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Analysis of spectral propagating properties of Gaussian beam

WANG Long SHEN Xuequ ZHANG Wei-an DONG Hongun
( Department of Optics & Electron Engineering Ordnance Engineering College Shijiazhuang 050003 China)

Abstract: In order to analyze the spectral propagating properties of laser beam spectral propagation equations of Gaussian
beam propagating through free space and turbulent atmosphere were derived according to the extended Huygens—+¥resnel formula
and then numerical simulation was carried out for the beam with center frequency 1.78 x 10" rad/s and bandwidth 8.39 x
10"rad/s. Results indicate that when Gaussian beam propagating through free space and turbulent atmosphere ~spectrum blue—
shifted exists at the scopes of near-axis and red—s happens if the distance from z-axis increases to a critical value. Turbulent
atmosphere has the ability to reduce spectrum sht#t#ér off-axis scope and increase of spectrum bandwidth in source can make
spectrum shift phenomena more obvious. Intensity distribution vertical to z-axis at 5000m for Gaussian beams with frequency
1.78 x 10" rad/s and 1. 75 x 10" rad/s shows that for a fixed position light intensity of center frequency becomes weaker than
intensity of some other frequency and this can leads to spectral shift besides the phenomena of spectral changing with some
parameters can be explained with the theories of Gaussian beam propagation and turbulent atmosphere beam width-spreading
effect.

Key words: spectroscopy; spectral shift; turbulent atmosphere; Gaussian beam

13
. 1
58 -
z=0 ’
29 Wy(x,”%,"2 =0 w) =Sy(w)exp - (x 7~ +
. x, /2) /wOZ
- w So( o) Wy
(19859 _ 210
* o E-mail: shxjoptics@ yahoo. com. cn o

£ 2011-11-28: £2011-12-19 W(x, x, z w) = k/(2mz) x



36 5

701

+ o + o

f, ﬁ dx, dx, Wo(x,” x," 2 = 0 w) X
exp{ ik/(22) (%7 -x,7) -
22y = ww,) + (2 —x,") )X

exp ¢(x,” x,) +qb*(x2'xz) )

k=w/c ¢ d(x” x)
O
* o Rytov
P 2,

exp ¢(x, " x,) +d)*(x2’x2) ) =

exp - (2,7 - x,) 2/902

po = (0.545C Kz 77

S(x z w) =W(x 2 z w) =kS,(w) /

(22) J J exp{ = 1/w," +1/p," =ik/(29 «x, 7~ -

(ikx/z = 2x,/py") %, } exp{ -

(29 x,7 +ikax, /z} dx, “dx, "
2 1 1 ik o 1 1 i
=+ - = —5 + —5 AN\~
B sz poz 2z B> woz poz @
L =@_2xz’q _ikx _ ikx
B’p z py 2 Blpy
0 .
J: ¢ Py = exp ¢°/(48) Jw/B
S(x z w) = Sy(w) k/(228,8) X
exp{ = K /(27B8,°B,") (%" /wy’)}
c’=0 (5)
o1 ik ik
:81 wOZ 22 182 - 'Woz + 22
(7)
. (7) (5)
2
So( )

So(@) =exp - (0 -w,) /(207

1/w,” + 1/p," + ik/

(O I °
dw
: S(a)) =S(xza)) /Smax(xzwmax) 8&)/&)0:
(2) (@0 = @) /@y S % 2 ,,,) W ax
(v 2) .
1
W, z
w(z) =w, «/1 +(2A%) /(7 w,")
x<5u( 2) " w( z)
(3)
Wo ~ 1) z
o w( z) x/w( z)
(4) x/w(z) <2 o
A =1.06pum wy =1.78 x 10" rad/s
AX =50nm I =8.39 x 10" rad/s
wy =0.001mo
la 1b (7)
5000m
(9)
SO( (1)) an = 0 C‘n,2 =
10 "m ™™ x=0 x=1.5w(2) .
1.05;
ia

0,95?
S 0 8;
(5) o
0.75 \
(6) 06354 602" 0:00 002 0.04
Il (0-0)o,
b
(7)
(8) |
03 AN
~0.06 -0.04 -0.02 0.00 0.02 0.04 0.06
(0-0,)a,
( 8) Fig. 1 Normalized spectra at the position of z=5000m
a—normalized on-axis spectra b—normalized off-axis spectra
la c’ 0 10 "m™*
S(w) So( @)
o 1b
(9) ¢’ 0 10w S(w)



702 2012 9
Sy( w) C2>=0 .
z (7) z
2a~ 2d o 2 o
z V4
(x/w(z) =0.5)
3
z wO
0.01 e q
a i z=0
0.007 ; w,
& 00! ” ; (9)
S 002 €2=5X 107m 2" . z
~0.03 €10 m™ w(2)
! v4
—0.0455—03 1.0 520 o wy A
0.01,— L EME) » 12
b
0.00 | w(2) = wy /1 + (£A%) /(7w w,’) (10)
& ~001 €,=0.-5000m w(z) =/ w(z) +4.38C71,"°2  (11)
3 € *=0.210000m s D 10 11
© 002 om0 z=5000m '_- (10) (1)
va_ 11 e 2l R 2 lO
-0.03 C =10""m=",z=10000m
mm o P =z
o5 0 15 20 o
0.01; Xw(z) I(x z) =2P/ mw’ (39 exp —2x"/w(z) (12)

Swe,

C2=10"m™" w,=0.002m

—

00450 05 10 15 20
x/w(z)

C=0,r=1.17X 10"*rad’s

0.0 05 10 15 20
xiw(z)

Fig.2 Relative spectral shift versus transverse coordinate

w, 1 (9)
w (9)

(10) ~(12) z

w, =1.78 x 10" rad/s I' =8.39 x 10" rad/s
w=1.75x10"rad/s( A =1.07um) w, =
0.00Im z=5000m (9) .(10) (12)

3 o
w( 2) N o 3
5000m
1. 06 pm 1. 07 pm
3a : 1. 07 wm
1. 06 um 3b o



36 5

703

0.8
l0,~1.78% 10"rads

0.6

| @=1.75% {0"rad/s

0.4/

normalized intensity

[]2(' e - . 1
).0 0.2 0.4 0.6 0.8

(30 1 )

0.12}

0. IOE- w=1.75 % 10%rad/s

0.08;

normalized intensity

0.06| ©=1.78 X 10"rad/s

iIU_U. —— ..!. .05. RSP

0.04

L1015 77120

xiw(z)
Intensity distribution of different frenquency laser at vertical trans—

mission direction

o (11)

10

11

12

13

XING JB XU G L ZHANG X P et al. Effect of the atmospheric
turbulence on laser communication system J . Acta Photonica Sini—
ca 2005 34(12):1850-4852( in Chinese) .

JIX L ZHANG T CHEN X W et al. Spectral properties of flat—
topped beams propagating through atmospheric turbulence J . Acta
Optica Sinica 2008 28( 1) : 126 ( in Chinese) .

ZHAO Y] WANGJ A RENX Ch et al. Effect of the atmospheric
turbulence on the bit error rate of laser communication among the ships

J . Laser Technology 2010 34(2):261264( in Chinese) .
ZHAO Zh W WU Zh S SHEN G D et al. Attenuation due to fog
for 10. 6pm wavelength ]
Waves 2002 21(2) :9598( in Chinese) .

RAO R Zh WANG Sh P LIU X Ch et al. Experimental study of
spot dancing of laser beam in a turbulent atmosphere J . Chinese
Journal of Lasers 2000 27( 11) : 10114015( in Chinese) .
YANG AL LIJH LUBD. A comparative study of the beam-width
spreading and angular spread in atmospheric turbulence J . Acta
Physica Sinica 2009 58( 4) :24512459( in Chinese) .
QU J YUAN Y Sh MENG K et al. Axial intensity distribution of
limited Laguerre-Gaussian beams in turbulent atmosphere J . Laser
Technology 2010 34( 1) : 141444( in Chinese) .
XUGY WUJ YANG Ch P et al. Simulation and optical scintilla—
tion research of Gaussian beam in atmosphere turbulence J . Laser
Technology 2008 32( 5) :548-550( in Chinese) .
JIX L LUBD. Effect of turbulence on the spectral shift of partially
coherent light J . Chinese Journal of Lasers 2005 32( 4) :506-510
(in Chinese) .

SHEN X J WANG L. SHEN H B et al. Propagation analysis of

flattened circular Gaussian beams with a misaligned circular aperture

Journal of Infrared and Millimeter

in turbulent atmosphere J . Optics Communications 2009 282
(24) :4765-4770.

ZHOU T Zh DENG L G. Gaussian beam z-scan diffraction theory
model for the strong nonlinear absorption materials J . High Power
Laser & Particle Beams 2004 16(6) : 721725( in Chinese) .
WANG L L. Numerical calculate and simulation analyze oriented at—
mosphere laser communication system D . Xi” an: Xi’ an University
of Technology 2006: 18( in Chinese) .

DENGLG LIYL SUWY etal Effects of the medium location
and the beam-waist radius on the operating performances of the re—
fractive optical limiting devices J . Chinese Journal of Quantum E—

lectronics 2004 21(4) :434-439( in Chinese) .



