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A,    — ■jjj    - -x.   - ^^  ■- -A.  w ^..4.        £^i   -^xx        ^j.wyj...iii.        ^ A. V_^.:L1£.. -^ V^AAS^ V ^*   V   _U-   V^J; 
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^i   f f r a A-t-T An      sra vcjcnciAT-- T7D    !    T7   ' 

Av/Rgi exp[i(({)0 + 2 3rs/X)] 

Av/Rgo exp[i(<J>„ + 2 Jrs/X)] 

Tn      +- "h o      QAnat-i ATIC T? r-r,      ST-»/^      P /"*„       3V-ü >-ccr\OAT--i T7G! i7 1  OT7ol       1       3 r-, A 
-1_AA <-AA   ~ V,^J_   •-*•-*    V,   _».    v^**_     , "y1 V-<.XAV^ X^^in V*U-     W     , A-W~.^W^V,.A.VWJ-_7/ _X,   •—     *      ^-    -A. -I. ^ A A -~* 
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1    and   a^ain   diffiraction  with  D     ths   XsvsX   1   Xicrht   bsain   sntsirs 

i-h^-\      4-Vio     rdonnanf      narrT t*i7     ac 

         -i   o 

Av/Rg, «v/Rgj «expiC(ti0 + 2Ä(2s + 2l)A] 

■PHg   sub-zsiro   Isvsl   W3VS   irstumsd   firom  2fsfisction   by  Mi 

Av/ Rg7 • V/~RT • V R&T * expi [*0 + -^(2 S + 2 L)J 

In   th.6   scustion     R-   is   ths   rsflsctivs   indsx   of   Mi.      Thus,   ths 

ATTdral   1        "1   -J /-T "h +-      K^ari^      rofurn-i nrr      -f- /-\      "h "h o      vac? nn an f      rSVltV      IS 

Av/^rei+' = Aexpi[4>0+-^-(2S + 2l)] • (Rg, + Rg„i/ RTC'
2A

*) 

T n      1- Vi <=>      cmiaf-inn W.     -i  o      pal  lad      -t-ViQ     af f Q^^iyg     ITSfiSCtion     XlldSX     O f 

+- l-> o      /-< ,~\ m ?~i/-\ 11 T-I/l      naTri   t""^ 

A* = -^-<L-l). 

i* o > 

R. = RgJ + RgJR, + 2 Rg,v/ R,  Rgocos 2A* 

Fc^"   saks   of   ccni^airison     ths   authors   anaXyzed   ths   irsfIsctiv^ 

-ir-i^lc"     V        n-f      +■ V-i a     cr-i-m-nlci     rrral'infi     naui fir     i rv      ths     abSSHCS     Of     Ml  . 

'"ccdiri"   to   ^snsjraX   "ratine   foirirniXss     ws   obtain   ths   cjnatincj 

i QT7
SX   X   ITS^Xsctivs   indsx  R^.    (v?hsn   iarnbda   —   A» + AX    ) : 

Rg^RgjoSinc^jrN-j^) 

1i \ 

Tn ths souation  R'"*«* is ths XsvsX X refisctivs indsx of ths 

nvat-nnn     T.7V1 cm      1  amK^a      =     1  amK/la ,•      M     -ic      +-Vi c=     T-iii-mKp-r-     nf      firinCTSS      at     th?3 

nvaf-inn     ivr-i  +- Vi      1  i rtVi t-      Koam     i  1  1 irai-i nat-JAii ThSITSfOITS,       R        Can     bS 

R. = RgJ = RgJ, sinc4( JCN^-) I A \ 



CnKcH'  fnfc     TT/-T f 1 \       -inf A     TT/~T { 1 \       a n z-3     T.TC     Ofctsill     that      t h S     SffSCtlVt 

Rc = Rg*sinc4( »N-j^-) + RgJR, 

+ 2RgoRgiov/"RTsinc2( uN-~)cos [j~^ • 2(L -1) ] ( 5 } 

Sc?      ^-ic^^TToi^^/^       -f v-^m      r<al   pnl   af i  nrr      TT rr ( ^ \ f*h Q      mavi ■rniim      VH 1 IIS 

P .      waT7      /■« "h an/^c      coiTcr a T        f -i m ü c       a -f-       1a-mV"\/-3a — "lamK/^a.       T.TT   f Tn       /-< V> a r-j /-r t=;      ryf 

nPT.Tl      1 =T.—1 Mhon     P*~r„    — H      Q Prr  -H     1  K P„=0     7 M—7 /I      HOfl       f V> <a >-o 

ri — 1 ^ n Q ^mm   and   aloha=4v^      Fir*r.    2   shows   this   curve   Rr   oroportional 

to   DELTA   lambda   at   three   positions   of   DELTA   1:    1.00002,    1.50000, 

pr-tz-3   o   innnn/-«™        T-n   £ h °   ^ ~^ cn 1 r e      the   curve   of   the   effective 

vcif 1   or<f-i uia      i n^cy     P p "f"       +*VIQ      c-imnl  a      rrraf-i nrr      C?iVl t"      IS      SlSO      d r a W n . 

a. Al = 1.00002» b. AI= 1.50000» C. Al = 2.70000 

fc"   ssvsiral   DELTA   1   valuss      in   tns   C3ss   alph.s=4" 
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Besides, with increase in DELTA 1, the main peak becomes narrower 

and narrower.  When DELTA 1 changes minutely near the position of 

maximum value, the R, curve will have changed sensitively as 

shown in Fig. 3.  In other words, the peak value position of R 

has shifted; the wave peaks are not symmetric and the height of 

the peak value has decreased. 

■ . Al=1.00001i 

Fig 3. Effect on symmetry of curve Rr wave DELTA lambda 
of minute changes in DELTA lambda, in the case alpha=4° 
KEY: 1 - compound cavity 2 - simple cavity 

Fig. 4 is the curve showing the relationship between R, and 

DELTA-1 when alpha=4.8c.  By comparing Figs. 4 and 2(b) , we can 

see that the wave peaks R* are more numerous and that the main 

peak is narrower at the same DELTA 1 with larger glancing angle. 

Fig. 4. Effect on curves R„ proportional to DELTA lambda 
for changes in glancing angle alpha: in the figure, 
alpha=4.3c and DELTA 1=1.5000 
KEY: 1 - compound cavity  2 - simple cavity 



2. Output power 

The following relationship holds between laser output and 

cavity reflective index: 

P = AI, = -|-I'Aa-a»-R>( ^ 1) 
a. - 2L^InR (-6> 

In the equation, Ifl is the output light intensity; Ic is the 

saturated light intensity; A is the average laser beam cross- 

sectional area; ah is the lens surface wear at the output 

terminal of the cavity; R is the effective reflective index; g„ 

is the gain coefficient of lambda,,; aPi is wear in the cavity; and 

L' is the length of the dye pool.  Substitute Eqs. (4) and (5) in 

Eq. (6) and then we obtain that the output power of the simple 

cavity and the output of the compound cavity are as follows: 

P. = -4-I.A(l-ahl-R.)( ^ -l) 
S.-^jlnR. 

P. = -y-hMi - a»c - R<> ( 7 "l) 
a. - 2~J7~InR» 

If      Rg10 = 0.80,  Rg0 = 0.15,  Al =1.50000 cm,  N= 34000,g0|Xo = 0.2,    X0= 600 nm,ah. = 0.05, 

ahc=0.1, L' = 3cm,        and a0 at 0.05, 0.10, and 0.15, 

respectively, then the relationship curves can be plotted between 

2 Ps/IsA and 2 Pc/IsA and the wavelength, from the two equations 

(7) and (8).  Fig. 5 shows the relationship curves.  We can see 

that the semi-height width öJic = o 042—
1nm   °f the   power 
N   ' 

distribution curve for the simple cavity.  The semi-height width 



öXs= 0.066 _M nm,  for the power distribution of the compound 

cavity.  The ratio between the two peak widths is ÖX„/ÖX, = 0.64, 

P„/Pc = 2 is the ratio of two peak values.  In other words, in 

conditions that the authors assumed, the compound cavity has 

narrower output linewidth and higher output power than that of 

the simple cavity. 

Fig. 5. Output power curves of laser for compound cavity 
and simple cavity 
KEY: 1 - compound cavity  2 - simple cavity 

Experimental Results 

The dye used in the experiments was rhodamine 6G, and the 

alcohol concentration was at the concentration 1. 5xlO_,mol/Kr.  By 

using the N» laser as the pumping source, the pulse energy was 

2mJ.  The length of the dye pool was 3cm; and the grating 

constant d=1200/mm.  As shown in Fig. 1, L=4cm and l=3cm; the 

reflective index (of the semi-transparent lens Mi) 1^ = 0.70. 

Other element parameters are shown as above. 

Measurement of linewidth for the dye laser employed the 

Fabry-Perot interferometer.  The Fabry-Perot spacing d=5mm; for 

the free light spectral zone, the spacing was 0.036mm 



(lambda^SOOnm) .  The mirror reflective index R=0.90; and the 

precision constant was approximately 60.  A model RJP-700 energy 

meter was used to measure the pulse energy of the dye laser. 

In the situation where the glancing angle alpha=4°, 

measurements were conducted on changes in linewidth in the 

absence of the compound cavity: ÖX.= 0.024 nm,ÖXe = 0.016 
nm> ÖXe/öJt, = 0.67. 

This value is very close to  ö^c/öX, = o.64     , as calculated 

theoretically. 

When the grazing angle alpha = 4°, the measurements were made 

of the laser pulse energy before and after the absence of M,, 

P,=1.5, Pc=2.2, and P„/P =1.5.  These values are also very close 

to the theoretical value P„/P =2.  From the theoretical and 
L  s 

experimental data, with the semi-reflective mirror M-, for the 

compound cavity, not only does the laser linewidth become 

appreciably narrower, but also the output energy becomes 

obviously higher. 

Discussion 

As proven from the authors' theoretical analysis and 

experimental results, by placing the semi-reflecting mirror M-., 

the purpose of narrowing the laser linewidth and increasing the 

output energy can be really attained.  In the situation when the 

glancing angle is 4°, the laser linewidth is narrowed to half its 

previous value, but the output energy is increased by 50%. 

However, the following points should be noted with respect to the 

optical path: 



(1) From the discussion of the relationship between DELTA 1 

and the curve R, proportional to DELTA lambda, we know that the 

curve has a multiple-peak structure with increase in DELTA 1, but 

the central main peak is also steeper.  There is a similar 

pattern between the output energy distribution and the curve R„ 

proportional to DELTA lambda.  Hence, in order to obtain a 

narrower laser linewidth, a greater value of DELTA 1 is 

preferably selected within the allowable situation of laser 

dimensions. 

(2) Since a slight change in DELTA 1 will deteriorate the 

symmetry of the curve R, proportional to DELTA lambda with 

increase in the main peak width, increasing the output linewidth. 

[.... to be continued on text page 160, not supplied-- 

Translator] . 

The article was received for publication on November 13, 

1990. 
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