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Two-beam interferometers with the possibility of varying the period of the rec-
orded diffraction gratings are in wide demand in various fields of holography and pho-
tonics. They are in demand, for example, for studying the properties of photopolymer
materials and holograms recorded in them [1], for recording arrays of distributed Bragg
gratings (FBGSs) in optical fibers as sensors of the physical state of the fiber [2] and for
other applications. In [3], an interferometer based on a beam-splitting cube (BSC) with
two mirrors and a photodetector (PD), fixed relative to the BSC is described. In the in-
terferometer, the stabilization of the position of the interference pattern (IP) while the
angle of convergence of partial light beams (PB) is varied is provided by mutually co-
ordinated linear and angular displacements of the movable mirror (MM) directing the
light beam to the BSC. Such interferometers can be combined into systems for record-
ing two-dimensional gratings with an independent setting of the period in each dimen-
sion [4]. However, for recording extended FBGs (10-15 mm), an interferometer based
on a beam-splitting unit (BSU) seems to be more suitable [5], since in it the path length
of light beams in BSU material is more than 3 times shorter than in BSC of the corre-
sponding dimensions. The purpose of this report is to analyze the period tuning in a
quartz glass BSU-based interferometer with stabilization of the IP position, provided by
matching the linear and angular displacements of the initial light beam (IB) at the en-
trance to the BSU by means of a rotation simulation mechanism [3].

Fig. 1 shows the optical scheme ) A
of the interferometer under study, and )
the path of light beams is displayed by
their axes. The interferometer, which
includes BSU 1 and two mirrors 3.1 and
3.2, is optically coupled with PD 4,
which is at a distance Ly, from the end
of C,Cs. BSU consists of two identical
plates of quartz glass with a length M
and a thickness of A~ 0.15M, tightly
joined by their working surfaces, with a
dividing mirror (DM) 2 between them.
The mirrors are installed symmetrically
to the DM plane at a distance H from
each other at an angle £ (in Fig. 1 £>0). IB 7 with diameter D is directed to the en-
trance surface C;C; at a distance Q from the C; edge at an angle of incidence 8 by MM
5 and then splits by DM into two PB 8.1 and 8.2. After reflection from mirrors the axes
of these beams intersect at the point O at the angle of convergence 2« at a distance
L = Lpn from the end C,Cs: o = 90° + 2 — 6.

The current MM position is given by coordinates W and ¢. MM is moved along
the input beam 6 from the initial position 9 (W; = 0, ¢1 = 0) to the final position 11 (W5,

Fig. 1. Optical scheme of the interferometer



©>), corresponding to the lower 10 (Q1, ©1) and upper 12 (Q., &,) boundary positions of
IB. The latter are caused by touching IB edge C; and touching PB edges C,, Cs. In turn,
the pairs of 1B coordinates (Q1, 61) and (Q., 6-) satisfy the condition L ~ Lyix = const,
supported in the entire interval between them. Such movement of IB is determined by
the formula:

Q=M —2Atgy —[ Hsin(6—-&)cosé — Asin € — L, cos(0—2&) ] fcosd, (1)

where tgy =sin Q/x/nz —sin®6, n— refractive index of the BSU material. The
boundary positions can be found numerically according to the above-mentioned touch-
ing conditions: Q; = D/(cosdy), Q2 = M — 2Atgy, — D/(cosd,) and set the corresponding
boundary values of the angle a: a1 and «», as well as the width of the tuning range of
this angle: Aa = a, — a1. The dependence Q(#),obtained from (1), is close to linear for
a wide set of combinations of the parameters H and Lsix, which opens up the possibility
of using the lever mechanism in [3] as a mechanism for coordinating linear and angular
displacements of MM. The Q(¢) dependence was analyzed taking into account vignet-
ting by the BSU working surfaces (parameter G) and/or by the mirror on the input sur-
face side (parameters U, V, and V;). The parameters G and V for the current IB position
are determined similarly to the parameters U and V; (see Fig. 1). This restriction is pos-
sible in the case of H = M and Lsix < M at least for £ < 0.

Fig. 2 shows the delimitation of the range of —

parameters h = H/M and lsix = Lsiy/M by the crite- "
rion of the presence or absence of vignetting in the 27 | )
studied interferometer at £ =—-15°. Above curve 1

there is an area free of vignetting; below curve 2, 55
the light beams overlap partially or completely in
the entire tuning range limited by the touching .
conditions. Between curves 1 and 2, the tuning N

; T : : 2
ranges are partially limited by vignetting. Curves | I ~—~——— 4
3 and 4 are extrapolations of the corresponding | P 6 . h
1,0 1,5 2,0 2,
curves 1 and 2 to the edges of the studied area; Fig. 2. Regions of vignetting

5— h=1.175; 6 — lsix = 0.24. For example, for

recording FBGs with A5 = 1...2 microns in a quartz fiber with n = 1.5, it is possible to
implement an interferometer characterized by pairs of parameters (h; lsix): (1.0; 1.25),
(1.0; 1.75), (1.25; 2.5). The rotation imitation mechanism is analyzed similarly to [3].
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