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FOREWORD
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Yumber AF03(635)-3734, Personuel Mavking and Detection (Laser Technique),

Lt J. R. Clary, Detachment b, RTD, Bio-Chemic¢al Division,
Eglin Air Force Base, Florida, served as Project Officer.
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report vere Mr. Gerald Jankowitz, Project Director, and Dr. Warren
Ryleraan, President and Senior Engineer, Project 698U,

Pudlication of this technical documentary report does not
consilute Air Force approval of its content., Distribution in this
form is intended solely as a means of achisving prompt and efficient
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Ao ABSTRACT

Calculations and czpeziuntal atudies have been ma:ie of
the Isomet system for mark tion of individualg,
Results of these atudies 3 at the systam is feasibla.

Recommendations are presenied for the further development of this
weapon system. ’ ’




What is required is an advanced concept for airborne deliv-
ery and application of marking chemicals that will provide a means
for marking snemy personnsl so they can be distinguished from
friendly individuals. It is also desired to track marked snemy
personnel. It is assumed that both friendly and enemy groups
may be living in the same arsa.

. The system ghall be:

1. Compatible with tectica] and support aircraft both
ptoccnt and progxllnnd

2., Sufficiently versatile to permit delivery of the ,
marking chemical and subsequent identification of the target at
high and low altitudes nnd within the lpood tlage of the doliv—
ery vohicl..

3. Applicable at long ranges from high speed aircraft.

4. . Capable of utilizing a marking agcnt,hnvihg a minimum
effective life of ten days and a useable iifetime of thirty days.

5. suitadble for tracking as well as for idcntiticltlon
of personnel.

6. Capable of utilizing a marking agent which is not harm-

ful or toxic to the individuals marked.

‘ 7. Imperceptible to the individuals marked.

The basic concepts of the Isomet system comprise marking
individuals with a phosphcr which can be excited by the directed
illumination of & laser device contained in an aircraft. The
radiation emitted by the laser as well as the return light signal

from the phosphor are bpth in the infrared or ultraviolet region
°of the spectrum and hence invisible to the naked oyo. .




The iwomet concept is a double marking technique. Each
irdividual in a viilage is covertiy marked with a phosphor which.
is characteristic tor th4 village and indicates his origin. This
marking will be refesrxed to as “sector” marking. An individual
seen visually from the air can be marked with a chamical agent by
a dissemination device or munition from the aircraft, . If the in-
dividual already has sector marking, the detection equipment in
the aircraft will automatically locate him and indicate his posi-

“tion on a read-cut device. He then can be marked again with a
different phosphor emitting at another wavelength. A sector mar-
ked individusl would thus receive an additional "point" marking
and would the:ufore be doubly marked.. An individual who is no:
sector marked would receive only a point marking. The SPM asystem
offers the following advantages:

1. People living in countries luch as Viotnln nozmllly
do not move far from their villages during their usual living
routine, It is, therefore, reasonable to expect that a sector
sarked individual seen a great distance from his village is en-
gaged in an unusual activity and is hence suspect. The charac-
- teristic emission of the sector marking agent Lunodlltoly 1nd1-
cates his origin.

2. A close range covert observatior station in each vill-
age can be used to ascertain whether individuals from snother

village, already marked in their village, have entered. Thus the

sectsr =atninq enablees local -uxvoilllnco of the population for
intiitration elcnonta. :

: ' 3. Sector marking can be applied under more controlled
conditions than point marking and can, therefore, bo made wmore
adherent and longer lasting.

4. BEmission from sector marking is in general more desir-
able in the part of the spectrum invisible to the naked eye but
easily detectable by ultraviolet or infrared detectors. This en-
ables sensitive detaction of sector marked individuals from the
air by automatic equipmant, and doo: not roquiro visual observe-

tion by the pilot. . -

' S. A doubly marked 1ndividut1 doss not nood to ba t:lckod.
but can bc at once identiusdi ssing through a check-point,




SEG%‘E"I'

since hi- village or origin ia known and the point marking indi-
cates that he has been in an area remote from his village.

The marking agent io a phosphor, preferadbly of cne of the

' following types: infrared excited and infrared emitting; ultra-

violet excited and ultraviclet emitting; or ultraviolet excited
and infrared emitting. A phosphor of any of these types would

not be visible to the individual warked, nor would the oxcitinq
source u-cd for detection be visible.

Tho exciting source consists of a short-duration high
pclk power output laser pulse of a wavelength suitable for excita-
tion ¢f the phosphor. As shown in Pigure 1, the aircraft at an
- altitude, R, emits a lasar pulse having a :ldiltion pattern of

angular width, @, in the direction perpendicular to the line of
flight and, @, in the direction parallel to the line of flight.
An c-ittinq source within the field of view is excited by the
laser source and re-emits a characteristic radiation. The dstec~
tion optics, in the asircraft:, has the same field of view as the
laser source. It collects the signal and transfers it to the
- detection and corrslation electronics. The latter produces a
read-vut which indicates the loc-tion of the individual who can
thcn be point marked.
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The weapons system consists of three basic units: the
transmitter, the phosphor sample and the optical receiver. This
analysis is 8 derivation of the relationships for each subsystem
and for the overall system. '

The results of the analysis are expressed in terms of
the maxisum opsrating range and the maxinum aircraft velocity teo
altitude ratio (V/B) at which the system can be operatad.

AL Ganexal (8A1) Analyaia

The receiver will be a photcmeter capabls cf responding
to the emission gpectrum and only the emission spectrum of the
tested phosphrs. The photometer tixs constant, T , will de deter--
nined by the detector circuitry. The field of view of the receiver
optics will be determined by the radiation pattern of the trans- .
motter. : S

d.d.Ad signal laval

The invisible rsdiation emitted by the phosphor incident '
on the clear optical aperture of the photometer is the signal
power. If the total phosphor area, Ap, in the field of view has
a detectable brightness, ", then the signal level, 8, will be!

(1) c.’i‘.‘i‘.ﬁ

and (watts)

Where R = Jange
anid D, e« clear aperture of the photometer.

The phosphor aret has been illuminated by the tranmmitter
source which uniformly radiates its output power over a rectangular
field of dimension R by JR. The surface brightness lp, after con-
version in the phosphor with an efficiency K3 will De, :

llf'.’)
(2) », - Py (vatts/cn?)

where P.P a excitation energy (nttl)A ‘
Substituting equation (2) into equation (1) will yield,




SEGRET
(3) 8= -——,-—-2"::"’% (vatts)

. squltion 3 givon the signal pow.z detected by the phoco—
meter. .

A.l.2. _Noise Leval

It is assumed that the system can be made detector noise
limited with present astate of the arttechniques. Therefora for ;
this analysias detector noise is assumed to be the limiting factor ‘ '

in the photometer. The electrical noise output of the detector k e

can be converted by its respvonsivity to an equivalent noise input oo
rower, commonly called the noise equivale: & power, NEP. 8ince the ‘ 1
optical system is for all intensive purposes lossless, the detector ;
NEP will be equal to the ncise equivalent power at the photomater

entrance apsrture.

The NEP of a circular detector is determined by the de-
toctoz'alao, the time constant of the detector preamplifier
assembly, ™, and a ¢onstant for the detector nltorill the detecti-
vity (D®*). The relationship for NEP is,

- D
WS e (e

The minimum detector diameter, Dy, is Getermined by the photo- ’
meter optics, a layout of which is shown in Pigure 2.

Thie analiytical photometer consists ot an objective lens,
a field lens and a dete.tor. The objective lens forms an image
in the plane of the field lens of all objects in the field of
view. The field lens is designed to image the objactive lens :
onto the detector surfuce. B8ince the objective surface is illu- ' :
minated uniformly, its image will aisc be uniform. The minimum i
detector diameter, Dd, is the diameter of the image of the entrance f
pupil, Dy , and is

(5) Da=Do' =bo fr

where f¢ = focal length of fiild lens
£o = focal length of objective lens
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It the detector is smaller, there will be » reduction of signal
level, since the entire clear aperture is not used,

The maximum angular width of the field of view, { ,
determines the diameter of the field lens Dg,

(6) D = 2f,tan ({//2)

To simplify equation 6, we may use the fact that the tan~
gent of a small angle can be approximated by the angle (expressed
_in radisns). 8ince the field of view in a practical situation
will be less than a degree wide, the approximation holds and,

(1) Dg = £

Multiplying equation (5) by'DgADg = 1 ylelds
(8) Da=Do £z Dg

Using equation (7) and the fact that f£¢/Dg is the f-number
for the tield lens (f#) the minimum detector diameter is found to
be, : , .

(9) .Dd - DO“W

The noiia equivalent power can now be expressed as a

function of system parameters by -ub-titu*ing equaticn (%) into
equation (4) with the result,

(10) ¥EP « D f# ,
2 V2 po T

where ¥/ is related to @ and ¢ by the trigometric equation for the
diagonal of a rectanqgle,

(11) Y = (02 + 2] 32

.1.3 Spurious Background Siguals

(watts)

- Spurious background signals can be generatad by background
brightness due to solar illumination and by background tluoro--
cence in response to the tranamitter illumination. The power

SECRET
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incident on the photometer aperturs due to solar radiation, Ngolar,
can be represented by, :

2, A,
(12) Wy 14r * Do“®d / |
e \ (wEBPD) AN

1

whera NEBPD is the noise squivalent background power density for
the system bandwidth, per unit wavelength and unit area on the
ground. The noise equivalent pcwsr due to a re-emission with
efficiency, K2, by the background after stimulation by tho system
radiation source, will be of the same form as that for Lhe signal

power.

If the area of the background phosphor is equated to
some portion,OC, of the entire field of view, equation (3)

-becomes, :

2 .
(13) Mpaex = Kp(P.PID"X (watts)
4 15
The total effective noise, Mp, in the field ia equal to
the square root of the sum of the square of all three . independent
random noise sources and is found by combining equations 10, 12,
and 13 such that,
12 2 12, 172
(14) Ny = [((WEP)* + (Wgolar)“ +0'back)”)

s largest and the onliy significant noise scurce anti-
cipated for the system will be the detector. The range and the
signal to noise ratio will therefore be determined in this text
by using the noise equivalent power from the detector as given
in equation (10). The spurious beckground levels, if observable,

‘will be measured during the feasibility tests.

1.4 _System Sigoal to Noiss RAtio
The sysiem will detect a signal, 3, with a signal to
noise ratio, 8/M, determined by taking the ratio of equations

(3) and (10), and substituting (11), yielding the general rela~
tionghip, '

(15) 8M = xl(r.r)%b'[‘.'l 172
* .
TSR

h /o)




SEGRET

Equation (15) is valid as long as the numbers substituted
for the system parameters 40 not generate roquireuntl that are
beyond the state-~of-the-art.

The weapcns system mush check all ateas in its search pathl

for marked objects. The forward ground dimension of the beam is
the product of the forward system lngl., @, and the altitude, H.
The time between laser pulses, t, is tha time between instants

of terrain interrogation. If this time inverval is made too

long, there will be a section of terrain which' cannot b~ examined,
The angle, the altitude, speed and time interval are related by
the average number of times, M, that cach area in a sesvch swath
is checked as,

neem
vt ) .

'When N is greater than one, all ar=as in a swath are

covered at least once. Rearranging terms and letting M = 1
the maximum value of (V/H) may be derived as A

(16) (VA) e, 2 & (sec))
t

Mote that once the forward radiation angle and the time
" between pulses are set, the maximum value of V/H is dot.r-inod
independent of other system parameters. )

The prototype shall be operable as long as the signal
to noise ratio, 8/, is as high as required for reliable detec-
tion. 1In section 3.1.4, a relationship between 8/ and range
was established, equation 15. Trensposing terms and solving for
range gives the maximum range, Regy, ’

S (1T Ry = [Ky(P. r)noﬁ,b' T 172 .
B - V@ s mieg y

lquation 17 shows that the system ceiling, l..x, is =
function of the fourth root of most systum constants and of the
eighth rnot of the ovorlll system time constant. This is most -
nigniticlnt in that if any one system paramater is degraded by

- SECRET

1

1/4




SEGRET

as much as a factor of sixteen, the ceiling is reduced by cnly a
factor of two. This type of system is most dependable.

. The width of the se&rch swath of tarrain, W, will be'a
‘function only of the angular beam width, d, and tho range, R, in
that, .

'(ia) WeRd

The nni;nun range and the width of the search swath shall
be determined by the weapons system parameters.

3.4 _Phoaphor Analvsis
d.4.) Svatan Requiremsnta
The tollawing chlrlctcriltic- of a phosphor mlrkinq tqen*
a:e desirable:

1. Non-visible excitation and emisseion.

2. 8trong lbaorption for presently known laser
emission wavelengths.

3. Absorption and emission peaks within uindov-
in the atmosphere.

- 4., 8hort decay constant ( 106 sec.)

S. High radiant efficiency (watts emitted light out/
watts laser radiation in).

6. S8tability to water and the ltnocphoro.

7. son-toxic to humans.

8. Neutral or non-obtrusive color.

9. Inaxpensive. :

A.4.2 Choice of Excitatiop and Emisaiop Spectrum
Since it is desired that the marking and detection system
be covert, the excitation scurce and the phosphor emission should
be in the ultraviolet or the infrared. . There are, therefore, but
three basic phosphor types to be considered: .ultraviolet excited

and ultraviolet emitting; ultraviolet excited and infrared olittinq,
and infrared excited and infrared cﬂitLing.

: The ultraviolet excited phosphors zoqulro an ultraviolet
lager. The only high intensity ultraviolet laser now availadble is

SECRET
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one that depends upon second harmcnic genezation. A second har-
monic of a ruby laser would yield a 3472A source, which is satis-
factory for exciting many phosphors. Frequency doubling, however,
entajils a considsrable loss of energy. The highest reported ot!i-
" ciency of conversion of ruby being of the order of 20%.

On the other hand CawO4 (Nd3+) and neodymi- = dopod glass
are more cfficient lasers than ruby and if uged di._ectly as infra~
_red scurces eliminate the snergy loss that must be taken if the
ruby wavelength is doubled. It is, theraefore, highly desirable
to use IR-IR phosphora frcm an energy requirements point of view.

. Consider the case of a phosphor that is excited by 3500A
radiation, and emits 8000A light with u quantum efficiency of 100X.
The 8000A wavelength is chosen because it lies just outside the '
long wavelength edge of the spectrum visible to the eye. Tha
eanergy of an emitted S8000A photon is only 44% that of an incident
3500A photon, so that the highest possible radiant efficiency
can only be 44%X. If the exciting wavelength is 2500A the maximum
radiant efficiency drops to 30%. However, if a phosphor is excited
by 1.06 micron radiation and emits at 1.2 microns the maximum
radiant efficiency is 868%X. The IR-IR system has an important po-
- teatizl advantage, therefore, from a radiant efficiency standpoint.

Since the transmitter and receiver are airborne, the exci-
tatica and emission wavelengths should fall within windows in the
_atmosphere. Figure 3 showt the transmission of the atmosphere
from the visible to 14 nicrons in the infrared. The neodymium
laser wavelength of 1.06 microna im seen o he satisdacicry,
Phosphor emission at wavelengths from 1.1 to 1.3 micrcas, from 1.5%
to 1.75 microns, from 2.1 to 2.5 micrcas and from 3.0 to 4,1 mi-
crons will have good atmosphere transmigsion.

d.4.3 State-of-the-Art of Infraxed Enitting Phosphors
d.4.2.0 Introduction
Most of the phogphor research in the past has been direc-
ted towards producing visible light, since this spectral region
has the greatest practical interest. The literature on infrared
emitting piwsphors, in general, is very sparse, and negligible on
infrared emitting phosphors excited by infrared radiation. A

careful search of the literature failed to produce a single refer-
ence that treated the case §E.&5%g red emitting phosphor exci-
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ted by a narrow bandwidth infrared source, such as would be pro-
duced by & neodymium laser.

According to Buillot and Guintina(l) prior to 1950 only
two articles appear in the literature on infrared emitting phos-
phors. One article by Pauli{2) mentiocns that 8rs8(Ni) and cas(Ni)
-emit in the infrared. The next article appeared in 1946 and
mentioned Cu20 as an infrured emitter. Very little is mentioned
in the stlydnrd phosphor texts on infrared emitting phosphors.
Leverentz( seems to ignore infrared emission gven whaen it s
evident such as in red emitting phosphors that peak in the infra-
red. Kroger(4) considers infrared emission but at the time his

book was published there was very little in the 'literature to
report. ‘

Leas than twelve articles published since 1950 have been
found that discuss infrared phosphors. Two review articles by
G.P.J. Garlick(5,6)  one in 1954 and the other in 1958, treat
~nfrared Ybonphor-. The latest article on infrared ghoaphors
by Bri1(? appeared in 1962,

The infrared pho-phors'found in the literature were mainly
limited to divalent ion crystals. In fact, most of the pnos-hors

reported contained Zn, C4d or Hg combined with 8, Se or Te, forming
the following series:

ans. ZnSe © 2nTe

cdas Cdse CdTe

Hgs ‘HgSe HgTe

1. E. Guillot and P. Guintini, Acad. Sci.-Paris 236.802 (1953)
2. W. E. Pauli, Ann. Phys [4th Series] 34, 750 (1911)
3.  H. W. Leverenz, "An Introduction to Luminescence in Solids"
(John Wiley & Sons, Inc., New York, 1950).
4. P. A. Kroger "Some Aspects of the Luminescence of 8olids”
(Elsevier Pub. Co., New York, 1948),
S. G. P. J. Garlick and R. A. Fatehally "Solid State Physics in
"' Blectronics and Telecommunications" (Academic Press, London,
1960) Voi. 4, Part 2, p. 741-50.

6. G. P. J. Garlick and M. J. Dumbleton, Proc. Phys. Soc. (London)
67B, 442 (1954).

H. P. Kallmann and G. Spruch, "Luminescence of Organic and In-
organic Materials” (John "ileééﬁ sons, Inc. New York, 1962)p. 479

15

W, v ."vg.'_:'ﬂ'sa..'@-iki&fi&"dv%’l‘v’.»W‘fk‘wﬁv"ﬂm%@




SECRET

The only phosphors reported were ZnO, Cu,C and pbs(5,6, 8)
nlso the halogens at temperatures below 180°K and 8rs(Ni) and c-s
{Ni) which have already been mentioned above.

The chllcogeni?cl oi ?n,cd'and Hg when pure or activated
with Cu, Ag or Au give 8,9,10 certain characteristic emission
pesks in their luminescent spectra. The series of peaks of each

' compound is similar to that of the other ones and the peaks movs
to longer wavelerigth with increasing weight of the lattice atoms.

' Zn8 has two wall known emission peaks in the visible region
"~ the blue peak at 460 microns and tha green peak at 535 microns.
The corresponding Feaks for a number of other members of the series
lie in the infrared (0.8 and 1.0 microns for €4S, 0.92 and 1.2 mi-
‘crons for CdSe). 2nS when prepared in a certain way gives & xed
emission at 0.67 microns. Browne correlates the obezerved HgS$
emigsion at 2 microns to this red 2znS emission. Brownse has also
_found that 2n8 has emission peaks in the infrared region at 1.48
microns and 1.70 microns and that the corresponding CdS peaks are
at 1,63 microns and 1,85 microns. He concludes that the blue,
green and the infrared emission of Zn8 and the corresponding Cds
emission arise from one type of fluorescent center; namely a

. cation vacancy in the crystal lattico that may be empty or may

" contain a monovalent ion such as Cu, Ag or Au. The emission is
characteristic of the lattice aniona (8) and not of the activators.
He also concludes thlt the réd zn8 emission is due to an anion
vocnncy.

Browne's studies of 2nS and C4S showed that the anion co-
activators (Cl) have a large effect on the efficiency and tempera-
ture dependence of the emissions. He divided the phosphors into
two classes: . (1) those phosphors that can be stimulated by infra-
red only, and (2) those that need both ultraviolet and infrared
stimulation. 8Some Class 1 phosphors also have their emission en-
‘hanced by ultraviolet stimulation. The infrared emission of the
Class 2 phosphors that were studied is rather poor st room temper-
ature (estimated to be 10% or less ot the quantum yield at low

8. p. F. Browne, J. noct‘ronic- 2, 95 (1556).

9. 1Inia, 2, 1 (1956)
SECRET
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temperatures). However, the Class 1 phosphors that ghow no ultra-
violet stimulation show much better emission at room temperature

(ss high as 80X of low temperature emission). These phosphors

give very littlo visible emission and are characterised by being
.relatively free of coactivator (Cl) and have very little activator.
Browne has also shown that heating the 2n8 and Cds phosphors in dif-
ferent atmospheres can very strongly affect thcix cni.aion properties.

3.4.3.3 Vinndium and Cobalt Activators, Indiun as a Co-
S 13 317 1 4

Brill, Avinor and coworkers(1:11°14) pave also clrricd out
recent work on €4S and CdSe activated with Cu, Ag, and Au and co~
activated with In, a group III-A element. They stimulated infra-
red emissinn with ultraviolet and visible light from a high pressure
mercury lamp, Coactivation was found to increase the efficiency of
emission, and implied that this increase can be obtained in varying
dagrees with othor trivalent ions (IIXI-A elements luch as B, Ga, In,
71, Al)

This group al-o -tudio- vanndium doped Cd48, CdSe, zns, and
2nSe, containing Cu, Ag or Au and found that the vanldiun qQuenched
the usual emissions but produced an emission peak at about 2.0 mi-
crons. These phosphors showed excitation peaks at 0.7? -%fronn and.
1.0 microns and are thus infrared stimulable., Garlick reported
that cobalt doped Zn8 shows only infrared emission at 3.3 microna.

A.4.3.4 Luninsscence Mechanisma .
If we consider the -implc energy band model shown in Pig-

ure 4 it is seen that the following types of radistive oloctronic
transitions can exist £ollow1nq nxcitntion:

1. Transitions within the oniacion.eontor.. .
2. Transitions from the condustion band to empty center.

11. M, Avinor and G. Meijer, J. Chem. Phys. 32,1456 (1960).

12, H. J. Schulg, Phys. Stac., Sol. 3,485 (1962).

13. M. Avinor and G. Meijer, J, Phys. Chem. Solids 12,211 (1960).
14. G. Meijer and M. Avinor, Philips Res. Repts. 15,225 (1960).
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3. T:un-ition- !rom cminnion center to empty ltltcn or
ponsttive hole in the valence band.
"4. Transitions into or confined to electron trapping
states.,

It is qQuite difficult in sny phosphor to assign the proper
transition or to define the exact nature of the emitting centers.,
Let us consider a few of tho infrared phosphors that have been
ltudxod.

In addition to the well-known visible emission of zinc
sulfide and the corresponding near infrared emission of cadmium
sulfide, additional bands in the infrared have bdeen found .for these
phosphors. The excitation spectra for these bands cocincide with
the quenching spectra of the visible (2rn8) or near visible (cds)
emission of the phosphors. This fact, along with other spectral
data, indicate rather conclusively that these infrared bande are
asgociated with transitions between the ground states of the nor-
mal emission centers and between thess and the valence bands.

The emigssion centers giving the blue and green bands of 2n8, or

the corresponding bands in Cd8 (0.74 and 1.0 microns) are almost
certainly due to electrons ln or around cation vacancies in the
crystal lattice. The levels of the center are due to the perturbed
levels of the covalent bands of the _surrounding sulfur atom which
oriqinnlly lay in thn valence band.

m}._.cmluima
A careful search of the technicsl literature revealed that
there is a dearth of information on infrared emitting phosphors.
Some recent work M a provided a small list of promising materials
to be investigated. This list can be used as & guide to the prep-
aration of infrared stimulable and infrared emitting phosphors.
The following factors must be considered in the preparation of ex-
perimental phosphors: purity of starting materials, flux, tempera-
" ture of preparation, firing atmosphere, particle asisze, type and
concentration of activator and coactivator. The experimental work

must be very careful since small changes in any of the above fac-
tors can p:oduco drsstic affects on the luninolconeo.' oo

Some phosphor systems briefly nontioncd in the literature
but not studied, offer some promise and should be investigated.

SECRET
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4. EXPERIMINTAL PROGRAM
The previous section has shown that if certain requirements

are satisfied by the light source (transmitter), the target (phos=-
phor) and the photometer (receiver), the ayatam is a feasible one.

Thia section describes the expsrimental effort which has
been made to determine the values of the subsystem pazameters.
The experimental data show that the performance required of the
subsystems can be achieved, ‘

4.0 _Laasza

The requirements of the laser excitation source are high
peak power, high pulse repetition rate, minimum input power and
minimum sise and weight. It is, therofore, mandatory that the
lajer system ba as efficient as possible; this will reduce input
power, minimisze coocling, reduce weight and permit high repetition
rates. The following sections describe the qualitative and quan-
titative effort to obtain reliable state of the axt data on effi-
ciency. This work has alsc provided guidelines for significant
improvements in efficiency. .

o a8

~4.1.1 BExperimental Arrangement for Obtaining Threshold and
——BERaxgy DALA

Threshold energy was measured by sampling the laser buam
with a photomultiplier whose output was observed by a Tektronix
555 oscilloscope and photographed. Threshold was taken as that
energy level for which a single pulse of laser light was detect-
able. The photomultiplier was shielded from the lamp iight by
use of suitable filters. Por ruby a No. 32 filter and the

' necessary neutral density filters were used. Por Nd doped glaass
~and CawO4 & silicon filter was used. : :

Energy measurements were made by firing the laser beam
into & calorimeter. Pigure 3 is a photograph of the experimental
set up. This cslorimeter consists of two graphite cups eacn
coated with finely divided carbon. Thermistor beads are located
on the outside of the cup to measure the temperature rise due to’
sbsorption of the laser beam entering one cup; the other cup
rerves as dummy in the standard thermistor bridge circuit and
cancels nut fluctuations due to ambient temperature. The ocutput

is fed into a d.c. mpufiosgééﬁordor. The cups are cali-

&
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brated by putting a pulld of known energy through the platinum :

heating wires wrapped around the cups, The circuit dlagram is !
shown in Figure 6, B ;

‘Initial measurements were made with a helical flash tude
surrounded by a cylindrical reflector, The arrangement consists
of an YT=524 helical flas® tube, and a reflsctor of lightly packed
C.p. grade magnesium oxide between an aluminum outer shell and the
fused qQuart: cylinder surrounding the flash tube,

Threshold data taken by the method described in Section
4,1.1 are given in Table 1 for Nd doped CaWO4. Table 2 gives data
for R4 dogod glass, and table 3 gives the results for ruby. The
CaWO4 (¥43*) crystals were grown at Isomet, while the Ed glass and
ruby rods wers cbtained from ocutaide vendors, All of the rods were:
ground, polished and coated at Isomet,:

From the data given in Table I for Nd'” doped calcium tung-
state we can compute a mean lasing threshold of 16,5 joules, The
mean value of the threshold given in Table 2 for X4 doped glass is

435 joules, and the mean value of the thrsshold given for rudy in
Table 3 is 1169 joules,

Tha results of cnergy measursments are plotted in Pigure 7.
The com;od_p\mpinq etiillency is ,02%X for ruby and ,19% for '
Cawn, (¥4 *)e The pumping effliclency was calculated using the
following formula: .

- Energy Output x 100
Purping Bfficliency = Energy input - Threshold energy

whezre sll the energy values are in jcules,
‘$.1.8__FX~42 Lineax Flash Tube Cavity (Mark 1)
The first cavity using a linear flash tube is shown in

Piqure 8, T7The laser rod was supported in a glass tude vhich was
placed between two linear 2GG FX-42 xenon flash tubes, The re-
flector consisted of aluminum foll wrapped arcund the entire
assembly, This cavity gave reasonable values for threshold and
pumping efficiencies, A graph showing input energy vs, output : i
energy for various rods is given in Pigure 9,
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LASER CRYSTALS AT ROOM TEMPERA

Roping

«5% Nd
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Dia,
Anches

2850
«390
+250
«2%0
«250
-1-1]
«450
+25%0
«250
«230
«2350
«2%0
«250
+250
+250
«25%0
«250
+250
«250
«250
«250
+250
«25%0
250
«300
+2%0
250
«2%0
«2%0
«250
«250
«2%50
+250
«2%50
«450
+3%0
«230
«2%0
«2%50

Length
Anches

1,833
1,950
2,000
3,00
2,00
2,00
2,50
2,00
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2,00
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IN A

v

‘Yolta

3000
4400
3200
2100
2800
2750
2700
2200
3500
2200
2430
2650
2400
2500
2230
3500
2200
2600
2800
3600
2400
2400
2200
2300
2700
2400
3800
2600

' 24%0

23500
2600
3200
2300
2200
2630
2600
2800

4200

Bnergy

deulss

14,0

14,0
19,0
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TARLY 1
(Continuad)

Sample Dia, . Length c v Enoxrgy
—Jio.. Rooing Inches Inches XTI UL Yolta  Joules 1

42 JS% Na ,2%0 1.50 4% D 2,15 2900 9.0

43 J% N4 ,2950 - 1,50 4% D 4,26 3400 24 |

44 5% NA4 - ,2%50 2,00 4% D 2,15 3200 1

43 5% N4 ,200 1,00 5% Ag  4.26 4300 39

46 .S% Ha4  ,2%50 2,00 4% D 2,15 3250 11 .;

47 JS% NA L2950 1,00 4D 2,15 3600 14 =

48 S%Na 250 1,00 . 4% D 2,15 3400 12.4 §

49 S% B4 128 1,875 4X D 2,15 3200 11 .

50,5 ®4 500 2,00 4%D 8,6 2600 29 :

- 8
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THRESHOLD MEASURSMUNTS OF NEODYMIUM GLASS

LASER CRYSTALS AT ROOM TEMPERATURE IN A
e SELICAL CAVITY (FY%24) _

Sample ' ‘Dia, Length ‘ Cc \4 Energy
~No. . Roping inches dnches X I M Yolts Joules
1 2% Hd »250 2,50 T1.,4%0 28 2800 98,0
2 T 5% Ha «250 2,00 4% D ‘- i— 900
3 o5% M4 +25%0 .2,00 L 4%XD - - 830
4 5% M4 +250 2,00 ' 4% D ' 100 3400 578
5 5% N4 «250 2,00 4 D 250 = 3400 1445
6 S%X NA 2850 2,00 3,880 16.9 3300 92
7 +5% Nd «250. ' 2,00 3.88d 50 3100 240
8 5% N4 «250 " 3,00 3.,4%D %0 3400 289
9 5% Na «250 2,00 ' 3%D . 8,6 5000 . 103
10 5% Na «250 2,00 3D 8,6 4500 ~87
11 5% N4 +250 3.00 3,220 S0 . 3100 252
12 SX NAa . ,250 © 2,00 4,3%D 120 . 2900 ‘805

13 5% NA «250 1,00 4% D 120 3000 540
UNCLASSIRED
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THRESHOLD MEABURTMENTS OF RUBY LASER CRYSTALS

AT _ROOM TEMPERATURE IN A HELICAL CAVITY (FTS24)
-Sample l Dia, Length c v Energy o
—No.. Doping Inches Inches X T /u. Yolts Joules
1 .05% Cr .250 2,00 4x'D 250 3800 1800
2 .05% Cr «390 1,95 8% D . 250 3800 1800
3 .05% Cr .355 2,88 3.,5%D. 250 4100 2160
4 .05% Cr «25¢° 3,00 4% D 120 3600 886
5 L05% Cr ,250 2,00 4X D 120 3500 735
6 .05% Cr «250 2,00 4% D 240 2500 652
/
‘ -
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The following efficiencies wers calculated:

Ruby (ground ¢.d,) 0,085%
Ruby (polinh«l 0.d.) 0,13% .
Cawo, (8a3*) (ground o.d.) 0.88%

The linear arrangemerit shows a nctor of tour improvement
in efficiency over the helical cavity,

Utilizing this 1n£omtion it was decided to design, build
and test a linear cavity with more controllable parameters. The
cavity (Mark 2) consisted of a 4 inch intermally aluminized cylin-
der with a center=to=center distance between the flash tube and
the laser rod of ,400 inches, The laser rod was supp~rted by a
glass tube, .

o ‘ c
' Threshold data are given in Tables 4, 8, nnd 6 for c.wo‘
), Bd doped glnu and ruby,

From the data given in Table 4 for Cawo, ®a>*) a mean
value for the threshold energy of 4 joules was calculated, This
is a factor of four better than cbtained with the FTr-524 cavity.
Yor data given in Table 5 for NA3* doped glass we compute a mean
laser threshold energy of 106 joules, which is a factor 4.5 '
better than that obtained with the Fr=524, PFor two samples given
in Table 6 for ruby we get an average threshold energy of 370

joules, which is a Zfactor of 3,1 better than that cbtained with
an FT-324, Thia decrease i *hrezhcld was also evident in qualicy

" control data from a large number oi hur rods which were tested
in each cavity.

$.4.8 Maxk J FX-42 Cavity
An improved version of the Fi-42 linear flash tube cavity
is shown in Pigure 10, This cavity had the following advantages!

easy access to the laser rod and flash lamp and reproducible
positioning of the laser rod to ! to 2 milliradians,

The accessibility vas provided by splitting the carvity a-
long the plane of the laser rod and flash lamp, This does not de~
crease the cavity performance because the radiation from the cut-
out portion does not reah the laser rod, The upper half of the
cavity is repositione? with respect to the lower half of the
cavity by the use of owel pins,’

UNCLASSIFIED
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Dia, Length

Roping Inchas Inchas
+5% N4 «250 2,00
5% N4 <250 3,00
5% R4 +150 2,00
+5% R4 +238 2,00
+5% N4 238 2,00
5% N4 250 2,00
5% K4 +250 2,00
+5% N4 +250 2,00
5% N4 «250 2,00
5% N4 «250 2,00
+5% N4 «250 2,00
Ha +2%0 2,00
- «250 1,50
R4 25 2,00
5% ¥a «25%0 2,00
5% B4 <500 2,00
5% x4 2062 1,78
«5% M4 +25%0 1,00
5% N4 «250 1,00
o5% R4 <128 1,00
O“ “ . .115 1.00

UNCLASSIFIED
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THRESHOLD MEASUREMENTS OF CaWo (ld3+) LASER
CRYSTALS AT ROOM TEMPERATURET IN A LINEAR
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s 8
[« v Energy
ML Yelta  Joules
2.15 1900 3.9
2,15 2000 4.3
2,15 .187%° 3.8
4,26 1300 3.6
4,26 1500 4.8
4,26 1300 3.6
4.26 1350 8.1
4,26 1350 3.9
4,26 1150 2.8
4,26 12%0 3.3
8.60 1000 11
8.60 1000 4,3
4,26 1200 3.1
4,26 1200 3,07
4,26 1800 7
2,185 1800 3.5
4.26 2200 10
4,26 2200 10
4,26 1600 5.3
4.26 2000 e
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THREEHOLD MEASUREMENTS OF NEODYMIUM GLASS
AT ROOM TEMPERATURE IN A LINEAR CAVITY

e {PX42) , CRYSTAL IN A GLASS SFINID
Samplae ‘ Dia, - Length ‘ ¢ \ 4 Energy
—Yo.. Doving Inchea Inches X1 4L Yelts Joulea

1 2% N4 ,2%0 2,00 1% D 240 1200 173
2 2% Na  ,250 2,00 1% D 120 1200 6.3
3 2% N4 ,250 2.00 4% D 120 1000 60

:

THRESHOLD MEASUREMENTS OF RUBY AT ROOX
TEMPERATURE IN A LINEAR CAVITY (FX—~42),
—CRYSTAL IN A GLASS SRIELD

Sample Dia, Longth ¢ v - Energy
1l - +05%Cr +250 2,00 4% D 240 2100 330
2 _ . 05%Cr «250 2,00 4% D 240 1400 27;
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The lacer rod was held in place by means of "V" blocks and
spring clamps, The original spring clamps consisted ot two phos-
phor bronze strips about 0,118 inches wide, In order to reduce
the shielding produced by these clamps, they were replaced by ,020
‘Anch wire clamps, and the "V" blocks were ground down to z.du*o
the ohiolding. .

The inside diameter of the cavity was 4,00 ihchcl and the
center-to-center spacing between the laser rod and the flash laxmp
was 0.50 inches, These dimensions were determined by a geomstrical
ray trace analysis, ZExamples of this trace are shown in Pigure 11
for the case of small center-to-center spacing, and in Pigure 12 for
1large center-~to~center spacing,' In general it was found that large
cavity diameter relative to the flash lamp and laser rod diameters

andltholr separation produced the highest value of optical coupling, -

4.1.9 Threshold Data Obtained with Mark 3 Cavity

Table 7 gives threshold data cbtained for Ca'04(lds+),'ld
" dopad glass and ruby, These data were cdbtained for various produc-
tion rods made and tested at Isomet as well as for the standard
lnboratory stock of test lasers,

3+

: The mean threshold energy for tho three Ca'04(ld *) laser
rods was 4,0 joules, The single NQ doped glass laser rod had a
threshold of 14 joules, This was the lowest threshold found for
an K4 doped glass rod, The two ruby rods had an average threshold
of 445 joules, The elimination of the glass tubing should yleld a
slight decrease in the threshold energy roquirt-ont.

4.1,10 Bffect of U-ing an rx-JBA Xenon rlnoh Tube Instead of
the FX-42

: In the optical ray trace analysis of laser cnvitiqn, it be~

came apparent that the diameter of the flush tube should be equal
to or smaller than the laser rod for most efficlent optical coup-
ling. The smaller tho din-ntor of the flash tube the better the
coupling,

’ Dntu eakan u-ing the rx-seA flash tube {s given in Table 8
. tor c.no4(ua *) and ruby, The :uby rod had a threchold of 173
joules, while the same rod had a threshold of 308 joules with the
- FX=42 f£lash lnnp. This is an improvement of 1.8 in threshold,

(Na3%) data give a mean value or 2.2 joules for laser

thrclhola and a minimum threshold of 1,5 joules was cbtained,
This would indicate a factor of 2 lnprov.-nt over the rxX-42
Ln laser threshold energy.
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THRESHOLD MEASUREMENTS OF UNSHIELDED RUBY,
NEODYMIUM GLASS AND CawWO4 (Nda3+) CRYSTALS AT
\JURE. FS-42 FLASH IJBE.

_ e BOON_ TEMP ERA
gample bi=. Length - c v Energy
cawog ' .

L S% M4 ,250 2,00 5.8%D 8.6 1200 6

2 - 1xwd .,250 2.00 4% D 2.15 1800 3

3 T .% ®A  .250 2.00 4% D 2.15 1800 3

1 SX N4 .250 3.00 4% D 8.6 1800 1%
Ruby

1 J08%r  .250 2.00 4%X D 16 1950 303
; polished O.D.

2 .oswr ,350 3.00 2%D 240 2190 . 580 .
: : polished 0.D.
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IARLE 8

TERESHOLD MEASUREMENTS OF UNSHIELDED RUBY

Gyl SRR

. AND CawO4 (NA3+) CRYSTALS AT ROOM
' sample : Dia. Length : ‘ C: v Eaergy
1 % NA ,250 2.0n 4X D 8.6 900 3.8 .
2 5% N4 ,250 2.00 4XD 2.15° 1300 1.8 .
‘ : ‘ Pol. O. D. - Bl
3 SX Nd  ,250 2.00 %,5%D 4.26 - 1300 3.6 .
4 .25%N4  .128 2.00 2% D 2.15 1200 1.8 .
1 .05%r 250 3.00  4XD 16 - 1450 173
- ' 3 . Pol. O. D.
9 '
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Mo data on energy output versus input energy has been taken
for the Fx=38A flash tube arrangement, However, theoretical studies,
and projection of the analysis of results of the comparisen between
the linear and helical cavities would tend to give an improvesment
in pumping efficiency of 2 over the FX-42 or pumping efficlenciles
of 3% for Cawoq (Nd3+) and ahout 1% for ruby,

. 4.2 Q-8witched Lassxa

4.2.) Q-fwitch Lasex Analvsis

Qegwitched "giant" laser pulses are produced by rapidly

changing the Q@ (quality) of the cavity from a low Q state (char=-
acterized by high losses) to a high Q state (where the loas rate
is low), while the laser crystal is being optically excited, By
this means the laser crystal can be pumped to high levels of in-
version (where the excited state population is greated than the
terminal level population) under conditions of low cavity Q, When
the Q is suddenly increased, the stored energy can be r-lnn? ﬂ\
a "giant” pulse, This effect has been demonatrated in ruby
"and in neodymium doped glass (16) where peak power in exceas of 30
megawatts have been produced in both systems, Q-switching has
also rli”xtly been demcnstrated for necdymium doped calcium tung-
atate This technique can be used with any material that ex-
hibits noml oscillation, provided the excitation is accomplished
in a time that is short compared to the normal fluorescent life-
time of the crystal. The amount of energy available in the pulse
is dependent on the degrae of inversicn and the cavity losses at
the time of Q-switching,

For example, neuvdymium in a host lattice of glass oscil=-
httl by absorbing energy in three main absorption bands at 28,000
18,000 cx~1, and 12,000 cw~l and then falls by a radlation-
lou ’eransition to a level at about 11,400 ew~l, Laser ocecilla-
t!.on occurs by emission from thie lovol to a level about 2,000
(lho!n in Pigure 13), BSince the terminal laser level is
2 000 cm™* above the ground state, it is relatively unpcpulated

15, "Characteristice of Giant Optiecal hlution- from Ruby"~P.J,
McClung and R, W, Hellwarth, Procesdinys of IZEE = Jan,1963 p.46

16, "Meodymium Glass Laser" Quantum Blactronics Conference, 1963
Paris = B, Snitser

17. D, Karlsons & T, Falvey, "Q-Switched cmu-u" Laser" J, Appl.
Physics, Vol, 34, Wo. 11, 1963 p, 3407
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even at room tamperature, This means that inversion can occur
with low input power compared to three level laser systoms, such
as ruby, where the terminal laser level is the ground state and
more than half of the ions have to be pumped into the excited
state, A further advantage of N4 crystals is that the main ab-
sorption bands are sufficiently close to the laser excited level
that heat generated by the radiationless transition to the excited
level is smaller than in other systems, In addition, neodymium
in calcium tunqli!S, and glass has a fluorescence quantum effic-
iency close ?o 1 , compared to ruby with a quantum efficiency
of about 0,611

AR S AR

. One of the major connidorntton- in the design of a Qewitch
-y-ton is obtaining the necessary switching speeds, Figure 14 s
a ‘graphic representation of the timing requirements, At ty the
fla-h lamp is ignited, As the culystal is pumped, a degree of in-

version is reached at which the crystal could oscillate if the
cavity Q ware high [£(K),]). The degree of inversion continues
to increase to a maximum £(N)1, [where £(N) is a function of the
degree of inversion], When this point has been reached, tg, the
aperture is lined up with the crystal and oscillation occurs, The
" maximum energy obtainable is that represented by £(N)i~2(N)y. As
is shown in Plgqure 14 there is a time after ty during which no
oscillation occurs, This is the time required for the pulse to
build up and is about 130 nanoseconds, I* has been shown 1) ehat
Af Quawitching is done at rates slower than thls build up time,
multiple pulloa can develoy.

At pr.lont Q--wifching is accomplished by means of Xerr

. cells, Pockels vells or mechanical Q-switchas, The latter con-
sist of rotating total internal reflection prisas or mirrors with
optical "speed doublers” or other optical devices which increase

. the effective switching speed, All of these Jdevices suffer from
1imitations, ¥With a Kerr or Pockels cell polarizers must be
introduced into the cavity or othor means found to polarize the
lacer bean, This introduces optical insertion losses and optical
alignment difficulties, A further disadvantage is that for Kerr .
cell switchirg, up to 1/3 of the snergy can be lost by cznversion
from the main laser frequency to R.man frequency light by the
nitrobenzene in the Kerr celli, Aas far as rotating prisms and
optical "speed doublers” are concerned, they introduce alignment
problems and insertion losses in addition to increasing the opti-

18. "Chars~ti:ii.l!ce of CaWO4 (N43*) Optical Maser® = L.P, Johnson
Uuas. = “lierronics Donference 1963 ~ Paris '
19, "Laver Mate*inls and Devices - A Research Report,” R,D, Raun,
- Blac .ro=Technology, Beptember 1963, p. 67,
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cal path length of the cavity and thsreby increasing the pulse
" width, BRach of these techniques has been critically examinad.’
A mechanical chopper-telescope combination has been developed
that offers high efficiency and reliability, '

4.2.2 Damage to Optical Elements

The high peak power developed in Q-switching produces ex-
‘tremely high power densities that can lead to the destruction of
mirrars, reflective coatings and optical elements, It is planned
to overcowe this problem by the use of a proprietary technigue
developed at Isomat that employs the use of opticul elewments
within the laser cavity to increaso the laser beam diameter. This
"technique, in addicion to providing mode selecticn, Alistributss the

high peak power from the laser over a larger area thus contributing
to a mlrkod increase in life oxpoctmcy of the system,

AAL.&MW

.2 3.1 lxporinnnl Arrangement Used in Kerr Cell. Q-
_uitchina of Ruby

A o‘chmtic dnvinq of the oxpurhuntal arrangsment used
in this series of experiments is shown in Pigure 15, The laser
cavity was of the FT-524 helical flash tube type, With this cavity
‘the threshold for the ruby laser rods ranged from 694 to 1200 joules.
The polarizer consisted of a Nicol prism, The Kerr cell used in
these experiments was a Xappa Series 8 using nitrobenzens as the
working fluid, The cell was anti-reflection couted for 6941A, Min-
imum transmission occurred at 31 kilovolts, The Kerr cell wvas
pulsed by a KV=27 low 1nductanco thyratron, and powered by 34 XV’

varhhlo nower suooly, _

4.2.3.2 Experimental Rasults Obtained
, Considerable problems were encountered in using the Kerr
cell as a G-switch, 1Initially, voltage breakdown and corona dis-.

charge produced inconsistent results, Mors insulation was added -
to the pulser eliminating most of the breakdown problems,

. The Q-switch still performr4 poorly, Meam red ocutput pule
ses of severtl hundred KN wers produced, An open to closed trang~
mission ratio of only 7,5:1 was obtained, wvhich explains to some
- extent the poor performance as a (-switch, Por high performance
it would be necessary to use ultrapure nitrobenzene ani more '
erficient polarizers, and to anti-reflection coat all surfaces,

The use of Brewster angle ends on the ruby would also help to in-
crease power output, At this time it was decided that a mechanical

| UNCLﬁSSIF%%D
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Figure 17. »Precannical Q-Switching Assenbly
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. Ruby Q-Switched Output
" 1 microsecond/cm

" Plgure 10
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Q-svitch would provide mora reliable operation at higher peak
powers, ard no further work wit} Kerr cells was carried out,

4.2.4 JNechanicsl Q-gwitch

A mechanical Q-switch was fabricated using a 17,3500 rp=
universal wound motor driving a 90° prisa, After some initial
aligrment problems excellent performance of this O-switch was
obt.Mo )

. 4,2,4,1 3xperimental Arrangemsnt Used in Mechanical Q-

A schematic diagram of the mechanical Qeswitchiny setup

is shown in Pigure 16, while Pigure 17 shows a photograph of
this arrangement, The cavity utilized an RGG FX-42 xencn flash
tube with a glass tube ¢to support the lassr rod, The motor speed
was 17,500 rpm. The prisas used were 90° TIR (total intermal reflec-
ting). In some of the prisms the roof edge was polished to permit
monitoring the ocutput on both sides of the cavity, A phototransis-
tor and a small light dulb were used to fire the flash lamp. The
output fram the phototransistor was fed to an Adbtronics Model 200
two channel time delay generator, in order to vary the time when

. the flash lamp was fired so as to secure the maximum output,

4.2.4.2 Experimactal Rasults

Pigure 18 shows = photegraph of a typical output pulse
resulting from Q-switching with an input energy of 975 joules.,
The trace was taken with an R0G 8D-100 photodiode as the sensor,
The decay time of the pulse is limited by the interconnecting

cable capecity, The calibration of the phosodiodo gave a sensi-
“tivity at the ruby wavelength of 0,35 x 10”4 v/wvatt., The diode
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CaWo 'Nd3 - Noml Luor Output
-5 miéroncond ‘em

cawo,:833" . Qoswitched Laser Output
- 10 atcz‘oaecrnd /cm : '
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was located at a working distance of 6 inches from a magnesium
oxide reflector having a reflectivity of 0,92. The peak output v
power was calculated to be of the order of 7 megawatts in a single
pulse. Boue difficulty was encountersd in making these measure-
ments becauge the oscilloscope used was rise time limitea. It is
likely that the pulse voltage was actually greater than shown in-
the photograyhj the output pouor would accordingly be greater than
7 megawatts.

Attcnpt- were made to Q-switch calcium tungstate. The
metastable state lifetime for Cawo4 (MA3*) is much shorter than
that for ruby so that any errors or variations in timing caused
large changee in the output pulse amplitude. At the rotational
.good. of the Q-switching prism, a timing accuracy equivalent to

of prism rotation were required. The setup did not have this
dagree of precision. Pigure 19 is an illustration of one of the
Q-switched outputs. PFor comparison the normsal laser output is
alsc shown. Quantitative data could not be obtained bocluno of
timing jitter.

4.2.5 _Second Harponic Gansration Experinents
Using FDP as second harmonic generation material, some ex-
periments were conducted on second harmonic generation with a
mechanical g-switch and a ruby laser. The results were inconclu-

aive, since the high peak power of the Lluar resulted in the des-
truction of the crystal.

At this tims very prozising resulis were obtained with infra-
red stimulable and infrared emitting prosphors. Since an IR-IR
system is more efficient than a UV-IR system (because an esnergy
loss of at least five in harmonic generaticn is avoided) it was
dccided to discontinue second harmonic studies.

4.2.6 Outical Deascs Bucountazad
A series of experiments wer. performed to determine iue
effect of Q-switched laser beans on optical elements. In each case

& focussed ruby laser beam of approxirately 7 megawatts peak energy
was directed into the saterial. The following results were observed:

8. Lucite block = Showed bubbles wherec laser beam went
SECRET |
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optical dimensions. The X=62 can be fired & 50 pulses per second,

b,

Co
-

e,

UNCLASSIFIED

threugh,

XDP = Showed Dubbles and fracture marks vherse beam
went through,

Prism ~ Surface pitted by beam,

Cemented Positive Achromatic lLens - Cement d..trayod
glass pitted at exit side,

Dielectric coatings - Destruction after cone or more
laser pulses,

4.2.7 Bigh Repetition Rate Lasars

Many lasers have been operated continuocusly, 8olid State
crystal lasers such as neodyminm doped calcium tungstate can ba .
operated continucusly at room temperature, if water cooled (18,20),
Calcium tungstate, ruby and other nurh]‘- ave been lased con-
tinuously at 1iquid nitrogen temperatures‘l8), It is, thervfore,
rsascnabla to eapect that a laser such as Cawoq (N43*) can bepulsed
at a high rspetition rate provided that an efficient cavity and
cooling are used and a high rep rate efficient pump is lvauablo.
This, fortunately, is not an insurmcuntable problem, -

Considarable advances are dbeing made in flash lamps., In
the past six months the average flash tube power has been raised
from 20 watts for an FX-=38A and 60 watts for an FX-42 to 4,000

watts for an FX~62, The Fx-42 and FXx-62 are almoet identical in

while the FX-42 has a maximum rep rate of one per ten seconds,

One

\
promising direction being developsd at Iscmet involves

the use of a sodium vapor lamp as the pump scurce, Figure 20 shows
the absorption spectra of ¥d3+ and the emission spectra of sodium,
Numerical computation indicates a possible 50 fold improvement in

pump efficiency.

4.2.8 Therzal Heating at Hich Rep Rates

The

taqoraeun rise for xenon pumping can be cc-putod for -

the following conditionst

A wvater jacket is nc.d to eliminate tho infrared rad-
huon.

20,

L.?. Johnson, G.D. Boyd, K., Massau and R.R, Soden "Contimuous
Operution of a 80l1id Btate Optical Maser." Phys. Rev. 126,1406

(1962),
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"be 70% of the radisnt output of the lamp is focussed at
the crystal, as a result of high coupling efficiancy
in the cavity.

€. 8% of the energy focussed on the crystal is absorbed
by the dopant with & quantum efficiency of 100%.

Hence:

Temperature rise = ________ _Enexgy Absorked
. Volume x density x specific heat .

A0 x .08 x 0.7 x 0.24
2-3 x 6,06 X 0.104
= 0.05°C/pulse’

Although the tuporltun rise h mll, at so Pps this cortuponda
to 2.1 cal/uc.

The cooling :cquirmnto can bo estimated from the conduc~
. tivity oqutionz . . .
[- _'x X a

ac

where 4074t = rate of hont ‘transfer
’ K « coafficient of thoml conductivity
A » area .
3B/dx = t-yotlturo gradient

Assuning a rectangular cross section laser rod the utinltod thexr~
mal gradient will not exceed 30° above ambient. Uaing air as the
coolant 3 cu £t of ai:/nnuto will limit the temperature. rise at
the surface to 0.5°C sbove ambient. This is sufficient cooling to
Kesp the laser oscillating at a high level. The computed max ther-
=) qudicnt le not htqh snought to utiaualy strain the crystal.

A photometer was constructed lnd used to measure the 1n- .

frared emission for all of the phosphor samples. A nkotch ot thh
basic device is shown in Pigure 21.

SECRET
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The field lens was adjusted so that the device exhibited a rela-
tively flat sensitivity curve ac a function of angle of source for

the three degree field. Therefore, aiming of the photometer was
not oritical, '

The sensitivity of the photometsr, was found to be 0.48
volts per microwatt of incident light of wavelength 1,06 microns,
The spectrum of a calibrated incandescent lamp was filtered by a
KDP crystal and an Isomet 718-P interference filter,

The detector DS a PbS cell with a rated detectivity of

9 x 108 wvatts—cm{cps) and is capable of nzalurinq radiation -
power densities as low as 5 x 10~1l wvatts/cw*, '

UNCLASSIFIED
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Initially a series of phosphors were prepared and examined
for emission in the infrared using a 3470A excitation source. The
phosphors were prepared by mixing a quantity of tho host (such as
Zns or CdS) with a few ml of a solution of the activator ica. A
small quantity of NaCl was also added. The suspension was dried
pulverized and fired in air in an aluminum oxide crucibdle at 900°C
for oné hour. Table 9 shows a list of phosphors that were pre-
pazed {n this manner. cas(Cu,T1,Cl) and C48(Cu,Tb,Cl) ware found
to be useful phosphors with strong infrared emission. The other
phosphors in Table 9 did not show any infrared emission within
the range of the datector, (1.3 to 2.6 microms). . ‘

Another series of phosphors was prepared in a similar man-~ -
ner but was examined for infrared emission when excited with 1.06
micron rsdiation. Table 10 lists the phogphors prepared along
with thzir relative radiant efficiency. CdSe was found to be 8
promising bost. ' ’ oo S

"he high radiant efficiencies displayed by thes: IR stimu-
lated and IR emitting phosphors, along with the highly efficient
1.06 micron laser excitation source made possible by CaWo, (¥a3®)
or neodyaium glass, prompted a decision tc concentrate efforts on
IR-IR phosphors. 2Zn8, and CdS and CdSe doped with various heavy
metals were selected as promising phogphor systs=. Careful
preparations and studies were made with these materials.




~-LEQAPHORS SOITHESIZED

1.
2.
3.
4.
3.
6.
7.
8.
"9
10.
.
12.
13.
.
1s.
16.
17,
18.
19.
20.
21.
a2.
as.
a4.

(zn,cd)s;cu

cawoy (Ma)
(2n,ca)s,cuMacl)
{Zn,ca)s:CuMacl]

-CA8CusITl (MacCl)

€das:Cu:Tl (MacCl)
Cds:iCuiTl(.1l) Macl}

. CdBICutT1(1} Macl]

CdS:CuiPb(0.1) (wacl)
Cdas:iCuisin MacCl)
C4s1Cu:iCo (Macl)
CdsiCu:¥i (WacCl)

- CAg1CutTH(.08) mcn

PBSIAGITD [MacCl).
Pb8I1CuITD (Macl)
Cds 1Ag (Macl)
CAas1AgI1TD MacCl)
CdsiCu:iT> (MacCl)
Si1Cutdl (Macl)
Zns:CuiCo MacCl)
CAS:1Zn81CuI T (Macl)
Cus:1Td (Macl)
Cusi 1Ag MacCl)
CuS:Co (MaCl)

¢ No IR Output obeerved
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L1ST OF POTENTIALLY USEFUL

-

~EHQSPHORS AYNIURSIZED
sample No.| Composition Piring Relative
: ' Temp. °C Radiant
‘ ‘ Resici
] 1] standard |cdseiCutln 1000 .0%00
2 l4a CdseiCu:Dy (MacCl) 800 .0020
3 14b Cdse:Mn [MacCl) 800 0037
4 16 CdsiCusln (Macl) 800 0045
S 17 Cdse:Cutln MaCl) 800 .0078
6 17a CdseiMn (NacCl) 800 .0084
7 17 Cd8e1Mn :Dy (WacCl) 806 .0032
8 17¢ Cdse:in:In acCl) 800 0040
9 18 *cd(se,8);1IniCu (Macl) . 700 .0340
0 18a *Cd(8e,3)IntCutDy (Wacl) 700 .0400
1 18b CdsestIniCu(Macl) 800 .0100
12 19 Cd(se,8)Cu:In1Dy: Macl) 700 .0180
13 19a Cd(8e,8)CuiIniDy Macl) 700 0078
14 19d Cdse:Cu(Cl) 1In:Dy (MaCl) 800 .0030
s 20 *C4(8e,8)Cuiin 600 0068
16 20a oCd(se,8)Cuiin 700 . 0080

*Se:8 zatio s 131

R
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‘Four particualarly good infrared emitting phosphors were:
prepared. Two of these were tested and found to have high radiant
efficiency when excited dy 1.06 micron radiation. 7The other two
phosphors were prepared too late in the program for evaluation,
but are considered to be promising by analogy. The preparation
of these phosphors is as follows:

da4.0.2.) caduiun Sulfide (Ag.V) [Sample ¥-41

A quantity of 7.3 grams of CAs, 1 ml of 0.01 M AgwO3 (102
mmole), 1 ml of 0.01 N NEH4VO3 (10~24mole) and 6 ml Of water were
mixed to form a paste. After drying for three hours at 120°C, the
product was ground in a mortar and pestle gnd 3.5 ml of water adled.
The mass wvae mixed well and refired at 950 C for three hours in an
H328 atmosphere. After cooling to room tempersture the product was
reground and then refired for 1.5 hours at 950°C.

4.4,1,2.2 Cadaiun Sullide (Cu.V) [Sample V=31

A quantity of 14.5 grams of Cd8 (0.1 mole), 2 ml of 0.0}
. MMM, VOy (2 x 1072 mmole V), 2 ml of 0.01 M Cu(NO3)y (2 x 1073
»mole Cu? and 7 cc of water were mixed and dried at 120°C for three
hours. The msterial was then ground to a fine powder in a mortar
and pestla. A quantity of 0.3 c¢2 of 1 X Cu(MO3)3, 0.3 cc of 0.0l M
WR4VO3 and S cc M20 were mixed with the dry C4S and the mixture was
dried at 120°C. The Ary phosphcr was then fired in an H38 atmos-
phere at 950°C for one hour. The product was cooled to room tem~
perature, ground to & f£ine powder and refired st 950°C for two
l”u'o . ) '

4.4,0.2,2 _2ipc Sulfide (Cu.v) (Ssmple ¥-Shl

: A quantity of 9.7 grams (0.1 mole) of Eng, 2 ml of 0.0l M
EH VO3 {2 x 10°2 mmole V) and 2 ml of 0.01 M Cu(WOy)g (2 x 10-2
smole Cu) were mixed to form a slurry, which was then dried at
120° for three hours. The product was ground in & mortar and pes-
tle and 3.5 ml of water wwre 8dded to give a thick paste. After
drying at 120°C the powder was fired in sn N28 atmosphere st 950°C
for one hour. After cooling to room temperature the product was
reground to & powder and then refired at 1100° for one hour.
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b4 Cadnlim Rslanidn

A series of Cdse phosphors were prepared to determine the -
effect of preparative technique on the emission. General Rlectric
Company electronic grade Cdse 118-8-4 was uniformly mixed as an

' aqueous slurry with Picher Certified Cu(C3H302)2.E20 and Pairmount
Chemical Com In(Md3)3. The aqueocus slurry was oveu dried at 1359,
Cu and In were pxonnt as 0,02 mols pezcent and as 0.09 mole pex-
cent.

In the simpler pﬂpultion, the oven dricd CdSs was plckod
into a quarts crucible, covered and placed in a large: quarts cru-
cible f£illed with fired 2nS and covered. This was fired in a
muffle furnace at 1000°C for one hour and then air cooled, '

The CdSe was also fired in an atmosphere ot Ny8e and Ny
for one hour at 1000°C. . The CdSe was packed into a small quarts
tube sedled at 2ne end. This tube wae inserted into the far end
of & tapered quarts combustion tube which extended through two
Havi-Duty Rlectric Co, furnaces. A quarts boat with ASARCO Se,
99.999% pure Se was stationed at the near end. The combustion ,
train wvags purged with Matheson ultrapure Hydrogen &t room tempers~
ture and then inserted into the furnaces under l: flow with its
Cdfe and Se portions maintained at 1000°C and 500°C, respectively,
for one hour. The tube was cooled to room temperature in its at-
-nopbuc of hydrogen, and then oponod to the lt.‘oaplun.

In another group of pboophou, $0% of the Cdse wan -uhott-
tuted by an equal amount of RCA electronic grade C&8 33-C-291A,
a8 Lorauiativns were doped, dried, and fired under the ecndiucal
outlined for the Cdse phosphors.

il
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The phosphors have three characteristices of particular in-
terest: the exciting spectrum, the emitted apectrum, and the
radiant efficiency. The important adecrption peaks of the phsphor
should mstch well the emistion wavelengths of the laser excitation
source. The latier in the case of ruby is well known - 6943A with
‘& bandwidth of less than lA. The smissicn spectrum of the phos=
phore were medsured whenever posnible. The phosphor efficiency, -

perhaps the most important of the thno, was nonurod carsfully
and lccunnly.

The saaple phosplcrs were mounted on index cards. The
cards weare fivat coated with adhesive by using doudle backed ad-
hesive tape. 1The phosphor samples were ground to & powder and
then sprinkled on the adhesive. In this manner, the phosphor
was spread on a flat surface in & fairly uniform manner. The ad-
hesive in no way covered the sample, thus providing a direct
mesasurement of the phosphor efficisucy. MNo binding agents were
used that might interfere with the basic phosphor measuresents.

4.4.2.2 Ultxaviclet Excitasion ,

. Ultraviolet (UV) illuaination was provided by a xenon
£lash tube which produced an arc 1/4” in length and 1 »=» ir width.
The exit hole in the lamp cover was covered by a pair of glass
color filters with a peak transmission at 360 millimicrons as showm
in Pigure 22. This filter was chosen because its Deak transaiseion
te very cloise o tha wavelength (347 millimicrous) corresponding

tn' g freguescy &cubled vutput of & rudby laser, @ propoud source
for otimhttnq UV phosphors.

_ The thoh tube was caubueod by means of & direct com-

. parison technique. A photodiode was illuminated by the calibrated
incandescent lamp previcusly used to calidbrate the photometer.

The output for the known input was recorded thersdy calibrating
the diods. The calibrated lamp was then replaced by the filtered
f1lash tube and the detector output was &gain recorded. B8ince the
photodiode exhibits linear seneiti: ity over the intensity nnqo
obnnod, the flash tube bright:un was d.nrunod.
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The ultraviolet phoaphor measurements were made by illumi-
nating the samples with the calibrated source and detecting the
return signal with the calibrated photometer. The photometer

2 » '3

‘aperture was masked with a pair of coler glass filters exhibiting
" the transmission characteristics shown in Pigure 23). These f£il-

ters restricted the efficiency measurexent to the infrared (IR)
region of the spectrum and filtered out most of the exciting

" 1ight, allowing the ze-emission t< be measured directly rather

than as part of a sum of the bright inuainltinq source and the
naturally mkoz phosphor esission.

The pho.phoz sampls cards were assumed to radiate as per-
fect diffuse radiators. The range equations, derived in Section
3 of this report, were adapted for the short distances involved
in these test measurements. These equations were used to calcu~
late the detector output assuming & 100% phosphor efficiency.
The ratio of the measured to the calculated dotm.tor voltages was

~delined as tho phosphor efficiency.

ms_mmmum :

The infrared phosphor excication was supplied by an in-
candescent lamp, mounted in a2 parabolic reflector with an
accompanying filter system. The filter consisted of a 5 cm
thick water filter and a colored glass filter. The transmission
characteristics of the filters are shown in Pigures 23 and 24.
By using combinations with various cutoff color f£filters it was
possible to roughly determine the wavelength region ot maximum
uciuuon efficiency. .

.+ The IK excitation .ouico was not calibrated since the
photometer could be and was used directly, to compare the excita-
tion to the cniuion of the phosphor.,

The geometry ¢f the IR phosphor measurements was similar
to that for the UV phosphors. The phosphor efficiencv was defined
as the ratio of the watts per squars centimeter of brightness from
an emitting phosphor to that from a lossless diffuse surface, The
former ndutod 8 spectrum somewhare between 1 lnd ‘38 uc:on-,
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while the latter had the same spectruw as the lamp, A white index
card served as the diffuse surface. o

The photometer was masked by a f£ilter system capadle of
transmitting all the re-emitted wavelengths but rejecting all the
lamp output spectrum. Wit this filter .4n place, the phosphor
enission was measured by the photcmeter. The filtere ware then
removed and %he phosphor replaced by an index card. The photcmeter
output for the exciting and emitting specirums » in combination with
koowledge of the filter characteristics led to a direct measure-~
ment of the phosphor efficliency. The photometer filters consisted
of a silicon window and intarfereace filters, the combination ex-
hibiting the transmission characteriatics shown in Piqure 25.

It is necessary that the emission spectrum ~f the phosphor
lie within a useeble window in the atmosphere. I7, in addicien,
ths emission bandwidth is narrow, then the signal-to-noise can de
improved. The emissicn characteristics of promising phosphors

" prepared by the Phosphor Group were determined using the fluores-
cence attachment for the Beckman DK-2A spactrophotometer. The
data obtained served not only to determine the usefulness of the
phosphor, but provided information for guiding the phosphor devel-
opment work. ‘ ' '

4.4, Chaxactoristica of sslected Phoachors

A  Figure .26, 27, and 28 show the infrared f£luorescence
spectra of CAS{Ag,V),Zns{Cu,V) and Case (Cu.ln). The spectra

are fairly narrow, which is helpful in distinguishing the retura
signal from backgyound. Figure 29 shows the fluorascence spectra
_of CdSe(Cn, In) and CASe~CdS(Cu,In), both for the same excitation
source. . It is seer that the CdSe-Cds phosphor is more efficient.
Pluocrescence data on the CdAse system is not yet available, so that
it ts difficult to fully assess the significance of these curves.

The characteristics of the most promising IR-IR phoaphors
sre as follows: ‘ - ’ ’

e e - g




- PHOSPHOR EMISSION (Relative Units)

Cd S (Ag,V)

1700 1900 2100 2300
EMITTED WAVELENGTH (mp)

Pigure 26 - Pluorescence ?'ctn of Cas(Aq,V)
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'Zn'S(Cu,V)
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rtanc 27 - Pluorescence lmn of Zn3(Cu,V) sm
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¥igure 28 - Pluworescence ”;S:Qh‘ of Cate(Cu,In)
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Pigure 29. Flucreecence Spectrs o.!_,;dSo-CdS(Cu,In) and CdSe{Cu,ln)
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m ' Radiant Rfficiency
"

CdBe(Cu,In) : : : K )
CdSe~CA8(Cu,In} i ' * i
- cas(hg,V) , : ..
sns(Cu,v) 4.0
cas(cu,v) ' ' . 5.0

‘*Hot yet measured
" Mo tests wers made to determine whether ‘lay of the pbo'lp!_ion
had toxic properties. It is probable that InS will prove to be

harmless; CAS8 may be & problem, Animal tests will have to ba per-
formed to determine the sctual toxic hasard of promising phosphors.

A relatively small effort was made on the phosphor dlssemi-

‘nation problem. 8ince the types or compositions of suitable phos~
phors were not known, it was only pussible to nko an uplouto:y
study. Both inorganic and. orqanic pho-pbot- were eonaid‘zod.

The problem of diu-.iuunq .an organic pbo-pbor is consia-
erably eseier, since the phosphor can be dissolved in & suitadle

solvent. A resin or adhesive material can be 8dded to the solution

to aid in the fixation of the phosphor to the individual. Dissemi-
nation of the liquid can be carried ocut by available Aisseminators
such as the UiAr msz—: or the Army Interim Defoliant System.

v A sexries of oxporinnta ware clx:hd out in which » 1%
solution of an organic phosphor was made in vericus resin eclutioms.
Polyvinylpyrrolidons homopolymers snéd copolymers of ethyi acrylate,
styrene and vinyl acetats wers obtained from the Genersl Anilime
and Film Corp. The co-mmcmer prasence tended to medify the
agueocus solubility, flaxihility and tackiness of the fila. The PWVP
‘Tesins are availadble as emulsicne, alcoholic and agquecus solutieons
and solids. All PVP resins that we:o formulated yielded good
filmes. They included Polectron 130, Pohcttoa 430, rohctxoa 025,
K~18 m, K=-30 FVP and I—!:S. o

SECOET
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A typical !cmhuon congisted of?

0.5 g. Blarzophor 8V solution

2.0 al Polectron 130 {copolyner emulsicn)
250 =l 720

450 wi. Isopropancl

Blanchophor is a ult:nvioht excited phosphor emitting in
the bluo. Although not suitzdle as a marking sgent, it served as
a coavenient orgenic test phosphor. The above formulatioca, when
applied to skin, produced & thin film which exhibited strong
fluorescence.

Pormulations containing an insoludble inorganic phosphor

‘separated out rapidly on standing. Bowsever, ballmilling restored

the dispersion which jelded fluorescent films \ulun used before
settling occurred.

The lctylo!.d resine are polymers of tho esters of leryue
and methacrylic acids and can be obtained as solids, or dissclved
in orgenic solvents by the Roha and Esas Co. The Rhoplax resins,
algo wade by Bohm and Haas, are aquecus emulsions of acrylic

_polymers with functional groupe. These polymeric resins sre re-

sistant to w cer and alcohol solvents and produce harder and -
tougher films than the polyvinylpyrrolidone group. Acryloid B-82
and Rhoplax AC-33 were formulated with 1X phosphor and aquecus
lsopropanocl solvents to give filme. h standing the phosphor
settled out npidly.

Acyyiic emulsions CL~300 and CL~304 and a copolynex Vinyl
Acrylic emuleion CL~222 were cbtiined from the Celanese Corp. For-
=algelisng WETS prepdivd with cthese emuieione to give films., It was
found that settling of the inorganic phosphor in the following !e:-
sulation oecurod .lovly over severtl hours.

1.0 grams Cylvania S
15.0 grams €1-304
75.0 ml Isopropancl

S 'm shawvinigan Resine Corp. furnished Gelve Polyvinylace-~
tate homopolymers and copolymers 8s & solid, solution or emulsion.
The filme obtained were not &s hard, tough or water resistant as

1ic filme. Pormulations were . red from Gel V-'I
ymer and Gelve c-:v-% c-sv’;ﬁ":opox,..: res

75




_card. The phosphor chosen was Ens{Cu,vV). The return signal from

The preparation of a stable, non-settling liquid dispersion
of 2n8, C4S or similar inorganic phosphoxrs will zrequire a develrp-
ment study. It may be more desirable to dispurse these phosphozs
from a solid tyre disseminator. Both approaches should be consid-
ered. .

A CawO4 (NAY*) laser was used to excite a phosphor sample

the phosphor was detected by the photometer and the cuiput dis~
played on a Textronix 555 dual beam cecilloscope. The results
are shown in Figure 30. An analyais of the data shows that the
retura signal was of the order of magnitude predicted by the
frevious photometer experiments with & filtered xenon flash tube
serving as a simulated laser source of 1,06 micron rediation., -




UPPER TRACE: Laser Irradiating $ignal (1,06 Microns)
LOWMER TRACE: Return Signal Prom Inactive White Panel

UPPER TRACE: Laser Irradiating Signal (1,06 Microns)
LOMER TRACE: Rerurn Signal From White Panel Coated With
Infrared Phosphor '

Pigure 30. cCawc, (Md3*) Excitstion of s Phosphor
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The analysis and cxporlum:ll data show that the Isomet
sarking and detection system is feasible. A driesf summary of tho
salient results and accomplishments follows:.

- SdAyatem CORDOOSDLA

The sector point marking system is composed of a phosphor,
a phosphor disseminator, an optical transmitter and an optical
receiver,

‘ .
Three infrared emitting phosphors with characteristics
suitable for use ss & marking agent were developed during the
study; €4 8 (Cu), Zn 8 (Cu, V) and €4 8 (Cu, V). These samples

exhibited radiant efficiencies of two, four and five pozcont,
uopoctlvoly.

The excitation of a Zn 8 (Cu,V) phosplor pesnel by a cwo4
(Ma3") laser, and the detection of “he infrared emiseion from the
phosphor was successfully demonetrated in the laboratory and con-~
firms the analytical analysis.

dal.2  Risssmination of Phoachoza
An exploratory study wes made of the problems of dissenina-
ting phosphors suitable for use as mar¥in, agents. Considerabls

further work 1is needed to develop stable, non-sattling Viquid Alg-.
persions of inorganic phosphors such as .‘ll or €4, that could be
disseminated wvith disseminators slresdy developed. It may be

nore dosirable to dissesainate these phosphors in dry form.

‘Aadad _Ontical Txanmittax

The only known meAns for schieving & bemm of sufficiently
high intensity with suitable collimation is a laser. The various
laser chrarscteristics such as pulse repetition rate, optical pumping,
laser peak power, cptical damage, optical cavity, cooling require-
ment, and type of laser material were intensively studied. A lab-
oratory laser was built to help verify and optisime design concupts.

S g
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" A Cawoy (WA3*) or noodymium glass laser has been showm to
be & guitable radiation source for the airdorne weapcns system under
i study. Units capable of producing one-half tome megawatt pulses
: at pulse repetition zatesup to fifey pulu per second can be
. : reliably achieved.

An optical transmitter for close on-ground covext in-
spection of personnel could utilize either a laser or a filtered
flash lamp.

ddas_ontisal Raceiver
A suitable receiver would have a catadioptrioc optical
system with 8 clear aperturs of from six to ten inches dspending
upon tha application. The detector uould be phoio conductive
cell with a detectivity D® of up to 1012 (cpl) /’/vltt.

S.2_Svaten Chazrctaristice

LSRR £ WRRER BN Lo

The charactezistics of the system were analysed in Section
3. By combining the squations from the system analysis with the
sxperimental results, the characturistice of a feasible state-of-
the=-art wespons systen for marking and detection can be evaluated.
A projection is also made 0f the systea performance that can be
expected in the next five vears by a reasonadble extrapolation of
the characteristice of the critical system componsnts.

i " The system parameters are given below with the celoulated
: system charactaristice! -

K1 o % efficient . = 200 cmd

P.P o 0.3 megavatts Dg = 1012 c-(cpo)v’/\ntt
t s 0,02 sec - ‘ (Y, I
¥ » 0,2 radian approx. 12° 4ol
® o 0,1 radian approx, @° T » 106 gec

Do ®» 25 o Vv e 300 knote

Pmax = 1300 feet
(Vm’-x o3 m'1
Ugin & 20 teet
These are typical numbers And show that the system is operadls
from the deck to 1300 feet. The (VM) limitation means that the
systenm {8 limited to )OO knots 8t 100 feet] 600 knots at 200 feet,
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and eo linearly up to 3600 knots at 1300 feet. The path width is
20 feet 8t 100 feeat and increases linearly with altitude to 260
feet 8t 1300 fee:c. It should be noted that the system works well
at any velucity balow those stated, at iower altitudes the signal
to noise ratio is higher. PFor a 300 knot aircrafe, the lyltu

. is operable layuh.n frem 100 feet to 1300 feet.

An outstanding feature of the system is the capability
that it gives a high performance aircraft, such as an P~104, to
exanine & 200 foot wide swath of terzain at top speed from 1000
feet. This aircraft could aleo, with the same system and no

adjustments, slow down to 300 knots and check out a 20 foot
Jwath froa 100 feet up.

The projected systeam pltu.&u lzﬁ

= 50% efficient A, @ 200 cm?-
r. } S0 megewatts ok = 1013
t « ,005 sec. 8/ e

€ « 0.2 rad approx. 12° e .1
® « 0.005 rad approx. .2% T & 1077 gec
b @325 cm , "V emmch 1l

Bagy = 32,400 f“t
(VA)max = 13 (sec~1)
¥ain = 20 foet

The (V/B) wvalue is twice what it was provlouily.: This
peans the vehicls could operate at iach 1 at 100 feet while
examining & 30 foot swath. The unit will remain in operstion

up to 18,000 foot altitudes. This system should satisfy most
nissiocn requirements.

The veiues used for @ and § can be changed to suit the
particular application. Increasing @ asd ¥ increases the value
of the (V/M) ratio and the path width, respectively. At the same
time these incretses lower the system ceiling. The values chom
as typical values should not be considered to be limits.

£
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 a prototype to demonstrate the feasibility of the sys.em using an
" operational aircraft. Phase 3 ia a continuing research and devel-

" buile.

' tho transmitter, the receiver and the cine camera. These elements

_view of 59 x 20°, ZIts output characteristics will be adequate to

oento—ot-tha-c:t capabilities todny..

o of the lsomet loctor-point lirbo:no mAr-
xing and detection syatem is considered highly promising, and
varrants & substantial advianced development program. Table Ll
indicates the logical sequance 'of phases and time scheduling required
to lead to m final weapcns system. Phase ) refers to the feanibil~
ity study doacribod in thlu report. ‘

s S

Xt is recommended that the next effort consist of twd con~
current phases. Phase 2 comprises the design and coanstruction of

opment effort desitned to optimize tthe subsystems and {o improve
the overall system capabilities. Phase ) woulld ingure that the
etate—of-the-art would be advanced while the prototypo is boinq

- . In order to demonstrate the £ollib111ty of the systea it
is propoeed that a flyable prototype be built eabodying ths con-
‘cepts described adove. This prototype will be capable of detec~
ting marked objects or personnel in a search swath on the ground
from an eircraft moving at velocities up to 300 knots., This swath
will be approximately 60 feet wide at a 200 foot aircraft altitude.

E&WW

The airborne protctyps will cuusiec of three bdasic unite!
are shown in the block diagram in Pigure 31,

The trlnlaitior will be & Q-switched laser with a flela of

provide & dotcctablo return f£rom phosphors hnving ln oquivnlont
area of 200 cnd,

The receiver, which detectr the radiation oniteod from the
phosphor, will consis: of an optical system which will focus the
invisible radiation from the phosphor onto & photoconductive detec-
tor. The receiver sensitivity will be essentially limited by the
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Read~out for the prototype will ba. providod by a 16 mm
cine camara boresited to the trauammitter. This camera will provide
a pictorial record of the terrain under surveillance. It will
serve to correlate detected marked objects with the terrain being
photogravhad. Located ia the cine camera will be a amall necn buld
which will be f£lashed each time a Lelurn is detected by the receiver,
This flash will illuminate a porticn of the films thus identifylng .
the frames which contain marked objects.

Auxiliary equipment will consist of special power supplies
and elactroni~ equipment necessary for the opsration of the proto-
typs. Thia equipment will be packnged so &8s to utilize existing
cargo tie~dowas in the airxcraft. ?Packaging will be such that miai-
aum modification to an aircraft will de necessary to: tho inlulh-

tion of the prototype.

The input power requirement will be approximately 1 KVA,
Yt 1s expected that such a power level will be available from the
aircratt supply during £light, and from a gasoline-powered lotor-
gsnerator set during qround ehock out and test. o

After the satisfactory Aemonstration in the !hld of the
Quc.ot marking and detection system, the information gleaned from
fhases 2 and 3 can then be utilized to design and build a high per-

formance prototype for flight tests and evaluation of the entire
iyot-. Successful conclusion of Phase 4 would then lead the way

to the production of operational weapon systems,
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