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12.5. MOIRE INTERFEROMETRY

Moiré interferometry, which can be regarded as a form of holographic
interferometry, is a complement to conventional holographic interferome-
try, especialy for testing optics to be used at long wavelengths. Although
TWH can be used to contour surfaces at any longer-than-visible wave-
length, visible interferometric environmental conditions are required.
Moiré interferometry can be used to contour surfaces at any wavelength
longer than 10 um (with difficulty) or 200 um with reduced environmental
reguirements and no intermediate photographic recording setup. For non-
destructive testing, holographic interferometry has a precision of a small
fraction of a micrometer and is useful over a deformation amplitude of a
few micrometers, whereas moire interferometry has a precision ranging
from 10-100 um to millimeters, with a correspondingly increased useful
range of deformation amplitude.

125.1. Basic Principles

Although moiré techniques have been used for many years, only recently
has the full potential of moiré interferometry been realized (Brooks and
Heflinger 1969, Takaski, 1970, 1973, MacGovern 1972, Benait et al. 1975).
If parallel equispaced planes or fringes are projected onto a nonplanar
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Figure 12.14. Fringesprojected on surfaceZ =f(x, y) at anglea and viewed at angleb.

surface and the surface is viewed at an angle different from that at which
the fringes are projected, curved fringes are seen. It can be shown that a
photograph of these fringes is equivalent to a hologram made of the
surface using a long wavelength light source (MacGovern 1972). If a
surface described by the function Z=f(x,y) is illuminated and viewed as
shown in Fig. 12.14, a photograph of the projected fringes shows contour
lines of the surface relative to a plane surface, where the contour interval C
isgiven by

- 4da (12.7)

tana+tanfB’ '

The sign convention used for the angles is shown in the figure.
The moire pattern of the photograph of the projected fringes, as compared
with a straight line pattern, is equivalent to changing the tilt of the
reference surface. The moiré pattern of two photographs of projected
fringes for two different objects gives the difference between the two
objects, for example, a master optical surface and another supposedly
identical optical surface. Likewise, deformation measurements can be
made.

12.52. Experimental Setups

Severa experimental setups can be used to perform moire interferometry,
of which three areillustrated in Figs. 12.15t0 12.17.

In Fig. 12.15a a grating is projected onto the surface being contoured.
There is no requirement that the light be coherent or even monochromatic.
Both the camera and the grating projector should be telecentric systems so
that the angles of projection and view are well defined. The surface being
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Figure 12.15. Experimental setups for moiré interferometry. (a) Projecting grating on
surface. (6) Projecting fringes on surface.
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contoured is imaged onto a grating so as to select the desired tilt of the
reference plane. If ground glass is placed next to the second grating, the
moire pattern can be viewed directly. The moire pattern can be photo-
graphed by replacing the ground glass with a sheet of film. This technique
has the disadvantage that the relatively high frequency fringes must be
transferred through an optical system with attendant loss of contrast. In
addition, the projector has alimited depth of focus.

To meet this objection, the grating projector can be replaced with an
interferometer, as shown in Fig. 12.15b. In this case a coherent laser beam
is used, and a beam splitter with one mirror dlightly tilted produces
nonlocalized interference fringes, which fal on the surface to be con-
toured. This method has the advantage that, since the lines projected on
the surface are nonlocalized fringes resulting from the interference of two
collimated beams, there are no depth-of-focus problems in the projection
system.

The higher frequency (carrier frequency) will be displayed on the fina
photograph unless some effort is made to avoid it. One technique to
eliminate the carrier frequency is to use spatial filtering, as illustrated in
Fig. 12.16. A second technique is to raise the carrier frequency above the
resolution limit of the film. For instance, Polaroid film has a resolution
limit of 22 to 28 line pairs per millimeter; since the moire pattern is created
before the film plane, only the relatively coarse moire will be recorded if
the carrier frequency exceeds about 22 line pairs per millimeter.

A third possible setup is shown in Fig. 12.17. In this case the same
grating is used for both projecting and viewing. This setup has the
advantage that the camera does not have to resolve the higher frequency
grating lines, and must be capable of resolving only the moiré. This, in
principle, yields a higher contrast moire pattern. Another advantage is that
the grating may be fredly trandated (but not rotated) in its plane without
changing the perceived moire pattern. If the grating is dowly moved
during the recording exposure, it will not appear on the photograph; only
the stationary moire pattern will be recorded. The perceived sensitivity
(fringes per unit deformation) may be varied easily by rotating the grating;
it goes to zero when the grating lines lie parallel to the light source-camera

Collimated
laser beam
Spatial

tmage of L D
grating line filter Image

Figure 12.16. Use of spatial filtering to eliminate carrier frequency.
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Figure12.17. Use of single grating for projection and viewing.

plane. Finaly, the contouring may be performed with white light, where
projector and camera are telecentric and have a large relative aperture.
This technique has the disadvantage that the grating must be reasonably
near the surface being contoured. This requirement is relaxed, however, as
the light source becomes better collimated, the cameralens goes to larger f
numbers, and the carrier frequency decreases.

12.53. Experimental Results

Figure 12.18 shows results obtained testing a spherical surface in the setup
shown in Fig. 12.17. The equivalent wavelength in this instance was 200
pm. As stated above, moire interferometry is definitely a complement to
conventiona holography and should be of particular use in testing compo-
nents for longer wavelength optical systems.

Figure 12.18. Moiré interfer ogram obtain-
ed when testing a spherical mirror

(I =200 pm).




