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Description of Bottle Beam and Reconstruction of Bessel
Beam Based on Diffraction Integral Theory

Liu Lan Wu Fengtie

(College of Information Science and Engineering , Huaqgiao University, Quanzhow, Fujiang 362021, China)

Abstract The propagation formula and the intensity distribution of a bottle beam are deduced by Huygens-Fresnel
diffraction integral theory. The evolution of the bottle beam is analyzed in detail and its fine structure is displayed.
The influence of the focal length in focal lens on the bottle radius and bottle length is discussed. The results show that
the bottle radius and bottle length increase with the increase of the focal length in focal lens. The bottle beam is
generated using the system of an axicon and a focal lens in the experiment. The profiles of the transverse intensity of
the bottle beam in different propagation distance are captured using the optical system of microscope and
CCD camera. The results show that not only the evolution of bottle beam is depicted accurately, but the adverse
factor which effects the application is also pointed out using Huygens-Fresnel diffraction integral theory.
Furthermore, the self-reconstruction of Bessel beam is displayed accurately. The diffraction theory used have makes

up geometric theory and interferential theory.

Key words physical optics; bottle beam; diffraction theory; propagation property; non-diffraction beam

L5 F

AR A D RAE I T 5] 5 O BT AR
MO A8 T AR A T IZ R A R A OB
Wr7E e Sy AU — MR E IR, R
DI HUIRTE 2 235 OB SR — b L J2 156 Y 1% 56 07
li] A O A DX O HLAE G XA = 42
IF1) 0 61 58 4 e 9 2 (O™ . EHI, SE 8 1 B2 KA
Pl A Ry s 0 G B T RS R R - 1B

Wi B 2007-04-16; WEMEH T EHER: 2007-08-13

BEARGE RIDFF — IR 2 3 e EL 9 oA 30O A 3 — il
PR HE BT ARAT O 5 23 A A B A% 6 B 25 0 i A2 Ak
F9 30T A JE AT 5 D' TR 7 T AT S 't R e R v
BB AR A — & 1 Y SR AR B BT BT AR R a0
bi o N R ST WA b ki R R Y
s IR N RO 45 5 R

H 20 fh22 90 AFAR LK . B A7 2 Bl BILIE X &) 4k
G HEAT TRk . Hoh Ming-Dar Wei 41 i

E£TH: HEABARERESE 60477041 AR &4 H AR H4 (A0410017) B B PR,
EEE T X R A981—) 2 B R N T W5 A RS TCAT S E R 7 T A BE5E . E-mail: liulan81@126. com
SRR RIEKRA958—) . I ARA RN HR . ETNFOCH L i 578 B A R A S R BT

E-mail: ftwu@ public. qz. fj. cn



24 X

A1 59 B X JRy 3 25 0 6 R B TG AT B 0l AR T A Y A 3 371

FHILART BRAE X JR 828 0 G SRR AT 20 B 45 1 T ™ 2R
Jay el s o 6 AR 25 A LA T i e o (H AR 41 3 JR)
250 G A% K o B o Y DG B 43 A s Baida L %1 i
AT S BRIV X TO AT 4 O oA 3R 45 TR B R AT T RS
{H R R T R s 0 ' RO 80 A T 19 2R B TE AT SOt
LI RX R A LR BT IR 5 8 SR T3
SRR 3BT T R AR s 0 O R L B 4 A
B RE B AR A 3 il 34 R 35S O R B i A

AR S Y — B AT B B T ORORS A Y 8 3 7
T R AT S B 4 A 52 0 R s 0 O SRR Dl
OISR T S8R B Ry S O O RS K O H R HTT
RIS FEAL . A AT S A 0 0 W A T A
TR R EERR X JE T HIE I cR 21/
U T Jay Bl s D R 5 38R R/ o JH o A R
SR SCEE [ IR 00 52 0 I v 2 DX 0 4 OC 2 4 kAT
Titie.

2 FIEHr
G M T ORI B A B b

A TR e R B Z =a/ (n— DB,
Horba J2 SRR HE BT B OGR4 0 S il
HERHT IR, B R IR HE IR AR . AR S K E B R
WA —DEEMREEG, BHEEIL T 5%
0 Jry 8250 G A B T iR .

7
|
a,
|
A

BT A R s O e R R B

Fig. 1 Schematic diagram of the generation of

a bottle beam
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Fig. 2 Three-dimensional intensity distribution (a), the profiles in different positions (b) ~(g) of the bottle beam
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Fig. 3 Transverse intensity profile at the focal plane
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Fig. 4 Experimentally captured intensity sections of the bottle beam in different positions
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