
, 

-

. ~fiVIJ Q 1m fl~~ §Jj,]c iift iAt j't!li ~ . 
, :lift I f'P*flJ: 

,fit ~ 

~~~ •• Q~~ •• ~a*.~.,~ •• ~«+*m*n~~~*.~* 
*.a,mt~*.~*a •• ,*.~**~: ~~~.~~.,t~~~~,t 
~a*; ~.~~.~~~~~~~; ~~~*R~a~a.~-~~, .~~. 

~ ~~* ~Jf~ ~1X ~e,; 4);(E.1t~.~14-r, ~)ji)o+.~ ~M~.fl1m*~ ~*~j£ 

~; 0~~~~-~~~*r,~~.~.ili_RM.,.~~.~io*~~~1 

:lk J):h ~ J'IUr~ !fbI :f1l1. ;@:)(, }H~ ili 1:l3:!l=r: ~ *;(E ~ * ~ it. Q ~ U i!JHe: 1),Url1 ~ 'I :l~.'t! 
~~7riHl~EImo . 

~.mA Q *=*[1.2J8~~~l:t~, :mtt$I~{Hf.Ij, :tEi!t*lJi!dN§:~:1f1iiEY:ffltBt}:o , .. '." 

1965~, !\Gin 'I!N~ t±l !Wiliflil QtB7f=*Bffi~#!i81~:1f~, ZJ&{Htt~~~f¥:tE 11 1* ~ i![SJo 
. 1970 ~ Findlay#! Fray ffl~~*tlijtBf.ljlt~$!Will)ij QtB YAG i!t:J't:H,. JA~~J: 'it. Jm ff 

:tE:lliE!Wi![4Jo 1973 ~ Hill'it.~T~ill)ij Q tBfk~1i!ii!t*:Hff:tE1IiE!wi81tB~~#!tt ~ ~ 

.~;mA:tE~~tt.:1fm, *f.~~i8100~~.$~~*~~ •• ~~~.ml)ijQtB§. 
fttti!t**titB~njfij, :if'®.M~0 

~!W.~i!~~1I~~i!~~.~~~fi~~§.fttt.*~~~~.{Ho~~:tE§ 
.fttt%~~*.~~,etBQ{H1I.,~§.fttt.m~.1I~, •••• ,.*.mi!t:J't.® 
tAArtJ toJ~r'it.ti (~P~~:Jlt;~Ejrt~:J'[;~lt~) 0 ~j:jJ~f'I:!jg:lliE.:r.ff~#tB~Jmo it]j\Zffl r:p, 
it .~~# TI ff j:jJ ~ ~. !W.l)ij Q i!t:J't~tl Ng {IC :J't.:lii IWff ffl N§:~, ~.d:l: ~ ~ GUOta nt, 1M 
{f:~,IU!!~tB~ ~o ~L, ~~.tB!Wi!~~r:ll~*~i!,)jltl §JPJcfttt .-m:~ ~[li}1~, .)%:;1JIl)%:,. :J't;. ~ ~.:J't;. tB tAA fill 0 ~ f-t!~ tt~ njfijIm~ lfg:i)(, :J't;. :IE tB tf: fJ~, F It at:if ~ JiJUPl olZSIJlt, 1iJf:1i: . 
• ~!wi81:fI~~OO~jl$il)(o . .. 

*)(iti81$:1f~r:p*fflJLM:J't#tt.tB:3f*BffiZJ&, ffl:ie~-wm:l*~ZJ&il~ott.iIlf •. 
~OO,ffit.~~.,.tE~Wm,.tEe~:lltE!w.Ej~~m~~l:to ~~M~!WU~~ 
w~~~at, .~!w.Ej~*tB~1f~~l:to. U:.tE~i!~#r, §!McfIPi!t:J'[;tBJPj(Y6#!IDImEj 
!!*~iEl:to ~IIffiW1¥.!~Jiat, iJt~~tB~m~~M:$, ]JlU.£E~.~~o 



m 1 "~miIiiJ Q ~:J't:H$;m:mo ~Hil!illi)JjlijliMm M2 q~J'G~i¥.J~~lI~ W~liM~M1 
q M2 ~Jff" /3 at, BaCOB ~~lli I2SIrw1iM~/F3f1T~I~i¥.J1v!il~tlOl~: 

')' = ( :fa, y/2/31/2 
0 

iBJIt, ~111~~tfl~~iIiiJ Q i¥.J3f~Bi§~[31: 

')' (t) = [ - ~ In R+,),,+ ( :fa,y/2 (I ,eO-cut I) 1/2 ] (1) 

;!tl:j=t /30 ~11aiJ\!.Jffj w ~~i!j t ~atraj, Ij~f1U~¥lJIIaiJ\!.Jffi¥.Jat*tl"atISJi¥.J~F.;\j L ~.IfS!*j B 

~.IfS! i¥.J ~ ili )JjIij liM $.j d ~I ff!lm 1m i¥.J 111£; ,)" ~ I ff!lm 1m pg i¥.J lji;f.i till ~o 

JiiB~-l 

12000 ~ -~-EI 

~ 
l!ltJ\';W 

.~ I 
Ml £ 

M~ 

mtf£) ."... (iiiill~lHtm) 
p;j~i:r 

2000 --I--Ht 

o Eo 
rn 1 ~~lfti Q ~:J'tiJ~;Wj:rn rn 2 gg~~~*~~~{t~~ 

X1-=f m 2 J!Jf$ i¥.J M {t i¥.J 1m f3~ &Q1:m~, ~ $. jj;f.i ~ : 

de/> = N oo-Ol m¢ _ Q[ _ .1 In R +'Y. + (~)1/2 CI /30 ~ cut I ) 1/2 ]e/> 
dt L L 2 '2d 

dn
dt 

= N oo-m me/> + ~ nl + P 
L 2 .. 

(2' ) 

(3) 

(4) 

;!tl:j=t cp,;.;j, n= (N2;;N1) , ~=2:1o q5~.IfS!pgJ'G.:r~W1i:; No~,~,i¥.Jm'I1::#L.:r~w 
o 0 ·0. 

Jtj Na;flt N1 ?t:jjU~iJl((J'G~Jf..t.f3~~·;fIt*f3~&Q1a~~.:r~W 1i:o e/> ~Y3~{t:J'G.:r~.!W Jtj n ~J}=t. 
~{ti¥.Jli~:#L.:r~WJtj n1 ~*f3~~..t.i¥.JJ}=t~{t:#L.:r~W1i:o 0- ~~iJl((m~·~1tij z ~Iff!lm 
1m*1i:j .. ~iJl((J'G*f3~&Q1%iPj P ~*M~$.o a ~:J'Gi!o 

CP ... n ;fit 9'/,1 i¥.J~:MHi![*jjU~ 
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e/>i=(! )~:[ O')'~O) ] 

-4- In R+'Yi+ (-f:r y/2,e/f2 

Noo-Z 

(5) 

(6) 



,9111(=0 (7) 

W~~.m.~~J~~~~~~~~~~~.m;~~~.M~~~~~m •• ~.~ 
*~1t.1*JFj1l100pg~ili~JJ=I~1t~~~!&;lt(cp,), W 718 mu~~ ~.M ~.O x>f "f ~ ~~;fI1 
Nd3+:YAGi!t~~, PJljjtcpi~10-14o ' 

ll!~, ~ 'b~OO, iiljjt nli~2, mUJJ~ (2)", (3)", (4) :3t~~~imJ Q ~~~~~.~~~J!.$ 
JJ~[3lo 

~"fc?20xoOO~*~~~~, ¢4x40~*;fI1c?6x60~*~ Nd: YAG, c?8x55~*~ 
£r.':iHi, ~ljjt~~~'&it~ii!f*:tm~ 1 ~:lf;o 

* 1 xt!lIH!;!~~mifc.l Q itt1t~~~a~~~5fl:lit.~** 

~ lliZ J~ ~ ~ £ m - E" . :fWl E" rt ~ E" 

No (m!*-S) 3 X 1020 1.38 X 1020 , 6x 1019 

I 
' 6x 1019 1.6x1019 

U(m!*2) 2 .. 4x 10-20 8.8x10-:19 8.8X 10-19 8.8x10-19 2.5 X 10-20 

iCi$i;*) 20 4 6 6 8 

l(~*) 500 10 60 60 55 

1'. 0.05 0.02 0.02 0.02 0.03 

PCfy-1) 10 20 .20 20 660 " 

L (m!*) 100 40 50 50 100 

R 30% 8% 8% 80/0 ,.. 60% 

(P. 10-14 10-14 10-14 10-14 10-11 

ni(X 10-3) 2.729 3.426 2.262 5.680 303 

w (7J~/*) 
c:: 

6 12 12 24 4 

fJc 15' 10' 11' 22' 8' 

<pp 1.5 X 10-4 7.0x10-5 1.2x10-4 2.0X 10-4 . 4.0x10-2 

L1t(i$i;~fY) 45 I 14 21 14 44 

* ~lliZm~:l'6J!KiL;j~ fjg~:;(fipfi!: 50~100 ~~fy[7.8l, i3:!l[ xt~~!U~;f1J Nd3+:YAG1!lIlfi!:~ .. =100 i$i;:iJi!(fYit 
~~ . 

.xt~~imJ Q ~ cp20x500 ~*~~~~.~~tr~~.:E~ii!f*j(n"'f: . 
.1. i'HE~~ 
~~*L ;fllJf1~~ilil'tlfijlitM.$R J;;.t,biIf{ljjlf.JFj {3~ ~J;Eat, ~~li1t~J! Wo 

/PJ~ff{ljjlf.JFj (30 "'f, JJ=I~1t~r!Jlm~~~!&;lt c?1J ~~J!cu ~**o 

§'Jl7J<fl:P.~~r!Jlm:w.$~ c?1J ~**~ 

P ='/" h O(l-J:l) (1 N' V) 
1J ~'[JV L "2 0 _ (8) 
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5 

!if)! CJj!if 17'r) 

00 3 ;;r:18l11ili:Wfirf*m1tT~~J}f.E3~~ 
EJ{]**(L=100J![*, R=30%)0 

At 

5 

13 . 5 6 8 
1iY)! (JJ!iIi 17'r) 

140 

120 

100 

SO 

6Q 

40 

20 

004 §~~EJ{]~.~~m~~~EJ{]*~ 
(L=100 J![*, R=30%, .80=15')0' 

::Jtr:p V ~~1*~o lit 00 (3)5fUj:\;(8)PJ~, iE:fiH~~J!r,~l±IEf{J~{Ei)jJ$:Ii~o 
iE:litl§~J!r, g/liJcitPii:J'{;Ef{J )l1]cY/E 11t 5fUiNnf tr ~~1t/J\, :tm ~ 4 EJflRo 
itJl::l2E;j\(iY=J, :&itl§~J!~~=f\XJtltl:l.JliJ<{l:ftH1Ef{J~~Ef{J 1.5 ffl¥iJ 2ffl; iE:&itl§~J!~1ttr,. 

g)}j<~Ef{J/liJcY/E~~=f'~tll±l./liJc{l:ftH1Ef{JMcY/EEf{J 1\' ~-m:J'{;-=f~~1t~~=f\XJtl tI:l~·)}j<{l:ftH1IW~ 
-(RJ't -=f ~ ~ It Ef{J 2 ffl 0 

2. IKiiW1U<:J~DioJ 

(1) ~~*L,~$J~l±IttlruBtM$R5fU~~IW~J!w-~H1, ifiE"tI§lh'li:W-~,8o, :tm[!l 
5 EJflRo 

At (?iSil'f£~) 

15 

10 ~, 
100 

80 

5 60 

40 

2{) 

10 12 15 18 20' P. 

00 5 L, R, W -lEat,,ff:tEiti*llili:WflI(L=100 
J![*, R=30%, w=6 Jj~/ft)o 

.W(JJ~/7t-) 

4 

2 

10 1 f30 (?H 

. 00 6 L, R -IE at, Ji'ii*~~ ~ .E3IJai:W flI .80 
EJ{]** (L=100 J![*, R=30%) 0 

lit (1)APJ~ ~o ~ (ni- n,) 2 JVtlEft, ~£ np ~'fitt~Ef{JI~-mBt!fUlLT~~Ito iEBt~tlL-=f 

~ ~ It .Ej ~jUm~I3:1i~:w * JVt lE tt Ef{J '111 &. r, iE/liJc {l:ft ~JUFli H1 , J)!U 
(9} 

(10) 
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;I{:* Eo ~ Po ~HJtl;li'dj~(!{Jjljij1R~~:I:~~ili:W.$o Ell! ~ Pin ?HJtl~~ ~ (!{J * rrt ~~:I: ~:W . 
.$0 

1m ffJ1Elif:E ~Jt*# 114 ":lif:EljiMc fiF *#" (Optimum Single Pulse Condition) ~ J! -'=H:!GffJ I¥J 

41,t,. (3IliltfJ) 

4 

8 

2 t~f _--- - .. --
1 "'!..-:- - . . ... 20 

() 

30' f3. 

00 7 {E~11~14"T, dJ!m:7'{;T!l&*l~\M<~ 

;J'fHrtrID-I*~Jt ~ rlffi ~ ft3 ag 3e1t 

tr~~il-o 
.. ~f!.\, tE~ftE*#iffI ~#11H!ffl!zmU~/~ 

~11iHf§ ~MHiiM (!{J 'If l£ r, * rrtJ]( f~ ~ ~ I 
f1::!fWIVJ:IVJ::I:~:!!f~~J't.~m~*~Jf2*~ 
m~ Jf2 (!{J~ttl *fitL!.~.t-J .$ ~ ~, mu rllii Jf. Jf.J ~:k, 
~a~ttl$McfiF, lift~Jt~~o~**m 

. ',~ 

~~.$~(!{JIf1::!fWIVJ:W~ifflMfl!zm~~~ 

(!{J ~~, mu ~J'tMc fiF I:tJ ~~ It 3'& .$ f~ (!{J I f1::!fW 
•• ili:W.$~~~Mc.~., ~~~W$Mc 
fiFo 

*1*f-flif:EIf1::*#, 1!.lR~ #0 (!{J:!I}( (~Jtt!1;f§Mm~), mUr!Jf1J[J't-=f!J&W ~~'~!fttJo, W 
lM<.~lWmffimHw.~*iI!!&'tl, :tmm ~ Flfifto 

3. H~*8{JmDtoJ 

(1) ~19J~ttBi.~J/1lL-r!J&Wlt ni ~tW~Jf2~ttl*lfij·(!{JBi.M.$R -JEat, mUlif:E~~ w .!:jJf2* 
L (!{J -V-jf Jilt Bi. It, :!to m 8 Flfift 0 

1:tJJC..(J!f-fJ1l!MJ!1'-~*, tE~fIB*#iffI~at, Jf2*~m, -jfTIif~ #0 !Ix, :!11~1.fiii~Mc 
. ilft~.1z:atriij tB mimo tElift*#r, 

00 8n" R -.xE:Bt, ~11~Jt~~*.3jZjJpX; 
N.l:t.(n;=2.729 x 10-3 , R=30%)o 

(11) 

At (~~fY) 

/ 16 

14 100 

80 0 100 110 120 L (1li!:l!~) 

00 9nh R, W -.xE:IJ;j·,1f~.11~*(ni=2.729 
x10-8

, R=30%, w=6.7J~!:';j-)o 

(2) :t(O*19J~Bi.~J/1lL-r~lcW 1t ni ~tW~Jf2~ttl*lfijBi.M.$l{-JE, !ff~(!{J~JtW t!1~JE, 

!i!tlf¥tE-1'-lif:EJf2* t, :tmm 9Wfifto 
iii "f w .!:j L2 Jilt Bi. It , * .l3.li ft ~~}( ~ ~ IXltl ttl lji H* fiF at (!{J ~Jt (!{J 1. 5 ftf ~J 21tf, I:tJ 1l.t 11£ 
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L<t/.../2, Ji!tl lflJmg;Mc{tft; 
t /,.j2 <L<t, gMc{l:ftf.tfJ~1HF; 

;- -L> t a-J, g)}i< {l:ft f.t fJ~ -t!! 1t:tr-; 
~ L ~~Jf*, ~¥.t t B >2{3o/w, Ji!tl~~M1ltrlfl~*Mc{tfto 
E. L. Green ~)dW1Mrii~~: **!mXEa-J, 19q'~J.Mc{l:ft;.1f~./J\a9ij5!*!iX:~~o )(tmi 

XEa9~~, ij5!1f~ii{tij5!*[91o ~{I1a9ttjlEj~~~~~*!WJiro 

(3) , ~;@J:Ml & ~)j!J[: -f-~.!M 1t ni ;frnW~JP. ~ l:I:l ~iijI~,M.$ R ~ XE ~, ;a: '& 1t: Jl5! *, fi1J a-J -&, 

'&1t:~)!:lti~J.{t~,)!, Ji!tlgJliJ<{l:ft~*a9Mc~;fItlWifTEjij5!*:!VtIElt" :tmm 10 m~o CPll JL.>JZ 
/F~o 

iE~ft!! ~# ~ Pl a-J;. ij5! *~m, !i!U *-f-;(EJr;! rJg .;fj tOC;i\'J& a-J 1'aJ ~m,l2S111t ~:J'fiMc {l:ft J€!!l1A'~ 
, '. 

60 
Llt 

50 

4 

<! 

20 

10 

~t' 

L(JH!}~) 

00 10 nh R - JE at, ;ff:S:1*~:I!T § 

~~~*~~~~~m~~*~** 
(n.=2.729x10- 8 , R=30%)0 

4. ~~n~~W~&M~HI~mDtoJ 

6 

5 

4 

<1 

2 

1 

00 11 §(3c ~ L -/.E!I'.l',&~ R , 

~1jS:1*~:I!::r:~ (L:"'100 Jli[*, 
(30=15')0 

~~~~~;fItJr;!*L~XEa-J,,&1t: •• Jr;!.lfl.&M.(fi1Ja-J~m •• *M~~~nm . '. " ' 

(30 !F1t:), Ji!U:li{t~~~1t:, :tmlm 11 m~o 

~fikf5I1g{3o;flt L ~1t:,Ji!U (n,-np) tIL~1i,)}jc{l:ftJ€!!il. a-J raJ tB -&, ~ 5t, m ~:Ii -EE~ ~ 
, / 

ttjl~~gJ'j, f3o;fll L ~XEa-J, R '&1t:a-J, (l-R)cpp JL.>JZ~1t:, :ftll~ 2 m~~ 

~~tt~lfl, ~ L;fIl n. ~1t:a-J,;a: R :1-1*, Ji!U:Ii-EEt~Jm~tl::Im:l:fUljo 
*2 ~=100Jli[*, 130=15' EM", RX>tlIJlJJc;qHI€jtt~~_Pral ' 

R Llt(~~tjl) <pp(xl0-4) (I-E) <pp (x 10-4) 

50% 50 2.061 1.031 

40% 47 1.794 1.076 

30~~' 45 1.500 1.050 

20% 
- 43 1.300 1.040 
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wCJjt.ri/fr) 

6 

6 

6 
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xif ¢6x603~;7IH8 Nd3+:YAG, * '0=100 *t\&~EJf~J3ttr., ·t!M~~JT;ftHg{J3t7i!l!$o 1tJ 
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~ill.~ijij, § 1frj~m~~:J'{;)i>J;&fPtW1k.*~J3tJillJ~!±.* ... ~1M~ff~.&~~~1tli!H~1t~ 
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