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[57] ABSTRACT 

A laser in which one of the two reflectors at the ends 
of the laser assembly is in the form of a roof prism, the 
o ther or second ref lector being conventional. A 
Fabry-Perot etalon is ar ranged between the second re-
f lector and the laser cell, the etalon being tiltable 
about an axis which is a t either 45° to or parallel to an 
axial p lane containing the apex line of the roof prism. 
An optically active p lane parallel plate is located be-
tween the etalon and the laser cell, in one embodi-
ment , or between the laser cell and the roof prism, in 
another embodiment . 

6 Claims. 5 Drawing Figures 
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LASER WITH TRANSVERSE M O D E AND feet of this is tha t a f te r reflect ion; the divergence is 
FREQUENCY SELECTION great in the plane E 2 and small in the plane E, . Now, if 

in a laser resonator , a resonator mirror is designed as a 
B A C K G R O U N D O F T H E INVENTION 5

 r ° ° f P r i s n V a n d i f between the laser-active substance 
3 and the o ther resonator mirror there is incorporated a 

The invention relates to lasers having an emission Fabry-Perot etalon having a tiilt axis in the plane E | , 
fixed to one or several t ransverse modes of oscillation then the divergence of a light beam during passage 
and to one or several wavelengths, compris ing an active through the Fabry-Perot e ta lon will be cut in the plane 
laser substance arranged between two resonator mir- E,, while the divergence remains unchanged in the 
rors, and fu r the r compris ing an . a r r angemen t to excite 1 0 plane E2. Af te r reflection f rom the roof prism in the 
the same, and wherein one of the resonator mirrors is second passage of the light beam through the Fabry-
designed as a roof prism and wherein fur ther a mode p C ro t etalon its residual divergence is cut . Thereby the 
filter is ar ranged between the other reasonator mirror possible direction of propagat ion is fixed to the line of 
and the laser active subs tance . . in tersect ion of the t w o planes Ei and E2 which coin-

In many fields of appl icat ion of coheren t radiat ion it 1 5
 c j d e s with t h e r e sona to r axis. T h e angle of tilt at least 

is desirable or necessary that the ou tput radiation con- necessa ry fo r the f u n d a m e n t a l mode selection can be 
sists of a single-phase wave f ron t . Single-phase emitt ing der ived f r o m the equa t ions 
lasers are used for example for holographic purposes . 
When exploiting non-l inear effects in certain crystals, 
where for example the f r equency of the impinging light 2 0 / siir<A 
is doubled , especially high ou tpu ts are reached with 
single-phase rays. 

Laser radiat ion with single-phase wave f ron ts are to ^ 
be p roduced by selection of the transverse fundamen ta l S=m.Mm=integrul) (2) 
oscillation, which is designated as TEMo f . ,-mode. 2 5 In these equations-

It is known to use, for t ransverse mode selection, two . , . , ' . , , , • , , i r- , r» 
t- , r, . . . f , , l L . , . . . <p=ange under which the light leaves the Fabry-Perot Fabry-Perot e ta lons of suitable thickness which are ar- , e talon ranged tiltably be tween the laser active substance and , . . • _ , _ . , 
one of the two resonator mirrors. This is descr ibed in S i c k n e s s of the Fabry-Perot ctalon 
"Appl ied O p t i c s " magaine for April, 1963, volume 2, 30 ^ r e f r a c t i v e index of the Fabry-Perot etalon 
no. 4 , pages 448 - 4 4 9 . Such a device has for one or S = P h a s e d i f ference between two successive partial 
more discreet direct ions and wavelengths maximum for waves leavmg the Fabry-Perot etaion 
sweep-flyback in the resonator . T h e direct ions may be X~wavelength. 
adjusted to the traveling direct ions of individual trans- T h e o b J e c t o f t h e " " e n t i o n >s s o l v c d b>' providing for 
verse oscillation modes of the laser, especially to the 35 the mode selection a Fabry-Perot etalon together with 
T E M 0 „ - m o d e . Such a device is suitable especially for a r o o f P r i s m ' w h e r e b y * h e Fabry-Perot etalon is 
dye lasers which emit in a large range of wavelengths. mounted tiltably about an axis which is inclined at 
Under ma in tenance o f the fundamenta l mode selec- 4 5 ° t o t h e direction of the apex line: of the roof prism, 
tion, the emission of the dye laser may be tuned cont in- T o P r e v e n t cllipticities which occur with the reflec-
uously by changing the tilting angle of t h e F a b r y - P e r o t 40 tion f rom the reflect ing layers of the inclined Fabry-
etalon. T h e tilting angles of Fabry-Perot e ta lons with P e r o t e t a l o n Q r f r o m the roof prism, if the plane of po-
equal thickness follow the funct ion of the wavelength, larization is nei ther parallel nor perpendicular to the 
while the tilting angles of Fabry-Perot etalons with dif- P I a n e of incidence, and which lead to increased resona-
ferent thickness have to be changed according to dif- t o r 'osses, an optically active plane parallel plate or a 
ferent func t ions of the wavelength. A disadvantage of 4 5 P l a t e o f d o u b , y refract ing material can be provided in 
this device is that because of the necessary precision of t h e resonator system to much advantage, 
the ad jus tment of bo th tilting angles, the precision re- , n the event that the plane of polarization is parallel 
qu i rement of the tilting mechanism is extremely high. o r perpendicular to the roof of the roof prism (i.e., to 

Longitudinal ampl i tude selection devices are known t h e apex line or intersection line of the roof of the 
in which a roof prism is used in combinat ion with a 5 0 P " s m ) and thus is inclined through 45 relative to the 
mode-fi l ter . See Institute of Electrical and Electronic P l a n e of incidence at the Fabry-Perot e talon, the opti-
Engineers Journal of Q u a n t u m Electronics QE-1, May cally active plane parallel plate is mounted in f ront of 
1965, pages 94 - 9 9 . the Fabry-Perot e talon, so that the plane of polarization 

It is an ob jec t of the present invention to provide an >s perpendicular or parallel to the plane of incidence 
operat ing mechanism for an in terference- t ransverse 5 5 during passage through the Fabry-Perot etalon. Upon 
mode filter, which differs f rom the prior art by simpler return, the rotation will be cancel led. The thickness dof 
handling and at the same t ime by a relatively high yield the optically active plane parallel plate is to be chosen 
of the TEM 0 0 - mode in the ou tput radiat ion. according to its optical rotatory power ( a ) so that the 

plane of polarization is rotated through a = 4 5 ° a = ( a ) 
S U M M A R Y O F THE INVENTION 60 d=45° (3) 

The invention starts f rom the following consider- In the event that the plane of polarization is parallel 
ations; T h e divergence of a divergent light beam of oval or perpendicular to the plane of incidence of the Fabry-
cross-section impinging vertically upon a roof prism is Perot e talon, an optically active plane parallel plate 
great in a plane E i and small in a p lane E 2 p e r p e n d i c u - which rotates the plane of polarization of the light 
lar there to . Assuming the roof apex of the p r i sm b e ar- 6 5 through 45°, can be moun ted in f ront of the roof prism 
ranged so that it const i tu tes the angle bisector be tween . so tha t no ellipticities can occur upon reflection f rom 
the planes Ei and E2, then when ref lec ted f r o m the roof the roof prism. The purpose of using an optical active 
the beam is rotated about its axis through 90°. T h e ef- plane parallel plate is to rotate the oscillating plane of 
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the light so that in the prism no cllipticity may occur . 
Instead of the optically act ive plane parallel plate a 
plate of doubly refract ing material can be used which 
during two passages compensa t e s the ellipticity occur-
ring during reflection in the prism. 5 

A few e m b o d i m e n t s of this invention will now be de-
scribed more fully with re fe rence to the accompany ing 
drawings. 

BRIEF DESCRIPTION O F T H E D R A W I N G S 1 0 

FIG. 1 is a schemat ic representa t ion of the planes of 
d ivergence of a light beam of oval beam cross-section 
impinging upon a roof prism; 

FIG. 2. is a schemat ic representa t ion of a device ac-
cording to the invention including an optically active 1 5 

plate a r ranged in f ron t of the Fabry-Perot etalon; 
FIG. 3 is a schemat ic representa t ion of a device ac-

cording to the invention including an optically active 
plate a r ranged in f ron t of the roof prism; and 

F I G S , la and 3a are plan v iews of the arrangements 2 0 

shown in FIGS. 2 and 3 , respectively. 

DESCRIPTION O F T H E P R E F E R R E D 
E M B O D I M E N T S 

In FIG. 1, a roof prism 1 has a roof whose apex line 2 5 

( intersect ion line of the two planes of the roo f ) is indi-
cated at 2. T h e r e fe rence numera l 3 designates the 
cross-section of a d ivergent light beam I I impinging 
upon the prism 1, and re fe rence numera l 4 designates 
the cross-section of the light beam 12 ref lected f rom 3 0 

the prism 1. With incoming beam 11, the divergence is 
great in t h e p lane r e fe renced E i and small in the p lane 
E 2 perpendicu la r there to . When ref lec ted , the cross-
section of the light beam 11 is ro ta ted at the roof 
th rough 90° abou t its plane. F o r the re turn ing b e a m 12 3 5 

thereby the divergence becomes great in the plane 
E2 and small in the p lane E i . 

T h e schemat ic il lustration in FIG. 1 is intended to 
show how the use of a roof prism as one of the reflec-
tors of the laser, serves to nar row the beam. This is one 4 0 

of the impor tan t fea tures of the present invention. 
Re fe rence is now made to FIG. 2, which shows the 

roof prism in combina t ion With cer ta in o ther fea tures , 
accord ing to one e m b o d i m e n t of t h e invention. T h e 
roof prism 1 is used as one of the two ref lectors of the 4 5 

laser, the o ther ref lec tor being of convent ional kind 
and being shown at S. T h e laser cell 6 is pumped o r ex-
cited in the convent ional way. 

A Fabry-Perot e ta lon 7 tiltable in a direct ion 10 and 
an optically active plate 8 are moun ted be tween the re- 5 0 

f lector 5 and the laser cell 6 . T h e tilt axis 9 of the 
Fabry-Perot etalon 7 lies in the plane Eiof the beam 11 
(shoWn in FIG. 1 but not shown in FIG. 2) impinging 
upon the roof prism. Dur ing passage through the 
Fabry-Perot etalon 7 the divergence of a beam coming 5 5 

f rom the ref lec tor 5 is cut in the plane E,, while the di-
ve rgence in the p lane E 2 r ema ins unchanged . A f t e r re-
flection at the roof prism 1 the beam rota ted through 
90° abou t its axis w h e n pass ing th rough the F a b r y -
P e r o t e ta lon 7 is cu t in the p lane E 2 . 6 0 

T h e plane of polarization of the light beam is given by 
the Brewster-windows 20, 21 of the cell 6 . Since the tilt 
axis of the Fabry-Perot e ta lon 7 is inclined through 
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45° to the roof 2 of t he roof pr i sm 1, the plane of polar-
ization can be e i ther parallel or perpendicular to the 
roof (i.e., the apex line) of the roof prism 1, and is then 
inclined through 45° relat ive to the p lane of inc idence 
at the Fabry-Perot etalon. In the al ternat ive case the 
plane of polarization is parallel or perpendicular to the 
plane of incidence of the Fabry-Perot etalon 7 and is 
inclined through 4 5 ° relat ive to t h e p lane of inc idence 
at the roof prism 1. 

In both cases cllipticities occur which impair the res-
ona tor quality. T h e first case is illustrated in FIG. 2. 
T h e plane of polarization is illustrated as double arrow 
14 shown in dot ted lines and is parallel to the roof 2 
and parallel to the A-axis of the FAbry-Perot etalon 7 
which is incl ined such tha t t he re is an angle of 45° be-
tween the plane of polarization 14 and the plane of in-
c idence . T o avoid interfering ellipticity, the optically 
act ive plane parallel plate 8 rotat ing the plane of .polar-
izat ion 14 of the laser light th rough 45° into the new 
plane 15 pr ior to its entry into the Fabry-Perot e ta lon, 
is a r ranged in f ron t of the Febry-Perot etalon 7. Af t e r 
ref lect ion of the light at the ref lector 5 upon its re turn 
and prior to entry into the laser cell 6 during repea ted 
passage through the optically active plane parallel plate 
8, the rotat ion Of the plane of polarization is cancel led 
again. 

T h e second case is illustrated in FIG. 3 . T h e plane of 
polarization 14 is parallel to the plane of incidence of 
the light at the Fabry-Perot e ta lon 7 into which also 
falls the j-axis. The roof prism 1 is so inclined t h a t 
t he re is an angle of 45° b e t w e e n its p lane of inc idence 
and the plane of incidence at the Fabry-Perot e ta lon. 
T h e optically active plate 8 is ar ranged between the 
laser cell 6 and the prism 1, whereby again with re-
pea ted passage the ellipticity occurr ing upon reflection 
in the prism is compensa ted . 

What is claimed is: 
1. A laser assembly compris ing a laser cell having an 

opt ical axis, a roof prism ref lector spaced axially f rom 
one end of said cell, said roof prism having an apex in-
tersect ing said optical axis, a second ref lector spaced 
axially f rom a second end of said cell, and a Fabry-
Perot etalon located be tween said two ref lectors and 
tiltable about a tilt axis intersecting said optical axis, 
said etalon being character ized by the novel fea tu re 
that the tilt axis of said etalon is at an angle of 45° to a 
plane containing said optical axis and the apex of said 
roof prism. 

2. T h e invention def ined in claim 1, fu r the r compris-
ing an optical e lement located on said optical axis at a 
point between said e ta lon and said roof prism. 

3. T h e invention def ined in claim 2, wherein said op-
tical e lement is located between said e ta lon and said 
cell. 

4 . Thc invention def ined in claim 2, wherein said op-
tical e lement is located between said cell and said roof 
prism. 

5. The invention def ined in claim 2, wherein said op-
tical e lement is an optically active plane parallel plate. 

6 . The invention def ined in claim 2, wherein said op-
tical e lement is a plate of double ref rac t ing material . 

* * * * * 
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