
IMAGING WITH DIFFUSE PHOTON DENSITY WAVES

Maureen A. O'Leary

A DISSERTATION

in

PHYSICS

Presented to the Faculties of the University of Pennsylvania in Partial Ful�llment of

the Requirements for the Degree of Doctor of Philosophy

1996

Arjun G. Yodh

Supervisor of Dissertation

Robert Hollebeek

Graduate Group Chairperson



COPYRIGHT

Maureen Ann O'Leary

1996



DEDICATION

This work is dedicated to

Mom, Dad,

Terry, Stephen, Kathleen,

and Surge.

iii



ACKNOWLEDGEMENTS

Because my project has straddled the mutually exclusive worlds of Penn physics

and Penn biophysics, it has been my privilege to have had the guidance of two ad-

visors, Dr. Britton Chance from the Biochemistry and Biophysics Department, and

Dr. Arjun Yodh from the Physics department.

Arjun Yodh provided me with many of the ideas and helped me learn the physics I

needed to solve some di�cult problems. I thank him for the many nights and weekends

he spent helping me with papers and presentations. In the physics department I took

my courses, and exams, and defended this thesis. Dr. Ralf Amado has been a constant

support throughout this process. Tony Dinsmore, Peter Kaplan and especially Xingde

Li, have been valuable coworkers from the physics department.

But it was in the Department of Biochemistry and Biophysics that I �nally felt at

home. I thank Dr. Les Dutton for supporting me on his training grant and allowing

me to work in his lab. He introduced me to the Biochemistry and Biophysics depart-

ment, where both men and women can enjoy scienti�c inquiry without intimidation.

He also introduced me to my second advisor, Dr. Britton Chance. Britton Chance,

besides being a scienti�c and athletic legend, is an incredibly supportive advisor and

does his best to advance everyone around him. Britton gave me the opportunity to

speak at many meetings, and made me known to some of the most in
uential people

in research today.

I also thank him for setting up a terri�c group of people who are part of the

lab. Although this list is no where near complete, it has been a pleasure to work

with Hanli Liu, Shoko Nioka, Mary Leonard, Dot Colemna, Shiyin Zhao, and Henry

Williams. Libo He, Ben Duggan and Jian Weng taught me all I needed to know about

electronics.

It has been my honor, to have had the opportunity to work for four years with

David Boas. Besides being the greatest scientist that I have ever known, he is a good

friend and an enthusiastic coworker. Without David, this project would not have been

the success that it was, and I probably would not have had the strength to �nish it

iv



Acknowledgements v

without David's support.



ABSTRACT

IMAGING WITH DIFFUSE PHOTON DENSITY WAVES

Maureen A. O'Leary

Arjun G. Yodh

Di�using photons can be used to probe and characterize optically thick turbid sam-

ples such as paints, foams and human tissue. In this work, we present experiments

which illustrate the properties of di�use photon density waves. Our observations

demonstrate the manipulation of these waves by adjustment of the photon di�usion

coe�cients of adjacent media. The waves are imaged, and are shown to obey simple

relations such as Snell's Law.

Next we present images of heterogeneous turbid media derived frommeasurements

of di�use photon density waves. These images are the �rst experimental reconstruc-

tions based on frequency-domain optical tomography. We demonstrate images of both

absorbing and scattering homogeneities, and show that this method is sensitive to the

optical properties of a heterogeneity. The algorithm employs a di�erential measure-

ment scheme which reduces the e�ect of errors resulting from incorrect estimations

of the background optical properties.

In addition to imaging absorption and scattering changes, we are also able to

image the lifetime and concentration pro�le of heterogeneous 
uorescent media.
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