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New Format Presentations for Infrared Spectral Emittance Data

I. INTRODUCTION

Under the general title of "Supporting Research and Technology Effort
in identificatioh of Geological Materials by Remote Infrared Spectroscopy"
the Remote Sensing Laboratory of School of Earth Sciences, Stanford
Univeréity,has been carrying out infrared (IR) radiance measurements from
geological materials since 1967. These have involved laboratory and field
;péctroscopic measurements both on the ground and airborne. The net result
of this work is a proven, feasible system for airborne usélgver terrains
with minimal vegetation. The pérturbing effect of a long atmospheric path
is still being evaluated and this may be a great barrier to sucéessgul
spacecraft us;ge,-although this in no way detracts from its highly successful
opetation from altitudes of several thousand feet.

Recently parallel studies at University of Michigan by Vincent and
' Thompsoﬁzz based directly upon results of this work, but Qperaﬁing with
image-forming airborne scanners, have shown that the spectral emittance con-
cepts can be utilized in emittance-ratio imagery which broadly depicts the
silicate composition of the terrain. This is a much more attractive
technidue than using spectral curves as the imaging mode of data presentation
is much more meaningful to geological users. In addition the possibilities
of analog processing the multichannel-imaged data are most attractive both in
ease of data handling and cost. Considerable savings of time and funds can
be made providing the requisite spectral resolution can be retained. A trade
off exists between signal-to-noise (S/N) ratio and the spectral bandpass of
each channel and channels which are too wide sacrifice spectral discrimination

for high S/N ratios.
-1-

1. Lyon, R.J.P. (1972) "Infrared Spectral Emittance in Geological Mapping:
Airborne Spectrometer Data from Pisgah Crater, California"., Science, 175, 983-986

2. Vincent, R.K., and Thompson, F.J. (1952) "Rock-type Discrimination from Ratioed
Infrared Scanner Images of Pisgah Crater, California", Science, 175, 986-988. ‘
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II. OBJECTIVES
Stanford University proposed three main objectives in the concluding
phasé of this study effort,

A. Calculation of Emittance Ratios (Task 2.2)

" A first task involving the new concept of "emittance-ratio images".

These are important because they directly correlate with the surface

composition of the terrain in an iméged form. They are obtained from the

analog-signals of a multichannel scanner which has several channels in the
thgrmal infrared region. Such data could be readily obtained from the
cﬁannels No. 17—21 of the MSDS scanner being prepared for the C-130 at MSC.
By "banding.together" the data in our higher~resolution airborne spectra,

we have attempted to predict the response of the scanner over these terrains.

Data (Task 2.3)

The second taék followed initial research efforts in comparing
the airborne scatterometer data over Pisgah Crater, with the infrared spectra.

Both methods produce "spectral curves" (backscatter versus look-angle, and

_emittance spectra) but represent very different skin depths for the information

content in their data.

The abstract (included 1in the appendix)  is from a paper presented
a£ the Seventh International Symposium in Remote Sensing of Environment. This
paper reported the use of a coldr—bar generation system (Digicol—IZS) to
generate a given color for each input IR spectrum. Prior to this stage of
the analysis, the BMDO7M stepwise discrimination program was used to identify

the 3 wavelengths for best ''separation' of the materials. These 3 emittance

values were quantized within l6-level steps, and used to pre-set the l6-level

matricies for the red, blue and green color guns of a color TV monitor.



The unit could handle 16 such matricies at once as vertical color bars across
.thé IV tube. The eye then could rapidly identify similarities and contrasts
in the data sets. Due to the familiar problems (color plate costs, etc.) in
color reproduction the ﬁaper was not prepared in a final form for that
Symposium volume. These techniques are a very interesting way to compare
speétral (line-trace) data, and comparisons can be made with the IR and the
X-band scatterometer data (5th Symposium volume by the University of Kansas
group). Contrasts of skin depth such as appear with the windblown-sands
covering the basalt flows, may be noted.

C. Standard Infrared Spectral File (Task 2.4)

the airborne collection and prepare them in a standard format file. This

is important for their use by any second party (who does not have our
familiarity with their collection methods), and thus our accumulated expertise
can now be passed on. These séectra have been collected from geologically-
selgcted'targets and 75—100:sets have been comﬁiled.

Where possible spectra represent rocks in their natural field
location. In some sites (Sonora Pass) this was no longer possible and

specimen rocks have been collected from sites.



III. RESULTS

A. TASK 2.2

CALCULATION - OF EMITTANCE-RATIOS

1.

Existing Spectral Data (MX108) - "Science" ‘Article

lines over Site 2 (Pisgah) on MX108.

segregated into geologically-significant (and differing) cafegories and

analyzed.

included the Science article verbatim.

Reprinted from

Rather than repeat a description that is already in print, we have

Over 4300 spectra'were collected on magnetic tape from the 4 flight

A total of 514 df these have been

Infr:red Spectral Emittance in Geological Mapping:
Airborne Spectrometer Data from Pisgah Crater, California

Abstract. Measurements of spectral emittance in the infrared region from 6.8 to
13.3 micrometers were made with an airborne spectrometer at a rate of six spectra
per second, on flichts 650 meters above the olivine basalt flows at Pisgah Crater in
the southern Californian desert. The spectra show chemical and mineralogical
differences that can be related to differences in the terrain below the aircraft.

" At a recent symposium (/, 2), two
presentations were made of the tech-
niques of independently performed geo-
logical mapping from the air, over the
same terrain. This report emphasizes
the nonimaging technique iavolving
spectral measurements in the infrared
from 6.8 to 13.3 um taken while flying
at 650 m (2000 feet) above the olivine
basalt flows and alluvium and dry lake
beds (Lavic Lake) at Pisgah Crater,
near Barstow, California. The instru-
mentation (3), includes a boresight
camera by which one can relocate the
ground track of the (7 mrad. 0.4°)
circular field of view of the spectrom-
eter (4).

A total of 514 of the 4300 spectra
were collected (4) in four flight lines
of total length 28 km (5). They were

" separated into 31 geological groupings,

located as black and white bands on the
large-scale photographs (Fig. 1) taken

3 March 1972, Volume 175, pp. 983-986

at the same time along the flight line
F-F' (6).

The raw radiance spectra from the
rock and soil surfaces were ratioed by
an average “water body” spectrum
(average of 50 spectra) obtained by
flying at the same altitude over a nearby
lake (7). The emittance spectra were
then inverted (8) and normalized for
statistical studies, by setting their means
at 0.0 and their standard deviation
(S.D.) at 1.0. By this transform all the
spectra have the same amplitude range,
which permits more precise compari-
son of their information content. Care
should be taken in using these normal-
ized spectra, as they are no longer
numerically the same as absolute emit-
tance (used for calculating tempera-
tures from radiance levels).

These selected spectra are then ana-
lyzed in two formats. In the first, emit-
tance values for 10 to 50 spectra [mean

@j
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and =1 S.D.; (9)] are plotted as a
function of wavelength. In the second,
the standard deviations for 10 to 50
spectra are plotted in the same way.
The standard deviation plot provides a
rapid estimate of the variability of the
data. It gencrally has one of two shapes,
low and flat if there is little variability
in radiance, or higher and bulging if
there is considerable variability. An in-
teresting standard deviation plot for the
dry lake sediments of Lavic. Lake
(locality 28) shows a third type, with
a pronounced upward bulge only where
the reststrahlen effect (/-3, 10) indi-
cated a chemical and mineralogical
variation in an otherwise constant lake-
“floor terrain, which is clearly of geo-
logical significance.

The .means of the spectral groups
(or “mean spectra™) may be compared
by visual inspection, for example, by
direct overlay of tracii:gs (Fig. 2), or
group populations may be studied by
discriminant analysis (/7). Several sub-
groups have been selected on the basis
of more subtle features (such as weather-
ing and surface chemical variability).
In Fig. 2, B to H, the mean spectra of
all the subgroups arc plotied as single
curves to show their similarities within
a geological cluss. Thus, each spectrum
represents the average of many individ-
ual spectra sequentially observed over
‘the distance indicated by the bars on
F-F’ in Fig. 1.

The geology of the Recent lavas,
rocks, and soils has been described
(12, 13). The spectra can be correlated

with geology and meaningful, system-

atic variations appear in the flight data.
The spectra of the “younger™ alluvium

(Fig. 2B) and “older” alluvium (Fig. .

2C) groups are similar, with a single,
strong sloping minimum at 9.1 to 9.2
um. Detailed examination shows that
the pattern in Fig. 2B is displaced to
shorter wavclengths-and that the shoul-
der at 9.5 ;m is absent, which indicates
a higher quartz (sand) content in the
younger materials (/2). Comparable
similarities arc shown by the three
olivine basalt flow types (Fig. 2, F to
H), all of which show a single, sharp
minimum at 9.45 to 9.55 um. The dif-
ferences between the basalt spectral
types were emphasized by separating
the subgroups that showed a weak mini-
mum at 10.97 ;m (Fig. 2, F and G)
from those that had a pronounced fea-
ture there (Fig. 2H). A further separa-
tion was made by means of the broad
patiern around 11.5 to 12.0 xm (in
Fig. 2, F is flatter there than G). Com-

parable spectra of (polished) granodi-
orite (Fig. 2A) and gabbro (Fig. 2I)
specimens have been included to show
the closer similarity of the basalt to
the gabbo spectrum (/4).

The most interesting group (Fig. 2D)
represents spectra from areas (3, 6,
and 7 in Fig. 1) where blown sand
now rests (patchily) in depths greater
than the optical depth for these sili-
cates. Thus, where cover is complete
the spectrum of sand (here equivalent
to the younger alluvium, Fig. 2B)
should appear; where it is not com:
plete the basalt spectrum should be
evident. Within the group in Fig. 2D,
the spectral mean 1IC (locality 3) shows
the younger alluvium pattern, while 11A
(locality 7) is most like the basalt spec-
tra (type 2, Fig. 2F), which establishes
the ability of the airborne system to
discern variations in rock composition.
This variability is also clear on the
A-B section of the ratio-imagery in Fig.
1 (10).

The spectra of dry lake sediments
(Fig. 2E) from Lavic Lake present an
enigma. Although creamy white in
color, these finc-grained clays (/2)
consistently yield spectra (/5) similar
to those of the type-2 basalt flows (see
Fig. 2B and localities 27, 28, and 29
in Fig. 1). This was true in 1965 in
ground measurements along the same
line. The new airborne data now sup-
port the earlier (still unexplained) find-
ings. Similar support is gained from the
ratio-imagery of the same area observed
by Vincent and Thomson (/0). There-
fore, three pieces of evidence point to
the similarity of the clay spectra to
those of the nearby olivine basalt.

In summary, (i) infrared emittance
spectra taken from the air over geo-
logically selected areas across the Pisgah
Crater lava flows show similarities with-
in (and contrasts between) the areas.
The spectral differences can be used to
secparate the flows. (ii) Within the lava
flows themselves spectral types can be
defined that (at the¢ moment) are not
clearly related to the mapped flow stages
(flows I, 1I, and III); that is, the
spectra are subtly depicting some other
parameter than that used to differentiate
the three flows in the ficld and on acrial
photographs. (iii) Windblown sand on
basalt shows spectra of sand, but where
sand patchily covers. the flow in one
resolution cell the spectra of both the
sand and the basalt appear in a com-
posite pattern. (iv) The spectra of the
dry lake scdiments of argillic silts super-
ficially resemble those of the basalt

I
{E

flows, but group variability in chemical
and mineralogical composition is shown
by the shapes of the standard deviation
plots. (v) Each of these spectral simi-
larities and differences may also be ob-
served in the imagery prepared by ratio-
ing concurrent radiance levels in two
adjacent wavelength channels 2.5 pm
wide (20). This is significant, as im-
agery is more practical to use than
spectral curves. What cannot be ex-
plained yet is that this occurred wiih
overlapping band-pass filters of such
width (8.1 to 10.9 pm and 9.4 to 12.0

" pm). These bands (Fig. 2) must rep-

resent the integration of all the spectral
information within their bounds and
express it as an average value, rather
than show all the finer points of spec-
tral differences evident on the curves.
A more precise separation of rock types
can be effected by using nonoverlapping

or narrower bands, or both, even with -

the lowered signal-to-noise ratio in-
curred by the lessened energy through-
put. Such a multichannel system as that
being built for the National Aeronautics
and Space Administration’s aircraft pro-
gram (/6) can become a geological
mapping tool.

R. J. P. Lyon
School of Earth Sciences,
Stanford University,
Stanford, California 94305
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trometer) and 50° or 60°C (radiometzr). The one of the major problems in relating re-
output voitages increase with lower target gionally variable (airborne) composition data
temperatures. Nonblackbody radiators have to those of classical geological studies, which
lower brightness temperatures (emittance at are usually from selected points.
any wavelength is not equal to 1.0) at wave- 14. See note 3 in (7). Standard rock I: gabbro,
lengths of chemical interest (reststrahlen contains plagioclase (60 percent anorthite
bands); thus, raw spectra have maxima of molecule content), augite, and a little biotite;
output voltage in these bands. Inverting the standard rock A, granodiorite, contains bio-
emittance data corrects this problem (7). tite, quartz, epidote, and plagioclase with

9. It is assumed that the distribution of the orthoclase,
emittance values about their mean follows 15. The marked drop-oft near 8 um (In Fig. 2E)
a normal distribution curve. See R. Hofler, or the correspondingly high maxima at 8.8
in Laboratory jor Agricultural: Research um may be due to the Christiansen effect in
(LARS) Bulletin 844 (Purdue Univ. Studies, these fine-grained materials, This, however,
West Lafayette, Indiana, 1968), chap. 3, pp. does not fit for the lavas (Fig. 2, F and G).
68-71. 16. The 24-channel scanner {E. M. Zaitzeff, C. L.

10. R. K. Vincent and F. J. Thomson, Sclence Korb, C. L. Wilson, Inst. Electr, Electron.
175, 986 (1972). . Eng, Trans. GE-9, 114 (1971)} has six chan-

11. In Fig. 2, the group number is-the left-hand nels selected within the thermal band, as
symbol and the locality number is the right- CH 16 (6.0 to 7.0 um), CH 17 (8.3 to 8.8
hand number. The groups are (B) younger am), CH 18 (8.8 to 9.3 um), CH 19 (9.3 to
alluvium, (C) older alluvium, (D) sand over 9.8 um), CH 20 (10.1 to 11.0 zm), CH 21
basalt, (E) dry lake sediments, (F) oI!v5n0 (11.0 to 12.0 um), and CH 22 (12.0 to 13.0
basalt fow of spectral type 2, (G) olivine gm). The data in (I) would represent the
basalt flow of spectral type 1, (H) olivine combination of channels 17 to 20, raticed
basalt flow of spectral type 3. In addition, with the combined channels 19 to 21. My
there are (A4) rock standard granodiorite and spectral data (Fig. 2) indicate that the Pisgah
(D rock standard gabbro. The discriminant geology would be more clearly defined by
program operates in a stepwise manner to using channels 17, 18, and 19 (either singly
find the most powerful discriminant in X- or combined), ratioed to channel 20. Channel
dimensional space, where X is the number 21 would still show some effect of chemical
of spectral emittance values as sequentially compositions (particularly in femic rocks).
selected by the program (J). 17. This research was supported in its entirety

12. S. J. Garawicki is quoted [in L. F. Decllwig,

Modern Geology (Gordon & Breach, New
York, 1969), p. 63; see also pp. 72-73] as
follows, “playa surfacc (dry lake sediments)
is a hard dense compact argillic crust con-
sisting of approximately 79¢6 clay, 20% gran-
ular components, 0.29 accessory minerals
and a trace of saline minerals.”

by NASA contract NAS$-7313 with NASA/
MEC, Houston. This financial support is grate-
fully acknowledged. This is Technical Report
No. 71-5, Remote Sensing Laboratory, Stan-
ford University.
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13. 1. D. Fricdman [U.S. Geol. Surv. Tech. Lers. 21 September 1971, revised 22 November 1971

2. State of Art at End of 1971 Contract

The state of prdcessing represented by the above article has been
materially advanced during this new period, but the details will be covered'

"in the next section.
Again, the material is best covered by reproducing a published paper

by Lyon and Marshall, 1971, in IEEE Transactions on Geoscience Electronics.



| Operational Calibration of an Airborne Infraréd |
Spectrometer Over Geologically
Significant Terrains

R. J. P. LYON anxp A. A. MARSHALL

Abstract—A three-instrument infrared spectral emittance experi-
ment, comprising a rapid-scan spectrometer (6.7~13.3 um), radiome-
ter (10.375~12.1 um), and boresight camera, has been flight tested
over selected geological terrain in central and southern California
and Nevada. Pre- and post-flight calibrations of the infrared spec-
trometer were performed both by using polished samples of “stan-
dard” rocks (quartz diorite and gabbro) as well as the more familiar
blackbody radiance standards. From these latter spectra the instru-
ment transfer function (As.) was derived. In-flight calibrations of
wavelength were achieved by the rapid insertion and removal of a
polystyrene film in the optical train of the spectrometer, as poly-
styrene is a material whose transmission spectrum is constant and
well known. By flying over a body of water (es.:_13.3.m =0.98) and
recording the radiance spectrum of that target one can determine the
transmission spectrum of the atmospheric path between the aircraft
and the water (at least to a first approximation) as both the spectral
emittance of lake water and the optical transfer functions of the in-
strument are known or can be calculated. So far, flights have been
made only at low altitudes (2000 ft above the lake), with the lake
surface at 2000 ft (near Pisgah Crater, S. Calif.) or 6000 ft (Mono
Lake, E. Calif.) above sea level. The lake should be in the area to be
studied geologically. If the flight altitudes over the study areas are
consistent with those over the lake, then the effect of the airpath can
be evaluated relative to the spectral information from the geological
targets. )

INTRODUCTION
TO ACCURATELY deduce the surface tempera-

ture of terrain from its infrared brightness tem-

perature, the surface emittance as well as the
background radiant emittance must be known. Gen-
erally when such measurements are made around 8-14
um a simplifying assumption is used that €s_1,m=1.00,
i.e., the target is a Llackbody. Sometimes a graybody
emittance of 0.9 or similar factor is assumed to ease the
conscicnce of the rescarcher involved. One method of
arriving at the emittance integrated across a given
passhand is to measure the spectral emittance and then
integrate for an averaged value. This experiment de-
scribes equipment and analytical techniques by which
this may be achieved.

A geologically significant more sophisticated experi-
ment which relies upon the nonblackbody hehavior of
silicate rock matcerials typically making up planctary
terrain, is to use the spectral emittance in this band to
derive the chemical composition of the terrain being

Manuscript received February 26, 1971, revised March 24, 1971,
This work was supported by NASA, under Contract NAS9-7313.

The anthors are with the Remote Seasing Laboratary, School of
Earth Science, Stanford University, Stanford, Calif. 94303,

overflown [1]-[3]. Subsequently, one can integrate the
spectral data to obtain a suitable wide-band value. The
background information on this method is detailed in
several references, and the method has been reduced to
practice both in the field and in airborne measurements
{3]. : .

In the airborne mode, infrared radiance spectra (with
a resolution A\/AN=100) were taken six times a second
over the bandpass 6.7 to 13.3 um. With every second
spectrum a 35-mm boresight photograph was taken to
locate the precise ground-track of the sensor system

_ after the data flight. Table I lists the equipment churac-

teristics.

Also included as the third instrument in the infrared
“pallet” was an infrared radiometer, a relatively broad-
band sensor (10.375 to 12.1 um), which has its bandpass
centered in a region of high atmospheric transmittance.
This band exhibits consistently high terrain emittance
and does not show the spectral departures from a black-
body on which the geological experiment is based [3].
The radiomecter served as a monitor to ensure that there
were no marked temperature changes over the target
which might be mistaken for spectral emittance
changes. Within a given spectrum, temperature changes
of less than 1°C were allowed—if higher than that level
the spectrum was rejected.

CaLiBRATION CONCEPTS

The operational calibration was of three main types,
pre-flight, inflight, and post-flight; the pre- and post-
flight sets being performed immediately prior to take-off
and after landing.! The aircraft engines usually were not
running aud the internal systems were connected to
ground power (sometimes the auxiliary power unit
(APU) was used). There could be differences between
the two ground power sources (and with the aircraft
engine sources themsclves) but the most significant
“noise” problem at this stage is the degree of mechanical
vibration gencrated by the APU, and the engines which
induces microphonic signals into the infrared detectors.

The in-flight calibrations are more simple, being
restricted to a wavelength check performed by inserting

! Cryogenic hold-times were in excess of eight hours; thus long
flights could be made and post-flight calibrations obtained without
rehlling the cryogenic supplivs.
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TABLE 1
INFRARED PaLLET

Airborne Rapid Scan Spectrometer

6.76~13.30 um with 100 elements per spec-
trum. The CVF2 wheel has 2 similar spectral
octaves—one from U° to 180° and one from
180° to 360°

0.150 s (6 spectra.’s)

Scan wavelength

Scan period
Field of view 0.4 deyree square (7 mrad)

Hy-doped gernuniwm, time coustaut less
than 1 us, cooled by liquid helium

Detector

a) spectral radiance output (analog)

b) wavelength ramp (analog, not presently
used)

c) wavelength  (peripheral-edge  coding)
pulses, every 2°, or 90 per spectrum, 180
per rotation of the CVI (See Tuble 11)

d) a spike pulse, (at 0°) was uzed to fire the
boresight camera (used for location pur-
poses)

Essential output
- signals (four)

Accuracy required  10-bit, i.e., better than 0.1 percent

Infrared Radiometer

Filter bandpass; 10.375 to 12.1 wm approximately 60 tempera-
sampling frequency  ture measurenments per second, ie., ten to
. every spectrum {or 1 every 9 spectral ele-

ments)

Field of view 0.4 degree, circular (7 mrad)

Detector Hy-doped germanium, time constant less

than 1 us, liquid helium cooled

radiance signal sampled 60 times/s (ana-
log) :

Essential vutput
signals (one)

Accuricy required 10 bit, i.c., better than 0.1 percent

Boresight Camera
Type . ‘ 35-mm framing camera, with film-recorded

. clock and frame counter, electrically pulzed
by output command from spectrometer (at
approximate rate 3 s)

Field of view approximately 3° to vield telescopic view of

the target. Camera pulse originates 5 ms be-

fore the no. 1 dafe pulse, ie., just past the

0° position '

* CVF: circular variable filter, a circular dispersive element.

a polvstyrene film into the spectrometer optical train.
The known spectral transmission of polystyrene pro-
vides a characteristic signal readily observed on the
data tapes. It was also used as a signal for “line-start”
and “linc-stop” in the later data analysis steps. Fig. 1
shows a group (N =3) of airborne polysiyvrene spectra.
From this, Table 11 was veritied.

A more fundamental type of in-tlight calibration was
performed by tlving the infrared svstem over it hody of
water. Wiuter has a well-known spectral emittance vary-
ing only slivhty from a graybody value of 0,98 [6] over
this bandpass. Thus a radiometric check between
spectrometer and radiometer may bhe made in the data
analysis steps and brightness temperatures compared.
As will be seen later, the AIRPATIH spectral transmit-
tance between the water and the aireraft may be defined
Dby this aspect of the tlight program,
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Fig. 1.
airborne over Pisgah target. N=3.
17:13:16.000 GMT (local time PST=GMT ~8 h). Handwritten
figures refer to the precisely known absorption lines for poly-
styrenc.

Average and ¢ of .V =5 polystyrene transmission zpectra

Times from 17:13:14.442- °

TABLE 11
CouNTER PoINT (CP) VERSUS WAVELENGTH®

(o4 4 A (um) cp A (um) CP A (um)
91 6.760 121 8.965 151 11.380
92 6.825 122 9.043 152 11.445
93 6.890 123 9.135 153 11.525
94 6.960 124 9.205 154 11.600
95 7.035 125 9.270 155 11.680
96 7.085 126 9.370 156 11.750
97 7.160 127 9.453 157 11.833
98 7.225 128 9.530 158 11.895
99 7.290 129 9.6135 159 11.970
100 7.365 130 9.690 160 12.040
101 7.445 131 9.773 161 12.120
102 7.510 132 9.865 162 12.190
103 7.583 133 9.960 163 12.260
104 7.660 134 10.010 164 12.330
105 7.750 135 10.100 165 12.405
106 7.810 136 10.170 166 12.470
107 7.880 137 10.255 167 12.540
108 7.935 138 10.340 168 12.605
109 8.025 139 10.420 169 ~ 12.670
110 8.105 140 10.490 170 12.745.
111 8.185 141 10.580 171~ 12.815
112 8.265 142 10.660 172 12.895
113 8.325 143 10.740 173 12.955
114 8.410 143 10.810 174 13.020
115 8.485 145 10.900 175 13.085
116 8.565 146 10.970 176 13.130
117 8.640 147 11.070 177 . 13.220
118 8.720 148 11.130 178 “13.285
119 8.800 149 11.220

120 8.885 150 11.305

s Qrizinal data sheet for points 0-90 and 91-180 for the 1968-1970
ARSS CVF wheel, provided by NASA - MSC by letter TF2LE 120-
08, March 23, 1968, To make the data covered by both halves of the
wheel more equal 1 CP is dropped from the leading data set for each
side. Thus MSC CP 92 becontes Stantord CP 91, 179 becomes 178,
cte. Operational verification of these vilues may be made by the
spectrum of pulystyrene in Fig. 1.

Pre- AND PoST-FL1GHT CALIBRATIONS

In addition to the above, there were normal engineer-
ing-type calibrations of tape recorder channels, ete., of
the type usually performied in all high quality data
gathering operations [4]. The calibrations described
here refer to geological and meteorological calibrations
which are designed to recover known spectral charac-
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teristics from the data tapes as an overall check of the
system. In detail these are the following.

1) Observation of an external blackbedy source lying
on the runway beneath the stationary aircraft. This
blackbody was temperature controlled at 40°C (313°K),
and is called 40°C BB-EXT.?

2) Sequential observation of a pair of “standardized”
rock specimens (rock A, and rock B), lying on the run-
way beneath the stationary aircraft. Those were heated
in an oven to approximatcly 40°C (313°K). The speci-
mens were 20 by 20 cm across and 2.5 cm thick, thus
having considerable thermalinertia® Rock A was a dark
gray to meditum gray gabbro, and rock B was a light
silver-gray granodiorite, two chemically, and mineral-
ogically, distinct igneous rocks. The front surfaces of
these “standards” were highly polished to decrease
scattering effects from their front surface making it'a
more precise spectral emissivity standard.

- In order to obtain high contrast in the spectral sxgna-
ture data, i.e., a large signal differential for small spec-
tral emissivity variations, the background radiation
reflected by the sample into the instrument must be
small conipared to the emitted radiation. This criterion
was achieved by positioning the highly polished sample
sufficiently below the aircraft and angled appropriately
to ensure that “cold” sky was the effective background.*
Since all pre- and past-flicht calibration measurements
were perforned under moderately low humidity and
cloudless conditions, the sky radiation (between 8 um

? Extended Source Blackbody, Barnes Engineering, Inc., tempera-
ture controlled to +0.5°C.

3 The rocks were selected by a geologist from tombstone material
(because of the overall high polish readily available across large slab
areas). Thin sections were made and the correct rock type defined by
optical means. The slabs were cut into two, and one half of each
retained by Stanford University Infrared Lab. to calibrate our other
spectrometer and data recording systems. Rock At Gabbro, contains
plagioclase (Ang), auvite. and little biotite, Rock B: Granodiorite,
contains bictite, quartz, epidote, and plagioclase, with orthoclase.

¢ The spectrometer measures Fyem. Assume a target which en-
tirely fills the instrument field of view.

Wt = Waa(l = na) + no[ZalWa + [ha(l — Za)]
where

effective radiant emittance seen by the radiometer at
wavelength \;

radiant emittance of the air at wavelength X;
atmuspheric transmission at A;

tiarget emissivity at \;

radiant emittance of [llL target at \;

ircadiance from the backzround (akv. terrain, room walls,
or ceiling, etc.) incident on the target at wav l‘anL,(h A

”"X(QM)

Wia
Tha
pry

W

Ha

Note the followtng: :

1) Wav may 20 Wa, and iy are integrated over the spectral
bandpass of the instrument. The difference between the integrated
values and monochromatic values at waveleneth X depends on the
spectral bandwidths of the atmospheric absorption ‘emission bands,
the bandwidth of the spectral features en the target, and similar
considerations for the backzround relative to the instantancous
spectral bandwidth of the instrument. In the 7- U ,.nn region these
differences are generally small for AN /A <10.02.

2) Hip depends upon 7, 1) ra» ~kv conditions, terrain temperature,
the target angular aspect, and i instrument v iew angle nl wive to the
zeaith. If 11, =1hg no spectral siznature of the tarvet is discernible,
I, g can be better controlled or minintized with a polished (specular)
sample.

3) me has prictical limits between zero and one and has both fine
and coarse spectral features.

-E--ﬂ—-

e seowanes, ool wrasrmoes,

2 W-‘ucu'z

-

T
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Fig. 2. Caleulated radiance difference (\W-cm™ sr? ym™) for a
blackbody exterior target at 40°C (313°K) and an internal black-
body reference at 60°C (333°K). Wavelength counter points
appear as the abscissa, from 91 to 178 (from 6.8 to 13.3 um), and
are common to all graphs.

and 13.5 um) was infinitesimal compared to that of the

40°C rock specimen and was neglected from further
consideration. Identical procedures were followed dur-
ing pre- and post-flight calibrations.

TRANSFER FUNCTION (A7y) CALCULATION

The optical spectral transfer function (n) for the
spectrometer may be derived jointly with the system
gain 4 as a product form, which we simply call the
spectral “transfer function” (An). The data processing
steps outlined in what follows agree closely with those
published for the Purdue (LARS) procedures originally
performed for field calibration of Block-Michelson inter-
ferometer spectra [5].

Calculate for each wavelength step the radiance
spectrum (Planck Law) for the 60°C internal blackbody
refecrence (BB-INT). Calculate the radiance spectrum
for the temperature controlled external blackbody
(BB-EXT). Derive the radiance difference spectrum
(TRUE).

Fig. 2 shows this calculated difference

NArroe = VAsp-inT — NVABB-EXT (1)
where NA =radiance at wavelength A (um).

This difference NArree can be related to the actual
signal observed from the spectrometer (proportional to
the difference between the two blackbodies, but modified
by the spectral transfer function). Figs. 3 and 4 show the
actual signal (OBSERVED) from an external black-
body at 40°C (313°K); an average of 22 spectra with
+ 1o limits indicated. The standard deviation levels are
a measure of the “noise” riding on the signal. From these
data (Figs. 3 and 4) the spectral transier function (An)
was calculated (Fig. 5)

OBSERVED

TRUE @

SPECTRAN (4n) =
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Fig. 3. Observed radiance difference (millivolts) for the same 40°C
target and 60°C reference. .V =22 spectra for the average calcula-
tion, +le¢ limits shown, X =668 mV. Noise (mean sigma, ¢)
=13.5 m\". Pre-flight data, mission 108, day 1, times from
15:17:53.647-15:18:00.739 GMT.
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Fig. 5. Optical transfer function (4n), from pre-flight 40°C BB-
EXT data. Ratio calculated from Figs. 2 and 3.

The inverse of the transfer function 1/47\ or IN-
STRAN was more useful in the calculations and this
function was stored for data processing (Fig. 6). The
principal straight-line component of the gradient is
related to the wavelength sensitivity of the Ge:lg de-
tector, the system gain (4), and the optical trans-
mittance (m). lligher frequencies in the function are
caused by the variations in ryexhibited by the CVF.
Additional small effects of microphonic noise and inter-
ference may account for some of the observed high fre-
quency variations.

AIRPATIH CaLcuraTtioN

When airborne spectra are collected while flying over
a water body (Figs. 7 and §) a mean spectrum can’ be
calculated which closelv resembles the blackbody differ-
ence spectrum, OBSERVED (Fig. 3). Absolute levels
(in. volts) are higher, as most water bodies are cooler
than the 40°C external blackbody used in the pre-flight
ground calibrations. Standard deviation levels of 17-20
mV rins (Table 11D again represent noise levels but are
not significantly higher than on the ground, a marked
change from carlier flights with this system which
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Fig. 4.
mV, X =692 mV (1e., temperatures were not exactly at 40°C).
Times from 21:21:23.167-21:21:30.766 GMT.

Comparable post-flight data after return. N=25, o=19.1

=

S

INSTRAN, or inverse of optical transfer function
(=1/4n). i .

Fig. 6.

showed large microphonic noise. (Missions 56, 78,_ﬂowi1 :

in 1967 and 1968.)% :

The atmospheric transmittance was determined over

11.-

the two lakes ohserved in this flight (PPalmdale Lake, 96 -

mi west, and Shallow Lake, 25 mi north of the Pisgah -
lava ficld test site, which is at latitude 34.7°N, longitude

116.4°W). They are a considerable distance apart, and
somewhat distant from the test site, but it is difficult to
find water bodies in the southern Californian deserts!
Oue is forced, therefore, to relv upon the assumption

that the airmass over the test site is the same as that .

over the lakes. In most areas where water bodies are

more common and hence closer to the site thisis a quite
reasonable assumption. Here one may argue otherwise, -

but no simple operational alternative exists.

AIRPATH is calculated from the airborne data over

the lake by the following steps.

1)- Calculate the mean and +1¢ spectra- for the .

(LAKE) airborne data. Calculate lake brightness tem-

s Operational rms voltage measurements (“noise”) were made on ™ '

the IR spectrometer output {with the CVE wheel stopped), as follows,

AN tOR, flight 1. Pre-tlight—on ground 20 mV. 1915 GMT—over - :

water 25 mV. AIN U8, tlicht 3. Over Mono Lake, 1641 GMT 24 mV,

Over Mono Lake, 1910 GMT 24 mV. -
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Fig. 7. Observed radiance spectrum from Palmdale Lake, V=30,
o =147 m\V, X :=1010 mV. Brightness temperature of the lake
is expressed as I, =30°C, calculated from X, Mcean spectrum
radiance, + 1o limits shown, Times from 17:12:38.495-17:12:
52400 GMME, mis<ion 108, dliche 1. Dewpoint—6°C; air tempera-
ture 23°C; RH 14 percent; radiometer T'L(R) =30.5°C.

anv

SRR IR L

Fig, 8. Observed radiance spectrum from Shallow Lake; N =26,
0=17.7 mV, X=1000 mV. Brightness temperature of lake
T =30°C. Times from 19:16:20.898-19:16:28.470 GMT, mis-
sion 108, flight 1. Dewpoint—6°C; air temperature 27°C; RH
10 percent; radiometer T1(R)=33°C. ' :

TABLE [II
TABULATED Repucep Data

Stanford/MSC Mission-108, Flight 1 (Pisgah, Site 2), Oct. 8, 1969

Temperature by

: N Signal Mcan  Std. Deviation® Rel. Error®
GMT Time (mV) V) Spectrometer -
: Pre-Flight
1518 40°C BBR-EXT 22 669 13 0.0043 40°Ce
1516 rock A . 30 569 15 0.0048 43
1517 rock B 30 595 15(20)¢ 0.0046 42
[n-Flight .
1712 Palindale lake 30 1010 15 0.0027 30°C
1915 Shallow luke 30 1000 18(23)* 0.0033 30
Post-Flight
2121 40°C BB-EXT 25 693 19 0.0055 39°C
2120 rock A 36 512 22 0.0072 45
2120 rock B 28 568 24 0.0080 43
Stanford/MSC Mission-108, Flight 3 (Mono, Site 3), Oct 10, 1969
N Signal Mean  Std. Deviation Rel. Error Temperature by
GMT Time (mV) (nV) Spectrometer
Pre-flicht :
1423 40°C BB-EXT 30 664 16 0.0042 40°Ce
1422 _rock A 30 569 15 0.0048 43
1424 - ‘rock B 30 593 15 0.0046 42
In-Flight
1642 Mono Lake run 401 30 987 19(24)1 0.0034 30°Cd
1943 Mono Lake run 402 30 1080 17(24)¢ 0.0029 27¢
s Standard Deviation (o) is defined as b Relative error is defined as
(X — Xn E=o—e. .
VYT TVE

< By definition, and used as a calibration point for temperature.
4 West side.

perature (7T.), using the radiometer data, i.c., with
broader bandpass. This unit was also recalibrated during
the pre-flight period {4].

2) Corrcct the mean lake spectrum for the known
spectral emittance for water (&) [6].

3) Divide the correct (observed) lake spectrum by
the product of a calculated blackbody radiance spectrum
for that temperature (7)) and SPECTRAN (dn).
This modilics the blackbody radiance as though it had
been observed through the instrument. 1 the lake had
been at 40°C one could use the observed spectrum from
the external 40°C blackbody. Generally, however, the

* East side. )
! Actual measured rins values in parentheses. See footnote 5.

lake temperatures are much lower (27-30°C), and hence
their radiance must be calculated.

expected radiance ~ LAKE calculated
" LAKE observed

AIRPATH = -
actual radiance

then
(;\"Bm, at TOL) X An X e

AIRPATH = @)
LAKE, , ,

AIRPATII is an absorbance-like ratio which ranges
from 0.84 t0 0.96 with 10 to 12 sharp maxima. These are



Fig. 9. AIRPATH, or atmospheric absorption ratio spectrum,
from Palmdale Lake spectra, after removal of the optical transfer
function. Mean airpath (4p) =0.96, 04,=0.013
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Fig. 11. AIRPATIL, from Mono Lake 401 (site 3), flicht 3, mean

airpath ((1p) =0.962, G4, =0.018. N =30, I =30°C, times from
16:42:08.098-16:42:22972 GMT. Dewpoint—15°C; air tem-
perature+11°C; R 15 percent.

generally in the positions of the atmospheric absorp-
tion/emission bands, but may be more exactly caused
by the high frequency components in the pre-flight cali-
bration spectra which were ratioed to the lake spectra
(Figs. 9-12). As might be expected, for a 2000-ft path
in a low$ humidity {desert) arca, these absorptions are
not strong between 7.5 and 13 um. It is significant that
both lakes surveyed this day showed very similar pat-
terns with maxima at the same data points. On a sub-
sequent flight (day 3) over Mono Lake several hundred
miles to the north, both patterns for AIRPATH were
again similar {(Figs. 11 and 12), but differences exist be-
tween the flight 1 and flight 3 pairs.

ROCK STANDARDS—OPERATIONAL FORMAT

The pre-flight spectra from the two polished rock
standards are shown in Figs. 13 and 14 with the mean
and te limits plotted. [mmediate inspection reveals that
they have dilferent shapes as expected; rock A having
two maxima at longer wavelengths than the more pro-
" nounced single peak for rock B.

At first glance the curves appear to be the inverse of
what one would expect from emittance data, A mo-

¢ Dewpoint—6°C, aircraft air temperature +23°C,
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Fig. 10. AIRPATH, from Shallow Lake. Mean airpath (dp) =0.96,
Ga,=0.017.

099‘_

Fig. 12. AIRPATH, from Mono Lake 402 (site 3), flicht 3, mean
airpath (dp) =0.950, g4, =0.015, ¥ =30, T'L =27°C, times from"
19:43:55.112-19:44:14.813 GMT, first 30 spectra used. Dew-

* point—19°C; air temperature 10°C; RH 12 percent.

ment's reflection, however, will show that if & is lowerat -
a given point it will appear to have a lower (colder)
Lrightness temperature. As we are using a hot internal
reference blackbody (60°C) these regions will show a
greater radiance difference, and hence a higher millivolt
level, for low e regions. In effect, the raw plots are re-
flectance not emittance spectra.

For rapid checking of the data either this form of
presentation or its exact inverse (FLIPPED) will
suffice. For most operational use we do not go through
the calculations for absolute emittance detailed helow,
but merely “flip” the data scts. All airborne spectra of
the terrain are presented in this inverted form for sub-
sequent statistical processing [7].

ROCK STANDARDS—ABDBSOLUTE EMITTANCE

The absolute emittance from rocks A and B may be
calculated by the following steps.

1) Prepare a mean and *1¢ average rock A spec-
trum from the pre- and/or post-flight data (usually
N =30). Determine the average brightness temperature
from these spectral levels, e.g., X =593 mV. Therefore,
target brightness temperature was T4 =42°C.

2) Using the spectral transfer function (i), trans-
form the mean spectrum, wavelength interval by wave-
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Fig. 13. Rack A mean spectrum foe the zablira slab at T=43°C,
N =36, fromraw (i.c., un=moothed) pre-fizk: data, light 1. Times
are from 15:16:42.190-15:17:00.963 GMT. Peaks are scen at
122 (626 m\) and 139 (660 m\) data point:, Radiance levels at
data point 108 would approxinuite that from a $0°C blackbody
target, at 139 would be that of a 25°C blackbady. This is indica-
tive of the changing spectral emittince.

Radiance mean spectrum (= 1o) for rock A, pre-light
data, ﬂlght 1, for the above times (Fix. 13): Ordinate 13 now in
V-em™?osrTtoamTt, after conversion from millivelts using opti-

Fig. 15,

cal transfer function (1n). Ta=43°C, spectrometer.

length interval, into a radiance spectrum, i.e., transform
millivolts to W.cm=2sr=! gm=" In a similar manner one
can transform the standard deviation spectra as well.
This is plotted in Figs. 15 and 16 for rock A and B as
radiance spectra.

3) Using the observed target brightuess temperature
(as above,. of . 42°C) caleulate from the Planck Law,
again one wavelength interval at a time, the expected
radiance for the target, assuming now thatitis a black-
body.

4) Divide the “obscerved” radiance spectrum by the
calculated blackbody radiance spectrum to generite an
emittance spectrum, igs. 17 and 18, By the initial
assumption of X = average brightness temperature this
vields emittance values above 1.0, These then can be
normalized to unity and the average “absolute” emit-
tance recileulated.

Two items should he noted here. Inspection of Figs.
15 and 16 reveals the very small departures from black-
bLody behavior on which this geological experiment is
based. 17 aad 18 are therefore magnitications of
the & ratios. and in this light the £ 1o variations in the

Figs.

"14.

€50

L

508~
Fig. 14, Rock B mean spectrum for the granodiorite slab at
=42°C, N =43, from raw pre-flizht data, tlight 1. Times are

from 15:17:10.631-15:17:23.674 GMT. Peaks are now at 114
(641.1 mV) and 124 (673 mV), much shorter wavelengths than for
rock A.

Fig. 16. Radiance mean spectrum (= o) for rock B, pre- ﬂlth data,
flight 1, for the above times (Fig. 11). Ordinate is now in W -cm™?
st um™1, Tp=42°C, spectrometer.

airborne data are strikingly small. As geologists rather
than physicists we are not as concerned with the ab-
solute levels in our data as with the homogeneity of the
spectral data and its variability from one rock type to
another. The strictly geological problems with this ex-
periment are many and real, and added refinements in
computational technique are premature at this stage.

CONCLUSIONS

1) Optical transfer functions for a spectrometer have
been calculated from operational field-type measure-
ments..

2) Standardized rock slabs with known spectral
emittance below 1.0 have bheen used in the pre- and post-
flight calibrational steps in a routine manner. From
these data one may ascertain if the spectrometer and
data svstem are functioning correctly, t.e., that a known
spectrum can be recovered from the taped data record.

3} In-tlight calibrations of wavelength can be readily
obtained by inserting polystyrene into the optical train.

4) Atmospheric . “absorption spectra” can be ob-
tained in the airborne mode by tlying over lakes within
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rutio for rock A target relative to
a blackbody at the same weerage brichtness temperature. Mean

Fig. 17. Calculated “emittunce”

and % 1e limits shown. \verage emittance = LU0 by assumption,
emax = 1.04 (108), €nin =0.98 (141). When normalized so that the
€max = 1.00, then enin =0.94.

or nearby the geological test site. These spectra have
many of the characteristics of true atmospheric spectra
of a short airpath (around 2000 ft) in a low humidity
area. Additional work is necessary to confirm this inter-
pretation or to support the possibility that they are arti-
facts of the ratioing of airborne data (which appear
somewhat smoothed) to those of ground-bhased data
which are more spiked.

3) In-light spectral data over geological targets are
being analyzed, and wiil be reported elsewhere {7]. Con-
siderable careful study needs to he made, both of the
airborne data as well as spectral emittance variabilities
within a single rock tyvpe in the field. This should be
tackled by ground-based mobile instrumentation as
well as airborne to define the inhomogencity of the basic
target and separate this cffect from artifacts of airborne
measurements. Only then can we assess the “noise” un-
certainties we presently perceive.
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3. Generation of Emittance Spectra - 1972 Procedures

(a) Airborne Spectra

The basic data obtained from the digital tapés,is a set of voltages_
digitized at a corresponding set of wavelengths provided by NASA in prévious
calibration work. These voltages must then be converted with the aid of several
caiibration and normalization procedures into a form which resembles true
emittaﬁce spectra;

The voltage generated by the spectrometer, as a function of the

spectral radiance incident on the spectrometer (Ngp), is dependent upon the

temperature and thus the emitted spectral radiance of the internal referencé
blackbody Npp(Tj,¢) and the instrument transfer funcfion At.
V = At (Nbb(TLnt) - Nsp)¥ (;)
InAgeneral Nsp is made up of two contributions
(a) The radiance emitted by the. surface as it is attenuated
by the atmosphere (Ng,, T) and

(b):The emittance of the atmosphere ((1-1) Mpp(Tsky) assuming

uniform comﬁosition and temperature distribution over the
obéerving péth_length). Thus the output volts given by
V= At (Npp(Tine) - (1-T) Npp(Taiy) ~ WNgur) (2)

To use the above equation three pieces of information are'required to
solve for Ngyr in terms of the output voltage. However, in studies involving
relativély short paths (less than or equal to 2000 feet) and involving warm
roéks (approximately 40°C) we have

Ngur > Nbb(Tatm) and (1-T) << 7T
Thus we can simplify Equation 2 to give

V= At (Nyp(Tyne) - T Ngyp) (3)
In the ground based -calibration work at'very short path lengths At and Tg were
determined by the oﬁservation of two blackbodies, one at.40°C~and the other at

ambient temperature. Equation 3 could then be solved for the two functions At and Tg.

*All quantities mentioned are functions of wavelength.
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Ofvthe two 40° blackbody measurements made on the day of the
measurements over Pisgah Crater, it was.found that the pre-flight 40° black~
body spectrum had a large amouﬁt of periodic noise (approximately 60 HZ) superimposed
on the blackbody curve (see Fig.Al ). Until this waé realized flight spectra
calculéted using this measurement as a calibration were found to be seriously
perturbed, the effect of which was masked in the normalization process used
at the time. Thus in all successive calculations the post-flight 40° black-
body data were used in the instrument transfer function calibrations.

With the knowledge of At it was then possible to calculate the spectral
radiance reaching‘the spectrometer during the flights over Pisgah Crater and
during the calibration flight over Shallow Lake. The spectrum of spectral
radiances recorded fo Shallow Lake were then examined and a radiant temperatufe
compuged for each of the wavelengths at which measurements were taken. The
wavelength at which a maximum blackbody temperature (Tpax) was found was then
selected and the temperature qf the Lake was then taken to be this radiant
température. This is equivaleﬁt to assuming that At one of the wavelengths'
measured the atmosphere had a transmission equal to 1.0. The atmospheric
transmission at all other wavelengths was. then computed assuming that the
radiant energy leaving the lake's surface at this wavelength was that of a

blackbody of temperature Tmax.

These atmosphéric transmissionslwere then used ;o compute the surface
spectral radiance over Pisgah Crater. The wavelength dependence of this_radiance
was then examined and the wavelength within each recorded épectrum showing the
maximum raaiant temperature was again selected. The resulting radiant temperature
was then assumed to be fhe.roci tempeiature and the emissivity of the rock at
the various wavelengths was formed by taking the ratio of the calculated surface

radiance to the Blackbody radiance at this maximum temperature. The previously
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Figure Al

Preflight blackbody emitﬁanée sbectra.,
Here the preflight calibration spectra
have been treated in the same way as
the rock samples. The upper curve is
the Preflight 40°C Blackbody, the
lower the Prefligﬂt Ambient Blackbody.
The hot blackbody shows definite
periodic noise which makes it unsuit-

able for calibration purposes.
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selected groups of spectra were then separated and overall emittance spectrun
fo:'each geologic unit was computed, as well as the standard deviations at
each wavelength.

b. Ground Measured Spectra

All the ground based measurements éf_roqk emission spectra have béen
nade with an Exotech Model 10 Spectrometer. The design of this instrument is
essentially fhevsame as that of spectrometer in the infrared pallet except that
the reference blackbody is at ambient temperature in contrast to the 60°C black-
body in the infrared pallet.

Calibration measurements to determine the instrument transfer function -
ﬁére made using a water heated blackbody source while wavelength calibration
was‘oﬁtained with polystyrene transmission spectra.

The rock samples were observed at ambient temperature outside the
laboratory in order to simulate as closely as possible practical remote sensing
conditions. ' As these samples were mostly freshly broken rock, their reflect;nce
can be much greater than the rocks observed in the airborne mode. Thus the
cqntribﬁtion of a reflected sky spectrum in the data can not be ignored if
similar measurements are to be made with the object of determining mineral content.

" The data»reduction procedure used in this analysis is a simplified fbrm
of thét‘discussed for the airborne spectra. Thus the negligible path length
enables one to make the approximation Ngyr = Nsp.. In the rest of the calculétion

the mgthod is identi;al.

4. Generation of System Responses Simulating MSDS Scanner OQutputs
The voltage (E) produce§ by any selected filter—detectof,combination in
the infrared scanner is dependent upon the spectral respomse 6f this system ($(R))
and upon the energy incident upon the filter and is given by
| E = Jax 90 Ngp(h) d A | (4)
In this analysis the spectral résponses of the MSC multi-spectral scanner (MSDS) )

and the University of Michigan Scanner (see Figure A2)
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wére digitized at the.same wavelengths at which the spectra ovér Pisgah Crater
had been recorded, and the responses determined as if the MSDS were flying rather
thén the IR pallet in MX108. They were computed using Equation 5,

E=I ¢y Nop (M) (5)
using the radiance calculated as that incident at the spectrometer in the flights
ovér Pisgah Crater. These spectral responses.contain brightness temperature __:,
information, that is, they vary with their true temperature and their emittanee.'
Thgy‘differ thus from the spectral emittance normally used which have been
corrected for temperature effects. |

The system responses and the various ratios which can be formed from

them are given in the appendix.
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5. BMDO7M Analysis of Data~MX108

The BMDO7M stepwise discriminant analysis program was used to.test
several types of data derived from the airborne radiance measurements of MX108.
The following transforms were used as "variables",

1. 50 centermost wavelengths, in the spectral emittance

curves.

2. System Responses (9), from the three channels used by

Vincent and the 6 from the MSDS Scanner.

3. Ratios (18), from

(a) Vincenc's.channels (3), and
(b) MSDS channels (15)
(To reduce the calculations cross ratios between channels in (a) and (b)
system$ were not made. These, of coufse; can be theoretical ratios only.)
»Tabie Al shows these variables,in detail.
. Table A2 indicates the sequential success using the BMDO/M analysis
.on the two "end-member" terrain types - mixed terrains (dry lake sediments,
alluviﬁm and a lava) and "all lava" terrains. The success, by rock type, is
listed.in detail in Appendix Table D5. |
o Table A3 examines the sequence of variables chosen by the program, for
analYéis of each terrain, and by "method". The ranking in the initial or zero-
step of BMDO7M is quoted, that is, the "redundant" data is still 1nc1ud¢d. When
BMDO7M selects its variable for the second and successive step thils redundancy ig.
minimi;ed. It is unclear yet whether this is a desirable or undesirable éoncept.;
Figures A3 - A5 show the discriminant plots from the BMDO7M analysis

for the mixed terrain; A6 - A8 are for the all lava terrain.



TABLE Al

VARIABLES USED IN BMDO7M ANALYSIS

A. "50 Central Wavelengths'
#1 = 8.100 um

#50 = 11.970 um

B. - System Responseé
1: Vinéent #1 (Vl) 6 :19
2 : V2 7 :+20
3: V3 8 :21
4 : MSDS  #17 9 : 22
5: 18

C.  Ratios
1: V1/v2 - 10 : 18/20
2 : V1/v3 11 : 18/21
3: v2/v3 12 : 18/22
4 MSDS 17/18 13 : 19/20
5: 17/19 14 19/21
6 : 17/20 15 : 19/22
7: 17/21 16 : 20/21
8 : 17/22 17 : 20/22

9 : 18/19 _ 18. : - 21722
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TABLE A2

PERCENTAGE CORRECTLY IDENTIFIED IN TRAINING SET (BMDO7M)

Mixed Terrain ' o All Lava Terrain
- " Dry Lake Seds. A (53) Lava Phase I* | (35)
Alluvium A @27 Phase 1II (62)
P-Train Lava III (31) Phage IIT -  (65)
111 spectra 162 séec;ia.

1 Step 2 Step 3 Sfep 9 Step 1 Step 2 Step 3 Step 9 Step

A. Normal Method (Spectral Emittance)

1. 50 Central A's 66 70 69%* 89 45 49 53 59

" B: Systems Responses
1. Vincent's -3 90 93 97 -~ | 59 61 60k%  —
2,.MSDS - 6 90 95 99 -1 46 60 63 -

~" Ratios of ChanneljOutputs

1. Vincent's - 3 86 84%% - . — 41 51 -— -

2. MSDS - 15 58 77 R - 45 46 — -

(1IE + IK)

*Phase I Lava

Phase II Lava = (IIA + IIB + IIC + IID + IIF)

Phase III Lava (IITA + IIT-TRAIN + IIIG + IIIH)

**Success can oscillate with increased stepping
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TABLE A3

INITIAL RANKING OF FIRST FOUR VARIABLES CHOSEN

A. EMITTANCE SPECTRA

50 Central A's

B. SYSTEM RESPONSE

Vincent's - 3
MSDS - 6
C. RATIOS -

Vincent's - 3

MSDS - 15

(Zero—Step of BMDO7M)

Mixed Terrain

-SEQUENCE

8.96; 8.80; 8.88; 9.04 um

Vi; V3, V2, -

18; 17; 22; 21

V1/V2; V1/V3; V2/V3; --

18/19; 18/20; 18/21; 17/21

All Lava Terrain

SEQUENCE

11.75; 11.83; 11.07; 10.97

(Vi = v2 =V3) -

17; 20; (21 = 22)

(V1/v2 = v1/v3) v2/V3 --

17/18; 17/22; 17/21; 17/19

26.
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BMDOTM

A. Summary - Effect of Temperature of the Target

1. Temperature effects have been removed in spectral emittance calculations,

whereiﬁ each spectrum is directly ratioed to a blackbody at its "apparent
éemperature" (€pax = 1.0 at one wavelength).

2. Temperature effects are also minimized in the ratio calculationms,
wherein systém responses of pairs of filter channels are ratioed.

3. Original temperature effects still remain in the raw system response data.

4. Because of these facts, the second most powerful discriminant is the

rock radiance level (system response data), which varies directly with the
temperature of the target (alluvials and dry lake sediments are cooler than
the black lavas).

B. Summary - Spectral Emittance Data Only

Using spectral emittance data (50 central waﬁelengths) temperature
effects are minimal and chemical (raststrahlen) effects can dominate. Many of
the closely-adjacent wavelengths are redundant (high correlation) coefficient in
BMD, and hence not utilized, after the first step, by BMDO7M. |

.a. Mixed Terrain: A high success (> 90%) is achieved only after several steps.

37.

(See Figure A9 and Table D5). Firstly Alluvium (A), and then Dry Lake Sediments (D)

are correctly &ifferentiated, but the P-Lavas take at least 4 steps to reach 75%.
b. All Lavas: After the first steps Phase I (oldest) and Phase III (youngest)
are classified at 50-607% level. Phase II reaches this level only after 4 steps.

C. Summary - System Response (Radiances) Only

a. Mixed Terrain: Responses from either Vincent's or MSDS channels reach

90% correct-levels after 2 steps, much more quickly than the spectral emittance,
 hence are more simply diagnostic.
b. All Lavas: Vincent's channel radiance levels are only 70-80Z correct

regardless of the number used. The MSDS system does better with Phase I and II
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lavas with increasing steps, but Phase III remains constant.

D. Summary - Ratioé

a. Mixed Terrain: Vincent's ratios are correct at the 75-80% level at Step 1,

but the MSDS system only reaches 777 after 2 steps.
b. All Lavas: No clear pattérn emerges; if anything extra steps decrease
the success acﬁieved.
E. Conclusions
-Table A4 acté as a summary of these results. From this it is reasonably clear

that the chemical effect sought is always effective as a discriminant in the first

step of the classification process, but the success level varies with the method

(éystem response — best; then spectral emittance, closely followed by the ratios).



TABLE A4

INFORMATION USED IN DECISION SEQUENCE

40.

(BMDO7M)
MIXED TERRAIN o _ALL  LAVAS
Spectral Emittance Chemical ? Temperature
System Response
Vincent's Chem. + Temp. + Chem. Chem. - Chem. - Temp.
MSDS Chem. -+ Temp. - Chem. Chem., - Temp. — Chemn.
- Ratios
Vincent's Chem. + Temp. Chem. + Temp.
MSDS Temp. =+ Chem. . , Chem. - Temp.




B. TASK 2.3 -
Coﬁparison of IR Spectral Emittance Data with K~Band Scatterometer Data.

1. General Background

.The presentation of non-imaged data to an audience of users, oriented

towards imagery, has always been a problem. Numeric data and data representing

the changing values of one variable measured against time (or distance) form an
increasing proportion of that collected by aircraft and satellites. As we

progress towards a more clear understanding of the processes involved in the

interaction of electromagnetic radiation with the earth, and towards predictive

modelling, the need for numeric data rather than spatially displayed imagery
becomes more evident. |

'Attendaﬂt with the increase in numeric data is the problem of display,
and the education of the audience to the manner in which significant changes are
identified. One of the most difficult types of data to display are spectra.
Yet these are capable of being gathered by an instrument like the infrared
spectrometer at rates like six spécfra per second.

The purpose of this part of our program was to illustrate how we have
adapted a coloriziﬁg method (developed for radar back-scatter spectra) to our
infféred spectra, and show the comparison between radar spectra and infrared
spectra obtained along the same flight line, albeit at different times.

Both sets of data can be colorized in a comparable way as easy guides
to visualizing their differing information contents. We have followed.the lead
of Moore et al. (1968§I&here1n they displayed radar back-scattering spectra -

(0 vs. look angle) as colors generated in a 3-gun color TV tube.

(1) Moore; R.K., Waite, W.P., Lundien, J.R., and Masenthius, H.W. (1968) "Radar
Scatterometer Data Analysis Techniques". Proc. 5th Symp. Remote Sens. of

Environ., Ann Arbor, Mich., 1967, —— (U of Michigan Press, Ann Arbor).

41.



2. Universify of Kansas Presentation of Scatterometer Spectra

Moore et al. (1968) found that these Scatterometer spectra (o vs 6)
(Fig..Bl) could be rendered more meaningful to outside observers if a transform
waé_perfotmed involving subtraétion of the curve from the group mean (Fig. BZ).
A further and far more successful presentation was made-after a Principal
Components analysis revealed that 90% of the spectral variability would be
accoﬁnted for by using only 3- of the 8- data points in the curve. These 3
values were found to belthe 0 value at 5°, 30° and 60° look angles (measured
from tﬂe vertical, nadir = 0°).

fhe-values were converted numerically to equivalent voltages and used

to produce colors in the color TV tube (Fig. B3).

43; Stanford Technique for IR Spectra "

. a. Selection of 3-values using BMDO7M

- .The Stanford IR Spectra are composed of a large number of digitized

42,

emittance values. Our analysis using the Stepwise Discriminant program BMDO7M '

enabled the 1-, 2- and 3—'most significant values to be identified from this"

contribution to the discrimination process. These key wavelengths (X,Y and Z)

are.those at ﬁhichAthe several rock types of the Pisgah area can be best
separated. The program'also_identifies dther wavelengths, which are "almost-
as-significant", but only selects the most-significant pair or triad in the
first 3 steps. A high degree of redundancy exists in the data and actually one
or other of séveral closely~-adjacent points could have been choéen with almost
equal effect.’

b. I%s Digital Image Processes (MCFV)

The processer unit in the International Imaging System (IZS) MCFV equipment

has three sets of matrix boards which enable each color band to be created by

16-levels each in the Red, Green and Blue color-guns in the nearby color TV tube.
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Figure B 1. Average Return versus Angle Spectra

B 2. | Figure B 2. Derivation of Spectra from Average
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Sixteen color bands can be created simultaneously, as parallel'verticai bands
in the tube. (This necessitates setting 16 trios of slides in the matrix board,
each into one of 16 levels of intensity). (Fig. B4).

In this mode only fhe digital processing position of the unit is
operated, and the front-end (TV camera and image processer) units turned off.
Onlf the color display is activated and controlled by the digital settings on
the matrix board panel. Some analog Sias can be introduced to further saturate
the colors, if desired.

| Each value of the spectral curve at the 3 (X,Y,Z) wavelengths is obtained
and reéonverted into a 16-level(4 bit) number. In our examplgs the spectral
cﬁrves have been normalized (mean, set to 0.0 and S.D. = 1.0) so the values of .
X, Y and Z ranged from -2.0 to +2.0 before the transform and from O to 16
afterﬁards. For each spectrum three new values of X*, Y* and Z* were calculated.
by this process.

c. Operating Matrix Boards

Almost infinite flexibility exists in the manner of assigning the X*, Y*
and Z* values to the red, green and blue color guns. After considerable

experimentation the following assignments were found most useful.

- TABLE B-1 ASSIGNMENTS

CVF Specific

Counter Pt. Wavelength Descriptor Color-Gun Activated
| 166 | 8.565 um X Blue i '
121 8.965 ' Y Green ;Slides 2, 3, 5
153 11.525 2z  Red 46
or 128 9.53 Y' " Red (special case used
‘ in Slide 9)

Thus the silicic and felsic rocks with lower spectral emittance in 8-9.5 ﬁm

regidns would show less blue and more red and green; while the femic basalts, with -

higher emittances at X and Y, would show more bluish, with less red.



MCFV DIGITAL IMAGE PROCESSOR

‘Fig. B4. Digital Processor: The very high speed (40MHz) Digital
Processor accepts the outputs of the A/D Converter. A transformation

ié set up in a matrix, giving each individual level slice a specific
combination of red, green and blue signal weighting. Thus, for each
Channel, the 16 levelé ére.each assigned a red, green and blue value.

The color assignmeﬂt is madé by a switch with a discrete number of
settings. These sgttings are infihitely repeatable. The output of the
color matrix is.decoded to a 4-bit code and converted to an analog signal,
where it is scaled to give an independent gain control for that color in
that channel. The switch is the point where the matrix conversion is
actgally performed. Each of the one-of-sixteen decoders feeds three 16
by 16 matrix switches, one for each color. Since only one line is active
at ény time, the same 6utput may be tied to a number of inputs, but the
converse 1s not possiﬁle. -Any level may be transformed in this mannér to
give any color, and, in fact, all levels in one channel may be transformed

to the same color. The switch outputs are decoded and scaled as described

above.

46.
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It should'be noted that these assignments are completely arbitrafy and
ahy other observer could have created a differing (but parallel) set of false
colors by choosing 5 different X-*, Y-*, and Z-*to-color gun associates.

Upon setting the red-green—ﬁlue values for each épectrum a vertical band
of color tone appeared on the TV tube representing the relative iﬁtensities of
these 3 spectral emittance valueé. Colof photographs‘(slides) were taken of
each set of 14-16 bands so programmed, and used fof data recording. (Usually
only 14 were used to a black (non-activated) border on'each side).

Several sets of bands have been color pfintedvand are shown as Figures
B5-9. .Unfortunately, even today color prints do not have the full brilliance
and saturation of the slides or the original screen, but they give an idea of
the color discrimination which can be produced by thisvmethod.

d. Application to Pisgah Crater, California flight data (MX108).

Fig. B10 shows the original color page from Moore et al. (1968) paper,
on‘which have beenvplaced the chips of the color prints prepared‘fram the slides
for set 5. This set of 14 spectra represents the most complete sampling of rock
types possible during the flight line.

e. Scatterometer Ground Pattern or "Footprint"

The 2-cm, vertically-polarized scatterometer operating in the NASA
aircr#ft on Mission 21 (MX21l) has a fan-shaped beam 2.5° wide 5y 120° (fore and
aft), pointing normal to the ground surface (Fig. Bll). Discrete areas from'
which a spectrum of back-scatter (G) values may be obtained as a function of
look-angle (from +60° to -60°). The cross-track width is set by the 2° fan aﬁd :
is 140 feet at the 4000-4200 feet flight altitude used in Line 1, Run 3, Flight-S
of MXZlf The bng-track dimension is a function of the post-flight Doppler

filtering of the returned signals, and was set to give a square cell at the
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+30° (forward view from the nadir). This increases the square-cell (of"footi
print")of the data block to 165 x 165 feet at the +30° viewing angle (Fig. B12)..

The flight line across the lava flows and adjoining sedimentary and V
1aké beds is shown in Fig. B10 (marked "Sc"). Thelline contained 135 of these '
footprints and was therefore further subdivided on a geological basis into the
14 units shown therein.

f. Infrared Spectrometer Ground Patterns

N In a comparable manner the 6-12 um spectrometer operating from the
NASA aircraft on Mission 108 (MX108) collected data from a 0.4° (7mrad) circular
field of view, swept forﬁérd by'the motion of the aircraft down the two flight
- lines shown also on Fig. B10O (marked IR 1701 and 1702), almost exactly parallel
to that of the scatterometer. In a desert enviromment like this little change
in terrain would be expected between. the MX flight of 1966 and that of the MX108
flight in 1968, except_perhaps in the lake mud, whiéh would change in texture
each wet season. _

The field of view or grouﬁd pattern thus at the 2000 feet flight altitude
wouid be 15 feet wide. Each spectrum takes 1l50msec to collect, duringawhich the
aircraft has moved forward about 40 feet, or 40 x 15 feet of terrain for each.
spectrum. The group mean spectra tabulated in Table B-2 are shoﬁn in Figure B13,

Again the spettra were segregated on a geological basis into the groups
shown by the 31 wider black bars along the two flight lines (Fig.B10Y.. The
numbering has beén modified so that the circled numbers are now directly
relatable to.those used in the scatterometer analysis. |

Generally 15-30 spectra, covering 15 feet width x 600-1200 feet length,
were used in each group. 1In é similar pattern to the scatterometer path, the

IR path often crossed changing lithologies before this optimal number of spectra



TABLE B2

DESCRIPTIONS OF SPECTRAL GROUPS - ON FLIGHT 1

MX108-1~-PISGAH

roc *

1a.
1b.
2.
3a.
3b.
4b.
b4a,
6.
7.
. 8.
9a.
9d.
10a.
10tr.
10b.
10c.
10g.
10d.
10h..
16f.
103.
15d.

11,

16c.
16b.
12.

14b.
1l4a.
léc.
15€.
15e.

NAME

Alluvium C
Alluvium AC
Sand over Basalt II-C

- Alluvium A

Alluvium B

: Sand over Basalt I-B

Sand over Basalt I-A
Pisgah Flow III

-Pisgah Flow II

Pisgah Flow 1
Lava Flow II-A
Lava Flow II-D
Pisgah Lava III-A
P~Train Lava (not included)
Pisgah Lava III-B
Pisgah Lava III-C
Lava III-G

Pisgah Lava III-D
Lava III-H

Pisgah Lava II-F -
Lava III-J

-Alluvium D

Lava I-K

Lava II-C

Lava Flow II-B
Pisgah Lava I-E

Dry Lake Sediments B
Dry lLake Sediments A

- Dry Lake Sediments C

Alluvium F
Alluvium E

*Locations on Fig. B 14

GMT

NO. OF
SPECTRA START
25 18:49:44078
30 18:50:22915
11 19: 9:23685
26 18:49:58035
30 18:50:35050
21 19: 8:37569
9 18:50:52041
6 19: 8:27252
4 19: 8:25750
15 19: 8:20896
13 18:51:04785
9 19: 8:12083
8 18:51:16921
31 19: 7:57521
8 18:51:23596
18 18:51:29058
10 19: 7:48418
12 18:51:34837
8 19: 7:40241
20 18:51:47263
16 19: 7:31746
21 - 18:51:58186
16 19: 7:15652
10 19: 7::08371
10 18:52:12461
19 18:52:19136
23 19: 6:44098
53 18:57:38314
25 19: 6:34390
42 19: 6:14078
27 18:52:59793

GMT
STOP

18:49:51360
18:50:31410
19: 9:26719
18:50:05923
18:50:43864
19: 8:43636
18:50:54468
19: 8:28784
19: 8:26647
19: 8:25143
18:51:13887
19: 8:16649
18:51:22383
19: 8:06623
18:51:28452
18:51:34231
19: 7:55701

18:51:38161

19: 7:46309
18:51:53332
19: 7:39317
18:52:04254
19: 7:20506
19: 7:14439
18:52:16998
18:52:25204
19: 6:50774
18:57:54090
19: 6:41671
19: 6:26501

18:53:07681 -

GROUP

NUMBER

WoOoONOUL &~WN
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Fig. B13. Nine 8sets of normalized

group mean spectral emittance-cur?es,
PISGANH

CRATER

NX 108

all with the same horizontal scale

(wavelehgth from 8.0 to 12.0pm). The

vertical scale in all sets is constant,
~ but the éets have been displaced vert- |
ically for ease in viewing. Normal’ized
spectral emittance is plotted as the
ordinate, with the mean = 0.0 as the
central line on each spectrum.

Spectral shapes thus may be directl&

compared.
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accumulated (especially near the crater). The group then contains less spectra
(N, varying from 4~15) with correspondingly higher relative error in the
estimation of the group mean spectrum.

TABLE B-3 DIMENSIONS OF SPECTRA ON GROUND

wx21 (4]5]66) . MX108 (10/8/68)
; Scatterometer : IR Spectrometer
i : 2° wide 0.4° circular
Flight Alt. Terrain : 4000-4200 ft.one flight 2000~-2500 ft. two lines
{ " 1line (103) (1701, 1702)
Ground patch width : 165" (+30° view) 15" (vertical)
round ‘patch length : 165" | 40"
# of Spectra o 168 Spectra/l4 groups 600 Spectra/31 groups

Results

.a. The method of coldrizing appears to emphasize differences in the
spectral curves quite clearly.

b. It is simpie to achieve providing one has access to the specific units.
(IZS =~ MCVF or the University of Kansas equivalent).

c. It 1s not clear however if the method can be devélbped'(without a
further research period) to give suitablj diagnostic colors of a unique tone for
each setting without additional 3 color-saturation from the analog processer.
Above each color slide print we: have indicated the analog settings for the red-
blue-green guns as for example in Slide 9 (R[le]; G[4.7x]); B[2.8x]). It will be
néted that those vary from slide to slide and throw a non-linear bias into our
comparisons. |

d. The 14 color pattern shown in Fig. B10 and tabulated (Iéble B-4) do
show the same rélationship between the scatterometer color sequence and the IR

color sequence, indicating a close general correlation between the two methods.



TABLE B-4

COLORIZED SPECTRA IN SEQUENCE DOWN FLIGHT LINE

- e m e e

—————n A

| NdRTH ___' l“.ééAf&EROMEIER IR (#5 Slide)
1 .Brown la Orange
2 Dark Tan 2 Red
3 ' Light Tan 3b Dark Pink (15 = Brown)
4 Grey Tan 4a Grey Blue Green
_ 4b  Avocado Green
5 Light Blue - %
6 | Blue 6 Blue
§'7 ' Grey 7 Fuschia
8 Light Grey Blue 8 Mbsé Green
‘g Blue Grey 9a+d Very Light Blue
10 , Grey Blue 10tr Light Blue
lgzizLight Blue
11 ' Blue - %
12 : Light Grey - %
A13 : Light Grey Tan - %
14 Dark Tan 14 Very Light Blue
15 - k% 15 Brown
SOUTH

. *Not represented
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TABLE B- 5 SUMMARY

COLORS PRODUCED

SCATTEROMETER | INFRARED
A. SIMILARITIES
- 1. Sands and Alluvials Browns and Tan- Red, Orange.andf
(#1-3, 14, 15) | | Brown |
2. Basalt Flows Blue, Grey-Bldgland "Blue, Light Gpégn ana"
(#5-12) Grey Light Blues B *
B. DISSIMILARITIES
" 1. Sands over Basalt Grey Tan - Grey—Biue—éreen
| (f#4a, 4b) ' Avocado Gréen
(#2) | Dark Tan : Red _
2. Lake Beds , Dark Tan . Very Light Blue .
(#14) | |
3.' Speéific Lava Flows
_(#7) Grey Fuchsia

e. The dissimilarities are indicative of the effect of surface roughness
(scatterometer) and the shallow "skin depth" or penetration shown by the IR data:
Thg.windbloﬁn sands (Site 2 and Sites 4a and 4b) are cases in point, showing
more of thé character of sands to both the IR and scatterometer. With the
various lava flows and cinders 6f the Pisgah Crater area the scatterometer
V.generally agrees with the IR (blues and greys). Some lava flows (#7) are
different in'thé IR data, being mbre like alluvials.

The most clear dissimilarity is in the dr& lake éediments which the
scatterometer sees more as alluvials (light grey tan and dﬁrk tan) while thé IR
data closely agree with the basalt composition. (This has been further

substantiated by the work of Vincent and Thompson using emittance-ratio imagery).



- 5. Conclusion
The method is a valid and dramatic technique for displaying spectral
~data. It needs further study if one wishes to make uniqﬁe colors from

digitél input alone.
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C. Standard Infrared Spectral File

‘1. MX108 Airborne Spectra

The following spectra were analyzea_as described in Sec¢tion A3(a). The
spectra are plotted between 8 and 12 microms as it was felt that this is the
only region where atmospheric effects could be reliably eliminated. The scale
is such that each step is 0.001 of an emittance unit. The heavy curfe is the
average "effective emissivity" for the group in question. The other curve is
the standard deviation of this main curve. The table at the top gives the number
of spe;tra in the group, the location and time of measurement and the average
temperature with its standard deviation as calculated from the spectral data.

It should be noted that full scale on the graph is nbt equal to 1 but
that the effective emittance and the standard deviations are plottea from 1 and

0 respectively.
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TABLE Cl

DESCRIPTIONS OF SPECTRAL GROUPS - ON FLIGHT ‘1 LINE
AIRBORNE - SPECTRA

MX108-1-PISGAH

NAME

Alluvium C

Alluvium AC

Sand over Basalt II-C
Alluvium A

Alluvium B

Sand over Basalt I-B
Sand over Basalt I-A
Pisgah Flow III
Pisgah Flow II
Pisgah Flow I

Lava Flow II-A

Lava Flow II-D
Pisgah Lava III-A
P-Train Lava (not included)
‘Pisgah Lava III-B
Pisgah Lava III-C
Lava III-G -

Pisgah Lava III-D
Lava III-H

‘Pisgah Lava II-F
Lava III-J

Alluvium D

Lava I-K

Lava II-C

'Lava Flow II-B

Pisgah Lava I-E

Dry Lake Sediments B
Dry Lake Sediments A
Dry Lake Sediments C
Alluvium F

Alluvium E

Pisgah Cinders I
Pisgah Cinders II
Pisgah Cinders III

Pisgah Lava III (A-D):

MX108-1-SUNSHINE

Sunshine Lava A
Sunshine Lava B
Sunshine Cinders C
Sunshine Cinders D

VARIOQUS

Palmdale Lake.

NO. OF GMT
SPECTRA START

25 18:49:44078
30 18:50:22915
11 19: 9:23685
26 18:49:58035
30 18:50:35050
21 19: 8:37569
9 18:50:52041
6 19: 8:27252
4 19: 8:25750
15 19: 8:20896
13 18:51:04785
9 19: 8:12083
8 18:51:16921
31 19: 7:57521
8 18:51:23596
18 18:51:29058
10 19: 7:48418
12 18:51:34837
8 19: 7:40241
20 18:51:47263
16. 19: 7:31746
21 18:51:58186
16 19: 7:15652
10 19: 7:08371
10 18:52 12461
19 18:52:19136
23 19: 6:44098
53 18:57:38314
25 19: 6:34390
42 19: 6:14078
27 18:52:59793
4 18:50:55076
5 18:50:56607
9 18:50:58427
53 18:51:21169
© 22 18:57:11905
25 18:57:04017
17 18:56:54626
20 18:56:47633
44 17:12:38496

GMT
STOP

18:49:51360
18:50:31410
19: 9:26719
18:50:05923

18:50:43864

19: 8:43636

18:50:54468 -

19: 8:28784
19: 8:26647
19: 8:25143
18:51:13887
19: 8:16649
18:51:22383
19: 8:06623
18:51:28452
18:51:34231
19: 7:55701
18:51:38161
19: 7:46309
18:51:53332
19: 7:39317
18:52:04254
19: 7:20506
19: 7:14439
18:52:16998
18:52:25204
19: 6:50774

18:57:54090

19: 6:41671
19: 6:26501
18:53:07681

18:50:56000

18:50:57821
18:50:00855

18:51:36948

18:57:18290
18:57:11297

- 18:56:59480

18:56:53412

17:12:52143
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C2. - Ground Spéctra - Short Path Length
These spectra were analyzed as described in Section A3(b). The basic
format is the same as for the airborne spectra; however the spectra have begn
digitized at regular wavelength intervals (0.05u) providing more points. The
stgndard deviations have not been included as the extremely low noise level
provided by the ground based equipment in comparison with airborne spectra over

a fluctuating terrain would not give a meaningful comparison.

The following table contains a brief mineralogical description of the
rocks studied. Not all the rocks described are included in the spectra due to
experimental difficulties at the time of measurement. The spectra can be

correlated with the table through the time indicated at the top of each spectrum.
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TABLE C2

DESCRIPTION OF SAMPLES USED FOR GROUND SPECTRA (Site #27)

Run SampleATime

8.

10.

----- 10:40
Cinko Lake
Granodiorite

————— 10:45
Cinko Lake
Granodiorite

———== 10:50
Cinko Lake
Granodiorite

----- "11:00
Cinko Lake
Granodiorite

----- 11:05
Cinko Lake
Granodiorite

——e—— 11:10
Fremont Lake
Granodiorite

NASA #302 11:15
Cascade Creek

Granite

NASA #162 11:25

Dorothy Lake

Alaskdite-Granite

NASA #162 11:30

Dorothy Lake

Alaskite-Granite

NASA #308 11:35

Millcreek

Porphyritic Quartz Mon-

zonite

Mineralogy of the 1 1/2" x 1 1/2" Sample Area Surface

The surface is coated approximately 75% by fine Rough
grained, black tourmaline crystals. The remain-—

ing lighter area is largely quartz 20% and feld-

spar 57%.

The sample area is approximately 307 quartz —
30Z biotite, 20% feldspar mostly plagioclase,
15Z hornblende 5% accessory minerals. The
texture is medium grained equigranular-grano-
diorite.

The 1/2" xenolith in a matrix of Cinko Lake Sawed
granodiorite is composed of fine grained biotite
807 and hornblende 20%.

The sample is approximately the same composition Sawed
as that seen in Run #2 at 10:45.

The surface is coated approximately 50% by fine  Rough
grained, dark tourmaline crystals. The lighter
material is approximately 25% quartz and 257

feldspar.

The sample area is medium grained, equigranular, Rough
and is composed of 60% feldspar, mostly plagio-

clase, 15% quartz, 10% biotite, 10% hornblende,

and 5% accessory minerals.

The sample area is medium grained hypodiomorphic, Rough
and is composed of 50% quartz, 30% orthoclase,

10% biotite, 2% hornblende, some plagioclase and
accessory minerals.

The sample is a fine grained texture composed of Sawed
60% feldspar, 30% quartz, 2% biotite and accessory
minerals.

The sample is approximately the same as Run #8 Rough
at 11:25.

The sample has porphyritic phenocryst of ortho-  Rough
clase in a coarse grained matrix of 30%Z ortho-

clase, 20% plagioclase, 30% quartz, 10%Z biotite,

5% hornblende and 5% accessory minerals.

Polished



Ve’

Sampie Time

Porphyritic Quartz Mon-

Porphyritic Quartz Mon-—

Run
11, NASA #308 11:40
Millcreek
zonite
12. NASA #316 11:45
Patterson Grade
Granodiorite
13. NASA #383 11:50
Cathedral Peak
zonite
14, NASA #383 11:55
15. NASA #331 12:05
Topaz Lake
16. NASA #331 12:15
Topaz Lake
17. NASA #331 12:20
Topaz Lake

Porphyritic Quartz Mon-
zonite
(Geperal pass)

18-19-20 Calibration

21.

22.

23.

24,

NASA #621 14:50
Brown Bear Pass
Basalt

NASA #621 15:00
Brown Bear Pass
Basalt

Q #8 15:05

Crow Springs

Porphyritic Quartz Mon-
zonite

Q #18 15:15
Crow Springs

Quartz Monzonite Porphyry

TABLE C2 (cont'd)

Mineralogy of the 1 1/2" x 1 1/2" Sample Area

101.

Surface

The xenolith is composed of approximately 50%
biotite and 50% quartz in a very fine grained
equigranular matrix.

The sample area is medium grained, equigranular
and composed of 60% feldspar mostly plagioclase,
15% quartz, 15% hornblende and biotite and 10%
accessory minerals.

The sample has orthoclase (?) phenocryst in a
coarse grained matrix of feldspar approximately
30% orthoclase and 30% plagioclase, 30% quartz,
5% biotite and 57 accessory minerals. The
surface area was moderately weathered.

Same as above, except fresh rathered than
weathered.

1 1/2" microcline phenocryst in a matrix of Run
#17, Sample #331 at 12:20.

1 1/2" microcline phenocryst in a matrix of the
below sample - NASA #331.

The sample has microcline phenocryst in a matrix
of coarse grained subhedral crystals composed of
35% microcline, 30% plagioclase, 25% quartz, 47

biotite, 67 accessory minerals.

Weathered surface of basalt, some hematite
staining.

Fresh surface is composed of 70% plagioclase
feldspar, 15% augite, 5% orthoclase, 57 pyroxene
and 5% magnetite weathering to hematite.

Rough

Rough

Rough

Rough

Rough

Rough

Rough

Rough

Rough

The sémple has porphyritic phenocrysts of plagio- Rough

clase 30%, and interstitial quartz 25%, ortho-
clase 30% and hornblende 10% and 5% accessory
minerals. ' .

Sample has medium grained matrix, phenocrysts
mostly well-formed plagioclase 357 up to 5mm. in

Sawed

in length, quartz 25%, orthoclase 30%, biotite 50%,

some hornblende, and the rest accessory minerals
(Dark Phase).



TABLE C2 (cont'd) 102.‘

Sample . Time Mineraiogy of the 1 1/2" x 1 1/2" Sample Area ‘Surface

Q #18 15:25 Same as above Q #18 - 15:15 except it has a Rough

rough surface. :
Q #50 15:30 Sample area strongly welded, ash flow tuff, Rough
Crow Springs - completely devitrified, axiolitic texture,

composition 60% glass and ash devitrified to
cristobalite and K-feldspar. 15% subhedral
quartz, 10Z sanidine with trace of biotite and

magnetite.
Q #71 - 15:35 Fine grained (hypocrystalline) with microlite Rough
Crow Springs matrix. Approximately 507 of area mostly plagio-—-

clase, larger plagioclase, subhedral to euhedral
(21%), augite 8%, glass 17%.

Q #71 15:40 Same as above except deeply weathered, magnetite Rough
is forming ironstain. '
Qi 15:45 Strongly welded quartz latite. Composition - Rough
Crow Springs 30% plagioclase, 10%Z quartz, 10%Z biotite, in a
matrix of 50% devitrified glass.
Q #61 15:50 Non-welded lithic tuff. Composition - 50% Rough"
Crow Springs volcanic dust, 14% subhedral sanidine, 123
quartz, 2% biotite, 107 pumice fragments.
Q #77 16:05 - Weathered vitrophere, strongly welded, squashed Rough
Crow Springs ‘ fiamine filled with glass fragments.
Q #77 16:10 Non-weathered side of the above sample. ' Rough
Q #63 16:15 © Welded quartz latite ~ 207% plagioclase, 15% Rough
Crow Springs sanidine, 10% quartz, 5% biotite, some hornblende

- 10% fiamine. The matrix is composed of 407
devitrified shards. The sample is weathered.

Q #63 16:20 Approxiﬁately the same as above except the Rough
Crow Springs sample 1s fresh rather than weathered. :
- Q #56 16:25 Strongly altered obsidian or welded tuff - Rough

Crow Springs strongly devitrified 40% glass, 25%Z cristobalite,

20% sericite (?), 10%Z feldspar, 5% quartz.
Q #58 16:35 Strongly welded crystal tuff. 15%Z sanidine, 10%Z Rough
Crow Springs quartz, 10% fiamine. The matrix is composed of

60% glass shards which have been devitrified.
Q #58 16:40 Same as above except for sawed surface. Sawed
Q #70 16:45 Strougly welded ash flow tuff;- 5% plagioclase, Rough
Crow Springs 5% sanidine, 27 quartz, 20% lithic fragments, :

68% severely welded glass shards - reddish brown,
devitrified to cristobalite and K-feldspar - a
weathered sample. '
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9.150
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11,550
11.950
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0.954
0.927
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0.944%
0.944
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0.972
0.977
0.982
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135.

D APPENDIX



o

Wavelength

8.02
8.10
8.18
' 8.26
'8.32 -
8.41
8.48
8.56
8.64
8.72
8.80
8.88
8.96
9.04
9.13
9.20
9.27
9.37
9.45
9.53
9.65
9.69
9.77

9.86

9.96

#17

.02
.18
.41
.57

.78

.99

.90

.65

.37

.15

.05

.01

APPENDIX TABLE D1

FILTER TRANSMISSION FUNCTIONS

8 #19
.03 -
.03 -
.12 -
.36 -
.57 -
.75 -
.95 .01
.99 -05
.91 .05
.73 .17
42 -42
.14 .68
.03 .96
- .92
—_— .83
— .64
_— 42
— .22

Channels

20

;02
.03
l.03
.04
.04
.05
.06
.11

.22

21

Vi
.06
11
.18
.35
.43
.49
.53
.62
.69
.72
.76
.77
.78
.78
.78
.77
.77
.76
.74
.72
.68

.61

.56

.49

V2

136.

V3

.01

'01

.01

.02

.02

.02

.02

.02

.02
.02

002

.12
.15
.20
.26
.32

.40



-

Wavelength

10.01
10.10
10.17
10.25
10.34
10.42
10.49
10.58
10.66
10.74
© 10.81
10.90
10.97
11.07
11.22
11.30
11.38
11.44
11.52
11.60
11.68
11.75
11.83

11.89

" FILTER TRANSMISSION FUNCTIONS

APPENDIX TABLE D1 (cont'd)

#19

Channels

#20

.10

W41
.62
.83
.91
.97
.98
.98
.99
.92
.83
74
.66
.45
.18

.05

——

.08

.29

.59

.76

91

.98

‘97

092

.73

.51

V1 V2
.40 .52
.37 .58
.33 .64
.30 .69
.26 .75
.23 .81
.20 .82
.17 .82
.16 .79
.13 74
1 .68
.09 .61
.07 .54
.06 .48
.05 42
.04 .38
.04 .34
.04 .31
04 .27
.03 .24
.03 .21
.03 .19
.03 .17
.02 .16
.02

.13

137.

D 1(cont'd)

.01
.20
.30
.60
.14
.24
.38
.60
74
.68
65
.64

.65



138.

APPENDIX TABLE D 1 (cont'd)
D 1 (cont'd)

FILTER TRANSMISSION FUNCTIONS

Wavelength Channels
17 #18 #19 #20 #21 V1 V2 V3

11.97 -- - - - .26 .02 .12 .68
12.04 - - - - .15 .02 .11 .70
12.12 - - - - .07 - — .75
12.19 - - - - .15 - - .77
12.26 - - - — - - — .7
12.33 - _— - — - - - .68
12.40 - - - - - - — .65
12.47 - - - - - —_— - .61
12.54 -- - - - - - - .57
12.60 -— - - — - - — .55
12.67 - - - -— —-— — - .50
12.74 - -— —_ - - - -— .48
12.81 - - - — - — -— A
12.89 - — - - - - - .42
12.95 - - - — — - - .40
13.02 - - - _ —_ - — .39
13.08 - - - - —_ - - .37
13.15 -— - - - —_ - -_— .36

13.22 - - - —_ -_— - - .35

13.28 - -_— - - - - - .34



A

GROUP 1
AVERAGES

% ERROR

GROUP 2
AVERAGES
STD.DEVS.
L ERRJOR

GROUP 3
AVERAGES
STO.DEVS.
2 ERROR

GROUP 4
AVERAGES
STD.DEVS.
€ ERROR

GROUP 5
AVERAGES

" STD.DEVS.

X ERRQOR

GRCOUP 6
AVERAGES
STD.DEVS.
% ERRUR

GROUP 7
AVERAGES

STD.DEVS.
¥ ERRCR

- GROuP 8

AVERAGES
STD.DEVS.
¥ ERROR

GRQUP 9
AVERAGES
STD.DEVS.
¥ ERROR

GROuUP 10
AVERAGES

STD.DEVS.
£ ERRUOR

GROUP 11
AVERAGES
STD.DEVS.
£ ERROR

GROUP 12
AVERAGES
STD.DEVS.

£ ERROUR

APPEKPIX TABLE D2

This table contains the calculated System responsed for the MSDS
and University of Michigan Scanners

17

19.58
0.09
D.44

20.09
0.11
0.55

20.00
0.11
0.57

19.38
0.08
0.41

20 .49
0.22
1.09

21463
0.48

2.24

20.62
0.34
l1.66

22.22
l.63
T.31

23.20
0.80
3.44

21.21
0.79
3.71

20.40
0.54
2.65

21.36
0.35
1.63

* Watts cm—2 ster~1 x103

18

16,28
0.07

16.56
0.07
Q.45

16.73
0.11
0.65

l6al4
0.06
0.39

16.76
0.17
1.03

17.66
0.38
2.15

16.81
0.38
2.27

17.90
1.2C

18.81
0.48
2456

17.10
0.57
3.33

16.52
0.39
2.35

0.22
1.25

19

14.84
0.06
0.39

15.04
0.06
0.42

15.28
0.09
0.59

14.73
0.07
0.46

15.22
0.13
0.83

15.84
0.37
2.34

15.21
0.39
2.54

15.96

0.77
4.82

16.60

0.34
2.05

15.22

046

3.05

14.92
0.20
l.35

15.56

0.29 .

1.87

Channel

20

6443
0.03
0.47

6.64
0.05
0.68

6.57
0.06
0.86

6.36
0.04
0.62

6.81
- 0.09
1.33

7.18
0.21
2.87

6.84
0.10
1.50

Te45
0.54
7.25

T.74
0.27
3.43

To11
0.27
3.86

6.82
0.18
2.62

T.16
0.15
2.11

22
6.05

0.04
0.74

6.19
0.04
0.73

6.18
0.06
0.91

6.00
0.03
0.57

6.29
0.07
1.07

6.63
0.15
2.19

vl

12.35
0.06
0.50

12.57
0.06
0.50

12.70
0.09
0.72

12.25
0.06
0.48

12.71
0.14
1.12

13.41
0.29
2.13

12.76
0.30

2.34.

13.59
0.94
. 691

14.28
0.35
2.46

12.99
0«44
3.42

12.53
0.30
2.37

13.08

0.16
l.23

- V2

9.76
0.04
0.39

9.90
"0.05
0.46

'10.05

0.07
0.73

9.69
0.04
Q.46

10.01
0.09
0.93

10.47
0.27
2.58

10.01
0.25
2041

10.56
0.60
5.69

11.10
0.26

2.35

10.08
0.29
2.93

9.83
0.18
1.85

10.26
o. 16
l.58

139.
D2.

V3
11.59

C.06
0.55

11.75
0.06
0.52

11.94
0.07
0.60

1i.50
0.07
0.57

0.10
0.87

12.36
0.29
2.33

11.88
0.31
2.64

12.46
0.57

T 4e54

12.90
0.25

1.97

11.87
0.38
3.23

11.64%
0.15
1.33

12.14
0.24
1.99



GROUP 13
AVERAGES
STO.DEVS,
£ ERROR

GROUP 14
AVERAGES
STD.DEVS.
X ERROR

GROUP 15
AVERAGES
STD.DEVS,
£ ERROR

GROUP 16
AVERAGES
STD.DEVS.
X ERROR

GRQUP 17
AVERAGES
STD.DEVS.
2 ERROR

GROUP 18
AVERAGES

STD.DEVS,
% ERROR

"GROUP 19
AVERAGES

STD.DEVS, .

X ERROR

GRQUP 20
AVERAGES
STD.DEVS.
L ERROR

GROUP 21
AVERAGES
STD.DEVS.
£ ERRUR

GROUP 22
AVERAGES
STD.DEVS.,
L ERROR

GROUP 23
AVERAGES
STD.DEVS.
T ERROR

GROUP 24
AVERAGES
STD.IEVS,
¥ ERROR

17

20.29
0.42
2.07

21.29
0.62
2.92

20.48

0.23
l.13

20.22
0.30
1.50

21.33
0.37
1.75

20.12
0.36
1.80

20.60
0.39
1.89

20.06
0.26
l1.28

20.54
0.29
l.43

19.92
O.11
0.54

20,32
0.26
1.28

19.50

0.30
1.52

APPENDIX TABLE D 2 (conc'&)

18

16440

0.30
1.80

17.19
Q.43
2.53

16.59
0.18
l.11

16.32
0.23
144

17.23
0.28
1.61

16.38
0.23
l.41

16.65
0.26
1.59

16.31
0.20

1.23

16.59
0.25
1.50

" 16e41

0.07
Oe44

16.47
0.19
1.18

19

14.79
0.26
l1.73

- 15.52

0.29
l.84

14.96
0.20
1.31

14.80
0.16
1.06

15.50
0.16
1.02

14.87
0.13
0.88

15.08
0.22
1.49

l4.77
0.15
1.00

" 15.00

0.17
115

14.92
0.07
0447

14.95
" 0.l6
1.05

14.54
O.l4

0.95

20

6.78
0.17
2444

7.15
0.26
3.68

6.86
Q.10
l1.41

6.76
0.12
1.72

Tel6
0.13
1.79

6.72
0.12
1.82

6.90
0.13
1.90

6.69
0.10
1.45

6.90
0.10
1.50

6.57
0.05

Ce74 -

6.78
0.08
1.13

6.51

0.13
1.96

21

6.92
0.16
2.30

7.26

0.22
3.06

6.98
0.10
1.37

0.10
l1.50

7.28
0.14
1.94

6.86,

0.14
2.06

7.03
0.15
2.12

6.84
0.09
1.34

7.01
0.10
1.49

6.75
0.05
0.75

6.94

-0 o
* & &

-~ On
WA W

21

12.45
0.22
1.78

13.05
0.36
2.75

12.60
0.14
la14

12.37
0.19
1.50

13.08
0.24
1.81

12.42
0.20
158

12.63
0.20
1.61

12.37
0.16
1.31

12.60
0.20
1.58

0.05
0.40

12.48
0.15
1.20

12.07

0.18
l1.46

140.

D2 {cont'd)
2w
9.72 11.57
0.18 0.20
1.87  1.77
10.21 12.13
0.22 © 0e23
2.15 1.86
9.84 11.69
0.12 0.18
1.21 l.51
9.71 11.58
0.13 0.12
1.32 1.00
10.22 12.11
0.12 O.11
l.18 0.89
9.77 11.63
- 010 0.1l
0.98 0.93
9.91 11.79
0.15 Qe 17
1.51 le47
9.71 11.55
0.10 0.12
1.07 1.00
9.85 11.73
0.14 Q.14
1.39 117
9.82 11.66
0.05 0.06
0.53 Oe54
9.81 11.70
0.12 O.l1
1.22 0.98
9.52 11.38
0.09 ' Q.12
0.96 1.04



GROUP 13
AVERAGES
STD.DEVS.
T ERRQOR

GRQUP 14
AVERAGES
STD.DEVS.
¥ ERROR

GROUP 15
AVERAGES
STD.DEVS.
T ERROR

GROUP 16
AVERAGES
STD.DEVS.
2 ERROR

GROQUP 17
AVERAGES
STD.DEVS.
£ ERRQOR

GROUP 18
AVERAGES
STD.DEVS.
% ERROR

GRQuUP 19
AVERAGES.
STD.DEVS.
% ERRUR

GROUP 20
AVERAGES
STD.DEVS.
% ERROR

GROUP 21
AVERAGES
STD.DEVS.
£ ERRUR

GROUP 22
AVERAGES
S5TD.0EVS.
T ERROR

GROUP 23
AVERAGES
STD.DEVS.
£ ERROR

GROUP 2¢
AVERAGES
STD.IEVS.
¥ ERROR

17

20.29
0.42
2.07

21.29
0.62
2.92

20448

0.23
1.13

20.22
0.30
1.50

21 .33
0.37

1.75

20.12
0.36
i.80

20460
0.39
1.89

20.06
0.26
l.28

20.54
0.29
1.43

‘19.92

0.1l
0.54

20,32
0.26
1.28

19.50
0.30
.52

" APPENDIX TABLE D 2 (cont'd)

18

16440

0.30
1.80

17.19
0.43
2.53

16459
0.18

lell

16.32
0.23
leb4

17.23
0.28
1.561

16,38

1.41

19

14.79
0.26
1.73

15.52
0.29
1.84

14.96
0.20
1.31

14.80
.16

1.06

15.50
.16
1.02

14.87
0.13
0.88

15.08
0.22
1.49

14.77
0.15
1.00

15.00
0.17
115

14.92
0.07
0e4a7

14.95
Q.16
1.05

14454

0.l4
0.95

20

6.78
0.17
2.4%

7.15
0.26
3.468

6.86

0.10

1.41

6.76
0.12
1.72

T.16
Q.13
1.79

6.72
0.12
1.82

690
0.13
1.90

6.69
0.10
1.45

6,90
0.10
1.50

6.57
0.0%
G T4

6.78
0.08

1.13:

6.51

0.13
l.96

~<>o
L I |

21

6.92
O.16
2.30

© 7.26

0.22
3.06

6.98
0.10
1.37

6.89

0.10
1.50

7.28
O.14
1.94%

6.86.

O.14%

2.06.

T.03
0.15
2.12

6.84
.09
t.34

7.01
0.10
1.49

6.15
0.05
0.75

6.94
0.10
1.50

~ o
W a

vi

12.45
0.22
1.78

13.05
0.36
2.75

12.60
O.l14
l.14

12.37
0.19
1.50

13.08
8.24
1.81

12442
0.20
1.58

12.63
0.20
1.61

12.37
.16
1.31

12.60
0.20
1.58

12445
0.05
0.40

12.48
0.15
1.20

12.07

O.18
le4s

140,

D2 {cont'd)

V2

9.72
0.18

1.87

10.21
0.22
2.19

9.84
Q.12
1.21

9.71
0.13
1.32

10.22
.12

1.18.

9.77
0.10
0.98

9.91
0.15
1.51

9.71
0.10
1.07

9.85
C.l4
1.39

9.82
0.05
0.53

9.81
Oe.l12
1.22

9.52
0.09
0.96

o
11.57

0.20
1.77

12.13
0.23
1.86

11.69
D.18
1.51

11.58
0.12
1.00

12.11
0-11 .
0.89

11.63
0.1l
0.93

11.79
Ce 17 .
1et?

11.55
0.12
1.00

11.73
0. 14
1.17

1l1.66
0.06
0.54

11.70
O.l1
0.98

11.38
0.12
1.04



GROUP 13
AVERAGES
STD.DEVS.
£ ERROR

GROUP 14
AVERAGES
STDLDEVS.
£ ERROR

GROUP 15
AVERAGES
STO.DEVS.
2 ERROR

GRQuUP 1%
AVERAGES

STO.DEVS.
% ERROR

GRQUP 17
AVERAGES
STO.DEVS.
T ERROR

GROUP 18
AVERAGES
STDJDEVS.
% ERROR

GRCUP 19
AVERAGES
STD.DEVS.
3 ERRUR

GROUP 20
AVERAGES

STD.DEVS.
T ERROR

GROUP 21
AVERAGES
STD.DEVS.
£ ERROR

GROUP 22
AVERAGES
STD.DEVS.
¥ ERROR

GROUP 23
AVERAGES
STD.DEVS.
£ ERROR

GROUP 24
AVERAGES
STD.IEVS.
£ ERRUR

17

20.29
Q.42
2.07

21.29
0.62
2.92

20.48

0.23
1.13

20.22
0.30
1.50

21.33
0.37
1.75

20.12
0.36
1.80

20.60
0.39
1.89

20.06

0.26
1.28

20.54
0.29
1.43

19.92
Q.11
0.54

20.32
0.26
1.28

19.50

0.30
1.52

APPENDIX TABLE D 2 (cont'd)

19

14.79
0.26
l1.73

15.52
0.29
1.84

1496
Q.20
1.31

14.80
0.16
1.06

15.50
Q.16
1.02

14.87
0.13
0.88

15.08
0.22
1.49

14.77
0.15
1.00

15.00
0.17
115

14.92
0.07
Q.47

14.95
" 0.l6
1.05

14.54
O.14
0.95

20

6,78
0.17
2.44%

7.15
0.26
3.68

6.86
C.10
1.41

6.76

0.12

1.72

T.186
C.13
1.79

6.72
0.12
1.82

6.90
0.13
1.90

669
0.10
1+45

6490
0.10
1.50

6.57
0. 05
074

6,78
.08
1.13

6.51

Q.13
1.96

21

6.92
0.156
2430

" 7.26

0.22
3.06

6.98
0.10
1.37

6,89

Q.10
.50

T.28
G.14
1.94

£.86.

0.14
2.06

7.03
0.15
2.12

6.84
0.09
l1.32%

7.01
0.10
le49

6.75
0.05
Q.75

6.94
Q.10
1.50

6. 65

0u.12.
1.7

22

6.20
Q.11
1.81

8.48
0.21
3.19

6.24
0.06
104

6.19
0.11
1.72

6.49
0.13
2.04

bald

0.l12
1.89

£.28
Q.14
2.15

6.12
Q.08
1.35

6.2%
0.1l
l.76

6.13
0.05
0.84

6.21
0.09
1.53

~0W;
LI
$0 v
-l

Vi

12.45
0.22
1.78

13.05
0.36
2.75

12.60
O.l4
i.14

12.37
0.19
1.50

13.08
0.24
1.81

12.42
0.20
1.58

12.63
0.20
1.61

12.37
0.16
1.31

12.60
0.20
1.58

12.45
0.05
0.40

12.48
0.15
1.20

12.07

0.18
l.46
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D2 {cont’d)

V2

9.72
0.18

1.87

10.21
0.22
2.15

9.84
Cal2
1.21

9.71
0.13
1.32

10.22
0.12

l.18

9.77
0.10
0.98

9.91
0.15
l.51

9.71
0.10
1.07

9.85
O. 14
1.39

9.82
0.05
0.53

9.81

0.12 -

1.22

9.52
0.09
0.96

V3

11.57
0.20
1.77

12.143
0.23
1.86

11.69
0.18
1.51

11.58
0.12
1.00

12.11
0.11 .
0.89

11.63
0«11
0.93

11.79
017
1.47

11.55
0.12
1.00

11.73
0.14
1.17

11.66
0.06
0.5%

11.70
0.1l
0.98

11.38

0.12
1.04
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APPENDIX TABLE D2 _ (cont'd)

17 18 19 20 21 22 VL v2 v3

GROUP 25 .
AVERAGES 20.38 16.53 14.96 6.81 6.96 6.20 12.54 9.83 11.70
STO.DEVS. 0.48 0.35 0.22 0.17 O.18 0.14 0.29 C.19 0.17
¥ ERROR 2037 2.14 1.48 2.51 2.66 225 2.29 1.96 . 1.43
GROUP 26
AVERAGES 20.41 16.55 15.01 6.80 6.97 6.24 12.55 9.85 11.74
STD.DEVS. 0.22 0.15 0.13 0.09 0.09 0.06 0.13 0.08 0.12 .
£ ERROR 1.06 0.92 0.87 1.37 1.25 0.98 1.01 0.83 0.98
GRQuUP 27
AVERAGES 19.76  16.11  14.67 6.58 6.74 6.03 12.21  9.63  11.48
STO.DEVS. 0.19 0.15 0.09 0.09 0.08 0.13 0.12 0.06 0.07
£ ERROR 0.98 0.91 0.58 l.36 l1.13 212 0.96 0.67 0.59
GROuUP 28
AVERAGES 19.95 16.28 14.82 6.70 6.80 6.04 12.35 9. 74 11.59
STD.DEVS. 0.22 Q.14 0.10 0.07 0.10 O.14 0.11 0.06 0.09
¥ ERROR lel2 0.86 0.69 1.00 l.41 2.31 0.86 0.67 0.74
GROUP 29 : : '
AVERAGES 20.04 16.34 14.80 6.65 6.83 6.14 12.40 9.73 11.57 .
STD.DEVS. 0.22 0.19 0.18 0.08 0.08 . 0.09 Q.15 0.10 0.16
2 ERROR 1.08 l1.13 1.22 1.27 1.18 l1.41 l1.24 1.07 - l1l.39
GROUP 30
AVERAGES 2064 16.94 15.36 6.86 7.00 6.33 12.85 10.12 12.00
STD.DEVS. 0.08 0.06 0.05 0.05 0.04 0.04 0.06 0.05 0.06
X ERROR 0.37 0.35 0.35 0.66 0.57 0.66 0.46 0.50 0.48
GROUP 31 , ;
AVERAGES 20.65 16.93 15.34 6.86 7.00 6.33 12.84 10.11 11.98
STD.DEVS. 0.13 0.09 0.09 0.05 Q.06 0.04 0.08 -0.06 0.08
¥ ERROR 0.62 0.52 0.58 0.79 0.81 0.67 0.62 0.63 0.65
GROUP 40 . .
AVERAGES 21.33 17.23 15.48 7.13 7.29 6.51 13.07 10.21 12.09
STD.DEVS. Oe43 0.32 0.31 0.16 0.16 0.12 0.25 0.20 0.25
2 ERROR 2.02 1.87 1.98 2424 2.15 1.88 1.93 2.00 2.05
GROUP 41 ' .
- AVERAGES 21.22 17.17 15.46 7.08 7.25 6.49 13.03 10.18 12.08
STD.DEVS. 0.48 0.33 0.29 0.19 0.17 0.13 0.26 0.19 0.23
Z ERRUOR 2424 1.94 1.87 2.70 2.38 2.06 1.98 1.88 1.90
GROUP 42
AVERAGES 2049 16.57 14.99 6.87 7.01 6.25 12.57 9.85 11.73
STU.DEVS. 0.51 0.40 0.34 Q.19 0.17 0.16 0.30 0.24 0.26
¥ ERROR 250 2.41 2.29 2.73 2.48 2.517 2.42 2.43 2.25
GROUP 43
AVERAGES 22.06 17.70 15.82 T. 40 7.53 674 13.44 10.43 12.36
STD.DEVS. 0.66 0.53 0.40 Q.24 0.22 0.21 0.42 0.28 0.31
£ ERRUR" 2499 2.99 2.53 3.24 2.89 3.13 3415 2.67 249
GROUP 44
AVERAGES 2Q0.84 16.77 15.36 6.96 T.13 6.39 12.72 9.93 11.76
STD.DEVS. 0.33 0.27  0.20 0.l11 0.08 0.14 - 0.20 O.16 O.14
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APPENDIX TABLE D2 (cont'd)

17 18 19 20 21 2 0 W1 V2 v3
GROUP 45 :
AVERAGES 20.51 1653  15.12 6.83 7.01 6.29 12.51 9.87 11.86
STD.DEVS. 0.58 0«39 0.46 0.30 0.23 0.17 0.32 0.25 0.38
% ERROR 2.83 2.38 3.03 4.39° 3,31 2.71 2.56 2.50 3.25
GROUP 46
AVERAGES 21.38  17.21  15.52 7.12 7.31 6.56 13.05 10.18 12.14
STD.DEVS. 0.64 045 0.39 031 0.23 0-16 0.35 0.28 0.32
g ERROR 3.00 2.63 2.52 4435 3.09 2.47 2.69 2.77 2.61
GROUP SO ' o
AVERAGES 21.28 17.19 15.18 7.09 7.10 668 13,03 9.99 11.81
STD.DEVS. 0.08 0.14 0.22 0.03 0.03 0.05 - 0.09 0.14 0.20
% ERROR 0.38 0.79 1.47 0.39 0.48 0.75 0.72 1.37 1.69 .
GROUP 51
AVERAGES 21.66 17.41  15.39 7.21 7.35 6.77 13.21 10.17 11.95
STD.DEVS. 0.22 0.18 0.59 0.10 0.08 0.03 0.16 0.07 0« 64
% ERROR 1.01 1.01 3.86 1.37 1.06 0.42 1.23 0.70 5.38
GROUP 52
AVERAGES 21.48 17.49 15.75 7.06 1.24 6.78 13.28 10.24 12.32
STD.DEVS. 0.02 0.01 0.02 0.03 0.02 0.03 0.03 0.04 0.04
% ERROR 0.10 0.06 0.12 O.44 0.32 0.49 0.24 0.40 0.31.
GROUP 53
AVERAGES 17.50 14.38 13.19 5.75 5.96 5.41 10.89 8.62 10.33
STD.DEVS. 0.05 0.03 0.02 0.03 0.03 0.03 0.04 0.0% 0.05
g ERRQOR 0.30 0.23 0.15 0.51 0.52 0.52 0.39 0.4& 0.49
GROUP 54 '
AVERAGES 20,22  16.44 14.89 6.75 6.89 6.18  12.47 9.78 1l.64 .
STD.DEVS. 0.37 0.28 0.22 0.14 0e.14 . 0412 0.22 016 - 0.17

X ERRUR 1.84 l.68 l.49 2.03 206 ~ 2.00 l.76 l.69  1l.50



143.

D3

Y. 1
LrrL e
LI B

[e®,
1,

teww

Sobe

09°0
1900°0
6801°1

[ 24 1
08¢0°0
2%60°1

et
chel”
§16¢°

-y e

4 %dN
IR

few

ZLeitt

(19}
9810°0

et

€1°¢
L6900
t4:113d |

Lol
A% PV

f.50°

LA
an'u.r

et

99° 1
9020°0
22%2°1

152
11€0°0
6092°1

L
AR A TSN KNS
SHuVLENY
By Gilba

Hounl g

*SATUULS
SITVNIAY
ay 4NDYD

YOUN3 3
°SA30°01S
SIOVYIAY
<y 4N0¥WI

06°0Q
1010°0
€ECTT Yy

(248 ]
cY10°0
8811y

28°0
0600°0
15071

gL°0
9800°0
8011}

16°0
1010°0
L ZAR Bd |

1$°0
9500°0
[41 A B |

9¢€°0
0%00°0
9201°1

89°0
$100°0
€Yot "t

94°0
¥800°0
€660°1

6L°0
1800°0
6l60°%

19°0
1900°0
4201°1

68°0
6600°0
2%01°1

90°1
1%10°0
cege°t

€s°1
»120°0
1%6€°1

[ 2 §
8L10°0
899€°1

L1
2020°0
teLe

9€°1
8810°0
wwLe1

080
8010°0
65%€°t

9%Y°0
1900°0
05%€°1

88°0
6110°0
1%5¢°Y

o1
8%10°0
19%€°1

96°0
6210°0
99%¢°1

61°0
1010°0
96S€°1

941
6610°0
819¢°1

12°0
9200°0
s2vet

18°0
0010°0
09%2°1

§L°0
2600°0
89e2°t

L8°0
so10°0
19¢2°1

29°0
1100°0
14: 140 |

$%°0
$500°0
6612°1

l€°0
$%00°0
6A12°1

9%°0
9600°0
1922°1

1%°0
1500°0
9¢22°1

€©™°0
€500°0
6nzez*1

t€°0
1400°0
teez°t

%8°0
£010°0
ege=t

ynyy3l %
*SA30°01$
S39vaIAY
%% dniw9

LB LERS B

*SA30°01S
SINVHIAY
€% dNOY9

¥yOYH3
*SA30°q1LS
‘SITVYIAVY
2% J4nowo

LUELE B
*SA3u° 01
S3IOVYIAY
1% dNOY9

YOMPHY X
*SA30°01S
S3IovyIAY
0% ¢n0Y¥Y

¥nuyi 2
*SA0*0LS
SIDVYIAY
1€ 9n0yo

LR E B
*SAI0TMIS
SIIVHIAY
0€ 4nNOY9

wnuxl 3
*SAI0°0LS
SIvMIAY
42 4aNDN9

yonuyy 3
*SA3Gt Q1S
SIMVUIAY
82 a9

yNyy3
*SAI0°MS
SIVEIAY
12 4nnu9

¥IeNl 2
*SA30°01S
SINVHIAY
92 4NpYD

¥ouy3 3
*SA30° M1
S39VuIAY
62 dNON¥9

/L0
$R00°0
$%60°1

L€°0
0%00°0
€101y

6€°0
€%00°0
o:oooﬂ

$0°1
s110°0
¥901°1

99°0
¢too°o
1%01°1

86°0
8010°0
1901t

20°1
21100
6001°%

s1*1
1210°0
€1t

$1°0
€RO0"0
L2011

%0
9%00°0
Z601°1

S1*2
6£70°0
1801°%

19°0
8900°0

8801°1

10°1
¥%10°0
Ti%¢*1

Z9°0
$800°0
16s€°1

09°0
0800°0
9%¢e"1

60°1
6%10°0
€69€°1

$8°0
stlo°o
1s¢e°1

69°1
1€20°0
099¢°1

LYl |
or10°0
52s€°1

LA R
%¢10°0

BCITIRd!

86°0
€€10°0
969¢°1

€1°0
0010°0
189€°1

62°¢
25%0°0
s21€°1

oe*o
6010°0
91LE°1

18°0
0010°0
26221

9%°0
9600°0
1921

SE°0
Z%00°0
9€TZ°1

96°0
6900°0
LLez1

25°0
9900°0
96zZ1

€6°0
9t10°0
ezt

69°0
$830°0
yRZ2°1

eLto
9600°0
1e€z°1

8s°0
Z100°0
»9¢€2°1

5$°0
f900°0
0se2°1

16°1
L£20°0
s9g2°1

1€£°0
9%00°0Q
69€2°1

you%l 3
*SA30°M1S
SIOVHIAY
%2 dN0Y9

HOWND &
*SA10°011S
SIOVNIAY
€2 aNDY9

Yyous3d %
*SA30°QLS
SINVHIAY
2Z d4noy9

ByO¥YI 3
*SA3Q°04S
SINVYIAY
1Z dNDY9

¥yOM©3I 3

*SA3Q*MLS

S3OVYIAY
0z d4nnu9

¥nyul %
°sAa3Q°q1s
SIOVYIAY
61 dnNDYI

¥O¥¥3 ¥
*SA30°N1S
S3IDVHIAY
ay 4nny9

yound 3
*SA30°Q1S
$3IIVHIAY
L1 dNDY9

HOY™3 3
*SA3IC O4S
SINVHIAY
91 dNJY9

¥youHl %
*SA3a°Q1s
SIOVHIAY
S1 4N0Y9

PO ERS §
°SA3IA°(MAS
S3IOVYIAY
%1 4n0Y9

wourI X
*SsAlQcais
SIDIVYIAY
€1 4N0Y9

70°Y
€110°0
T1601°1

$9°1
Z810°0
$101°1

6%°2
08z0°0
€ezZ1°1

€6°0
9010°0
92e1°1

12°2
8420°0
6021°1

eL°o
9800°0
SSOT°1

61°1
2f10°0
6%11°1

25°0
8500°0
2101°1

%€¢°0
L€00°0
6SK0°1

0s*0
§500°0
9960°1

2%°0
9500°0
ol101°*1

8¢€°0
24900°0
8960°1

26°0
9210°0
€eLe°1

L6°1
0L20°0
129¢°1

00°¢
61490°0
€g6€e° 1

2191
%€Z0°0
16e°t

10°¢
61%0°0
106€°1

62°1
sL10°0
9s5¢ "1

9%°2
9¢f0°0
859¢°1

69°0
€600°0
6S%¢€°1

L%°0
¢900°0
BSTIE°T

0970
8L00°C
s80€°1

95°0
$L00°0
ssee”l

*%°0
8500°0
961¢°1

»8*0
€010°0
z9¢€2° 1

is°0
$900°0
el

e
110°0
€0%2° 1

88°0
601070
g2t

66°0
2z10°0
9021

08°0
/600°0
e9z21

R89°7
9020°0
65221

Y40
4500°0
teze’t

»€°0
1400°0
s002°1

oe*e
9¢00°0
%6611

»t°0
1500°0
1etz*1

9€°0
4%00°0
1€02Z°1

¥OuHI X
*SA3Q°0LS
S3ITVUIAY
21 4n0Y9

¥0dy3 3
*SA3Q°0LS
SINVUIAY
11 4dN0YY

¥yourd 3
*SA30°01S
S39vy3IAY
o1 dnov9

youu3 3
*SA30°N1S
SIOVHIAY
6 dnoY9

HOYHI 2
*SA30°01S
SIOVHIAY
8 dnow9

yoyy?
*SA3Q° S
SINVHIAY
1 4dnDH9

¥04u3. 3
*SA30°N1S
S39vHIAY
9 d01Y¥9

¥NyyI %
°SA3C°MLS
S3ITVYIAY
S d4nny9

Yyouu3d g
*SA30°01S
S3OVAHIAY
y J4nOYY

¥OYH3 3
*SA3001S
SIOVYIAY
£ d4N0YO

Hoyrl ¥
*SA3a°qLS
SIOVHIAY
¢ d4dnN9

LI b L ERS §
*SA30TO4S

S$S39VYIAY
1 dno¥9

wolsAg UBATYITH 3O %uﬁwuw>ﬂ:= 3yl Jjo sasuodsax walsds

8yl woxj pamio3 9q UBd YITYyMm SOTIEBI 9Y3 SUTBIUOD I[qeI STYL

€ @ Jd19vi XIANIdgV



144,

D4

16°0 vl ¥8°0 oz°1 26°0 90°1 9¢e°1 T N I cs°*0 n0°1 60°1 o1 16°0 6570
Z800°0 €510°0 Z010°0D &900°0 BSLO°0 ¢S00°0 ZWOU°O ZROUG- HIUD°0 ISC0°0 SY0U0 YLL0*G  LIGO°0 U6LL'0 840U°0
159870 TBI0°1 BYLIZ°T SHES°D CIE9°D BGOY0 EE09°0D SEIL*0 9656°0 96Z1°1 0065°0 9L69°0 €2Y6°0 6t01°1 6416°0
8s°1 12°2 8L°0 1€t 18°1 0%°1 8vz el 68°) 82”1 €2 80°1  78°0 [T331 SL°0
€E10°0 " L1E20°0 6600°0 OE10°0 SI10°0 6900°0 BY10°C O6CU*C 6%C0°0 €410°0 BE10°0 $200°0 %%00°0 ' 8S10°0 €100°0
¥998°0 BSL0°1 O%12°1 29€$°0 LEE€9°0 %16%9°0 .%865°0C 9BOL°0 956°0 SulT*1 €6HG°0 1t69°0 0%%5°0 0%60°1 16l6°v
Z0°2 Lt 9%°1 8°¢€ €2 9%°1 oL-¢ 96°2 v6°1 20°1 95°¢ tg°2 %5°2 s1+2 8671
1410°0 €S€0°0 €010°0 8020°0 1510°0 €100°0 9220°0 €610°0 BOI0°0 SI10°0 %120°0 €0Z0°0 6E10°0 L€20°0 9510°0
1699°0 2S60°1 968BZ°1 1495°0 L099°0 896%°0 9019°0 061L°0 SI56°0 €221°1 9665°0 I90L°0 92%5°0 €201°1 22¥6°0
62°1 (L] 11°0 €s°2 ot 521 012 SL*Y %9°1 $6°0 se°1 si°1 40°1 91°1 16°0
1110°0 <410°0 $100°0 O0510°0 €600°0 2900°0 S910°0 4Z10°0 -16CI°0 &600°C 1110°0 O©B0OU°0 9S00°0 9210°0 060970
0199°0 SI01°1 ¥982Z°1 €16S°0 €0%9°0 116%°0 L119°0 %01L°0 E2$5°0 9601°1 8665°0 1969°0 91%6°0 2uy80°l L086°0
1$°1 oL -2 19°1 €6°¢ 69°2 15°1 99°€ €52 9¢°1 0%°0 €z°¢ s6"1 09°0 $6°0 96°0
8210°0 10€0°0 2810°0 6020°0 €210°0 S100°0 1220°0° 1810°0C 9L00°0 ¢%00°0 €610°0 8gl10°0 €EO0°0 %0V10°0 SHCO®O
S$1%6°0 €080°1 99B8Z°1 €595°0 €€%9°0 0005°0 0L09°0 191L°0 9955°0 €Cll°l 9266°0 OSOL°0 084%5°0 2960°1 9%396°0
99°0 - $6°0 ¥9°0 91 1251 €60 99°1 vs°1 LA 09°0 9s°1 Y91 se°l €11 08°0
9500°0 1600°0 1800°D 9100°0 21C0°0 9%00°0 8600°C ¢O10°0 6S900°0 £900°0 0600°0 2110°C 2200°0 2210°0 8L00°0
9290°0 9FL0°1 6EI2°1 S2ES°0 61€9°0 096%°0 9065°0 2002°0 O0CSS°0 o6BOL®Y LSL5°0 1€69°0 29€5°0 1180°1 64L6°0
BZ°y FE 4] £6°0 6%°2 1672 85°1 16°2 16°7 z2°2 98°0 Y€€ Sy € 91°2 €61 111
8010°0 0910°0 6110°0 SE10°0 S910°0 6L00°0 LI10°0 %0Z0°0 2210°0 9600°0 %610°0 L£20°0 B%10°0 8616°0 »110°0
L1%8°0 SSBO°1 S082°1 2LES°0 L€€9°0 B96%°0 15650 1201°0 T8%5°0 @L01°1 214S*0 LSH9°0 4SC5°C 6160°1 99.6°0
8%°0 19°0 %570 t8°0 69°0 19°0 08°0 1L°0 29°0 15°0 01°1 60°1 18°0 $8°0 08°0
0400°0 2ZL00°0 €900°0 9%00°0 €£900°0 €£00°0 L%00°0 6£%00°0 ¥€00°0 59N0°0 €900°0 %100°0 €%00°0 2600°0 §L00°V
0799°0 LB90°1 €692°1 B8B26°0 0829°0 ©%%°0 9485°C €4%69°0 O0L%5°0 65011 SIS0 6619°0 95€5°0 9280°1 €616°0
9%°0 $%°0 2%°0 16°0 95°0 12°0 0L°0 1570 89°2 0L°0 c9°0 69°0 99°0 68°0 Lo
8900°0 8900°0 $900°0 2%00°0 4€CO°0 S€00°0 0400°0 HE€00°0 9€02°0 9200°0 €€CO°0 9%00°0 %200°C %600°0 2100°0
9Z98°0 Y901 €EIZ°1 L125°0 2619°0 106%°C £995°0 ¢219°0 €2€3°0 1900°1 82$5°0 1969°0 €616°C 9650°1 9516°0
2s*0 1L°0 99°0 98°0 19°0 Lo %°0 8s°0 *1% sL°0 (408 | 6G*1 sL°0 0Z°1 16°0
4400°0 9100°0 €600°0 4%00°0 19CD°0 L€£00°0 Z%00°0 9L00°C &6L03°0 2BOO*0 2900°0 1700°C 6EUO°0 8Z10°0 O©HUG®O
02y8°0 L€90°Y 2€92°Y SI15°0 S%19°0 698%°0 0295°0 #199°0 €825°0 0980°1 90S5°0 0%59°0 LI16°0 2%90°1 6616°0
. t .
€%°0 0s°0 $%°0 16°0 19°0 %9°0 Lo €9°0 85°0 99°0 ¢L°o L0 €%°0 98°0 69°0
9€00°0 4$00°0 1S00°0 64%00°0 2900°0 1¢00°0 1%00°0 ¢€%00°C 1COL°0 €200°0 1%00°0 150G°0 €2G0°0C ¢600°0 L1900°0
8Z99°0 S690°1 0692°1 9925°0 9929°0 226%°0 961S°0 £989°0 BUYS°0 ©H60"1 1596°0 SO0L9°0 9HZS*0 SEL0°1 0L16°0
*$°0 9570 L£°0 40°1 69°0 $1°0 69°0 85°0 $9°0 2L°0 8%°0 €9°0 §5°0 90°1 4170
9400°0 0900°0 9%00°Q0 4S00°0 €£900°0 (£00°0 6f00°0 6TO0°D SEND*O B200°0 L1200°0 14C0°U O0€00°0. t110°0 2100°0
6199°0 9S90°1 #S9Z°T 6129°0 6619°0 668Y°0 S69S°0 9919°0 S9S°0 1160°1 6955°0 0659°0 6GZS°0 2t90°1 %426°0
¢T/1z Te/oz 1T/0T 3T/61 T1Z/6T 0T/61 2Z/8T TZ/8T 0C/8T 6T/8T TI/LT TT/LT 0T/LT 6T/LT 8T/LT

2y3z Jo sasuodsai waisds ay3l

21qe], :a:cm>aw se
Y3Tm pouwiol 3q ued

wa3sAS SASH
YyoTym SOTIRI 3Yl sufejuod a1qel STyl

vd dT9VI XIANdddV

.~

bLtod 3
COAILCULY
S3Lvadny
¢l ditat

sLYd3d 2
*SA4GCGLS
SIUe AN
11 dihwyy

50nds 2
*SA30"01S
S$S39VoiAv
01 dnLay

Uy Y3 2
*SA3UTGLS
SITVuIAY
6 dnluYy

UiYod &
*SAJ0°GLS
SIYUVEIAN
8 dfivay

dyeld
*SAL0°GLS
S3VVainv
L dhibyY

EDEEPRS
*SA3CCaS
S4UVa3AY
9 dtiboy

tlabvy &
*SA3A°ULS
SILVEIAY
s diiugy

LIV R E
*SAJU°ULS
S3ICTY e3AY
Yy dNUsY

YUsoi »
*SAIACLS
S3TVeIAV
€ anLry

atdes @
*SAdGTULS
SILUVusAY
Z dhuay

aubes &
*SA30°0ULS
SIATVBIAY
1 dhiieYy



145,

Dy (cont'd)

9¢°0 oo.o. _ 8670 00°*1 28°0 $6°0 syl 22 t4- 3 | 96°0 Z9*1 191 29°1 9:°1 §1°0
0€00°0 2010°0 0210°0 2S00°0 1S00°0 4%0C0°0 G800°0 6G000°0 4%€00°0 (010°0 €600°0 OO10°0 28CV0°Q0 6%10°0 12400%0
£9€8°0 9Y0SD°1 &192°) 912570 %€29°0 6169”0 2%85°0 2869°0 6055°0 00Z1°Y 914s°0 2t¥9°0 168S°0 09260°1 98L6°0"
L0 65°0 09°0 Sty 1$°0 $8°0 111 19°0 98*0 As*0 ¢6°0 26°0 gL°0 60°1 96° 0
0900°0 9900°0 9100°0 1900°0C 9¢00°0 %%00°0 9900°0 L4%00°0 ©%00°0 $900°0 €$00°0 9900°0 2Z%U0°¢C 6110°0 %B0U*0Q
16€0°0 SI90°*1 2z2t2°*t Nan.o 0£€9°0 U650 2€¢65°0 690L°0 365°0 L911°1 9615°0C 5069°0 CL96°0 ZleL°1 21L16°0
$€6°0 0¢°0 6t°0 10°1 140 61°0. £6°0 19°0 0L°0 $9°0 18°0 sSY°0 $9°0 $0°1 98°0
L4400°0 €600°Q 0QGQ0Q°Q 9G600°Q 440Q0°C 6500°0 4900°0 9%00°0 9t00*0 2i100°D &%00°0 1S00°0C %t00°0 2110°0 %B00°0
€T90°0 T890°1 189Z°T 092S°0 &4929°0 9%26%°0 064S°0 9L89°0 02%5°0 8001°1 ©0€95°0 9699°0 612%°0 1210°1 6t16°0
66°0 et 98°0 0s°*1 10} $9°0 it°1 96°0 LY ] tL°0 9t°1 991 1€°1 1s°1 06°0
€800°0 I%10°0 I1010°0 CBOO®0 ¢900°0 2(00°0 2500°0 E900°0 2Z%w)°0 2800°0 0800°0 1010°0 SLUU°Q &v10°0 lo6LO°Q
66¢8°0 STI0°Y 1t18i2°1 61€S°0 €€€9°0 SS6%°0 2765°0 L11L°0 8935°0 8CZI°Y €88%°0 90040 0B%°0 0S01°l 2%86°0
29°0 16°0 $6°0 o1°1 09°0 99°0 1ttt L 1.5} 48°0 LY Ql°y o1t %6°0 t6°0 80
2600°0 2600°0 B8900°0 €900°0 O0SCO°0 €£00°0 9900°0  9900°0C 9%00D°0 €800°0 £900°0 9200°0 1%00°0 8UI10°O hmocwc
O148°0 2T20°1 LE€L2°1 OOES°0 20€9°0 B8%%°0 6265°0 S%01°0 1¢56°0 oL11°1 C616°0 SBH9°C 90%5°0 9260°1l €116°0
om-o R Z A4 | 48°0 122 68°1 92°t $1°2 98°1 19t 9%°0 oLt 8s°1 12°1 sl s1°1
$%00°0. 2€10°0 L010°0 @BI10°0 0210°0 €900°0 £210°0 ¢€10°0 8102°0 2500°0 CO10°0 O110°0 ¢9200°Q S110°0 €110°0
$0%8°0 110" o6%22°1 1€€S°0 €9€9°0 SL26%°0 1965°0 €60L°0 €£996°0 2B11°1 6S086°0 €969°0 $9%6°0 9660°1 %286°0
190 k) B ] 501 921 BO™Y °D"*1! [T 2a | GE*Y %] 160 821 £2°1 %6°0 £€y°0 c%*0
2s00°0 0%10°0 BELIO®0 9900°0 €900°0 €%00°0 6600°0 6600°0C €703°0C 1600°0 &L00°C S000°0 1600°0 69G0°0 6%0G"0
2098°0 €890°Y stiz°1 1429°0 T1829°0 C%%°0 9685°0 BIOL°0 6165°0 CLIT°Y 2684%°C 2889°C 21%9°C LS60°*1l LOHG"O
€9°0 1s*1 80°1 6S°1 291 1%°1 ['L 2l | 0zt 9c¢°l 49°0 L2794 | t1°1 02°1 9%*1 86°0
€$00°0 9%910°0 8€10°0 SHO0*0 0600°0 €200°0 &A00°0 SACO°0C 9203°0 2100°0 6200°0 6L00°0 y900°C 1910°0 16G0°0
€Y5%8°0 €080°1 46iZ°t 19€5°0 Cot9°C €S6%°0 GT09°0 Y21L°0 8956°0 6121°t &%165°0 %00L°0 ol%G*y Z2t01°1l €L46°0
06°0 t0*1 49°0 €91 66°0 66°0 60°*1 ge*t 90°1 16°0 si*t Le°1 19°0 6eE°1l ft£°0
$200°0 O110°0 9800°0 9100°0 €900°0 0S00°C ¢€900°0 1600°0 6500°0 1010°0 29C0°*0 S600°0 £%00°0 ¢S10°0 2800°0
90€8°0 9890°Y eci°1% L9€S°0 9£€9°0 €00S°0 96LS°0 1012°0 ¥165°0 1511°1 QEES°0 8v69°C 1995°0 L160°1 €616°0
6%°0 £€9°0 1$°0 06°0 69°0 09°0 $8°0 LY B0} 1e°0 6S*0 1%*1 94°1 91°1 40°1 26°0
1400°0 6900°0 S900°0 6%00°0 $5C0°0 Of00°0 0600°0 9SCOC°C $4%0D0*0 1900°0 9B8UO*0 1010°0 ¢£900°0 S1I0°0 0600°0
91¥8°0 9110°1 <082°1 BEES°0 29€9°0 €56%°0 9965°0 O060L°U 2€SS°0 6L11°1 9986°0 0469°0 £996°0 ¢660°1 0t80L°Q
ge°t e9°2Z T4 A} 46°¢ 68°2 261 69°¢€ 9L°¢ 1o°2 (484 ] G2y yi*y L2 243 292 461
s210°0 $820°0 0220°0 &810°0 9810°0 O800°0 17Z20°0D &t20°0 9E10°0D 151C°*0D 1620°0 1620°0C 8310°0 6820°0 1510°0
€198°0 9520°Y ¢€912°1Y S9ES°0 €S£9°0 696%°0 0866S°0 BIVNL°0 2936°0 %0Z1°1 [68S°C OI0L°0 €8%6°0 S€01°1 L%g6°0
€c°0 1°0 12°0 90°1 66°0 19°0 €6°0 o0 m-w tL°0 -60°1 c—.i 9¥1°0 "R | 18°0
$900°0 €600°0 1600°0 LSCO°0 €9C0°0 9€00°0 9500°0 €900°C 2%00°0 - 98G0°0 %900°0 L440V0°0 2%C0°0 6210°0 9500°0
Z0%0°0 1910°1 8082°1° 29€¢S°0 28B€9°0 €06Y°0 (€86S°0 l21L°0 0968°0 HGli®l 2966°C 9169°CG 19%6°0 2860°Y 86i6°0
ZT/1T TT/OT TT/0T TL/61 10/61 OT/61 TT/8T 11/81 01/ST 61/91 22/LT 12/LT 07/1% 61/IT. S1/IT
(P,3u09) uq FTIVLI XIGNIIIV
j )

Yoyl A
*SAdUCULS
S3ILvniAy
Y¢ oNLWY

audbsl) 4
*SAFICGLS
SILVedny
€2 dudd

¥Ugul &
*SA3Q°ULS
S3ICvaiAv
22 dNuaY

LIV 2. F I 3
*SA30°CLS
S3TveIAY
12 489

a0ba3 &
SSAIUCLLS
S4LvesAy
02 didroY

albod
SSAJUULS
SdUvedav
6l diwby

Cadsd 2
*SAILCOLS
33UV alAy
g1 diuay

osubald &
CSA3UULS
S4lvesAy
L1 dhivay

thvas 2
*SAIGGAS
SIUVoIAY

- 91 atway

8563 o,

*SAIG TGS
S3LVDbaAY
sl dlwey

aubny 3
CSAIUGLS
S3ILV a3AV
%1 aiival

LY b1 4
*SAGUCULY
CEMTET N
€l alivay

~——



146.

D4 (cont'd)

18°0 6Z°1 10 BI3g 16°0  8%°D 801 5.0 0»*0 $6°0 i5°1 el 02°0 0L°0 A4
6900°0 6€E10°0. 2600°0 €600°0 2900°0 6200°0 9900°0 I500°0 €209°0 9010°0 €600°0 BZ00°0 7Z200°0 1/00°0 1600°0
TOo8°0  S60°1  TIUC°T L9 °0 . L9770 CCUB°0 UYCY°U OHIL"0 " 8(9%°0 U911 Y650 HOLL*U  12%,°0 (ouu®l  1v26°u
0i°0 oL°1 92°1 20°2 09°1 08°0 69°1 91 811 10°1 06°1 88°1 102 ez 62°1
6S00°0 $810°0 €910°0 O!1C°0 ¢€O10°0C O0%00°0 €010°0 IO10°0 9900°0 €110°0 6110°0 &HE10°C Y110°0 ©¢Z0°C £210°0
€y98°0 9180°1 &182°V 9S%5°0 Z999°0 L10S°0 2609°0 91ZL°0 €095°0 B911°1 68B65°0 560L°0 60$6°0 O0HLO°! 1(86°0
20°0 S0t $9°0 291 12 66°0 t9°1 1e%1 L2 0 ] 19°0 ¥9°1 21 61°1 60°1 61°0
6900°0 €110°0 26800°0 9800°0 1100°0C 6%00°0 0010°0 €600°0 %900°0 ©900°0 9600°0 £800°0 $900°0 02%10°0 L4100°C
16€9°0 LVI0°T €912°1 I2€S°0 €%€9°0 O0L65°0 S166°0 9I1L°0 $1$5°0 BI1Z1°1 6S8S°D 2L69°0 €9%6°Q0 €660°1 6616°0
si°0 86°0 09°0 L9°1 61°1 €6°0 18°1 $5°1 911 61°0 90°e 81 €s°1 ¥ 1 B4°0
$900°0 9010°0 2100°0 0€6C0°0 9100°C 9%00°0 2110°0C 0110°C $900°0 €800°C 1210°0 1¢10°0 (€8L0°0  1%10°0 9800°0
1EY9°0 6010°T1 96LZ°T 9I€S°0 €L1€9°0 086%°0 %009°0 121L°0 &95$°0 €L11°1 1985°0 1569°0 Z€%6°0 2060°1 29160
L%°0 80°1 00°1 »v°1 821 89°0 0%°1 €C°l 98°0 89°0 L9°1 09°1 10"t 16°G %9°0
0400°0 1110°0 ©210°0 400°0 1800°0 ¢£00°0 S800°0 S600°0 98%09°0 LI00°0 8600°0C 1110°0 SSCO°0 6600°0 €£900°0
49%8°0 01801 1642Z°1 18€S°0 1TI€9°0 6L6%°0 6209°0 OCIL*0 0455°0 %021°1 6685°0 €069°0 2595°0 1950°1 £616°0
69°0 19°0 $9°0 26°0 8L°0 o s0°1 40°1 $L°) $9°0 06°0 $6°0 85°0 98°0 9L°0
1900°0 $900°0 1600°0 8YC0°0 6%00°0 9€00°0 1500°0 2£00°0 1500°0 Z100°0 1500°0 5900°0 1YE00°0C €600°0 %1000
4€98°0 OTI0°T €O0LZ°T (0ZS°0 99Z9°0 €€6%°0 1%65°0 (€Z69°0 09%53°0 6%00°1 B21$°0 6B19°0 9%€5°0 SE40°1 9066°Q
$9°0 15°0 84°0 96°0 89°0 tLeo €8°0 6$°0 *9°0 . 8%°0 99°0 18°0 69°0 %°1 18°0
$600°0 S§S00°0 1900°0 (CS00°0 €9C0°0 8€00°0 8%00°0 1%30°0 $€00°0C 9900°0 €€V0°0 §S00°0 L€CO°0 2110°0 08060
YEYE°0 OTL0°T B69Z°T L126°0 1529°0 126%°0 €€0S°0 G169°0 99%5°0 €S01°1- L115°C 9L19°0 BEES°0 €E€HO°1 1€86%0
418°0 88°0 610 s°1 L1t 00°1 0%°1 $8°0 86°0 64°0 ¥0°1 16°0 $0°1 9°1 0Z°1
€400°0 §600°0 OOI10°0 28BOC°0 %LC0°0 0500°0 €800°0 C900°C 9$CO°0 8800°0 0900°0 99C0°C 65G0°0 1§10°C 91l0°0
Y148°0 B1L0°T BELZ°1 SOES°0 $0€9°0 066%°0 6065°0 220L°0 €195°0 o6E11°1 89S°C IL69°0 €9(S°0 2€80°1 0ZLL°0
6$°0 98°0 9L°0- 6€°2 st°e 61°1 1s°1 12° 96°9 oe°1 66°0 s0°1 80°1 0L°2 19°1
6900°0 2600°0 1600°0 $210°0 €€10°0 BB00°0 6800°0 6800°0 €S00°0 9%710°0 1S00°0 €400°0 6SC0°0 0000 S910°0
60y8°0 BS90°T ©I9Z°T €12$°0 6619°0 168%°0 6985°0 6169°0 9055°0 (921°1 9816°C 6L89°0 82Z%6°0C €0l1"1 ©686°0
19°0 16°0 18°0 61°2 o1°2 15°1 y2°1 91°1 eL-o . €9°1 62°1 €1 6s°1 10°¢ 18°1
9600°0 {600°0 €010°0 S110°0 1€10°0 I400°0 €200°0 1BUO°0 E€YWI°0 6S10°0 %4C0°0 0600°0 9800°0 SEL0°0 LL10°0
T6E8°0 299071 1692°1 ¢€S26°0 2929°0 B€6%°0 2186°0 €O00L°0 2293°0 GHUIT*1 €E€L6°0 €£89°0 ©BLS°0 160°1 8S16°0
6¢°0 $L°0 49°0 ne 68°0 91°0 66°0 16°0 €9°) 69°0 €L°0 08°0 29°0 €1°1 18°0
€€00°0 0800°0 1800°0 6SC0°0 4500°0 8€00°0 6S00°0 $900°0 S€00°0 8200°0 €%00°0 $S00°0 %E€00°0 €Z10°0 5800°0
16€8°0 6890°1 L€22°T1 21€5°0 IL€9°0 SL69°0 0%65°0 6L0L°0 B865S°0 2LVI°1 68LS°0C 6689°0 91%6°0 ©980°1 9%916°0
16°0 21 €1°y 6Z°1 1 99°0 $s°1 €6°1 10°1 18°0 €9°1 wre 8¢°1 01 4L°0
1800°0 0Z10°0 $%10°0 8900°0 L6C0°0 €£00°0 ¢600°0 LE10°0 9%00°0 1600°0 S600°0 4510°C 0100°0 2110°0 €.L00°0
66€9°0 1110°1 €S42°1 B6ZS°0 BOE9°0 9%69°0 0S€S°0 %80L°0 $%55°0 O0€Z1°1 028$°0 0€69°0 €E96°0 SHLO"1 28L6°0
TT/1z Tz/ez 12/0T Tz/61 TT/61 0Z/61 Z2/8T T¢/61 0Z/8T 61/8T ¢¢/LT TZ/LT 0T/LT 61/:T 8T/LT
(p,3u0d) vg J19viI XIANIddV

slaold &
CSAILCOIS
S uValAy
% atuty

al.obl) 4
*3A30T01S
SAOVEIAY
£y aluyy

qud Y3
*$A50°01S
S35V oaAy
29 diuaY

wulded %
*SA30°*01S
S3ITVuIAY
14 dhvyd

¥oded 1
*SA3dTULS
S ISVBIAY
0% diuay

-dubod X
*SA3UALS
S3LvaiAy
1€ dhdoY

Yudol &
*SA40°01
S aUVausAy
0¢ diwey

budsd 2
*SA3QtULS
SdUVeiIAY
62 df.UdY

ouddld 2
*SAJU 01>
S39VbiAY
8Z 40LdD

duokd i
*SA3UCULS
S4UvcIAV
L2 diwudy

ducky &
*SA3GULY
SaVVH3AY
92 dnuaYy

sudud 2
*SAIU°ULS
S3Uvu3Aav
s2 d10yY



147,

D4 (cont'd)

4 g £€°1 {8°. L6°1 $9°L o1 Gt TR | AN LLt. 5ete 1. Lt P ¢ ur..
-V SN A TV SV § § TRLIVERN JUF QUL PURN T QLU 5 POV JUR A A L A A SO S S S S S T S [ UL T S SR )
Ton3% STl 9MLe®t 9.85°%c SLE9°L  £50Ln%C  Lihs e NELL%e LCIuCe RELLEL MLESe aEnSC. TUNSGCL SZGLCT T0LGC.

NN 18°%, (G [ L. P TiLt. 5%, tet. ot (Lt

Todte TELL . 4L PO £ SO (U PO A PO U & S ciente Blll®e 250070 Siee Wil

£RL0%. L3l S€C8°%e LS . NS luoeut. JLidt, TVt Tussty LYLsute NLes ShYl

66°0 %6°0 19°0 91°1 F{ | [I8d | €51 20°2 902 9e 1 %052 09°¢C 99t (IAF S 69°1
€800°0 (600°0 9800°0 €9C0°0 &BCO°0 L9C0°0 2600°0 S%10°C S112°0 B110°0 <L10°C 2520°C €619°G c3<C*0 §710°0
L0€0"0 S920°T 218Z°1 €0%S°0 €9%9°0 6206°0 L109°0 SLTL°0 0095°0 9¢11°1 2785°0U 1669°0L 9696°0 ¢%60°1 (%16°0

68°7 ({91 1°t 20°S (Y244 1€t %09 Le*y 9t°¢ 68°1 86°9 [1: 344 B6°*Y 49°€ 18°1
0%20°0 [690°0 1120°0 2920°0 4110°0 9900°0 ©S€0°0 11¢0°0 LI12°0 1120°0 €0%0°0 S0%0°0 1%20°0 96€0G°0 (¢L1C°0O
G2€0°0 2550°T 949Z°1 H1€S°0 18€9°0 €€0S°0 2¢66°0 OTWL°U BUIS®0 OYII°1 1226°0 0€69°C S9%5°L 65B0°1 29%16°0
e/t 1Z/0Z T¢/61 1¢/61 0r/61 TT/8T 17/81 0T/8T 61/81 2T/LT TZ/LT 0T/LT 61/LT1 8T/L1

ze/oc

Amv.u~HOUv

%4 AT9VI XIANIddV

MY TV &9
LIVVNILY
5% wnJaly

*SALGTLLS
$SabvesAv
9% aliudy

dlucs &
*SALICULS
SaLvadAy
. 9% dlwaY



COMPARISON OF AIRBORNE INFRARED SPECTRAL EMITTANCE AND
RADAR SCATTERCMETLR DATA FROM PISGAH CRATER LAVA FLOWS

R. J. P. Lyon
Stanford University
Stanford, California

SUMMARY

The olivine basall lava ficlds of Pisguh Crater, 35 miles ESE of Barstow, California, are one
of the very fow areas widich have been ‘Ludiw by morce than one sensor. In fact, a big problem in
evaluating varlous rerote sehsing systoms 1s that so rarely have they been viewing the same targets,

let alone fron Lthe sae L.\,LJ.Lu\xL anu luok arysies.

In HASAZMSC Missfon 108 the infrared spectrometer/radiometer instrumentation was flown twice
down the szue tiwree-nile long flignt lim, as was used for the 2 em-band radar scatterometer in
Mission 21, anu reported at the Fifth Synposium on Remote Sensing of Environment. ‘These two,
non-1ir a.:Ln“ systers moaswre ulfferent garunciers - spectral emittance for the infrared, and gonio-
metric radar tecios r {or tne scattercroter. In addition, cross-track width of the "ground patch"
(or footpririt) of ths rnits is 7 milliradizn: and the radar is 44 milliradians. Despite these
obvious differences, « from beth wnits can be used to arrive at similar classifications for the
geolosical raterizls at uhis site - lava flows of three types, lava cinders of Pisgah Crater, dry
sediments of . Lavic L, and several types of Older and Younger alluviums in the desert outwash fans
surrounding the crater and flows. '
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APPENDIX TABLE D5

149,

SEQUENTIAL SUCCESS BY ROCK TYPE FOR EACH METHOD USING BMDO7M

A. MIXED TERRAIN (D, A, P) | B. ALL LAVAS (I, II, III)

1. Spectral Emittance
(50 central A's)

Step 1

2

3

1. Spectral Emittance

D
. 70
68
68
81
81
84

as

A
93
100

96

100

100
100

100

(50 central A's)

P " B SR ¢ G 4 4§
35 Step 1l 66 27 54
48 | 2- 78 35 51
52 3 69 48 51
77 4 66 55 49
78 _ 6 72 55 52
81 7 66 57 55
87 9 69 58 57

2. System Response

2. System Response

a. Vincent's - 3 a. Vincent's - 3
Step 1 - 87 100 87 Stepl 52 6L 63
o '87  100 . 97 » 2 61 57 69
3 "96_ 100 97 3 65 55 66
b wsDS -6 | | b. MSDS - 6
Step 1 _'59 100 8 - Step 1 48 26 67
2 '*1oof 100 84 2 65 52 69
3 v 1oo' 100 97 , 3 81 55 66
4 100 100 97 4 75 47 65
6 ’1¢d‘_1oo 97 ' 6 74 59 63
3. Ratios 3. Ratios
_aQIVinéent's -3 a. Vincent's - 3
Step 1 ['sf 100 71 : | Step1 58 11 63
2 83 100 71 2 . 56 44 57
b. MSDS - 15 . b. MSDS - 15
Step 1 51 100 32 Step 1 22. 15 62
2 72100 58

68 2 68 26



