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INTERIM REPORT OF ULTRAVIOLET ABSORPTION AND STTMULATED LUMINESCENCE
INVESTIGATIONS BEING UNDERTAKEN IN COGPERATION WITH THE NATIONAL

AERONAUTICS AND SPACE ADMINISTRATION

INTRODUCTION

Studies involving the interactions of parts of the ultraviolet
spectrum with natural objects are being conducted by the U.S. Geological
Survey &n—ooogz:ix&oa-wﬁth-the Westinghouse Electric Corporation. These
investigations are funded cooperatively by the Geological Survey and the
National Aeronautics and Space Agency (NASA).

Principally these investigations are aimed at an appraisal of the
value of the ultraviolet spectrum for mapping the surface chemical
and/or physical characteristics of parts of the earth and the other
planetary bodies. These investigations include development and appraisal
of various types of instrument systems (both passive and active) which
respond to or permit measurement of ultraviolet reflection or
ultraviolet-stimulated luminescence.

At the present time two supporting studies are underway,
1) a three-phase appraisal of an ultraviolet video imaging system
developed by the ;estinghouse Electric Corporation, and 2) a program of
measurement of the spectral distribution of ultraviolet stimulated
luminescence. This latter investigation is primarily designed to provide
data on which to base filter selection for use in the first investigation.
A third study involving measurement of ultraviolet reflectance of various
natural objects is now inactive, sufficient data having been gathered to
satisfy the initial need for such data and to evaluate the usefulness
of the equipment.

These three investigations are discussed separately in the

succeading parts of this report,
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PART I - ULTRAVIOLET VIDEO IMAGING SYSTEM
by
William R. Hemphill and Stephen J. Gawarecki

General statement

The ultraviolet video imaging system, developed by Westinghouse
Eiectric Corporation, was initially designed as a ranging and imaging
device for use in ;ow flying aircraft. Thé objective of this study is
to apprulse the suitability of this system for remote detection of
luminescent minera2ls and rocks as well as for discriminating between
non-luminescing rocks on the basis of absorpticn of electromagnetic
energy of fram 2300 to 4000 't wavelehgth.

The study is divided into three phases. Phase I involves indoor
laboratory tests using the equipment to image hand specimens of various
luminescing and non-luminescing minerals. Phase II is similar to
Phase I except.that the tests will be conducted outdoors, bulk samples
will be used, and meteorological conditions will be recorded for
correlation with the test results. In Phase III, the equipment will
be mounted in a van or a truck and tests will be performed at localities
where luminescing minerals exist.

Phase I tests were completed October 27, 1964, and the results

of these tests are outlined in this repoxrt.




Instrumentation
Basic operational compgnents of the ulitraviolet imaging system
include an ultraviolet transmitter employing a flying spot scanner
and a photomultiplier-type receiver so cdesigned that its field of
view is limited to an area slightly larger than the transmitter spot

(fig. I-1); the scan of the transmitter spot and the receiver field

L/

is synchronized. The receiver output is connected to both an A-scope
and a video monitor for simultaneous observation and measurement of
intensity of luminescence and/or reflectance (figs. I-2, I-3, I-4, and

I-5).

1
"/ An oscillioscore where signals appear as vertical excursions
of the horizontal line, or trace.

I-2
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Transmitter

The transmitter is a conventional cathode ray tube employing
a P-16 phosphor and a raster scan pattern. Except for such details
as raster shape, sweep speed, linearity, frﬁme rate, and color, the
tube face resembles a four inch television receiver.

Electron bombardment stimulates the P-16 phosphor to emit
ultraviolet radiation at a peak emission of 3700 + 400 ﬁ (Appendix I=A).
This radiation is transmitted via the optics (fig. I-1) and illuminates
an area in the subject field which is equivalent to the projected
size of the cathode ray tube spot. The scan causes all elements in
the subject field to be illuminated in sequence. The decay time of
tae phosphor is of sufficiently short duration so that the resolution

of the system is not degraded.



Receiver

The receiver consists of a CBS $-13 image dissector tube
(spectral response of the S-13 is shown in Appendix I-A); this tube
is not only as sensitive as a photomultiplier but it also has the
advantage of providing an inertialess, scannable aperture. In this
device an image is focused on the photocathode which converts it
without integration into an electron impulse. This impulse is then
focused on an electrode which is opaque except for a small hole or
fixed aperture. Electrical deflection 1s provided in order to sweep
the e2lectron impulses across the aperture. Following the aperture is
an electron multiplier which amplifies only those electrons passing
through the aperture.

The receiver scanning aperture is slightly largef than the
transmitter spot; in this way, the receiver reacts only to the peak
power being developed by the transmitter. Integrated, the
transmitter-receiver covers a subject field 25 degrees wide and

14 degrees high.




Procedurg and preliminary evaluation of the results

In order to evaluate some of the critical limitations of the
imaging system and to judge ﬁore effectively some of the parameters
affecting the remote sensing of some luminescent minerals, the
following experiments were performed. Throughout the study the input
power was 0.5 ma at 20,000V cr 10 watts.

Uniformity of image brightness

Preliminary inspection suggested that the imaging sensitivity of
the UV imaging system was not uniform throughout the field of view;
it was also suspected that the brightest images were in the center and
that a vignetting effect prevailed along the margins. In order to
cnheck this possibility, five eight-inch square luminescent panels
were arranged on a black cloth background 15 feet from the
transmitter-receiver. Neither the transmitter nor the receiver were
filtered. Initial results showed that the right two-thirds of the
screan was the most evenly illuminated, but that the brightest image
was located in the center (fig. I-6). It is not certain at this time
whether this unevenness of iﬁage brightness is attributable to the
transmitter, the receiver, or both.

Further experimentation with the luminescent panels showed that
the depth of focus of the transmitter-receiver at a range of 15 feet

is about five feet.




Discrimination

The ability of the ultraviolet video system to image specimens
of luminescent minerals from distances up to 25 feet and to
discriminate between two closely spaced specimens is surprisingly good.
Figures I-7 and I-8 show the video monitor images and the A-scope
peaks of scapolite on the left and hackmanite on the right. The two
specimens are two to three inches in width, one inch apart, and 15
feet from the transmitter-receiver. Hackmanite is weakly luminescent
compared to scapolite, thus, its higher peak on the A-scope is
probably due to its slightly larger size.

Figures I-9 and I-10 show video monitor images of the same
specimens one inch apart but 20 and 25 feet, respectively, from the
transmitter-receiver. Although each specimen can be distinguished on
the video monitor at these distances, definitive peaks on the A—scope.
were not observed beyond 15 feet. Figure I-1l1 shows the video monitor
images of the specimens when placed one-half inch apart 25 feet from the
transmitter-recelver.

During this series the transmitter was fitted ngK“Efqgtfé filter
(Appendix I-B) which essentially removed all visible light from the
source. Unfortunately, however, the receiver could not be filtered
because of power problems which restricted the transmitter operation to
40 per cent peak powery filtering the receiver would have required an
increase in gain and caused imagery to be obscured by ncise at
distances of 20 and 25 feet. Thus, because the receiver could not be
filtered, the imagery in figures I-7--I-11 shows reflected ultraviolet

lasmainescencg

light as well as fluercecenee.
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To evaluate the ability of the sytem to detect small luminescing
objects, a 4 by 18 inch piece of luminescent bunting was masked in
strips three inches high and ranging in width from two inches on the
left progressively smaller to one thirty=~second inch on the right; thus,
the target consists of seven-&ihzg§scent strips one inch apart and of
varying widths. Figure I-12 shows the video monitor image of the
target when placed 15 feet from the transmitter-receiver. The
transmitter was filtered witgbg:5§t6c, the receiver with a Corning
3-72 (Appendix I-C). Six strips as small as one-;zgggﬂknch wide can
be seen clearly, although their images are disproportionately broad.
The seventh strip, one thirty-second inch wide, can also be seen,
though more faintly than the others.

Throughout the testing program it was noted that strongly imaged
specimens tend to obscure weaker ones to their right; this distortion'
is due to the sequential top to bottom, left to right scanning
mechanism of the receiver. Though' not serious, this "bleed through"
was overcome in the laboratory by placing weakly luminescing minerals

to the left of stronger ones. "Bleed through" is not expected to be

a significant problem in the outdoor tests in Phases II and III.
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Aspect angle{

Other experimentation with luminescent panels shows that
brightness of luminescence imaged by the receiver is independent of
orientation of the subject. Figure I-13 shows the panel strongly
imaged from a "face-on" orientation 15 feet from the transmitter-
receiver. The transmitter is filtered witgzgxgytéo which removes
essentially all visible lightj the receiver is unfiltered. Figure I-14
is the same except that the panel has been deliberately tilted; weak
image of the tilted panel indicates that ultraviolet reflection is the
cause for the strong image in figure I-13. In order to remove the
effect of reflected ultraviolet light, the receiver was filﬁg}red
with a Corning 3-72j although figure I-15 shows a faceon orientation
of the panel, an equally strong image was made when the panel was
turned indicating a near lambertian distribution of emitted energy.

Sensitivity compared with the naked eye

Preliminary study strongly suggests that the ultraviolet imaging
system is more sensitive than the human eye. Specimens of fluorite
and calcite were arranged 15 feet from the transmitter-receiver.with
The transmitter was filtered witg:;;g;z54 (Appendix I-B); the
receiver with a Corning 3-72. The power was deliberately reduced in
order to determine the threshold of image visibility, both with the
video system and with the naked eye viewing through a Corning 3-72
filter,

Quantitative comparison of sensitivity is inconclusive mainly
because of the relative insensitivity of the milliammeter below .05 ma.
However, relative threshold power ratings (05 ma and .25 ma) suggest that

the imaging system may be more than 5X as sensitive as the human eye.

I-8




Environment

Although exhaustive‘environmental tests are beyond the scope
of this investigation, some cursory studies of the effects of moisture
and temperature were included in the Phase I program. The results are
preliminary and nct meant to be conclusive. They are included here as

a matter of recoxrd.
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Moisture--Five mineral specimens were arranged in two rows about
15 feet from the transmitter-receiver (Appendix I-D). Two specimens of
calcite were placed in the top row; one specimen each of scapclite,
fluorite, and calcite were arranged left to right in the bqttom TOW,
The transmitter was filtered byc;;55154; the receiver by a Corning
3-73 (Appendix I-C). Figure I-16 shows the images of the dry specimens
as imaged on the video monitor. Figure I-17 shows images of the
specimens immediately after they have been immersed in water.

The two sets of images are essentially the same; any slight
difference which may bé detected is attributed to a cyclical variation
in power which was noted throughout the Phase I program.

Temperature--Two pieces of calcite (from Moorefield, West Virginia)
were broken from the same specimen and were oriented with common
surfaces facing the transmitter-receiver 15 feet away. Both specimens
ware about three inches in diameter. Throughout this series of

C¢,¢n Y

experiments, the transmitter was filtered with aﬂ57554, the receiver
thuﬁ 1
with a,3-73.
Figures I~-18 and I-19 show both specimens at ambient temperature
of 15.5°C.. The gpecimen on the left shows as a brighter video monitor
image and higher A-scope peak; this 1s probably due to the fact that

this specimen is slightly larger than the specimen at the right.

I-9



£

Figures I-20 and I-21 show the videc monitor images and the A-scope
peaks when the calcite specimen on the right was heated to 80°C; the
temperature of the control specimen un the left remained atéﬁ&fc.
Temperature of both specimens was measured with a contact pyrometer
immediately before and after imaging. Cyclical variation in power is
believed to cause the higher A-scope peaks shown in figure I-21 (in
contrast to those in figure I-19). The difference between the A-scope
peaks of the control specimen and the temperature-varied specimen is
essentially the same, however, suggesting that heating the specimen to
80°C nad no detectable effect on its luminescing properties.

Figures I-22 and I-23 show the video monitor and A-scope after
the heated specimen had been allowed to cool to 40°C. Again, the
difference between the A-scope peaks of the control specimer and the
temperature-varied specimen, as shown in figures I-19, I-21 and I-23I
are essentially the same.

Figures I-24 and I-25 show the video monitor and the A-scope after
the temperature-varied specimen has been cooled to about -30°C; the
specimen on the left remains at 22°C. Here both the video monitor
image and the A-§cope peak of the temperature-varied specimen has
increased to where it is nearly equal in intensity to that of the
control specimen. This increase is believed to reflect an increase in
luminescence in the cooled specimen which could be detected by the
receiver 15 feet away. Similar phenomena have been noted by other

investigators.

I-10



Filters

In order to evaluate the sultability of the imaging system in
determining the luminescence signature of specific minerals, a series
of filters was introduced in the receiver to limit the band pass to
discrete parts of the visible spectrum beyond 4000 & (Appendix I-C).

Two groups of minerals were studied in this series of experiments.

The first group included haru samples of minerals most of which were
luminescing; the second group included specimens chosen from bulk
samples of minerals selected on the basis ¢f their property to luminesce
under "long" wavelength ultraviolet light. These bulk samples are to

be used in the outdoor tests in Phase II.

Preliminary study of both groups of minerals was undertaken with
the aid of a monochrochromator and various UV sources in order to obtain
the spectral luminescence curves for each sample, thereby guiding the
choice of filters to be used in the UV video imaging system (see Part II

of this report).
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- WY Imaging Svstem = Group I Minergls--The nine samples used in this
study were arranged as shown in Appendix I-E, 15 feet from the
tranémittér*receivar. Throughout the study ths transmiﬁter was filtered
with 38784 filter.

Figure I-26 and I-27 show the video monitor images and the A-scope
peaks of the nine mimra;:. Because the receiver was not filtered, both
the video mcnitor and the A-scope show reflected UV as well as any
luminescence that some of the minerals may be oxhibiting.

Figures I-28 and I=-29 show the video monitor images and the a-scm
peaks after a Corning 3-73 filter hgc been installed in the recelver.
Tais filter restricts the band pass to wavelengths longexr than 4000 ﬁ.
The minerals in the top line are barely visible but scapolite and
fluorite show strungly in the bottom line. Calcite is not visibla bgt
the quartz is visi.bla on the left; although this specimen is predominantly
scheelite, it is oriented so that a quartz surface races the
transmitter-receiver. The visibility of the quartz is believed to be
due to reflection of extranacm visible light from its crystal surfaces.
That this imaga represents l\mimscanct of the scheeliii transmitted
through the quartz is discounted ,ﬁ\asmuch as schealite luminesces under
shortwave UV only. |

Figure I-30 shows the video monitor image after ak Corning 3-72
filter has been installed on the receiver. This filter restricts the
band pass to wavelengths longer than 4200 ﬁ. The top line is not |
visible. Scapolite is strongly imaged on the bottom lina; fluorits
somewhat more weakly. Quartz reflection of visible light is seen on the
left. | ,

I-12




Figqures I-31 and I-32 show the video monitor images and the A-scope
p2aks after a chak:ﬁ‘f filter has been installed in the receiver; this
filter restricts the band pass to wavelengths longer than 4500 ﬁ,
Scapolite shows clearly, fluorite weakly. Presence of the quartz
reflection is suggested by the weak pip on the A-scope to the left of the .
scapolite. Samples in the top row are not visible.
Figures I-33 and I-34 show the video monitor images and the A-scope
peaks after a Kodakfix-z) filter has been installed in the receiver; the o
Kodalg(i(-z‘ restricts the band pass to wavelengths longer than 4700 i.
Scapolite continues to show strongly, fluorite weakly. Evidence of
the quartz reflection can again be seen on both the A-scope and the
video monitor. That it was not seen in figure I-31, where a Kodak;ﬁ‘ﬂ'
filter was used, is attributed to a cyélical variation in power which
was noted through the Phase I program.
Figures I-35 and I-36 show the video mcnitor images and the A-scope
peaks after a-eg;éigg nghfilter has been installed; this filter
restricts the band pass to wavelengths longer than 5100 g. Scapolite
continues to show étrongly but the fluorite is no longer visible.
Reflection from the quartz face appears weakly on the video monitor to

the left of the scapolite
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Figures I-37 and I-38 show the video monitor and the A-scope
peak after a-eg;;;:;-lé filter has been ihstalled; this filter restricts
the band péss to wavelengths longer than 5200 8. Scapolite is mojt
prominent. The faint signal to the rignt of the scapolite on both the
video monitor and the A-scope is apparently fluorite; that it was not
seen in figures I-35 and I-36 is attributed to the cyclical variation
in power mentioned earlier,

Filters beyond 5500 R were not used in the program becausg of the

band pass limits of the CBS S~13 image dissector tube (see Appendix I=A).
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Uy imaging svstem = Group II minerals--The six samples of

111

éwerescing minerals, used in this study, were arranged as shown in
Appendix I-F, 15 feet from the transmitter-receiver. A two=-inch square
window, cut out of cardboard, was placed in front of each mineral; in
this way, each mineral exhibited an identical area to the
transmitter-receiver. A magnesium oxide block was also included in
order that relative amounts of reflected light could be noted as various
filters were used. Throughout this series, the transmitter was

filtered with g;_'éi"?r's:;.

Figures I-39 and 1-40 show the video monitor images and the A-scope
peaks of the six mineral samples and the magnesium oxide standard.
Bacause the receiver was not filteré§3 both the video monitc: and the
A-scope show reflécted UV as well as any luminescence that some of the
specimens may be exhibiting. An experimental calibration system,
involving neutral density filters, was used to provide a mefhod of
contrasting gain levels required for otection of the specimens as
various filters were introduced. The power level used in figdre I-40
was arbitrarily selected as a reference standard for the following

series.

I-15



Figures I-41 and I-42 show the video monitor images and the A=-scope
peaks after a Corning 3-73 filter was installed. Gain is about 37X that
used in figure I-40. Fluorite and calcite, in the top line, anc
phosphate and colemanite, in the bottom line, are strongly visible.

The specimen containing calcite veins is weakly visible on the léft.
Presence of willemite is suggeste?/&n the A-scope trace to the left of
tne fluorite peak; its appearance‘on the video monitor was intermittent
due to the power variations mentioned earlier. Image of the magnesium
oxide block is due tc its high reflectivity; this compound does not
luminesce under long wave ultraviclet lihgt. 1Its visibility in

figures I-41 and I-42 (and in figures I-43 and I-44) may be due to
leakage eithei of visible light 'through the transmitter filter or to
ultraviolet light through the receiver filter.

Figures I-43 and I-44 show the video monitor images and the A-scope
peaks after a Corning 3-72 filter has L. . installed. Phosphate and |
colemanite are strongly imaged but the calcite; fluorite, and the
magnesium oxide block appear more weakly than in figures Iﬁ4l and I-42.
Willemite is not visible. Gain is about 37X that used in figure I-40.

Figures I-45 and I-46 show the video monitor images and the A-scop2
peaks after a Kodak~«<Z™ filter has been installed in the receiver. Both
phosphate and colemanite continue to show strongly but the brightness
of fluorite and both calcites is diminished. The magnesium oxide
block and the willemite are not visible. Gain is about 90X that used

as a reference in figure I~-40.
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Figures I-47 and I-48 show the Qideo monitor images and the A-scopa
~ peaks after a quakil’(-_&) filter has been installed in the receiver.
Relative brightness of all the minerals remains essentially the same

as described above fg;féggéﬁ-4 filter. Reappearance of the magnesium
oxide block may be due in part to a c¢yclical variation in power. Gain
is about 9CX that used as a reference in figure I-40.

Ffigures I-49 and I-50 show the video monitc: images and the A-scope
peaks after aiﬁgg;gag lqi filter has been installed; similarly, figures
I-51 and I-52 show signal strength after a<k£;é;; 16 filter has been
inszalléd on the receiver. In both gets of illustrations, thé fluorite
and both calcites are very weékly shown. Although the phosphate and the
colemanite continue to show strongly, their peaks in figure I-52,

50 mv and 30 mv‘respectively, were registered at a gain more than twice
that shown in figure I-42, wheirc a Corning 3-73 filter was used, and'

more than 90X that used as a reference in figure I-40, where no receiver

filters were used.
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Decay time

§x§eriments designed to study the uscay time of <he- luminescence
were hampered by the requirement which limited the transmitter to
operation below 40 percent peak power. Consequently, studies that
were conducted were inconclusive. |

Several minerals, including fluorite and calcite as well.as a
specialk}uminescence pigment, were set up about 15 feet from the
tragsmitfer. wigh the transmitter turned off, & long wave mineral
light, peaking at 3660»3, was hel& about’two inches from each specimen.
A lﬁminescenée lasting about one éecohd after removal of the mineral
light was noted on the video monitor for the calﬁite specimen; however,
the attempt to photograph the A-scope was not successful. No
luminescence was noted when the.experiment was repeatediusing the uv
transmitter. This suggests that increased transmitter power would bé
most desirable if further studies of luminescence decay time is
undertaken, particularly at distances longer than 15 feet. Moreover,
it will be necess#ry to devise some sort of transmitter chopping
mechanism which is synchronized with the A-scoﬁe photo recorder,
particularly for some minerals whose decay constant exceeds the swéep

interval.

1-17



Originally, it was hoped that by defocusing the transmitter, it
would be posiible to increase the size of the transmitter flying spot,

thus, effectively increasing the number of passes the UV illuminated

- spot would make over the same subject area. Accordingly, it was

hoped that luminescence would be built up in successive steps or

passes of the UV illuminated spot. It was expected that a luminescing

specimen bombarded by UV in this manner would impulse itself more R

strongly on the video monitor and A-scope thah where the transmitter

was focused and the scans weré accomplished in the conventional manner.

Unf&rtunately, when the tfansmitter was defocused, only the blank

spot in the transmitter optics was imaged on the video monitor.
Modification of the output circuit from the image dissector tube

may permit débay constants to be registered direqtly in the A-scope

it is planned that these circuit modifications will be completed

before the beginning of the Phase II program.
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- Except for brief periods throughout Phase I work, the transmitter
operation was restricted to 40 percent peak power in order to avoid
overheating and failure of critical components. This restriction was
not serious duringrPhaae I, although it wéuld have been desirable to
increase power during discrimination tests at 20 and 2% feet so that
fllters could have been used on the receiver without adversely
effecting the signal-to-noise ratio.

In Phases II and III, however, filters will be used where subject
distances are much longer and pouer »equirements will, therefore,
become more critical. In the following tests increased power was
used to image weakly luminescent specimpns; this series showed that
additional 1nform§tion may be prected at high input levels. The
transmitter was filtered with %:37‘-34; the receiver with a“:;:‘g Sut':jﬁct
distance wﬁs 15 feet. Layout of specimens is shqwn in Appendix I-F.

Figures I-53 and I-54 show the video monitor images and A-scope
peaks of seven specimens arranggd as shown in Appendix I??.
Transmitter power is .25 ma at 20,000.§olts. Only the’phosphate and
colemanite are fﬁaged strongly.

Figures 1-55 and I-56 show the video monitor and the A-scope,
respectivgly, after the transmitter power hgs»been increased to .5 ma
at 20,000 volts. DBoth calcites, fluoxite, and the magnesium oxide
block can be seen clearly.

Figures I-57 and I-58 show the video monitor and the A-scope,
respectively, after the transmitter powsr has been increased to 1 ma
at 20,000 velts. Here, all specimens can be seen, including tha
willemite, which is indicated by a wbak pip on the Arscope figure

1-53.
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Future Work
Phase II will be similar to Phase 1 procedures already described
,éxeept‘that the tests will be conducted at night outdoors, bulk
samples will be used, and moteorologicnl.coaditiqns will be observed
" and recorded for correlation with the results. The samples as well as
the transmittezr-receiver will be immobile. Hopefully, circuit
‘modifications, soon to be completed, will enable the study‘of-decay
time to be included in the Phase II program. Appendix I-G shows the
satup which is being ﬁrepared at the Westinghouse plant at Friendship
Airpoft,'aaltimcra. _
Because large bulk samples (200-300 pounds) of minerals luminescing

under long wave ult:aviplet light were not readily availaﬁlé, it has
© been necessary to reduce the 2-1/2 by 5 feet bins, originally intendeé.
to sﬁailer'tra?s (Appendices I-G and I-H) which are being constructed.
'Bulk samples of adequate size to fill.the'trays have been obtal.ned.
-Qriginally, it had been hoped to arrange the samples in bins where
specific QmoUnt; of non-luminescing contaminants would be added.
However, because 6f limited amounts of available minerals, evaluation
of luminescence of contaminated'sp§cimgns will be accomplished by
means of cardboard stonctés cut to reprnsent‘vnrious percentages of

contaminationg
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Phase II will begin on or about November 5; it is hoped that it
can be completed in the one=-week time specified in the original
contract schedule. However, such factors as equipment performsnce
and adverse meteorological conditiona #annet be predicted. Also,
| elimination of extranecus light from the weatihghaulc plant and the
need for "moonless" nights may delay the schedule somewhat.



Phase III is similar to Phases I and II oxccpt'that the equipment
will be mounted in a truck or a van‘tc be supplied by the U.S,
Geological Survey. Pioid localities will be visited whare minerals
luminescing under long wave ultraviolet light are present.
Accordingly, a list of such 1cealitio; within alitdius of 200 miles
from the Baltimore-Washington area is being compiled (Appendix I-I).
These and other localitiss, that alsc may be ;uitablo. are plotted on
the index map shown in Appendix :-{9( Prior to the start of Phase III
tests in late November, as many of these localities as possible will
be visited in ordar to evaluate their suitability.

L , ‘ ,

; — edonethabbadl Leacinastaned , :

=R e=0Rhenged=oriy=by=shenging-thedititudesinthomontive-voitiodowm
It is assumed that the spparatus will be mounted in the vehicle in
an immobile position; that is, the angles ogz;cension or depression
can be changed only by changing the attitude of the entire vehicle.
Thus, not only must quarry walls, road cuts, etc., be found which |
contain minerals fuminescing under long wave ultraviolet light; in
addition, these outcrops must be:
1, Accessible with a van or a truck,
2. Free from extraneous light,
3. Within a very few degrees above or below the attitude
' of the truck so that a c:udi ramp can be fashioned
where necessary to bring the outcreps into the field
of view of fhn apparatus.
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PART II - SPECTRAL DISTRIBUTION OF ULTRAVIOLET STIMULATED LUMINESCENCE
by
William A. Fischer and David L. Daniels

Objectives
The principal objectives of this investigation are:
l. To provide data on which to base filter selection for use
in studies evaluating the ultraviolet video-imhging systea developed
by the Westinghouse Electric Corporation (Part I, this report).

2. To provide a catalog of spectral-luminescence data for use in

‘and adding to our basic knowledge of luminescent phenomena.

3. To study the effects of prolonged radiation on luminescing
surfaces. |

4. To study effects of temperature changes on luminescence.

General description of experiment

The basic experiment concerns the measurement of the spectral
distribution and relative energy of luminescence (if any) resulting
from ultraviolet excitation. To accomplish these measurements,
energy from an illuminating'séurce is passed through a prism
monochromator and selected wavelengths impinged on the surface of the
mineral or other spectrum. Reflected ultraviolet energy is removed by
filtering and energy emitted by the specimen (luminescence) passed
into a giating monochromator. Energy, issuing from the grating
monochromator, is measured with a photometer and results presented in

conventional chart form. The equipment is shown in figure II-1.
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Instrumentation

The instrumentation consisted of six major components:

l. Source - Three sources were used intermittently in these
experiments: a cathode ray tube (CRT), a deuterium lamp, and a
mercury lamp. nost.measurements were made using the mercury lamp.
The cathode ray source consisted of special phosphor deposited upon
the base of a copper block and incorporated into a standard one-inch
CHT assembly. The emission curve for this tube is shown in Appendix
1I-A. It was found thit the total energy emitted by this tube was
low in contrast to other sources. This low level of energy, coupled
" with losses in the optical trains and the monochromators, produced
a signal only slightlyAg:eater‘than noisé level of the recording
'system. For this reason, the phosphor scurce was not used frequently
in this iﬁvestigation. ‘

The spectral distribution of energy emitted from the deuterium
source is shown in Appendi# II-A. The energy flux fiom the deuterium
lamp is approximately 40X that of the CRT source and is satisfactory
for these experiments. Unfortunately, this source was only |
intermittently aiﬁilahle for'use in this experiment. The mercury
- source was'a Cenco 87298 lamp which emits at the standard mercury
lines. Energy levels were satisfactory,for the experiment but the
gaps between the emitted lines re#tric; the content of the resulting
information. .

2. A Model QPﬁ-SO (Schoeffel Instrument Co.) quartz prism
monochromator was used to seléct the qltravioietlwavelengths impinged
on the surface of the mattrials being analyzed.
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3. A clear glass filter was used to block transmission of
reflected ultraviolet light at wavelengths below 3000,‘ into a
second monochromator. A Kodak K-4 filter was used to block reflection
of light at wavelenéths‘belaw 4600 g, Curves approximating the
transmission of these filters is shown in Appendix II-A.

4. An American Instxument Company monochromator, model 48400,
was used to select the spectral componenti of the lumlhoscent energy.
This instrument is satisfactory provided it is fitted with an |
appropriate filter to exclude reflected ultraviolet radiation. (Being
a grating-type monochrﬁmator, harmonics of the ultraviolet radiation
are introduced into the output).

5. An éldoradé Electropics Model 210 photometer was used for
measuring the output of the second monochromator. This ﬁhbioaeter has
a satisfactorilynlow noise level. Howev@r, the S-4 response of the
photomultiplier tube, used in the instrument head, is not sgnsitive to
all the ultraviolet spectrum being studied., This shortcoming was partly
compensated by intioducing sodiup salicylate to the surface of the glass
envelope of the tubej sodium salicylate is a phosphor sensitive to
"short wave" ultraviolet light. This modification extended the
sensitivity of the photomultiplier to wavelengths shorter than 3000 i
(Appendix II A). "

Curves showing spectral distribution of energy from luminescing V
minerals (Appendix II A) were not corr?ﬁted for Qﬁectral response of
the photomultiplier. | -

6. Recorder - An attempt was made to record the output of the dual
photometer by means of a Varian model G-10 automatic recorder. .RnSults

were not satisfactory and readings were made diractly fron the
photometer and "hand" recorded.
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Results

. Results of ihis proqrah.'thns far, are itemized below;

1. The spectral distribution of UV-induced luminescence of
16 samples have been measured; these measurements are given in
Appendix II=A. »

2. These measurements have made possible the separation, by use
of appropriate filters, of all mineral specimens thus far used in
conjunction with the Westinghouse UV video-imaging system.

3. These studies have facilitated evaluation of the present
measurement system andAthe development of plans for its improvement.

Plans |

We plan to continue this program in much the same manq{: as
at present but with significant improvement in instrumentation.
These imorovements will .’mclﬁde: : .

1. Evaluation of a high pressure deuterium lamp as a source of
uy illminatioﬁ.

2. Modification of the photometer by substitution of high
sensitivity photomultiplier tubes, and changing the receptors so that
the tubes may be easily interchanged. ‘

3. Acqultition of an ‘appropriate amplifier-recorder system.

4+ At such time that the various new components have been
established as satisfactory, a clock-drive mechanism will be attached
to the wavelength selectors of the monoch:omators so as to reduce

the need for human attendance during the measurement process.
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PART 11T - MEASUREMENT OF ULTRAVIOLET REFLECTANCE
William A. Fischer and Reinhold Gerharz
- Objectives

The objectives of the ultraviolet reflectance measurement
program are: | |

l. To obtain a general knowledge of the ultraviolet reflectance
of natural objects to provide a bésis for estimating pouer*requiéaments
of field instruments.

2. To evaluate the Beckman infrared spectrophotometer as a

_possible tool for further use in thii program.

General description of experiﬁent

The ultraviolet reflectance of simples-af natural objects including
rocks, minerals, and vegetable material, were measured with a
spectrophotometer. Flux dénsity of illumination was kept uniform
throughout the 2000-4000 1 part of the ultraviolet spectrum by
electronic adjustment of the entrance aperture of ‘the spectrophotometer,
As a result, spectral resolution diminishes with wavelength. Quantities
of reflected ultraviolet from the.speciﬁehsrweze~maasuzed with
photomultiplier tubes sensi%ive to both UY and visible light. Thus,
measurements shown oh curves in Appendix III-A include both reflected

UV energy and energy from ;nducoé»lumihoscencc.
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_ Instrumentation
= Tae instruments used.consisted of:
| 1; A DK-1 Bsrkmzn infrared spectrophotometer equipped with an
Ulbricht sphere.

2. A Beckman model 92680 deuterium source.

3. Photomultiplier readout sensitive to the entire outpﬁt of
energy not absorbed by the specimens (including both the roflected
ultraviolet and any ultraviolet-induced luminescence).

4. A standard chart recorder

| 5. A magncsium‘oxido block gdod as a :oflectanbe standard
{considered 100X on reflectance c&rves.shewn in Appendix III-A.
Resﬁlts

Results of this'measdramant program ares

l.. Quantitative estimatés of the reflectance of ultraviolet
energy by various natural objects (see Appendix III-A).

2. A suggested method of approximating the spectral posifion of
maximum absorption by observing the corresponding spectral position
of maximum luminescence. , ‘

3. Demonstwation of the inability of the system to resolve
specific absorption lines 15 the UV spectrum,

Plans

There are no plans to continue this experiment unless a need
develops for additional reflectance data to use in the field evaluation
of the Westinghouse ultraviolet video-imaging system (Part I, this
report). | '
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APPENDIX I-D

CALCITE CALCITE
(West Va.) (West Va)
= S

SCAPOLITE FLUORITE CALCITE
(Wsst Va)
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APPENDIX I-E

, Willemite € Calecivm
4 Scheelite Quartz cobble  Willemite Fronklinite Larsenite
2/ Blue Green Green Yellow
3] 4200 5375
=
4 82a 201 199 C6l75
1) Quartz face Calcite Seapolite Fluorite
2] (no scheelite Red Yellou Blue
;" SKou(nj) 5450 4210
= = =
4 82c 209 127 86
~h
1 Miveral.

2] Color of [uminescence.
3/ V/M’«‘—Zfﬂjﬂl (/o\) 07[ peak lum, :escence.
4/ y/ﬂfc/mm number.
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MgO

1

Willemite

Fluorite

Calcite

A

/

y(/”—‘ 2 inch square cut-outs

Calciteg‘l
veins

( in
(limestone!

Phosphate

Colemanite

lj Contaminated; only 15 to 20 per cent

wave ultraviolet light.

Lomnesern
2) Hum-es-o-lﬂz calcite veins occupy 30 tv 40 per
surface area.
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3/4" pine ship lath

SKETCH SHOWING SUGGESTED MINERAL TRAY, PHASE II

o 48

le—2 /' —> Calcite

®
e 13’
Calcite & . ]
limestone 1,“ 2 —»| Fluorite
Willemite Phosphate

l_Co lmanite

SKETCH SHOWING POSSIBLIE LAYOUT OF TRAYS, PHASE Il

or equivalent- Flat black
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APPENDIX I-I

Harris Quarry, Jones Falls, Baltimore: Laumontite
(Ca, Nap) AlpS1,0),°4Ho0

Delight, Maryland: Deweylite (4Mg0*35i05+6H,0)

Severn River, Maryland (general locality): Amber

Bluemont (?), Maryland: Cerolite (?)

Barehill, Maryland: Deweylite (4Ng0+3Si0,+6H50)

Amelia Cour*house, Virginia: Fluorite (CaFjp)

Texas, Lancaster County, Penn.: Burkeite (?),
Brucite (Mg(OH), or MgC*Hp0) at Wood's Mine,

™

Deweylite (4Mg0*3510,*6H,0) and serpentine

Dixon's Quarry, Newcastle County, Delaware: Deweylite

(4Mg0*35102°6H,0)

rench Creek, Penn: Marialite (NaCl.3NaA.Si30g)
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Figure II=-l. Diagram showing the ultraviolev source, quartz prism
moncchrometer, sample housing, grating monochrometer,

and the photometer.
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| Reflection of ultraviolet l1ight from: l=Fluorite
(Weardale, England); 2-Fluorite (Rosiclare,
I114nods)s 3-Fluorite (South Park, Colorado)s

' 4= Fluorite (Rosiclare, Illinois).

——

L A B s M oo
| -T . A
l
|

Argirasns

B ey —_—
| . =3 e )
‘ . s )
| 2 c'i |“';|— 'S T i S : ! -].
- - " L S R S B

"
Reflection of ultraviolet light from: 1-Gypsum
(Grand Rapids, Michigan)s; 2-Corundum (Transvaal,
Africa); 3- Topaz (Brewer Mine, South Carolina)j
'4- Cassiterite (Bolivia).
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Reflection of ultraviolet light from: AS) Dolomite,
#MgCO,  42.0(unweathered) (Wise County, Virginia);
A-2-Dolomite, %MgCO3. 42,0(weathered) (w
Virginia); Béb-Limeatone. AMgCOq3 1.9 (weathered)
(Wise County, Virginia); BX4 Limestone, %MgCO,

1.9 (unweathered) (Wise County, Virginia).
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I Reflection of ultraviolet light froms l=Sphalerite
| {Ottawa County, Oklahoma); 2-Calcite (Shenandoah
. Cave, Virginla’.

ise County,
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Reflection of ultraviolet light froms l= Amazon
Stone (Amelia Courthouse, Virginia); 2= Zinnwaldite
(Amelia Courthouse, Virginia); 3-Bery| & Quartz
(Amelia Courthouse, Virginia)j; 4-Clevelandite
feldspar (Amelia Courthouse, Virginia).
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| Reflection of ultraviolet light froms l-White
paint(flc-paque); 2~ Willemite (Franklin, New
Jersey)s 3= Calcium Larsenite (Franklin, New
Jersey).
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Reflection of ultraviolet light from: l-White
birch-no bark (Bethesda, Maryland); 2-White birch-.
with hark (Bethesda, Maryland); 3-Swamp Oak-with
bark (Bethesda, Marylandry.
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Reflection of ultraviolet light froms l=3cheelite
' (Timmins, Ontario); 2-Quartzite (unweathered);
¥3-Quartzite (weathered).
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Reflection of ultraviolet light froms l-Magnesium
oxide; 2=A luminum foil; 3-Monozite.
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Reflection of ultraviolet light from: 1-Kyanite
(Baker Mtn., Virginia); 2-Halite (Wieliczka,
Poland); 38Tektite (java); 4-Tektite (Java).
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Figure 1=},

1-2‘

1-30

ILLUSTRATIONS

Sketch showing spatial relationship bewteen the

transmitter, subject field, and receiver.

Equipment set-up in laboratory. Transmitter, A;
receiver, B; oscilloscope, C; and video monitor,
D. Rack holding mineral specimens can be seen in

background.

Close=up showing equipment in laboratory.

Transmitter, A; receiver, B; oscilloscope, C;

and video monitor, D.
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Figure 1=4, Close=up showing installation of the P=16 cathode
ray tube and the CBS S=13 image dhse}tor tube in
the transmitter and receiver, respectively.

Transmitter, A; recelver, B; and oscilloscope, C.

I=5., Close=up showing video monitor imaging luminescing

minerals shown on rack in figure I-2,

I-6. Video monitor showing relative image brightness of
identical luminescent panels. Images are brightest

near the center of the panel layout,
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Figure I~7,

18,

1-90

I=-10,

I'llo

Video monitor images of scapolite (leftl and hackmanite
which were placed one inch apart 15 feet from the
transmitter-reéeiver. Minerals are hand specimens,

two to three inches wide.

A=gcope at 0.5 v/cm. Peaks represent scapolite (left)
and hackmanite under same subject conditions as

figure I=7,

Video monitor images of scapolite (left) and hackmanite
which were placed one inch apart 20 feet from the

transmitter-receiver,

Video monitor images of scapolite (left) and hackmanite
which were placed one inch apart 25 feet from the

transmitter-recniver.'

Video monitor images of scapolite (left) and hackmanite
which were placed one=half inch apart 25 feet from the

transmitter=~ receiver.
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Figure I-12.

1‘130

1-140

1‘150

Video monitor images of target made of seven stirips of
luminescent bunting. Strip on left is two inches wide;
strip seen faintly on right i1s one thirty-second inch
wide, Subject distance is 15 feet.

Video monitor zhowing luminescent panel strongly imageg/
from "face-on" orientation.

Video monitor showing luminescent panel weakly imaged after
being ﬁd}ned from a "face-on" orientation. Because
receiver was not filtered, panel's image in figures I-13
and I-14 is due to reflected UV iight.

Video monitor showing luminescent panel strongly imaged aftex
filtering the receiver with a Corning 3-72 and increasing
the gain. An equally strong image was made when the panel

was tilted, indicating a near lambertian distribution of

emitted energy.
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Figure I-16. Video monitor showing images of the five luminescing specimens
shown in Appendix D. Both minerals in top row are calcite;
in the bottom row, left to right, are scapolite, fluorite,

. and calcite.
I-17. Video monitor showing images of same specimens shown in
figure I-16 immediately after they have been immersed in

water.
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Figure I-18.

1-190

1“200

I"2l .

1—23-

1-24'

1-25 .

Video monitor imagzs of two pleces of calcite at ambient
temperature of 15.5°C. Both pieces were broken from the
sane specimen and are orlented with common surfaces
facing the transmitter-receiver.

A-#cope 100 mv/cm. Same as figure I-18.

Video monitor. Same conditions as figure I-18 except that
the specimen on the right has been heated to 80°c.

A-scope at 100 mv/cm. Same.as figure I-20.

Video monitor. Same conditions as figures I-18 and I-20
except that the specimen on the right has cooled to 40°C.

A-scope at 100 mv/cm. Same ﬁs figure I-22.

Video monitor. Same as figure I-18 except that specimen
on right has been cooled to =-30°C.

A-scope at 100 mv/cm. Same as figure 24. Note that here

A-scope peaks for both s. 2cimens are nearly equal.
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Figure I=-26. Video monitor images of nine Group I mineral£ usad in

preliminary study of the effect of selected receiver

filters. Layout of minerals is shown i1 Appendix E.

Top row, left to right: scheeiite, quartz cobble,

willemite, willeri*e and franklinite, and calcium

larsenite.

In the kboctom row, left to right: quartz,

calcite, scapolite. and fluorite. Receiver is not

filtered in
I-27. A-scope. Same
bottom line
I-28, Video monitor.
3-73 filter
I-29. A-scope. Same

bottom line

this illustration,.
as figure I-26. Top line at 50 mv/cm
at 100 mv/em.
Same as figure I-26 except that a Corning
has beeh introduced on the receiver.
as figure I-28. Top line at 50 mv/cm;
at 200 mv/ca.
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Figure I-30. Vide. nonitor. Same as figure I-26 except that a CO£n1ng
3-72 filter has been introduced on the receiver.

I-31. Video monitor. Same as figure I-26 except that a Kodak

~#=4 fi’ter nas been introduced on the receiver.
I-32. A-scope. Samg as figure I-31, Bottom line at 100 mv/cm.
I-33. Video mon’tor. Same as figure 26 except that a Kodakf(x-z) .
filter has been installed in the receiver.
I-34, A-scope. Same as figure I-33, Bottom line onlylat 100

mv/cm.
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Figure I-35,

I""S6c
1'370

1'380

Video monitor. Same as figure I-26 except that a E.'::i.,-
15.9 has been installed on the receiver.

A-scope. Same as figure 35. Bottom line at 100 mv/cm.

Video monitor. Same as figure I-26 except that a Soatn 16
filter has been installed on the receiver.

A-scope. Same as figure I-37. Bottom line at 100 mv/cm.
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1-40,

I-41.

I-42,
I=-43,

I-44,

‘V Figure I-39.

Video monitor images of seven Group II specimens used in
preliminary study of the effect of selected receiver
filters. Layout of specimens is shown in Appendix F.
In the top x-éw. left to right: magnesium oxide,
willemite, fluorite, and calcite. In the bottom row,

" left to right: calcite veins in limestone, phosphate,
: and eolmnito. Receiver is not filtered in this
illustration. | .

A-acapo. Same as figure I-39. 20 mv/em; gain used here
wus arbitrarily selected as reference standard in
figures I-41 -..d.z-fz.

Video monitor. Same as figure I-39 except that a Corning
3=73 filter has been introduced on the receiver.

A-scope. Same as figure T-41, 50 mv/cm.

Video monitor. Same as figure I-39 except th;t a Corning
3-72 filter has been 1ntroduco;i on the receiver,

A-scope. Same as figure I-43. 50 mv/cm, .

-~

t




Figure I-45.

1‘460

1'470

1-480

Video monitor. Same as figure I-39 except that a
Kodak-ll(i# filter has been introduced on the receiver.

A-scope. Same as figure I-45., 20 mv/cm.

Video monitor. Same as figure I-39 except that a
Kodag(l(-é has been installed on the receiver.

A-scope. Same as figure I-47. 20 mv/cm.
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Figure 1-49.

1‘500
I*Sl.

1-52,

Kodoh
Video monitor., Same as figure 1-39 except that a Gerning~

ls_g' has been installed on the receiver.
A-scope. Same as figure 49. 20 mv/cm.
Video monitor. Same as ‘figur'e I-39 except that a
GMnn‘i:g 16 has been installed on the receiver.

A-~scope. Same as figure I-51. 20 mv/cm.
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Figure I-33.

1“540
I-35.

1-560

1-57.

1'580

Video monitor images of seven Group II spécimens used in
the study of transmitter powsr. Layout of specimens is
shown in Appendix F. In the top row, left to right:
magnisium oxide, willemite, fluorite, and calcite. In
the bottom row, left to right: calcite veins in
limestcne, phosphate, and colemanite. Receliver is
filtered with 2;5':'43, Input power is .25 ma at
20,000 volts.

A-scope. Same as figure I-53. 20 mv/cm.

Video monitor. Same as figure I-53 except that input
power is .5 ma at 20,000 volts.

A-scope. Same as figure I-55. 20 mv/cm.

Video monitor. Samé as figure I-53 except that input . _
power is.l ma at 20,000 volts.

A-scope. Same as figure I-57. 20 mv/cm.
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