
REPORT DOCUMENTATION PAGE 

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the t 
and maintaining the data needed, and completing and reviewing the collection of information, send comments r 
information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for in 
1204, Arlington, VA 22202-4302, and to the Office of management and Budget, Paperwork Reduction Project (0704-0 

I Form Approved 

AFRL-SR-BI/m-98- 

1. AGENCY USE ONLY (Leave Blank) 2. REPORT DATE 

1992 
3. REPORT' 

Final 

ing 
of 

lite 

4. TITLE AND SUBTITLE 
Infrared Spectropolarimetry 

6. AUTHORS 

David Blair Chenault 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

University of Alabama in Huntsville 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 

AFOSR/NI 
110 Duncan Avenue, Room B-115 
Boiling Air Force Base, DC 20332-8080  

5. FUNDING NUMBERS 

8. PERFORMING ORGANIZATION 
REPORT NUMBER 

10. SPONSORING/MONITORING 
AGENCY REPORT NUMBER 

11. SUPPLEMENTARY NOTES 

12a. DISTRIBUTION AVAILABILITY STATEMENT 

Approved for Public Release 
12b. DISTRIBUTION CODE 

13. ABSTRACT (Maximum 200 words) 

See attached. 

19980505 118 
®m c~/. mir EGSSOTEB 4 

14. SUBJECT TERMS 

17. SECURITY CLASSIFICATION 
OF REPORT 

Unclassified 

18. SECURITY CLASSIFICATION 
OF THIS PAGE 

Unclassified 

19. SECURITY CLASSIFICATION 
OF ABSTRACT 

Unclassified 

15. NUMBER OF PAGES 

16. PRICE CODE 

20. LIMITATION OF ABSTRACT 

UL 

Standard Form 298 (Rev. 2-89) 
Prescribed by ANSI Std. 239.18 
Designed using WordPerfect 6.1, AFOSR/XPP, Oct 96 



<* 
*> 

<£ 
# 

^ 

^ 
«#5» ^ ^ 

*<* 

4 

_.;>"  -:•;>" 
A' 

.V 

.'.'V 
/ 

Approved for\*'i1k*. ■ 
distribution!!:'' :';:■ 

Infrared 
Spectropolarimetry 

R-BL-TR-98- 

by 

David Blair Chenault 

A Dissertation 

Submitted in partial fulfillment of the requirements 

for the degree of Doctor of Philosophy in 

The Department of Physics 

of 

The School of Graduate Studies 

of 

The University of Alabama in Huntsville 

1992 



ACKNOWLEDGEMENTS 

The research described in this dissertation would not have been possible with- 
out the inspiration and direction of Dr. Russell A. Chipman. I am indebted to him 
for encouraging and guiding my professional development and the unique 

opportunities for learning he has provided me. 

I am also grateful to Dr. Dennis H. Goldstein for his support and the many 
opportunities he and the Air Force have afforded me. 

I would like to thank my committee for their encouragement and support: 

Dr. J. Graeme Duthie, Dr. Lloyd W. Hillman, Dr. Don Gregory, Dr. C. C. 
Sung, and Dr. Mustafa Abushagur. 

I wish to thank all those who have made contributions through the many useful 
discussions of polarimetry, proofreading, moral support, and other miscellaneous 

but much appreciated help: 

J. Larry Pezzaniti, Dr. Steven C. McClain, Daniel J. Reiley, Shih-Yau Lu, 
Randy Gove, Rodney Fuller, Dan Brown, Dr. and Mrs. Michael Banish, and 
David Thigpen. 

I must also thank my parents, Dr. and Mrs. Sidney Chenault, who encouraged 
and supported me throughout my education. 

And last, but certainly not least, I thank my beautiful wife, Dawn, for support- 
ing and encouraging me and for suffering the many long hours required to complete 

this work. 

This research was sponsored in part by the Air Force Laboratory Graduate 
Fellowship Program contract F46920-86-C-0127/SB5861-0436, the Universal Energy 
Systems Graduate Student Research Program, contract F49620-88-C-0053, and the 
Universal Energy Systems Research Initiative Program, contract P.O. S-210-9MG- 
026 and the Air Force Office of Scientific Research, Boiling AFB, DC. Additional 
support was provided by the U.S. Army Missile Command. 

in 



To the memory of my mother, 

Frances Gwaltney Chenault 

IV 



ABSTRACT 

A new instrument, a Fourier transform infrared (FTIR) spectropolarimeter, 

has been developed to characterize the elements of polarization critical optical sys- 

tems. The rotating sample spectropolarimeter measures linear diattenuation (polar- 

ization) and linear retardance spectra of samples over a spectral range from 2.5 to 

20 |-im. The dual rotating retarder spectropolarimeter measures Mueller matrix 

spectra from 3 to 14 p.m. This information provides essential data on the wave- 

length response of polarization elements and the modulation characteristics of spa- 

tial light modulators as a function of wavelength. 

This dissertation describes data reduction algorithms for the rotating sample 

and dual rotating retarder polarimeters. The discussion includes description of 

common sources of systematic errors in polarimetric systems and how many of these 

errors are reduced or removed through the choice of appropriate measurement 

parameters and Fourier analysis of the polarimetric signal. The data reduction algo- 

rithms for spectropolarimetric measurements incorporate the wavelength depen- 

dence of the polarization elements. Self-calibration data reduction methods are 

also described. 

Linear diattenuation, linear retardance, and linear birefringence spectra of 

cadmium sulfide and cadmium selenide multiple order waveplates and three liquid 

crystal materials are presented. Linear diattenuation and linear retardance calibra- 

tion spectra of the polarization elements used in the spectropolarimeter, an infrared 

wire grid polarizer on a zinc selenide substrate and an infrared achromatic quarter 

v 



wave retarder, are also given. Mueller matrix spectra of a cadmium telluride modu- 

lator are given as a function of voltage. The electro-optic coefficient spectrum of 

cadmium telluride calculated from the Mueller matrix spectra is presented. 
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