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A Laser With a Multihole Diaphragm 

Tadashi Morokuma * 

(Octobc r 2J, 1963) 

Th e prop<'I't ir s o f a lasr l' lI'ith a mu lt iho le d iap h rag m w err both thl'o rrt ica ll ,v an d 
rxp r r inl('n ta lly l'xaminr d . This lasc r m ay be called a multibeam laser . Lasc r act io n lI'a.-; 
o bsc rvrcl in th e opti cal p aths whi ch w er e d efin ed by t he posi t ion of t he holes ami t hc cav it y 
configu rat ion. In tc rfcrence f r inges were obse r ved on one of t he cav ity mirrors. A \\'ave­
leng th ci l'pencient interact ion among t he beams w as obser ved. It is bl'ii cvcci t hat t h r 
\\' ftv r lcngth of a beam can be stab ili zed by t he intensities of t he other beam s. A poss ib l e 
nwt hoci lI' ill be p roposed for the stab ili zation . 

1. Introduction 

In order to use co n t inuous wave lasers for in Ler­
ferometric length measurcment, their wav elengths 
should b e stable enough to secure L.hc r eq uired 
accuracy. Th e stabili ty of a helium-neo n laser has 
been in tensively studi ed by J avan et <11. , [1, 2].1 
Th ey havc obLain ed shor t-LcnH stabili ty to bettcr 
lhan t wo par ts in 1013 by isolatin g th eir lasers 
from mec hanical vibration, and, th e.\' wcro able to 
r cset the w}1Voiengt h wi th an accul· H,C.\' of one p}LrL 
in 1Q9. Gould [3] proposcd to use thc pull ing 
cfl'ec L [oJ' stab ilizatio n. A d iffercnL approl1ch has 
b een p ursued in this laboraLory b.\, placin g a llluiti ­
hole diaphragm insid e Lhe confocal cavity of a, 

1<1 s el'. 
Th e in teresting ph enomena found in the beams 

of the laser and also a possible method for stabili ­
zation will be described. Th e laser is provid ed with 
a diaphragm containing five circular holes; foul' of 
them are symm etrically located around a central 
one. Th e di f1phragm is placed inside the cavity 
an d in front of the one of the cavity mirrors. It 
is possible to obtain laser action so that one bea m 
tr avels back and forth through the cen tr al hole 
on the ax is of th e cavity . The other two b eams 
travel di·ago nally through th e top and bottom holes, 
and the two side holes, resp ectively. Five brigh t 
round spots h ave been observed on the mirror that 
is co vered with the diaphragm and a larger spot 
with interference fringes on the other mirror. 

This laser essentially consists of three sublasers 
with common cavity mirrors. Their wavelengths 
a re determin ed by the effective cavity spacings 
correspond ing to t be optical pa t hs for one tran si t of 
each bea m in the cn,vity. Accord ing Lo t he resonan ce 
cond it ion of a confo cal cavity [4], it is possible 1'01' t he 
oscil! at ioll in cacJl b e<\1ll Lo lake ph1ce at se\Teml 

*Ou C'st work cr- :-\atio ll fl l Bureau of Sta nd ards, present ad dress: Ol ymp us 
o plical Comp,l ll Y Ltd ., Tokyo, Ja pan. 

1 Figures in hra<: kc ts indit a LC the li terature references a t i11C end of th is pa pe r . 
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dIscrete wavelengths sep ~1rated by fl, mode spacing 
of th e cavity. Fabry-P erot rings, however , show 
interact ion among the beams so t hat the oscill ation 
at cer tain wavelengt.bs is suppressed . Therefore, 
the wavelength relatio n is more eomplic}Lted t han 
expected. 

It was possible for th e laser to atisfy t he necessary 
condi t ions for tb e wavelength s tabili z~\t i on by the 
use or a suitable diap hragm, and by Lhe adjus tment 
of its posit ion lwd th e excltaLion power. 

2. Modes of Oscillation 

Tl te I-Ill laser used ill t his hLborato ry is composed 
of a ll 80-cm discha rge Lub e a nd a mul t iholc dia­
p lul1glll t ll;\t l 10caLed close Lo one of t he cavity 
mirrors. The d ischarge t ub e contains a mixture of 
\ Illill H g of heliulll and 0. \ mill H g of neo n. The 
ll1 aXilllUl1l gain of t he tube i f1bout 5 p ercent per pass 
eLt 1.1.52 }.I. 

Th e schelll ,\tic dilLgram of t he laser and }\ photo­
graph of the d iaphrl1,gm cere shown in figures 1 t1 and b. 
The beam is ellip tical ill sha pe, approximately ] 0 
nun along one ax is }1Ild 8 Illnl along the othcr. This 
distortion is clu e to an aber ration In the BrewsLe r 's 
angle windows. The central hole was purposely 
made smaller than t he outer holes so t il ,Lt t he larger 
diffraction loss due to the smaller openin g would 
compensate for the larger gain of th e cen tl'al beam. 
Thus, each of the three beams can be oper ated in a 
single mode with the in tensit ies almos t equal to each 
other. The diameter of the holes and sp iwi ugs s hould 
be determin ed b y several factors, such }l S t he gain , 
t he diameter of a discharge tube, Lhe abermt,ion of 
windows or mirrors. etc. The modcs or oscillations 
are shown schemati cally in figm e 2. T he rrequen cies 
of the be111l1 s lue gi\'en by 

( _ cNo 
0 - 2do 
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FI G t: RE I a. Schematic diagram of a laser with a multi hole 
diaphragm, D. 

FIGTTRE lb . Photograph of the diaphragm. 
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FI G eRE 2. Jl!J odes of oscillation. 
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for bram 2 

for beam 3 

where N e , N I , and N ? are order numb ers (integers), 
do, ell , and dz are optIcal paths between th e cavity 
mirrors, and c is tJle veloci t.v of light. 

The modes of outer beams 2 and 3 wi ll be called 
even modes when iVl and N z are even and oddlllodes 
when they are odd . 1 n case of an ideal CO il focal 
cavity, the optical paths do, el" and dz are all th e 
same so thlit'/I and }2 <tre equal and t he frequenci es 
of the even modes of the outer beams are equ al to 
those of the cen tral beall !. If th ere is an aberration 
wi thll1 the cavity, however , t he three freq uencies 
lllay be slightly different from eitch other . This will 
play an important role in the discuss io n of the waxe­
length relation, as is descl'lb ed later . 

3. Mode Pattern 

Sin ce a di aphragm is placed in front of only one of 
the ca \'ity mirrors, symmetrical in tensity distribu­
tion, as described in Fox: a.nd Li 's theory, [5] cannot be 
expected. J n other words, fiTe bright spots are 
observed on the same mirror , and a large spot with 
interference patterns is obselTed on the other mirror . 
The fi\~e spots are shown in figure 3. The inter­
ference pattern s are shown in figures 6,7, and 8. 

3 .1. Central Beam 

Figure 4 shows the b eam on mirror ~I2 when t he 
outer holes are blocked. This photograp ll was taken 
with a low excitation power so that l1i gher order 

FIGURE 3. Cross section of the beams on mirror 111" with 
diaphrag In as sho wn in fii/ l/1'e 2. 

2 'l"'he patterns wh ich are see n in the photogra ph are prod p('ed in t he image 
con verter used in this ex per imen t. They are not in hl'Trl1 t in the heam . 



CTOSS sechon of the centml beam on mirror 11[2, with 
dia phragm as shown 1'n jigU1'e 5 . 

modes did no t appell I' . Th e cro s sec t ion of t he 
ellip tical beilill is .t bout 4.~ 1111ll along on e Hx is and 
2.9 Illill alon g tIle ot her . Thi cross sec tion is mu ch 
larger than tIlH L of L1l e ('c ll tnd beam ill figu r e :3, 
whi ch Ill ellSW'es 0 .9 1111ll in diam eter. In :fi gure 4, of 
course, 110 frin ge pa llel"ll is obsen ·ecl. 2 

Th ese spol sizes ('11 n be calcuhtted with a th eory 
s il lli lnr 10 -Fox 111 1d Li 's [5]. . 

3.2. O uter Beams 

Co nsider aLio n will be gi\ 'en fir L Lo Lhe casc of two 
holes a nd t hen Lo th e case of foul' holes. Th e ob­
sen 'ed frin ge pctLterns call be explain ed as the result 
of interfer ence between t\\"o or fo ur sph eri cal \nn -e 
fronts . 

Q . Two Holes 

When the centn l and t he two sid e holes ar e 
blocked , two beams are obsen ed cOllling out of th e 
laser in different direction s, 11 shown in fi gure 5. 
Figure 6 shows int erference frin ges obsened on :'1[2 
when th e excitation power is decreased un til single 
mode operation is achie\·ed. Th e spacin g, s, of the 
frin ges is given by s= d'A ja, wh ere a is t he distance 
between the holes, d the minor separation and 'A 
the wayelengtll. In the case d= l m, 'A = 1.15,u, 
Iwd a= 3.1 mm, the spacin g is 0.37 mm. This agrees 
with the spacing' measured on figure 6. It is to be 
noted that a brigh t frin ge is observed on t ir e axis of 
Lhe CH \'i ty for an e yen mode a nd a dark frin ge for an 
odd III ode. Since the phase difference between th e 
two beams is 7rNJ on minor M2 fl'on1 eq (2) , it 
becomes 2n1l" radians for an el'e ll mode (N 1 = e\'en) 
and (2n + 1) 11" radians for a n odd mod e (N J= odd). 
In thi s case n is a n inleger. T hese two frin ge pat­
tern s in term esh with each other . Co nsequentl y, n o 
frin ges will be obsen 'ed when e \'en fwd odd modes 
ftl'C coexistent i\,nd their intensi t ies ar e exac lly equal. 
F igure 7 show t he i nterill eshed fri ng-e pattel'l1 s 
obscn 'ed in t he case of mui t illlode operation. 
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FlCa-HE 5. OptiC8 of a two-becull lasu . 

]<' I GU RE 6. F1"/'nges observed 011 m irror .112, with diaphragm a.' 
shown in figllr e 5. 

Fr G l ' HE 7. 11Iltrmeshedfringe patterns. 



FIG UR E 8. Fringes observed on minor M 2, u;ith diaphragm as shown in figw'e 9. 
(a) Fringes between beams 1 and 2, 
(b) fringes between beams 3 and 4. 
(e) superposition of (a) upon (b). 

h . Four Holes-The Superposition and the Interference of Two 
Sets of Fringes 

One of the interference patterns is shown in figure 
c. It is obtained by superimposing the fringe pat­

tern of figure 8a on the one of figuT' il 8b. The pattern 
in figure 8a is the same as that in figure 6. Another 
pattern that has b een obsened is composed of brigh t 
spots. This pattern is yery unstable and remains 
stationary for only a few seconds. (See the discus­
sion pertaining to figure 11.) The in tensity distri­
bution of these pattel'l1s can be easily explained by 
assumin g that th~ waye fronts of the four beams are 
replaced by plane waye fronts propagating in the 
directions co nnecting th e center of curyature of 
mirror M t and th e centers of the holes, as shown in 
figure 9. In the x-y plane, which is tangential to 
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mirror M z, with the origin of the coordinates on the 
optical axis, the four beams can be represented in the 
following form s: 

At = rxp i(w t t - k t ax/2d t ) 

A 2 =exp i(wt t + k 1ax/2d l + a) 

A3 = G exp i(lvzt- kzby/ 2dz+ 'Y ) 

A4 = O exp i(W2t+ k2by/ 2d2+'Y + (3) 

for beam 1. 

for beam 2. 

for beam 3. 

for beam 4. 

Here kJ and k2 are given by kt= 27r/ At and k2 = 27r/A2 
where AJ and A2 are wa,-elengths; Wt and W 2 are angular 
frequencies; a and b, the spacings between holes; 
a and {3, the phase differences between beams 1 and 2, 
and beams 3 and4, respectively . G is the amplitude 
ratio between At and A a. The origin of timC', t, is 
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FIG U liE n. Opt'ics of a fow'-beam laser . 

ch osen so t hat the phase angle of beam 1 is 2qual to 
zero at x = O. The ini tial phase angle of bea m 3 is 
then gi\'en by -y at y = O. I t is to b~ no ted that .0' 
a nd f3 should be 2n7r OJ" (2n + 1) 7r n tdm ns, as prc \"1 -

ously describcd , correspo nding to C\'cn or odd modes. 
The in tmsity di si"r ibu t ion is 

l (x, y )rx {cos2 (k l a:r12d l + 0'/2 ) 

+ 0 2 cos2 (k 2by /2d2+ f3 /2 )} 

l (x, y )rx { (,OS2 (kax/2d l + 0'/3 ) 

+ 0 2 cos2 (/:by/2d2 + f3/2 ) 

+ 20 cos (k ax/2d l + 0'/2 ) cos (lcby/2d2 

+ f3/ 2) cos (O' /2 - f3/ 2 - -y ) } 

when !-1= !-2= !-, ttnd 1.-= 27r/ t.. . Spacillgs dl and d2 

are almost eq ua,[ to t he spacing do on t he axis a nd the 
difference is less th a ll t../2. Th erefore, t hey rail be 
replaced by do in t he a bove equlttions. T hen 

1(x, y )rx {C082 (k l ax/2do+ O'/2) 

+ 0 2 cos2 (k2by/2do+ f3!2 ) } (4) 

l (x, y )rx {cos2 (ka x/2do+ a/2) 

+ 0 2 cos2 (kbyj2do+ f3 j2 ) 

+ 20 cos (lcax/2do+ O'/2 ) cos (lcby/2do 

+ f3/2 ) cos (a/2-f3/2 - -y ) } (5) 

when !-1= !-2= !- ' F igure 10 shows the intensi ty 
distribu tion calcul ated f ro m eq (4) for !- = 1. 152 jl , 

d = 1 m , a = 3.1 mm , b= 4. 1 mill , and 0 = 1. Th e m ax­
imum in tensity is n orn Htlizecl t,o 1.0 i n t he drawing. 
T his i.s t he case wh ere t he t wo p atterns are simply 
overlapped wit hou t in te rference betwee n t heill. 

'iiV hen !-I is exactly equal to t.. 2, t.wo kinds of pat­
terns h ave been o bf'e J'ved . One pD ttern has t he 
same distr ibut ion as shown in figure 10 a nd is given 
by eq (5) w hen cos (a/ 2 - f3/2 - -y) = 0. The theoret­
ical distri bution of a no t her pattern is shown II1 
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FI G l ' lt 8 10. Theoretical 'intemity d'istribllt ion of frin ge8 when 
A I~ A, or cos (a / :2 - {3 / "2 - -y) = 0 at >,, = A, . 

figure 11. T his ]Mtte l"ll is rO ll lposed of bright spols 
a nd da rk lin es. They a re obLained when ('os (0'/ 2 
-(3/2 - -y) = ± 1 in eq (5). 

A possi ble expla nat io n for t hi s is as follows: I n 
Lhe VOlUll lC LlmL bea l1l s occ upy i n (,0 111111 0n, t hey 
in te ract wi t h eae it ol her. In other wo rds, t he 
p hoto n in o ne pair of beams st imulatc t he lascr 
osc il1a t.i o n in a nother pair of beal11 s. There for e, the 
p hase difference would be zero, o n t he assuill ption 
t hat stimulated radi ation is in p hase wi t h the in cident 
radi ation . When both p airs of beams are eit her ill 
even or in odd modes, t he eosin e term is equal to 
unity; that is, cos (O' / 2- f3/2,) =±1. If one pair of 
beam s is in a n eve n mode and a no t her pairi n a n odd 
m ode. t he term vani shes; th at is, eos (O' /2- f3/2, )= O 
The experimen tal r esults are Ilot sufFL(' ient to prove 
t he v n,lidi ty of the above sta tel11 ents a nd fu rt her 
investigation is necessary. 

4. Wavelength Relation 

A wavelength depe ndent in teraction of one beam 
o n the others has bee n found by means of a F abry­
P erot etalon . Althoug h t he d iam eter of t he central 
Iwle was purposely m ude small er th an the outer 
holes, the cent ral beD.In is more in tense t ha n t he 
o ther beam s. The even modes of t he ou te r beams 



FIGURE 11. Theoretical intensity distl'ib1ttion of frin ges when 
}\] = A2 and C08 (a /2 - {3/2 - 'Y) = 1. 

could no t be observed at low excitation power. Since 
every beam passes a COUlmon space at one end of Lhe 
cavity, the gain for the modes becomes lower than 
the threshold due to the high density of photons in 
the central beam. H ence at low excitation level , 
it is possible for outer beams to have only odd modes 
separated by 150 NIc/s for H L-m confocal cavity. 
Also interaction betwer n ouLer beams results in the 
suppression of some odd modes in one beam by 
another . 

4.1. Experimental Arrangement 

In order to study t he w!1velength relation alllong 
the beams, Fabry-Perot etalons are used as shown in 
figure 12 . The first lens L" is fo cused on mirror 
1112, A spherical wave front from a point source on 
1112 becomes ,t plane wave front , passing through 
either a I-m or a 50-Clll Fftbry-Perot etalon, then 
t hro ugb t he second lens, L z. H aidinger fringes are 
for med on its focal phtne, and t he surface of mirror 
~r2 is also imaged on the same plane. Therefore, 
t he H aidin g-er frin ges areillodulated by the image 
of a patte rll on NI z. A given set of fringes identifies 
the location of t he beD,llls . either by a vi sual or a 
photographi c Ill et hod. For example, if a set of 
fringes is COtllposed of continuous rings with even 
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o L, L z I ! I L=:/ ======:::;[7, 7 F==ll--l>--q -i t======-o 
LASER FABRY-PEROT ETA LON 

50 CM or 100 CM 

LZ: f· 130 em 

I : IMAGE CONVERTER 

FI G [;HE J 2. Optical arrangement to 8tudy the wavelength 
relation . 

distribution of intensity, these fringes are formed by 
the central beam. If fringes are broken vertically 
wi th dark parallel lines equally spaced, these fringes 
are formed by tbe side beams. 

No attempt was made to eliminate the feedback 
of photons from the etalon to the laser. 

4.2. Experimental Results 

When a I-m Fabry-Pero t etalon is used, the 
Haidinger fringes of all the even modes, having 
approximately the same diameters, appear to be 
superimposed on each other. Those of the odd 
modes are similarly superimposed with their bright 
fringes be tween the brigh t fringes of the even modes . 

a. Interaction 

vVhen the laser tube is excited with low energy, the 
cen tral beam. can suppress oscillation in the even 
modes of the outer beams, as previously described. 
Figure 13a shows fringes obtained when only the top 
and bottom holes are open. Both even and odd 
modes are clearly seen in figure 13a, which shows the 
phase shift equal to 7r radians between them. 

If the central hole is opened, without changing 
other conditions, one set of the broken fringes of even 
modes changes into a set of continuous fringes but 
another set remains broken as shown in figure 13b. 
This result shows the suppression of oscillation in the 
even modes of the outer beams by the central beam. 
In other words, the gain for these modes reduces below 
the threshold because neon atoms are partly used to 
emit the photons of the cen tral beam. In teraction 
between the two pairs of outer beams is no t so distinct 
as is that between the central beam and the outer 
beam. It may be useful to evalute the intensity of 
the beams in order to understand the in teraction . 
In case of a single beam laser , in tensity is approxi­
mately proportional to the value G- g l61 . H ere G and 
g are the gain per pass before and after laser action . 
Therefore, gain g can be written in the form g= 
G- hI, where h is a constant and I the in tensity of the 
beam inside t he cavity. In case of a three-beam 
laser, the followin g assumption may be made for a 
sinple treatrnent. 

In portion A, of the tube in figure 14, the three 
belms have common volume and interaction takes 
place. Beams 2 and 3 are degenerate ill fr equency 
and intensity. In portion 13, they taJ;e differen t 
paths, therefore no interaction occurs. 



F I GURE J3. J-Jaidinger frin ges with a J-m Fabry-Perot etaio':'! . 
In (a), the top and hotLOlllholcs arc open fi nd in (h) , the ce ntral hole is also opell . 

- (I-a ) I al --

- [ --

Fl(:t' I(E l.t . \ '0111111(' 8 A and 13, lVitil and without i nteraction oj 
bmm8, in a three-beam la.~er . 
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If t he lengths of portions A and B are given by 
al and (I - a)l, r esp ectively, l being the total length 
of t he tube, the ga in for beam 1 is given by 

01 = (l - a )(&- hl, )+a { G- h(I, + 2Iz)} 
= &- A} ,- 2ahfz• 

H ere a will be call ed n, coupling constant. S ubscrip t 
1 denotes the cen t ral be,1111; subscript 2 deno tes the 
o u tel' befl.rns. 

For beams 2 and 3, the gain is gi ven by 

Now assume that laser oscilJ,1.tion Lakes place in 
all of tbe beam s. Gains 01 and Oz will decrease as 
in tensities I I and j z increase. They will become 
equ al to the total energy losses L, and Lz r especti \'ely, 
a fter t he oscillation reaches eqll iii brill III , that is 

L I = G- hI,- 2ahIz 

Lz= G- ahil - (1 + a) hIz 

for be,u lJ J 

for beam s 2 and 3. 

~olv ing the llboye equation s, intensiti es I I a nd 
I z ar c gi \'en by 

11= {(1 + a)J I - 2aJz} / (I - a)( l + 2a) 

I z= (J z- aJJ) / ( L - a) (1 + 2a) 

where J, = (G-L, )/h, and J Z= (G- L2) /h. Si nce in­
tensity is positi\'e, the followin g reh1.tion should be 
held 

0)' 
1 /a> J ,/J 2> 2a/(1 + a) 

l /a> (G- L ,) I (G- L2» 2a/ (J + a). 

When (G- I_,)/ (G- L 2 )::::: 1 la , t he laser action la,kes 
place only in Lhe een tr Ill beam, wi Lh lhe in lensi ly 
gi \'en by 

On t he other hand,the acLion Lakes place in ouler 
beams 2 ancl 3, with lhe in tensiLy given by 

when (G- L ,) I(G- L z) 5:. 2al (\ + a). Figure 15 shows 
the criteria giyen by the abo\'e inequaliti es . Oscil­
lation takes place only in Lhe een tml beam when 
J I/J Z fall s in region (a) . I L Lakes place i n all Lhe 
beam s wh en J, /J z falls ill region (b) , Ilnd in beams 2 
and :3 when J I/J Z fll11s in region (c) . 

Th e nthle of a is llpproximalcly 0.6 for the laser 
u sed in lh is experinlent. Tilercl'ore , (G - i 'l) / (G - L 2) 

SilOl11d be larger lhan ].67 in order lo make J dJ 2 

fall in r egion (ft) and thu s suppress oscillation in 
th e outer beams by lh o ce nlral beam. Tn the case 
of a fi\ 'e beam laser, simih1.f treatment may be ap­
plied by using diffel'oll t I'<llues of a I' or each pail' of 
beam s, also by using clift'erent ntlues of J. H lhe 
eoupliJl g constants are all t he same , lhe intensili es 
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F I GU HE 15. Range oj Jd J 2 verS1lS coupling constant a . 
In the region (a) on ly the central beam exists; in (h) the central and a ll onter 

bea.ms exist; a.nd in (c) only tbe outer beaTns exist. 

of the beams are gi yen by 

II = {(I + 3a)J I -2aJ 2 - 2aJ 3} l (l - a) (1 + 4a) 

12 = { (2a + I )J z-2aJ3-aJ d 1(I - a) (l + 4a) 

13= {(2a+ I )J 3-2aJ z-aJ d 1(I - a) (1 + 4a). 

Here, the subscripts 2 . and 3 represent t he top and 
bottom beams and the side beams respecti vely. 
From the above equ ations, the following condition 
is necessary to suppress the oscillation in the outer 
beams: 

h . Wavelength Relation 

It is possible to adjust a five-beam laser so that 
single mode operation is achieved in each beam when 
the wavelength of the central beam lies approxi­
mately at the center of Doppler distribution. Figure 
16 shows t he Haidinger fringes obtained with a 50-cm 
Fabry-Perot etalon arranged similarly to the optical 
system in figure 12. The wavelengths are all differ­
ent and the central beam is located between the 
outer beams. The wa\relength separation between 
adjacent fringes is found to be approximately 
2.5 X 10- 3 cm- I , eq ual to the mode separation of the 
outer beams. Figure 17 shows the mode relation 
between beams and the gain distribution of the laser 
tube with respect to wavelength, A. 

LI and Lz are, respectively , the total energy losses 
in the central and outer beams. In the central 
l'6gion, A , the net gain, G-Ll' of the central beam 
is much higher than those of the outer beams, so 
that oscillation cannot take place in these beams. 
In the region, B, no mode exists in the central beam 
and interaction is observed only between the outer 
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FIG UHE 16. Haidinger fri nges showing si~gle-mode operation 
in each beam. 
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- - - - - - - TOP 8 BOTTOM BEAMS 

FIGURE 17. NJode Telation and gain distribution with res pect 
to the wavelength corresponding to the fringes in jigw'e 16. 

The region A corresponds to the mode of the central beam and the even 1110(105 
of the outer beams. The regions Band C correspond La the odd modes of the 
outer beaJn s. 

beams. If J 3IJ z? (a23 + 1 )/2az3, the oscillation in the 
top and bottom beams is suppressed by the side 
beams. Here J 2 and J 3 are defined in the same way 
as in the previous section and a23 is the coupling 
constant between the two ou tel' beams. The situa­
tion is reversed in the region C and oscillation takes 
place only in the top and bottom beams. When the 
effective cavity spacing changes du e to, for example, 
the heat developed inside the tube, the wavelength 
relation changes as shown in figure 18 . Here two 
modes are seen in the central beam and the modes 
of the outer beams lie in between, with approxi­
mately the same wavelength. The wavelength 
relation between tllese modes and the gain distribu­
tion are shown in figure 19. In region A , the ratio 
of J 31J 2 is neady equal to uni ty, so that both modes 
exist. In regions Band C only the central beam 
exists. 



FIG URE 18. Haidinger fring es show'inq two-mode opemtion in 
the central bea?n. 
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F I GURE 19, iVfode j'elation and gain distTibution cOlTesponding 
to fringes in figw'e 18. 

T he region A corresponds to the odd modes of the outer heams. The region 
Band C correspond to the modes of the central beam and the even modes of 
the outer bca-ms. 

5. Wavelength Stabilization 

It is possible for the laser to satisfy the followin g 
condi tions by the u se of a suitable diaphragm, and 
by the adjustment of both the position of the dia­
phragm and of the excitation energy for the laser 
medium. 

1. The threshold value for the cen tral beam must 
be low enough to supress the oscillation in the outer 
beams at the wavelengths almost equal to those of 
the outer b eams. 

2. This threshold value must be high enou gh so 
that single mode operation is attained when one of 
the modes is located approximately at the center of 
the laser line. 

3. The outer beams must be kept in single modes, 
regardless of the change in the cavity spacing at 
least up to half a wavelength. 
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FIG URE 20a. i ntensit,U variation verl;lIS cav'ity s pacing. 
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FIGU RE 20b. Mode relations at the spacin gs marked in (a). 

4. The in tensities of the outer beams m.ust not 
vanish at the sarne time. 

These co nditions are necessary to enab le the outer 
beams to stabili ze the wavelength of the centntl 
bearn . 

' Vhen the wavelength f rom a five-beam lase r, with 
each beam in single mode, are located as shown in 
figure 17, the intensity of the side beams (3) ill 
figure 2 increases and that of t he top and bottom 
beams (2) decreases with a slight increase of the 
cavity spacing. They will change in a reverse 
mann er with a sligh t decren,se of the spacing . 
Figure 20a schematically shows th e in tens ity Yal'ill­
tions with respect to t he spacing, d. 

This variation may be understood rrom figure 20b 
which shows the r elations among the wavelengths, 
the gain distribution , and Lh e thrcsllOld valu o, L, for 
the outer beams, at varioHs paci ngs marked in figure 
20ft. Both intensiti es bocome equftl at A and D . 
BeLwee n A and D, one of Lhem i more intense than 
Lhe other and (Iri s rclftLionis reversed in t he region 
between D and G. This erI'oct can t herefore be used 
to keep the spacing at A or G by means of a negative 
feedback. Thus the wavelength of the central heam 
can be kept approximately at the center of the gain 
distribution, if the spacing of the cavity is controlled 



L 

to be held at A. A phase plate can be inserted within 
the cavit~T, instead of making use of aberration in the 
Brewster's angle windows, in order to produce the 
mode re13 tion shown in figure 20b. In this case, it is 
possible to bring the wavelength to the center of the 
Doppler distribution with either optic91 or electronic 
means. T he reproducibility of the wavelength 
depends mai n ly upon the intensities of the beams. 
In this respect, a further experiment is to be carried 
out. 

The author expresses his sincere thanks to K. F. 
N efrlen for his technical assistance t hroughout these 
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experiments and for reviewing this paper and to 
K. D. Mielenz for helpful discussions. 
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