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Numerical analysis and experiments of LED generating bottle beams
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Abstract: The bottle beam was analyzed by using the discrete Fourier method for the first time in this
paper. The bottle beam intensity distribution was described by discrete Fourier transform, then Sellmeier
formula was added to adapt to a LED light source with some spectral width. By considering sampling
and discrete variables, discrete Fourier’s formula of bottle beam generated by a LED light source was
derived. At last, the parameters were substituted and the intensity distribution of the beam at different
distance was obtained by the numerical simulation with MATLAB. Experiments were designed to verify
it, and the experimental results showed that using LED as light source can produce high—quality bottle
beam. Numerical simulation is in line with experimental results basically, which proves the discrete
Fourier transform method is feasible to analyze bottle beam generation by incoherent light. Furthermore,
compared to conventional scalar diffraction theory, it is more simple and fast. It’s a new and reliable way
to study bottle beam.
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Fig.1 Optical path of axicon—lens system

L] J 3 1] 3R A5 bottle beam ¥ #x K %5 .0 2
7 RAAE GRAEE T FL.G RN,
R'=f-tan[(n—1)-vy]

_f"R=2-f-(n=1)-vy
5 Rz (n=1) - y M

ZQ=M
Zo—f
KPR n oy f SR ASEHCEAR | BT HR
R HE G 5N B G ARNE MR HE R A
L I
A 03— 5 PR 53 A7 e B i e i 5k
%@ﬁﬁ%Uﬂﬂ:Ul (%> yo)=CirC( W/R )*ﬂ 1, (X5 ¥y)=
exp {—iky(n—l)\/xi +\/j } DU Btk A I 0 B G IR &2
PRI N .
LG(xo’)h)=CHC(4!4%%tXQ—\exP[—ik)(n—l)\/xi+y§} (2)
I A B AR A O 2 B FE VR IR AT S R4 X
IR HE BT BRI A B 2 R S fE B R A
ST L S AR A

L ik( 2ot

iAZ

2 2
X, +y ”

Ui(-x 19 yl): 2
20

exp
0

0620006—2



9Nk TAE

% 04

www.irla.cn

% 46 %

Z 2

k U +)/U ) ’
2Z0 / ”\:%“J’l:%

ok FORE R N R FT{ - ) R i ot

e, SRR EG PRI AR 1, (x, y,)=
exp[— lk(x +)l)/2ﬂ W' o 28 2ok 35 5 3R 4 )5 1 52 ik
W& AR Us(x, s v, )=Us(x,, y )ty (a, ), SRl
FH AT IR B3 28 304 AL ok 03 oF i e R AE i
B JE WIAT I, A9 B R BE 2 oF T A ' R Y PR 43
i H .

(3)

T\ Us(x,, ¥, )exp

ik(’z+ﬁﬁ\”

’ —17
U, )=, —exp ik| 2+

/ 2 2
T\ Uix,, )exp( l.kx]-i-yl)’
\ 27

I u=

4)

23 (4) 2 AR - I o il b o - B R G A
WL T L 14 56 0 52 IR A

2 BEMTENEBERY

2.1 HESWMRAXHBEHRMN

T REE M I S AL SR AT 6 9 0 A Y B (A
h, DR ASOCRBATHARE R — 175 bR AE
x,y ST AR B S N, AR BE S, H
Whittaker—Shannon i 45 & R OYA] A1 76 45 18 - A4l
FEMIFE Au, 5 & HA KR

Auty- 80=1— (5)

LAl S Jr A 180 Ry 2 — AT S e, 3 B P 7 T A
8 A, i 2 5X(3) L (5) FTHIAE [ H 23 8] v 4 i
zo mm Ji7 5 ARSI A A [El(al R 6 N

&i=Auy A -zo= A fﬁ(;

APRIEEEA LS P A R AR HBLR
AT 5T 55 58 AT S T BB (AT B 6, &) T AR AR #F:

(6)

1
S ?51 (7

[ 2R, O g i oo & A AT e | i
LR T 5 5 AT 5 T A A AR 1R B 6. 6, m{ﬁ/@/\
KB EAE B 8.8.8 KR H 1, Lt
PR N A ERETE L .

X?-z
2-)\-12 /\'Zi

ARG HIRUEA K EMFTH T, B 1 RG0Sl
FEVE SR . Horp X 80 — 07 9 T A il A
(x, y J7 R AR , 2 S e 242 Wi ie 2156 A7
ST BE R

XA () BEAT A FR AR, iR G A 2 (5) L (6) Kl
FEE PR

Xo=m+6, x;=m+6, x=m-0

2-X

sN<

(8

yen- s 9

B AT B TR Y

Yo=n-+& yi=n-* &
K omon 7 0,1,2,3, - N-1,5—
HEERIBE R §,=X/N, 8=Az/N8,
H 2555 A AR B O6 IR (4 LED) I By T8k
A E OO, AN R A B AR 25 K A= A% o Sy il e
BEIR R, 2535 51 A Sellmeier (8L,

2 2 2
n(A)\/ B)\ B)\ +BA

N-C, (10)

KB, B, .B, .C, \Cﬁﬂ G, ﬁé%&ﬁﬂ@ﬁ*ﬂ%iﬂt,
S2u6 RT3 5544 KL A Fused Silica, oA R 22 %55,

B,=0.696 163 3  C,=4.679 148 26x10

-2
B,=0.407942 6 C,=1.351 206 3x10 (1)

B,=0897 490 0  C,=9.793 400 2x10

A2 .3).09). (10)%£%REEEEG%LJ: f=
r2[n(N) =113 A AR (4), L 728 i 5 % P 15 5] o
€0 S THT A S b HE -0 58 R 45 7 A bottle beam Y
SR 3 AT 1) R L I 3Rk X

2

FT{explik(z, + - 8)+(n &) )]+ FT{ circ( (’”'802“”'50) )-

0

I,(m’n’A)=( Nz, ) * |exp[—ikf(n(A)—-1)- W] exp(zk m- & ) +(n 5) ) - (12)
expl- A=D1 (G- 5,y +(1-5,)') .exp[ikw]}

0620006—-3



9Nk TAE

% 04

www.irla.cn

% 46 %

Kb r B BB AT R A lAT(5) . (6) T 15
W =S ARG 8=28/z, , W WL 6 = — SR
TR HI, 2RO Mtk B 5 R
G G AR B2 23 Al phy B — P KOG R A & A
2|, B,

1(m,n)=z C.-I'(mn,\,) (13)
AH M ORI K BB A IR AE  C o A
I 3 A I P AR

2.2 HEEHL

R T RS TS ALIEA TRUE AL, 1 21 e A G
SR, S — A T BB HRE Y FE R 20 mm, B X=
20 mm, Y[R R=Amm, B HEIR A v=0.5°, 55 —Ai7
S TR RS AT T 1) AR B S 2,=500 mm, i Bl R
A% =91 mm, SRR £=100 mm, PEEIIER K 3W
4% LED fOGTR , H £ 3K N 531 nm, 553 2 16

YL N 36.0 nm B oA AN 2 iR
1.0

0.8F
0.6r
0.4f
0.2F

Relative intensity

0 .
380 500 600 700 800
Wavelength/nm

[l 2 LED ik 5y #i
Fig.2 Spectrum distribution of LED
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Fig.3 Intensity distribution at different distance in simulation
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Fig.4 Schematic of optical path in experiment
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Fig.5 Intensity distribution at different distance in experiment
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