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Introductiop

The work dnidietbed-under-dhic.contract is aimed at a better
understanding of the mechanisms involved in stimulated emission in
solid materials, to provide a basis for improvements in the efficiency

of laser materials.

Although much of the experimental work has centered aroundv
the neodymium-doped borate glasses, other ions and host materials h;v:e
been-studied. Neodymium-doped borate glass rods have—’aeen fabricated
in various sizes and laser action studied in order to direct basic

study effort towards increased efficiency in practical configurations.

This first technicel report reflects the exploratory nature
of the initial effort in its format and content. It is presented as a
fairly complete record of raw data with current observations and reflec-
tions on the significance of these data. -Hre—final report-will -asttempt
1o .ge -further-in-the direction-of earref’ ion between observetions and

™

speetfic conclusions.. !



SECTION I

General Description

Three aspects of improving glass laser materials have
been considered and are discussed in detail, but in & qualitative manner,
in this section.

They are:

A, Optical Absorption and Fluorescence Lifetime
of Neodymium in Glass

B. Observations on laser Action

C. Other Rare-Farth Activated Glasses

-2-



A. Optical Absorption and Fluorescence Lifetime of Neodymium in Glass

Since the inner Lf electric dipole transitions are for-
bidden by quantum mechanical selection rules, only ions whose energy
states are perturbed by the surrounding field will exhibit absorption
or emission of electromegnetic energy (Ly forced electric dipole
transitions).l Possible exceptions are the magnetic dipole transitions
occasionally observed in rare-earths; for example, the 7Fd—*-5D1 of
europium *3 in europium ethyl sulfate.2 However, magnetic dipole
transitions are characteristicelly very weak, and are generally of
the same order of strength as forced electric dipole transitions.

Since the transition probebilities are strongly dependent
on the type and strength of perturbing fields, large differences should
be observed in absorption cross sections and fluorescence lifetimes for
rare-earth ions in different matrices.3 There are two important
features in the surrounding field; its strength and its symmetry. Both
contribute to the relaxation of selection rules to allow inner Uf tran-
sitions. The field strength is largely determined by ionic charge
radius and the charge on neighboring :Lons.l‘L Since the glasses we have
studied are primarily oxide systems, and the neodymium ion 1s compar-
atively large, the field strength probably does not change much from
one glass to another. The symmetry, however, may be drastically in-
fluenced, for example, by the substitution of a metal ion for one of
the neighboring oxygen ions. A possible case in point is the nearly
full order of magnitude change of ebsorption cross section between
neodymium in potassium-barium silicate and lanthanum~barium silicate

1. J. H. van Vleck, J. Phys. Chem. 41, 67 (1937) Broer, Gorter and

Hoogschagen, Physica 11, 231 (19h5$.
2. Sayre and Freed, J. Chem. Phys. 24, 1213 (1956).
3. W. Low, Phys. Rev. 105, 801 (1957), Towns, Quantum Electronics,
Columbia Univ. Press (1960) p. 421., Keating and Drickamer, J.

Chem. Phys. 34, 143 (1961), Ballhausen and Liehr. J. Mol. Spectros-
copy 2, 342 (1958).

4, Bates and Douglas, J. Soc. Glass Tech. 43, 2897 (1959), Moffitt and
Ballheusen, Am. Rev. Phys. Chem. 7, 107 (1956).
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glasses. The replacement of a neighboring monovalent, highly polar-
izable ion such as potassium, by the trivalent lanthanum ion, could
easily have a pronounced effect on the field symmetry.

Another problem associated with individual ions in glass is
that they are all in different surround enviromments.”’ It is possible
that a small percentage of the ions, in & highly asymmetric field,
could account for a high percentage of the absorption and fluorescence.
The decay of fluorescence would not be expected to follow a simple
exponentiel law, and the absorption constants at high excitation levels
would be non-linear. We have observed non-exponential fluorescence
decays and find that over a limited range the decay rate appears to
decrease linearly with time.

One of the major considerations in fluorescence is the
existence of competing mechanisms to dissipate the stored energy of
the excited state of the ion. ".....Energy mey be dissipated by an
internal conversion to molecular or crystal lattice vibrations. This
latter transfer is due to the coupling of the excited atom to its
surrounds through the crystal field."6 The efficiency of this process
is increased as the active ion concentration is increased. A model
for this so-called "concentration quenching" is that the rare-earth
ions are coupled energetically by the forced motion of one intervening
oxygen stom whose energy can be dissipated by exciting lattice
vibrations.! Just how the frequency is degenerated into one of the
allowed modes of the lattice is not understood. However, the higher
the rare-earth ion concentration, the greater the probebility of coupling

between ions via forced oscillation of an intervening matrix ion.

5. W. A. Weyl, J. Appl. Phys. 17, 628 (1946), Weyl and Marboe, The
Gless Industry, 42, 76 (1961).

6. E. H. Carlson, John Hopkins Spectroscopic Report No. 18 (1960),
see p. 31, Hall and Dieke, J. Optical Soc, Am. 47, 1092 (1957),
Carlson and Dieke, J. Chem. Phys. 29, 229 (1958).

7. Van Uitert, Linarcs, Soden and Ballman, J. Chem, Fhys.
36, 102 (1962).



A more serious quenching of fluorescence occurs when there
exists in the matrix an impurity ion which has strongly permitted trans-
itions energetically matched to the excitation energy of the rare-earth.
Although the concentration of such an impurity is very low, its in-
fluence would be present over a large radius since its transitions may
be meny orders of magnitude more probable than those in the rare-earth
ions. The energy is probably lost in the process of transfer from
rere~earth ion to impurity ion via forced motion of intermediate matrix

ions.

A third possibility is that the matrix itself may possess
high order vibrational harmonics whose energy may fall in the range of
energy transitions of the rare-earth ion. A case of primary interest
is our observation that glasses which have boron oxide as a major con-
stituent (so called "borate" glasses) show more rapid fluorescence decay
then would be expected from the strength of the absorption bands. The
essumption is that the strength of absorption, averaged over a number of
unrelated bends, is an indicator of the degree of perturbation of the
electronic wave functions in the Uf levels. Thus, if there were no
other energy loss mechanisms, the absorption cross section and the
fluorescence lifetime should be reciprocally related quantities. The
product of fluorescence lifetime and absorption cross section should
serve as a figure of merit in evaluating the efficiencies of the
fluorescence process.

It should be pointed out that when stimulated emission becomes
the predominant loss mechanism, other competing mechanisms become less
significant since the stimulated emission occurs at such a rapid rate.
Once threshold for laser action is achieved, the efficiency of energy
conversion from pump light to laser output may be quite similar for
materials having widely differing figures of merit based on fluorescence
efficiency alone.



B. Observations on Laser Action

One of the more puzzling aspects of our work has been the
consistent tendency of borate glass systems to exhibit lower thresholds
than silicates, although the latter have much higher fluorescent efficiency
and longer storage lifetime. In an effort to eliminate the time variation
of pump light, we constructed a lumped constant, 8-element, delay line
to supply the flash tubes. The light output was roughly constant for
about 1200 microseconds.

Even under these conditions, the threshold for laser action
was more than a factor of 2 lower for borate glass than for silicate.
The initiation of action was somewhat earlier for the short lifetime
borate glass.

Our current speculation is that the scatter inherent in the
silicate glass must account for the observed differences. The scatter
might be explained if one assumed that the rare-earth oxide is not as
readily soluble in silicate as in borate glasses and localized areas of
varying refractive index result which produce scattering loss.

Another feature of the laser action is the type of spiking
observed in the output as a function of time. The silicate glass has a
tendency to pulse and return to zero output before pulsing again in a
somewhat irregular pattern. The shorter-lifetime borate glass seems
to have a steady state component of output at energies only slightly
above threshold, and have oscillations of output which are fairly regular
about the steady state value.

The laser outrut power seems to rise linearly with input at
pumping levels substantially higher than threshold for the borate glass.
Our pump source did not have the energy required to get similar date for
the silicate glass.

We have only done & preliminary experiment to illustrate
Q-spoiling in the borate glass. A rotating prism was used and a rod with

a high reflection coating on one end and & low reflection coating on the
other. Output was observed about 150 microseconds after initiation of

the pumping light. No estimate of pulse width or peak power has been made.
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A twelve inch long, roof prism ended rod has been sub-
mitted to the General Engineering Laboratory of the General Electric
Company in Schenectady. Dr J. Chernoch of that laboratory has reported
to us by private communication that output powers in the 20 - LO Joule
range have been achieved with a beam divergence of less than 1/4 degree.
In terms of brightness, this compares very favorebly with silicate glass

outputs where the energy may be spread into several degrees.



C. Other Rare-BEarth Activated Glasses

We have evidence in borate glass, of its good optical quality
and ability to accommodate rare-earth ions. The disadvantage for neodymium
is the presence of & high order optical phonon mode which drains energy
from the excited neodymium ion.

Several other rare-earth ions which have larger geps in their
energy level spectrum should not have their fluorescence quenched by
borate phonons. Three of these have been studied for absorption and
fluorescence, but no laser action has been observed in any in our lab-

oratory.

Samarium in low concentrations appears to have a lifetime
approaching 3 milliseconds. Pumping is difficult, however, because of the
comparative weakness of the available abscrption bands. If a pump
source were available with a high concentration of output at 400 milli-
microns, this problem could perhaps be solved. Possible coupling of
divalent europium fluorescence has been considered but not as yet been

attempted.

Terbium exhibits a powerful absorption band between 150
and *230 millimicrons. This presumably is a Lf—e5d transition since the
inner 4f transitions are very weak and difficult to observe. The pumping
of this system is also difficult since the lamp walls begin to absord
at short wavelengths. The heavy-metal borates which we have used for
base glasses all absorb at wavelengths less than 300 millimicrons. We
have tried sodium and lithium borates as base glasses and observed strong
terbium fluorescence at 550 millimicrons with a 3 millisecond time

constant.

Ytterbium fluoresces very efficiently in our lanthanum
barium borate base glass with a lifetime of about 1.1 milliseconds.
The problem with ytterbium is that its fluorescence returns the ion
very close in energy to the ground state condition and extremely low

temperature operation is indicated.
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Terbium has the advantage over ytterbium in that its terminal
state is as high above the ground state as is that of neodymium. Samarium
has two equally probable terminal states for fluorescence. The wave-
lengths of the samarium emission corresponding to these are 600 and 650
millimicrons. Since the 650 millimicron emission returns the ion to
a higher energy, comparable to the terminal state in neodymium, it would
be the most likely to evidence laser action.



SECTION II

Experimental

In this section the results of some measurements on absorp-
tion, fluorescence and laser action of rare-earth doped glasses are
reported. The constants associated with absorption and fluorescence of
neodymium in several borate, silicate, and phosphate glass systems are
presented in tabular form.

The various figures which follow are accompanied by details
of the measurement involved. They are divided into eight main categories:

A. Absorption Spectra
Fluorescence Spectra

Fluorescence Decay

B

C

D. Decay vs. Concentration

E. Decay vs. Time

F. Laser Activity

G. Absorption and Fluorescence Measurements on Various
Glass Systems

H. Glass Optical Quality

-10-



A. Absorption Spectra

The curves included for neodymium absorption are represen-
tative of the many which have been made in preparing the tabular data.
Also included are date on samerium, ytterbium, terbium and the special
Na-borate glass used as host for the terbium.

The curves were all made on a Beckman DK-2 spectrophotometer.
Detectors and sources were changed to optimize performance in various
parts of the spectrum. Some of the samples were of poor optical quality

and showed reduced short wavelength transmission due to scattering.

Semples have been chosen in such a way as to approximately
normalize absorption strengths. To do this it was necessary to make the
K-Ba-Silicate much thicker than the La-Ba-Silicate or the EK-110 Borate.

-11-
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B. Fluorescence Spectra

Exciting radistion from a tungsten lamp chopped mechanically
at a 120 cycle rate was imaged on the neodymium and ytterbium gleass
samples for fluorescence emission measurements. The excitation for neo-
dymium glass was filtered with Tmm of Pittsburgh No. 2043 heat absorbing
glass and made incident at right angles to the optic axis of the spectro-
meter to reduce stray light. The filter could not be used for ytterbium
since it absorbed the only available excitation wavelengths. Glass
samples were held directly in front of the entrance slit of a Perkin-
Elmer Model 83 monochromator. The combination of .05mm slits and LiF
prism gave a spectral resolution of about 6 millimicrons. A lead sulfide
detector, Welch Densichron amplifier, and Varian recorder were used to

gsense and record the fluorescence output.

Samaerium fluorescence was excited by a mercury arc lamp
and detected by a 7102 photomultiplier. Terbium fluorescence was excited
by & Beckman hydrogen lemp and detected with a 1P21 photomultiplier.

The curves have not been normalized to an equal energy output
so the data is strictly qualitative.

=18-
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1.3 1.2 l.1 1.0 0.9

Wavelength - Microns

Figure B-1l

FLUORESCENCE EMISSION FROM
1 WI'. PERCENT Ndp03 IN Le-Ba-BORATE GLASS
(Amplifier gain 4X that used for B-2 and B-3)
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1.3 1.2 i.1 1.0 0.9 0.8

Wavelength - Microns

Figure B-2

FLUORESCENCE EMISSION FROM
1 WT'. PERCENT Nd203 IN M-Ba-SILICATE GLASS
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1.3 1.2 1.1 1.0 0.9 0.8

Wavelength - Microns

Figure B-3

FLUORESCENCE EMEESION FROM
1 WT. PERCENT Nd203 IN X-Ba-SILICATE GLASS
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1.0 0.9 0.8 0.7

Wavelength - Microns

Figure B-L

FLUORESCENCE EMISSION FROM
1 WI. PERCENT Sm203 IN La-Ba-BORATE GLASS
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1.3 l.2 1.1 1.0 .

0.9 0.8
Wavelength - Microns
Figure B-5
FLUORESCENCE EMISSION FROM
1/3 WI'. PERCENT Y'b203 IN La-Ba~BORATE GLASS
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0.6 0.55 0.5 0.5

Wavelength - Microns

Figure B-6

FLUORESCENCE EMISSION FROM
1 WT. PERCENT Tb203 IN Na-BORATE GLASS
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C. Fluorescence Decay

Exciting radiation of about 4 microseconds duration from a
Xenon flash tube was imaged on the glaess samples. Detector output was
observed with a camera-equipped Tektronix oscilloscope. The detector
for neodymium fluorescence was a Hoffman EATE1l silicon photocell, biased
0.5 volts, and covered by a 1/16" sheet of Rohm & Heas No. 2022 black
plexiglass. The combination gave a wavelength sensitivity peak coincident
with the 1.06 micron emission of neodymium. TFor the increased sensitivity
needed to follow the decay for long times after excitation, a T102
photomultiplier was substituted for the silicon cell. To minimize the
effect of stray exciting light, the Xenon flash tube output was filtered
with interference-type filters to remove wavelengths between 0.9 and 1.2
microns, and the detector aperture axis was at right angles to the
incident exciting light.

Samarium and ytterbium fluorescence decays were detected by a
7102 photomltiplier without the plexiglass filter, and terbium fluorescence
was detected by a 1P21 photomultiplier.
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Figure C-1

FLUORESCENCE DECAY CURVE
for 1/3 Wt. Percent SmpO3
in La-Ba-Borate Glass
1 Millisecond/Division

Figure C-2

FLUORESCENCE DECAY CURVE

for 1/3 Wt. Percent YbpO3
in lLa-Ba-Borate Glass

0.5 Millisecond/Divisiorn

Figure C-3

FLUORESCENCE DECAY CURVE
for 1 Wt. Percent 'I'b203
in Na-Borate Glass
2 Milliseconds/Division



D. Decey ve. Concentration

Neodymium and samarium were investigated over a range of
doping percentages to determine the influence of concentration on
fluorescence. The data seem to indicate a greater influence of concen-
tration on lifetime for samarium than for neodymium, at least in borate
glass systems. This could be related to the longer lifetime of the
samarium, a.nd/ or the tendency of the borate lattice to quench neodymium
fluorescence. More data is needed on the effect of concentration in
different glass bases.

-27-
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E., Decaey vs. Time

It was observed from the start of the fluorescence decay
measurements that the curve did not follow an exponential law, and to
define lifetime was a bit arbitrary. For the tabular data, we have chosen
& portion of the curve about one "lifetime" after the excitation flash.

. Through the use of a dual beam oscilloscope, we have observed
the change of the character of the decay of fluorescence with time. A
plot has been made of the time for the signal to decrease a factor of 3
as a function of the time after the initiation of the exciting flash.

Although non-exponential deceys are usually thought of as
being due to bi-molecular combination processes, the situation for rare-
earth ions in glass is probably different. It may be associated with
the slight differences in surround symmetry experienced by the individual
ions.

-30-
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F. leser Action

Due to the high temperature limitations of the furnace,
only neodymium glass of high optical quality in borate systems has
been fabricated. A sample of K-Ba-Sillicate glass in laser rod form was
purchased from another company. The fluorescence and absorption of this
glass was similar to that of silicate glass previously made. Twyman-
Green examination showed reasonable tolerances in the optical quality
of the silicate rod.

Dielectric coatings of MgF, and ZnS have been epplied in
the laboratory with considerable success as laser end coatings. Typl-
cally a 12-layer film is deposited on the highly reflecting end, and an
8-layer on the output end. The transmittances of these are 0.3 percent
end 3.0 percent respectively. We have no good measurement of reflectance,

but presume scattering loss to be of the order of 1 percent.

When identical coatings were applied to the silicate and
borate laser rods, the threshold and power output were compared using
the Electro-power-pacs exciter. The power supply condenser is rated at
200 mfd ., 3000 volts maximum, and the flashtubes are 4 G.E. 91 types
connected in series-parallel.

Typical values of threshold for laser action in 2 1/2"
long, 1/4" dismeter rods are 100 joules for borate glass and 400 joules
for silicate. Since this is opposite to the effect one would predict
from fluorescence efficiency and lifetime measurements, a suitable ex-

planation was sought.

The possibility that quenching effects could be saturated at
high excitation levels was considered. No lengthening of fluorescence
lifetime was observed in borate glass by increasing excitation. The
spiking of the laser output is characteristic of a shorter lifetime in
the borate material. Silicate laser output appears to pulse and return
to zero, whereas the borate seems to oscillate about a steady state
value. The conclusion was that saturation of quenching plays & minor,
if any, role in lowering the threshold of the borate glass. Further
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substantiation was obteined by distributing inductors between the con-
densers in the power supply to create a lumped constant delay line.

The resultent pump light was roughly constant for eabout 1.2 milliseconds.
Silicate glass still required much more energy to reach threshold and
the borate action started after about 600 microseconds of pumping.

One possible explanation would be an order of magnitude ,
difference in low angle scattering between the borate and silicate
glasses. Tittel (private communication) of General Electric in Syracuse,
New York, has estimated the scattering loss in the borate glass to be
less than 0.3 percent per centimeter. We have no data on silicate glass
in this regard.

To investigate the ability of the borate glass to store
energy, & simple Q-spoiling experiment has been performed. A 2-inch
long l/h inch diameter, 3 percent N4 doped rod was coated for high re-
flection on one end and low on the other. A small prism was rotated
at 3600 rpm in line with the low reflection coated end, and the ocutput
was observed through the high reflection end. The optimum activity
appeared about 150 microseconds after the pumping light started, again
i1lustrating the short lifetime of the borate glass.

Since the borate glass has a low threshold for laser action,
the flash equipment was able to excite the material more than an order of
magnitude ebove threshold. The output appears to increase quite linearly
with input at all energies:' substantially above threshold. The maximum
power output that was observed from e 3-inch long, 1/h inch diemeter
rod is 2 joules. Chernoch (private communication) of General Electric
in Schenectady, New York, has observed over 7O joules from a 12-inch
long, 1 cm square rod of our borate glass. The output from this rod was
limited to 1/4 of a degree cone angle.
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Figure F-1

Typical Nature of laser Output
As a Function of Time
for 1 Wt. Percent NdpO3 in Borate G
Time Scale 0.2 Millisecond/Divisi
(Sweep right to left)
Input power 1k joules

Figure F-2

Typical Nature of Laser Output
As a Function of Time
for 2 Wt. Percent NdpO3 in Silicate
Time Scale 0.2 Millzsecond/Divisj
(Sweep right to left)
Input power 530 Joules

Figure F-3

Output near Threshold of Borate G
with Constant Pump Light
Time Scale 0.2 Millisecond/Divis
(Sweep left to right)
Input power 196 joules



Figure F-4

Output near Threshold of Silicate Glas
with Constant Pump Light
Time Scale 0.2 Millisecond/Division
(Sweep left to right)
Input power 525 Jjoules

Figure F-5

Output of Q-spoiled
3 Wt. Percent Nd203 Ek-110 Glass
Time Scale 50 Microseconds/Division
(Sweep left to right)

(Oscillation near start of sweep
due to pickup from flash trigger)
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G. Absorption and Fluorescence Measurements on Various Glass Systems

We have prepared in tabular form a summery of the data taken
from transmittance curves and fluorescence decay curves made using neo-
dymium doped glass of various compositions. The glasses have been grouped
according to their glass-forming constituent: %boron, silicon or

phosphorus.

The lifetime was derived from the photograph of an oscilloscope
trace of the electrical output from a silicon solar cell-type photodiode.
The glass fluorescence was activated by a flash of light, duration less
than 10 microseconds, from a G.E. 230 flashtube. The activeting light
was filtered to remove wavelengths between 0.9 and 1.2 microns, and the
photodiode was covered with a filter which removed 8ll wavelengths short
of 1.0 microns. In general, the observed exponential appeared non-linear,
having & faster decay immediastely following the exciting flash. The
value presented in the table is the slower one observed near the end of

the trace.

The absorption cross section for the 800 millimicron band was
calculated from the peak observed absorption and the number of neodymium

ions per cubic centimeter of material.
. _ -9’4
if I = IOE
then cross section =X /N

vhere I is the transmitted intensity of 800 millimieron radiation
Io is the initial intensity of 800 millimicron radiation
X is the sample thickness in centimeters
N is the number of neodymium ions per cubic centimeter

The absorption bandwidth for the 800 millimicron band is
given in wave numbers, and represents the difference between the two
wave numbers where®, as defined above, has fallen to one half its peak
value.

The relative absorption cross sections normalized to the
gbsorption at 800 millimicrons for three other sbsorption bands are
finally included to complete the table.
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H. Glass Optical Quality

There are two basic tools available for inspecting glass
quality. One is the polariscope which indicates the presence of strain,
and the other is the Twyman-Green interferometer which detects variations
in refractive index.

The polariscope is insensitive to refractive index varia-
tions which influence both states of polarized light the same amount.
It is used primarily as an indicator of the state of anneal of glass
raw material and stresses introduced by local temperature variations.
Its use does not require good optical surfaces, since surface refraction

by homogeneous material is the same for both polarizations.

A typical standard for well annealed glass is that & maximum
of 3 degrees phase displacement per centimeter thickness of glass is
observed. An annealing cycle to produce this quality for an EK-110
glass less than one inch thick is as follows: Hold at 1150°F for 8
hours, cool 2° per hour to 1100°F, cool 3°F per hour to 1000°F, and return
to room temperature at 5°F per hour. TFor material thicker than one
inch, the initial temperature is held for 18 hours, and the cooling

rates reduced to 40 percent of those for the thinner samples.

Other annealing hold temperatures and cycles will have to

be worked out for newly developed glasses.

The Twyman-Green interferometer detects optical path
differences as small as 1/10 wavelength of 546 millimicron light. This
represents a sensitivity, for a 2-inch thick glass samples of refractive
index 1.7, of one part index variation in 1 x 106. Photographs of the
fringe pattern observed for three representative glass samples are in-
cluded as Figures H-1, 2, and 3. The top picture shows U4 pieces of neo-
dymium doped EK-110 type glass two inches thick. This quality is as
good as any we have observed to date. The second photograph is more
representative of EK-110, and illustrates the usefulness of the Twyman-
Green in allowing good volumes of glass to be selected for finishing into
laser rods. " '
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The third photograph is another EK gless type EKF 497
vhich, though poor by comparison, is roughly comparable to good quality
ruby and is better than any phosphate or silicate glass we have produced
to date.

One weakness in our glass evaluation program is that neither
the polariscope or the interferometer will detect small index variations
with a high spacial fluctuation rate which occur uniformly throughout
the material and tend to average out over long paths. These variations
will scatter energy and may prove to be the basic limitation to the use
of glass as & laser material. However, since single crystals with added
impurities suffer similar problems, the best laser medium is yet to be
determined.

Il



JOTYL sayoul 2
£0%pN queddsg ‘M T UITA SSBTH L6H-AE
o - aJnd )

U5

c ¥OTUT, SSYPUI 2 ¥OTUJ, S9USUTL 2
owuz qusoIsg *3M T UITA SSETH OTT-XE €0%pN qusdeq *3M T UATA SSETD OTT-MX
5 st _ 1-g oanB1d

SWVYDOUEIUAINT NIHHD~NVNAML



UNCLASSIFIED

UNCLASSIFIED



