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Interference measurements of prism optics for laser
interferometer

JIRI KfcSEK

Institute of Scientific Instruments of the Czechoslovak Academy of Sciences, Brno, Czechoslovakia.

Perfect testing of optical prism elements for a laser interferometer is based on interference
measuring methods complying with strict requirements concerning the choice of optical
elements for systems of coherence optics. Interference testing methods for measurements
of the absolute angular deviation of optical surfaces forming the right angle and measure-
ments of corner-cube prisms with the unambiguous determination of the angular deviation
of the functional part of individual sectors of the measured prism are described.

Introduction

The development of light quantum generators and their applications in several
scientific and industrial branches has created new, more exacting requirements
in relation to the existing, traditional, production of optical elements. The required,
more precise production of optical elements with a tolerance field of the order
of units of angular seconds brings with it also the increased requirements
concerning their testing. Geometry measurements of functional surfaces of optical
unit elements for a laser interferometer cannot well do without interference
testing methods, which usually are at the boundary of the required accuracy. For
this reason, new methods of the interference testing of optical elements allowing
higher resolution and accuracy in reading off the deviations are sought for.

Interference measurements of rectangular prisms and cubes

The optical arrangement of an interferometer for the measurements of the absolute
angular deviations, forming the right angle, can be seen in fig. 1 In principle, this
is a combination of the Michelson interferometer with the Fabry-Perot interfero-
meter [1, 2]. The measuring method is based on the double reflection of a beam
of rays from the object to be measured 3, and on the interference of two partial
measuring beams of rays with a single reference beam. For the angular deviation s
of a rectangular cube, according to fig. 1, the following relations is valid:
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where: 5 — the angle between the interfering beams of rays,
| — the angle between the functional surfaces of the plane mirrors 4 and 5.
It is clear from the eqg. (1), that the accuracy of the adjustment mirrors 4 and 5
has a substantial influence on the determination of the absolute deviation e. The
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Fig. 1 Optical diagram of an interferometer for the measurements of the absolute angular deviation
of polished surfaces forming the right angles:

1 — se.ni-transparent dividing plate, 2 — reference planar mirror, 3 — rectangular cube to be measured, 4, 5 — planar
mirrors of the Fabry-Pérot interferometer, 6 — interferogram of measured surfaces

angular deviation of the interfering beams of rays is determined from the spacing
y of the interference fringes by the expression :

where X — wavelength of the light.

The absolute reading of this angular deviation is given by the fact, that the
right-hand side and also the left-hand side of the interference field 6 originate from
a single plane surface of the reference mirror 2.

After adjusting the parallelity of the functional surfaces of the plane mirrors 4
and 5 of the Fabry-Perot interferometer, the object to be measured is placed between
these mirrors so that one functional reflection surface shows a zero number of inter-
ference fringes with the plane surface of the reference mirror 2. The second functional
surface of the object to be measured is so adjusted, that the direction of the inter-
ference fringes is parallel to the line of intersection of the measured surfaces. In this
case the number of interference fringes is minimum and the angular deviation is
made apparent by the interference of measuring and reference beams of rays, form-
ing the angle /2. The sense of the angular deviation is determined from the shift
of the interference fringes at the relative change of the optical paths of the inter-
fering wavefronts. When the fringes, whilst shortening the difference of the optical
path, are shifting towards the line of intersection of the surface to be measured,
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then this is a positive deviation e, and if they are shifting from the line of intersec-
tion, then it is a negative deviation e.

The increase of accuracy and resolving power in the measurements of the ab-
solute angular deviation of surfaces forming the right angle is achieved by tilting
the surfaces to be measured about their line of intersection, when two systems
of interference fringes are formed on the optical wedge, having the spacings yt
and y2- The angular deviation is then given by the expression
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which enables us to evaluate even very small angular deviations up to the limiting
resolution given by the area of reference fields. This limiting resolution can have
the value of £0.02 angular seconds, for instance, for the basic 10 mm spacing of
interference fringes measured by an Abbe comparator with an accuracy of £0.01 mm.

Interference measurements of cube-corner reflectors

The interference measurements of the total deformation of the plane wavefront
and of the angular deviation d of rays passing through a corner-cube prism are
carried out with the help of a collimated laser beam, the acquired interferograms
are then the determining factors of the retroreflector applicability.

The interference measurements of corner-cube prisms can be made in principle
by two methods :

a) observation or recording of the so-called “dead fringes”, resulting from the
interference of rays, reflected from the front surface of the prism [3].

b) observation or recording and evaluation of the so-called “live fringes”, aris-
ing as a consequence of the interference of beams reflected from the two-sides
of the auxiliary piano-parallel mirror and from the reference plane gauge [4].

The principle of the measuring method according to a) is shown in fig. 2, where
the plane front surface of a corner-cube prism measured in advance serves as a refe-
rence plane. If one half of the prism is screened off during the measurement, the
interference of the wavefronts results due to the reflection from the front the plane
surface of the prism, enclosed between the rays directly reflected and those passed
through the prism. In this case of a double passage of rays through the prism, the
spacing Ay of the interference fringes corresponds to the double angle of the rays
drift and the required functional angular deviation of the corner-cube prism is deter-
mined according to the equation :

X
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This measuring method provides only some qualitative information, as it does

not allow to determine angular deviations. However, it is advantageous since the
quality of the whole prism —that is of all the three sectors —is recorded on a single
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Fig. 2. The principle of the interference measure-
ments of angular deviations of a corner-cube
prism by the method of “dead fringes”

interferogram. Typical interferograms of several corner-cube prisms of different
qualities are shown in fig. 3a, b, c.

The principle of the measuring method according to b) is shown in fig. 4. In
this measuring method the measuring and reference beams of rays are reflected

by several independent optical elements and thus the so-called “live fringes” are
formed, when the optical paths difference changes, enabling in this way to determine

both the amount and the direction of the angular deviation. The measuring method
is based on the fact that between the corner-cube prism 3 and the reference plane
gauge 2 an auxiliary piano-parallel mirror 4 is inserted into one half of the prism
field of view. The lower surface of this mirror returns the rays through the prism
in the primary direction and the upper surface determines the value and the direction
of the angular deviation. In this case, the interference field within the prism sector
5.1 will be dark or light, according to the set difference between optical paths of the
measuring and reference beams. On the upper surface of the mirror interference
fringes 5.2 will be formed indicating the value and the direction of the angular
deviation. The value of the angular deviation of one of the three sectors of a corner-
-cube prism is determined according to the eg. (4), and the direction of the deviation
is determined from the shift direction of interference fringes with the relative change
of optical paths difference of the interfering rays. The resolving power of this mea-
suring methods is limited by the area of the auxiliary piano-parallel mirror and
by the accuracy of the reverse shift setting of rays through the prism. The last value
of angular deviation d obtainable by the measuring device with a piano-parallel
mirror of 50 mm diameter used in the Institute of Scientific Instruments is 1-2 an-
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Fig. 3. Interferograms of corner-cube prisms showing the angular deviations of all three prism sector

gular second. The accuracy of the setting of the zero number of the interference
fringes for the back travel of beams via the measured sector of a corner-cube prism
is affected by the total resulting deformation of the plane wavefront. For an aperture
of 12mm diameter of the measured set of prisms it ranged from A/10 to A25. This
error of the basic setting appeared as a resulting error of the angular deviation
of the measured sector of a corner-cube prism and for extreme setting its maximum
value was £0.3 angular seconds. The interferograms of all three sectors of a corner-
-cube prism shown in fig. 3a are indicated in fig. 5 (a, b, ¢) with the values of angular
deviations of individual sectors as follows:

da= (4.2+0.3) angular second,
db= (3.5+0.3) angular second,
dc= (4.0+0.3) angular second.
The increase of the resolving power and accuracy of the reading of even very

small angular deviations can be achieved by the formation of an additive optical
wedge; this allows to determine the value and direction of an angular deviation
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Fig. 4. The principle of interference measurements of the angular deviation of a single sector of a cor-
ner-cube prism by the method of “live fringes” :

1 — temi-transparent dividing plate, 2 — reference planar mirror, 3 — corner-cube prism, 4 — auxiliary piano-parallel
mirror, 5.1 — interference field within the prism sector, 5.2 - interference field on the auxiliary piano-parallel mirror

of a corner-cube prism by using additional mathematical evaluations. According
to this method two interference fields of different spacing and orientation of inter-
ference fringes are formed for each sector of a corner-cube prism. For an easy orien-
tation a rectangular coordinates introduced in such a way that the x-axis halves the
prism sector, the y axis is identical with the projection of intersection lines of reflect-
ing surfaces of a corner-cube prism and the z axis is identical with the optical axis
of the observation system. The direction of the interference fringes within the prism
sector is set parallel to the y axis. The interference fields formed in this way is sche-
matically shown in fig. 6.

The resulting interference fields are given by three wavefronts that determine
two planes a and r in the coordinate system to evaluate the angular deviation of
a corner-cube prism. The plane a of the interference field within the prism sector
is parallel to the y axis, the plane r of the interference field on the auxiliary mirror
has a general position. The interference in fig. 7 allow to determine the angles ya
and yz between the normal lines both planes and the z axis and to read out the angle
of the orientation a of the normal line projection of the plane r.

The direction angles yaand yaof the normal lines are calculated from the rela-
tions :

®
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Fig. 5. Interferograms of a corner-cube prism shown in fig. 3a with the angular deviations of indivi-
dual sectors

yt=—\ (6)
Jr
where: ya — the spacing of interference fringes of the plane a,
yr — the spacing of interference fringes of the plane r.

In order to determine the actual value of the angular deviation $and the actual
orientationa' of a corner-cube prism, the whole system must be turned by the angle
yaso that the normal line of the plane a coincide with the positive z axis. The prin-
ciple of the solution is appearent from fig. 8, where the normal lines of wavefronts a
and x with the direction angles yaand yr and the orientation a are indicated on unit



48 J. KRSEK

J*

Fig. 6. Diagram of the interference field of a sector of comer-cube prism with the optical wedge
added for numerical evaluation of angular deviation

Fig. 7. Interferogram of the interference field on the auxiliary mirror and within the sector of corner-
-cube prism with the optical wedge

circle. When turning the system about the y axis by the angle ya, the projection
of the terminal point Sxy of the normal line of the plane a coincides with the origin
of coordinates and the projection of the terminal point Txy of the normal line of the
plane r is shifted to the point Txy. By tilting the unit vector of the plane r to the
plane xy, it is possible to read out the actual value of angles yTand y, whilst the
angular deviation of the corner-cube prism &= y'J2.

The mathematical expression of actual direction angles of the functional devia-
tion of a corner-cube prism is obtained by the space transformation of rectangular
coordinates by the angle ya[5]. The resulting forms of these functions are as follows:
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»
Fig. 8. A plot of angular deviations

, sina*sinyT
tana' = . (7)
smyrcosacosya—sinyEosyT
sinv: = sina-sinyT
T sina ®)

As the interfering wavefronts subtend only small angles in eq. (7), it is then
possible to write cosy,, = cosyT= 1and to determine the orientation of the func-
tional deviation of a corner-cube prism by the angle

, W sina-siny.
a' - tan"I= -- - )
sinyT-cosa—sinya

and the value of the functional deviation by the angle

sina-sinyT

sina' (10)

yX= sin

The advantage of this measuring method lies in the fact that it allows to deter-
mine even the zero deviation of a corner-cube prism at which the spacing and the
orientation of the interference fringes in both fields are exactly the same. The spacing
of interference fringes in photographic recordings of both interference fields can
be measured by mean of an Abbe comparator with an accuracy of +0.01 mm.
This corresponds to angular resolution of £0.04 angular seconds of direction angles

of normals yaand yTfor the wavelength X= 632.8 nm, the chosen spacing of inter-
ference fringes being 6 mm.

4 —Optica Applicata
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While determining the direction of an angular deviation of a corner-cube prism,
it is necessary to set always the same direction of the optical wedge, this direction
being determined from the shift of the interference fringes for the selected change
of the optical paths difference of the interfering rays.

Conclusion

The above described interference measuring methods were motivated by problems
encountered in the course of testing of a particular laser interferometer, but the
solution may prove to be general enough to allow wider application.
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MHTepdepeHLMOHHbIE U3MEPEHUST ONTUYECKUX MPU3MATUUECKNX
3/1EMEHTOB /151 N1a3epHOro0 UHTepdepomeTpa

CoBepLUeHHOe TeCTUPOBAHMWE ONTUYECKMX MPU3MATUUECKUX 3/1IEMEHTOB [/11 1a3epHOr0 UHTep-
(hepomMeTpa OCHOBAHO Ha WHTEP(EPEHLMOHHBLIX MEeTOofaxX W3MepeHWsl, KOTopble YA0BMETBOPSOT
cTporve Tpe6oBaHWsl, 06si3aTeNlbHble BO BPeMsl Mof6opa ONTUYECKUX 3/1EMEHTOB AN KOTepeHT-
HbIX cucTeM. lMpuBeaeHbl UHTEPHEPEHLMOHHbIE METOAbI TECTUPOBAHUS, MPUMEHSIEMbIE BO BpeMSsi
M3MepeHWsi abCcOMIOTHOTO YI/I0BOr0 OTK/IOHEHUSI OMTMYECKO/ MOBEPXHOCTW, 06pasyloleil nps-
MO yron, a Takke W3MepeHWi NpuU3M Tuna ,,yceuéHHbIX YrnoB” C 0AHO3HAYHLIM OMpedesieHneM
YrNOBbIX OTK/IOHEHWI aKTUBHOW 4YacTu OTAe/lbHbIX CEKTOPOB Uccnedyemoli MpusMbl.



