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Abstract The effect of geometry arrangements of optical—limiting media with cubic nonlinearities in infrared fo 

cused optical—detecting systems on the optical l Lm Lt Lng was calculated and analyzed by using beam propagaton and 

Gaussian decomposition (GD)methods．and optimum geometry arrangements were given in the analysis．The re— 

suits show that the optical limiting for the near—field geometry arrangement is very different from that for the far— 

field geometry arrangements，and in some geometry arrangements nonlinear media with positive nonlinear index 

caH not be employed as optical—limiting media，which is different from previous suggestions for the far—field geome— 

try arrangements It is also shown that focused geometry arrangements can be employed for measurements of non— 

linear refractive index with a higher sensitivity tha n that of common Z-scan techniques． 
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红外聚焦光探测系统中光限制效应的优化分析 
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田建 国 周文远 张春平 张光寅 

(南 j五车 i_理 j毫光子学中心，天津，3。∞71) 百 

摘要 计算和舟析 了红外聚焦光探测系统中光限制材料的几何排布对光限制效应的影响，给出了优化的几何分 

布．结果显示，近场条件下的光限制效应与远场条件下的完空币同，在某些情况下，具有正光学非线性系数的材科 

不能被用作光服制之用，这与远场情况不同．分析也表听，聚焦几何排布可甩于非线性折射系数的测量，并具有比 

常规Z扫描方法更高的是敏度． 

关键词 光学非线性，光限制，红外聚焦光探测系境 

Introduction 

Passive optical limiting resulting from irradi— 

ante—dependent nonlinear—optica1 processes in ma— 

terials has been widely studied ～ ．The significant 

application of optical limiters is to protect sensors 

(especially infrared sensors)from being damaged 

by intense input laser． The characteristics of an 

idea】optlcal1imiter should be that it has a high 1in— 

ear transmission for low input(e．g．。energy E or 

power P)，but low transmission for high input． 

Since high transmission for low input is expected， 
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幸Ij拍惠， 易何 
1OW 1inear absorption in optical—limiting materials 

is needed．This 1eads to the use of nonlinear ab— 

sorption and nonlinear refraction． Great efforts 

have been made for getting applicable limiters[。～ ： 

although some shortcomings exist，such as nat— 

row—band operation and high limiting power． 

M．Sheik—Bahae et a1．got a better optlcal lim— 

iter for protecting an infrared sensor from being 

damaged by a 300ns(FWHM )1 0．6 m CO2 laser 

pulse，in which the thick CS2 medium with impurl— 

ties absorber was used and placed at an optimum 

position ．In this paper we give a theoretical anal一 
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摘要 计算和非析了红外lIl.撞 t探酣单纯中 t 阻制材料的几何排布对t阻制戒庄的事响，给出了优化的几何分

布-结果显示，近埠晶件下的光限制戒血与远土著晶件下的完全不同，在~些情况下，具有正 t学非住性革酷的材料

不能世用作 t 醒制之用.这与远场情况不同.廿析也表明.lIl.量几何排市可屑于非住性折射革散的测量，并具有比

常规 Z 扫描方培更高的亘敏度 , 句 、 P. 
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Introductìon 

Passive optical limiting resulting from irradi

ance-dependent nonlinear-optical processes in ma 

terials has been widely studied[卜 'l The significant 

application of optical limiters [s to protect sensors 

tespecially infrared sensors) from being damaged 

by intense input laser. The characteristlcs of an 

ídeal optical límiter should be that ít has a high lín

ear transmisslon for low input te. g. , energy E or 

power P). but low transmission for high input. 

Since high transmisslon for low input is expected 咽
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low linear absorption in optical-limiting materia]s 

is needed. Thís leads to the use of nonlinear ab 

sorption and nonlinear refraction. Great efforts 

have been made for getting appHcable limiters~3-5= 

although some shortcomings exist. such as nar 

row-band operation and high limiting power. 

M. Sheik-Bahae et al. got a better opticallim

iter for protecting an infrared sensor from being 

damaged by a 300ns tFWHM) 10.6μm CO 2 laser 

pulse. in which the thick CS, medium with impuri 

ties absorber was used and placed at an optimum 

position[3). ln this paper we give a theoretical anal-
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ysis for optimizing the optical limiting resulting 

from a cubic nonlinearity in infrared focused opti— 

cal—-detecting systems by employing Gaussian de— 

composition and q transformation approach．Some 

useful results such as optimum geometry arrange— 

ment and Iimiting characteristics are obtained．0ur 

calculations show that the opticaI limiting for the 

near—field geometry arrangements is very differnet 

from that for the far—field geometry arrangements， 

and in some geometry arrangements nonlinear me— 

dia with positive nonlinear jndex can not be em- 

ployed as optical limiting media as suggested previ— 

ously for the far—field geometry arrangements． 

M eanwhile，it is also presented that the focused 

geometry arrangements can be employed for mea— 

suremeuts of nonlinear refraction with a higher 

sensitivity than that of common Z—scan．W e think 

that the optimization of geometry arrangements of 

optical limiting is one of the nost important ways 

for applications of optical limiters in infrared fo- 

cused optical—detecting systems． 

1 Theory and Calculation 

Previous discussions on optical limiters usual— 

ly ha ve a
。．

geometry arrangement analogous to that 

jn Z-scan r 3l ‘ ．where the detecting plane locates in 

the far—field．But usually in some kinds of optical— 

detecting systems such as infrared positioning sys— 

tems(we call them infrared focused optical—detect— 

ing systems)and optical imaging systems．sensi— 

tire detectors need to be placed on the focal plane． 

therefore，the optical irradiance on the detectors 

will be very large when a laser is incident on the 

optical—detecting systems．The protection of these 

systems from optical damage is most practical and 

pressing．Figures 1(a)and (b)give two possible 

kinds of geometry arrangements of optical limiting 

in these．kinds of optical—detecting systems
． Other 

configurations of optical—limiting in focused opti— 

cal-detecting systems can be equivalent to one of 

the two kinds．In the following calculation，we as— 

sume that the optical—limiting material is thin． 

This means that changes in the beam diameter 

within materia1 due to either diffraction or nonlin— 

ear refraction can be neglected．This assumption 

can simplify the problem considerably． At the 

same time we only consider the optical limiting re— 

sulting from cubic nonlinear refraction without the 

Fig．1 The geometry arrangements 

of optical limiting 

围 1 光限制的几何排布形 式 

existence of nonlinear absorption． Assuming a 

TEM 。0 Gaussian beam of beam waist radius wo 

travelling in the+ z direction，we can write E as 

E(z,r,t = 。 oJo ex p(一南一 
R

kr

f

*

z)

'

f
1 r ， (1) ‘

2R(z)j‘ ’ ¨ 

h re )； f 1+菩1 i i th b di t ． 

哪o is the beam waist raajus， ，= ( +萎)is 
the radius of curvature of the wavefront at ， 

Isthe diffracti0n 1engIh。f thebeam， =譬is 
the wave—vector and ^ is the laser wavelength． 

E0(t)denotes the electric field at the focus． The 

term e- contains all the radically uniform phase 

variatioms． 

The complex electric field E exiting the sam． 

ple with a cubic nonlinearity can be expressed as2 

∽一E(z,r,t 等黑 
ex 【_焉 )， 

w 卸 ( = ， 

where△ 一呈 △ 0)厶仃
， L,H=(1一 一吐)／口，工|s 

the sample length，口is the linear absorption cocffi 

cient，and 山 n(f)is the instantaueo-us on-axis in 
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ysis for optimizing the optical limiting resulting 

from a cubic nonlinea口ty in infrared focused opti

cal-detecting systems by employing Gaussian de

composition and q transformatÍon approach. Some 

useful results such as optimum geometry arrange

ment and lîmiting characteristÎcs are obtained. Our 

calculations show that the optical limiting for the 

near-field geometry arrangements is very differnet 

from that for the far-field geometry arrangements. 

and in some geometry arrangements nonlinear me 

dia with positive nonlinear index can not be em 

ployed as opticallimiting media as suggested previ

ously for the far-field geometry arrangements. 

Meanwhile , it is also presented that the focused 

geometry arrangements can be employed for mea

surements of nonlinear refraction with a higher 

sensitivity than that of common Z-scan. We think 

that the optimìzation of geometry arrangements of 

optical limiting is one of the nost important ways 

for applications of optical límiters in infrared fo

cused optical-detecting systems. 

1 Theory and Calculation 

Previous discussions on optical limiters usual

ly have ~ geometry arrangement analogous to that 

in Z-scan[3,6.o , where the detecting plane locates in 

the f.r-field. But usually in some kinds of optical

detecting systems such as infrared positioning sys

tems (w誓 c. 1I them infrared focused optical-detect 

ing systems) and optical irn.aging systems , sensi

tive detectors need to he pl.ced on the foc.l plane , 
therefore , the optical irradiance on the detectors 

will be very large when a laser is incident on the 

optical-detecting systems. The protection of these 

systems from optical damage is most practica] and 

pressing. Figures 1 (.) and (b) give two possible 

kinds of geometry arrangements of optical limiting 

in these. kinds of optical-detecting systems. Other 

configurations of optical-limiting in focused opti 

cal-detecting systems can be equìvalent to one of 

the two kinds. In the following c. /culation , we as 

sume that the optical-Iimiting material is thin. 

This means that changes in the beam diameter 

within material due to either diffraction or nonhn 

ear refraction can be neglected. Thís assumption 

can simplify the problem considerably. At the 

same tlme w誓 only consider the optic.1 Iimiting re

sulting from cubic nonIinear refraction without the 

a 

b 
等)0

.z 0 司'Z

‘ I .z 0 

Fig.l The geomerry arrangements 
。( op[Îcallimiting 

固 l 光限制的几何排布形式

existence of nonlinear absorption. Assuming a 

TEMon Gaussian beam of beam waist radius Wo 

travelling in the十z directjon. we can wríte E as 

E(z.r.t) = Eo 二生7expI ---:，二一
ω(zl--'~\ω叫 z)

ZJZLle 阶.n
ZR(z) I 咱

(J) 

where ω(z)=ω。 1 1+三 '1 2 is the beam radius at z. 
飞 Z~i

臼'0 is the heam waist 叫us 唾 Rω =zl 1+ z~) is 
1ZEi 

the radius of curvature of the wavefront at z , Zo = 
-帽
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the wave-vector and À 血s the lase盯r wavelength. 

E" (tο) denotes the e剖le眈ct甘n皿c f白le刮Id .t the focus. The 

term e 肺， 11 contains all the radically uniform phase 

vanatlons 

The complex electric field E, exiting the Sam

ple with a cubic nonlinearity can be expressed as:6] 

血f ~ (- i.:lq>(z ， t))网
E， 怡， rt t) = E(z ， r ， t )e τz L-」ZZ毛
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where .:l机=于衔。 (e )L川 L.ff = (l-e- 01.)川L is 

the sample length. a is the linear absorption coeffi

cient , and &(1 (t) is the instantaneous on~ax四川，
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dex change at the focus． 

For the geometry arrangement of optical limit— 

ing shown in Fig．1(a)，by q transformation ap— 

proach，one can obtain the on—axis electric field on 

the foca1 plane as 

the norrealized transmittance as T (2，t) 

— — —

1 9
10exp I_c—tL)，then ，

一  

⋯ ⋯ ‘ 

T(x．￡)一∑∑A COS B 詈一C ，(5) 

E。( ，r一0， )一E( ，r一0， 一警] where ／ c o h p p d 

follows 

薹 高 ’ (3) 一 
w e =1--南 ， 一 ⋯ 。一 ． 

Since damage to detectors is almost always de— 

termined by irradiance or fluence．in our analysis， 

we can only examine the on—axis irradiance on de— 

tecting plane for illustrating the role of limiting 

media in sensor protection．The on axis irradiance 

on the detecting plane is 

一  )一 )羔e 
二! 竺! ! ：—  

g + (4) 

where j ( )is the on—axis irradiance at focus with 

OUt the existence of nonlinear refraction．W e define 

Fig．2 The normalized transmittance T as a function of 

for negative cubic nonlinear index in the geometry 

arrangement of Fig．1(a)． 

(a)△ 一 一0．5，(b)△ 一 一1．0， 

(c)△ 一 一 1．5，(d)△ 一一 2．0． 

图 2 在图 1(a)所示 的光跟 {}I几何 排布下 ，具有 负非线 

性折射系数材料的归一化透射比 与 的函数关系 

(a)△ 一 一 0．5，(b)△ 一 一 l_0， 

(c)△ 一 一1．5，(d)凸 一一 2．0 

+ I 

干 干T j [1+(2n+1) ’ 

B 一 一 

C 一tan‘[ (2n+1)]一tan (2m一 1)] 

Figure 2 gives the normalized transmittance T 

as a function of for negative cubic nonlinear in 

dex． 1t shows that there is minimum normalized 

transmittance at about 一 一 0．35．Figure 3 gives 

the input—output characteristics of optical limiting， 

where L T{ represents the output irradiance 

since △％ {is proportiona1 to input irradiance．W e 

can find OUt that the optimum geometry arrange 

ment of optical limiting is to place nonlinear medi 

am with a cubic nonlinearity at a position where 

the normalized transmittance iS minimum ，the po— 

C 

Fig．3 The input-output characteristics of optical limiting 

with the geometry arrangement of Fig．1(a)，c—l凸 1． 

(a) 一 一1．5，(b) 一 一 1．0，(c)T一 一 0．35． 

图 3 在图 “a)所示的光限制几何 排布下 ， 

输^和输出的特征关系曲线，c— l△韩f 

(a)z一 一 1．5，(b) 一 一 1．0，(c) 一 一0．35 
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Fig. 3 The input-output characteristics of opticallimiting 
with the geometry arcangement of Fig. 1 归)咽 C~ Itll'b 1. 

(， 1 .x~~l. 5 ， (b) x~~ l. O. (c) x~~O.35 

圄 3 在圈l(时所示的光限制几何排布下，

输入和输出的特征关~曲线 .C~ ILlI'b I 
(a1 x~-l. 5. (b1 x~~ l. O. (c) x~一0.35

1.1 " 
C 

0.1 '且

Fig.2 The normalized transmittance T as a function of x 

for negative cubic nonlineac index in the geometry 
accangement of Fig. 1(a). 

(a1 LlI'b~ ~O. 5, (b1 LlI'b~ ~ l. O. 

(c) LlI'b~-l. 5. (d1 LlI'b ~-2. O. 
圈 2 在图J(a1所示的光限制几何排布下，具有负非缉

性折射~敷材料的归一化道射比 T 与 z 的函数关~
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Fig．4 Maximura normalized transrntttnnce T， as a 

function of nonlinear phase shift I ％J in the geometry 

arrangement of Fig．1(8)． Curve (a)corresponds to 

nonlinear media with negatire nonlinear phase shift， 

curve (b)to nonlinear media with posnire nonlinear 

phase shift 

圉 4 在圉 1(a)所示的光限村几何排布下，最大归一化 

透射比 与非线性相移l蛳 l的函敷关系．曲线(B)对应 

具 有负非线性相移的夼质，曲线 (b)对应具有正非线 

性相移的舟质 

sition is about 2 0 35zd．Omr results show that 

the maximum normalized transmittance change T 

一 1一 ，in which ?1～ corresponds to minimum 

normalized transmittance，is proportional to the 

nonlinear phase shift I蜥 I for small I I limit． 

As showninFig．4，for} f≤O．5，the following 

relation exists with an accuracy of±5 ， 

Tp一0 57l fI (6) 

This means that with the geometry arrange— 

merit we can obtain a higher measurement sensitiv— 

ity than that of common Z—scan~ ．Our calcula． 

tions also show that for nonlinear mealia with posi— 

tive nonlinear index there does not exist a valley of 

normalized transmittance，but a peak exists as 

shown in Fig．5．It is explained by that self—focus— 

ing in the nonlinear medium causes the focal plane 

to shift backward and the beam size on modified fo- 

cal plane to become smaller，hut the beam size on 

the detecting plane still becomes smaller，there— 

fore．the normalized trasmittance still increases．It 

is different from the far．．field case that nonliear me．． 

dis with both positive and negative nonlinear re— 

Fig．5 The normalized transmittance T a5 a function 

of for positive cubic noTllinear index in geometry 

arrangement of Fig．1(a) 

(a) =0．5，(b)△％= 1．O， 

(c1凸 =1．5，(d1△吼= 2．0 

田 5 在圉1(a)所示的光限{}f几何排布下，具有正非线 

性折射系数材料的归一化透射比 与 的函数关系 

(a)凸仕=O．5，(b) =1．0， 

(c)蛳 一1．5，(d)A 一2．0 

fraction can act as limiting media： ’ ． We think 

that for the geometry arrangement of Fig．1(a)， 

only nonlinear media with negative nonlinear re— 

fraction are suitable for 

nonlinear medium with 

limiting media．For the 

positive nonliear index， 

maximum normalized transmittance chang e T 

T一 一 1，in which T⋯ cortesponds ∞ maximum 

normalized transmittance，is proportional to the 

nonlinear phase shift}Ag0}for small}△ 1．As 

shown in Fig．4，for 1 j≤0．5，the following re· 

lation exists with an accuracy of± 5 ， 

T =0．65l△卿 (7) 

For the geometry arrangement of optical limit— 

ing shown in Fig．1(b)，in which two lenses have 

the same focal length f，their separation is 2f， 

and the distance from the focal plane in image 

space to the second lens is f，by口transformation 

approach，we obtain the on—axis electric field on 

detecting plane that is focal plane in image space： 

ED( ，r=O， )一E(。，r=O， )e-譬 

黑 筹m { 厂 ㈣ l一。 ! I口M／ ⋯ 
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2.0 
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b 

.1.0 
Io.~ 

0.5 

0·$Jo 0.5 1.0 u 2.0 

x 

Fig. 4 Maximum norrnalized transmìttance T I a:l a 
function of nonlinear phase shift '.ðtfb I in the geometcy 
arrangemem of Fig. 1 (a). Curve (a) corresponds to 
nonlinear media with negative nonlinear phase shift. 
curve (b) to nonlinear media with positive I'lonhnear 

phase shift 
圄 4 在固 H.l所示的光限嗣几何排布下，最大归一化

遭射比 T， 与非线性相穆闷，也 l的函数夫矗.曲线 (.l对应

具膏虽非费性相穆的介圃，曲结 (b 1 对应具膏正非线

性相移的介质

sition is about z= - O. 35.:0:0.. Our results show that 

the maximum normalized transmiUance change T þ 

= 1 - T 1fIirt' in which T l;1l,I" corresponds to minimum 

normalized transrn.ittance ，阻 proportional to the 

nonlinear phase shift 1 ð'钝 1 for small 1 ð 9'ò 1 limi t. 

As shown in Fig. 4 咽 for / ð 9'ò /-主0.5 ， the following 

relation exists with an accuracy of 土5%.

T, = 口.571 .1钝/. (6) 

乱。

』

-1.0 .0.5 。.0

x 

Fig.5 The norma (jzed transrnittance T a5 a function 
of .T for positive cubk nonlinear index in geometry 

alTange冒nent oL Flg, 1(a) 
(al <l9屯 ~O. 5. (b) LlVb ~I. 0 噜

Cc l Ll机 ~1.5.(dl Ll机 ~Z.O

图 5 在圄 Ha)所示的光限制几何排布下噜具膏正非线

性折射~数材料的归-化透射比 T 与 r 的函数关革

(a 1 LI~毛 ~O.5 ， (bl ~~1.0 ， 

(c) <l9屯~ 1. 5. (dl ~~2. 0 
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This means that with the geometry arrange- shown in Fig. 4 , for 1 .1钝 /';;0.5 ， the following re-
ment we can obtain a higher measurement sensitiv

ity than that of common Z-scanC'.'l. Our calcula

tions also show that for nonlinear media with posi 

lation exísts with an accuracy of 土 5% ，

T, = O. 651 .ð9'ò 1 (7 ) 

tive nonlinear índex there does not exist a valley of For the geometry arrangement of opticallimit 

normalized transmittance) but a peak exis.ts as ing shown in Fig. 1 (b) , in which two lenses have 

shown in Fig. 5. lt is exploined by that self-focus- the same focal length 1 , their separation 阳 21 ，

ing in the nonlinear medium causes the focal plane and the distance from the focal plane in image 

to shift backward and the beam size on modified fo- space to the second lens is f , by q transformation 

cal plane to become smal1er , but the beam size 00 approach , we obtain the on-axis electric field 00 

the detecting plane still becomes smaller , there- detecting plane that is focal plane in image space: 

fore , the normalized trasmittance still increases. It 

is different from the far-field case that nonliear me 

d且 with both positive and nega口ve nonlinear re-

Ev(z , r = O. t) = E(z , r = O ， t )e-苦
导(- i.ð<p(z ,t))" I 1 \-] 
酬问 m! \qNL! 

(8) 
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with 

1 1  ̂

五 一 一 

Thus the on axis irradiance on the detecting plane 

is 

L ∽雾雏a~cos { 
where 

n 一  

+ 1 

1 

+ c l (9) 

_( )(j +1) ) 
一  一  ， 

一 n f 卜tan。。( ) 
Let△ ，t)一O，we have 

—  — 10(￡) “鲁， (1o) 

where I D}represents the on—axis irradiance on the 

detecting plane without the existence of nonlinear 

shift．By calculation we obtain the following rela— 

tions： 

△了’⋯ ≈ 0．406凸％l， l△ l≤ (12) 

⋯
≈ 1．7z0， (13) 

where ,aTp is the peak valley transmittance 

change，and △Z⋯ is the peak—valley separation of 

normalized transmittance． The relations in Eqs． 

(1 2)and (1 3)are the same as those in the conven 

tiona1 Z scan which uses one lens[ ． The input— 

output characteristics of optical limiting are given 

in Fig．7 at different positions of nonlinear media． 

The optimum positions of limiting media with posi— 

rive and negative cubic nonlinearities are about 

一 0．85 20 and about 0．85zo respectively．At these 

optimum positions the transmitted on—-axis irradi-- 

ance decreases by about 0．203 l凸％ ．It is shown 

obviously by Figs．3 and 7 that the limiting effect 

with the geometry arrangement of Fig．1(a)is 

refracti。n． Theref0re， the n。rmalized transmit— more effective than that of Fig·1(b)for the same 

tance T(x，t)can be expressed by 

丁( )一越  。s( 号+ ) c11) 
Figure 6 gives the normalized transmittance 

T(x，f)as a function of for some nonlinear phase 

Fig．6 The normalized transmittance T as a function of 

for different nonlinear phase shift in the geometry 

arrangement of Fig．1(b) 一 

(a) 一0．5，(b) 一1．0，(c) 1．5， 

(d) 一一0．5，(e) 一一1．0，(f) 一一1．5 

图 6 在图 l(b)所示的光限制几何排布下，在不同相移 

时归一化透射比丁与 的函敷关系 

(a)蛳 =o．5，(b)蛳 一1．0，(c)蛳 一1．5， 

(d)蛳 一一0．5，(e)却 一一1．0，(f)d =一1．5． 

nonlinear medium at their optimum geometry at 

rangements· 

2 Summary 

W e discuss the effect of geometry arrange— 

C 

Fig．7 The input—Output characteristics of optical limiting 

with the geometry arrangement of Fig．1(b)for positive 

cubic nonlinearity index．c—l l 

(a) 一 一0．85，(b) 一0．(c) 一 0．85． 

凰 7 在囤 1(b)所示的光限{6I几何排布下，具有正非线 

性折射系敷的输人和输出的特征关系曲线，c—l蛳 f 

(a) 一一0．85，(b) 一0，(c) 一0．85 
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shift. By calculation we obtain the followi l1;g rela-

MR A
川
】

6u hvz 47 ~~~~ ZA 
S n o 

11" 
q:'n 一 R(z) - 1 石瓦

with 

(1 2) 1~9'b 1 罢王 π
(3) 

4T,-, is the peak-valley 

change~ and .:1Zf'-~ is the peak-valley separation of 

normali配d transmittance. The relations in Eqs. 

transmlttance where 

Thus the on-axis irradiance on the detectÎng plane 

( 9) 

IS 

~2 ~ 

1D = 1，(1) 去2: La_cosl b." ~ + c." 1 
J m= Cu> =U L. 

(12) and (13) are the same as those În the conven 

tional Z-scan whîch uses one lens[GJ. 

where 

a_ 坠号俨二
The input 

output characteristics of optical limÎtÎng are given 

in Fiι7 at different posítions of nonlinear medla 

The optimum positions of limitíng media with posi 

tive and negatíve cubic nonlinearìties are about 

~O. 85 Zu and about O. 85zo respectively. At these 

optimum positions the transmitted on-axis irradi 

ance decreases by about o. 203 149'b 1. lt is shown 

obviously by Figs. 3 and 7 that the limiting effect 

wÎth the geometry arrangement of Fig. 1 (a) is 

more effective than that of Fig. 1 (b) for the same 

nonlinear medium at their optimum geometry ar 

2'+1 
[(X' + (2刑十l)')(x2 + (2n + ])2)J1' 

b_ n 刑，

,12m+ 1i _, (2n+l 
Cltm tan'\ -一一一一-1 ~ tan "1 一一--

:r .r 

Let &，<式 z. t) =O ， we have 

IDZIm=MP7· (1 0) 

where I Ðl represents the on-axis irradiance on the 

detecting plane without the existence of nonlinear 

refraction. Therefore , the transmlt normalized 

rangements 
tance T(x ,t) can be expressed by 

Summary 2 

>1 1 ( 

Figure 6 gives the normalized transmittance 

T(x ,t) as a function of x for some nonlinear phase 

T(:r .t) = 主主~a.....cos ( b""" ; + C m" 

We discuss the eHect of geometry arrange 

z 

2 

' 
-h啕

o.哇

'......._._.-.--.-
、f\/".
飞、._.-- .... , 
、/
飞、._......，

1.4 

』

2.0 

Fig. 7 The ínput-output characteris(Îcs of op(Îcallimitlng 
wÎth the geomeuy arrangement of Fi.g. I(的 for 阳sltlve

cubic nonlinearity index. C= l .l阶|

(8) .x=-O. 85 , (b) .x=0. (C) .x =0. 85 
固 7 在图1<b)所示的光限制几何排布下，具有正非辑

性折射~敷的输入和输出的特征关~曲线 .C=I ""，，毛 1

(a) x= -0.85 咽 (b) .x=O , (c) .x=O. 85 

C 

2 

Fig. 6 The normalized transmiUance T as a function of .x 
for different nonlinear pha.se shift in the geometry 

arrangemem of Fig. I(b) 
(a) """毛 =0.5. (b) """毛=1. O,(c) .::l阶=1. 5 , 

(d) J阶- -0.5.(.) """毛--1. 0.(1) """毛--]. 5 
圄 6 在圈I(b)所示的光限制儿何推布下，在不同相移

时归一化遭射比 T 与 z 的函数关罩

(a) """毛-0.5. (b) """毛=1. 0 唱 (c) """毛-1. 5 咽

(d) J韩=-0.5.(.) "",,,,=-1. 0. (1) J阶= -1. 5. 

' x 

4 
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ments of optical——limiting media with cubic nonlin—— 

earities in infrared focused optical--detecting sys-- 

tems on optical limiting． The optimum geometry 

arrangements in these systems are discussed．It is 

noted that in the geometry arrangement depicted in 

Fig．1(a)the nonlinear media with positive nonlin— 

ear index can not be employed as optical—limiting 

media，which is different from previous sugges— 

tions for the far～field geometry arrangements．The 

geometry arrangements discussed in this paper can 

also be employed for measurements of nonlinear re— 

fraction with a higher sensitivity than that of cam 

mon Z～scan． 
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ments of optical-limjtJng media with cubic nonlín 

earities in infrared focused optical-detecting sys

tems on optical hmiting. The optimum geometry 

arrangements in these systems are discussed. It is 

noted that in the geometry arrangement depicted in 

Fig. 1 (a) t he nonlinear media 田ith posjtive nonlin

ear index can not be employed as optical-limjting 

media. which is different from previous sugges 

t lOns f~r the far-fjeld geometry arrangements. The 

geometry arrangements discussed in this paper can 

also be employed for measurements of nonhnear re

fraction with a hjgher sensitivity than that of com 

mon Z-scan. 
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