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IMPROVED TRANSMITTANCE MEASUREMENTS IN A MAGNESIUM

OXIDE COATED INTEGRATING SPHERE

by Robert L. Bowman, Ernie W. Spisz, and J. Perry Campbell

Lewis Research Center

SUMMARY

A simple and convenient technique which was found to be useful for extending the
transmittance measurement capability at low (near ultraviolet) wavelengths for a conven-
tional magnesium oxide coated integrating sphere system is described. The technique
is to place a sodiumsalicylate coated disk in the center of the integrating sphere. With
the coated disk, the detector output is increased; accurate transmittance measurements
can be made to wavelengths of 0.25 micrometer with a tungsten lamp and to 0. 22 mi-
crometer with a deuterium lamp, whereas previous transmittance measurements had
been limited to wavelengths of 0.32 and 0.26 micrometer, respectively.

INTRODUCTION

Recently a study was undertaken to determine the effects of surface contamination on
the transmittances of various optical materials. In order to obtain a preliminary eval-
uation of the effects of contaminants on fused quartz substrates, an existing prism mono-
chromator with a magnesium oxide (MgO) coated integrating sphere attachment was used
to make spectral transmittance measurements. The initial measurements indicated that
the primary effect of the contaminants on spectral transmittance generally occurred at
wavelengths less than 0. 32 micrometer, and the effect increased as the wavelength de-
creased. However, the accuracy of the measurements that could be made at the short
wavelengths with the existing system (ref. 1) was limited by a. combination of low signal
level, system instability, and electronic noise. In order to study the effects of contami-
nation, it was desirable to improve the transmittance measurement capability of the
existing system at the short wavelengths. A simple and convenient technique is de-
scribed which has been found to be useful for extending the near ultraviolet wavelength



capability of the existing spectrometer system without disturbing the visible and near
infrared transmittance measurement capability.

PROCEDURE

The instabilities and noise in the system which were limiting the transmittance
measurements at the short wavelengths were found to be independent of the signal level.
Thus, the accuracy of the measurements could be improved if the detector output could
be increased. To achieve this increase in the signal level for wavelengths less than
0.35 micrometer, a 25-millimeter-diameter sodium salicylate coated disk was intro-
duced into the center of the integrating sphere with the coating facing the incident radia-
tion. Sodium salicylate was selected because it is widely used for ultraviolet radiation
measurements. Ultraviolet radiation (wavelengths less than 0.35fj.m) causes the sodium
salicylate to fluoresce in a band centered around 0. 435 micrometer. With the coated
disk mounted in the center of the sphere, the short-wavelength radiation strikes the so-
dium salicylate rather than the MgO coating. It is the 0. 435-micrometer radiation which
then is reflected from the sphere wall and measured by the detector. Since the sensi-
tivity of the photomultiplier detector (1P28) and the reflectance of the MgO are higher at
0. 435 micrometer than at the shorter wavelengths, an increase in the measured signal
could be expected.

The sodium salicylate coating was sprayed on a fused silica substrate by an air-
brush method similar to that described in reference 2. The applied coating was 6 milli-
grams per square centimeter thick, which is in the range of thicknesses reported by
Kristianpoller and Knapp (ref. 3) to give optimum efficiency.

RESULTS

Figure 1 shows the detector signal obtained with and without the sodium salicylate
by using a 30-watt deuterium lamp as the source. Also shown in the figure is the gain
(ratio of the signal obtained with the sodium salicylate to that obtained without), which
increases from 1 at about 0. 33 micrometer to almost 6 at 0. 215 micrometer. With the
sodium salicylate coated disk and the deuterium lamp, transmittances could be accur-
ately measured down to 0.22 micrometer. Without the sodium salicylate disk, accurate
transmittance measurements with the deuterium source were limited to wavelengths
greater than 0.25 micrometer.

The sodium salicylate coated disk was also used with a 1-kilowatt tungsten filament
lamp which is generally used for transmittance measurements for wavelengths from
0. 32 to 2. 2 micrometers. For this source, the gain was the same as that obtained for



the deuterium lamp except that gain measurements could be made only to 0.26 microm-
eter because of the low ultraviolet output of the 1-kilowatt lamp. With the sodium salicy-
late coated disk, accurate transmittance measurements with the 1-kilowatt source could
be made to 0.26 micrometer as compared to the previous lower wavelength limit of 0.32
micrometer without the sodium salicylate disk.

With the sodium salicylate coated disk in the center of the sphere, absolute trans-
mittance measurements are limited to samples which do not scatter the transmitted ra-
diation. This limitation is due to the requirement that all of the transmitted radiation
must be incident on the coated disk. However, the center-mounted sodium salicylate disk
can be used with a scattering sample if only qualitative changes in transmittance are re-
quired.

CONCLUDING REMARKS

Even though there are other techniques and systems which can be used for ultra-
violet measurements, the use of the center-mounted sodium salicylate disk affords a
convenient and simple means of improving the transmittance measuring capability of a
conventional MgO coated integrating sphere for wavelengths to 0.22 micrometer. The
disk can be quickly and conveniently introduced and removed from the system. This is
of particular advantage for our system when the 1-kilowatt tungsten lamp is being used
for long-wavelength (0. 3- to 2. 5-/im) measurements. When the deuterium lamp is used
as the source, the signal gain can be as high as 6 at the short wavelengths. This is a
significant improvement for the very low signal levels generally encountered.

Lewis Research Center,
National Aeronautics and Space Administration,

Cleveland, Ohio, July 21, 1971,
124-09.

REFERENCES

1. Spisz, Ernie W.; Weigand, Albert J.; Bowman, Robert L.; and Jack, JohnR.:
Solar Absorptances and Spectral Reflectances of 12 Metals for Temperatures
Ranging From 300° to 500° K. NASA TN D-5353, 1969.

2. Allison, Rinda; Burns, Jay; and Tuzzolino, A. J.: Absolute Fluorescent Quantum
Efficiency of Sodium Salicylate. J. Opt. Soc. Am. , vol. 54, no. 6, June 1964,
pp. 747-751.

3. Kristianpoller, N.; and Knapp, R. A.: Some Optical Properties of Sodium Salicylate
Films. Appl. Opt., vol. 3, no. 8, Aug. 1964, pp. 915-921.



10 r
With sodiurr salicylate

N coated disk-x

-Gain

,*- Without sodium salicylate
coated disk

.20 .22 .24 .26 .28
Wavelength, urn

.30 .32

Figure 1. - Detector output with and without sodium
salicylate coated disk mounted in magnesium oxide
coated integrating sphere.

NASA-Langley, 1971 — 23 E-6451



NATIONAL AERONAUTICS AND SPACE ADMISTRATION

WASHINGTON, D,C. 20546

OFFICIAL. BUSINESS
PENALTY FOR PRIVATE USE $300

FIRST CLASS MAIL

POSTAGE AND FEES PAID

NATIONAL AERONAUTICS AND

SPACE ADMINISTRATION

MICTU * «T PB • w Undel iverable (Section 15 8•OSTMASTER.

"The aeronautical and space activities of the United States skaU be
conducted so as to contribute . , . to the expansion of human knowl-
edge of phenomena in the atmosphere and space. The Administration
shall provide for the widest practicable and appropriate dissemination
of information concerning its activities and the results thereof"

— NATIONAL AERONAUTICS AND SPACE ACT OF 1958

NASA SCIENTIFIC AND TECHNICAL PUBLICATIONS

TECHNICAL REPORTS: Scientific and
technical information considered important,
complete, and a lasting contribution to existing
knowledge.

TECHNICAL NOTES: Information less broad
in scope but nevertheless of importance as a
contribution to existing knowledge.

TECHNICAL MEMORANDUMS:
Information receiving limited distribution
because of preliminary data, security classifica-
tion, or other reasons.

CONTRACTOR REPORTS: Scientific and
technical information generated under a NASA
contract or grant and considered an important
contribution to existing knowledge.

TECHNICAL TRANSLATIONS: Information
published in a foreign language considered
to merit NASA distribution in English.

SPECIAL PUBLICATIONS: Information
derived from or of value to NASA activities.
Publications include conference proceedings,
monographs, data compilations, handbooks,
sourcebooks, and special bibliographies.

TECHNOLOGY UTILIZATION
PUBLICATIONS: Information on technology
used by NASA that may be of particular
interest in commercial and other non-aerospace
applications. Publications include Tech Briefs,
Technology Utilization Reports and
Technology Surveys.

Details on the availability ol these publications may be obtained from:

SCIENTIFIC AND TECHNICAL INFORMATION OFFICE

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Wwbington, D.C. 80546


