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The correspondence between flattened Gaussian beams and
flat topped multi- Gaussian beams

KAN G Xiaoping"? LT Bai-da*
(1. Department of Physics, Q iongzhou University, Wuzhishan 572200, China; 2. Institute of Laser Physics and Chemistry,
Sichuan Universit y, Chengdu 610064, China )

Abstract: The comparison of the two mathematical physical models desaribing flat topped beams, i.e., the flattened
Gaussian beam (FGB) and flat topped mulit Gaussian beam ( FM GB) is made. Numerical results and physical analysis are
given. It is found that both FMGB and FGB having the same M? factor exhibit a similar transversal intensity distribution
at a position of the equal generalized Fresnel number, whenever their waist width is equal or not. This conclusion is useful
for practical applications.

Key words: flat topped multt Gaussian bea@FM GB) ; flattened Gaussian beam ( FGB); M? factor; generalized

Fresnel number

ABCD ,

) (MGB)
(sGB)!" (FGB)'? - =0 x (41,

T MGB

N 4
[3.4] Z eXp|:_ x_—rnxd i|

m=-N__ w 01
(FMGB) LI EMGB(x/’ O) = M(’BNMGB
2
51 FMGB Z exp(— m”)

2
2 m=-Nycp

(Nuce= 0,1,2, ...) (1)

FGB FMGB
,Nvuce MGB , WOl , Xd

. (1)

, FGB FMGB

z M GB, X 4= wWol,
(1964), , s s
_ 0 [4]

E mail: kangxp710@ sohu. com FM GB
12003 106 20; :2003 12 02 (1) FM GB

z



558 2004 10
jv%[; x/ - mw o1 s NI"GB FGB s W2
/ e wor , FMGB
Evrvcp(x ,0) = L i ABCD
mz_; exp(= m”) Ivvce(x, z) = Evvcs(x z)E;MGB(x,, z) (4)
FMGB
Nrwees= 0, 1,2, ... 2 , i
(N pacs 4 (2 » Ervcs(x ,z) = rllﬁexp 12k§ 1
,N¥mes FMGB
= [2]' * ’ 1 /7 /
=0 FeB ) ) J- wEFMcB(x , O)expl— Zl_l;(Ax - 2% x):| dx
Feenl 0 (Nrept+ x> y )
Fee(x ,0) = exp| - 00s (5)
NFGB 72| n 7k 9)\’ 9* 9A7B
1| (Nrce+ 1)
Z _, 2 = (N FGB = 0;- 17 27 D ABCD
n=0 I w 02 FM GB Mz ( ) [5]
(3 ‘
FM GB FMGB FM GB N FMGB 2 FM GB FMGB
M%MCB = _ _ Z pmnpm/n/Flmn,F‘Zm/n/ Z Z P mn (6)
== Newee ™ " Vewer ™ = Vewes " Vewon m==Newes ™= Vewce
) Nence Nemen BZFI A 2w012F2 1 Nemon Nevcn
WFMGB( Z) = Z Z Pmn kz + 4 Z P mn (7)
m==Neyce "=~ Vs J m==Nevigg "=~ Vpwc
) pab= exp[— (a- B)%/2], Fip= 1- (a- B)? Fas= 1+ (a+ B)?
(a= m,B=n a= m, B=1n) (8)
FGB ABCD Ivcn(x, z) = Evcp(x,z)Evce(x .
Z) ? (9) ’ 1 1 ’ / ’
Evcp(x ,z) = f%exp lkD g J. EFGB(x 0)exp|: IZ(Ax o2« x )| dx (10)
FGB M?
Z 2— (m +m )
1(,1; (2NbCB 5)"1—0"1*0 mi1! m2! (ml+ mat 1.5)
MFCB_ NF(‘B Vg Ny 7 (mpmy) (11)
ml=0mz=0 mlfm -, (m1+ m2+ 0.5)
N N
FGB  FGB 2_(’”1+ m,)
= T(mi+ ma+ L5)
2 2 m1:0m2:0 mi.my.
Wics(z) = Necs+ 1 Yeaw Mrop 5 (e ) +
e
e m1.’m2.’ (m1+ mo+ 0. 5)
2 W“(NF(,B+ y (2N rcs+ 1. 5)
e (12)
k w0 (NFCB’) Kb KB Ay (mtm)
> “——T(mi+ ma+ 0.5)
m=0 m,=0 ml‘/ m2.’
I 2
,r ,x0= 31. 285, ao= 682862, a1= 1.0136x 10, a2
2 = 2.9586 x 107, a3 = 5 28719 x 10 °, as =
~ 1.82802% 107 °, as= 4 12395 x 10 °, as= — 3.48043
x 10 *
(3) (6) M? M?
FMGB FGB ) 1
, N rucs FMGB FGB ABCD
NrcB Frvcs = A Worew B (14)
6 2
; Fres= A Worcs/ M3 (15)
Nrmcs = aj( Nvcg— x0)’ 13
,Zo“ if ) (13 , Wormes  Worcs FMGB FGB =

=0



28 5

559
12 S z=0 )
tor ' : A B 1= z/f =z
gl . = (16)
¢ D ~vf o1
[--} 6 | ]
= a} 4 9 49 (15 FMGB
21 FGB =z
00 20 40 60 80 100
N 2 3 4 ,
Fig. 1 The relation between N pycgand N pep of both FMGB and FGB M 2= 2. 06, N, = 77 No= 337 A= 0. 8l-lm, f _
having the same M2 factor
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Fig.2 Relative intensity distribution /(x,z;)/1(0,z;)(i= 1,2) of a FMGB(
but different W focused by alens of focal length f = 20mm
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Fig.3 Relative ntensity distrbution I (x, z;)/1(0, z;) (i=1,2) of aFMGB(—) and a FGB(- - - ) with the same M 2= 2.06 and W=
82. 764 m, but different w ;focused by a lens of focal length f = 20mm a—z,=z2,= 0 b—Fpyp= Fpg= 5(z,= z,= 1.6mm) c—Fpye
= Fpgg= (2= 2,= 6.0mm) d—Fpyep= Fpep= 0(2,= z,= 20mm)
1.20 a 1.50 b 1.20 p 1.20 d
Saso d1.00 oo} 080
= = = =
El; 0.40 g 0.50¢ J}, 040} é’; 0.40
= - =~ =
0.00 L . 0.00 i
2 4 0 1 2 My a2 Y a2 YrEt
x/W, FM(]B(ZI)‘ x'W, Fuu(zz) x/ | 1). x/ Wmn(zz) xIWo efz ) x/ Wmu(zz) x/ WPMGB(ZI Y x/ Wm(zz)
Fig.4 Relative intensity distribution /(x, z;)/1(0, z;)(i=1,2) of a FMGB( ——) and a FGB(- — — ) with the same M2= 2. 06, but different
Wy and w focused by a lens of focal length f = 20mm a—z = z2,= 0 b—Fpyp= Fyop= 5(z,= 16.6mm, z,= 0. 5mm) c¢—Fpyp=
Freeg= 1(z,= 19.2mm, z,= 2.2mm) d—F pyc5= Frep= 0(z,= 7z ,= 20mm)
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