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I. INTRODUCTION

Laser windows are required to physically isolate lasers and tracking
equipment from external environments. In addition, they must be capable
of transmitting an undistorted wavefront. Flaws within the window material
can create localized strains resulting in a degradation of its optical proper-
ties or catastrophic mechanical failures. In a similar fashion, localized
stresses created by pressurization or by window mounting can induce
strains and thus yield similar effects. Examination of laser windows under
a variety of conditions is necessary to predetermine potential problem
areas and to discover degraded areas after use.

The use of holographic interferometry to analyze strains in laser
windows has been investigated. Several strain configurations have been
simulated and procedures and results are presented. It should be noted
that this study is designed to demonstrate how holographic interferometry
can be employed to provide qualitative and relative quantitative information
about the strained state of a laser window.

II. BACKGROUND
The subject of holography has been aptly treated by many a.ui:hors1 e
in both books and review articless thus, only the pertinent related points
will be discussed in this report.

A hologram is formed by dividing a coherent light beam, by the use of
a beam splitter, into an object beam and a reference beam. The object
beam is transmitted through or reflected off the object into the hologram
plane where it interferes with the reference beam, creating a standing wave
pattern. The record of this pattern (usually on photographic film) is
referred to as a hologram. Illuminating the processed hologram with the
reference beam results in a three dimensional reconstructed image of the
object appearing in exactly the same position as the original object.

Real time and double exposure holographic interferometry()-8 have
been utilized in this study. Both of these techniques are nondestructive.
Real time interferograms are produced by recording an unperturbed image,
viewing this image superimposed on the original object, and then perturbing
the object in some manner. The fringes thus created are the result of inter-
ference between the real object, and the holographic image. The advantage
that real time interferometry offers is that one can observe the effect of
any perturbation as it is occurring. However, this technique requires
greater stability than double exposure interferometry, and the actual fringes
are much more difficult to photograph for a permanent record. Double
exposure interferograms are created by recording a holographic image of
both the unperturbed and the perturbed object on the same hologram. The
fringes are the result of interference between two resulting holographic
images. The advantage that double exposure interferometry has is that the
interference pattern is permanently recorded on the hologram, and a high
degree of mechanical stability is not as critical as in the real time technique.
However, the pattern cannot be observed until after the interferogram is
processed, and only one perturbed state (or interference pattern) may be
recorded on each holographic plate.
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III. EXPERIMENT

The major areas of concern which are addressed in this study include
stresses induced by mounting hardware and stresses induced by pressuriza-
tion of the window. In addition, the ability of this technique to detect flaws
in laser windows is discussed.

Three test fixtures were fabricated and are shown in Figure 1 (a,b,c).
The small pressurized cell (Figure 1a) allows an analysis of localized
mounting nonuniformly induced strains. The large pressurized cell
(Figure 1b) allows an analysis of flaws within the window, and the four-point
loading apparatus (Figure ic) is designed to demonstrate how relative
""quantitative' information can be extracted from the data. A single set of
measurements on the mounted window can provide all of the above informa-~
tion; however, it was not practical to fabricate this type of fixture for
laboratory use.

The basic holographic set-up is depicted in Figure 2. The 514.5-nm
line from a Spectra Physics Model 165 mixed-gas Krypton-Argon laser was
employed throughout this investigation. Typical power levels were of the
order of 400 mW with exposure times of approximately 0.05 sec. The
recording media was Eastman Kodak 649F holographic film which was
developed for 3 min at 70°F in D-8 diluted 2:1 with distilled water. Real
time and double exposure holograms were recorded with the object beam
reflected from the sample.

Holographic interferograms were obtained from the small cell
(Figure 1a) by recording two exposures; one with zero pressure and one
with a given pressure of between 0.5 - 5,0 1b provided from a gas bottle.
Any nonuniform stress due to differential pressure of the screws, burrs in
the mounting hardware, etc. will allow a nonuniform strain in the ZnSe at
one edge. This strain results in a fringe pattern as shown in Figure 3.
Bowing of the ZnSe is not observed on the interferogram due to the
thickness to diameter ratio (1:5).

Double exposure interferograms were recorded from the large Plexi-
glass container (Figure 1b) by differentially changing the pressure in the
water-filled cell by raising and lowering the beaker of water attached to
this device. The increased pressure resulted in the interference pattern
shown in Figure 4. The circular fringes are caused by the bowing of the
Plexiglass. Nonuniformities from a smooth circular pattern can be inter-
preted as localized strain induced by defects in the Plexiglass sheet.

The final apparatus employed in this study consists of a four-point
loading device. The ZnSe is placed in the position shown in Figure ic and
is stressed by applying various loads9 The stress induced by this equip-
ment has previously been established’ and, therefore, the fringe dependence
upon load could easily be correlated. The purpose of utilizing this equip-
ment is to demonstrate the linear change of fringe pattern with a linear
change of applied load. A complete series of double exposure holograms
were recorded at different loads, and in all cases the linear dependence was
satisfied. Figure 5 shows two typical interferograms.
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IV. ANALYSIS

Holographic interference fringes are always the result of a change
in optical path (that is, the index of refraction of the media which the light
beam has propagated through or a change in the distance that the beam has
traveled). In this study, the index of the media (air) was constant, and
therefore the observed fringes were a function of displacement only. Since
holography conserves all three dimensions, it is possible to study displace-
ments (induced strains) in each direction. Qualitatively, any irregularities
in a fringe or fringe pattern can be interpreted as a localized nonuniform
strain. This nonuniform strain may be caused by a nonuniform stress such
as from mounting as shown with the small pressure cell, or by a defect
within the material, as shown with the Plexiglass cell. The detection of
either case is of extreme practical importance. Quantitatively, the amount
of deformation in any direction can, in principle, be determined by appro-
priate experiments. Unfortunately, this is sometimes difficult to realize in
practice. Figure 3 provides qualitative information as to where localized
mounting stresses exist, and, in fact, the pattern was easily altered by
changing the tension on any screw. The sensitivity in locating defects by
the bowing technique as shown in Figure 4 is difficult to evaluate from this
experiment since Plexiglass rather than ZnSe was used (an appropriate
size sample of ZnSe could not be obtained). Literature has indicated that
defects of the order of those expected in the ZnSe can be detected by this
procedure, and the present Plexiglass experiment has shown that this
method can be employed on pressurized laser windows. The four-point
loading technique used in this investigation was included only to indicate
that a semiquantitative comparison can be realized without extensive
calculations.

The geometrical sensitivity of any holographic interferometric
arrangement can be determined by locating the bisector of the angle formed
by the incident beam tg the sample and the diffusely reflected beam from
the sample (see Figure 2). The number of fringes formed by a
sample displacement in direction i is proportional to this displacement
times the cosine of the angle formed by the bisector and the i th direction.
In the experimental set-up employed (Figure 2), the bisector is approxi-
mately perpendicular to the surface and therefore, in-plane strains have
very little contribution to the fringe pattern. Strains in each direction can
be investigated by adjusting the angular relationships between the light
beams.

The main stress component in the pressure cell studies is perpen-
dicular to the surface while the holographic arrangement is such that the
bisector is also approximately perpendicular to the surface; therefore,
this technique is very sensitive to the induced strains. Each fringe in the
interferograms represents a displacement of approximately \/4. Irregu-
larities in the fringe pattern near the corners of Figure 4 (the straightening
out of the circles) are a consequence of the edge effects caused by the sides
and corners of the cell restricting the deformation. The fact that the photo-
graph is only of the central portion of the cell indicates the long range
significance of the edges.
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V. CONCLUSIONS

Holographic interferometry can be extremely useful for the 1
nondestructive testing of laser windows. The experiments reported in |
this study demonstrate that qualitative and semiquantitative interpretations |
of localized strains due to mounting nonuniformities can be obtained. A i
technique of bowing the sample and carefully examining the resulting fringe 1
patterns has been presented for the detection of flaws, although the absolute 11
sensitivity of this method for this application must await further measure-~ |
ments on more appropriate samples and/or a detailed extensive series of ;
mathematical and structural calculations (see, for example, Reference 10). ;
Holographic interferometry can easily be employed with laser windows and _’
is inherently capable of extremely high resolution.
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¢ Figure 3. Typical Holographic Interferogram Obtained from a Srnall
' Pressure Cell
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Figure 4. Typical Holographic Interferogram Obtained from/the Central
Region of a Plexiglass Cell (pressure = 5.15 x 1{0-3 psi)
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Figure 5. Typical Interferograms Obtained from the Four-Point Loading
Apparatus
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