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A ring interferometer, which uses a 285-m-long, single-mode, fiber lightguide and
-is capable of measuring angular rotation velocities down to 0.3 deg/sec, was built.
PACS numbers: 42.80.Myv, 07.60.Ly |
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The development of low-loss glass ﬁh!:r lightguides (GFL} has made it possible to
look at the Sagnac effect in a fiber-optic interferometer from a new point of view and

to evaluate its capabilities for making gyroscopes.'? As is known (see, for example,

Ref. 3), the Sagnac eflect can be described as follows: when a ring interfecometer -
rotates with an angular velocity w, a displacement A4Z of the interference fringes is

cbserved:
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where S is the area covered by the light rays, and 4, and ¢ ar¢ the light wavelength and
velocity in a vacuum (the rotation axis is perpendicular to the interferometer plane).
The use of GFL males it possibie to increase the number of circuits of a given perim.

eter by the light rays and to greatly broaden the capabilities of the interferometer for

detecting smull w, In the case of a GFL wound on a spool of radius &, Eq. (1) is written
in the form :
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where ¥ is the number “turns and L is the GFL length.

Figure | shows thr .xperimental setup. The light from a laser {L) strikes the
beamsplitter plate :BP); ... 1 the light beams of equal intensity pass through the lenses
tO) and enter the ends 6f  : GFL. wound on a spool (S) with R = 25 em. The two
light beams, which cirgulate in the GFL in opposite directions, come together at the
beamsplitter plate. forming an interforence pattern in the plane of the photodetector
(PD). Because of the flexibity of the GFL ends, we were able 1o rotate only the spool
within the limits of a 180" sector; the GFL ends remained stationary from the point
where the radiatien enterad tham to the center of the speol. The shearing of the
interference fringes during retauon of the coil was recorded from the relative variation

of the intensicv at a point on the inrerference pattern elected by using the diaphragm_

—{BF ACpolarTe P HIRH as used o eliminate the unwanted. linearly polanzed laser

radiation reflected frem the leases. was placed in front of the ohotodetector, To record
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FIG. 1. Schematic of the experimcﬁtal apparatus.
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the 42, we modulated the laser radiation by the chopper {Chi and _used asynchronc-msci
signal-detection circuit. The radiation source was a He-Ne laser with A = 0.6_3_;};m ai
radiation power ~8 mW. ' Y ‘

In our experiments we used two types of GFL with an 8i0. + GeO;a‘;:ozc _ _;;13
first had a leagth L = 285 m and a core diamex_cr = S.(uuql, tl_u: §ccond. h,}_1 = ¢
m and ¢ = 7 um. In both GFL the difference in _thc.refmcuve indices ot" the cic-:rle :(?I
the sheath was 4n = 2.4X1072 and the refractive .mdc;x_ of the corc. wis n ;-d‘ d
For A = 0.63 um the first GFL 'was single-mode, while the second was 1wo-m t:, a;lnis
the losses were ~32 dB/km in both GFL as a resuit of transmission at ih

wavelength. . ‘
To obtain an interference pattern, the GFL ends were placed at dlﬁ'erentfd:-
tances relative to the foci of the lenses; this resulted in d;ﬂ'e:jcnt curv:;tu;e ol ttoc-
wavefronts of the two interfering light beams. The cjlensntomrjmc trace of the E?(;: :
graphed interference pattern for a singl?-modg GFL 1s.si}own in the up;:q[:er rﬁa;then ) }fc
2a {w = 0, which: o shows the transtormaiion of th‘l‘s m't‘ert."erencc pa when the
spool rotates at @  + 18 deg/sec (the * +" and — " signs rcpre_semfrinﬂesp::oc
rotation in the of ~ite direction). We can see that .thg ,}ntert.erence nng. : ges axe
sheared as a resuit . " the spool rotation; 1hg st}em'_mg in lh1§ case dcm.nds or;ome
rotation direction! B . .ntroducing the laser raq:alxon into one or the GF [l. eg. f: at ome.
angle, we obtained an interference pattern (Fig. 2b, w = Ql w‘mc_h great‘g'ft :hecz rom
that in Fig. 2a. The central bright spot appears dark, which md;cateshma“ here s o
additional phase shift between the circulatng light beams. As \.wll be suow ! van—::ion
introduction of an artificial phase shift 1s important for recording small w. becm.m "
of w produces a strong shearing of the fringes. and the dark central spot
bright spot as @ is increassd to 18 dez/sec.
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_2nd minimum of the 41 dependence correspons to a displacement of one-half
~="inteiference Iringe. We obtained a single-mode GFL the values ¢ — 14-76 deas:
——from alt the experiments for a one-{ringe displacement. After substituting the inits <]

data and the values of 76 and 74 dez/sec in Eq. (2), we obtained AZ - and 0.0,
respectively. The minimum w, which was measured for a single-to-noise ratio of 2, wus
0.3 deg/sec, consistent with 42 = 4,2 10~>. :

Experiments similar to ours have been performed edrlier.25 I was shown? thyr

AZ is a function of the refractive index and of dispersion of the GFL materi. *

whereas Eq. (2) was verified elsewhere.® Qur measurements showed with sufficie,
 accuracy that 4Z does not depend on the properties of the GFL material,

A dependence similar to that in Fig. 3 was obtained by us for a two-mods GFL.
However, the accuracy in determining for it was poorer than for a sinzle-mode GFi..
Despite the fact that both colliding rays propagated in the same GFL, slight externa}
temperature fluctuations redistributed the intensity in the interference pattern, where-
as such effect was not observed in a single-mode GFL.

According to the estimates of Ref. 6, the maximum sensitivity of the fiber-opric
A interferometer is ~ 107 deg/sce. In practical terms, this requires an increase in th-
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1 TFIG. 2. Imterference patiern produced as a resalt of rotation at different angular velocities GFL length and hence a shift of 4 toward the near IR region, where the GFL has low
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light-transmission losses,” and also the use of more elaborate recording circuits.
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FIG. ). Dependence of relative change in the
intensity of the interfergnce. fringe oo the angue crm .o -
lar rotation velocity.
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