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FOREWORD

This work was supported by the George C. Marshall Space Flight Center,
NASA, Huntsville, Alabama, under Jontracts NAS8-20397 and NAS8-19, The
contract monitor was Robert M. Huffaker of the Aero-Astrodynamics
Laboratory.

ABSTRACT

A summary of a spectral absorption coefficient measurements program is
presented, The data are for H20 vapor in the 1 to 8 micron region over
the temperature range 575 to 1250 degrees Kelvin at pressures up to 1

atmosphere. Foreign gas broadening by H2, CO, and CO2 is included. 4An

index to the available spectra is reproduced as an appendix.
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INTRODUCTION AND SUMMARY

Determination of the radiant energy emitted by the exhaust plume of a
rocket engine is an important factor in the design of a vehicle engine
system. This determination requires an aerothermodynamic plume model
which will specify the local pressure, temperature, and composition at
any point in the plume, In addition, the radiative characteristics of
the exhaust species must be known. NASA has developed a computer program
which calculates the radiant energy emanating from an exhaust plume model
for single- and multiple-engine configurations., In this calculation,
band-model parameters are used in a modified Curtis-Godson approximation
to describe the rudiative characteristics of the various exhaust species.,
The=e band-model paramete.3 are determined from spectral absorptance
measurements made over a variety of optical depths and temperat res by
methods descvibed in the literature (Refs. 1 and 2),

This report describes spectral absorption coefficient data collected on
HZO over the temperatire range 575 to 1250 degrees Kelvin at pressures of
0.1 to 1 atmospheres and path lengths up to 1 meter for the 1.4, 1.8, 2.7,
and 6.3 micron bands. Effects of foreign gas broadening by H2, CO, and
CO2 have been included, An index to the data, which is available from
NASA,%* is presented as an appendix.

These data, in addition to those available from other NASA prograns,
serve as a basis for determination of band model parameters. For this
purpcse the spectral data have been averaged over 25 cm-l intervals,

The complete set of averaged data are also available from NASA,

- ear am e e e -

* For further information on availability, contact R. M. Huffaker,
Aero-Astrodynamics Laboratory, MSFC-NASA, Huntsville, Alabama,
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EXPERIMENTAL SYSTEM

THE SPECTROMETER

Optical Systep
Figure 1 is a photograph of the spectrometer taken during assembly

and serves to show the general arrangement of the various components.

A schematic diagram of the optical system is shown in Figure 2.

The greybody source is an electrically heated graphite rod mounted in
an argon-purged, water-cooled housing. The source was operated at a
brightness temperature of approximately 1900 K. Figure 2 shows that
the instrument can be operated in a double-beam mode. However, for the
subject program, the instrument was operated in a single-beam mode
entirely. Optical chopping is performed between the greybody and the
sample cell so that steady-state emission from the hot cell or its
contents does not contribute to the a-c signal output of the detector

and is, therefore, not passed by the a-c processing electronics.

The furnaces used to heat the absorption cells can accommodate path
lengths up to 30 cm in length. To obtain a one-meter path length,

cells were multiple passed as shown in Fig. 3.

Wavelength dispersion was obtained with a McPherson Model 213, one-
meter, Czerny-Turner monochromator. This monochromator, which can
accommodate gratings with a width up to five inches, has bilateral
slits adjustable from zero to two millimeters, and is capable of a

spectrsl —esolution on the order of 0.1 cm—l at 4000 cm-l.

Radiation leaving the monochromator exit slit was focused on a PbS

detector by an on-axis elliptical mirror providing image reduction of

six to one. An off-axis elliptical mirror, also providing six to one

R-7356 2
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image reduction, was used to focus radiation on a PbSe detector. The
PbSe detector is housed in & dewar and cooled to liquid nitrogen temp~

eratures.

Mechanical Features

The spectrometer was constructed on a four-by-eight foot cast iron
surface plate weighing 2000 pounds. Its surface is flat to within
0.002 inch. The massiveness of the surface plate eliminates adverse
effects on experimental data which might be caused by vibration or
shock. To eliminate effects due to temperature variations, the furnace
enclosure is water cooled and the laboratory is air conditioned at a
constant temperature. The entire instrument is enclosed and purged
with liquid nitrogen boil-off to eliminate 002 and minimize HZO absorp-

tion in the optical path.

Grating-Filter-Detector Selection

Two gratings, two detectors, and a number of filters were used in
various combinations to isolate various spectral regions in the 1.0 to
8.5 micron range spanned in this program. By experimentation, a grating,
grating order, filter and detector combination was selected for each
portion of the spectral range to be covered so as to maximize both the
signal-to-noise ratio and the spectral resolution. Care was taken in
the selection of each combination to insure that it passed only radia-
tion of the desired frequency and eliminated unwanted lower or higher
orders of other frequencies. Table I lists the combinations that were
used in covering various portions of the 1.0 to 8.5 micron wavelength
range. The wavelengths at which silicon, germanium and indium arsenide
begin to transmit are approximately 1.1, 1.7, and 3.7 microns, respec-

tively.,

R=7356 6
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TABLE I

GRATING - FILTER - DETECTOR COMBINATIONS USED IN
VARIQUS WAVELENGTH REGIONS

Wavelength Grating Grating

(microns) (Blaze Wavelength) Order Filter Detector
2.1 - 3.1 3 0 1 Germanium Pbs
3.1 - 3.5 12 3 2.8 4, Long Pass PbS
4.0 - 5.5 12 u 2 Indium Arsenide PbSe
5.5 = T.1 12 u 1 Indium Arsenide PbSe
7.0 - 8.4 12 1 6 u Long Pass PbSe

R=7356




“ilhh\‘
.

BElectronics

Conventional electronics were used to amplify and record the data.
Greybody radiation was optically chopped at 400 cps to produce an a-c
signal at the detector for stable amplification. The amplified signal
was synchronously rectified by slaving in both frequency and phase the
electro-mechanical chopper in the recorder amplifier to the optical
chopper. Spectra were recorded on both a ten inch strip chart and mag-

netic tape.

GAS HANDLING SYSTEM

Manifold

The gas handling system assembled for this program is shown in block-
diagram form in Fig. 4. The system is constructed primarily of copper
and stainless steel components. All parts of the system which are
exposed to 320 are maintained at a minimum temperature of 110 C to
prevent condensation. A liquid nitrogen cold trap prevents vacuum
pump contamination by HZO’ 002, or CO. During foreign gas broadening
studies, the subject gases were allowed to remain in the mixing tank

for several minutes before being admitted to the absorption cell.

Absorption Cells

Two types of absorption cells were used in the investigation and they

are illustrated in Fig. 5.

The "O-Ring" cell, in Fig. 5a, was used with either CaF2 (long wave-
length cut-off approximately 9 microns) or sapphire (long wave-length
cutoff approximately 5.5 microns) windows. These windows were two inches
in diameter. A vacuum tight seal was achieved with pressure-filled
inconel 0-Rings plated with gold. Two path lengths (effective cell
length) were available: 7.62 and 26.0 centimeters. These two cells

leaked when first assembled, but became vacuum tight when heated.

R-7356 8
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The cells suffered from the disadvantage that their temperature could
not be recycled, i.e., when cooled they began to leak. In fact, when
cooled to room temperature, the windows generally cracked. The 7.62
cm cell operated satisfactorily over the entire temperature range.
The 26 cm cell was not usable above 1200 K since its stainless steel
center section was oxidized by HZO at an appreciable rate at this
temperature. The inside of this cell has since been plated with

nickel in an attempt to eliminate this oxidation.

The "Kovar" cell (Fig. 5b) was constructed using commercially available
sapphire-kovar seals which were electron-beam welded to a Kovar ring
and inconel center section. Two cells were consatructed, one having a
10 cm path length with one inch diameter windows and the other having
a 25 cm path length with two-inch diameter windows. These cells could
be temperature cycled without developing leaks. However, they were

not used above 900 K because of the short predicted lifetime of the
sapphire-kovar seal above 1200 K.

Pregsure Measurement

Pressure measurements were made with a standard mercury manometer in
conjunction with a differential pressure transducer. The bellows
section of the transducer was heated to 120 C to prevent condensation
of the water sample. The bellows were balaiced to an electronically
indicated null position by pressurization with nitrogen gas. The
nitrogen pressure required to balance the bellows was then determined

from the manometer readings.

Temperature Meagurement

Temperature measurement was by means of chromel-alumel thermocouples
which were spot welded to various points on the absorption cells.
Conversion of the voltage readings to temperature was accomplished
using the tables supplied by the thermocouple manufacturer. Calibration
of the potentiometer was by comparison with a standard cell.

R=T356 11




SPECTROMETER STRIP CHART
RECORDER
1]
FM TAPE ANALOG DATA DIGITAL ANALYSIS
RECORDER STORED ON MAGNETIC ENCODER
TAPE (DIANE)
LISTING OF
=] DIGITAL DATA
IBM 360 "QPCH"
DIGITAL TAPE
3 DIGITAL DATA
L1 STORED ON PUNCHED
CARDS
21 o FJ_I
| IBM 360 DIP1 ABS. COEF. -1
SELECT CARDS CON- [ | AVERAGED OVER 25cm
TAINING DESIRED DATA | INTERVALS

{ Figure 6. Flow of Data Through Data Processing System.
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DATA REDUCTION PROCEDURE

The purpose of the data reduction procedure is to convert the analog
signal obtained from the spectrometer to the absorption coefficients for
HZO' The general flow of data during this procedure is outlined in
Fig. 6., The numbered boxes indicate intermediate stopping points in

the procedure.

The transmission of a particular gas sample in the absorption cell was
obtained by taking a point by point ratio of gas spectrum to background
spectrum. The necessary data was obtained by scanning the region of
interest with the absorption cell evacuated (background spectra) and
then repeating the scan with the cell filled to the desired pressure
(sample spectra). The information needed to align the two scans in
wavelength was incorporated into the analog signal by shorting the in-
put to the recorder at the beginning and end of each scan. The wave-
length calibration was obtained by comparing spectra obtained in this
program with spectra published in the literature (Ref. 3). Once a
particular grating had been calibrated, the wavelengths observed agreed
with ithe tabulated values to + 0.2 cm-1 throughout. The analog tapes
were corverted to digital tapes suitable for computer input by a
digital ¢nalysis encoder referred to as DIANE. This instrument is a high
speed multi-channel digital voltmeter with digital tape output. Due to
the high sampling frequency (10,000/sec) it was necessary to reduce the
number of data points by several techniques. A primary reduction by a
factor of 32 was accomplished by recording the analog tapes at 1 7/8 ips
and playing it into the DIANE at 60 ips. The second reduction was done
by a computer program known as QPCH which was written specifically for
this problem. QPCH was used to convert the digital tape containing 312
points per second of spectrometer scan into punched cards containing

approximately 15 points per wavenumber scanned. The QPCH sample

R=T356 13
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reduction factor 1eed for a given run uvas a function of wavelength and
scai. r»te and was varied from run to run to obtzain a data rte of ap. rox-
imately 15 points per wavenumber, This rate was selected as a workable
conpromise hetween resolution and the bulk of punched cards produced,
FCH also provides a printed listing of the digital values for use in
locating the start and end of each run, Each card punched was identifie’

serially and by run number.

After both the spectrum and background had been transferred to punched
cards, they were processed by the data integration program, DIP-1. This
program computed the point by noint transmission and absorption coeffi-
cient tables for each spectrum. The absorption coefficient and absorp-
tance were then integrated over 25 cm-l intervals centered about multiples
of 25. For example, the integral denoted by 3850 en! is the result of
inte-rating from 3837.5 to 3862.5 cm.l. The average absorption coeffi-
cient and equivalent width (i.e., integrated absorptance) of each

interval was printed and punched on cards for further processing. Cathode
ray tube plots of absorption coefficient versus frequency were also pro-
duced for each 100 cm"1 interval of the spectrum. The averaged absorption
ccefficients for 25 crn-l intervals are superimposed to demonstrate the
results of averaging. Some typical absorption coefficient plots are

shown in Figures 7 and 8,

R-7356 14
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RESULTS

The primary objective of this program was to obtain the absorption coef-
ficients of H20 vapor as a function of pressure, path length, and tempera-
ture. A ronge of values for each of these variables is necessary to allow
the determination of the band model parameters, For this purpose a total
of 560 spectrometer runs were processed including several pressires for

each of the path lengths and temperatures indicated in Fig. 9. A few runs

were nade at 980 C for comparison with high temperature data o:tained at
General Dynamics/Convair (Ref. 4). A complete set of data was not obtained
at 900 C “or the 100 cm path because of reaction between the cell body and

the water vapor.

In the form of punched cards the complete set of spectral data occupies
106 boxes of cards. These cards contain the digital values corresponding
to the spectral intensities observed w“en operating the spectrometer in

a single-beam mode, To make these spectra available to other investiga-
tors the cards have been recorded on magnetic tape. The 9 reels of tape

are available from i'ASA on request.

The choice of recorded intensity data rather than transmissivity data as
the vermanent storage format was based on both maximum versatility and
minimum duplication of stored information. The procedures required to
retrieve specific information plus an index which describes the available

information are included as Appendix A of this report.

The spectral transmissivity T(V) is given by

1) = s - exp k(W) (1)
° \

17
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where I(V) is the spectral intensity with the sample cell filled to optical
depthu and]’o(V)istbintensity at the came wavelength with the cell evacuated.
E(v) is the spectral absorption coefficient. For the purpose of obtaining
band model parameters the values of T(V) and K(V) need to be averaged over

a frequency interval, Av. The average absorption coefficient, f;, is
obtained by integrating the natural logarithm of T(V) over an interval AV

centered at vV,

E, = - o= omr(vav. (2)

The equivalent width, W, or integrated absorptance, is given by

W, = [{1-r(v)Jav (3)
- . . . v Av
where the limits on the integration are again v > to v *PE-. Note that

the equivalent width integral is not normalized by Av as is ﬁ;. Both of
these averaged quantities have been computed for all of the spectra recorded

using AV = 25 cm-l. These values are available from NASA on punched cards

(approximately 8000 cards).
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APPENDIX A

Index to Available Water Spectra

The following indices contain the experimental conditi:ns used to obtain
water srectra under contracts lIAS8B-20797 and TAST=19, The firat index
contzins all spectra obtained on water vapor ordered by initial wavelength,
temper:tre region, cell length, and :ater pressure. Wien a foreign gas
is present the rame and pressure are listed. Each entry contains the

spectrum run number and location plus the necessary background information.

The second index contains the same information as the first except that
tre primery sorting is based on temperature region rather than wavelength.

The remscinder of the s'bgroups are sorted as before.

The third index is a list of only those spectra containing a gas other

than water., These are arranged by identity of the foreign gas and thren
sorted by wavelength, temperatre, path lergth and water pressure,

Speetra containing only CO or 002 are indicated by a water pressure of 0.0,

The lusst index gives the locations of the various rmms, with their
backgrounds, within the 9 reels of magretic tape. To locate and use a
given run it is not necessary to know its sequence mum er on that tape
since each run can be positively identified, The tape sequence number is
provided to allow the ordering of requests so that the tape reading needed
to reach all of the desired runs during retrieval of several spectra

mey be minimized.

R=7356 21




Because the taped data has been s cred in the format of cord irages, the
following discussion will be in terms of cards rather than the terminology
of tape records. On most computers the same statements are used for reading
the two types of data.

The identification and calibration information required to process a given
spectrun is contained on the first three cards of its data set. A blank
card has been recorded after each set to serve as & divider. The first
card identifies the run by number, indicates the wavelengths scanned,

and lists the sample conditions. Sample conditions are normally omitted
on backzround spectra., Initial and final wavelengths are specified in
nicrons ard correspond to the spectrometer dial readings. A slight error
in grating adjustment required a correction of 55.2 Angstroms (27.6 in
second order) for the first 125 runs. A random check of the remaining
spectra indicated no correction was required in order to achieve

+0,2 om L alignment. The appropriate correction,which mist be added to
the initial and final wavelengths, is supplied for the first 125 runms.

A one digit code is used to identify any foreign gas., The code has the

following values and meanings:

CO is principal absorber

0 No foreign gas added
1 Added H2

2 Added CO

3 Added CO2

6

7

002 is principal absorber
The second card contains the deflection calibration and data card sequence

information, Calibration of the deflection data is necessary in order to
remove effects due to drift in the graybody source. Also the zero offset

R-7356 22




required by tre FM tape recorder must be removed, Three deflection values
are used to calibrate each run. The initial zero level, I7Z, is the digital
value which must be subtracted from every deflection value to remove the
zero offset, This signal vas recorded with the light beam blocked by a
shutter. An initial and final deflection, ID and JD, are also recorded

at a fixed wavelength with the shutter open and cell evacuated, These
values are used to correct for intensity changes between background and

spectra. The zero level must be subtracted from these deflections also.

Each card containing spectral intensities is sequenced to provide the
required correlation with wavelength., The beginning of a scan is indicated
in the data by the sudden increase in deflection values due to opening the
shutter, Similarly, the end is signified by the closing of the shutter.
Since each data card contains 20 deflection values it is necessarv to
specify both card sequence number and data point number on that card for
the first and last points. These points correspond to the initial and
final wavelengths, respectively, after the wavelength correction term
has been added. The scan interval is then divided into NPTS -~ 1 equal
steps where the number of data points can be calculated using the card
sequence information,
NPTS = (# of last card - # of first card) x 20
+ # of last point - # of first point + 1.  (a-1)

A third card is included at the start of each deck to provide an additional
verification test. This card contains a 12 digit serial number which is
to be found on each data card in that data set, The first trree digits

of the serial number are the run identification number.,

Immediately following the card containing the serial number is the first
spectral data card., It has the sequence number given on the calibration

R-7356 23




card and contains the first data point of the run., The point corresponding
to the initial wavelength is also specified on the calibration card. A
blank card follows the card containing the spectral data point corresponding
to the final wavelength. This last data card has the seqgience number given
on the calibration card with the last point specified in tre same manner

as the first,

The exact card images and Fortran formats suitable for reading them are

as follows:

feader Card (I12, 3Fl2.8, 2F6.2, 16, Il, FS5.2)

Col. 1 - 12 Run identification number
13 - 24 Initial wavelength (Microns)
25 - 36 Final wavelength (Microns)
37 - 48 Wavelength correction (Angstroms)
49 - 54 Pathlength (cm)
55 - 60 Water vapor ppessure (cm of He)
61 - 66 Temperature ( C
67 Foreim gas code
68 = T2 Foreizn gas pressure
73 - 80 Not used

Calibration Card (3112, 41I6)

Col. 1 - 12 Initial zero value, 1Z
13 - 24 Initial deflection value, ID
25 - 36 Final deflection value, JD
37 - 42 Sequence number of first ecard
43 - 48 First point number
49 - 54 Sequence number of last card
55 - 60 Last point number
61 - B0 Notused

Identification Card (4I3)

l-12 Run serial number
13 - 80 Not used

R=7356 24
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Typical Data Card (4I3, 2013, 4X, I4)

l~12 Run serial number

13 - 72 20 three digit deflection values
73 - 76 Not used

77 - 80 Card sequence number

Blank card signifies end of run - followed by header card for next run,

Calculation of the transmission at a given point in the spectrum requires
the use of the run of interest and its background. The correction, C, for

graybody drift between the two scans is given by

(10® + m°)/2 - 128
¢=""§5 S S
(10° + D°)/2 - 12
where the superscriptgB and S refer to background and spectrum respectively.
The trensmission is then

(Deflection at k}s - IZS
TX = XcC

(Deflection at A)B - 128

where )\ is the wavelength determined by interpolation using the corrected

initial and final wavelengths,

To retrieve a given run {or backzround) from the set of tapes it is
necessar’ to search the tuape using the first card after each blank card

as the key., The tapes are arrang=d with the background spectra immediately
preceding the set of spectra to be compared against it. Since several

runs were normally made using each background, it is advisable to search
first for the background, copy it to the desired location (either into
memory, or onto cards or another tape), and then continue searching for the
desired spectrum, Due t0 the relatively _ong time required to search the
teape a secondarr means o storage is recommonded when repeated use of a
particular spectrum is anticipated. The following indices zan be used to

locate spectra of particular regions run under the desired conditions.
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For example, if one wished to investigate the temperature dependence of the
absorption coefficient in the vicinity of 3.3 microns, the runs of
interest could be located in the first index., There are 35 runs which
include this wavelength at a variety of temperatures, pathlengths, and
pressures. Data are available at 4 temperatures for this wavelength

and since the data are grouped on the tapes by temperature the runs of
interest are located on 4 tapes (tapes 3, 4, 7, and 9). It should be
noted that if, for example, runs 127 and 384 are selected from tape 3,
the optimum retreival order is 383, 384, 126 and then 127 to prevent
rewinding the tape unnecessarily (see Run Location Index). Runs 126 and
383 are the pertinent background spectra,
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WAVELENG TH TEMPEIATURE CEuL WATER GIMIINGR RUN UDCATION
(M1 CRINS) (CENTIGRACE)  LENGTH  PRESSUIE oAs  PIESSUsE SPECTAUM DACRGAU'D
INITIAL  FINAL ({<}} . 12CNT.  TAPE  sEa. 15DNT.  TAPE  SEQ.
1.250 1,450 1] 26.0 3.0 Gey } 2 610 H 1
©1.2%0 1,450 3 26.0 $3.9) a2 1 3 64 1 1
1,250 1.450 300 s2.0 14,91 5°) 1 14 57% 1 4
1,2% 1,459 310 $2.0 35,4 576 $ S 575 H 4
1,250  1.450 L 11 I 52.0 6a.u) 574 1 [ 575 1 4
1.2% 1.600 o 28.95 511 1 [ ] $1n 1 a
1.250 1.600 3 $9.65 : 512 1 10 L3EN) 1 [
1,250 1.4% 600 [ T 1R] 681 L) 2 684 s 1
1.2 1.450 610 5,60 537 H 4 593 H 3
1,250 1.4% 610 ¥i.8 598 ] H 838 5 3
1.250 1.450 610 60,89 599 -] 4 553 ] 3
1.250 1.610 800 10,0 4,9 563 H i $35 5 7
1.2%0 1.610 [-A%) 1m0 5.4 "2 40,23 364 H 11 L1 H 7
1.2%0 1.810 (1] 1000 29.1% . 562 ] 9 535 H 7
1.250  1.610 [ e 4] 1,0 59,2 561 H A 380 S L 4
1.250 1.45%0 898 26.0 29.¢. 664 a 2 632 A 1
1.25% 1,450 aos 26.0 69,54 G8s [ 3 682 A 1
1.250 1.450 L) 52.0 15.2% . [ )3} [} 3 3 kS 4
1.250 1.450 ans 52.0 ¥ar.44 [ k%4 s 6 8.0 ] 4
1.2%% 1.459 a8 . s2.0 61 .40 643 [} 7 [ X A 4
1.3 1,450 0 1.0 4., s39 1 12 -1 1 11
1.300 1,450 » 140,40 8. H2 40,09 523 1 H [ : 11
1,319 31,510 S90 26.0 15,00 433 H 13 232 5 12
1.310 1,510 600 26.5 19,6, >4 32.3% 436 5 16 432 5 12
1,310 1,510 92 26.0 0.0 a3 S 34 432 5 12
1.M0 0 1,530 598 26 .0 a0, 435 H 15 432 5 12
Dosey 1,810 L X)) 26.0 20.24 SaA R 9 ) R a
. R <.510 | i I 26.9 40,1 549 [ HA) 5% [ a
[ 1.370 2 6.4 9.85 3G9 1 15 3GA 1 34
LG 2 T 0. Y (11 2 26.0 10,2 H2 31.0% a2 3 1A 33a 1 14
1,729 1.3 2 26,0 19,9, 374 b 16 332 H 14
1.3éa 1.370 2 26.0 4%, 3 1 17 358 1 14
1,320 1.370 91 1.0 53 .00 M2 S5 .16 253 4 65 25% ] 62
- - 1.320 1.370 9y 1.6 43,7 251 4 (3] 25% 4 &2
7 1.329  1.37 o1 1.6 75, ¥ 252 4 64 o 4 G2
e 1.325 1,378 7 7.6 55,35 55 1 25 54 H 19
1.325 1,388 297 7.6 $n.50 "2 52.56 €3 H 23 €2 1 22
1.325 1,375 yir 7.6 69.95 56 1 21 Kl 1 19
1,325 1,375 6.6 1.6 54,349 1 s 1A " $ 17
1.325 1,375 €46 7.6 69,90 10 5 19 ) 5 17
1,360 1,530 33 26.9 ¥ (14 ¥i.87 rr 1 23 373 1 24
1.369 1.510 333 26.0 B ) ] b 25 C 3T s 24
1.360 1.%10 333 26,9 375 1 &8 33 1 24
1.360 1.514 N3 26,0 376 1 27 373 1 24
1.360 1,508 593 7.6 "2 52.69 125 H 23 el 5 29
1.360 1.510 _99 1.6 292 a 12 20 ] 11
1,360 1,510 [ 23 7.6 233 a 13 2 8 11
1.366 1.525 37 7.6 58 1 3 L34 1 2
1,366 1,825 a7 1.6 59 1 H bd 3 2
1,366 1,525 602 7.6 3 ] 23 a3 S 22
1.366 1.525 642 7.6 195 S 24 ) 5 22
1.37) 1.53) 297 1.6 "e 52.78 61 1 33 G 1 32
1.43% 1,750 604 26.0 : 659 -] 26 oA H 25
1,435 1.7509 - Xie] 26.0 667 & 15 [ .} 14
1,430 1,759 94 26.0 6GR a 16 [S3d A 14
1,430 1,750 30 26.1 644 1 35 613 1 3
1.444 1,799 615 52.0 594 ] <A 532 H 27
1,445 1,700 610 52.9 595 5 29 592 5 27
1.4449 1,700 AAS 52.4 (Y] a 18 (7] A 17
s.4d4n 1,00 RA4 52.49 616 [} 19 (Y] ) 17
1,440 1.700 LY} s2.u 63.44 6u7 8 20 (A7 ) 7
1,850 1,700 3an 52.9 14,80 5R1 1 37 5R%) 1 36
$.45% 1,700 3au 52.1 29,99 . 582 H 3 LT.0 H 36
1.58% 1,099 3o $2.% ST, FEY ] 3 3 b H 3
TR 2.0 I 19,0 14,95 : $:7 2 s 5:3 2 3
PR S 2.3 - Iy 11300 i1 fy4 F) 2 3} 2 1
teau o 2am T 30n 100.0 59,30 515 2 3 513 2 s
1.605 2,199 3 10,0 $9,30 . S:6 2 4 513 2 1
1.8 2,110 6 10,0 5.0 - 8¢ [ 33 5e 5 »
1.650  2.310 . Sl WG - 22.9% : L1 4 H 32 (131 5 34
1,600 2.130 L) 1000 %9.35 LA H h}] %65 H k2
< 1,000 2,100 36 52.0 7.40 5A5 2 T Sas 2 3
.00 2,100 p o+ . $2.0 14,20 L1.34 2 9 LY 2 6
1,700 2.0 306 : 52.0 .20 386 2 A Sa4 2 [
. 700 2,300 600 26.9 .00 N2 29.3%7 444 [ 7 137 [ s
= 1.700 2.100 6u0 26.0 5,03 W2 16,75 a2 [] (] 437 6 1
( } 1,700 2,300 600 26.0 5.15 4% [ ] 2 437 6 1
1.700 2.300 600 - 26.0 10.00 439 [ ] 3 437 6 1
1,700 2,100 600 26.0 20,0 443 [ ] 437 6 1
1,700 2,100 $00 26.0 39.08 440 [ 4 437 [ ] 1
1.700 2,100 410 52.0 6.40 Sa9 [ ] 9 588 [} [
1,700 2.1 60 ~ ° s2.0 ~° 15,40 ' 590 [ ] 19 588 [ 8
t.700 2,100 610 s2.0 3.80 991 [ ] 11 Sas [ [
. N A )
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\ s PECX T AUAT.ADLE WATCR $P5CTIA (ENTD)
WAVCLENG TH TEMACRATURE CELL WATE: EROASINIR RUN LOCATIN
(M1CAONS) (CENTIGRADE) LENGTH  PRESSU:E CAS  PRESSUAE SPECTRUM BACKRGAIUND
INITIAL FINAL ™ 1CENT.  TA®E  s€a. 1ICENT.  TARE  sEa.
1,70  2.100 and s2.0 7.5 [t} [] 22 AL [ ] 21
1. 708 2400 [1.]] 52.0 15.4% 6 [] 23 6an a 21
t. o0 2am a9s 52.0 3.5 611 [ 24 6nd [ 21
1.0 2,300 898 $2.0 61.29 c:2 [] 25 Gua a 21
1,700 - 2. 940 28.0 23. 7 (a2} ] 94 897 4 93
1.0 2.100 280 26.0 80 .7 2 4 93 6o’ < 23
1.9 2.1 990 s2.0 30,40 G3S 4 114 oM [ 28
1,730 2,100 b ) 26.0 .1 $48 2 11 813 2 10
1,730 2am b ) 26,9 89.60 (124 2 12 645 2 10
s 1,730 Z2.10 910 . 26.0 4.0 . -3¢ A 27 (-3 [} 26
1,730 2,100 910 26.0 3.0 [ 24) [} 2n 669 a 26
1.730 2.4 910 26.0 5.0 6r2 [] 29 G669 ) 26
1.75G 1.670 w2 7.8 b 2P 1) H2 71.19 46 2 17 45 e 16
. 1.750  1.810 298 84,0 3? H 14 36 2 13
i 1.7% 1.80 298 69,00 3a e 18 36 2 13
1.750 1.820 296 4,9 39 2 19 34A 2 1A
.75 1A 206 10,15 351 2 F A 2 I
1.750 1.629 298 19.9° 3% 2 21 34 2 18
1,750 1.820 295 40,50 352 2 22 h21.) 2 16
1.7% 2.0 h ) 4,9 522 2 24 821 2 23
1.750 2.0m b V) $.10 "2 40,37 523 2 e ] 52 2 2
1.75G 1,620 s L AREA] AA [] 13 a7 ) 12
1,750 1.850 sn? 7.8 3,20 14 70 .44 119 [] 17 114 6 16
1,750 1.820 [ b r.6 50.70 a9 .8 14 34 (] 12
1,750 1.,A2u 600 7.6 n.2 4 > 6 5 a7 [] 12
1.750 1.820 o) 7.6 29,5 29 & 3 291 [ 3
1.750 1,A20 on) 7.6 3n.25 228 a ¥ 254 A 33
1,750 1.829 oM 7.6 .65 237 a, 3 25¢ L} ¥
1,7A0 3,860 30 1.6 ».5¢ ' 3% .2 27 38 . 2 a
t.Aa) 1,840 298 7.6 Su.4n 45 2 23 3 2 2a
1.8  1.88) 296 .6 69.4% L} 2 ¥ 39 2 2A
1.4 1,880 296 26.0 30 354 2 32 353 2 31
1,804 1.880 296 26.0 15,25 355 2 33 353 2 3
{ 1.A%  1.8/0 298 26.0 2000 . 356 2 34 353 2 b3
! . 1.8 1,840 295 26.% 34,95 sy 2 35 353 2 3
? 1.600 1.880 . 812 1.6 .40 22 [} 19 ‘91 6 18
- 1,400  1.880 eu2 7.6 84,64 . 93 6 b H 6 IR
1.8 1,AA) 6u2 7.6 75 ,4% 54 [ 21 EH [3 1A
1.A5%0 1,880 L2t 7.6 29.60 293 s 35 20 [ 34
1.804) 1.840 on 1.6 50,20 h AN a 38 2.1 a 34
1.800 1.A8) ROA T.6 69.93 ¥ ] 37 bR ) M
1.A30 6u7 7.6 3.2 "2 69.75 121 ] a3 Hhit) [ 22
1.85%0 M2 7.6 3. “2 2.3 48 2 3 i34 2+ 38
1.450 310 7.6 ¥1.35 33 2 ¥ 32 2 36
1.869 295 26.0 5.15 332 2 43 351 2 43
1.R60 300 26.9 5.15 H2 15.19 356 2 45 hCH 2 49
1.A649 2.109 i 26 .4 f.18 H2 ¥:.37 367 2 a8 33 2 4
1.A60 2.3 296 26,4 10,18 363 2 42 361 2 4
1,860 2.340 3 F-{ 8] 25.40 k[T 2 4) 3G 2 a0
1.660 2.3 31 26.0 39. 388 2 44 358 2 49
1,680 2.0 6042 7.6 39,10 ) [ 25 95 6 24
1.A60 2,000 612 7.6 49.99 [:14 [ 26 95 6 24
1.460 2,000 612 7.6 0.0 o8 6 27 9% 6 24
1.860 2.100 - ags 7.6 29.90 B 1) ) 9 2 32 9 1
1,860 2.10% 910 1.6 3.0 34 9 *) 32 9 1
1.A60  2.100 910 7.6 6,90 s 9 4 32 9 1
1L.APY 2.4 399 7.6 50,40 43 2 aA 42 2 47
2.000 30 1.6 T1.10 44 2 49 42 2 47 - .
2.31m 9 26.4 64,24 62 9 [ GAL 9 5
2.37m LI 26.9 65,30 696 4 ET) 695 4 A
2.550 3 AN 9.95 527 2 56 524 2 $3
2,5%% 390 3.2 86 2 55 524 2 $3
2.559 30 61.38 528 2 54 521 2 53
2,354 6un v 29.62 5m [ 2 §79 [ 3
2,88 L NS MRS NN 1% 4 U 1 £ SN SO 589 € 3
2.430 sun s2.0 30.60 614 ] a 613 2 7
2.43) 00 52.0 62.00 615 9 ] [ 34 9 ?
2.800 08 7.8 50.00 24 2 58 23 2 57
2.800 s 1.6 0.0 25 2 59 23 2 7
2,800 90 s2.0 12.24 B 3 34 4 1 636 4 1
2.00 %0 2.0 b AR 63 4 a2 636 Y B T
- 2,800 %) 2.9 61.80 635 4 163 636 4 n
z.000 294 26.09 1.08 2 3 2 325 3 1
! 2,800 254 . 284 1.13 (-4 29.2% 338 3 [ 32 3 1
(FS 2.800 293 26.0 $.10 327 3 3 325 3 b}
i -~ 2.8400 254 26.0 16.00 328 3 [} 328 3 H
: 2,800 2954 26.0 29.00 329 3 ] 325 3 1
\,) 2.800 300 26.0 .00 649 3 8 6aa 3 7
2.800 596 . 280 | W 460 [ 35 459 [ 4 '
2.000 598 2¢6.0 4.2% ) 483 [ 36 459 ] 34 .
2,00 598 28.0 10.13 462 ¢ 37 459 [ ] e
2,00 596 26,40 29.m0 : 463 [ 38 459 [} 3
2.800 00 26.0 60,00 653 [ [ [} 654 [ 3¢
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o’ INGEX T AZATLAD.C WATEX S3CCTRA (OWTL) ]
WAVI L ENG TH TEMPERATURE oL WATT Y SANTTNDT IJUN CXCATIN
. (441 CRONS) (CENTIGRADE) LENSTH PRCSSUSE ¢As  FIT8SORE S5IECTIWM BACKGTIUND
INITIAL  FINAL o0 ITNT. TARD SEQ. 1CENY. TARE SEQ,
2.3% 2.800 910 .26.0 13.31 6r 9 11 err 9 10
2.350 2.a00 910 26 .9 3.1 [ 9 12 (344 9 1
2,350 2.0 s 26.92 &3.73 ean Q i3 . 617 9 Y
2.3%3 2.800 940 26.9 23.2% [k 4 135 692 4 04
2,350 2.800 980 26.9 64.3) 67t 4 196 692 4 164
2.4t0  2.am 303 T.6 FXA] 19 3 12 18 3 11
2.406  2.8400 2 7.6 L% VA N 3 9 10 3 9
2.403 2.850 310 7.6 30,43 (-4 r2.37 3t 3 14 3 3 13
2.400 2.am [ T2} 4 7.6 10,19 w 71.69 135 [] ar 116 6 46
2.400 2.8 602 1.6 16.25 2 [ 42 41 6 a3
2.453  2.80 602 r.6 M. 3 6 4) 73 6 a3
2400 2.0 6n2 7.6 55.11 74 6 ¢4 121 [ 43
2.4 2.800 690 7.6 69.35 bt 6 45 - 6 43
2.4t 2.0 993 7.6 29.83 e 34,75 35 3 ) 336 9 14
2.400  2.800 93 7.6 L AR 3.7 3 15 36 9 14
2.4 2.8 o3 7.6 §4 .00 3°3 9 H - X' 9 14
2.4 2.800 933 7.6 69.R% 333 9 7 36 9 14
2.4:10 2.a70 [ A0 $2.9 2.7 c22 9 20 21 9 19
2.4 2.8 9D 52.9 4,93 623 9 23 621 9 19
2410 2.am 9 52.9 9.%3 9 22 621 9 19
2.500 2.6m 0 7.6 9.2} e 35,04 3 21 €6 3 20 o
2.5m 2.6m 330 r.6 9.5 (& 3.8 3 23 66 3 2u
2.5m 2.60 300 r.6 9.95 (] 6:.31 3 24 &6 3 25
2.5t 2.6 35 7.6 FERA ) e 6.3 3 22 €6 3 et
2.5 2.600 33 26.0 S.%0 e 25, 4% 3 26 378 3 25
2.5% 2.6 353 26,9 <> S 3 24 37a 3 25
2.5 2.6m i3 26.0 e 3:.13 3 2?7 31 3 25
2.5%0 2.6 333 26.9 ] 3:.25 3 29 7R 3 25
2.5 2.4 [ 7.6 [ 3203 [ 49 17 6 2
2.550 2.6 . 6z2 7.6 cy £:.2% 6 s n? 6 4
2.550 2.6% 6n2 7.6 e 61.37 6 52 mr- 6 4R
2.5 2.684 612 7.6 0 oe 3.5 6 51 ar 6 4a
2.550 2.6 596 26 .45 5 ce 15 [ sS4 466 6 53
2.5 2.600 S$96 6.9 S «e Y. 6 b3 466 6 53
-~ 2.5 2.609 o5 7.6 1 e 29.94 9 24 322 9 23
A I 2.509 2.6u ] 1.6 30 e 61 ] 25 322 9 23
~— 2.605  2.700 30 7.6 9 3 h 3 61 3 n
2.60% 2.7 657 - 7.6 9 6 57 112 6 56
2.6 2.Ma 936 1.6 29 9 27 324 9 26
2.765 3 3 . 7.6 1% He .23 3 35 174 3 34
2.16% 3 %7 7.6 ¥ : 3 33 12 3 0 32
2.7¢0 3 657 7.6 A He r..69 117 € 59 116 6 sa
2.775 3 S 7.6 7 27 3 37 26 3 36
2.7 3 a5 7.6 1. 21 3 39 25 3 3a
3 s 7.6 LR 22 3 a5 24 3 3
3 352 26.0 5.0 333 3 az 336 3 41
3 2 26.5 19,75 339 3 43 336 3 a3
3 32 26.9 2u.2" 35 3 44 33 3 a3
3 3 26.9 59.6. 651 3 46 650 3 43
642 7.6 9.9% 124 7 2 1 7 1
6u2 7.6 300 s 7 3 76 7 3
612 7.6 55,14 3 7 4 76 L4 1
&2 1.6 69.95 85 7 H 16 7 1
609 26.9 1.0 247 7 7 446 4 6
596 26.5 S.vv 43R 7 e @ 446 4 [
596 25.9 .20 as 7 ) 446 7 6
594 26.9 20.25 a5 4 10 446 ? [3
594 26.59 47,85 45 7 11 436 14 [
596 26 .0 £5.64 653 7 13 €52 14 12
98 7.6 29.R1 "2 39.'6 3:s 9 32 31 9 28
953 7.6 .10 332 9 29 311 S 28
93 7.6 3 313 9 3 311 9 2»
933 . 1.6 69.R 314 9 31 311 9 2a
919 26.9 14,70 (30 ] 34 673 9 33
9135 26.5 33.6% . €75 9 3s 673 9 33
958 26,5 58,70 . €76 9 36 673 9 33
98 26.9 22.7 . 693 4 1ne 6A89 4 107
985 26,0 69.19 ga3 4 109 689 4 07
950 s2.0 2.7 - 620 -] 45 617 9 37
959 52,0 S.iu 639 9 39 617 [] »
-0 52.0 10.00 614 9 3a 617 9 37
990 52.0 12.30 €632 4 1.2 630 4 110
999 - $2.0 3.5 631 4 113 630 4 119
! 999 52.9 606 633 4 113 634 4 119
t »r 1.6 .00 15 3 48 14 3 ar
— 305 7.8 .9 29 3 S5 2a 3 49
. , . 303 26.0 ‘9,95 345 3 52 343 3 H
o 303 26.0 .65 X6 3 53 343 3 51
2 26.0 40,64 k724 3 54 343 3 51
02 1.6 Y. a2 T 15 A1 14 14
590 7.6 50,64 as 7 17 84 7 16
593 r.6 . 1% a6 - 7 18 84 4 16
___Ses 26.0 10.10 456 7 20 454 4 19




- INCEX T ACATLAGLE WATIR S3CCTAR {CNTL)

WAVCLENGTH TEMPERATURE CELL WATES CAOASENER RUN LOCATION
(MIERINS) (CENT1GSADE)  LENGTM  FROSSUE GAS  PRTSSIRE SPECTRUM CACKGTING
INTTIAL FINAL (. }] 12CNT,  TAPE  SEQ. 1SCNT.  TAPE  SCa.
2.970 3,250 596 26.%5 29.3 as7 7 23 454 7 19
2,900 3.250 396 26.9 41,64 L5 [ 4 22 454 14 19
2.9a0 3. 20 998 1.6 man 317 9 @2 316 9 43
2,980 Y. 2m 56 7.6 49.95 A 9 43 316 9 41
2.9an 3. 2w 936 m.2u 319 9 as 316 9 43
3. 3,470 360 ¢ 9.9 534 3 sa 531 3 55
J.m 3,470 h A 10409 19,49 He 0.3 535 3 59 531 3 55
3.000 3.470 300 18,0 .20 $32 3 56 531 3 [1]
o 3.470 N 150.0 61,25 533 3 57 ‘531 p] 55
3,470 () PG TR 29.% . 573 7 24 572 7 23
3.4 (23] 10509 59.41 574 ? 25 572 7 23
3.470 900 26.9 19.10 53 9 46 sue 9 45
3.470 o 26.0 19.89 . 504 9 47 5n2 9 45
3.470 oy 26.9 35,10 ERS 9 S €3 ] 19
3.4 o 26.0 4% .45 508 9 4a 502 9 . 45 K
3.470 (-1 26.0 61,5 624 9 L) 633 9 49 *
3.470 ol 52.9 35.5% 626 9 53 G625 9 52
3.4 o s2.0 62.4% €27 9 S4 625 8. 52
3.470 978 26.49 22.50 6R? 4 1:5 €36 4 114
3.470 ara 26.0 = 6n.1% (3L 4 116 636 4 114
3.470 E T 52.9 59.1% . €29 4 118 €28 a 117
3470 . 600 7.6 331,345 27 ? 4 hegd b4 26
3.470 [ 7.6 272 ? o 275 b4 26
3.470 (3 7.6 "2 s2.31 2ve 4 35 27 ? 26
3.470 [ Tk ] 7.6 213 7 29 275 14 26
290 7.6 127 3 61 126 3 (Y]
29 7.6 28 3 &2 125 3 [N
293 7.6 "2 55,55 135 3 64 126 3 6o’
293 .6 129 3 €3 126 3 ()
92 1.6 216 4 67 215 & G6
903 7.6 -4 51.% 2 4 ?a 215 4 €6
a3 . 7.6 217 4 (33 215 4 G6
993 7.5 218 e - 6 215 L) 66
: 33 26.0 34 3 & 33 3 15
: ‘ ¥ 26,5 “2 35.69 337 3 22 333 3 15
L 304 230 385 3 17 IRI 3 15
298 5.0 386 3 18 333 3 15
656 25.49 am 14 32 459 7 31
3. 634 Lo ar 7 33 269 7 3
; 3 G4 26.9 arz 7 34 465 ? 3
¢ L} [} 1055 ¥i.16 529 14 33 . s14 7 35
4 60 103.5 59.80 55% 7 a5 523 4 35
4 294 3 S, oe 1.7 ans 3 69 339 3 G5
4 299, 303,15 ox 1.1 845 3 7 3 3 65
s a0 1.1 535 3 74 536 3 141
¢ 4 304 1.3 "2 42.25 540 3 75 536 3 14}
3 30 35,35 $38 3 73 536 3 71
4 30 59.2% 537 3 r2 536 3 n
4 597 7.5 e 3.6 2713 14 45 275 7 43
4 597 16,9 e 3.0 2”1 4 46 2715 7 4y
14 s 10,44 e 1.4 L] L4 53 ar2 7 56 .,
1 645 4.4 23 7 48 480 4 a7
L] s 9,95 33 4 2 384 4 1
4 2 4,95 H2 35,69 335 4 L 38R 4 1
4 h 13} 4 5.0 AR 4 *3 3RA 2 3
3 30 §.u8 [} .29 396 4 9 3RR 4 1
] 299 5.1 R .19 397 4 1 LTX 4 1
4 32 5.20 H2 15.00 394 4 b4 3an 4 1
'’ mn? 19,20 3N 4 4 33l 4 3
kS s 24.15 3 4 H 3IsA 4 1
£ 304 44,55 333 4 6 378 s 1
4. 5,500 [12}] 5.35 a76 ? 54 ars 4 52
*. 5.5095 615 2° 1.9 a5 7 53 473 7 52
1, 5.500 645 26.9 19.9% 4R T 55 a3 r 52
P 4,520 894 7.6 55,35 ' 1R9 [} 14} 194 4 r2 .
s.8u0 4,520 903 1.6 ™.25 ’ i1 T &7 1% 1907 4 72
4.5 5.040 290 7.6 19.0m 132 4 12 131 4 11
4, 5.540 290 7.6 30,40 133 4 13 131 4 11
¢, 5,040 29 7.6 0.0 134 [} 14 131 [} 11
T, 5,040 299 1.6 69.95 135 4 15 13, 4 11
$.040 605 7.6 9.95 155 4 a3 154 [} a2
- 5 .040 605 7.6 29.85 156 4 44 154 4 42
5.040 603 r.6 49.8% 157 4 a5 154 4 42
S,.040 603 | 7.6 69.69 158 4 46 154 4 42
5.040 896 7.6 10.20 188 4 7a 183 4 74
i N $.040 903 7.6 3.3 1A% [} 75 183 4 74
! 5.040 9201 7.6 50.50 186 4 16 183 4 78
o/ $.040 s01 7.6 .50 A7 4 77 183 P 74
3.500 308 7.6 10.10 137 4 17 136 4 35
5.300 08 7.6 n.10 e 56.06 142 4 3 183 4 34
$.500 305 7.6 ».20 ’ 138 4 18 136 4 35
5.0 4 7.6 3.5 e 61.25 344 4 “” 141 4 38
$.300 304 7.6 30.60 o [ 61.75 143 4 40 143 4 38




€,

WAVEL ENG TH

(N1 CRINS)

INITIAL  FINAL
s, 3500
3. 3.500
§ .00 5.500
s 5.500
§.,000 5,300
S, 5,30
S 5,30
s 5500
5.0 5.5
S0 S.240
S.owa 5,240
s, 5.0
S0 5.1
S0 5.3
S 5,240
S,y 5.240
5.229 5.5t
3.220 5.5
5,220 5,540
5.220 5,50
s. i 5.5
$.300 5,550
5.%m 5.500
5.300 5.5
5.450 7,200
7.2

7.200

7.20%

7.2

5.490 7.2
5.4 1.2
5.4 T2
S .40 r.229
7.2

7.2

T.200

7.840

7.840

T.880

T.840

7.844

7.840

7.849

7.840

7.840

7.6840

8,159

8,300

&350

8.1

8,109

TEMPERATURS
(CENTIGRAZE)

3
I
6ns
6us
6u7
[ 114
ear
613
6us
o)
93
9
o
901
933
o3
93
i3
933
93
645
6us
6us
()
30

b 2}
4
30
b 2]
k2
300
30
64
613
695
604
oD
3D
294
299
>0
299
612
6u2
612
602
613
64
600
650
640

INGEX T AVATLAD € JATER S3CCTRA

(4484

LENGTM  PRTSSUIE

[{<}]

L X R R -]

DRETE R B B B B B e
o e 8 B s ® ®w e s e e u e

.

Y Y YT Y Y Y Y Y]

P NNNNNNNNNN
GO ON

26.4
26.9
265
28 .49
2645
264
26.5
26,4
26.0
26.4
26.0
26.0
26.0

WATI

49 .a5
69.91
19.13
29.9)
I
.37
31.3%
S0.0%
69.83

9.95
.25
.30
33.33
35,53
59410
7.9

545.05
il
1.0
S,
5.1
5.15
5.2
5.25
113,15

4105

B3
“As 3

e
(2]

(2}
e

ce

33

e

R

SONER

~ESSURE

61.25
6.1.44
63,1

59.30
$9.75
$9.94

15.12
.25
11.56
19.19

19.12

.24
15.25

(CNT,)

SFICTRUM
TAPE

130NT.

139
140
p 3]
161
1Ry
1A
3 4
162
163
193
15
20
2UA
203
195
196
194
193
%
Ul
165
165
167
1€6A
410
411
416
a?
414
415
212

St
493
499
S50

ﬂﬁqﬂqqqsﬂhLbhbhqnqq..bb..Ahlhh.lh.h.bbhhbhbb’h&hhhhb

JUN LOCATION

CACKGRIUND
1SENY.  TARE  SCa.
136 4 35
136 4 35
159 4 qar
159 4 a7
1RG0 [] 53
184 4 5¢
169 4 52

. 159 4 %4
159 4 24
192 4 a3
192 4 [} ]
2 4 79
2u2 4 £
eu2 4 »
192 L a3
192 4 a3
197 4 an
bL:14 4 &1
197 4 -0
197 4 AR
164 4 57
164 4 57
182 4 57
164 4 57
4459 4 19
449 4 0
493 4 19
4499 4 13
449 4 5
449 4 b3 ]
439 a 19
419 4 19
436 7 (4]
486 7 6%
ang 7 (3]
ané ? 64
aia 4 26
(37 4 2a
418 4 28
438 4 2R
418 4 2Aa
418 4 2n
491 7 GS
491 7 65
491 4 (<]
431 14 65
495 7 14
495 7 {3
496G 14 75
496 -7 T
495 14 4x]




WAVCLENG TH TCURECRATURE
HTCRINS) (CENTIGRACE)
INITIAL FINAL
1.250 1.4%5) 349
1.259 1.450 39
1.25% 1.450 N
1.2%0 1.450 310
1.250 1.450 319
1.250 1,600 360
1.259 1.600 3
L1300 1,480 300
1.309 1.450 b A ]
1.320  1.3m 2
1.320 1.370 2
1.320  1.37 2
1.329 1.3 ¥»i2
1.325 1.37% nr
1.32% 1.3a8 297
1.325 1.37% m?
1.369 1.530 L) )
1.360 1.530 i3
1.360 1.510 n3
-~ 1.510 -+ 33
1.52% 37
1.528 mnr
1,530 297
1.739 37
1.0 b 4]
1.700 ¥4
1.700 LAY
2.4 3
2.1 ¥
2.1 3
2,300 3w
2.3 36
2.1 6
2.0 36
b )]
)
2
297
234
296
296
: 296
1. 295
1 3
H 2.0 3
3 1.86% 3
1. 1.RR% 298
. 1,880 293
1. 1.RA% 296
L4 H 1.8R% 296
1. 1.8a85 235
1 1.8R40 295
t. 2.9 32
H t ne
1. 295
H 3un
1. 3
HN 296
: 3u0
HR g
1, 3un
HEY, 3aa
2. 340
2. 300
2. 39
2, ns
2, 2.85% 05
2.35% 2,800 294
2.354 2,800 294
&.350 2,855 293
2.359 2.850 294
7 2.35%0 2.800 294
2.35% 2,800 300
2.400 2.800 s
2.4050 2.a00 2
2.400 2.8 310
2.500 2.600 300
2,500  2.600 39
2.500 2.6u00 356
2,500 2,600 0
2,509 2.6 303
2.5 2.6u0 33
2.500 2,600 s

R-T356

WATZR SPECTRA GROURED LGy YEMAEIATURE

el

LCNGTH BRISSU €

(14, }}

26.9
26.9
52.0
52.0
52.0
nn.0
5.0
1.9
1.0
26.0
26.9
26.9
26.9
7.6
7.6
7.6
26.0
26.0
26.0
26.9
1.6
r.6
7.6
26.4
52.%
52.0
52.0
.o
LN
1.0
uh.n
52.0
52.9
52.9
26.0
26.9
7.6
7.6
7.6
25.9
26.9
26.9
265
1m0
LRy )
7.6
7.6
7.6
25.49
26.%
26.0
26,4
7.6
7.6

i

B
L

(=3B R ¥ P ¥ 3

26
14
14
7
7
4
14
7

26

28

26

WATZ:

33,00
58,99
14.9)
35.m
6a.%
29.95
59.65

4.9

S.0

9.85
1a.24
19.9:
45,0
59,35
59.5

69.95°

15,0
1.
0.

BIMITNCY

(783

1

H2

IILSSURE

L LY

31.06

52.56
.87

52.78

T1.19

25,37

12,050

15.19
30,37

r2.37
3.
33.06
61.31
61.31
15.00
15.00

319

10CNT.

[ 3]
6e2
579
376
[24)
11
512
Si9
529
369
372

i
3

55
63
56
3rr
374
375
375
5%
53
63
(LT}
52
582
583
517
$14

515.

516
545
57
SA6
646
647

46

359
351
352
522
5%

35

49

11
3cs
355
358
357

ERS

A2 )
332
kg
387
353
354
365

LX)
27
526
525

1
1
1
1
b
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
H
1
3
1
1
1
b
2
2
4
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

SUN LOZATION
SPZCTIUM
TAE  SEQ.

BACKER DUND
10ENT.

2 644
3 641y
? 575
5 575
6 575
9 510
10 510
12 S1a
13 S1a
15 iGa
1A 3GA
16 368
17 3CR
P2 54
23 62
2! 54
L) 373
25 373
26 3’3
27 373
N 57
31 57
33 61
35 G13
7 53
3a 585
39 3R
5 513
2 513
3 513
4 513
7 Sa4
9 5a4
] 54
11 625
12 645
17
14
15

WP N Yy
AL ELRTI N RS O
w
ng Y gg
gy 0% n

L£aH
“
o
W

)
1
1
1
b
1
1
b}
1
1
1
1
1
1
1
1
1
1
1
1
1
!
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
F4
2
2
2
2
2
b4
2
2
2
4
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

32

mmmnunnggg

-

o~

TAFE  SEq.




e

(\,M-..“
.

“~

"REPRODUCIBILIT

WAVCLENG TH
(HT1CRONS)

INITIAL FINAL

- 2.%09 2.600

2,6un 2.790

2.760 3.0

2.769 3.000

2.7 3.0

2.7an 3.000

2.7a0 3.0

2.780, 3.0

2.780 3.000

2.783 3,40

2.7a0  3.029

2.54a0 3.200

2 .9/% 3.22%

2.9a9 3.25)

2,930 3,254

2.9 3.250

3.0 3.4

3.0 3.470

3.4 3.470

3. 34am

3.147  3.467

3.147 3.467

3.147  3.467

3.:47 3.467
3,200 3.470 .

3.2 3.470

3.2 3.4

3.2 3.470

4,100 4.699

4,100 4,605

4,00 5.4

4,300 5.0

4.1 S,

4.0 5,000

4,400 5.5

4,400  5.500

4,400 5,500

a.800 5.5

4.8  5.500

5,505

5.5

5.550

5.500

5.4

5,080

§.0a0

5,040

5.500

5.390

5.5uU0

5.350

5.304

5.500

5.500

7,254

7.209

7.2un

7,299

TEMPERATURE
(CENYIGRADE)

303
3na
3a?
mr
s
35
]
w2
32
32
300
7
1
03
303
M2
300
30
b s
o0
293
27
293
293
i3
|
304
238
298
299
3
3
Ly

Y OF THE O}

WATER SPCCT3A SROUPES By TEMPERATURE (CONT.)

cTt

WATER

LENSTH  PRESSURE

(<, }]

26.9

e e e .

NN NN
DO DNNAOD D

26.0
26.9
26.9
26.%
26.0
26.9
259
26,9
26.9
28.4%
269
26.0
26,0
26.0
26.9
$2.0
52.0
52.9
10,0
1650.9
100.9
105.0

26.0
26.0

$.12
9.9
14.33
3.0
.00
10,52

0.5
5.
145,78
29.25
$9.63
5.0
5,00
9.9%
20,48
44,60
9.0
10,49
3i.29
€1.79
23.9%
49,73
51.3)
69.r5
YR}

45,51
19453
3.4
53,0
69.95
HUS
LATS B
3.2
33.51
3.6
49,85
69.9)
YR}
5.0
5.1
.11
5.21
5.25
19,19
19.%)
1.5
5.47
5.1
3.1%
19.05
20,315
69,9
15.649
30 .80
60.84
4.9
5.45
29.16
59.20
10.00
10,60
20.00
40,00
30.10

"V 69.9

51.00

CROATINGR
GAS  PRESSURE
(< 31.2%
W2 ™m.2s
¥4 54.37
L 50 .50
"2 .69

e

a4
"2
"2 3.69
(<] 29.25

[ o4 10,19
H2 15,04

oxe 56 .'%6
{174 61.25
(<] 61.75
[1+4 15.12
" 3i.25

(S0 14,56
(&) 19.19
H2 30,44

. H2 15.25
H2 44%.25
H2 32.37
H2 52.69

SPACCTRUM

12ONT.

3a2
65
53
i3
27
21
22
33
339
349
654
15
23
345
16
37

. 53¢

535
532
533
127
128
13
29
3=
37
335
336
45
anus
539
5241
53
537
313
335
3>
3°3
337
3L
398
392

* 393

33
134

. 135

137
142
138
144
143
139
144
4

MAVMBABRO ROV ARAANA LD AL LA raanbtbarahbhilbrrdlabbUUWUUWWORUWUWWNWWAEWWUHUEWRAUWUERWOU DS DWW

TARE

RUN LOCATION

CACKGRIUND

sEa. 1DENT.  TAPE
29 3ra 3
3 G4 3
35 52 3
33 12 3
37 26 3
.39 20 3
445 fat) 3
a2 336 3
43 336 3
44 336 3
46 650 3
4R 14 3
54 2R 3
52 343 3
53 343 3
54 343 3
5a 53 3
59 532 3
56 531 3
57 53% 3
63 126 3
G2 126 3
64 126 3
G2 b 3
16 333 3
19 313 3
A4 313 3
18 3r3 3
€9 399 3
bt 339 3
78 536 . 3
75 536 3
3 536 3
72 536 3
e 388 4
a 338 4
3 3a8 4
9 pRY) 4
15 3s8 4
? 3n8 4
a a3 &
5 3z 4
[ 3as 4
12 132 4
13 13: 4
14 132 a
15 13 4
17 136 4
39 131 4
i8 136 4
4% 132 4
an 143 4
36 136 4
37 136 4
249 4.5 4
21 419 4
28 49 4
ar 459 4
24 £359 4

25 4459 4 .
22 459 4
23 4439 4
29 43R 4
3 418 4
39 419 4
33 418 4
31 418 4
2 418 4
2 G6O 5
4 596 5
5 596 5
] 596 5
1% 560 5
13 564 H
9 569 5
8 56 5
13 432 H
16 432 -]
14 432 5
15 432 5
18 9 5
19 99 5
23 124 H

ul




hesiantn

i,

T L“[

"REPRODUCIBI

WAVELENG TH
(M1 CAONS)
INITIAL FINAL
1,366 1,525
1.366 1.528
1.430 1,750
1,445  31.700
1.449 1,700
1,605  2.110
1.600 2.110
1.600 2.110
1,760 2.1
1.700 2.100
1.700 2.100
1,700 2.4
1.700 2,100
1.0 2.300
1,700 2.1
1.709 2.100
1.700 2.0
1,750 1.829
1..759 1.854
1,750 1.829
1.750 1.820
1,850 1.889
1R 1.a80
1.800 1.889
1.830 2.0
1.860  2.000
1.860 2.0O
1.86u 2.0
2.0 2.550
2.0 2.550
2.350  2.800
2.350 2.804
2.35% 2.8
2,350 2.80)
2.35% 2.8
2.400 2.800
2.4
2.40
2.4m
200
2.5
2.59
2.509

2.5009 -

3200
3. 200
4,000
4,100

TaL00
4,100
4,100
4,200
4,450
4400
4,400
4,500

3,470
3.000
$.000
4,660
4.6090
4,600
5.000
5.500
$.50
5.500
$.040

TEMPERATURE
(CENTIGRAZE)

(3474
62
6un
610
610
éun
609
600
650
694
6
600
600
60
610
© 619
610
6.
en?
- L]
6
6u2
&n2
652
&a?
612
612
612

LITY

k;

WATZR SPCCTRA GAJUPZD By TEMPECRATURE (CONT.)

CeLL

LENGTH  PRESSURL

(CM)

14
14
r
7
?
14
14
14
7

RO DOIOD

. e e .

o
BT ¥ T2 ¥ ¥

DNNNNINDAD NNV NNNYN
SIS

NN
L

26.49

o
<«
.

N
[
[~ &)

26.49 -

7.6
7.6
7.6
26.9
26.9
26.9

150

WATER

50.59
LATSAR ]
69,073

55.63
7.4
3.2
35,109
29,9
70,10
29.€43
[T &

3.0

4.95

St
S .t
9.2
100
9.9
3.0
53,14
63,97
3.0
5.t¥
19.2%
2:3.2%
40,4%

59,64

h ALY
53,6
.9
119,30
21,35
45,60
29.9

59.4n

3.5
51.00
51 .44
6. M
10,5
20,0
39.85
3N.10
59.80

7.50

-14.90

10,40
45.45
§.%
311.0%
19.90
9.95

EROADENER
6AS FAESSURE
H2 29.37
"2 14.75
114 .48
" 69.75
] .
"2 71.69
«© 3206
[l 6'1.25
ce 64,37
e 3.5
ce 5.0
[~ 33.:9
e 7,.69%

H2

e
e
e

52.33

3.08
3.00
1.06

135

RUN LOCATIN

SPECTRUM
1ICCNT.  TAPE  SEQ.
104 5 23
108 5 24
€59 5 26
554 5 2a
595 5 29
SGR [] 33
567 5 32
566 H 31
424 [ ?
442 [ ] 6
434 6 2
439 6 3
443 6 H
LLR} ] ‘8
519 [ 9
5y * 6 1
591 6 11
RR] 6 13
119 3 17
a9 6 14
93 6 18
92 6 19
23 [ 20
54 6 21
121 [ 23
9% [ 25
ar - 6 28
b 6 27
ST 6 32
573 [ 33
464 (3 35
461 6
a62 6 37
463 6 3a
(1] 6 a5
15 [ 47

72 6 a2

73 6 43

74 6 44

4] (] 45

A 6 a9
19 6 L)
111 6 52
bR ] 6 51
467 [ 54
4€A 6 55
it 6 57
1? 6 £
144 4 2

78 ? 3

4] 14 ]

A 7 s

247 4 7
443 4 8
449 T %o
455 ? 15
453 4 11
653 4 13
a2 14 15

RS 7 17
L) ? 1A
456 L4 29
57 4 21
459 7 22
573 4 24
574 4 25
271 4 27
272 14 28
274 ? 3
273 14 25
a1 7 32
L 241 7 33
4ar ? 34
549 1 4 39
$59 7 49
2719 14 45
28, 14 46
443 4 59
4a3 7 a8
478 14 54
a5 7 53
478 4 55
L} 43

N

DACKGRIUND
ICENT. TAPE sCa.
193 5 22
163 5 22
658 5 25
592 5 27
592 H 27
SGS 5 3
565 H 30
565 5 3N
437 ¢ 1
ay? 6 1
437 6 1
437 6 1
437 6 1
a3r 6 1
S5 [ a
53R 6 &
5RA 6 .3
a7 G 12
i1is8 6 16

ar (3 12
A7 6 12
91 6 18
93 6 1a
93 6 1
124 s 22
o5 6 24
25 6 24
95 6 24
569 6 31
569 [ 31
459 & 34
459 [ 34
459 6 34
T 4593 ] 34
654 6 39
154 6 46
143 [ 41
4 6 41
7 [ 43
R4} 6 a1
nr 6 aa
17 6 4a
1n7? 6 48
157 G 4R
466 & 53
° a6 6 s3
1.2 G 56
1:6 & 58
76 14 3
1£o) 7 1
76 7 H
76 4 1
436 4 6
446 4 [
8183 7 6
445 7 6
446 ? 6
652 14 2
al ? 14
84 7 16
A4 T, 18
454 4 19
4514 14 s
454 4 19
572 ? 23
5rz 7 23
274 14 26
444 7 26
2m 7 26
274 14 26
469 7 33
463 4 3
469 7 31
544 4 35
544 i 35
275 14 ay
275 ? 43
482 4 56
4R7 14 47
473 v, 52
473 7 52
473 ? 52
154 4 42




Ty —

— . WATER SFCCYIA GIURCD By TCMPERATURE (CONT.) .
WAVECLENG TH TEMFCRATURE coLL WATIR CIVASINER RUN LOCATION
(MICANS) (CCNTIGRADE) LENGTH PRESSURE GAS PRESSURE SPECTRUM BACKGRIUND
INITIAL FINAL (CM) 1CENT. TAPE SEQ. 1CENT.  TAPE SEQ.

4.500 5,040 6us 7.6 29.7% 158 4 a 154 4 42
4,500  5.040 693 1.6 49.35 . 114 4 45 154 4 42
4,500 5,040 643 7.6 69.50 154 4 . 48 154 4 42
s.o0n 5,500 605 7.6 19,0 HN 4 4a 159 4 ar
s.oua 5,500 603 r.6 . 29.% H3} 4 49 159 4 4ar
s.oun 3,300 6u? 1.6 .00 e 60.25 181 4 55 189 4 54
s.000 5,300 6u? 1.6 3.3 H2 65 .44 §R2 4 56 180 4 54
s.uan . 5.3 (514 7.6 3.0 W 63.00 170 4 53 169 4 52
s.000 8,500 [ 7.6 S0 162 4 50 159 4 a7
s.000 0 5.5 603 r.6 - 69.R5 163 4 51 159 4 ar
5.300 5,509 6018 7.6 19.10 165 4 sa 1G4 4 57
5.309 5.500 608 r.6 29.15 168 4 59 164 4 57
5.300  5.500 6ns r.6 50,08 . 167 4 [<Y] 164 4. 57
5.3 5,500 68 7.6 ™m0 168 4 61 T 164 4 57
5.400 r.200 6u4 26.49 s.m - OR - lu.g2 495 7 64 ARG 7 69
5.400 7.2un 605 26.0 5.3 4a7 14 61 4RG ? (Y]
s.400 7.2 655 26.0 HARE 2a8 4 2 436 7 G0
s.400  7.2% 604 26.9 2.8 43 7 63 486 7 [

Yoww - T.84n - 6u2 26.49 $.0 492 14 66 491 7 65
T 7,840 [ 2580 . o 9.54 435 7 69 an1 [ 4 G5
LR A 7.840 6u2 . 26.06 Lk A} 493 7 67 493 7 65
Toxans P.840 6u2 26.4 20.1% . 494 4 68 491 ? 65
7.0 A 603 26.0 5.0 197 14 n 495 ? m
7T.A0G 8,100 6 26.5% . ox 9.94 su1 14 75 406 4 &
T.AGD A,100 (Je'}] 26.0 1000 498 4 12 4.3 7 G
r.a 8. e 26.9 20,0 499 7 4] 496 7 ™
7.a00 80D 6 26.9 LI ] - 1t 14 74 496° 7 73

1.250 1.450 asa 26.5 2%.0 €64 L) 4 te2 a b

1.250 1.450 /98 26.1 64,50 665 [} 3 662 a 1

1.250 1.450 [.1.] s2.9 15, [0 ] a S (AR 8 [}

1,250 1.450 ans s2.40 ¥i.40 632 ] 6 [S0A] a 4

1,250 1.450 aas : 52.9 61.19 63 R’ 7 & A 4
) 1.3:10 1,510 [- 3 26.9 23.™M LRLY ] 9 58 a 8
1.319 1,510 930 26.0 43, 0 £ [} 1% 546 a &
P 1.325  1.379 931 7.9 51,4 w | S1ue 253 4 65 259 4 62
' 1,320 "1.37 901 7.6 29,7 251 4 €3 250 4 62
- 1,325 1,370 o9y 7.6 bATH 252 4 Gt fol R} 4 62
1.360  1.510 899 7.6 [ a2 f 12 a1 8 11

31.360 1.510 90 7.6 . tiw 233 R 13 291 a 11

1,430 1.750 o 26,10 35,6 637 A 15 6C6 a H

1.430 1.750 E 23,4 [P I [ ] H [ R 14
1.440 1,700 arRd - 2.9 15.79 G5 R 1a &4 s 144

1.440 1.0 LY 52.59 b ANy €% A ‘ 64 8 17 -

1.440% 1.7U0 8RS 52.0 63.40 637 R Fad] G & 17

1.750  2.300) AR 52.% 7.59 €49 a 22 GiA a 21

1,760 2.1 RASG s2.4 15.'0 61 [ 23 [T a 21

1.700 2.100 95 52.5 31.49 611 8 24 [cE [} 23

1.0 2.0 R3S 52.% 61.70 612 a 25 Gua R 21

1,730 -3 26.9 14,7 37 a 27 G639 a 26

1,730 .30 2R 26.9 31430 671 L] 28 G&9 a 2

1,730 2,160 910 26.9 55,09 &rz a 29 [} a 26

C 1,759 1.829 [Ia) 7.6 29.59 295 ] 33 294 a 3

1,759  3.820 9% 7.6 50,08 296 a 32. 294 8 30

1,754 1.824 Wi 7.6 70,65 297 [ 33 294 A 30

1.a05 1,880 255 7.6 29.63 239 a * 35 208 a 34

1,A0 1.RAG 14 7.6 56.20 3un ] 36 294 a 33

1.8 1,8R0 A% 7.6 69,95 331 [ 3 ZOR 8 34

1.835 2.300 ASA 7.6 29.7) * 3is 9 2 352 9 1

1,565 2,100 9% 7.6 50.09 3 9 3 3u2 9 1

1.6 2.300 990 7.6 R4 s 9 4 332 9 1

2. 2.3 9un 28.4 6,50 GA? 9 [ sy 9 5

2, 2.435 993 52.% 39,60 Gi4 9 a 613 9 14

2. 2,434 2 52.0 62.11 315 9 9 6:3 9 7

2,350 2,A00 LHY 26.9 15,33 678 9 11 (34 9 1)

2.35% &.Au 914 26.4 3.1 : 67 9 N cr? 9 14
2,350 2,800 905 26.0 64,79 €A 9 13 677 9 10

2,400 2.800 a3 r.6 29.89 H2 38.7% 315 9 18 346 9 14
2,400 2,899 963 7.6 35,48 ny 9 15 36 9 14
2.400 2.800 9, 7.8 $0.00 308 9 16 36 9 14

2.4u0 2.800 ony . 7.6 69.RS 349 9 17 306 9 14
2,410  2.809 snn 52.0 2.1 622 9 20 621 9 19
2.410 2,800 ] s2.0 4.99 : 623 9 21 621 9 19
2.410  2.a00 90 52.9 9.9 624 S 22 621 9 19
2.500  2.600 s o 7.6 10,10 (4= 29.94 323 9 24 322 9 23
2.500 2.600 908 7.6 36,30 R 61.96 324 9 25 322 9 23
: 2.600 2.700 06 7.6 49,85 321 9 27 329 9 26
K ©o2.780  3.000 905 7.6 29.80 "2 39.06 315 9 32 311 9 28
/ 2.7a0  3.000 03 7.6 33.10 312 ] 29 311 9 28
ta2.780  3.000 9us 7.6 50.10 313 9 3 311 ‘9 28
2.780 3,000 3 7.6 69.80 314 9 N - 311 9 28
2,780 3.020 910 26.0 14.70 (3] ? 34 673 9 33
2.7a0 3,020 905 26.0 30.60 873 9 35 673 9 33
2.780 3,020 9us . 28.0 $8.70 R ers 9 36 673 9 33

R<T356 : ‘B




_— ’um:»

g,

( , WATSR S3SSTTA $INGYID By TIMIIGATJII (CXNTL)
WAVCLENG ™M TEMPERATURE cCLL WATER CROASENER RUN LDCATION
(M1CRONS) (CENTICRADE) LENGTH  PRISSURE GAS  2ITSSURE SPLCTIUM DACKREIUND
INITIAL  FINAL ({41} I3CNT.  TAPE  sEQ. 12CNT.  TARE  5EQ.
2.799 3.000 oK) 52.9 2.7 [Tt 9 40 617 9 3
2,790 3. 941 52.0 5.19 [ 2% 9 39 617 9 37
2.792 3.000 U 52.9 15.'4 €11 9 3 617 L] 37
2.930 J.2m 95 r.6 30,49 h 184 9 42 316 9 41
2.980 B2 96 1.6 49,93 311 9 a3 ‘318 9 41
2,930  3.2m 9.6 7.6 ., 3:9 9 a4 316 9 41
3.0 d.e70 - ' 26.0 15,13 533 9 46 512 9 45
3000 3.470 [- 2] 26.0 19.R) 54 9 47 5a2 9 45
3. 3.4 o200 26.0 30,10 613 9 %1 Ga3 L] 49
3000 S.470 9N 28.0 44,48 5.8 9 4A 502 9 45
3000 347 on 26.4 6.9 634 9 549 623 9 49
L TR TS W § 41 o 2.9 3150 26 9 53 [<Jad ] 9 52
3000 3470 [0 $2.0 62.40 e27 9 54 625 9 52
3,147 3.467 9a2 1.6 35,8 216 4 (34 235 4 65
3.147  J.467 ot 7.6 49,3 “2 53.00 219 4 " 215 4 66
3.147  3.467 93 7.6 Sl 237 4 6a 215 4 €6
3,147  3.467 9.3 T7.6 .49 218 4 69 215 4 66
4.400 4,529 . 898 7.6 LIATR4) 139 4 71 Ha] 4 12
4,400 4.520 93 7.6 m.oe 191 4 73 1959 4 re
4.5 S$.540 - 898 7.6 15.M 183 4 TA 133 a 74
4,500 5.0449 3 7.6 33,30 18% 4 75 1a3 4 74
4,500 5.040 -5} 7.6 51.59 186 4 76 183 4 T3
4,50 5.040 o 7.6 r5.59 137 ] 144 113 Ll 74
5.240 93 7.6 9.7% 133 L} 84 o2 4 a3
5.244 933 7.6 ¥i.25 154 4 &5 192 4 R3
5.%40 k- XAl 7.6 ¥i.30 (>} 59.50 Fat ] 4 &1 202 4 15}
5,300 - i) 7.6 3.3 ce $9.75 hatl 4 A2 292 4 15}
S 5.3 -3} 7.6 3.5 H2 59.94 23 4 - 202 4 14
e 5.240 933 7.6 53.19 195 4 86 192 4 83
5.240 93 7.6 . 196 4 ar 192 4 a3
5.550 933 r.6 9,™ 199 4 L) 157 4 an
5.500 o33 1.6 35,00 19 4 >3 197 4 &’
S.500 o3 7.6 50,48 2.0 a4 91 197 4 AR
5.500 [ 1) 7.6 19,63 20 .4 o2 197 4 A3
2.1 9a% 26.0 23.%3 898 4 94 Go7 4 93
2.1 980 25.0 6. G633 4 95 (<2 4 23
h 2.0 994 52.0 3.0 635 4 or 633 4 96
2,080 2.37 984 26.¢ 64.3) 696 4 99 695 L] 9]
2.0 2.8 99 52.09 12.20 €37 4 1% 66 4 10
2.0 2.8 99 52.0 3.0 S3R 4 e [ c 4 pEA)
2,30 990 52.0 61.83 .639 4 113 G338 ] 150
2.359 9R1 26.0 623 4 155 692 4 104
2.350 [-L0 26.% §3¢ 4 106 692 4 HY)
2,70 9RO 26.4 6% 4 168 6a9 4 a7
2,780 9an 26.49 691 4 s Gro 4 a7
2.790 997 52.9 632 4 112 63 4 110
2,79 993 52.5% [} 4 113 63 4 114
2.7 294 52.9 ¢33 4 113 [ R) 4 N
3.0 974 26.5 337 4 115 GrREG S5 114
3,000 97a 26.9 S3R 4 116 GrG6 4 114
BT ] 944 52.49 €29 4 118 Gan 4 1317




“"REPRODU CIBILITY

( . SPECTRA CONTAINING FOREIIN GASES .
WAVELENG TH TEMPCRATURE ceLL WATTR BIMITHNIR RUNM WOCATION
(MICRONS) (CENTIGRACE) LENGTH PRCSSURE GAS  PAICSSUsE ‘SPLCTRUM EACKGROUNG
INITIAL FINAL [{< 1] 12CNT.  TARE  S%a. 1CCNTY.  TAPE  SEa.
1.250 3.610 (1) 10,0 5.4 H2 4n.25 564 5 11 564 H 4
1,309 1,450 349 09,0 5.0 H2 2.6 5% 1 .3 518 1 11
1,310 1.510 640 26 .5 10.06% u2 32.37 2436 H 6 432 5 12
1,320 1.370 302 26 .0 10.20 H2 3.6 372 1 18 3G8 1 14
1.320 1.37 ou3 .0 H2 PR ] 253 4 (3] 2549 4 62
1.328 1.3a8 297 1.6 "2 T2.5¢ 43 1 23 (<4 b 22
! 1,360 1.510 303 26.9 “2 Ya.R? 3rr 1 24 373 1 24
l 1.360 1.508 594 1.6 "2 $2.69 125 H 21 124 S 20
1.371 1.530 297 7.6 2 82.78 [} 1 33 60 1 32
| 1.700 2,100 &0 26.0 M2 14,75 442 6 6 437 ‘8 1
H 1,760 2,300 690 280 “2 £9.37 434 6 7 437 6 1
: 1.750  1.870 e 1.6 He 7i.19 46 2 17 45 2 16
1.750 2.0 0 1.6 H2 44.37 523 2 25 523 2 23
1.75% 1,850 607 7.6 "2 70,44 1:9 6 i? 118 8 16
1.43 2,000 607 N ) w2 €9.75 121 6 23 120 6 22
1,650 2.wM 302 7.6 2 12,00 48 2 33 a7 2 38
, 1.6 2,100 0 26.0 %4 15.19 366 2 45 361 2 au
1.860 2.100 3l 6.9 "2 3i.37 37 2 3 351 .2 a9
2.8 2954 26.9 w2 29.25 3 3 6 325 3 b
2.8 . 310 7.8 2 12.37 3 3 14 35 3 13
i 2.800 (214 7.6 2 71.69 115 € a 114 6 46
943 7.6 W2 38,75 3 9 i 336 9 14
357 7.8 W n2s ., 5 3 35 52 3 34
6a? 1.8 “2 71.89 117 ] 59 116 6 5a
s r.6 H2 33,06 M5 9 32 31 9 28
A% 00,0 He 51.37 538 3 59 531 3 55
6 7.6 e 52.31 27 M 27 ’ 26
293 7.6 2 S0.50 1% 3 64 326 3 [3Y]
91 r.s "2 51.% ¢19 4 ™ 215 4 66
34 26.0 2 35.69 337 3 19 323 3 15
h & 100,09 "2 42,25 5% 3 75 536 3 14}
w2 26.0 w2 15,1 34 4 4 38R 4 1
2 26.0 w369 358 4 A 3A8 4 1
i 304 7.6 v2 €1.2% 144 4 41 141 4 3a
i . enr 7.6 [Leg Gi.44 112 4 56 180 4 . 54
\ 91 7.6 "2 5,94 233 [} A1 2u2 4 4]
L_/ 3 26.5 12 15.:2 416 4 26 4an9 4 19
300 26.0 " 3,28 437 4 27 a9 4 19
299 264 e 15.25 423 4 33 418 4 2a
298 26.9 " 35,43 124 4 34 © &1R7 4 "2a
300 7.6 (s3] 3.1 69 3 23 66 3 20
30 7.6 [ 61.31 ek 3 24 €6 3 20
343 26.% (o) 15,9 331 3 28 378 3 25
33 26.5 () 3:.2% I 3 2 . 37 3 25
6u2 r.6 [=h] 32,46 1 6 49 17 6 48
6u2 7.6 10,45 o 64.25 139 (3 5t 157 6 48
299 26.5 0.4 [ R ERY 3 R 4.6 3 79
299 e6.0 9,0 [wa) 19,46 ERE 3 Ri C A6 3 9
&2 7.6 a0 ¢ (o] J.34 222 14 o9 en} 7 49
643 7.6 u.n (ox) F-ARRTH 233 7 51 283 4 49
951 7.6 3.0 €A 19,00 o) 9 59 2R4 9 11
899 7.6 6.5 L] 23.19 i) 9 & 2%4 9 5a
300 26.9 $.93 (<) 24,25 3% 4 9 3aa 4 1
394 7.6 .6 €D 61.75 143 4 40 141 [] 3a
€7 7.6 31.3, & [ P iy s * 5 169 4 52
9 7.6 i3 [a] 53,50 het] 4 Ry 212 4 7%
30 26.0 5.2% P <) 19,19 4:5 [l 25 449 4 . 19
30 Wi .0 (13} cle M50 555 2 St 554 2 50
300 100,09 LYY ¢ 140,28 556 2 52 554 2 S50
2,200 690 1.0 [ [ 20w 558 (] 29 557 6 28
2.2u0 6un 165,09 G0 ¢ 145,04 559 6 3 357 6 28
2,600 3 7.6 9.9% cne ¥ 67 3 21 66 3 20
2.600 3 1.6 10,00 2 [ ] 3 22 66 3 29
2.6u5 33y 26.% 5.0 €2 3y 3 26 38 3 25
2.6 33 26 .4 $.,uh e 3 3 2r 37a 3 25
2.600 612 7.6 16,3 [<n-] 119 6 51 17 6 LL
2.6u0 6.2 7.6 1n.20 [ 111 [ 52 107 6 48
2.605 556 26,0 $.00 [ 467 [} 54 466 6 53
2.600 566 26.9 5.0 (4 464 [ 55 466 6 53
2,600 905 7.8 10.14 c.e 323 9 24 322 k] 23
2.600 915 1.6 19.10 [ 4 6! .16 324 9 25 322 9 23
$.000 6u0 160 .9 0.0 R 16,56 545 ? 36 544 7 35
5.600 [ Y] 14,0 0.9 xR 73,50 546 14 3 8544 14 35
S.000 60 . 150.0 0.0 [SC I Y LR uH] 547 4 3a 544 . 4 35
7 4.600 299 26.0 0.0 (4”4 16H.94 [ 15 3 66 399 3 [}H]
4,600 298 26.0 . 5.19 (403 1.00 LI} 3 69 399 3 65
N 4.600 299 26.0 10,15 R 1.00 448 y ™ 399 3 65 -
‘ ] 4,600 299 26.0 0.0 (x4 3.19 38 3 67 . 399 3 65
4,600 298 26.0 0.0 (< 4 6.06 L)) 3 éa 399 3 65
5,000 o 1.6 0.0 (] 12.00 542 3 144 536 3 74
S.0m0 - 30 100.5 0.0 e 74 .69 541 3 76 538 3 71
$,000 p ] 105,06 B ) e 137.87 543 3 ™ 538 3 n
4,600 so7 1.6 4.9 (> 2 3.00 280 7 @ 275 4 a8

F



/

.

WAVELENGTH
(MY CRANS)
INITIAL FINAL
4.100 4,600
4.100 4,600
4,100 4.600
4,300 4.600
4,100 4.600
4,300 4,600
4,100 4.600
4,100 4.600
4,100 4.690
4,400 S50

G 5.0
5.300
$.300
7.200

S.400 7.200
Y. L 7.840
7.a00 8.100

“REPRODUCIBILIT

SPLCTRA CONFAINING FORCIIN GasCe

TEMPCAATYRE
(CENTTIGRASE)

S97
393
£114
596
6us

CELL

LENGTH  PRCSSUART

({<.}}

WATIR

7.5
a4

IRIMIINT

¢As

e

PRTESIRE

(T

SPCCTUM

19°ONT.

21
273
27A
43y
(XY
4nd
239
290
397
142
LAY
2ua
414
45
495
543

TARE

EYREVENE S S W Y R EN R B B

UM LOCATION

sta.

s
a2
43
44
s?
59
sa
56
Y
b
39
$5
a2
24
&4
89
2

BACKGRIUND
1CENT. TAPL SCa.
275 4 41
275 14 41
2715 ? 41
275 4 41
482 ? 56
482 [ 4 56
482 ? 8
2a7 9 53
287 9 58
3aa 4 1
141 4 2a
189 4 54
2u2 4 79
459 4 19
486 ? 62
493 4 65
496 1 4 n




=

RN LOCATION INDEXR .
AECTAIM BACRGRDUND SPCCTIUM BACRSIING
1CONT.  TAPE sgg. ICENT. TARE SZa. 1CCNT.  TAPE sCa. ICENT. TAE sZa.
11 3 10 10 3 9" 156 4 44 154 4 42
13 3 33 12 3 32 157 4 43 154 4 42
13 3 [T} 14 h) ar 154 4 46 154 4 42
. 19 3 12 18 3 11 161 4 an 159 4 a7
: 21 3 39 2n 3 38 161 4 49 159 4 47
; [ 22 3 40 2u 3 3a 162 4 s 159 4 a7
I ' 24 2 Sa 23 2 E14 163 4 11 159 4 47
' 25 z L1) 23 2 57 163 4 Sa 164 4 s7
14 3 37 26 3 3 166 4 59 164 4 5?7
29 3 L1} 28 3 49 167 4 60 164 4 57
31 3 14 30 3 13 164 4 61 164 4 57
33 2 37 32 2 36 . 170 L] S 169 4 52
3s 2 27 38 2 26 : 1”1 4 55 . 185 ] 54
3 2 14 3% 2 13 142 4 56 183 4 H)
38 2 15 38 2 13 : 188 4 75 183 4 74
4 2 29 39 2 28 R 186 4 76 183 4 T8
43 2 b 4] 39 2 2A 1a7 4 144 133 4 74
43 2 a8 42 2 a7 tan 4 7a 183 4 74
44 2 49 42 2 (14 149 [} 7 19) 4 r2
48 2 7 a3 2 18 393 4 7 19 4 72
A 2 3 47 2 3a 193 a4 a4 192 4 AY
53 3 3s s2 3 M 194 4 g 192 4 a3
55 1 29 : 54 1 19 198 [ [ 192 4 a3
56 1 21 S4 H 19 196 4 ar 192 4 A3
Sa 1 3 E34 H 2> 198 4 a9 197 4 nA
s9 3 3 L34 ] 29 199 4 -3 197 4 LT
61 b 33 60 1 32 200 4 91 197 4 RA
63 1 23 62 1 22 201 4 92 19?7 4 Y
65 3 3 64 3 3 213 4 &% 2 4 79
67 3 21 66 3 ok} 204 4 at 2.2 4 79
68 3 22 . . 68 3 20 2uA 4 a2 2u2 4 79
63 3 23 66 3 20 216 [} 67 215 ] 66
. n 3 24 66 3 0 . 217 4 éa 215 4 G6
L r2 6 £2 T 6 L3 218 4 69 215 4 &6
o 73 6 a3 7 6 a1 219 « ™ 218 s 65
L - 74 [ 4" . r 6 43 253 ] 63 254 4 62
( : rs [ 43 n 6 4 64 259 4 €2
rr ? 2 76 ? 4 65 255 4 62
78 4 3 76 14 b4 27 21 7 o6
79 4 4 76 4 7 28 2m 7 25
an 7 L) 76 4 ? 29 2m 7 6
a2 b4 18 a1 b4 14 3 2m 7
(33 4 184 as ? 4 42 275 ?
a6 4 ) a4 ? ? 43 275 7
i a8 [ 13 ar 6 4 a4 275 ?
' a9 6 R a7 [ 4 a5 275 7
. . L 3] [ 18 a7 [ 4 46 270 7
22 6 19 91 6 4 St 2a1 b
93 [] 25 91 6 4 s 281 7
93 € 2: 91 6 9 59 2n4 L}
96 6 2 95 6 9 Gty 284 9
b 14 6 26 93 [ 9 56 2a7 9 5
28 6 27 95 6 9 57 2a7 92
, F) 5 8 99 5 [ 12 291 A
‘ 1l 5 19 29 5 8 12 291 A
14 5 2) 3 5 a 3 294 a
155 5 24 ¢ 203 H [ 32 294 L
8 49 7y 6 8 33 294 [
[ 50 7 4] [} 33 29A [
6 51 7 [ [} 36 29s A
] 82 a7 6 a 37 294 R
$ 57 112 5 9 9
[ ar 114 [ 9 9
6 59 116 6 9 9
6 17 118 6 9 ]
6 23 129 6 .9 5
5 2 124 5 ’ 9
L Y 126 3 » 2
3. 82 126 3 9 2
3 e 12 3 b 9
3 6 126 3 s 9
4 12 133 4 k4 9
] 13 13 4 b 9
4« 14 B3 4 ® 4
. 15 138 4 ® 9
4 17 136 4 b 9
4 is 136 4 * 9
4 3% 136 . ® 9
4 37 136 4 3 3
4 3 141 4 3 3
4 & 143 4 3 3
L I 7 4 3 3
4 4 3 3
39




s

» .;imlu\

)

@

SALCTAM

IDENY.  TAPE  SEQ.
338 3 a2
339 3 43
340 3 44
343 3 52
348 b ] 53
a7 3 54
349 2 19
350 2 0
351 2 21
352 2 22
3% 2 32

©358 2 33
356 ? M
357 2 3s
362 2 43
363 z 42
34 2 43
368 2 44
366 2 43
36? 2 46
369 3 13
b 24t 3 16
b 14 3 37
3r2 1 18
374 3 23
375 3 28
376 1 27
377 H 28
are 3 26
Jan 3 27
3a; 3 28
382 3 29
3A4 3 16
343 3 1?7
346 3 18
IR? 3 19
349 . 4 2
o 4 3
394 4 4
392 4 5
393 4 6
354 4 L4
398 L3 e
396 4 b4
337 4 i
40 3 66
403 3 (34
43 3 &n
Y 3 69
459 3 ™
4T 3 e
Ana 3 39
410 4 i}
411 4 23
02 4 22
413 4 23
414 4 24
435 4 23
a6 ‘A 26
47 4 27
$:9 4 2%
123 4 b 3
31 4 i
422" 4 2
173 ] h2J
433 4 i
233 H 13
43 s 14
235 H 15
43 5 16
43A é 2
439 6 3
tan 6 4
441 6 ]
a2 6 ]
444 [ L4
aar ? L4
448 4 ]
449 7 ]
s L4 10
453 4 11
456 7 o]
asy 4 3

RUN LOCATEON INSEX

BACRGRTUNS
1CENT.  TAFE  sfa.
336 3 41
336 3 43
336 3 41
333 3 $1
343 3 51
333 3 $1
e 2 18
7T Y 2 18
348 2 18
b7 2 18
353 2 n
353 2 -3
333 2 3
353 2 3
361 2 20
361 H 49
361 2 an
361 2 a
31 2 4N
361 2 L 1)
AGa 3 14
A 1 14
36a 3 14
3G8 H 14
373 1 24
373 1 24
373 1 24
373 1 24
37a 3 25
37a 3 25
378 3 25
37A 3 25
3a3 3 15
3a3 3 15
343 3 15
3a3 3 15
334 4 1
3an 4 1
hEYY 4 3
3rA 4 H
3as 4 1
324 4 1
3aa 4 1
b ELY L] 1
3AA 4 1
393 3 65
399 3 65
399 3 65
399 3 65
399 3 85
446 3 79
46 3 73
439 4 19
4459 4 12
4n9 4 19
449 4 b
499 4 19
an) 4 19
449 4 19
s 4 19
438 4 F4)
[31.) 4 28
43 4 n
438 ‘ 2r
438 4 4
41N 4 28
432 5 12
432 5 12
432 5 12
432 5 12
437 [ ] 1
437 6 1
437 6 1
437 [ ] 1
437 [ 3
437 [ ] 1
446 ¥ 8
446 14 4
446 r. ¢
448 ? 6
446 7 ]
ase 4 19
454 7 19

(CNrL)

~ SPECTIRUM
$CCNY.  TAPE  SCa.
ean ? 22
46 6 3s
[T 1Y 6 36
62 (3 3
463 6 3a
"6? 3 54
a6n [ 55
4t 14 32
ar 14 33
ar2 T 0%
ars 4 53
R0 14 54
478 7 S
any 4 48
AnY 4 57
aad ? sa
4as 14 59
An? 4 63
aan ? 62
449 ? 5
49) ? 64
492 7 66
49 7 (24
494 1 4 [
Y] T 69 °
497 7 140
498 14 72
459 14 »
500 4 74
sny L4 75
53 9 40
L.3Y] 9 a7
58 9 an
Saa ] ?
09 [ H)
511 1 9
512 1 10,
514 2 2
515 2 3
516 2 - 4
537 2 H
$19 1 12
s20 3 13
s22 2 24
523 2 23
528 2 54
526 2 55
527 2 5
532 3 56
533 3 57
$34 3 58
535 3 59
537 3 72
$3a 3 73
539 3 Te
Sary 3 75
543 3 76
542 3 rr
843 3 78
548 14 36
S46 7 3?7
547 4 n
5¢9 4 39
sS4 4 &
555 H s
131 z sz
s5a & 29
559 ] 30
561 ] 8
562 S ®
563 s 10
564 H 1
566 H 33
LI 4 ] 32
568 5 33
E 24N 1] 32
£241 [ 33
$73 4 24
574 7 25
576 1 3
STa 1 6
sre 1 7
S 1 k14

BACRERI NG

' 1BONT.
A58
459
439
459
453
466
4GS
4G9
469
469
473
are
ar3
40
4”2
482
ar?
4RG
ARG
L)
4R6
[3:34
ans
491
491
296
496
496
296
496
Sne-
bl
32
506
506
319
510
513
513
513
513
S1R
51A
521
521
523
524
524
531
53:
531
5%
536
533
535
535
536
536
536
%44
S84
544
544
544
§54
554
557
537
560
564
S60
560
$65
565
565
8369
569
sr2
s72
$7s
578
578
540

TAFC  SCa.

N~

(]
&
6
§
(]
?
?
14
?
?
4
7
14
4
7
4
4
?
7
7
4
7
T
7
14
7
7
2
2
9
)
R
1
1
2
2
2
4
1
1
2
2
4
2
2
3
3
3
3
3
3
3
3
3
3
3
2
2

7
7
7
7
7
6
6
5
5
3
]
5
3
5
6
6
4
14
)
]
1
31

19
ht}
Ja
34
34
53
33
31
3
N
52
52
52
ar




( . AU O XCATION INCT (ONY Y

SPECTRUM SACKOIUND
1CENY,  TAPC  3Ea. 1CENT.  TarE  SEQ.
: s5a2 1 3a 589 1 36
3 343 1 39 S&a 1 36
: ELY 2 7 584 -4 6
‘ A6 2 [} 514 2 - 6
4 sa? H 9 533 2 6
4 Sas [ ] 5Ra 6 [}
s90 [} Y] SaR 6. a
3 6 11 Saa ] ]
39¢ 5 28 592 5 27
595 H 25 592 5 27
397 S 4 596 H 3
Soa - H 596 L) 3
. 599 ] 6 596 s 3
- 691 a 5 64 8 4
‘ 6n2 8 [ [ O] [} 4
643 ] 4 63 a 4
6 a8 18 6 & 17
616 s 19 6t [ 17
6nr [ 20 654 a 17
649 [ 22 608 [] :
i : . 610 [ 23 68 a8 21
) 611 [} 24 €ua [ 23
H 612 a 25 6uR 8 21
i 614 9 [ 613 9 ?
o 15 9 9 613 9 7.
| 18 9 3a €617 9 37
. 619 9 39 617" 9 k14
621 9 44 617 9 37
622 9 2u 621 9 19
; 623 9 21 €21 9 19
! 624 9 22 €21 9 19.
626 9 53 €25 9 52
. 6z? L] Sa €25 9 52
L 629 4 138 a4 117
. 631 4 111 4 10
% 632 e 112 4 119
/\_, 633 4 113 4 115
: b 635 4 o7 P %
: 637 4 1 EI ot
i 63a 4  1u2 4 1
; 639 8 1u3 4 1
i 631 1 2 H 1
| 642 1 3 1 1
! €44 1 35 : 34
| 645 2 i 2 HY
H 647 2 12 2 15
H a9 3 ) 3 4
| 651 3 a6 3 a5
i 653 7 13 ? :
{ 655 6 4y 6 33
: 659 S 26 s bt ]
661 5 2 s H
! €64 a 2 A 1
1 665 s 3 A 1
i 667 a 15 8 18
: 668 8 16 a ]
H , 67 a 2? 4 2¢
» 673 a 28 a 26
i 672 a 29 a 28
674 9 34 9 33
675 9 35 9 33
676 9 36 9 33
678 9 1 (344 9 14
679 9 12 8§77 9 H
(2T 9 13 677 9 1
6a2 9 [3 T 6R1 9 H
6n4 9 56 683 9 49
(13} 9 $1 633 9 ‘9
6a7 4 135 5s6 4 118
6AR 4 116 616 4 114
690 4 108 <9 4 17
691 4 109 6 4 157
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