Comments on Revision of E-903 issues

1. Sphere port to diameter ratio criterion. In my mind the only aspect of relative sphere port area that should come into consideration is: How much geometric deviation in the measurement of “hemispherical” reflectance (and or factor) can be acceptable? By having ports that intercept the reflected/incident light from a sample, we are missing whatever solid angle the ports present to the sample. This concept relates to any hemispherical measurement device (including conical mirror systems). The error can be somewhat reduced by the use of an “ideal” reference standard in a relative measurement mode, i.e. in the measurement of reflectance factor, provided that the sample is also near Lambertian. Even so, one is measuring a hemisphere minus the ports. For transmittance, the situation is better because flat samples don’t “see” themselves and one does not require an separate entrance port. In the case of our infrared (1-18 microns) integrating sphere, we have an entrance port to sphere diameter ratio of about 0.22, (the detector and reference ports are baffled from the sample’s view). We have characterized the spatial variation of throughput of our sphere and evaluated the effects on a range of sample BRDF types. Except for retro-reflecting samples, the worst case BRDF gives us a 5% loss through the entrance port, whereas a Lambertian sample exhibits a 1% loss. To deal with this unknown, we are planning to add a separate “port loss” measurement of this missing piece to our procedure. We have examined the entrance port loss issue for a hemispherical-directional UV-vis-NIR sphere we are also working with. [See: S. N. Mekhontsev, A. V. Prokhorov, and L. M. Hanssen, “Analytical evaluation and correction of port loss error in integrating sphere reflectometers,” Proc. SPIE 5192, 69-79 (2003).]

2. Scattering translucent samples. If the samples have “strong” scattering, with the mean free path (between scattering events) much less than the sample (and port) diameter, then a wall mount sphere can be used to measure both the reflected and transmitted light to obtain the absorptance. However, if the mean free path is on the order of the sample diameter (or merely “less”), then a transmittance or reflectance measurement will be inaccurate due to light that a) exits the sample and hits the sphere outside the port, and b) channels to the sample edge. If one uses a center mount sphere with a low profile holder, then one can measure all the light exiting the sample. However, even then, details of the sample edge such as its finish, will determine the quantity measured. [See: L. M. Hanssen and S. G. Kaplan, “Problems posed by scattering transmissive materials for accurate transmittance and reflectance measurements,” Proc. SPIE 3425, 28 – 36 (1998).] 

3. Absolute sphere geometries. Since most absolute sphere methods rely on integrating sphere theory, Lambertian surfaces, and baffles that only affect the first reflection within a sphere, almost every method has had modifications/improvements applied to it and its equations, with various levels of success. [See: L. M. Hanssen and K. A. Snail, "Integrating Spheres for Mid- and Near Infrared Reflection Spectroscopy", in Handbook of Vibrational Spectroscopy, J.M. Chalmers and P.R. Griffiths (Eds), John Wiley & Sons, Ltd, Volume 2, pp. 1175 - 1192 (2002).] Given the potential errors with the simplistic versions of the absolute methods, and given the availability of calibrated standards, one may be better off with a good sphere design with a high degree of symmetry that handles sample and reflected radiation in an identical fashion [See: K. A. Snail and L. M. Hanssen, "Integrating sphere designs with isotropic throughput",  Applied Optics 28 no. 10, 1793 (1989).] Another point to keep in mind is that simple sphere theory such as in Goebel, assumes detectors with a uniform hemispherical field of view. In the case of real detectors, even without vignetting, shadowing, etc., some angle variation in response is present and can affect the equations used [See: L. M. Hanssen, "Effects of restricting the detector field of view when using integrating spheres", Applied Optics 28 no. 11, 2097 (1989).]

4. Sphere coatings / standard diffusers for UV-vis-NIR. Currently most visible commercial spheres are either BaSO4 paint or Sintered PTFE.

5. Terminology. It is important to use correct and consistent terminology throughout the document. For instance, even though in principle one can talk about “hemispherical – directional reflectance” if you consider what it refers to – flux reflected divided by flux incident – even for PTFE this quantity would be 0.01 or less in most instruments. That is why it makes more sense to talk about “hemispherical – directional reflectance factor” – that can be related to “directional – hemispherical reflectance” using Helmholtz reciprocity.

6. NIST Standards. The number of NIST SRM standards available from its SRM Office have been significantly reduced; however most continue to be available through the NIST Calibration Services Office. Also NIST moved from Washington, DC to Gaithersburg, MD around 1961.

7. Specular baffles. We use specular baffles in our IR integrating sphere because of the higher reflectance in the IR. However, baffle placement becomes more tricky due to the mirroring effects of a specular one. [See: L. M. Hanssen, A. V. Prokhorov, and V. B. Khromchenko, “Specular baffle for improved infrared integrating sphere performance,” Proc. SPIE 5192, 101-110 (2003)]

8. 7.1.3. Suggest using “clean” instead of  “cleaned” to avoid damage to fragile samples that are otherwise in good condition.

