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Abatraet 

Belaxation o.em皿ion of the lîght în切nsity in the ra.r咆 gaa halide 田eimer mediam • 

ðeøcr如此Thehigh-pr倒SlUe mixture eonsÏS切 of :rare g田， halogen and appropria也 wffer g坦. An 
argon laser-bea.m Wi甜 employ咀也o probe the acti咽 medium. We d自rived & ditrerentia1 equation 

deroribing 由e change of 由Bl曲时onda皿ity "， i也 ap宫恤rbation method. The re1a.xattonα挽回皿iOD

period calcula协dis 扭唔民黯men1. wí抽 the experimental value. 

E町 wo.rda: rel.aD.tioll 咀e口lation; exci皿er mediumj rare gas halia.e; 严时urba.tion meUlod; periαi 

Introduction 

" 

Bωa.use of 也h&:iI nnmerous appB饵主ions，也，here 甜@ωnsidel'aòale j且也er四t iD

exoimer 18.嗣r 町自如em[1，2J. In order 协副幅.blish op植皿U皿 ope:rating charaotel'iBtiωd 

such la幽盟，抽坦 1皿portant 阳 distmguiS.h and expla.坦 val'ions phenomena in the 

active 皿edium. Th..is work diBoussOO. the reJaxation 0:皿lillation observed ìn the 

excimer 皿edinm pumped by ele。如ron-beam.

Experimental Configuration 

The 回:per迦1men旭Iωn盘gura.tion used 10r the 皿e四nre皿en坦 jg shown 坦Fig.1.

An argon la幽r beam was UBðd 如 probe 也he a.o挝ve medium. (at 514.5 n皿). Two 

aperl盯回 were plaood a.f阳r 血。 ω11 to reduce fluo~翻到n倒 i且也he probe dir创tion. The 

T皿 folded op也03.1 path 切古hede切ction eqUipment 1田且如dìn a. F气也raday 901'倒也ed 回.ge

划脚 redn创Ki flu.or晒)6nωefli阳国. Neutral de.皿4甘缸切，r were used to r咀E倒也he inpnt 

light level 切曲hepho协Imu1típlierσMT) 协 avoid 血，tara.tion. A 1/4 m. Ja.rrel-Ash 

monoohro皿a如r or a D町TOW band .in ter:f;盯ence filter provided spectra.l selectivity .. 

The PMT (ROA 03l000B) putput was 也gitized by 由e tranBient d悔ltizer (R7912) 

B回ei't'Bd January 41gSS; revieed Ma.zch 1419腿.
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Fig.l ~perimen饱1 OJnfiguration for Probe Laser Gain M盹sttrem阻挡

and s切red by 恼。 ωmpater (pDP 11/23) for la旬r da. ta reduo如ion.

8 春

The appara切sr吨uired 切 produoe a 'puIsed probe ooa.m 国过lustra协d in Fig. 1. 

It ∞nsis回 of 3. pulse generator. a high vol比ge pulse amplifiar, and an elootro-咱ptio

(E-O) modnlator. USìng a f陆1町izer with a 1000: 1 ex也汩的ion coe值。ient. a 趾gh 严ak

output 棚lld be produoed whíle main旭ining a very low DO baseline. The pulæ 

wid协∞n.ld be adjus问d to produ()~ ontput which were ∞副书ant on 恼。E-b他皿

ourrent ti皿e scale. 

Howe"er, seveml problems were enooun切red with 也坦 appl'l由wh. Therefore at 

pr回ent the modula切'T was n。如 E盟"王 during 恤回em幌回uremen恒.

Careiul sh.íelding of 如he modnla切r and PMT will be requÙ"ed before 蚀。 puI踊d

method ma.y be used. 

Signal level of I"V 20 m V were usOO. during the DO probe beam mea.suremen恼

Careful elootrioal and X -rny shielding of 尬。 de阳古ion appara切s in partioula.r 恤@

PMT, r回ulted ìn noiSe leveIs of 2-4mV wi在hs嘻nal levels of 10.......,40 m V • 

Relaxation Oscillation 

An in teresting fea tu:rø坦蚀。 relaxa挝OD 倒cillation of the optical field in扣。nsi可

制n 皿 the gain data (Fïg. 2). The relax:ation 倒出的，ìon indíoates interaction 

between the ligh古 field and 也he exoi切d medium. The 131田。 proo嗣 roughly 坦.in thø 

following. 
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Án increw勤 m the :6.eld in如ensity 础E配到 a roouction in the popu-Iatíon inyersion 

dlle 切-地。 inor酬)Sed ra阳 of stimula.ted 

才~ran9晶iOll8.- This 倒回到~ a reduction in the 

ga.in which in turn 饲nds 协 d创rea踊如;he field 

迦tensi甘.

In the 恤臼retio m叫eling of 也e pheno四

menoD, we 四nme an id创 homogeneo回y

br，恤dened la细rwi也 a four-Ievel sys抽血 and

lower 1缸阳r level iB always empty, which 坦a.

qui切 g创:>d model for the exoi皿er 皿叫ium with 0 

h .igh pressnre. ( ,.." 6 a恤. )皿 Bωause the 

e:xci书。ds幅幅 of e:xoi皿回 liv回 for a re制onable

langth 01 北i，me，属y， 10",,20 n阁。 for dimel'S 

intenaitJ 

so 1∞ 150 

nanosec 

Fig. 2 .RelaxatiOD Oscil1ati.on Df 
Optical Field in the CaIl 

and 10' n9ωfor trimers [4] , where剧也he lower sta te (the dj~in国r回抽d neu1irals) 

liv昭 for only 出6 缸皿Ð i也恤.kE回 the two or 也hr铺 a切ms 也o 6y apar', _10-3 nseo. That 

jg &D 80C回p比，ble approximation 切 zero.

U皿ng 古he pe由町ba.tion method, i.&. weωn9ider the be.havior of small 

pertu:rbation from 吨uilibrium (8协a.dy-s恤抽1) and acoording 怕也he silandard p:四eoo回

of 也坦皿的hode， a differen tiaJ.吨uation de由rib.国g 恤e ohange of the photon density 

"t iD. Üle oell.也n be derived as follow9 

也+B也+0.吨=D m 
hereD一一斗he driv旭:g :Cuno缸on.

WheAD...O, in 也he ana.logy 协 arø抽血阳也RL(J .cirouiñ, eqo.fva.len咀y， the eqUAHon 

坦 iden如ioa.l in form 在o that d翩ribing & damped nondriven ha.rmonìe 刷ill&tor， and 

B=p/τ一一地e da.mped 100切r.

0= (p-l)j(.，.t) 一一如he frequency fao切r，

l'-P，/Ptbf曲"一一协e pnmping fa.o阳'r. it 坦吨nal 抽出.& ratio of 也he u.nsa. tu.ra.恒d
gain 句也he 皿恒ra旬:d ga.ín. 

y-一"'he a也m.ic life也皿e.

#一一曲he li!e量!m.e 01 由ihe pho旬n ln 由iM cell, 
p-一-恤e pumping ra抽.

The 叨stem olea.rly h.aø an exponen~ially damped s:坦.U90Ï!也1 n回pon嗣_1f we 

88JJIle 也.&1; the small qU&Dtily 同例，回回剧". W.ob.in 

.J十BtI+O-O (2) 
tJ-~， Qs- -Bj~士 [(Bj句I_OJν'J (3) 

Inmωt gas 1&嗣丽，也0 恤ke e&re of 也he nonøp血íngo国e， the a.协mio life缸血eτand

也he luetime of 也. photoD in \ke 幅，vi~t 他n be ofthe 副me o:rder ofm唔nitnde. In 

:fac曲曲he t iS曲mewha.~ loilpi' and 也.1剧.r.. not 缸"缸r above tJu倒bold..so tha.t 0 .is 
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1e锢北ha.n (Bj2) J. The two r∞恼。f (2) are then l!t写一B=-p厅， α2~ -O(B=-- (P-l) / 

(pt). The 古ranSient respon嗣 of 也he 蛐，flla.t.皿g laser 如o any 曲曲 of ft ucro.a tion in 

地.is limi如 has two exponen植.allyd四aying r∞恼， one of w hich ∞rrespo且也也o a Det 

popul的ion repu皿pi且g rate 'P/T, where明古he other ∞rresponds 如o a n'的回vity bu.ild

upra怡。f(p-l)!(抖). The sys抽m is overdam归d，船如hat any per恒rbation die out 

in a double exponential form rather 北han an oscilla tory Íi拥hion wi由市i皿e üons恤且相

∞rrespond国g briefly to 如he a.tomic and 如rhe pho协n lifetim四. When a 1翩rin 如bJS

k.ind ìs S1lddenly 恒rned on，古ihe 1aserωoilla tion wi1I b回国 up and ∞nverge "boward 

the stea.dy-s恤阳 1eve1 wi'北h sm.all or no oversh∞飞 at 1e饵t wi恼。时 the 80rt of 

∞，nsidera ble relaxation 。如山川ion8 缸阳>eiated wi如ihsp虫iDg kind ofw帽rs.

The al回m.a曲ive øωÐ， w hich iS fea wr of m佣北 solid-s回国 and 古，be e:xcimer 1a回r， m

has whenever 也he atomic lifetimeτ 坦 very much 10nger ∞'mp.缸d 如o the lifeti皿e oÎ 

北heph。如on i且也@幅Vity t. In 由坦佣se 恤.8 r∞拥 for the 甘an副ent r回ponse of 古h&

即时em 幅n be written in 古he form. 

tJt, .aJ~ -Bj2土6[。一 (B/2)叮1/'a-Bj2土.(2:π/T)

and 0>> (B 12) J 

The re1axation 创削la.tion behavior 也帽 out with the dω80y ra协 (B!2). so tha' 

period of 如he small-Signal reJ.axa由ion oscill剖iion T 坦 obtained

T~2部.[(τ.t) / (p-l) ]1/1 

Also 如he popula.如ion 坦version will have si皿il町da.mped 皿nusoid&l fi uctna售iion

abouti恒 S旬ady-sta切 value.

Ifwe take 甘pica1 va.1u回 for say, XeJOl la.l拥rmix如ure gaa 皿edium pu皿ped 协

......50 above thresho1d a.nd T "",lOJns. '.-.O.2ns for our 侃vi甘伺丑. We fìnd a 古ypioal

rela.xa tion 酬过1ation period of 

Tx臼α =2:1t' x [l~x 0.2/(回-1))1'. ns ~ 4皿

This value agr酬 wi古h 古he order of 古he 但peri皿ental vala.e from Fig. 2. 

The fiootu~tion in the power output jg 如hU9 a damped s.inu白id wi曲也。 但mping

ra抽 (B12) 80nd the 棚illation period T d回r制lSing wí古h e:xc倒 pumping. The T for 

the Iargl• .amplitude spikes i旦 the strong spiki.ng regi皿e will be lee翻出.an 也he sma.lI

am plitude relax时ion osoillatìon period but not more 也han a fa.的or of 3. The da皿ping

rate for 协e large-a.mplitude spi.k:倒 W血 also be different. Rowever, at 1e剧括北he T a.nd 

(B(2) give a. general indioa~ion of 如he r幽nant period and da.mping rate of 如he light 

in抽nsi古y even for large-a.mplitude fluotuatiO四. Ind时皿easuremen切 of T h.a.ve 

回me妇皿咽 boon u如d as a. wa.y 切鱼nd va.lu倒 for the pal"ame也ers p 01" t. 

While 90me lasers displ80Y the damped sinusoidal flnotuation of intensì古yd咽。ribed

above，国 many 。他er la.ser systems the fluo阳时ion 坦 nnda.mped. The unda,m ped 

relaxa也ion ()f抽出的ion ob嗣Irved in, many 8ituations 皿a.y be understood by oonsidering 

(1). Undamped 翩illation 坦 p唰ible when 出 driving funo恒。'D D悖。皿 ω(i.e.
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tbe "oscilla协r'~ 坦 driven).ln 恤坦 situatioD，恼。吨nation 坦 identica.J. i且 form to that 

d倒oribing a. und&皿ped driven harmonio 回国lla协r or，吨皿vaJen咀y， a. r'甜nant RLO 
ðir侃it with a drlving BOu.roe V (t)W. 
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准分子介质中的弛豫振荡

郭振华 李再光甲

〈华中工学院撒光所〉

F. K. Ti忱el.1 W. L. Wilaon 皿d M. C. 8mayling 
(Ri回 Univezøity， Roustoo, TX77邱1 USA.) 

提要

本文描述了稀有气体卤化物准分子介质申先强的弛章提蔷，使用的高压提合气体由稀有气体.卤章和相应地疆坤

〈稀有)气体所组成.借助氢离于激光束 (514.5皿)探测激情介质，测得三原子准分子 X句d 的弛豫振蔷周期值为4:l1li

左右.系统用相对论强电子束选行泵捕.

在对准分子介质的光学增益观测中，发现了光场强度弛童提富的有趣现象.这种摄富表明了光强与被激励介质间

酌相直作用.本文首次描述了准分子介质中的这种提蔷，其物理学机制可以认为是:光强增加导致曼撒主射速率增加使

得植于数反转下降，这就引包光学增益暗小3而光学增益的暗小反过来又导致光强的蜡弱.

我们假设，高E髓合气体被电子束泵捕后形成均匀加宽的四能级系统，而遭先下能级是空的.利用橄扰方法，建立

起7描述腔内光子最密度变化句的微分方程如下:ii江+B吨+CIIJ.-D. 进一步，类比无钱电技术中 BW线路理论，可

剧得到弛璋振茵的周期 T为 T-2s['.τ/ω-1) ]:vt.其申，p-一-是粟捕函敷， t-一是腔内光子寿命， τ--是除受霞

在射之外，其他一切因素造成的散发在寿命.由这一公式计算出的周期 T 理论值和要验中观测到的值基本上是一量的.

且样，反过来就可由测量弛章提菌周期，去确定泵捕画盘或原子寿命，并和真他1i怯相佐证4

共键词:弛章振蔷;准分于介质;帽膏气体卤化曲;瞰扰法;周期.
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