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and this is returned by a fixed plane mirror on a coin- cident path to be
converted by the second quarter- This Invention relates to a laser
interferometer  wave retarder into a linearly polarised beam which is with
optical feedback isolation.                      transmitted by the
beamsplitter on a coincident path The problem of optical feedback affecting
lasers   5   with the return measurement beam towards the re- and laser
interferometers has been known for at least  ceiver. The return measurement
and reference two decades and is noted and described in a paper by  beams
existing the beamsplitter are converted by a N. Brown in the November 1981
issue of Applied Op-  third quarter-wave retarder to oppositely circularly
tics, Vol. 20, No. 21 at pages 3711 to 3714. When the  polarised components
of a composite interference configuration of laser interferometer optics
and the   10  beam which reaches the receiver. distance between those
optics becomes such that         The arrangement of US-A-3601490 just
descri- laser light, which originates from the cavity inside the  bed does
not solve the problem of optical feedbackfor laser, becomes re-directed and
re-enters the laser  the measurement beam of a modified Michelson laser
cavity, then optical feedback can occur. Such feed-  interferometer, which
uses offset outgoing and return back then detrimentally affects the
properties of the   15  beams and where the return beams are aimed to-
original laser beam, possibly including but not limited  wards a receiver
located on the same side of the po- to, its intensity, its frequency, and
its phase. When  larising beamsplitter as the laser source. the distance
between the optics is relatively long -- for  Two principal mechanisms
which can bring about example, 15 metres or more--then, due tothe natural
optical feedback in a modified Michelson interferom- divergence of the
laser light beam and/or slight beam   20  eter, which uses offset outgoing
and return beams redirection caused by changes in atmospheric refrac-  are:
(1) diffraction and (2) atmospheric beam devia- tive index, the problem
often becomes severe.       tion. They both arise from the fact that in
typical con- Some kinds of polarization isolation have been   figurations
of interferometer optics, there frequently proposed to mitigate optical
feedback in some inter-  exists, originating from the laser cavity, an
outgoing ferometer systems by suppressing reflections which   25  laser
beam which is positioned close to and parallel directly retrace the path of
the outgoing beam; how-  to a returning laser beam travelling in the
opposite di- ever, they are not suitable for use with laser interfer-
rection, often but not always aiming toward a receiver. ometers such as the
modified Michelson interferom-   In such an optical configuration,
diffraction can bring eter, which uses offset outgoing and returning beams.
about optical feedback, as follows: if the distance that The paper by Brown
suggests some such approach-  30  these parallel beams travel is
sufficient, the natural es, and approaches with other kinds of laser
interfer-  divergence of the returning laser light due to diffrac- ometers
have been described in a paper by C. N.     tion may cause the diameter of
the returning laser Man, et al. In The Journal of Physical Electronic Sci-
beam to increase to the point that it partly or entirely ence
Instrumentation (J. Phys. E. Sci. Instrum.). Vol.  encompasses the outgoing
beam. When this occurs, 11, 1978, pages 19 - 21. All these approaches fall
35  the portion of the returning beam which is sufficiently when applied to
laser interferometers such as the   collinear with the outgoing beam may
travel along the modified Michelson interferometer, because they     path
of the outgoing beam until it re-enters the laser block the entire return
beam.                       cavity. When the intensity and the alignment of
this US-A-3601490 discloses a Michelson laser Inter-  re-entered light are
sufficient, this light interfereswith ferometer in which a polarising
beamsplitter is placed   40  the electromagneticfields inside the laser
cavity; this in front of a laser source and a quarter-wave retarder
condition is known as optical feedback. The conse- is placed immediately in
front of this beamsplitter to  quences are that the properties of the
outgoing laser convert linearly polarised light from the beamsplitter  beam
are then degraded, as described above. into a circularly polarised
measurement outgoing las-   In the same optical configuration, atmospheric
er beam. A movable plane mirror provides a reversed   45   beam deviation
can bring about optical feedback as handed circularly polarised measurement
return las-  follows: er beam in the opposite direction to and on a coinci-
When refractive index fluctuations occur in the dent path with the outgoing
beam. The measurement   region traversed by the laser beams, outgoing or
re- return laser beam is converted by the quarter-wave  turning, the beams
may be temporarily angularly de- retarder into a linearly polarised beam
which is re-  so  viated. For example, such index fluctuations may flected
by the beamsplitter in a direction orthogonally  arise routinely in air as
a result of turbulence, temper- away from the laser source, thus providing
optical  ature gradients, pressure gradients, humidity gra- feedback
isolation, and a receiver is located so that it  dients, concentrations of
chemical vapors, or any is reached by this orthogonally directed
measurement  combination of these effects. When the returning las- return
beam. The polarising beamsplitter also pro-  55  er beam sufficiently
deviates from its intended path, vides via a second quarter-wave retarder,
a circularly  some of its intensity may re-enter into the laser cavity
polarised reference outgoing laser beam in a direction  and may cause
optical feedback. The longer the orthogonal to the measurement outgoing
laser beam;   beam path, the less angular deviation that is required 2    
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into the cavity; also, the larger the  third laser beams and being in a
plane which is par- returning beam's diameter, which increases with dis-
allel to the plane of the first quarter-wave retarder, the - tance due to
the aforementioned divergence, the less  fast axes of the two quarter-wave
retarders being or- angular deviation that is required to cause the same
thogonal to each other; such that divergent and/orde- effect. Consequently,
when the distance between op-   5   viated light in the return laser beam
directed towards tics is relatively large, the problem may become se-  said
laser light source and which Is not intercepted by vere.
the second quarter-wave retarder is intercepted by The result of optical
feedback is modulation of the  the first quarter-wave retarder and Is then
directed by output beam from the laser cavity causing frequency   said
polarising beamsplitting means away from said and intensity fluctuations in
the output laser beam. If  10  laser light source, whereby optical feedback
isolation these fluctuations cause errors in the interferometer  Is
provided, and whereby return laser beam light di- measurement system, the
measurement may cease         rected towards the receiver and Intercepted
by the entirely or an error message may be generated.        second
quarter-wave retarder is allowed to be trans- An object of the invention is
to prevent the optical  mitted by said polarising beamsplitting means and
feedback in a modified Michelson interferometer by   15  reach the
receiver. preventing a suitably directed returning beam from        The use
of the combination of the polarising reaching the laser cavity and
influencing the emitted  beamspiltter and a quarter-wave retarder for
optical laserlight beam, while allowing the returning beam to  feedback
isolation is known per se In an unmodified be used in making the actual
measurement for which    Michelson interferometerfrom US-A-3601490 as de-
the interferometer is used.                      20  scribed and discussed
earlier in this specification. Another object of the invention is to
prevent opt-    The first retarder in the arrangement of the inven- ical
feedback due to the returning beam while intro-  tion is inserted into the
path of the outgoing laser ducing no substantial degradation of any optical
prop-  beam, between the polarising beamsplitting means erties of the
portions of the returning beam needed   and the retroreflecting means, with
its fast axis at to make a measurement, for example, the portions   25
either +45 or [err] with respect to the polarization desired to reach any
receiver. Such optical properties  plane of the Incident beam. This
converts the outgo- may include but are not limited to, intensity, frequen-
ing beam's linear polarization into circular polarization cy, and phase.
of a certain handedness. The returning beam will now According to the
present invention there is provid-  be circularly-polarized with opposite
handedness ed a laser interferometer comprising: a laser light  30
compared to the outgoing beam, due to the handed- source producing a first
laser beam;                  ness reversal caused by the retroreflecting
means. If polarising beamsplitting means placed in front  any of the
returning light is positioned such that it of said laser source in order to
form a second laser  passes back through the first retarder, its
polarization beam which is linearly polarised as an outgoing laser  becomes
linear with an orientation that is orthogonal beam;
35  to that of the outgoing beam. When it reaches the po- retroreflecting
means arranged for redirecting  larizing beamsplitting means, this
returning light will the outgoing laser beam as a return laser beam sub-
not be transmitted toward the source of the outgoing stantially close to,
but not coincident with said outgo-  beam, but will be reflected in some
other direction. ing laser beam; and
Thus, this portion of the returning beam will not reach a receiver located
to the same side of the po-   40  the laser cavity, and optical feedback is
thereby pre- larising beamsplitting means through which the first  vented.
laser beam is applied whereby the return laser beam       The second
retarder in the arrangement of the in- reaches the receiver via the
polarising beamsplitting  vention is inserted into the path of the
returning laser means;                                                beam,
also between the polarizing beamsplitting said interferometer being
characterised in that:  45   means and the retro-reflecting means, with its
fast a first quarter-wave retarder is located in the  axis orthogonal to
that of the first retarder. The con- path of said outgoing second laser
beam with its fast  sequence of this is that the polarization of the
return- axis at 45 degrees to the polarisation orientation of  ing beam
will be converted to linear in the original ori- said outgoing second laser
beam, in order to form an  entation of the outgoing beam. Note that this
portion outgoing third laser beam which is circularly pola-  50   of the
returning beam cannot cause optical feedback rised, wherein said
retroreflecting means are effec-  because it is not coaxial with any
portion of the out- tive to reverse the handedness of circularly polarised
going beam. when this returning light reaches the po- light; and
larizing beamsplitting means, it will follow the original a second
quarter-wave retarder is located in    path, i.e. to the receiver, just as
it would in the ab- the path of the return laser beam to the same side of
55   sence of any retarders at all. Thus, the isolator of the the
polarising beamsplitting means as the first quar-  invention leaves this
portion of the returning beam ter-wave retarder, said second quarter-wave
retarder  substantially unaffected in its optical properties. not
intercepting the path of the outgoing second or       In this invention,
the first retarder and the second 3    



5                    EP 0 342 885 B1                  6 retarder are
mutually shaped and positioned such      retroreflector 19 Is long, for
example, 50 metres, then that 1) the entire outgoing light beam passes
through  the outgoing beam 17 and the returning beam 20 the first retarder
only;and2)theportionofthereturn-   spread or diverge with distance due to
diffraction. ing light beam intended for the receiver passes back  this is
represented forsimpicity, as multiple diverging through the second retarder
only, and 3) undesired    5   rays forming the returning beam 20. Most of
the re- portion of the returning light beam, which is to be opt-  turning
beam 20 passes back through the beamsplit- ically isolated from reaching
the laser cavity, passes  ter 16 and reaches the front of the laser head
11. A back only through the first retarder. Generally, if the  portion of
the returning beam 20 enters a receiver first and second retarders are
contiguous and copla-  aperture 21 and reaches the receiver 13, as desired.
nar, then most configurations which meet the require-   10   However,
another portion of the returning beam 20 ment 1) will automatically satisfy
requirement 3). In  re-enters the exit aperture 15 and re-enters the laser
many configurations, the optimum location of the pair  cavity 11. Optical
feedback may occur, therefore. of retarders is as close as possible to the
laser cavity  Thus, Fig. 1 represents the prior art and the problem. while
remaining between the beamsplitter means and        Fig. 2 is a similar
diagrammatic view of a modi- the retroreflector means.
15  fled Michelson laser interferometersystem which util- Fig. 1 Is a
diagrammatic view of a prior art laser  izes the principles of the present
invention to sup- interferometer system which is experiencing the opt-
press optical feedback without detriment to any de- ical feedback problem,
due to returning laser light re-  sired returning beam. The optical
configuration in Fig. entering the laser cavity.
2 differs from that of Fig. 1 only by the addition of an Fig. 2 is a
diagrammatic view of a similarlaserin-  20   optical feedback Isolator 25,
which comprises two terferometer system incorporating the principles of
quarter-wave retarders 26 and 27. the present invention to suppress optical
feedback       Quarter-waveretardersconvertincidentlinearly- while
permitting the desired returning light to travel  polarized light into
transmitted circularly-polarized without impediment.
light of a selected handedness when the orientation Fig. 3 is a
diagrammatic view of thefrontof alaser   25   of the incident polarization
is appropriate. Such re- head, illustrating how a spread retroreflected
beam  tarders are reciprocal devices, in the sense that they can reenter
the laser cavity through the exit aperture.  will also convert incident
circularly-polarized light into Fig. 4 is a similar view showing the effect
of the  transmitted linearly-polarized light whose polariza- present
invention in restricting the retroreflected   tion orientation is
determined by the retarder orienta- beam and preventing its reentry into
the cavity, while  30  tion. According to customary usage, the orientation
of permitting its entry into the receiver aperture.      the retarders may
be be specified with regard to eith- Fig. 5 is a top plan view of a
circular quarter-wave  er a "fast axis" or an orthogonal "slow axis" of the
re- retarder plate made of mica, showing the fast axis at  tarder. 45
degrees.                                              When the outgoing
beam 17 emerges from the Fig. 6 is a similar view with the retarder plate
of   35   beamsplitter 16, it has a certain linear polarization, for Fig. 5
cut in half.                                   example, vertical. This beam
17 passes through the Fig. 7 is a similar view with the lower half of the
first quarter-wave retarder 26, whose fast axis is at retarder plate
flipped over 180 degrees.              +45 or [err] to the incident
polarization, and emerges Fig. 8 is a top plan view of the two
semi-circular  as a beam 28 with a certain circular polarization, for
retarder plates of Fig. 7 sandwiched between a pair  40   example,
left-handed. The beam 28 then enters the of protective windows and then
assembled into a pro-  retroreflector 19 which reverses the handedness of
tective metal holder.                                 circular polarization
as it reflects. A returning beam Fig. 9 is a view in elevation and in
section of the  29, which is circularly polarized, now has the opposite
complete assembly of Fig. 8.                          handedness, for
example, right-handed. Part of the Fig. 1 is a diagrammatic view of a prior
art modi-  45  returning beam 29 passes back through the first re- fied
Michelson laser system which is experiencing the  tarder 26, thereby
becoming linearly polarized with an optical feedback problem described
above. An inter-   opposite orientation to the outgoing beam 17; this part
ferometer system may comprise a laser head 11         of the beam 29 is
then reflected by the beamsplitter which contains a light-generating laser
cavity 12 and  16, instead of being transmitted, and emerges as a a
receiver 13. A laser beam 14 may be emitted   50   harmless beam 30. Laser
light can no longer re-enter through an exit aperture 15 and enter a
polarizing    the laser cavity 12. Optical feedback is thereby pre-
beamsplitter 16 which separates the laser beam 14     vented. Another part
of beam 29 passes through the into an outgoing measurement beam 17 having
one       second quarter-wave retarder 27, whose fast axis is linear
polarization and a reference beam 18 having    orthogonal to that of the
the first retarder 26, thereby orthogonal linear polarization. The outgoing
beam 17  55   becoming linearly polarized with original polarization
reflects from the retroreflector 19 and emerges as a  of the outgoing beam
17; this part of the beam 29 then returning beam 20, having the same linear
polariza-   can pass directly though the beamsplitter 16, then tion When
the distance from the laser head 11 to the  through the receiver aperture
21, and finally reach 4    
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substantially without detriment.              polarising  beamsplitting
means  (16) The ability of the optical feedback isolator 25 to  placed in
front of said laser source (12) In order prevent any laser light from
re-entering the laser cav-  to form a second laserbeam (17) which is
linearly ity 12 is dearly seen by comparing Fig. 3 and Fig. 4.   polarised
as an outgoing laser beam (17); Both figures show a diagrammatic view of
the frontof   5        retroreflecting means (19) arrangedforre- the laser
head 11, along with the exit aperture 15 and  directing the outgoing laser
beam (17,28) as a re- the receiver aperture 21. In Fig.3, the shaded
circular  turn laser beam (29) substantially close to but, area 31
represents the returning laser beam which       not coincident with said
outgoing laser beam (28); reaches the laser head 11 when no optical
feedback      and isolator is utilized; this corresponds to the configura-
10  a receiver (13) located to the same side of tion in Fig. 1. In Fig.4,
the shaded nearly semi-circular  the polarising beamsplitting means (16)
through area 32 represents the returning laser light which      which the
first laser beam (14) is appliedwhereby reaches the laser head 11 when an
optical feedback      the return laser beam (29) reaches the receiver
isolator is utilized; this corresponds to the configura-  (13) via the
polarising beamsplitting means (16); tion in Fig. 2. Clearly, optical
feedback is prevented   15  said Interferometer being characterlsed in
because the optical feedback isolator effectively       that: screens out
the light which might re-enter the laser          a first quarter-wave
retarder (26) is locat- cavity.
ed in the path of said outgoing second laserbeam The optical feedback
isolator 25 may be con-        (17) with its fast axis at 45 degrees to the
polari- structed as illustrated in Figs. 5-9. Fig. 5 shows a cir-  20
sation orientation of said outgoing second laser cular quarter-wave
retarder plate 33, which may be      beam (17), in order to form an
outgoing third laser made of a thin sheet of mica of proper thickness. The
beam (28) which is circularly polarised, wherein fast axis of the retarder
33 lies at 45 degrees to the  said retroreflecting means are effective to
re- diametrical line 34. The retarder 33 is then cut in half  verse the
handedness of circularly polarised along the diametrical line 34, to form
two semi-  25   light; and circular retarders 35 and 36, as shown in Fig.
6. As          a second quarter-wave retarder (27) is lo- shown in Fig. 7
one of the semi-circular retarders 36   cated in the path of the return
laser beam (29) to is then flipped over 180 degrees, which causes its
the same side of the polarising beamsplitting fast axis to be orthogonal to
the fast axis of the other  means (16) as the first quarter-wave retarder
retarder 35. These two semi-circular retarders 35 and   30  (26), said
second quarter-wave retarder (27) not 36 may then be permanently sandwiched
between a         intercepting the path of the outgoing second or pair of
antireflection coated windows 37 and 38 hav-   third laser beams (17, 28)
and being in a plane ing substantially no wedge, and being secured with
which is parallel to the plane of the first quarter- optical cement 39.
Lastly, the resulting sandwich as-   wave retarder, the fast axes of the
two quarter- sembly of elements 35, 36, 37, 38, 39 may be mount-  35  wave
retarders being orthogonal to each other; ed in a protective metal
holder4l. The completed opt-   such that divergent and/or deviated light In
the re- ical feedback isolator 25 is depicted in plan view in   turn laser
beam (29)directed towards said laser Fig. 8 and cross-sectional view in
Fig. 9.              light source and which is not intercepted by the It
will be realized by workers skilled in the art that  second quarter-wave
retarder (27) is intercepted the construction depicted in Figs. 5-9 is only
a prefer-  40  by the first quarter-wave retarder (26) and Is then red way
of providing two suitably-shaped, practical     directed by said polarising
beamsplitting means retarders ata reasonable manufacturing cost. Numer-
(16) away from said laser light source, whereby ous departures from this
construction are possible      optical feedback isolation is provided, and
where- which still function essentially identically. For exam-  by return
laser beam light (29) directed towards pie, the use of mica is not
exclusive; other retarder   45  the receiver (13) and intercepted by the
second materials such as quartz will work. Also, the use of    quarter-wave
retarder (27) is allowed to be trans- windows is optional, since they serve
only to protect   mitted by said polarising beamsplitting means the mica
which Is typically fragile. The antireflection  (16) and reach the receiver
(13). coatings are an optional enhancement as well; and they may be applied
directly to the mica if the glass  50  2. A laser interferometer according
to claim 1, windows are omitted.                                    wherein
said retroreflecting means (19) is a mov- able retroreflector in order to
provide said return laser beam (29) as a measurement return laser Claims
beam (29), and said beam splitting means (16) 55      separates said first
laser beam (14) into said sec- 1. A laser interferometer comprising:
ond outgoing laser beam (17) and into a reference a laser light source (12)
producing a first    outgoing beam (18) having a linear polarisation laser
beam (14);                                    which Is orthogonal to that
of said second laser 5    



7                    EP 0 342 885 B1                  8          *   C   L
M   S  * the receiver 13 substantially without detriment.
polarising  beameplitting  means  (16) The ability of the optical feedback
Isolator 25 to   placed in front of said laser source (12) in order prevent
any laser light from re-entering the laser cav-  to form a second laser
beam (17) which Is linearly ity 12 is clearly seen by comparing Fig. 3 and
Fig. 4.    polarised as an outgoing laser beam (17); Both figures show a
diagrammatic view of the front of   5     retroreflecting means (19)
arranged for re- the laser head 11, along with the exit aperture 15 and
directing the outgoing laser beam (17,28) as a re- the receiver aperture
21. In Fig. 3, the shaded circular  turn laser beam (29) substantially
close to, but area 31 represents the returning laser beam which        not
coincidentwlth said outgoing laser beam (28); reaches the laser head 11
when no optical feedback       and isolator is utilized; this corresponds
to the configura-   10  a receiver (13) located to the same side of tion in
Fig. 1. In Fig. 4, the shaded nearly semi-circular  the polarising
beamsplitting means (16) through area 32 represents the returning laser
light which       which the first laser beam (14)is applied whereby reaches
the laser head 11 when an optical feedback       the return laser beam (29)
reaches the receiver isolator is utilized; this corresponds to the
configura-  (13) via the polarising beamsplitting means (16); tion in Fig.
2. Clearly, optical feedback is prevented   15   said interferometer being
characterised In because the optical feedback isolator effectively
that screens out the light which might re-enter the laser          a first
quarter-wave retarder (26) is locat- cavity.
ed in the path of said outgoing second laser beam The optical feedback
isolator 25 may be con-         (17) with its fast axis at 45 degrees to
the polari- structed as illustrated in Figs. 5-9. Fig. 5 shows a cir-  20
sation orientation of said outgoing second laser cular quarter-wave
retarder plate 33, which may be       beam (17), in order to form an
outgoing third laser made of a thin sheet of mica of proper thickness. The
beam (28) which is circularly polarised, wherein fast axis of the retarder
33 lies at 45 degrees to the   said retroreflecting means are effective to
re- diametrical line 34. The retarder 33 is then cut in half  verse the
handedness of circularly polarised along the diametrical line 34, to form
two semi-  25     light; and circular retarders 35 and 36, as shown in Fig.
6. As           a second quarter-wave retarder (27) is lo- shown in Fig. 7
one of the semi-circular retarders 36    cated in the path of the return
laser beam (29) to is then flipped over 180 degrees, which causes its
the same side of the polarising beamsplitting fast axis to be orthogonal to
the fast axis of the other  means (16) as the first quarter-wave retarder
retarder 35. These two semi-circular retarders 35 and   30  (26), said
second quarter-wave retarder (27) not 36 may then be permanently sandwiched
between a          intercepting the path of the outgoing second or pair of
aritireflection coated windows 37 and 38 hav-    third laser beams (17, 28)
and being in a plane ing substantially no wedge, and being secured with
which is parallel to the plane of the first quarter- optical cement 39.
Lastly, the resulting sandwich as-    wave retarder, the fast axes of the
two quarter- semblyof elements 35, 36, 37,38,39 may be mount-  35     wave
retarders being orthogonal to each other, ed in a protective metal holder
41. The completed opt-    such that divergent and/or deviated light in the
re- ical feedback isolator 25 is depicted in plan view in   turn laser beam
(29)directed towards said laser Fig. 8 and cross-sectional view In Fig. 9.
light source and which is not intercepted by the It will be realized by
workers skilled in the art that  second quarter-wave retarder (27) is
intercepted the construction depicted in Figs. 5-9 is only a prefer-  40
by the first quarter-wave retarder(26) and is then red way of providing two
suitably-shaped, practical      directed by said polarising beamsplitting
means retarders at a reasonable manufacturing cost. Numer-    (16) away
from said laser light source, whereby ous departures from this construction
are possible       optical feedback isolation is provided, and where- which
still function essentially identically. For exam-  by return laser beam
light (29) directed towards ple, the use of mica is not exclusive; other
retarder  45  the receiver (13) and intercepted by the second materials
such as quartz will work. Also, the use of     quarter-wave retarder (27)
is allowed to be trans- windows is optional, since they serve only to
protect    mitted by said polarising beamsplitting means the mica which is
typically fragile. The antireflection  (16) and reach the receiver (13).
coatings are an optional enhancement as well; and they may be applied
directly to the mica if the glass   50   2. A laser interferometer
according to claim  1, windows are omitted.
wherein said retroreflecting means (19) is a mov- able retroreflector in
order to provide said return laser beam (29) as a measurement return laser
Claims                                                   beam (29), and
said beam splitting means (16) 55      separates said first laser beam (14)
into said sec- 1. A laser interferometer comprising:                    ond
outgoing laser beam (17) and into a reference a laser light source (12)
producing a first    outgoing beam (18) having a linear polarisation laser
beam (14);                                     which Is orthogonal to that
of said second laser 5    
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M   S   * beam (17), said beam splitting means (16) direct-      auf der
gleichen Seite der polarisierten Strahitel- ing said reference outgoing
beam (18) towards a        lereinrichtung (16) wie der erste Viertelwellen-
fixed retroreflector located outside of the paths of   Verzogere& (26)
plaziert lst, wobei der zwelte any of said first, second, third and
measurement       Viertelwellen-Verz6gerer(27) den Weg des ab- return laser
beams (14,17,28,29) and arranged    5     gehenden zwelten oder dritten
Laserstrahis (17, to retroflect said reference outgoing beam (18) in-
28) nicht unterbricht und in einer Ebene llegt, die cident thereon as a
reference return beam on a         parallel zu der Ebene des ersten
Viertelwellen- path such that said reference return beam is di-
Verzogerers ist, wobei die schnellen Achsen der rected by said
beamsplitting means (16) to reach       zwel Viertelwellen-Verzogerer
orthogonal zueln- the receiver (13).                            10
ander sind; derart, dag divergentes und/oder ab- gelenktes Licht In dem
rucklaufenden Laserstrahl 3. A laser interferometer according to claim 1 or
(29), das auf die Laserlichtquelle gerichtet ist und claim 2, wherein said
first and second quarter-        nicht durch den zweiten
Viertelwellen-Verzoge- wave retarders (26,27) are contiguous and copla-
rer (27) unterbrochen wird, durch den ersten Vier- nar.
15       telwellen-Verzogerer (26) unterbrochen wird und dann durch die
polarisierende Strahitellereinrich- 4. A laser interferometer according to
claim  3,          tung (16) von der Laserlichtquelle weg geleltet wherein
said first and second quarter-wave re-         wird, wodurch elne optlsche
Rulckkopplungsiso- tarders (26,27) are sandwiched between a pair of
latlon geschaffen Ist, und wodurch ermglilcht Ist, optically transmitting
windows (37,38).       20       dal das rucklaufende Laserstrahlillcht
(29), das auf den Empffanger (13) gerichtet und durch den zweiten
Viertelwellen-Verz6gerer (27) unterbro- Patentanspruche
chen ist, durch die polarislerende Strahitellerein- richtung (16)
durchgelassen wird und den Emp- 1. Ein Laserinterferometer mit folgenden
Merkma-   25      finger (13) erreicht. Ien: einer Laserlichtquelle (12),
die einen ersten La-  2. En Laserinterferometer gemAS Anspruch 1, be!
serstrahl (14) erzeugt;                                dem die
retroreflektierende Einrichtung (19) ein einer polarisierenden
Strahiteilereinrichtung (16),    beweglicher Retroreflektor ist, um den
r~cklau- die vor der Laserquelle (12) plaziert ist, um einen   30  fenden
Laserstrahl (29) als einen rOcklaufenden zweiten Laserstrahl (17) zu
bilden, der als ein ab-    Mellaserstrahl (29) zu liefern, und bei dem die
gehender Laserstrahl (17) linear polarisiert ist;
Strahlteilerelnrichtung (16) den ersten Laser- einer retroreflektierenden
Einrichtung (19), die       strahl (14) in den zweiten abgehenden Laser-
zum Umleiten des abgehenden Laserstrahls (17,          strahl (17) und in
einen abgehenden Referenz- 28) als ein ricklaufender Laserstrahl (29), im
we-   35  strahl (18) mit elner linearen Polarisation, die or- sentlichen
in der Nahe des abgehenden Laser-           thogonal zu derdes zweiten
Laserstrahls.(17) ist, strahIs (28), jedoch nicht zusammenfallend mit
trennt, wobei die Strahlteilereinrichtung (16) den diesem, angeordnet ist;
und                            abgehenden Referenzstrahl (18) zu einem
festen einem Empfanger (1 3), derauf dergleichen Seite
Retroreflektor leltet, der aulerhalb der Wege ei- der polarislerenden
Strahlteilereinrichtung (16)   40  nes bellebigen des ersten, des zwelten,
des drit- plaziert ist, durch die der erste Laserstrahl (14)     ten und
des rucklaufenden MeBlaserstrahls (14, zugefuhrt wird, wodurch der
rucklaufende Laser-        17, 28, 29) liegt und angeordnet ist, um den ab-
strahl (29) den Empfanger (13) uber die polarisie-     gehenden
Referenzstrahl (18), derauf denselben rende Strahlteilereinrichtung (16)
erreicht;           einfallt, als einen rucklaufenden Referenzstrahl wobel
das Interferometer dadurch gekennzeich-   45     auf einem derartben Weg zu
retroreflektieren, net ist,
daft der rucklaufende Referenzstrahl mittels der dafB ein erster
Viertelwellen-Verz6gerer (26) in       Strahlteilereinrichtung (16)
gerichtet ist, um den dem Weg des abgehenden zweiten Laserstrahis
Empfinger (13) zu erreichen. (17) plaziert ist, wobei dessen schnelle Achse
ei- nen Winkel von 450 bezuglich der Orientierung   50   3. Ein
Laserinterferometer gemal3 Anspruch 1 oder der Polarisation des abgehenden
zweiten Laser-         Anspruch 2, bei dem der erste und der zweite strahis
(17) aufweist, um einen abgehenden drit-       Viertelwellen-Verzogerer
(26, 27) zusammen- ten Laserstrahl (28) zu bilden, der zirkular pola-
hangend und koplanar sind; rislert ist, wobel die retroreflektierende
Einrich- tung wirksam ist, um die Ausrichtung des zirkular  55   4. Eln
Laserinterferometer gemAB Anspruch 3, bei polarisierten Lichts umzukehren;
und                   dem der erste und der zweite Viertelwellen-Ver- daB
ein zweiter Viertelwellen-Verzogerer (27) In       z6gerer (26, 27)
zwischen ein Pear von optisch dem Weg des ricklaufenden Laserstrahis (29)
durchliassigen Fenstern (37, 38) gelegt sind. 6    
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S    * Revendications                                        2. Un
interf6rometre A laser selon la revendication: 1, dans lequel ledit moyen
r6tror6flecteur(19) est .-' 1. Un interf6rometre A laser comprenant
un r6trorefiecteur mobile afin de produire ledit une source (12) de lumiere
laser produi-       faisceau renvoy6 laser (29) sous formns de fals- sant
un premier faisceau laser (1 4);        5        ceau laser renvoy6 (29)
demesure et ledit moyen un moyen polariseur separateur (16) de
separateur (16) de faisceau s6pare ledit premler faisceau place face A
ladite source laser (12) afin   faisceau laser (14) en formant ledit
deuxieme de former comme faisceau laser sortant (17) un        faisceau
laser sortant (17) et un faisceau sortant deuxieme faisceau laser (17) A
polarisation li-       de r6f6rence (18) A polarilsation lln6alre qui
estor, neaire;                                      10       thogonale A
cello dudit deuxieme faisceau laser un moyen retroreflecteur (19) agence de
(17), ledit moyen s6parateur (16) de falsceau di- maniere A diriger en sons
inverse le faisceau la-     rigeant ledit faisceau sortant de r6ference
(18) ser sortant (17, 28) sous forrne d'un faisceau la-    vers un
retroreflecteur fixe situ6 a l'ext6rleur des ser renvoy6 (29) sensiblement
proche dudit fais-      trajets de chacun desdits premier, deuxlemej ceau
laser sortant (28) mais ne coincident pas   15   troisibme faisceaux lasers
renvoy6 at du .faisceau avec lui; et
laser de mesure renvoye (14,17,28,29) et agen- un r6cepteur (13) situe sur
le meme cote        ce de maniere A retrorefl6chir ledit faisceau sor- du
moyen polariseur separateur (16) defaisceau        tant de r6ference (18)
qui yest incident sous for- A travers lequel le premier faisceau laser (14)
eat   me de faisceau renvoy6 de ref6rence sur un trajet appliqu6, grAce A
quoi le faisceau laser renvoye   20  tel quo ledit faisceau renvoy6 de
reference est di- (29) attelnt le receptour (13) A travers le moyen    rig6
par ledit moyen separateur (16) de faisceau polariseur separateur (16) de
faisceau;               de maniere a atteindre le recepteur (13).. ledit
interf6rometre etant caracterise on ce quo:
3. Un interf6rometre a.laser selon la revendication un premier retardateur
quart d'onde (26)   25   1 ou la revendication 2, dans loquel lesdits.
pre-. est situe dans le trajet dudit deuxibme faisceau      mier et
deuxibme retardateurs quart d'onde (26, laser sortant (17), son axe rapide
etant A 45 de-     27) sont contigus et coplanaires. gres
parrapportal'orientationde polarisation du- dit deuxibme faisceau laser
sortant (17) afin de  4. Un interferombtre A laser selon la revendication
former un troisieme faisceau laser sortant (28) A   30  3, dans lequel
lesdits premier et deuxilme retar- polarisation circulalre, ledit moyen
retroreflecteur  datours quart d'onde (26, 27) sont pris en agissant pour
inverser le sons de rotation de la-     sandwich entre une paire .d
fenitres transmet- dite lumibre A polarisation circulaire; et en ce quo  .
tant optiquement (37, 38). un deuxibme retardateur quart d'onde (27) est
situ6 dans le trajet du faisceau laser renvoye   35 (29) sur le mine cote
du moyen polariseur sepa- rateur (16) de faisceau quo le premier
retardateur quart d'onde (26), ledit deuxibme retardateur quart d'onde (27)
n'interceptant pas le trajet du deuxieme ou du troisibme faisceaux laser
sortant  40 (17, 28) et etant dans un plan qui eat parallele au plan du
premier retardateur quart d'onde, les axes rapides des deux retardateurs
quart d'onde etant orthogonaux entre eux; de sorte qu'une lu- miebr
divergente etlou devi6e dans le faisceau   45 laser renvoye (29) dirige
vers ladite source laser et qui n'est pas intercept6o par le deuxibme
retar- dateur quart d'onde (27) est Interceptee par le premier retardateur
quart d'onde (26) et est en- suite dlrig6e par ledit moyen polarlseur
separa-  50 tour (16) de faisceau A distance de ladite source de lumibre
laser, grAce A quoi une isolation visa-- via d'une retroaction optique eat
r6eallsee et grace A quoi la lumnibre du faisceau laser renvoy6 (29)
dirigee vers le recepteur (13) et interceptee parle  55 deuxieme
retardateur quart d'onde (27) peut etre transmise par ledit moyen
polariseur separateur (16) de faisceau et atteindre le recepteur (13). 7


