


















Scattering Heterodyne Interferometer for Vibration Measurements in Au
ditory Organs," J. Acoust. Soc. Am. 60, 665-671 (1976). 

14 J. Tonndorf and S. M. Khanna, "The Role of the Tympanic Membrane 
in Middle Ear Transmission," Annals Oto. 79, 743-53 (1970). 

15c. J. Brenkman, W. L. C. Rutten, and J. J. Grote, "Middle Ear Research 
using a SQUID Magnetometer II. Transfer Characteristics of Human Mid
dle Ears," Lecture notes on Biomathematics, Peripheral Auditory Mechan
isms, J. G. Allen, J . L. Hall, A. Hubbard, S. T. Neely, and A. Tubis, 
eds., Springer-Verlag, New York, pp. 56- 59 (1986). 

16K. Gyo, H. Aritomo, and R. L. Goode, "Measurement of Ossicular Vibra
tion Ratio in Human Temporal Bones by Use of a Video Measuring Sys
tem," Acta Otolaryngol. 10387-95 (1987) . 

17 A. D. Drake and D. C. Leiner, "A Fiber Fizeau Interferometer for Mea
suring Minute Biological Displacements," IEEE Trans. Biomed. Eng. 7, 
507-5 11 (1984). 

18W. H. Steel, Interferometry, 2nd ed. , Cambridge Studies in Modern Op
tics, Cambridge University Press, Cambridge (1985). 

19T. Kwaaitaal, B. J . Luymes, and G. A. van der Pijll, "Noise Limitations 
of Michelson Interferometers," J. Phys, D. : Applied Phys. 13, 1005-1015 
(1980) . 

201. P. Kaminow, "Polarization in Optical Fibers," IEEE J. Quantum Elec
tron. QE-17, 15-21 (1981). 

21 R. Ulrich, S. C. Rashleigh, and W. Eickhoff, "Bending-Induced Birefrin
gence in Single-Mode Fibers," Opt. Lett. 5, 273- 275 (1980). 

22H. C. Lefevre, "Single-Mode Fibre Fractional Wave Devices and Polari
sation Controllers," Electron . Lett. 16, 778-780 (1980) . 

23M . S. M. G. Vlaming and L. Feenstra, "Studies on the Mechanics of the 
Normal Human Ear," Clin. Otolaryngol. 11, 353-363 (1986). 

24p. Wade, M. A. Gresty, and L. J. Findley, "A Normative Study of Postur
al Tremor of the Hand," Arch. Neurol. 39, 358- 362 (1982). 

ACKNOWLEDGMENTS-The Silastic cast of the vessel lumen from which 
the flow-through casts were made was provided by Q. M. Hutchins of the Johns 
Hopkins Medical Institutions. This investigation was supported by National In
stitutes of Health Grant HL-34626 and Department of the Navy Contract 
NOOO39-87-C-530l. The principal investigator was M. H . Friedman, who now 
holds joint appointments in the Departments of Chemical Engineering and Bio
medical Engineering at Ohio State University, Columbus, Ohio. At the time this 

Johns Hopkins APL Technical Digest, Volume 9, Number 4 (1988) 

Duncan - Optics in Biomedical Engineering 

work was performed, he was at the Applied Physics Laboratory. Other APL 
personnel contributing to this effort were C. B. Bargeron, S. E. Borchardt, S. A. 
Gearhart, and F. F. Mark. 

Work on the fiber-optic interferometer was supported by pilot funds made 
available under the Neurosensory Interdisciplinary Research Program, National 
Institutes of Health Grant NS-07226. The author wishes to acknowledge the con
tributions to this project from T. J . Tayag, who is currently a graduate student 
at the University of Virginia, Charlottesville, Virginia, and D. E. Mattox, M.D., 
Associate Professor and Vice Chairman, Department of Otolaryngology, the 
Johns Hopkins Medical Institutions. 

THE AUTHOR 

DONALD D. DUNCAN is Super
visor of the Measurements and 
Propagation Section of APL's Elec
tro-Optical Systems Group. He re
ceived a Ph.D. in electrical engineer
ing from Ohio State University in 
1977. During 1977-83, he was em
ployed by Pacific-Sierra Research 
Corp., where he performed model
ing of optical propagation phenom
ena such as aerosol scatter, at
mospheric turbulence, and high
energy laser effects (thermal bloom
ing, aerosol burn-off). Since join
ing APL in 1983, Dr. Duncan has 
worked on various biomedical en
gineering projects, provided test 

program support and data analysis for a tracking/guidance synthetic 
aperture radar system, and worked on a variety of measurement, model
ing, and diagnostic equipment projects in support of the hypersonic 
interceptor. He teaches courses in Fourier and statistical optics at The 
Johns Hopkins University. 

369 


