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FINAL REPORT

\ V
: j  After a period spanning over twenty years , ONR support on its Cornell

Contract (Present #N00014-75-C-0248) is being terminated . During that time

a great deal has happened in science and in the National &ipport of Science.

Not only has the Office of Naval Research undergone great changes in that

t ime , but so also has the emphasis in this particular area , which ONR has

he lped to support over this long period of time . It was originally funded

as research into the optical properties of alkali halides. Alkali halides

at that t ime was a big area for Cornell solid state phys ics research. And

for a long time that rema ined the emphasis in the work on the 0MB. Contract.

This gradually changed and during recent years the work has been directed

more toward the use of lasers and development in laser technology .

Notwithstanding the shift, ONB. was still supportive and the original title

was ma intained.

While the writer was originally the “principal investigator” and appears

thus in the “paperwork”, it was not long before Professor Mahr became THE

principal investigator, and , in fact , it is largely his work and that of his

students that forms the bulk of that done on the Contract and it is to him

tha t so much of the success achieved is due. During the period , through the

V 
aid of ONR support , over 15 graduate students have been supported wholly or

in part ; 5 Post Doctoral appointments have been facilitated , and over 50

journal papers have been published. Many papers, invited and contributed ,

have been given at meetings. In retrospect, the sum total seems extraordinary,

cons id ering the modest level of the yearly support. In concluding the association ,

the Cornell principal investigators wish tO express their appreciation for the

ONR support over these many years and for the freedom with which they were

allowed to pursue what appeared to be of interest and value , for ONR encourage-
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ment, and the fr iendly, cooperative administration of the long contract.

The early work was devoted to developing instrumentation for work in

the vacuum ultra-violet region of the spectrum. The first physics to come

out of it was a study of the reflectivity of NaC1 and KC1, in which the

exciton absorption peak manifests itself. This was followed by work on

the photoelectric properties of some alkali halides , both as bulk single

crystals and as thin films. Attempt to see photoconductivity was not successful ;

it had been anticipated that it would be easily observed ; later detection by

Teegarden at Rochester showed it to be very small indeed. During this period ;

various advances in the instrumentation were made, both in sources and in

dispers ing instruments--the monochromators.

After Professsor Mahr joined the effort, first in a Post Doctoral position,

the productivity of the effort increased markedly. His first interests were

in the use of the instrumentation in studying mixed alkali  halides , exciton

structures and luminescence in localized excitons and F-centers. A number

of papers came out from this work of Mahr’s, probably most importantly that

of his study of mixtures and dilute solid solutions of alkali halides leading

to the first understanding of Urbach ’s rule in mixed alkali halides.

Studies in the a lkal i  halides of the localized excitations known as excitons ,

lead not unnaturally to similar studies in such materials as ZnO , CdS , CdSe ,

e tc . ;  a fair amount of work on high exciton densities was done . Some of

this work was greatly facilitated and made possible only with the introduction

of the laser. A lmost from the time of its inception , this powerful tool has
I

been a mainstay in the work. Emphasis on alkali halides diminished and work

exploiting the unique capabilities of the laser increased . Interest in non-

linear optical properties of solids , and picosecond phenomena were outcomes

p )

-



of this development. More recently, this continuing interest in lasers, and

with the advent of holography, concepts in ultraviolet lasers and X-ray

holography have been pursued, work quite removed from that which the ear ly

stages of the Contract support was concerned.

The chronological listing of the many publications resulting from the

long period of effor t indicates nicely the trend taken ever the years. Not

included are abstracts of the many talks and papers given at colloquia

and scientific meetings.
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Publications involving ONR support:

P. L. Hartman, 3. R. Nelson , and J. G. Siegfried , “Reflection Spectrum in the
Exciton Absorption Peak of NaCl and KC1”, Phys. Rev. 105, 123, 1957.

3. W. Taylor and P. L. Har~ nan, “Photoelectric Effects in Certain of the
Alkali Halides in the Vacuum Ultraviolet”, Phys. Rev. 113, 1421, 1959.

H. Mahr, “Ultraviolet Absorption of the Mixed System KC1-KBr”, Phys. Rev. 122,
1464, 1961.

T. Timusk, “Room Temperature Luminescence in Pure Alkali Halides”, J. Phys.
Chem. Solids 18, 265 , 1961.

T. Timusk and W. Martienssen, “Recombination Luminescence in Alkali Halides”,
Phys. Rev. 128, 1962.

H. Mahr, “Ultraviolet Absorption of KI Diluted in KC1 Crystals”, Phys. Rev. 125,
1510, 1962.

P. L. Harttnan, “Investigations on Some Alkali Halides in the Vacuum Ultraviolet”,
3. Quant. Spectroscopy & Radiation Transfer Vol. 2, 1963.

H. Mahr, “Luminsecent Decay of Localized Optical Excitations in KC1”. Phys. Rev.
130, 2257 , 1963.

H. Mahr, “Absorption Band Shape and Urbach ’s Rule of Localized Excitons”,
Phys. Rev. 132, 1880, 1963.

H. Mahr and S. W. Duckett , “Lifetime of the Excited I Center in KC1”, Phys.
Rev. 138, A276 , 1965.

P. L. Hartman, “Recent Instrumentation for Optical Studies of Solids in the
Vacuum Ultraviolet”, Japan. Jour. App. Phys. Vol. 4, Supp. I, 1965.

D. Fr~hlich and H. Mahr, “Exciton Absorption in the Presence of Excited F - Centers”,
Phys. Rev. Lett. 14, 494, 1965

F. Goldstein, “Quenching of Exciton Decay Processes in UV-Irradiated XI”, ~ .id
State Comm. 4, 621, 1966.

D. Fr~hlich and H. Mahr, “Resonant Energy Transfer Between Excited F-Centers in KI”,
Phys. Rev. 148, 868 , 1966.

D. Fr~
’hlich and H. Mahr, “Two Photon Spectroscopy in Anthracene”, Phys. Rev.

Lett. 16, 895 , 1966.
D. Fr~hlich and H. Mahr, “Exciton Absorption in the Presence of Excited F-Centers”,

Phys. Rev. 144, 720, 1966.
D. Fr~hlich and H. Mahr, “Decay of Laser Induced Excitations of F-Centers”, Phys.

Rev. 141, 692 , 1966.
E. M. Logothetis, “Two Photon Photoelectric Emission in CsI”, Phys. Rev.

Lett. 19, 1470 , 1967.
E. N. Logothetis and P. L. Hartxnan, “Three Photon Photoelectric Effect in Gold” ,

Phys. Rev. Lett. 18, 581, 1967.

D. Magde and H. Mahr , “Study in Ansnonium Dihydrogen Phosphate of Spontaneous
Parametric Interaction Tunable from 4400A to 16000A”, Phys. Rev. Lett.
18, 905 , 1967.



r

D. Magde , R. I. Scar let and H. Mahr, “Non—Colinear Parametric Scattering of
j Visible Light”, App. Phys. Lett. 11, 381, 1967.

H. Mahr, “Laser Spectroscopy”, Chapter IV in “Physics of Color Centers ”, W. Beau
Fowler , Editor; Academic Press , 1968.

D. Magde and H. Mahr, “Optical Parametric Scattering in Aimnonium Dihydrogen Phosphate”,
Phys. Rev. 171, 393 , 1968.

R. I. Scarlet, 3. F. Figueira and H. Mahr, “Direct Measurement of Picosecond Lifetimes”,
App. Phys. Lett. 13, 71, 1968. V

E. N. Logothetia and P. L. Hartxnan, “Laser Induced Electron Emission from Solids:
Many Photon Photoelectric Effects and Thertnionic Emission”, Phys. Rev. 187,
460 , 1969.

D. Magde and H. Mahr, “Exciton-exciton Interaction in CdS, CdSe , and ZnO”, Phys.
Rev. Lett. 24, 890, 1970.

D. Magde and H. Mahr, “Kinetics of Excitons in CdS at He Temperature”, Phys.
Rev. B2, 4098 , 1970.

3. F. Figueira and H. Mahr, “Photoluntinescence of CdSe with Picosecond Resolution”,
Solid State Comm. 9, 679 , 1971.

S. C. Abbi and H. Mahr, “Correlation of Filaments in Nitrobenzene with Laser Spikes”,
Phys. Rev. Lett. 26, 604 , 1971.

S. C. Abbi and H. Mahr, “Optical Filament Formation in Nitrobenzene R~sulting
from Laser Intensity Inhoinogeneities”, App. Phys. Lett. 19, 415 , 1971.

D. Haueisen and H. Mahr, “Non-linear Electronic Dispersion in CuC1”, Phys.
Rev. Lett. 26, 838 , 1971.

D. Haueisen and H. Mahr, “Observation of the Dispersion Curves of CuCl with Second
Harmonic Generation”, Phys. Lett. 36A, 433 , 1971.

B.. I. Scarlet, “Diffractive Scattering of Picosecond Light Pulses in Absorbing

V 
Liquids”, Phys. Rev. 6A, 2281, 1972.

D. Haueisen, “Second Harmonic Generation Two-Photon Luminescence in the Exciton
Region of CuCl”, Solid State Court. 10, 1313, 1972.

D. Haueisen and H. Mahr, “Non-Colinear Beam , Second Harmonic Generation”,
Phys. Rev. 8B, 2969 , 1973.

D. Haueisen and H. Mahr, “Resonant Second-Harmonic Generation in the Exciton
Region of CuCI and ZnO”, Phys. Rev. 8B, 734 , 1973.

H. Mahr and C. L. Tang, “Stimulated Emission of Polaritons”, J .  App l. Phys. 43,
1818, 1972.

J. Figueira and H. Mahr, “Photoluminescene at High Exciton Densities” , Phys. Rev.
B? , 4520 , 1973.

W. F. Love , “Low Temperature Therma l Bri llouin Scattering in Fused Silica and
Borosilicate Glass ” , Phys. Rev. Lett. 31 , 822 , 1973.

H. Mahr, “Medium and High Density Polaritons” , Proc. Intl. Symposium on Excitons
• at High Densities, and Polar itons , Tinbach, Oct. 1973, Springer Tracts in

Modern Physics.

U. Roeder , D. Gutkowicz-Krusin , and H. Mahr, “Optical Simulation Experiment for
• X-ray Holography”, Optics Comm . 9, 270 , 1973.

H . Mahr , “Optica l Non-linear Susceptabilit ies near Polariton Resonances” in
“Polaritons: Proceeed ings First Taortnina Research Conference of Matter ,

1972 , E. Burstein , Editor , Pergamon Press 1974.
a 
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H. Mahr and U. Roeder , “Use of Metastable Ions for a Soft X-R~zy Laser”, Optics
Costs. 10 , 227 , 1974 .

H. Mahr and M. D. Hirsch , “An Optical Up-Conversion Light Gate with Picosecond
Resolution”, Optics Costs. 13, 96, 1975

H. Mahr, “Two Photon Absorption Spectroscopy”, Chapt. in “Quantum Electronics:
A Treatise”, Vol. I, H. Rabin and C. Tang, Editors , Academic Press , 1975 .

H. Mahr, “Tunable Two-Wavelength Mode Locking of the CW Dye Laser”, IEEE J.
Quant. Electron. 12, 554 , 1976 .

M. D. Hirsch, M. Marcus, A. Lewis, H. Mahr, and N. Frigo, “A Method for
Measuring Picosecond Phenomena itt Photolabile Species: The Emission
Lifetime of Bacteriorhodopsin”, Biophysical Journal, 16, 1399 , 1976

B. Reuter , and H. Mahr , “Experiments with Fourier Transform Holograms using 
V

4.48 kV X-Rays”, Jour. Phys. E. 9, 746 , 1976 .
D. A. Copeland , H. M~hr , and C. L. Tang, “Threshold and Rate Equation Consid-

erations for a H -Cs Charge-Exchange Laser”, IEEE Jour. Quant. Electron.
12, 665 , 1976 .

N. Frigo, H. Mahr , and T. Daly, “A Study of a Forced Modelocked CW Dye Laser”,
IEEE Jour. Quant. Electron. QE13, #4 , Pt 1 , p101 , 1977.

3. Jackel., and H. Mahr, “Fine Structure of Two Photon Absorption in CdA”, Solid V

State Court. 21 , 471 , 1977 .
D. Haueisesn,

÷
H. Mahr , 3. Cassidy, C. Tang, and P. Hartman, “Lyman alpha Radiation

from Cs-H Charge Exchange Transfer Process with a Plasma Gun”, Appi. Phys.
Lett. 32, 308 , 1978.

T. Daly and H. Mahr, “Time Resolved Lumineøcence Spectra in Highly Photo-excited
CdS at 1,8°K” , Solid State Costs. 25, 223 , 1978

J. Jackel, and H. Mahr, “Non-linear Optical Measurements in the Excitonic Region
of CdS at 4.2°K”, Phys. Rev. Eli , 3387 , 1978

A few papers on instrumentation

P. L. Hartman , “Simp le Vac uum Valve”, Rev. Sci. Inst. 27 , 871 , 1956
P. L. Hartutan and 3. R. Nelson , “Hydrogen Lamp of Good Intensity and Reliability

for the Vacuum Ultraviolet”, Jour. Opt. Soc. Am . 47, 646 , 195 7

P. L. Flartutan , “Improvements in a Source for Use in the Vacuum Ultraviolet”,
Jour. Opt. Soc. Am. 51 , 113 , 196 1

P. L. Hartman , “Vacuum Ultraviolet Monochromator”, Rev. Sci. Inst. 33, 1082 , 1962
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Students and Theses (Supported in whole or in part)

3. C. Siegfried --- “Optical Absorption in Sodium Chloride”. M.S. Thesis , 1954

J. R. Nelson --- “Far Ultraviolet Monochromator”. M.S. Thesis 1954

T. timusk V Lumj~ ,e~.c~~~~Ce Study of Alkali Halides in the Vacuum Ultrav~
o1et ”.

Ph.D. Thesis 1961

F. Goldstein --- “F-Center Formation by Fundamental Absorption in KI”. Ph.D Thesis 1966

3. N. Lloyd -- “Optical Processes in LiF in the Vacuum Ultraviolet”. Ph.D. Thesis 1963

E. M. Logothetis --- “Electron Emission from Solids Under the Influence of Laser
Radiation”. Ph.D. Thesis 1967

F. N. Cirillo - --  “Brillouin Scattering in Pure and Mixed Cubic Crystals”.
Ph.D. Thesis 1969

S. W. Duckett --- “Photoelectric Processes and a Search for Exciton Mobility
in Pure and Doped Alkali Halides ”. Ph.D. Thesis 1969

D. Magde --- “Luminescence Study of Exciton-exciton Interaction in Cds , CdSe ,
and ZnO”. PheD. Thesis 1970

J. F. Figueira --- “A Study of Exciton Luminescence in CdS and CdSe at High Exciton
Concentrations Using Picosecond and Nanosecond Spectroscopy”.
Ph.D. Thesis 1971

S. C, Abbi --- “Experimental Studies into the Cause of the Sub-division of an
Intense Laser Beam into Small Scale Filaments in Non-
Linear Media”. Ph.D. Thesis 1971

D. C. Haueisen --- “Resonant Second Harmonic Generation in the Exciton Region of
Cuprous Chloride and Zinc Oxide”, Ph.D. Thesis 1972.

W. F. Love --- “Low Temperature Brillouin Light Scattering from Phonons Bottlenecked
in KCL:OH and from Thermal Phonons in Glass”. Ph.D. Thesis 1974

T. Daly --- Ph.D. Thesis in progress.

N. Frigo --- Ph.D. Thesis in progress.

C. Cassidy --- Ph.D. Thesis in progress.
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Post Doctoral appointments with at least partial support under the ONR contract:

Dr. George Ruff 1966-68

Dr. Dietmar Fr~h1ich 1965-67

Dr. T. S. Chang 1971

Dr. U. Roeder 1973

Dr. B. Reuter 1975-6

Visiting Professor :

Prof. W. Martienssen 1960-1
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