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The moiré fringes.1 that are produced by two periodic or quasi-periodic structures placed in
contact or projected onto another have been widely used for measurement of a rigid-body
translational and rotational displacement,! strain analysis in deformed bodies,' refractive ndex
measurement,” visual position indication,3 surface contour g,feneration,4 optical alignment,’ and circular
motion detection’ In moiré metrology, structures such as parallel, crossed, cireular, or radial
gratings’ are used substantially for simplicity in fringe analysis. Sometimes, however, other
structures, catled elliptic,’ para]:u{)lic,B zone plate,‘(J skewed raclja],llJ spiral,11 or evolute gratings,” are
applied in the moiré fringe systems.

The parallel gratings and circular gratings are most widely utilized in many applications, due to
their simple patterns and ease of moiré fringe analysis. If two identical parallel gratings or circular
gratings are chosen and superimposed, the absolute linear displacements can be measured within an
accuracy of one pitch of the grating.2 However, the moiré patterns from these gratings do not give
the direction of displacements in the spatial symmetry of gratings. Such a problem was solved by
using many available concentric circular gratings,>? although still it is not easy to precisely
determine the linear displacement with the subpitch accuracy using an observer's eyes or optical
instruments.™

Twao parallel line gratings that are angularly displaced to disturb their parallelism create a
number of equidistant straight fringes. The relative angular displacement of the gratings can be
determined by measuring the spacing of the fringes and their inclination.! Moiré fringes of two
circular gratings with linear displacement constitute a family of hyperbolas or ellipses. Also, two
linearly displaced radial gratings produce a set of circular fringes, of which the circumference passes
through the centers of the gratings. The linear displacement can be measured by simply counting
the order of the moiré fringes that are formed by two superimposed circnlar® or radial gratings.*
Meiré fringes of elliptic1 or para}:uolic’S gratings have been studied for strain analysis, and moiré
patterns of two superimposed zone gratings have been used to measure inaccuracies in the zone
plates.” Skewed radial gratings” produce a set of circular moiré fringes that move owing to the

711 . :
also create a set of circular or radial

mutual rotation of the gratings. Spir:al6 or evolute gratings
fringes that can be used for angular velocity measurements, The moiré fringe technique with
parzlle]l line gratings' is not a direct fringe-counting method of determining small angular

displacements, because the spacing of the fringes and their inclination must be measured otherwise,
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In this paper, an elongated circular grating' in the shape of an athletic track is proposed to
determine both the moving displacement and its direction with an accuracy of ten times that of the
conventional circular gratings. It is composed of line gratings with each ends capped by well
matched semicircular gratings. The semicircular gratings have an equal pitch throughout the grating
plane except the central bright part where, because of the pitch matching between two different
kinds of gratings, only a half width of a full pitch exists. Also, two pieces of semucircular grating
in the central region have incomplete pitches. However, for the simplicity of the moiré fringe
analysis, we assume that the pitch of semicircular gratings is the same in full radius. The moiré
patterns formed by the two elongated circular gratings having different pitches are presented in

detail. And these moiré fringes are applied to the measurement of refractive indices of CgH; and

CCl; and the thermal expansion coefficient of an aluminum.

Also, we discuss a modified form of the radial or the parallel grating, the matched
radial-parallel (MRP) grating,””® of which the moiré fringes enable us to determine angular
displacements by simply counting the fringe order. This grating is designed so that the central area
of a conventional radial grating is replaced by parallel stripes of nonuniform spacings to be matched
with the remaining radial stripes. Moiré patterns produced by superimposing the reference MRP
grating of angular pitch Ps on the specimen MRP grating of angular pitch Ps- (<Ps} can provide a
direct fringe counting method of determining both the angle and the direction of relative angular
displacement of the specimen grating within an accuracy of (Ps /My), where My is the angular
magnification for radial vernter fringes. These MRFP gratings can be used for the fine visual
indication of angular displacements and rotational alignment.
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