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Figure 1.

2.

3.

5.

1.

ILLUSTRATIONS
Excitation and emission spectra of Rhodamine B.
After spectrofluoronetric analysis ¥Yurnished by
G. K. Turner Associates, Palo Alto, Calif.

Profile of the D, Fraunhofer line of sodium, and

2
adjacent absorption lines and continum
(Minnaert, etal, 1940).

Schematic diagram showing optical and electronic
components in the conceptual design of the
Fraunhofer line-discriminator.

Curves showing spectral transmission of assorted‘

vvultraviolet and visible filters, and the
quantum efficiency of the S-13 photo~-cathode.

Curves showing the quantum efficiencies of the
cesium-telluride and cesium-antimony photoéa&hodes,
and the spectral transmission of a Corning 7-5k

| fiiter.

Curves’sﬁowing diffuse spectral reflectance of

'Qphosphate’rocks.

Curves showing diffuse specwral reflectance of

limestone samples.

VCurves shcwing diffuse spectral reflectance of

andesite samples.
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2.

10,

11,

12.

Curves showing diffuse spectral reflectance of
rhyolite semples.

Curves showing ultraviolet excited luminescence
emission from three phosphate rocks and a
calcite reference.

Curves showing ultraviolet excited emission from
three limestone samples and a calcite sample.

Curves'showing combined spectral reflectance and

(o] o
luminescence intensities between 1000A and 3000A.
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ULZRAVIOLET ABSORPTION AND LUMINESCENCE STUDIES: PROGBESS
REPORT FOR THE PERIOD FROM APRIL TO DECEMBER, 1967.

By
William R. Hemphill

U. Se Geological Survey

INTRODUCTION

Ultraviolet studies were formally set up as a U, S,
Geological Survey project in November, 1965 and haNé been
sponsored jointly by both the Survey and by the National
Aeronsutics and Space Administration (NASA) since that time,
The objectives of the project are fourfold: (1) to determine
the ultraviolet absorption and emission properties of selected
natural materials, (2) tb evaluate these properties in terms
of their identificetion or discrimination value, (3) to design
and construct appropriate instrumentatibn to perform these
identification and discrimination functions, initielly from close
rangé éndviater from’aircraft‘and spécééraft;kand (4) to assess
the results, - h

f“This répoxt‘summﬁrizes work underteken dnring‘ﬁhe nine
month period“from.&pfil 1 to December 30, 1967 end covered by
~ NASA contxact Po:65757-le. This work was concentrated in the

'fplldWing areas:
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1.

2.

3.

Conceptual and detailed designs, and
fabrication of a suitable instrument
for detecting luminescing materials
ageinst a daytime solar background,
Evaluation of the limitations of
existing ultraviolet-visible line
scan imagers, and possible advan=
tages of alternative sy#tema.
Laboratory measurements of the
ultraviolet and visible refléc%ance
and luminescence of selected rocks

and minerals,
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FRAUNHOF.R LINE~DISCRIMIN/A%i
General Statement
- The so~called "method of line=depths" was originally

suggested and successfully used by astronomers as & means to
det?ét.luminescence of lunar surface features sgainst a high
solar background (Grainger and Ring, in Kopal, 1962), This
method involves observing the ratio between the central intensity
of a selected Fraunhofer line and the continuum as reflected from
the lunar surface, and comparing it to the same ratio in the solar
spectrum directly. Luminescence is indicated where the ratio in
the lunar spectrum exceeds its solar conjugete,

The feasibility of using this method and & Fraunhofer line=
discriminator to detect luminescence of geologic materials on the
earth's surface during deylight was suggested in & series of
laboratory experiments by Betz (1966). Betz successfully detectad
luminescent sauples of cdlcite, rhosphate rock, and colemanite
with a grating spectrometer, using the solar ultraviolet as an
excitationrsburce. Despite.the*poor atmospheric conditions in the
Chicago ares where the experiments were performed, these experie-
mcnts~indicatedvtheVsevere optical inefficiency of the grating

spectrometer, and demon5£ra$ed the need for a field-test

| prototype, suitdblétfor latér 6§tional modificatidﬂ for use in

an aircraft, Such a device was believed tO‘bekwiﬁhinkthe state=

by 5O GOVERNMENT PRISTING OFFICET 1959 U SHIT1
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Preparatory to issuing a Request=for=proposal, & Statemente

ofework (Appendix A), describing the operational requirements of

& Fraunhofer line-discriminator (FLD) was prepared by the

Geologica.l Survey and submitted to NASA, This Statement-of-work

emphasized the following:

L

2’.

The prototype instrument wes to be

designed to detect Rhodamine B dye in water
in concentrations of 20ppb or less.
Rhoéﬁni&ne B (fig. 1) is e luminescent dye
used by hydrologists and cceanographers to
monitor current dynemics in rivers and

estuaries, Rhodamine B was selected because

~ this material would lend itself ideally to

quantitative testing of the proposed
iﬁst::mﬁt. ‘Moreover, conventional methods
of mon:l;%oi'iirng this dye are extremely
Jaboroﬁs and ewkward; it was beliéved that.

if this semi-automated line-depth method

was successful, it would be of immediate

practicel benofit in dye studies,

Design of the prototype was to permit one

in‘strument ’to funct;i,qx; ‘i‘nitia.lly as &

la.boratory and on=the-ground field. instru-

ment, Later, if so indiceted, the design

[N (.&NHU\M('%’T]INI\I’I\( (‘)TEI(P 1959 O - 5[1171
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3e
~ for detection of Rhodamine B, the design wes

']upon demonstra.t:.ng detection of Rhodmnine |

‘B in cancentrations of 20ppb or 1ess from | |

during preliminary laboratory and field

tests, the instrument. could be modified

| order to evaluate its a.pplica.tion :Ln de- |

| ~tecting luminesc:.ng ma.teria.ls other then |
Rhodamine B, | | L

-  ‘Final acceptance of the prototype :mstru-

:',ment from the oontractor would be vased

was to pernﬁ.t: mod?i.ﬁcation of the same
instrument to a form suitable for testing
from an o.ircrat‘t This a.rra.ngement would
permit design refinements to be made as
testing proceeds, Thus, features such as
automated date handling, which would be

redundant or unnvcesserily complicated

testing, would not be sdded until the
flignt evaluation phese, st which time | °
design requirements would be better defined.

Although the prototype was to be specifical.'l;y

to be sufficiently versatile so thet pending

successful completion of the dye tracing

to operate in other Spectra.l reg10n° in

B ’/ .S, covummw'r I’RIN rn\c. ObFlC'L‘ 1959 o snm RS
: : 67 soo )
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a distance of 500 feet with a field=of=-
view of one degree,
~ The Réqnest-for-proposal was issued April 18, 1967 by the
Manned Spacecraft Center.(MSC) Houston, Proposals received by
the deadline on Mey 18, or within one week aftef the déadline
were evaluated and graded by & committee composed of personnel
from both NASA and the Geological Survey. The ﬁinning contehdér:
wes the Perkin-Elmer (PE) Corporation of ﬂorwa.;lk, Cormnecticut,
| zFuxtﬁ@r negotiations were conducted by thefPerkin-Elmer
C_orporétioh and MSC; contract NAS 97447 was formally signed

Avgust 9, 1967, In addition to the design end construction of

‘the instrument, the agreement provides for completion of all

acceptance tests and,delivery of the Fraunhofer lineediscriminator |

(FLD) by Jenuary 12, 1968, .Avcomplete project sqﬁedule'is'

- shown in Appendix B. ey T

oot

R T

- U.'S, GOVERNMENT PRINTING OFFICE? 1956 0 = 511471
S e e [, . B867+100

F NPT I s et

5o LSRR

TSR

s



9,17267

a3

22

16
17

18

‘ 20

2 |

gyl

s TS es G o W R 5. B -

Conceptual design

The emission peak of Rhodamine B is near 58008 (fig. 1) and
accordingly, the neerby D, Fraunhofer line (fige. 2) of sodium
is the most appropriate line to be resolved by the Fraunhofer
line~discriminator,

The key components of the Peﬁkin-Elmer design are two
glass=spacer dery-PErot filters with a half-width of less than
0,7k &nd a pesk transmission of more then 50 per cent. This
extremely‘narrcw'bandwj&th and high}peak trensmissian represents

a state-cf-the-art advance in flrter fabrication, For detection

- of Rhodamine B, the transmission peek of one filter will be &t
-the central intensity of the sodium D, line; the transmission
 peek of the other filter will be centered several Angstroms

distant at a convenient point on the solar continuum,adjacen£
to the Dp line, Low noise photoﬂultipliers are loceted behind

each filter (fig. 3). ‘A system of lenses, beamsplitters, and

choppers permit the instrument tof“look? alternately downwerd

at the ground target, and upward toward the sun, and to monitor

- the ratio of the central 1htensity to the contxnuum in each lodk;

An analog computer will cdmpare the two ratios and ccnwert eny

difference that may be present 1nto a signal which is propore=

o tional to the amount of luminescence in the ground terget. The

_signal wil.l be displeyed on ei'bher an A-scope or a atr:l.p-cha.rt

1, n, (()VIRI\MLH l’Nll’\HN( OFFICE ¢ 19‘:9 o= 5lll71
) 867 104 o
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Flgure 1, -- Excitation and enission spectra of Rhodamine B. After

spectrofluorometric analysis furnished uy Ge Ko Turner
Associates, Palo Alto, Calif.
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recorder whereon luminescence intensity will be plotted es a

funetion of time,

Plans for future work

The PerkineElmer Corporation is scheduled to deliver the
Fraunhofer line-discriminator on or before January 12; 1968,
Trials will be conducted at the Geological Survey's Water
Resources Lahoretory in Phoeiix, Arizone and will test the
ability of the instiument to detect Rhodamine B dye in fresh
water’in concentration of 20ppb or lesg from a real or simulatgd
distance of 500 feet. Initial tests:will.be static an-theéground
tests, but if indicated, further tests will be conducted from
1ow9flyiﬁg’aircrafﬁ;

Modifications are tentatively plenned to permit the instru=-

ment to detect luminescence of other materials, such as phosphate

rock, water surface oil slicks, and chlorophyll &; however, these
modifications are dependent upon successful completion of the

Rhodamine B tests,

. S, GOVERNMENT PRINTING OFFICE : 1959 O-= SI1I71
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INSTRUMENT EVAL{ATION STUDIES
Rhodamine B detection system

Betz (in review) discusses alternative methods for daytime
airborne monitoring of Rhodamine B dye in streams and estuaries,
These methods include photography, filter photometry, and the
Fraunhofer line~depth method.

Ichiye and Plutchak, (1966) used aerial photographs to
identify dye clouds in waters adjacent to Long Islend. The
photogrephs were taken through e filter which permitted transe
mission of only those wavelengths longer than 560035 this is the
spectral region where the emission and reflectance spectra of
Rhodamine B are at maximum, Dye areas of gmatest‘ concentration
are the brightest on the film, A microdensitometer was used to
relate film sensitivity and exposure to the vezftical_ly in_tggra.ted
concex;tration of the dye in the water, Betz (in review) calcu=-
lates that the dye would be rea;dily det,ecta.blg for cpnéentrations
of 30ppb to & depth of 10 meters, but it is questiona.ble vwhether
these depths would be integrated by a photographic system unless k
the water was exceptibnai]y clear, Water absorption in the
yeilow:re'd region increases with wavelength, and where water is
turbid, suspended material may also absorb or ksc’kat‘ter both the
emission und the .excitat,ioxi rediation. 'Photogra.ph‘ic' contrast

will thus be minimized where gross reflectance properties of the

5, 8, GOVERNMENT PRINPING OFFICE 3 1959 O = 5/137]
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suspended material are similar to the combined emission and
reflectance spectra of the dye. The detectabllity of the dye

3 is definitely marginal at concentrations of 30ppb or lese at
" integrated depths of one ueter,
5. The filter photometer discussed by Betz (in review) consists
6 of two beresighted optical systems, each having an interference
. filter, a lens, an aperature defining a one-degree field of view,
8 and & detector. The filter for one system permits transmission %
9 of only these wavelengths at and near the emission peak of %
10— Rhodamine B (Fig. 1); the filter for the other system would ;
1 permit transmission in a spectral regional where Rhodamine B s
12 emission is low or non-existent (52002, for example).
13 Luminescence would be detected by campering the embient signais
14 at 58002 and at 5200A° Although signal-to-noise would be about
15— one order of magnitude better than other methods considered, the
16 filter photometer would not be capable of distingulshing between
17 Rhodamdne B emission and spectra of comparuble wavelengmh re=-
18| flected from either suspended- material in the water or from the
ORI bottdm. (The filter photometer would also be ineffective in
20~ | E distinghishing luminescing minerals and rocks,kwhich;ordinariiy
2] | must be detected againstka heterogeneous backgrourd. ) |
22 | ~ The principle of the Fraunhofer 1ine;depth‘method and the
am | operation of a Fradnhoferf1ine-discfiminatorﬂare descrihed in 8
| previous'section of this teport:(see P« 3). Compared with |

2= photography and filter photometry, 1ine depth method would‘be

1 ll S, GOVERNMENT PRINI!NG OFFICE 1959 O=51117
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the only technique capable of distinguishing emisslon of the
Rhodemine B dye from radiation reflected from the bottom or
scattered by material in suspension. The line-discriminator

is the only device that theoretically could be applied to
detection of a variety of limineseing materials against both
homogeneous backgrounds such as water, and against varied spectral
backgrounds, such as a rock outerop. Betz (in review) considers

the line-depth measurement to be particularily applicable in

detecting low concentrations of Rhadamine B dye ( & 30ppb),

although he points out thet wave glitter--specular reflectance
of the sun--within the field of view would greatly increase the
reflgctance camponent of the signel and thereby render compara-
tively small luminescence values ( < 30ppb Rhodamine B) undetect-
able, However, this glitter effect over water targets could be
minimized by deliberately orienting flight lines and the instru-

ment in directions awsy from surface glitter.

Red and infrared leakage of ultraviolet filters
Airborne line-scanners have been used to detect and image
ultrav:!.olet light refleéted from the earth's surface a.ddacent to
the aircraft groﬁnd track. The photoﬁrul,tiplier detectors are
equipped w,i‘bh filters designed to reject the visible part of the
spectrum and transhzit only ’che‘ ultraviolet, ‘ Uhszftunately,
uléiaviolet filters J‘.‘,ea.ky red and infrared 1:I.gzt at wavelengths

longer then 65004, o spectral region where conventional

D

v
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photomults ;- >vs retain marginal sensitivity. In order to
determine the significance of the unwented signal in the
ultraviolet line-scan imagery, a series of experiments were
performed by the University of Michigan's Willow Run Leborstories
using four ultraviolet filters furnished by the U. S. Geological
Survey., The transmission of each filter is shown in figure k.,
The filter marked "33 peak" is a metal dielectric filter
with a lOO}O‘. half-width pesking at 33001?.. The filter marked
" 33" is also a dielectric filter with a sharp long-wave cut-off
at 33002. ‘The Corning 7-60 and 7-37 filters are broad-band
filters transmitting ultraviolet and sbsorbing most visible light.
The measurements were conducted with the University of
Michigan's modified AN/AAS-5 scanner equipped with an Amperex 150
UvP photomultiplier and en S=-13 response (fig. 4). Each filter
wag mounted between a ,010 inch aperture and the photomultiplier
faceplate., The écanner was located about Tive feet above a
fiberfrax surface two feet square. Fiberfrax is a reflectance
standard with high reflectance values in both the near ultra-
violet ( 3000.?\) and visible,‘ regions of the spectrum. Tt‘le‘
fiberfr’ax was illuminated by the sun’ at an angle of 25 té 30
degrees from the normal. The sky was partly coirered. ‘by well=
defined clouds, bumeasurements were made onlj when the sun was

clear,
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‘Figure 4. Curves showing spectral transmission of f
assorted ultraviolet and visible filters, |

and tﬁe quantun efficiency of the 3~13 - i
photo-cathode. | é
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The photomultiplier output was measured and reccisd for

each ultraviolet filter, The measurement was then repeated with
each filter used in combination with & Corning 3-69 filter (fig.
4). The Corning 3-69 blocks essentially all ultraviolet light,
but has & red and infrared transmission that exceeds 80 percent.
Thus, any.signal detected from the filtér combination could be
sttributed to red leskege of the ultraviolet filter.

| Results of the test indicate thet between five and 11 percent
of the light transmitted by the two dlelectric filters and detected

by the phofomltiplier 15 due to leskage in the red and infrared

band, Lea&age of the Corning T=-60 renges between 14 and 19 percent, |

but 1eakage is less then 0,1 percent for the Corning 7-37.
 Redeinfrared leskege is within tolereble limits only with

the Corning 7-37 filter, Flight tests are planned using the

Corning 7-37 in combinstion with other ultraviolet filters such as |
 the metal-dlelectric ¢33 filter, The Corning 7-37 will func'bion
§s a red—infrared blockingrfilter. Jthough this addltional.block- |
 ing will also severely reduce the uliraviolet, this is the onJ.y |

2 filter system chdble af reducing red leakace to tolerdble 1imits.
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1 Compa.rison of photomultiplier-equipped line-scanners
2 and image orthicon ultraviolet lmaging systems. |
B | 3 Ultraviolet-sensitive photomultipliers have bheen installed in
| 4 airborne line-scanners and used by the Un'.'hrersity of Michiga.n
} ’ G | - Wﬂ.llow Run Leboratories, and other organizations to detect uwltra-
6 violet 1ight (> 30008) which is reflected from the earth's surface
. ' sdjacent to the aircraft's ground track. A spinning mirror permits
| 8 the swath to be sce,rmed from side to side so that all elements in
9 the ewath are covered, element by element, line by line. Lateral
10~ coverage is thus provided by the spinning mirror; _forward coverage |
I8 is.‘provided by the forwerd travel of the aircraft. Detected
12 energy is printed out in film strips which show the two-dimensvional
13 positi.ens of the UV areflecting objects in the ground swath.
14 ‘ 'Sta.ndard UV photomultipliers, such as the 5-13 and 5=5 *f;
15| (fi.g. 4 and 5)7 have a high sensitivity in the visible rggion of ;g
e B e the spectrum, ami although ultraviolet filters such as the é
RELA Corning 7-60 (fig. 4) and 7-5h (fig. 5) have been used to reject
' visible light, all ultra,violet tra.nsmitting filters also "leak" ,
T Rt ('?;:light at wavelengths longer than 67OOA (see p. 14). As discussed
i e in the previous sectio.., ultraviolet sensitive photonmltipliers also
k oo | retain 8 significa.nt sensitivity in this region. “
2 . In crder to avoid this filter .Lea.kage problem and to improve
_ ‘23‘ , : ;s_‘;ensitivity of,an ultre,viplet g :Imaging system, Goldman and Ivla.rghall~
v',:,24 Bk e R R Bt SRR SRS N ‘ o
***** §
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(1967) have investigated the use of a video camera system
featuring an image orthicon tube and a cesium-telluride photo=-
cathode (fig. 5). An image orthicon tube permits integration of
all elements in the targct field simultaneously. This is advanta-
geous because in effect the dwell time for each element is greater
than in the line scan system.where'each e€lement is scanned in |
sequence, The response of cesiumytelluride is negligible at

wavelengths longer than hOOQA, and thus would be insensitive to
leekage of ultraviolet filters in the red region.

Goldman and Marshall's calculations (1967, p. 11-12) show
that the sensitivity of an image orthicon video system is about
25 times more sensitxve in the BOOO-hOOOA region than a line-
scanner with a pnotomultiplier detector, Even in the narrow
region between SOOOX and 3200:, the signal-to-noise ratio would
be & very‘favorable 550:1 for the image orthicon system, whereas
only abcut 20:1 could be expected for a'line scanner. However,
image orthicons with cesium telluride photocathodes are not

available as off-the-shelf {tems and the costs of producing such

a tube'and‘associated circuitry are prohibitive.at present levels

of funding. 'Aside ?rcm the excessive cost there is also some |

question as to whether an image orthicon video system is

sufficiently rugged for aircraft oneration.' There are no further

| plans for an image orthicon, at least at this time.
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Figure 5. Curves showing the quantum efficiencies of the
cesium~telluride and cesium-antimony
‘photocathades,,énd the spectral»trahsmissibn

~ of a Co:ning 7-54 filter.
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SPECTRAL STUDIES
Reflectance and luminescence properties of selected

rocks from Saudi Arabia and from Indiana.

Spectral measurements were completed by Watts (1967) on 3k
rock samples. The samples | include two suites: one from Saudi
Arebia, and the other from selected limestone quarries in Indiane.,

The Saudi Arab’:i: samples, provided by U, S. Geological
Survey personnel in that country, include selected andesite and

rhyolite rocks because it was hoped that measurement of their

‘reflectance properti.s would be heljp-ful in distinguishing between

them in the field by airbnrrne remote sensing methods., Phosphate

samples were also jincluded because it was hoped that ultraviolet |

stimulated 1 minesceice might be a measurable property that
would ;&id aii'borne prospecting for this 'cbninodity in the northern
part of Saudi Arabia, | | |

The Indiens limestone samples were provided by thy Geological
Survey of India._r_ia in the hope thet 1aboré%6?y ‘spectral measurements

might provide information of di;"ject importance in designing

‘instrumentation capeble of distinguishing nm‘gtone of varying

quality along relatively ineccessible quarry faces_.

A Cary Model 1L spectrophotometer and an integra_.tinig" sphere

~were used for ‘the, reflectance méa.surement's. The source was & '
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hydrogen arc for the ultraviolet region and & tungsten source for
the visible region., For the luminescence measurements, A Bausch
and Lomb monochromator was place between the xenon-mercury' source
and the sample; this arrangement was used to limit excitation
wavelengths to four bands in the ultraviolet: 21400 to 2700.2,
2600 to 30002, 3000 to 3I$OOA, and 3500 to 39OOA. A Gaertner
prism monochromator was place between the sample and the detector
and was used to analyze the emitted light from the sample.

Both the limestone and the phosphate semple have relatively
high reflectance values and show a significant increase in
reflectance with wavelength (fig, 6 and 7). For example, values
on the order of 25 percent at 2500’2 and 70 percent at 70001?. were
ob_servedol Andesite semples (fig. 8) on the other extreme, have
essentially flat reflectance curves with values ranging from
seven to 15 percent. Rhyolite samples (fig. 9) are generally
similar to the andesite although four samples did exhibit a
moderate increase at wavelengths longer than 6000A where two
to four times the spectral reflecta.nce of'the andesite was
o‘bserved, and it may be possi‘ble to discriminate some rhyolite
eutcrops in the field by means of red and infra.red photogra.phy.

The spectral emission for ultraviolet exci'bed lum:l.nescence

from the phosphate sample (f‘ig. lO) is broad, comnonly exceeding

| 2000A at half :Ln’oenes:l.i:yv with an anission maximum at or near
, 48004 in the
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visible, The efficiency of energy conversion appears to be
nearly constant for all excitation bands between 240GR and
39002. Analysis of both phosphate luminescence and reflectance
data indicates tha.t Fraunhofer line-depth techniques are
feasible &and that maximum detectivity can be achieved at the
K=line of calcium at 393uf,

The: spectral emission for the Indiane limestone samples
(fig. 11) is also broad, commonly exceédine; 6008 at half
intensity with the emission meximm at or near 4oooR. The
2600-30008 band eppears to be more efficient in stimulating
lununescexice than bands dt “longer wavelengths, Because this
band lies in the so=called "solar-blind“ part of the spectrum,
distinguishing luminescirg limestdhes ¢oi11d onJy be accompiished
with an active ultraviolet imaging system, such as the
Westinghouse prototype described by Hemphill end Carnshan (1965).
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 WAVELENGTH IN ANGSTROMS

Figure 10.

4500 5000 5500 6000

Curves showing ,u»ltfaviolet excited luminescence
einj.ssion. from three f~p'h:os‘phkazte‘ roéks ‘and a "

c-;al‘cit,e,, r‘éif,erenqef: (W,ét«ts,' 1967). : . "
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Reflectance and emission measuremerits in the

vacuum ultraviolet

Spectral measurements in the wavelength region between
1oooX and 3000X .].-/ have been completed on 1l rock samples
including granite, rhyolite, monzonite, diorite, gebbro, basalt,
and dunite (Watts, 1967). These studies were aimed at
determining whether there are significant differences in the
spectral reflectance and emission properties of these materials
vwhich may be used to identify or differentiate them in remote
sensing applications., Previous work (Watts, 1966) had suggested
that rocks with high silica content (>10%) such as grenite and
rhyclite show marked increase in reflectance with wavelength,
whereas rocks low in silice, such as gebbro end basalt show
no appreciable change and are generelly independent of wave-'
J.ength. Przvious work aiso by Watts 6' 1966), and by Thorp, et al
{1966) on more then 50 rocks and rock-forming minerals tends to
indicate an incr,ease in ;Bpéctral reflectance at shorter wave=

1engths, They show ’r;iia.t some rbcks exhibit an absorption

ma.ximum at or near 25003 but appea.r to Jsacreese spectral reflect- ;

ance a.pproach;mg \re.cuum ultreviolet. *'aewever, it was uncerta.in

_[ Remote sensing of natural ma.teria:i % in the so-ca.ued vacuun

ultranqlet between lOOOR and J OR is obviously a 1una.r oriented

,‘applicatzion. The eerly stages of 'bhis study were started in 1966

' | ‘when N ’)A's AAP feasibility support incluo.ed 1unar applica:cions. :
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' strong emission pea.k near 20503 under vecuum ultraviolet ‘

' excitation.
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whether this observed property was due to an actual increase in
reflectance or wvhether “he increase was caused by ultraviolet
stimulated luninescence, unexpected light scattering within

the spectrometer, or some other instrument artifact at shert
wavelengths that is not understood, It was hopec that studies
in the region between 10008 and 18502 in the vacuum ultraviolet,
and 1856-3000X in the middle ultraviolet would corroborate,

or aid in explaining observations made in earlier work,

Spectral reflectance and emission date of polished and ground

surfaces of rocks obteined in the recent study ere somewhat

ambiguous and difficult to interpret, In part, this ambiguity
is due to low continuum output of the hydrogen source, as well
as other instrumentetion problems in the vacuum ultraviolet

which meke it difficult to separstely identify luminescence and

reflecta.,nee components. In general, however, combined reflectance|

and luminescence properties of the monzonite and diorite samples
are merkedly simi‘lar, and likewise distinctive from rocks of
more &cidic and pbasic compos;tion (fig. 12), Botrf»ihbnzonite

end diorite sa.mples exhibit wb‘*t can be interpreted. to be a

Samp.l.es of grw.nite, rhyolite, ba.sa.lt ’ gabbro > and dunite

" show sw*cnra.l curf[es ‘which are of 1awer intenslty than the

: | monzonite and d.n.orite eurves, and. without the pronounced peak

',v'; T
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polished and ground surfaces increase from 2300A to TOOOA.

such as quArtz ’ sapphi;ré , and glass actually increase in spedtral
‘Mezmo's dsta show spectral reflectance to be on the order of 10

'incidence) for these materials. |

TS T W A Dts S B SY AR R X mes - mink w K oawmr € sy 3w W e ey o e N g o -

at 20008, A1l of these samples also show o peak near 2400R. It
is interesting to note that this pesk approximates a sharp increase
in lunar brightness in the 2&20-2#702. range reported by the
Russisns (A.L. Lebédinsky and others, written commun. , 1967) from
their Zond-3 space probe; significance of this coincidence is

nct known, 'hoﬁever.

Accdrding to Watts (1967) there is some evidence in the
recent study that sample surface texture is independent of spectral
reflectance at wavelengths between lOOOX and ZOOOX; in this
spectral region Watts observed that both ground and polished sur-
faces increase in spectral reflectance with wavelengbhy. _ 'Specffal
reflectance between QOOOX and 3000.2 is also observed to increase
with wavelength for ground surfaces but to decrease for polished
surfaces. Nevertheless, Watts (1966, p. 17) concludes that in
general the shape of reflectance curves is independent of sample

o
surface at wavelengths longer than 2300A and reflectance from both

Further work in the‘ vacuum end middle wltraviolet with a

larger va,riety and number of rock samples and common ro¢k-forming

1/ Recent work of Marmo, et al (1967) shows that synthetic ma.te,rialls
reflec,tame, at shorter waveleng‘bhs in the vacuum ul‘brav;}_;ole'b. |

percent at 2000A and 15 percent at l‘LOOA (45 degree a.ngle of

' 32 U S, GOVERNMBNT PRIN’I’!NG OFFICL 1959 o- 511171
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minerals will be required to verify some of the date obtained in
the recent study and to resolve apparent discrepancies with
earJ.ier work, iHowever, further work in the vacuum ultraviolet
is not justified at this time within the charter of the current
ultraviolet project and the "non-lunar' scope of recent NASA
funding. |
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REPORTS COMPLETED DURING THE CONTRACT PERIOD

Goldman, Howard, and Marshall, Robert, 1967,
Comparison of & UV scanner/photomultiplier
with an image orthicon, U, S. Geological Survey
Interagency Report  NASA 97,
Watts, H. V., and Goldmen, H, J., 1967,
Vieible and ultraviolet reflectance and luminescence
from various Saudi Arabian and Indiana limestone
rocks, Us &, Geologicel Su'vey Interagency Report
NASA 92,
Watts, H. Vo, and Goldman, He Je, 1967 ,
Vacuum ultﬁmviolet measuremehts of reflectance
and luminescence from various rock samples,
U, S. Ge.ologicai Survey Interagency Report
. NASA - 96
Betz, Howard, 1967, The remote measurement of
Rhodamine B concenttationr when used as & fluoréscent
| tracef in hydrologic studies, U; S. Geological Survey
| Intefagr;gncy Report NASA - 101
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STATEMENT OF WORK

Fraunhofer line discriminayor

I. General Statemeet

Ultraviolefestimulated luminescence is a property that is
used as an aid in detecting and diseriminating between some
natural materials. Small hand-carried lamps have been used for
many years.in the exploration for luminescing minerals such as

scheelite‘(CaNOh), an ore of tungsten. However; these portable

ultraviolet sources are low powered and are rarely effective

more than a few feet from the outcrop. Also, the work must be

conducted at night in order te avoid obscuring ultraviolet-

stimulated luminescence by & daytime high solar background.

Morcovey), ultraviolet sources commonly used are line emitters

and may be incapable of stimulating luminescence where their out-

- put is low. Heretofore, these-dperational problems have reduced

the application of ultraviolet-stimulated luminescence &s a tool

~ for éiscriminating between luminescent materials.

In the last ten years severa1~workers, notably, Kosyrev (ini

Kopal, 1962), Dubois (1n Kopal, 1962), and uplnrad (1964) have -

used a sultable technlque for detectlng lumlnescence on the 1unar~!~
R surface by means of earthAbased spectrometers. Braefly, thlsV

hoa 1nvolves dbserv1ng the ratlo of the central 1ntens1ty of aeV“

o se]eeted Fraunhofer 11ne to the contlnuum as reflected from the -

'7 Lﬁten51ty of the. ame 1ine dbserved in the solar spectrum dlrectly.’f ’

lunar surface, and comparlng it wlth the ratlo of the central

T, s

Tm”xﬁ%mfm’?;ﬁm‘ﬁﬁwﬁiﬁﬁgg R R




Luminescence is indicated where the ratic of the central ine
tensity to the continuum in & reflected lunar spectrum is
greater than its solar conjugate.

It is proposed thatkthis technique may be feasiblé for
detectioh of materials on the earth's surface, which have been
stimulated to luminesce by solar energy in the ﬁear ultraviqlet
and visible regions. Phosphate rock, evaporite deposits, some
borate minerais, and'hydrocarbons luminesce at least in some |
areas, ané may dbe stimulated by'the solar ultraviolet. Rhedamine
B, an artificial luminescent dye used as a tracerrin rivér and
ocean*current;stuaies may also be detectable ﬁy thé'Fraunhofer
linesdepﬁh'gethbd.}'Important in,water pollution'would 5€,detng
‘tion of iuminescent detergentsand oil slicks in rivers and
estuaries. » B

A significant'operational_considerat1§h in thesé possiblé
applications is that the line-depth »ﬁéthoa permits detection of
~luminescenze duriné dajlight énd a? gréater'distances’than~arti~_'
f1c1al sources of. ultravzolet such a5 the 1ow powered hand-

carrled lamps used in mlneral eXploratlon heretofore. Hopefully,

a Fraunhofer 11ne dlscrlmlnator can be designed W1th adequate sen~ -

: sit1V1ty to detect lumnnesceuce from alrcraft.

TR R T




II. Principle of the line~dcpth method.

The Fraunhofer‘linefdepth method invol?es observing the
ratio of the central intensity‘of & selected Fraunhofer line
to the cgntinuum ih the SOIar 8pectruh, and comparing it to
- the ratio of the same line dbaénred“reflected (andLgr'emitted)
by é solar illuminafed object. Lumineséence is:indicated
only where the ratio in the solar illuminated object exceeds
’theratic\for the same Fraunhofer line observed in the solar

+

spectrum directly (fig. 1).




Figure 1. Princirle of the line-depth method.

A,

B.

C.

D,

Idealized Fraunhofer line obsérved in the solar

spectrun directly.

Same line profile reflected by hoﬁ-luminesciug

materiel.. Although the reflected profile is of

lower intensity than the solar prdfiié observed

directly, the two ratios are identical; i.e.,

Rs = Rmo

Luminescence contribution; liminescence of most

<,

natural materisls is sufficiently broad that it

&

can be assumed to be essentgglly flat in the region

of any one Fraunhofer line.

-Profile of material which contains both reflected
‘and luminescence 'comp‘onents; Ry 7 Rge ‘Amount of

luminescence'is directly related to lack of corres-

~ pondence of the two ratios; hence,

Ry = Rm

e g
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(Observgd directly) | material illuminated by the /sun
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. C. Luminescence contribution . D.’"‘L:‘Lne profile ;of material
~ and luminescence components
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III.

A.

B.

Objective: To design and buiid a fréunhofer line=
dissriminator suiteble for detection of
luminescing materiels from an aircraft, |

Initial cbjective: To discriminate the D; and Dy
lines of sodium in order to detect solar stimulated

" luminescence of Rhodamine B in concentrations of

20 ppb or less in rivers and other natural bodies

of water st altitudes of 500 to 1000 feet.,
~Subsequént objectivés: To ciefbect solar stimula.ted
luminescence of other natqrallmaterials such es
phésghate, colemenite, chlorophyll &, and other
“méiéiials from aircrart using other Fraunhofer lines’
‘in,thé néé& ulxiaviolet and visible spectrﬁm;as

;qnpiqpriate-
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Basic design considerations,.

A.

B, |

B permit des:.gn .ceflnements to be made as’ testing Pro=

i ”k-,required for acceptance testing is termed the “'basic-_'v

In order to conserve funaing and time required for
eontraotural negotiation, design , and preliminary
performa.nce testing , it is proposed that a single
instrument be cons:.dered for laboratory and one

the-gro_u.nd field testing , &s well as operation in

light aircraft, and firal instellation in one of the

two NASA aircraft »

.Some components wh:.ch would be required 1n alrcraft

opera.tion, such as automated d.ata hendling, might

Abe redundant or unnecessari]y compl:.cated during
'prela.mnary testn.ng in the laboratory and in the,- :
| field, Therefore, design of the instrnment ' shonlds
ke':mphasize versatility so that eong)onent,e ‘and.modifi-f' -
~cations requrred :m 1ater operationai phases can ‘»be’ N

‘included as &dd-on separate cost items. This w:.ll

’vceeds. The mstrument in the m:.nimum conf:.guration |

:instrument.

i }&‘&'  j»:t Ve
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The basic instrument will be specifically desighéd for
the detection of Rhodamine B in fre;h water at concen-
trations of 20 ppb or less at distances of 500 feet

and a FOV of one degree. Rhodamine B (Udenfriend, 1962)
readily lends itself to a quantitative test. For example,
dye concentrétions can be easily verified by means of
conventional ;aboratory fluoriheters. Also, the Dl and
D, lines of sodium (Table 1), where Rhodamine B exhi-
bits peék emission (Udenfriend, 1962), are amgng nay-
rower Fraunhofer lines and therefore will provide an
excellent resolution and sensitivity test of the line

discriminator. Moreover,“é suitablefsite for a test,

such as a lake, can be more easily‘lbcated than for

certain other luminescent materials. ‘ :




V. Specific design requirements for 1nstrument testing and
operation.

A. Acceptance tests., To be performed by the contraétor i
and asgsisted by NASA and USGS psrsoinel as appropria’.
It would probebly be most convenient to conduct accep-

tence tests at or near contractor's installation pro- . i
vided that suitable facilities are availsble.

. l. Stationary test. Detection of Rhodamine B,
Design of’ basic instrument currently en-
visioned as suitable for acceptance test is
sumnarized below. Some test parameters such |

v ‘ ' . as target distance and instantaneous FOV,
whiCh'éOuld br difficult‘to achieve at test
1ocat10n, may be simulated provided both

1nterestea USGS and NASA parties concur that

simulation is suitdble.
8. Target: Rhodamine B in fresh water at

concentratlons of 20 Ppb.

b, Fraunhofer line: D; and Dy lines of
sodium, |

c. Target distance: 500 feet.

' d.d'Foreoptics' FOV of one degree, subtend:ng ’

about nine" feet at 500 feetg
'e._'Sean rate' 30 scans per second. the°“k
";'T3O scans per second 1s the approxlmate =

*'minlmal scan rate neﬂessany to malntain

ﬁi*an equidlmensional FOV durzng sdbseqaant
:dfﬂoperatlons from alrcraft m011ng at 220 feen
“ﬁper second (150 mlles per hour) at an alti~j

7"-u.j tude of soo feet.v
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Preliminaery aircraft acceptance test., Detection
of Rhodﬁmjne B in concentrations of 20 ppb from
a light aircraft at an altitude of 500 feet

above & lake,v or suitable body of water, In=
strument canfiguration will remain essentially
the seme as those described for the stationary
test., Sole purpose of this test will be to
veri:f‘y,satisfactory; performance from a moving
gircraft, despite ai,rcra.ft vibration, instrument
mounting arrangement, and the aircreft power
supply which may be less steble then those evaile
able for on?-the-ground tésts. Design features
perm;ltting operationel use of the equipment in an
aircra.ft,l such as automated date hendling end real
time read-out of luminescent intensitie#, will be

intfoduced later in a.ircraft operation phases

| (see sect:.ons V-B-2 and V-B-3)
. Light aircraft 0 be furnished by NASA or by

the USGS. The USGS will essist in placement of

dye in the wa:ber body a.nd in the co].lectlon of

; 'suppo:ting!;‘info;"mation et the_ test ’ssi‘be._
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B. Subscquent testing and operction. To be perforned by
NASA end USGS personncl as cppropriate., Perfornmance
of this part of the progrom will be contingent on
- successful completion of accepriance testa,
:'_ 1. Leboratory and on-the-ground stationary operation.
a. Freaunhofer line to be discriminated:
Covibined encrgy from the Dland D2 lines
of sodiuvm, plus one other line, prd&@bly

in the blue or violet, to be seleeted.

3 f , - be Foreoptics: Desigan should permit casy
. ' | installetion of appropriate elements

B |
' ‘ which vould provide choice of threec or' §

four FOVs between 0.5 and 1C dezrees.
ce Scan rate: It would be-desirablé,

“although not mandatory, to vary scan

(o A

rate from one scan/second to 30 scans/

second or faster. Scan rate must exceed

| . one scan/Second in order to minimize

changes in solar flux durlng the

i st

. scan perlod.' 7 |
4y¥q; Data output can. be in elther dlgltal
L  ’ ,,/ | | :f‘ "f'    fE:?  form thaﬁ permits relaxlve 1nten51ty
s | . of lumlnescenﬁe to be read out dlrectly,
li;or in- an anaLOg form from.whlch
'~i p1um1rescence 1nten51ty can be ea31ly

‘._ B

‘f «calculaxed. :
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1 2, Ilight aircraft operation,
2 a, Fraunhofer lines to be \,divscriminated:
3 Coibined energy from the D, and D, i ’
.| ‘ lines of sodium (Rhodemine B), a line ) ’
5 .. in the blue or violet to be selected, |
¢ | | end the C line of hydrogen. Filters
E ' and/or elements to permit these changes
8 | in spectral region are to be made by
9 simple substitution of components., 4
10— | b. Foreoptics: Same as 1b, o
" | cs Scan rate: To be 30 scans/second in order
k2 %o minimize ‘ground are;a. integrated during
13 instentaneous FO‘V' (assuming en aircraft
14 - -~ speed of 150 miles/hbui'. Minimal injbegi'a'bed. | |
15— .ground area will permit more' precis;e Spa.tia.l
16 delineation of dye concentration, ?
Y a.; Data output should be in .digital form that
e permits relative int'en‘sifies of luminescence |
' to be read out directly in real tlme, and | ; ?  , S
iéo- | recorded ou & strlp-char‘t recwrder. | | | ;. {
21 fe‘; 'Des:.gn.-m‘??“ permit calibration of da.te‘. reaﬁdout. “
22 X a.nd "peaking" of Frau_fhofer line sensitivity |
o "'(«vs\";éh‘ s sGSainst an a.r.tificztal Phonhor sta.n- o
| ?4} g T . : da.rd) to be routine.n.y completed un,der field.
T e e w el A 9 ‘
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conditions., Instrument operation and rou-
tihe mainteinance must be sufficiently
simple that they can be completed by persbnnel
vith minimal technical background and
training.

fo Instrument must withstand vibretion com-
mensurate with light eircraft such as the
Cessne 180, Beaver, and Twin Beechcraft,
Instrument must confain- adaptations for
adequate ,shobk mounting.

ge+. Power supply must be readily convertible
to eircraft aperation, i.e., 28 volts,
400 cycle, | |

A0
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!
e, Scan rate cont'd.
Lockheed Electra (ground speed of 360
miles/hour, or 528 feet/second). Scan
rate should be 70 scans/second in order |
’. -* to minimize ground area integrated
\ ‘ during instantaneous FOV,
»




?2 VI'.. Proposal, funding, and delivery considerations.
; A. falculations supporting the feasibility of the
proposed cquipment to detect Rhodamine B together with
conceptual drawings of the line discriminator are to be
5 included in the proposal. ’
: B. Bagic instrument used in the preliminary accecéntance ' "
; tests are to be identified separately in the fund;ng
; profile. All add-on components necessary for modie-
;% fying FOV, adapting in;trument to Fraunhofer 1inés other
‘) § than the D; and D, lines,and to permit aireraft operation,
{é are also to be idqptified separately.
ﬁ C. Propoesal items are to be graded as followst
i | 1. Statenent of work coverage 20% }
yé 2. Cost and technical feasibility of approach 50%
?; 3. Personnel and related.experience o 20%
b, Task time 10%
;;; 1. Delivery of basic instrument should be within three months
| * S after receipt of firm order.
&é E, Tentative schedule for testing and operation.
' 1. Acceptance tests (three weeks). :
2. Laboiatory and on-the-ground gtationary operations
(six weeks). | | B | | i
: " 3, light aircraft operation (12 'weeké).
7ii 'a, Initialiy Rhodanine B, "‘:"”;“
T b. Other 1uﬁixe‘scenfc materials’. o
'{ ‘ b, Iﬁstallztioﬁzand operatisﬂ'from the NASA Convai:'
| 240 end Iockheed;’me_c»_tra. | o
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TABLE I

Fraunhofer lines in the near uwltraviolet and visible regions of thé
spectrum, suitable for observation by the line depth methed.

Line Color ~ Wavelength Source

A Desp red 759 & Oxygen (Atmosphere)
B Red : 68674 Oxygen (Atmosphere)
¢ Red~-orange | 65638 Hydrogen

D,  Yellow | 58968 Sodium

D, Yellow 5890 Sodium

F Blue beé1f Hydrbgen

G Violet ' u3uok Hydrogen

H Deep violet i 39683 Calcium

K Deep violet 393’42 Calcium
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