 25 (] 43 48 R 78 1 1Y) R
ST R B2 M, HER T k = ke, + ke, +
kee..Hrhe, e, e 7300 y.z ZJ5 A I BALK
i AL R R T 2 = = P B A AT
Fm N

Ak, kyv2) = Ay (k. k) exp(ik.2). (3)

B GTERE— VT E 35 00 A T LR I

[7i) 77 1) A 47 14 1 T 95 149 78 T 6 78 0 B % ~F- T 904 A

O3 B R AR I R 07 B 23 ) A A R
& £

W ORI « Wik, 4ot &k
E2W

Ulx,z) = U, o exp[— ;;}exp(* ikz)
w(2) w’ (2)

€Y)
A wo R HOER B w () R BOCRTE =

ST 1 BE R b = Z“Tmszég&c S et A i

AT 5 8 3 RO
A S S T DK S R U T R T
FHOCHRBZEN IR k= ke, + ke AR
k. = ksin0,k. = kcos 0, ] 1543 H AT w6 H A
U'z,2,0) =U, %exp(— wjgkzsirfﬁ)X
exp(ikxsin @) exp(ikzcos @), (5)
KP o MR k5 = BinyJe s, Seagn] Rmh

nyggC

2
e HHE AN LR e W E AP RDLE .
FEARAENT I RN n B9 P A4k ORI B i
RIS Jor A Ol 1 Sl A A AR BRI )N BE R TR
JEL Y S B iy

I'(x,2.0) = U (x,2.0) |%, (6)

nl

R 45 2h it <7 48 2 H L O6 F5 W A BLARE R 3
S 25 ) o — A Bl A e S R () 1Y) Bl B
PR RS R

FE 2 Al BCE — B AR . 5 o B R A
K oas—m WOGHR U = TR AR b BOBIE A &
JE R QAL 1Ca) Tz o 4 o 307 O SR80 35 72 e D —
L& T 5 = Bl 0 1) 35 0 6 SROFE A A% 15 1
J5 1 A 1) iR .

LB 9 S B DT A A W AE 22 AN T T
(4 71 K

f‘(l’yZ,@);’

p = YD)

cos(@+a) X

:7’11 ‘U’(JC,Z,@)‘Z
C

{(1+R(O@+a) —T* (0 +a) X

D[RO+, (8)

n=0

s102008-2



P
ERES

25 WS ARCTE o 307 DI O B TR i T ) B F

o U (2,0 |
f(x9296>1- — c

mcos(d+a) —

1—m?sin® (0 + a)

X RO+ = [

mcos(0+a) +

1—m*sin* (0+ a)

sin(0+a) {1 =R(O+a) —T*WO+a) D[RO+ ]}, (9

n=0

| BB R R Sk = ", B

2

BSEAR BT 5 . T 0+ ) = 1 — RO+ o) i WM 6 Th 3R 05 5 3K
(b)

x @ : 0
i /
1 s
Ia f:
~l1 5 g
(4] {
T~ Z/

2
2 2
{_

1A

B 1 (el RGE; (b5 = 5L 0 A i3 TCO6 A AE B WA BT 4R h %45 19 75 16

Fig.1 (a) Schematics of the optical system; (b) directions of a single ray striking a transparent plat
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Fig. 3 Distributions of (a) longitudinal forces and (b) transverse forces with different 2,
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