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Application

To demonstrate the application of the technique, consider the following example.
Assume we want to measure accurately the radius of curvature of a 200mm aperture concave
surface whose nominal radius is 15 meters. To perform the measurement we have available
a Fizeau interferometer with a 150mm aperture which is mounted on a table that provides
a l-meter long workspace as measured from the plano transmission element of the inter-
ferometer, and a suitably coated plano transmission element.

To determine which cavity configuration will fit in the workspace available, refer
to Table 1. The lowest order configuration that we can use is the first one for which
zp is less than 1 meter for R = 15 meters. From Eq. (5), zp = CpR, and we want z,/R
to be less than 1/15 or 0.067. We therefore require a configuration for which C, is less
than 0.067. The n = 6 configuration where Cpn = 0.0495156 satisfies this requirement, so
we can make our differential measurement between the n=6 and n=7 cavity configurations.
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From Table 2, for the n=6 to n=7 case, R = 87.2958370 (zg-z7). For R=15 meters
zg-z7 = 171.82%9mm. We would, therefore, require a measuring slide and transducer with
a 172mm range.

The accuracy of the measurement can be evaluated by calculating the error, dR, that
would result from an error in_locating the position of best focus of the confocal cavity.
From Eq. (27), dR = (CJ/Cy)wF2. If we assume an error of 0.05x (A =0.6328um) in evalu-
ating the power in the interference pattern, then w = 0.3164x 10~4mm. From Eq. (15),
F=R/4a, the f number can be calculated. For R=15 meters and a= 75mm, F=50. Note
that the limiting aperture for this case is that of the interferometer. Table 3 pro-
vides the constants (C./Cp). For n=6, dR=0.692mm and for n=7, dR=0.609mm. If we
assume the worst case, where the errors add, the total error in the calculated radius
is 1.301lmm, or 0.0087 percent.

An additional error in the calculated value of the radius will enter due to errors
in the measuring slide and transducer. Assume we can measure the position of the test
piece to an.accuracy of 10um. The error in radius due to this error in position can be
calculated using Eq. (26) and Table 1. From Table 1, Cg=0.0495156 and Cy = 0.0380603.
Substituting these values for C, and 10um for dz, in Eq. (26), we have: for n=6,
dR = 0.202mm or 0.0013 percent, and for n=7, dR=0.263mm or 0.0018 percent. In the
worst case, where all errors add, the-total error in the calculated value of the
radius for our example is 1.766mm or 0.0118 percent. If we make the more reasonable
assumption that the errors add in a root sum square (RSS) fashion, the total error in
the calculated value of the radius would be 0.980mm or 0.0065 percent.

If we repeat the above example for the n=7 to n=8 case, we see that the travel
required for this measurement (z,-zg) is 118.599mm. The maximum error in the radius
calculation for this case is 1.719mm, or 0.0117 percent, and the RSS error would be
0.921mm, or 0.0061 percent.

Performing both the z¢ to z; and z7 to zg measurements would provide two values for
the radius of curvature that can be averaged to improve the accuracy. Performing both
measurements with a single setup would require a measuring slide and transducer with a
290 5mm range.

Figure 8 shows a test setup for performing radius measurements using the dif-
ferential technique.

FIGURE 8

Conclusion

The differential measuring technique provides a convenient method for measuring
the radius of curvature of long radii concave optical surfaces. A short overall test
setup, the requirement for a correspondingly short measuring slide and transducer,
and high accuracy are the major advantages of the differential measuring technique.
Accuracies of better than 0.01 percent can be achieved.
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