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ABSTRACT

This report describes work directed toward the design and fabrication of a gas
laser oscillator and a solid-state chelate laser operating at wavelengths ranging from
5. 0 to 0.3 microns. During the reporting period, the optimized material using sensi-
tized fluorescence was tested for laser action. Under the high energy intensities of
flashes, photo-reaction products are detected. This problem has been solved uFing
new sensitizers and/or new solvents. But the quantum field is somewhat low with
these sensitizers. Work is in progress to improve the quantum field. The mechanisms
of the energy transfer in chelates have been further clarified and it is shown that the
optical pumping scheme in the rare-earth chelate to achieve population inversion does
not involve any inefficient process.

Iii •

6* ..



CONTENTS

Page

1. INTRODUCTION ....................................... 1

2. PROBLEM OF PHOTO-REACTION AND ITS SOLUTION ............. 2

3. MECHANISM OF ENERGY TRANSFER IN RARE-EARTH CtELATES .... 3

4. INSTRUMENTAr"ION AND LASER TESTING ..................... 6

REFERENCES ......................................... 8

APPENDIX I - THE ORIGIN OF THE MOLECULAR PHOSPHORESCENCE
IN SOME EUROPIUM CHELATE SOLUTIONS ............ 9

v



SECTION I

INTRODUCTION

This is the second quarterly progress report to be submitted in accordance with
the requirements of Contract No. AF 30(602)3440. The primary objectives of the
work to be performed under this contract are the design and fabrication of a gas laser
oscillator and a solid state chelate laser. The oscillator is to be -,perated at optical
wavelengths (5. 0 to 0. 3 microns range) an is to produce an extreme!y stable, con-
tinuous wave output which will allow its use as the master oscillator in a master
oscillator-power amplifier configuration. The solid state chelate laser must be capable
of power amplification at optical wavelengths corresponding to those of the gas laser
oscillator. It must also be capable of high-power pulsed operation. In both the oscil-
lator and the amplifier, the physical phenomenon to be investigated to achieve these
objectives is that which is known as "sensitized fluorescence, " of which rare-earth
chelates are an example.

As reported previously, the work to be performed on this program has been
divided into two major subprojects: (1) The synthesis of special materials, measuring
their spectrographic and pertinent physical and chemical properties, and analyzing
their use as laser materials, and (2) providing the instrumentation necessary to make
the required laser tests, performing these tests, and optimizing the system for high-
power surveillance applications. In this report, these svbprojects will be called
"Chemical Physics" and "Instrumentation, " and each will be reported on in a separate
section of the document.

Important milestones passed and significant achievements attained during this
reporting period include the following:

1. The optimized unchelated sensitized fluorescent material was tested for laser
action. The quantum efficiency of the material was found to be drastically
reduced by high intensity flashes.

2. The reason fer the above reduction in quantum yield was traced to photo-
reaction in the triplet state. An analysis of the triplet state photo-reaction
reveals that this reaction can be minimized by selecting donors whose lowest
triplet level is of the (7T, 7r *) rather than the (n, Ir *) type.

3. Using several donors suggested by the above analysis the photo-reaction has
actually been minimized, but the quantum efficiency of the new system is
only about 10 percent Instead of the 25 percent as in the previous material.
Steps are now being taken to increase the quantum yield.

4. The mechanism of energy transfer in chelates were further classified and it
Is shown that the optical pumping scheme in the chelate does not involve any
inefficient process.
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SECTION II

PROBLEM OF PHOTO-REACTION AND ITS SOLUTION

An investigation of the source of photochemical changes reveals that the possible
reason for the photodecomposition is the (n, iT*) nature of the lowest triplet state of
the sensitizer. In larger molecules, like diacetylbenzene, there are triplet manifolds
of (7T, IT*) and (n, f1 *) nature. Internal conver',ion between these levels is very fast
and, therefoic, the excitation energy quickly is transferred to the lowest triplet level
before the transfer to the rare-earth ions.

Whether the lowest triplet level is (n, 7i*) or (iT, IT*) depends on the molecule and
its surroundings. If the lowest triplet is indeed of the (n, IT*) variety, it can be con-
cluded from general experience that the probability of photo-reaction involving the
triplet state is much higher and therefore photo-reaction is most likely. The nature
of photo-reaction is known to involve the participation of the solvent (a proton is
extracted from the solvent by the excited 'riplet state of the molecule whereby its
chemical nature and energy levels are altered). This is the reason that diacetyl-
benzene was more less stable in hydroxylic solvent like alcohol than in acetonitrile
(CH 3 CN).

If, on the other hand, the lowest triplet level is of (if, 7f*) variety, the photo-
reactivity can be expected to be minimum. A simple test can be done to determine
whether the triplet level of a particular molecule is of (n, IT*) or (If, IT *) nature.
Usually, the lifetime of (n, 7T*) triplets in EPA (ether, isopentane, ethanol 5:5:2) glass
at 77 0 K is short (of the order of a millisecond). The lifetime of a triplet of the (if, IT*)
variety is usuaily of the order of several seconds under similar circumstances.

Using the above criteria, it was found that the a- and 0 -naphthaldehyde have
lowest triplet levels of the (ir, IT*) variety. These materials were used as sensitizers
and were found to be fairly stable under high energy flashes, as expected. The quantum
efficiency of 0-naphthaldehyde and europium mixture did not go down after ten flashes
of 2400 Joules at -500C.

However, the quantum efficiency of the mixtures using the above sensitizers were
found to be nearly 10 percent as compared to 25 percent with diacetylbenzene. This
may be the result of some impurity in the sensitizer. ry-naphthaldehyde is f liquid at
room temperature and tierefore an attempt was made to purify it by distillation.
Some problems were encountered in distilling this material. Better methods for puri-
fying this material is now under investigation. The amount of 0-naphthaldehyde was
not enough for purification. Delivery of a larger amount is expected soon. A search
is also being made for other sensitizers with lowest triplet state of (r if) variety.



SECTION III

MECHANISM OF ENERGY TRANSFER IN RARE-EARTH CHELATES

Optical pumping in rare-earth chelate lasers involves the transfer of electronic
energy from the chelate ligand to the rare-earth ion. The mechanism of this energy
transfer should be understood to predict some of the laser properties. For example,
if the energy is transferred only through an upper vibrational level of the triplet state,
the lowest triplet level could act as a trap and, therefore, might prevent laser action.
The results of some recent experiments to determine the mechanism of energy trans-
fer are reported.

The energy level diagram of a chelate with trivalent europium is shown in Figure
1. Two mechanisms for the migration of energy from the ligand to the ion have been
proposed for such a system:

(1) Transfer of the singlet excitation energy of the ligand to its triplet level (by
the intersystem crossing process) which is then intramolecularly transferred
to the rare earth ion. 1

(2) The singlet excitation energy is directly transferred to the rare-earth ion. 2

On a theoretical basis, one can expect that different chelates might have different
mechanisms for the transfer. One'can imagine a ligand and a rare-earth ion at infinite
separation; the inter-action between them is zero and, thus, the transfer rate is zero.
In this configuration, the lowest excited singlet lifetime is approximately i0-9 sec and
that of the triplet may be several seconds (in a rigid medium). As the distance between
the rare-earth ion and the ligand decreases, the interaction between the ion and the
excited singlet, and between the ion and the excited triplet of the ligand, increases.
As a result, the rate of the intersystem crossing process, the radiative and radiation-
less processes of the T'--P-So transition, increases and transfer to the rare-earth ion
emission begins. This causes an additional shortening of the lifetime of the lowest
triplet state and the lowest singlet state. If one neglects the transfer process for a
moment, the lifetime of the lowest singlet and lowest triplet is expected to be from
10-8 to 10-10 sec and from 10-3 to 10-5 sec, respectively. Thus, on the basis of
lifetime, the triplet mechanism is favored by a factor of 105 over the singlet mecha-
nism. However, since one is dealing with consecutive processes, whether mechanism
(1) or (2) is dominant should depend on whether the intersystem crossing process is
faster or slower than the rate of the transfer from the singlet level.

Crosby, et al., 1 suggested mechanism (1) from experimental evidence. They
observed that when the ligand triplet is situated below certain rare-earth levels, no
emission is observed from that level. This evidence was taken as indicative of an
energy tranpfer via the triplet level.

Recently, Kleinerman2 has questioned the triplet mechanism and has pointed out
that the evidence presented by Crosby, et al., in support of the triplet theory is not
acceptable. He proposed that the absence of sensitized ion emission observed by
Crosby, et al., might be due to quenching by the ligand triplet level rather than to the
absence of the intramolecular transfer process via the ligand singlet level. Kleinerman
also suggested that the transfer of energy in the rare-earth chelate occurs from the
ligand singlet, I. e., by mechanism (2). As yet there is no convincing proof of either
mechanism.
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EI-Sayed and Bhaumik 3 have shown earlier that energy can be trancferred via the
triplet state of a chelate. Using similar techniques of triplet-triplet transfer, it is
now 3hown that in several Eu b-diketone chelates, the transfer takes place predomi-
nantly via the ligand triplet state.

Cis-piperylene has a triplet between the ligand triplet and the europium emitting
level in europium hexafluoroacetylacetonate (EuHFA) while it has no appreciable ab-
sorption at the chelate excitation wavelength. When cis-piperylene is added to a
solution of EuHFA in EPA (ether, isopentane. ethanol, 5:5:21, the europium emission
is iound to be quenched wiLh no appreciable decrease in the fluorescence life-time.
Cis-piperylene is founi' to quench neither the unchelated europium ion fluorescence
nor the fluorescence of perylene. Therefore, the only efficient processes by which
the triplet quencher can attack the chelate occur via the ligand triplet. Similar results
have been obtained for europium thenoyltrifluoracetonate and europium trifluoroben-
zoylacetonate in EPA. This directly shows that the energy migration in these chelates
takes place mostly via the chelate triplet level.

FtjrThermore, the rate of encrgy transfer can , so be found to be 109 - 1010 liter/
mole per second from the Stern-Volmer diagram obtained in the quenching experiments.
It is nmA •t--possible to imagine such a high rate of transfer via the singlet level of the
chelate lý:o. The factor that determines the route is possibly the high rate (estimated
to be 1011 per sec) of singlet-triplet crossover in these compounds. This high rate
may be due to the heavy atom effect and the presence of both (n, ^.J*) and (IT, 7T*) levels
between which the intersystem crossing process is known 4 to be very efficient.

Once it is established that the energy is transferred via the triplet level in EuHFA
the next task is to solve the puzzle of the molecular chelate phosphorescence which is
observed together with the ion emission. This has ueen taken as indicative of the fact
that the transfer takes place from a higher vibrational level of the ligavd triplet and
that the lowest triplet level could Pct as a trap to p:event. laser action.

Some definitive experiments have been carried out 6 to show that the phosphorescence
comes from a dissociation product and, therefore, is not cornected with the transf-r
of energy in the chelate. The results of these experiments have been piepared for
publication under tWe titl3 "The Origin of the Molecular Phosphorescence in Some
Europium Chelate Solutions." A copy is attached as Appendix i.

5



SECTION IV

INSTRUMENTATION AND LASER TESTING

The new liquid laser test system was completed and tests were initiated. The
temperature control and signal detection electronics were shown to work satisfactorily.
The now conventional 3:1 ethanolmethanol solution of EuB4 HP was tested for laser
emission at -150 C; however, the results were incomplete. A serious problem was
found with operation of the new unit at low temperatures, i.e., it is very time con-
suming to check the liquid for bubbles once the test unit is cooled. For bubble checking,
it is presently necessary to warm to room temperature in order to prevent moisture
from condensing on the cell mirrors and in the cavity. In the course of this operation
a bubble which may be present at low temperature could easiiy disappear at higher
temperatures. For this reason the new unit will be most effective at temperatures
not so far removed from ambient, or for those cold solutions in which bubbles are
known to be no problem upon optical pumping.

Since the new sensitized europium solution is known to be optimum near ambient
temperature, it was tested in the new unit at room temperature. The system is Eu 3 +

in CD 3 OD with diacetylbenzene as the sensitizer. No laser emission was observed on
the first flash; however, strong photo-decomposition was observed so the solution
must be replaced after each flash.

The fact that laser emission was not observed is definitely not evidence that this
solution will not lase. It is important to check the Q of the cavity and mirrors to
determine if the optical conditions are correct for laser emission. This will be done
by observing the lasing threshold of the conventional laser solution at -150 0 C in this
cavity.

It was found last year that some of the conventional laser solutions showed laser
emission while others that were supposedly identical did not. Furthermore, it was
found that with the passage of time, about one week, solutions gave negative results
-,,hicb initially showed laser emission. Therefore, in testing the uex, cadity it is
important to know for sure that the solution will give laser emission. The only way
at present in which we can be sure of this is by showing laser emission with the old
cavity. This unit has been reassembled and tests are currently underway. When a
liquid known to give laser emission is obtained, it will be introduced into the new unit
and tests there will continue. In the meantime, the Quantum Physics Division is
making independent optical alignment checks of the near confocal optics in the new
liquid laser cell.

In addition, we are proceeding to find and test new solvents such as acetonitrile
in which photo-decomposition is expected to be minimized. The results of this search
has been described and discussed in the section on chemical physics.

The following eight solutions are the leading candidates for liquid laser emission:

1. EuB4 HP in 3:1 Ethanol-Methanol at -150 0 C (6130 R)

9 6



2. EuO4 HP in 3:1 Ethanol-Methanol at -150 0 C (6120 R)

3. Eu(HFA)4 NH 3 in Acetonitrile at 00 C (6125 R)

4. Eu(TTA)4 NH 3 in Acetonitrile at 00 C (6125 .)

5. Eu(HFA) 4 NH 3 in Perfluoroacetonitrile at 28 0 C - 0 0 C.

6. Eu(N0 3 ) -6tH Oin Perfluoroacetonitrile and in Acetonitrile, sensitized with
DAB, and tesred between -30- and 28-C.

7. Eu(N0 3 )3 • 6H 2 Oin CD3 OD or D2 0 at 28"C - emission occurs at 592 and at
613 mrp.

8. Any other solutions which may be found by us or by others during this period.

These solutions will be tested during the next quarter after the optical alignment of
the test cavity has been ascertained.

LA
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APPENDIX I

THE ORIGIN OF THE MOLECULAR PHOSPHORESCENCE IN
SOME EUROPIUM CHELATE SOLUTIONS*

M. L. Bhaumik and L. Ferder
Electro-Optical Systems, hIc.

Pasadena, California

and

M.A. EI-Sayedt
Chemistry Department T, University of Cal"Lornia

Los Angeles 24, California

Molecular phosphorescence emission has bein observed 1 , 2, 3, 4 together with the
intramolecularly sensitized Eu 3 + emission from rigid solutions of some europium
chelates. Two mechanisms have been postulated to explain the appearance of the
phosphorescence, assuming that the phosphorescence originates from the same
molecular species which gives rise to the ion emission. According to the first mecha-
nism 4 , the intramolecular energy transfer from the triplet level is inefficient and
hence the occurrence of phosphorescence in presence of the ion emission. The same
observation was interpreted by the second mechanism 1 , 2, 3, to imply that the intra-
molecular energy transfer process from the ligand to the ion proceeds from an energy
level which is above the zero-point level of the lowest triplet state (where phosphores-
cence originates); this postulate requires that the intramolecular energy transfer
process competes with either triplet-triplet internal conversion or vibrational relaxa-
tion processes, which are known to take place in 10-11 to 10-12 seconds.

T~e intramolecular energy transfer process in some chelates has recently been
shown to occur in solution** from the triplet state in 10-10 sec. These results
rule out the first mechanism and make the second mechanism doubtful.

This work reports the results of an investigation on the origin of the molecular
phosphorescence. In europium trlfluorobenzoylacetonate (EuTBA), the phosphorescence
emission is shown to have a different origin from that of the intramolecularly sensitized
ion emission. Whereas the latter emission originates from the chelates, the phospho-
rescence seems to originate from a dissociation product of the chelate (most probably
from the ligand negative ion).

* Work supported in part by the Rome Air Development Center, Rome, New York,
under contract AF 30(602)-3440

t Consultant to Electro-Optical Systems

tContribution No. 1756

**Since neither the intensity nor the decay time of the ion emission in the compounds
under investigation change greatly when going from solution to rigid medium, the
mechanism and the rate of intramolecular energy transfer in a rigid medium may
be expected to be the same as those in solutions.
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The EuTBA is prepared by a method reported earlier 6 , and the analysis shows it
to be a piperidine adduct of the four ligand TBA. The melting point of this compound
is 168-171 0 C. The absorption spectra are obtained on a Cary 14 spectrometer. The
emission and activation spectra are obtained on an Aminco-Kiers spectrophosphori-
meter. This apparatus is provided with a rotating drum with two openings which
allows alternate excitation and viewing and thus only the phosphorescence spectrum
is recorded.

The following results strongly indicate that the phosphorescence ana the ion
emission originate from different molecular species.

1. The activation curve of the Eu 3 + emission of 10-5 M rigid solution of EuTBA
is different from that of the molecular phosphorescence (Fig. 1A). The
former is very similar to the absorption spectrum of the chelate (at 10-5 M)

and the latter is similar to the absorption and phosphorescence activation
spectra of (TBA) , (using solid NaOH as the base). These results strongly
suggest that the molecular species that phosphoresces must be different from
that giving rise to the ion emission.

2. At higher concentration (10-2 M), a drastic difference between the activation
curves of the phosphorescence and the ion emission is observed (Fig. 1B).
hi the activation curve of the ion fluorescence a new peak appears at 366 mp,
which may be attributed to a geometrical effect. * The activation curves,
decay time and the spectrum of the phosphorescence remain unchanged except
for the appearance of a dip in the activation curve at about 366 mp, which
can be explained by the filter effect of the new strong peak of the chelate.
The nature of the activation curves also indicates that the relative amount of
the species snowing phosphorescence is high only at low concentrations of the
chelate solutions.

3. Solutions of gadolinium triluorobenzoylacetonate in EPA at 77 0 K show both
strong short-lived (0. 003 sec.) structured phosphorescence, as well as weak
long-lived (0. 2 sec.) broad phosphorescence (Fig. 1C). Both types of
emissions can be resolved simply by changing the speed of rotation of the
drum. The latter emission has a structure, lifetime and activation curve
which are similar to those of the phosphorescence from EuTBA solution at
77 0 K. These results indicate that the relatively weak long-lived phosphores-
cence arises whether or not the chelate gives rise to ion emission by transfuer
of energy and also that the phosphorescence is due to a dissociation product
which is most probably a ligand negative ion (or has emission characteristics
similar to it). The relatively high amount of phosphorescence at low concen-
trations of the chelate is also consistent with the postulate of dissociation.

Analogous conclusions can be drawn from the studies of luminescence in europium
hexafluoroacetylacetonate and samarium thenoyltrifluoroacetonate.

• Due to the front surface excitation and viewing, as in the present apparatus, a weak

absorption tail can make the activation curve at higher concentrations appear to be
due to a strong absorption.

10



40
A

ACTIVATION EMISSION
30

20--

10 /
SI '

0 t
> 40

I o / I6

I..- ['B

zI
W 30-

I'_

tu 20-/

.4 o- it

0-

40 i
C

30 -

20 i

20 -.. "

200 250 300 350 400 450 500 550 600 650

WAVELENGTH, milhmicrons

FIGURE I ACTIVATION AND EMISSION CURVES OF SOME TR1FLUOROBENZOYL-
ACETONATE (TBA) CJIELATES IN EPA AT 77 0 K. The chelates in A, B
and C are EuTBA at 1O-5 N, , EuTBA at 10-2 and GdTBA at 10-2 M
respectively. Solid curves in A and B are due to the molecular phos-
phorescence and the dashed curves are for the Eu 3 + emission. The dotted
curve in C Is taken with fast drum rotation in the phosphorimeter while
the solid curve is recorded with a slow speed of the drumn and therefore
the latter represents only the long-lived phosphorescence.

- '



We wish to acknowledge Dr. Leonard Nugent for helpful discussions.

REFERENCES

1. G.A. Crosby, R.E. Whan and R.M. Alire, J. Chem. Phys. 34, 743 (1961);
J. J. Freeman and G. A. Crosby, J. Phys. Chem. 67, 2717 (IT63).

2. H. Samelson, A. Lempicki, and C. Brecher, J. Chem. Phys. 40, 2553 (1964).

3. F. Halverson, J.S. Brinen, and J.R. Leto, J. Chem. Phys. 40, 2790 (1964).

4. M. Kleinerman, Conference Proceedings on Organic Lasers, General Telephone
and Electronics Laboratory, May 25, 1964, page 39.

5. M. L. Bhaumik and M. A. EI-Sayed, J. Chem. Phys. (to be published).

6, M. L. Bhaumik, et al., J. Phys. Chem. 68, 1490 (1964).

12



Security Classifilcation
DOCUM4ENT CONTROL DATA.- R&D

I. ORIGINATING ACTIVITY (corporate author) 20, 019PORT SECURITT C LA9211FOCATIONd

3. REPORT TATLE 7.TTLN.O AE & O pm

Septeihe- 1965 12 b
So. CONTRACT OR GRANT NO. 90. ORSOINATOR'S REPORT NUUSEWS)

AF3O(602)34 4O
6, PROJECT NO. 4506 51!30-Q-2

e. Task No. 450608 96. IT"~J@TN()(n a,.m..a a .a~,

10. A VA IL ABILITY/LIMITATION NOTICES DCT-'56

This !vpnr-t is releasable to CFSTI.

I1. SUPPLEMENTARY NOTES Is. SPONSORING MILITARY ACTIVITY

Rome Air Development Center ME~ATA)
Gritfiss AFB NY 13442

IS. ABSTRACT

This report describes work directed toward the design and fabrication of

a gas laser oscillator and a solid-state chelate laser operating at wavelengths

ranging from 5.0 to 0.3 microns. During the reporting period, the optimized
material using sensitized fluorescence was tested for laser action. Under the

high energy intensities of flashes, photo-reaction products are detected. This

problem has been solved using new sensitizers and/or new solvents. But the
quantum field is somewhat low with these sensitizers. Work Is in progress to

improve the quantum field. The mechanisms of the energy transfer in chelates

have been further clarified and it is shown that the optical pumping scheme in
the rare-earth chelate to achieve population inversion does not involve any
inefficient process.

DD I JAN6 01473 _ _ _ _ _ _ _

Security Clasaetjcaofl



*S ecu ri t c l as sific at a n L N I K 9L N
* ~~~~~KEY WORDSLNKALKSLKC

11161. W? 01101. SICO T

LA SERS
* Cptical Radars

INSTRUCTIONS
1. ORIGINATING ACTIVITY: Enter the name and address Imposed by security classification, using standard statements
of the contractor, subcontractor, grantee. Department of-IDo such as:
fense activity or other organization (corporate author) Issuingt (1) "Qualified requesters may obtain copies of this
the report. reor from DDe."
2a. REPORT SECURTY CLASSIFICATION* Enter the over. (2) "Foreign announcement and dissemination of this
all security classification of the report. Indicate whetherreotb Dinotahrzd."Restricted Data" is included. Marking in to be in accord- eotb D sntatoie.
once with appropriate security regulations. (3) 11U. S. Government agencies may obtain copies of

this report directly from DDC. Other qualified DDC2b. GROUP: Automatic downgrading is specified In DoD Di- users shall request through
rective 5200. 10 and Armed Forces Industrial MarvaLi Enter
the group number. Also. when applicable, show that optional
markings have been uaed for Group 3 and Group 4 as author- (4) 11U. S. military agencies may obtain copies of this
ized, report directiy from DDC. Other qualified users
3. REPORT TITLE: Enter the complete report title in all shall request through
capital letters. Titles In all cases should be unclassified.
If a meaningful title cannot be selected without clasaifice.
lion, show title classification in all capitals in parnthesis (5) "All distribution of this report Is controlled. Qusi-
immediately following the title. ified DDC users shall request through

4. DESCRIPTIVE NOTES If appropriate, enter the type of________________
report. e.g., interim, progres., summary, annual, or final. If the report has been furnished to the Offica of Technical
Give the inclusive dates when a specific reporting period is Services, Department of Commerce, to, sale to the public. indi.
covered. cats, this fact and enter the price', if known.
S. AtoTIK)R(S)Y. Enter the name(s) of authot(s) as shown on II. SUPPLEMENTARY NOTE& Use for additional esapians.
or in the report. Entet lost name, first name, middle initial, tory notes.
If mi.iltary. show rank and branch of service. The name of
the principal m~'hor is an absolute minimum requirement. 12. SPONSORING MILITARY ACT1IlTY: Enter the name of

the departmental project office or laboratory sponsoring fps)-
6. REPORT DATE.. Enter the date of the report as day, Ing tor) the research and development. Include address.
month, year, or month, year. If more than one date appears
on the report, use date of publication. 13. ABSTRACT: Enter an abstraict giving a brief and factual

7*. OTA NUMER F PGES:Thetotl pae cunt summary of the document indicative of the report, even though
7hou. ToTllo nUrmBE PGS hoal pagiaonpceus.ie. conteth it may also appear elsewhere in the body of the technical re-

shoud filo nonal agiatin prcedres i~e, eterthe port. If additional space is required, a continuation Sheet shall*
number of pages containing information, be attached.
7b. NUM[bER OF REFERENCES Enter the total number of It in highly desirable that the abstract of classified reports
references cited in the report, be unclassified. Each paregraph of the abstract shall end with
So. CONTRACT OR GRANT NUMBER: If appropriate, enter an indication of the military security classification of the In.
the applicable number of the contract or grant under whmich formation in the paragraph, represented as fl's). (S). (c). or (U)
the report was written, There in no limitation on the length of the abstract. How.

Sb, 11c, & Sd. PROJECT NUMBER: Enter the appropriate ever, the suggested length is from ISO to 225 words.
military department identification, such aso project number.
subproject number, system numbers, took number, etc. 14. KEY WORDS: Key words are technically meaningful terms

of short phrases that cheracterine a report and may be used as
9s. ORIGINATOR'S REPORT NUMBER(S): Enter the offi. index entries for cataloging the report. Kei words must be
cial report number by which the document will be identified seiected so that no security classification Is required. Identi.
and controlled by the or iginating activity. This number must fiers, such as equipment model designation, trasde name, military
be unique to this reftoel.. project code name, geographic location, may be used as key
9b. OTHER REPORT NUMBER(S): If the report has been- words but will be followed by an indication of technical Con-
assigned any other report numbers (either by the OrstinstOr test. The assignment of links, rules, and weights is optional.
or by the sponsor). also enter this number(s).
10. AVAILABILITY/LIMITATION NOTICES: Enter any Hiim
italions on further dissemination of the report, other than thosel

Security Classification


