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FOREWARD

This report summarizes and describes the work zccomplished on
Contract N0G164-67-C-0320 during the period from February, 1967
through February, 1968.

It is a pleasure to acknowledge the work of Denver Research
institute personnel who have contxibuted to the material contained
in this report; they are Mr. Ralph Williams, Mr. James Brewer,
Mr. Robert Marchese and Mr. Vincent Miller. The author also has
been aided by discussions of flare problems with Mr. Williaa
Cronk, Capt. Gene Holder and Mr. Lyle Gorzkiewic: of Eglin Air
Force Base, Target and Missiles Division, Dr. Robert Evans of
Atlantic Research Corp., Dr. Hal Waite of Ordnance Research Inc.
and Mr. B. E. Douda, Mr. James Swinson ad Mr. Duanc Johnson of
the U. S. Naval Ammunition Depot, Crane, Indiana, Research and
Development Department.
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I. ABSTRACT

The time~-integrated grating spectra obtained at a dispersion
of 14.8 X/mm from flames produced by Mg-Ba(NO,) o Mg~ NaNO -Ba(N03)2
- Sr(NO;) -TFE, Al-NaCl0)-PVC, A1-KC10,, -FVC, 31-Sr(010u) =PVC,
-Ba(Clé § -PyC, B-KC10y,~PVC, Mg-1iClO),-FVC, Mg-NaCth, at different
velght percentages are photographically reproduced.

These spectra have been obtained from flames burning in ambient
air ranging in pressure from 630 torr to 70 terr.

Time-resolved spectra have been obtained from these same com-
positions, burning at the same ambient pressures, with a Perkin Flmer
Model 108 Scenning Spectrometer at a rate of 3 per second. Photo-
graphic enlargements of typicael spectre as photographed on the CRO are
shown.

The colorimetric purity, dominent wavelength, intensity and
integrated light output from the same mixtures burning under the same
conditions are tabulsted and also plotted on C.I.E. chromaticity

charts.

The absorption of the light resulting from its passsge through
the smoke evolved during combustion has been determined and absorption
coefficients tabulated for the smoke from several different composi-
tions and ambient pressures.

Suggestions have been made for further studies of combustion
problems.
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II Introduction

The data presented in this report were collected to determine the
intensity and spectral distribution of the visible radiation produced by
the alkali and alkeline earth perchlorates when burned with magnesium,
aluminum and boron. This report makes available for reference spectral
data on the materials commonly employed as fuels and oxidants in solid
flare compositions, when added to the data presented in earlier studies.

Because the work to be done under this contract was in several re-
spects an extension of the work done under Contracts N0O0O164-10520 and
N164-11171 and reported i- RDTR35 and RDTR9Y, U.S. Naval Ammunition De-
pot, Crane, Indiana some of the problems which were noted during those
studies have been re-examined. As a result, it was hoped that more in-
formation could be ohtained from the spectra with a moderate increase in
effort. The discussion presented later will explain in detail the manner
in which it was hoped to obtain this additional information.

The supply of materials that had been used in the previous tasks had
been depleted. Some forty suppliers of chemicals were contacted to deter-
mine the best sourece - in some cases the only source - from which to ob-
tain the alkall and alkaline earth nitrates and perchlorates and magnes-
ium, aluminum and boron needed in this study. Anhydrous, - 320 mesh mat-
erials were preferred, but proved difficult to come by. Material which
was supplied by the U, 5. Naval Ammunition Depot, Crane, Indiana consiste-
ed of perchlorates of barium and strontium and a quantity of amorphous
boron. Supplies of powdered aluminum were donated by Reynolds Metals as
samples and powdered anhydrous perchlorates of lithium, sodium, potassium
and barium were finally obtained from the Geo. Smith Co.* It was necessary
to regrind most of these commercial materials to the desired size.

Because of the '"chimney effect" which occurs when flares are burned
in red fiber or other flame-resistent cases, which has some influence on
the color, spectra and temperatures of the flame, it was hoped that it
would be possible to eliminate the casing. Thin-walled epoxy tubing,
epoxy and polyurethane coating materials were investigated.

Data was acquired from the combustion of a number of pyrotechnic com-
positions containing Mg, Al or B as the fuel and Na, K, Ba or Sr perchlor-
ates as the oxidants. Mixtures containing magnesium and Na, Ba or Sr nit-
rate were also tested, primarily to provide a direct experimental link with
the earlier work and also as a convenlence to the reader by providing ex-
amples of the spectra from Mg-NaNO;. It 1s thus less necessary to refer
to reports RDTR 91 and RDTR 35. T%e earlier work on the Mg-Ba(NO3)o/
Sr(NO3) mix, (F-16), had not been completed in time to uppear in gDTR 91
"and was therefore included.

* G, Frederick Smith Chemical Co., Columbus, Ohio
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Smoke produced during combustion tends to interfere with measure-
ments of the intensity and color of the flare rather early in a burn.
A procedure was adopted which aided the estimation of the magniture of
the smoke obscuration, which is described in detail in Section III.

It is assumed that readers of this report esre, generally, femiliar
with the history and state of the art in pyrotechnics. However, those
who are new to this field may find it convenient to browse through some
background material. As an ald to this process, a few references to
the literature are included in the bibliography. Unfortunately, &
great deal of interesting material is not readily availsble but must
be unea.thed from the DDC files; this task must here be left to the
individual. (15-24)
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IIT Experimental Work

. Most of the equipment used in this work had been acquired, &nd des-
cribed, in the course of preceding work in this area. Therefore,it will
not be discussed in detail in this report? However, some changes have

. been mede to improve the extent or accuracy of the data produced by the
various units.

A new photomultiplier was purchased for use with the Perkin-Elmer 108
Spectrometer. This is a Type 6217, 10-stage tube with S~10 response (Ag-
B1-0-Cs) which exhibits a current gain of 2.5 x 10°. The 10 percent res-
ponse points fall at 3200 i 150 angstroms and 6950 i'350 angstroms, thus
providing output over about the same wevelength region as the Linagraph
Shellburst film sensitivity covers. Peak response is at 4500 + 300 ang-
stroms. This tube has been mounted on a plate which fits the kinematic
locating V-s of the I.R. detector-ellipsoidal mirror mount and is inter-
changeable with it,.

The electronic colorimeter head which was built twe years ago has twice
been recalibrated. A plot of the results obtained is shown in Figure 1.
Wratten gelutin filters 65 and 22, and a narrow band-pass interference
filter with peak transmission at 0.557 micron were used to color the light
from a 35 mm slide projector, thus providing a source of illumination of
approximately known dominant wavelength and purity. Care being exercised
to obtain even illumination across the four cells of the colorimeter, it
was found that the results from the Wratten filters were in good agreement
with the dominant wavelength and purity values given in "Kodak Wratten
! Filters for Scientific end Technical Use". See also Plate No. 63.

REZEH 4

The measured values were 0.501 micron, 65 percent purity and 0.595
micron, 100 percent purity for the 65 and 22 filiers, respectively. The
: published values were given for Illuminant A as 0.501 micron, T4 percent
a purity and 0.599 micron, 100 percent purity. The same tests were repeated
with a piece of glass inserted in the light path. This glass is used to
cover the porthole on the High Altitude Chamber through which the measure-
ments will be made. A shift was found to occur toward the green; values
! with this glass in place are 0.506 micron, 65 percent; 0.589 micron, 93
‘ percent. Although the color change represented by the difference between
measured and published velues is almost negligible without the porthole
: glass in the path, the change caused by the glass is (0.005, 0.010 micron)
f ‘ which is from 5 to 10 times the minimum noticeable amount. (See 10.) The
| response of the y-cell to intensity was also checked snd found to be with-
, in 10 percent of the value found previously.
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, The compositions of the mixes that have been made for the present study
are shown in Table 1. Prints of typlcal spectra recorded on the B & L 1.5 m.,
grating, from a point in the flames 1/2 - 3/&" above the flare casing, are

- shown in Plates 1 -11. Spectra were obtained simultaneously with the Per-

{

1

kin-Elmer Model 108 and the B & J grating spectrograph. Some of the typi-
cal spectral records from the P-E 108 spectrometer are reproduced in Plate

. Nos. 13~54. In addition to these records, the data obtained simultaneously
from the colorimeter ure presented in Table 2,

¥See Bibllography 12, 13, 1. 7
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TABLE 1
Composition Code, Weight Percent
R Mix IAL|B [Mg| I4 | Na | K Ba Sr Na Ba Sr
No.F~- €10y} €10y, €10y, |(C10}, )5 | (C10y )5 NO4|(NO3), |(NO5 ), |TFE| PVC
Mix 25 o> . 0
L 3 3 65 '
Lo 60
N 4o 30 30
7 25 65 10
8 60 ko
1k 20 %
15 30 60 10
16 51 37 T 5
30 |35 60 5
31 {32 63 - 5
32 135 60 5
3 137 58 5
34 37 58 i 5
35 21 68 5
36 37 58 — _ p)
37 37 58 )
. 38 37| 58 5
‘ 39 37 58 5
ko 37 58 5
b1 37 L _58 L 5
. L2 37 56 5
43 37 58 5
Lb 37 58 5
ks 58 37 5
u6 1681 1 L.y .2l o] SR ISR NN NN S N
T ]58 37 5
48 |58 37 5
k9 |58 37 5
50 58 37 5
51 68 27 5
52 58 37 5
53 58 37 5
5k 58 37 5
55 58 37 5
56 58 31 5
51 58 37 )
58 58 37 5
59 58 | 37 5
9




TABIE 2

Flare Color, Intensity and Related Data

T e e o i s

Burn | Candela Dominant

Run Mix |Pressure | Time |  .:onds Candelsa | Wavelength
No. No. torr secs rotal Average Av. mpt | Purity
1 F-1 630 5.5 | 26536 L4300 608 0.748
2 F-1 630 9.0 | 37468 Lo27 607 0.818
3 F-1 630 No color data; Visually yellow-white, bright
L F-1 630 No color data; Visually yellow-white, bright
5 F-3 630 9.2 | 31004 34ks 603 0.822
[9) F=3 630 T.3 1 22073 20h5 597 0.813
7 F-b 630 24.5 | hand calc. 4070 600 0.940
8 Pl 630 20.0 | {Approx).| 3764 593 0.910
9 F-b 630 29.0 |120005 4181 609 0.904
10~ F-7 630 Runs[10 - 13 inclusive were made to determine
11 F-3 630 the best control settings for the P-E Model
12 F-k 630 108 scanning spectrometer.
113 | F-b | 630 S
14 F-31 | 630 T7. _.| No colorimeter data. Visually, blue-
15 F-31 630 a0 white flame noted on all Runs 14-21.
16 F-31 630 ' 68 Data is lacking because the flame 1s of
17 F-31 630 75 low intensity and is often forked or
13 F-31 630 73 skewed from its expected location. T s,
19 F=-31 630 73 radiation is not focussed on the spectro-
20 F-31 | 630 75 meter/spectrograph slits.
21 | F-31 | 630 175 | . __
22 F-8 _639‘ Burned less than 3 secs; no data
23" | F-b | 630 L Colorimeter records off-scale at 20:1

I R . attenuation,
2h ] F<ih | 630 | | None of these attempts to burn F-1k or
25 | FSIL | 636 F-15 mixes were successful. The flares
26 F-1k4 630 refused to ignite by any of the usual
27+ F-1b | 630 _ technigues.
2 F-15 | 7630
29 | F-15 | 630
30 F-15 1 630 | ____ ]
31 F-16 | 630 5
32 F-16 | 630 5.5 | 94352 17155 595 0.628
33 + F-16 630 9352 17186 »87 0.629
3" F-14 | 76307 7| Weuld nob bupd T[T T T f T
35 | F-16 | 300 7 1109396 15622 577 0.72
36 F-16 300 7.6 112336 14978 580 0.729
37 F-16 | 630 5 112038 2039k 577 0.662
38 F-16 150 11 112038 10181 580 0.799

10
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. TABLE 2 (Continued)
Flare Color, Intensity and Related Data
. Burn | Candela Dominant |
v, Run Mix |[Pressure | Time | Seconds Candela |Wavelength
$ No. No. | Torr secs Total Average Av. mpt | Purity
n 39 F-26 | 75 oy _ | 8k | 4383 STT . 0. 831 -
> L0 F-16 |~ 50 | 8.3 | Partial burn, colorimeter record n.g. .
Ly/
414 { F-26 | 50 | | No burn obtained from 2 sttempts. _ _ __ |
§3°T | F-16 | 630 L8| 75260 115052 50k 0.625
436 | F-16 | 70 20 | 59260 | 2964 | 591 | 0.8k
pn F-30 | 630 48 24318~ 700 5ok 0.879
45 | F-30 | 630 150 | 21347 l 428 593 _ _ |.0.847 .
L6 F-31 | 630 71 No data taken; burned to try He-Ne laser
b7 F-8 630 attenuation by flame.
48 Mx 3! 630 12 Color data not usable; eval., of laser.
kg F-16 | 630, | 5 | Color data not usable; eval. of laser.
i 50 Mix 3] 630 112 I 60210 | 5178 562 | 0,606
51 T Mix 7 630 No color head data taken; side burned.
52 Mix 3] 630 No color head data taken; side burned.
g 53 Mix 3| 630 No color head data taken; side burned.
¢ 54 Mx 3] 630 No color head data taken; side burned.
v 55 Mix 3| 630 No color head data teken; plume wobbled.
é 56 Mix 3| 630 No color head data taken; poor burn, split.
e - 57 Mix 7] 630 No color head data taken; poor burn.
- 58 | Mix 3| 630 ] 12.5| 24670 | 1899 | S0T. | 0.562
L 59 F-36 630 17.5 21990 1224 562 0.204
£ 60 F-36 | 630 19 23336 1246 564 0.259
, 61 F-36 | 630 19 34529 1918 570 0.171
; 62 F=36 | 300 2L No color data; visually blue-white, bright.
63 | F-36~]_ 300 __| 33 | No color data; visually white, | ___
! 6 F-36 | 300 39 12715 3% 5681 0.275
- 5 65 F=36 | 150 48 3193 250 567 0.339
- i 66 F-36 150 9 Partial Burn; no Color data; visual |white; dim.
. -5 67 F-36 150 b9 | 3599 353 563 0.341
c 68 | F-30.1 70 .} 68 1 132 | 330 .| 560 __j0.52. .
E | 69 F=36 T0 31.5 Partial Buirn; very poor burn, very erratic,
: No data obtained. White, bright. o
F t 0 | F-35 | 630 5 357827 T° 7157 | 558" © | oO.hok
;g | ‘, 71 F~35 630 h No colorimeter record - no spectral data.
= : 72 F=35 | 630 4.5 28732 6304 564 0.485
S 73 | F-35 | 630 b5 | 30351 6747 566 0.436
! T4 | _F=35_1_ 300 B2k | hoss || 585 0.541
E
i
i
%4
1
g
A b
z,ﬁ e s e e e




TABIE 2 (Continued)

Flare Color, Intensity and Related Deta

nstrument 4ifficulties.

Dominent
Wavelength
__JAvemu | Purdity

569 0.613
576 0.657
2% 1.0.52
586 0.588
57k 0.62
576 | 0.561 ]
568 0.594
569 0.58
_..570 | 0.606
571 0.61L
567 0.53h4
_...588 0.T43.
586 0.718

tut calibration check of

Burn | Candela
Run Mix |Pressure | Time | Seconds Candela
No. No. torr | secs | Total Average|
75 F=35 150 8 3321 k16
76 F-35 150 7.5 3668 489
7.1 B=35 1 70 IV 295 -3
78 F-35 70 10 164 18
79 F-35 150 7 3629 sk
80 | F-35| 630 L.5 33360 ThaT
81 F-34 | 630 6 32968 5495
82 F-34 630 6 29160 4860
83 [ Fe3u| 300 | 8 | 21196 269
8l F=3k | 7300 8 22723 | 28ko
85 F-34 | 150 11.5 16082 1398
.86 | F-3k | 70 1 20.5 | 1205C 588 1|
87 F-34 70" 20 12203 610
88 F-34 70 No useful data; I
89 Not a flare burn,
P-E 108 ]
90 F=39 630 19 811k 4523
91 F-39 630 20 66040 3669
92 F-39 630 19 101297 5333
93 F-39 300 30 ga2k3 3181
94" i F=39.1 300 or .1 93185 | 358k
95 F-39 150 31 22685 756
96 F~39 150 Lo 40073 1028
97 F-39 70 k2 10242 282
98 F~39 70 46 7274 232
99 .1 F=39.] 300 _} 29 59137 | 2262 |
100 | F-38| 630 L5 51719 | 263
"I01 ] Fe34 B30 |9 4OB1L T Tl 5102 T
102 | F-34 630 .+ 8 32469 5396
103 F-34 300 Q 36023 5130
10k F=-34 300 11 30036 333h
105 F-34 300 12 27448 2kos
106 | F-34 | 630 8 | 3796k | s5hke3
107 F-38 630 50 No data; visually
108 | F-38 630 53 20467 b18
109 F-38 300 72 2758 ko
110 F-38 300 70 3481 51
111 | F-38 150 6l 1895 33
112 | F-38 150
pink, dim,
12

oo v e . o e = §

2o wun,.
595 586 575 { 0.793
598 593 591 | 0.80
597 593 587 | 0.839
604k 591 582 | 0.889
612 594 582 | 0.879
626 597 587 | 0.846
602 595 591 | 0.928
619 595 588 | 0.918
545 0.785
581 590 599 | 0.907
599" 170.339
5L0° 567 575 | 6.586
571 569 567 | 0.597
571 572 574 | 0.592
581 571 567 | 0.63
597 573 561 | 0.6h42
584 571 570 | 0.619
pink, dim. | T
668 599 555 | 0.536
64k 596 580 | 0.586
609 591 548 | 0.578
603 583 563 | 0.60k4

Uneven, split flame poor burn., Visually
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TABLE 2 (Continued)

Flere Color, Intensity and lelated Data

Burn | Candela Dominant
Run Mix | Pressure| Time | Seconds Candela| Wavelength
No. | No. |__torr secs | Total _ | Average WLA_L‘Mm Purity
112 ;| F-38! 150 65 3552 56 | 601 587 568 | 0.609
114 | F-38| 630 51 5603 135 596 0.55
115 F-381 .70 __Wouldn't burn in 3 attempts. R
116 F-33 630 Very irregular burn -~ rot reduced; visually regd,
’ dim.

117 { F-33) 630 45 3611 8k 631 585 501 | 0.691
118 | F-33| 630 | 50 3680 75 | 627 594 499 | 0.82
119 F=33|" 7300 55 1395 26 " | 607 593 554 | 0.743
120 F=33 300 Record unusable; visually red, dim. Flame split,
122 F-33 300 Only very small part of flare burned - not use-

o ful, ; N
123 ~56 630. 3k Record went off-scale; visually pink.
12k | F-56 630 29 14636 585 627 595 576 | 0.503
125 | F-56| 630 31 5421 243 | 661 602 519 | 0.511
126 | F-56| 300 36 7594 238 642 591 557 | C.501
127 F-56| 300 | ke _6029 | 159 | 635 600 574 | 0.546 _ |
128" | "F-56| 150 72 3670 52 | 637 568 567 | 0.5L46
129 | F-56| 150 73 3936 58 | 609 585 572 | 0.645
130 | F-56 70 71 1297 19 595 557 530 | 0.555
131 | F=56 70 T7 1850 25 626 582 527 | 0.596
132 | F=5T7 630 14 60562 6726 535 593 590 | 0.83
133 | F-57 630 12 92528 8412 606 597 594 | 0.83
13 1 F9TL 150 |5 | 3168 | 1726 ] 596 590 560 | 0.906
135 | F=-33 630 53 Flare burned mouth down; deposit build-
| . o s . —_ 1. _up same as mouth-up burn. _ e e e
136 | F-57{ 300 17 89790 5612 603 593 586 | 0.832
137 | F=57 300 20 102892 5716 606 600 594 | 0.879
138, F-57] 150 | 26 | 23921 1139 | 659 596 500 | 0.852
139 | F-57 15 1+ 29 83175 2971 | 598 593 581 | 0.893
o | F57| 10 ! ko 7125 193 | 603 586 559 | 0.657
i § F-57! 70 . 39 . 8hoO 221 | 62k 616 592 | 0.83

13
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The effects of the smoke produced during combustion on the radiation
reaching the colorimeter have been documented by simple measurements. A
G.E. Co. Type DXW, 1000 watt, quartz lamp mounte. Iin the altitude chan-
ber was 1lit before the burn and the red, blue and green regponse from the
colorimeter recorded. After the burn, the lamp was agein 1it and the same
set of responses recorded. A small circulating fan was then turned on to
stir and homogenize the smoky atmosphere and a third set of readings taken.
The ratio of the second or third readings to the first set provides a
measure of the change in transmission due to smoke and of the shift in
color, if any, due to absorption and scattering by the smoke. It seems
that the ratio obtained from the stirred conditicn is most useful as an
average measure of smoke effects, because it eliminates wiléd variations
caused by uneven distribution of the smoke in the chamber. Data on smoke
transmission were not taken until the first fifty or so burns of the curr-
ent study had been made. The idea was conceived at that time ané the data
were obtained oh all of the subsequent runs, when possible. It is believed
that it may be the only data readily available on the effects of smoke on
the output from small laboratory tests of pyrotechnic 1lluminants and sig-
nals. It is artificial in that the field conditions under which pyro is
used and the laboratory conditions are not very comparable. However, many
' tests have been made in the leboratories of those studying pyrotechnics
' under conditions somewhat similar to these. The effects of smoke are very
! noticeable when these materials burn in confinement; the data reported
here, it is hoped, may be useful in correcting for these confined condi-
tions of burn. A better extrapolation of smell-scale laboratory tests to
full-sized flares for field use may thus be possible.

. Table 3 contains the data obtained from the colorimeter readings of

s the 1000 watt lamp prior to burning a flare. A plot of the candela, domi-

nant wavelength and purity of the lamp elone is presented in Figure 2 to

permit a rapid assessment of the range of values. Within any one group

. of tests during a period of one or twc days the variation tends to be less

2 than the overall variation. Since the purpose of the readings is to obtain

‘ relative values of intensity and dominant wavelength; i.e., without and

1 with smoke in the radiation path, the long-time changes are nct especially

‘ slgnificant. They are of interest inscofar as they may be considered to re-
present the stability of the entire lamp-plus-colorimeter system. The
shift of about + 10% in lamp intensity, + 1/2% in dominant wavelength is
considered acceptable. The shift is due both to the variations in line
voltage applied to the lamp, which would be affected by about j;ls% in
luminance by a + 5% change in voltage, and to lamp aging. If the worst
variations are dropped out the luminance change is of the order c: 5%.
The values of dominent wavelength and purity shown in Table 4 are unaffect~
ed by small chunges in filement temperature, to the accuracy to which this
work is done. The values in Table 5 werc computed from the initisl and
final values of luminance obtained when the run was made, and only short-
term fluctuations of line voltage would be effective in altering them.
While these fluctuations can occur, the usual experience has been that
the lire voltage will remain steady over the period required for one of

. these éeterminations. The variations shown in Figure 2 occurred over a
perliod of weeks and probably give a pessimistic plcture of the accuracy

T

ﬁ 14

]

- e e -~ N ——— o~ - R
; A i et v TITSANTI Sva i eh i vt e tess an, e it A et ottt reres e omemee maee
-
N . .
' —

s WS



\
TABIE 3
Reference Lamp Stability

Run Dominant Run Dominant |

Lljo Candela Wavelength Purity Nc. |[Candela |Wavelength | Purity ! i
: L2 2056 W77 0.362 100 2239 57T 0.472 |
3 h3a | 2075 | 579 0.462 101 2328 576 0.479 |
1 Lk 2153 578 0.467 102 No Data
| b5 2084 577 0.463 103 No Data !
| 48 219% 578 0.479 104 2328 576 0.479
3} g 21227 ] 579 1 0.479 105 | 2286 © 757 *”“”“'61H68'j
: 50 2081 579 0.472 106 ez86 1 576 o0.k71 |
3 61 2395 578 0.465 107 2215 575 Y I
3 63 2241 579 o.k75. | 108 2023 575 0.463 |
4 64 | 2297 578 0.1465 109 2270 575 0.469 |
65 | 2329 | 5718 | 0476 130 [ 12330 |7 575 T 0473

67 2517 578 0.468 111 2303 576 0.UT7h |

68 2542 593 0.509 112 No Data ;

72 2373 578 0.47 113 2352 576 0477 |
g T3 2401 579 0.47 11k 2270 575 0.476 |
3 Th 2398 579~ "7 T T 1i5 T | No pata [T
< 75 2407 579 0.475 116 2264 576 0.489

|, 76 2451 =79 0.47h 117 2328 57T 0. h95 |
3 7 2451 579 0.474 118 2327 | 577 0.48
3 78 2257 580 o.487 | 119 | 2281 | 576 _ |O. h71
: z 19 | 2272 580 0.4757 | 120 2271 576 o2
L ) 80 2435 580 0.486 121 2k60 575 0.593
4 81 2351 583 0.456 122 No Data
¢ 82 2586 578 0.484 123 26 576 0.478
| 83 | 2269 579 lodmh | 12k | 2306 | 576 _ |odh
o 8L 2357 578 0.48 125 2217 576 0.471
2 85 2376 578 0.483 126 2273 576 0.471 I
F 86 2382 579 0.484 127 2325 576 0.492
A 87 2398 579 0.482 128 2303 576 0.486
- i Q0 2259 515 0.462 1 129 2231 1 515 o9
I 91 2328 577 0.47 130 2237 575 0.48
2NN N 92 23h1 577 0.47 131 231k 576 0.48
| 93 | 2355 576 0.482 132 2295 576 0.464 |
(A gt 1 23k 5TT 0.475 133 2334 i 576 0.472 i
- 9.l 2273 | _ 577 .., Q.M 3 3% | 2h3 | 576 0,472 '
. 96 2273 576 . 075 7135 | 2hoe 576 0.478
*" o1 | 2086 577 | o83 | 136 | 2363 575 0.7
: o8 231h 5T7 i 0,18 137 2368 577 0.489
| oo | 232 | 5 loms |1 | e2rs | 516 . JouB
|
|
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TABLE L

Observed Effects of Smoke on Dominant Wavelength

Run | Mix Dominant
No. | No. Candela L Wavelength Purity
Clear| Smoke glear Smoke Clear| Smoke
|
61 ! F-36 [239% | 790 578 | 577 0.47 | 0.49
63 F-36 |22kl 802 579 579 0.47 | 0.5
6l F-36 |2297 8o¢ 578 578 0.46 | 0.56
65 F-36 {2340 | 1310 STT 580 0.48 ! 0.63
67 F-36 12516 | 1314 578 5TT 0.47 | 0.56
68 | F-36_ |2560 | 1570 2TT 1579 0.48 | 0.53
72 | F-35 (2372 ] 626 578 7| 578 0.57 7| 0.5h4
73 | F=35 |akol 659 579 578 0.4k7 | 0.53
T F-35 |2398 671 579 580 0.47 1 0.57
T5 F-35 |2huT | 1276 579 576 0.k7 | 0.58
1 | F-35 |2451 256 579 578 0.k7 | 0.57
TT | F=35 (2451 | 1667 579 579 0.47 | 0.53
78 | F-35 [|2256 | 1661 580 | 579 0.49 | 0.53
79 | F-35 [2272 | 1122 580 579 0.48 | 0.57
80 | F-35 |2k35 535 580 579 0.49 | 0.56
81 F-34 [2517 608 578 580 0.4b6 | 0.5
82 F-34 |2586 598 578 580 0.48 | 0.55
83 F-34 |2269 585 579 580 0.47 | ¢.58
84 F-3% 2357 634 578 578 0.48 | 0.58
85 F-3k 2376 | 1059 578 578 0.48 | 0.56
86 F-34 12382 | 1210 579 578 0.48 | 0.56
87 | F-34 |2398 | 1260 5719_| 578 0.48 | 0.55
90 | F-39 |2215 589 576 573 0.18 [ 0.51
91 | F-39 |2328 578 577 574 0.k7 | 0.52
92 | F-39 |23k 606 577 574 0.k7 | 0.52
93 | F-39% |2355 T43 576 575 0.4& | 0.58
gk | F-39 |2314 645 577 575 0.48 | 0.51
95 | F~39 [2273 | 490 577 | 576 0.47 | 0.57
96 | F-39 (2273 | b57 577 | 577 0.47 | 0.58
97 | F-39 (2286 | 1375 578 575 0.48 | 0.56
99 | F=39 |2322 | 901 577 | 576 0.48 | 0.58
100 | F-38 [2239 408 577 576 0.47 1 0.49
104 | F-34 2328 545 576 577 0.187170.60
105 | F-34 (2286 581 576 576 0.47 | 0.60
106, F-3h4 [2086 | LUS 51T i 5719 0.47 | 0.58
107 | F-38 |2275 291 575 576 0.47 | 0.49
108 | F-38 [2223 311 575 578 0.46 | 0.47
109 | F-38 |[2270 328 575 575 0.47 | 0.48
110 | F-38 {2330 345 575 576 0.47 | 0.49
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TABLE 4 (Continued)

Observed Effects of Smoke on Dominant Wavelenggg

7

Run Dominant
No. Candeia Wavelength

Clear |Smoke Clear | Smoke Smoke]|
111 | F=38 [2303 419 576 575 G.u8
113 | F-38 |2352 420 576 575
1114 | F-38  |2270 504 575 57k :
116 | F-33 {2264 [1505 576 577 :
117 | F-33 (2328 1080 577 575 i
118 | F-33 [2328 |1450 577 578
119 | F-33 |[2281 |1575 576 576 0.56 g
1120 | F-33 12377 114961 516 1. 576 0.56 |
1123 | F-56 [2316 | 340 576 | 575 0.48 ;
124 | F-56 |2396 369 576 576 0.49
125 | F=56 2217 261 576 5T7 0.47
1126 | F-56 2273 | 299 576 | 571 . 0.47 ¢
127 | F-56 2325 | 295 576 | 571 . 0.49 '
128 | F-56 {2303 362 576 577 . 0.49
1129 | F-56 2231 | 372 575 | 577 . 0.5 i
130 | F-56 {2237 | 437 575 | 575 48 1oy |
131 | F=56 |[231k4 421 576 576 . 0.46
132 | F-57 2295 523 576 574 . 0.53
133 | F-57 |2336 60k 576 576 . 0.55
34 | P57 |2h13 18| 1576 | 5750 . __ 0.6 | 0.58
135 | F-33 _|2hk02 | 1603 ] 516 | 57671 ). 0.5
136 | F-57 [2363 | 903 575 577 . 0.6
137 | F-57 {2360 | 923 577 | 577 ; A9 | 0.59
138 | F-5T [2275 |1352 576 577 A48 | 0.55 !
1139 | F-57 12330 | 1297 576 578 A7 10.58 .
11k0o | F-57 [2162 |1k20 575 575 46 1 0.55
|1 | F-57  |21h9 {1460 515 L5161 . 46 | 0.54
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of this set of weasurements.

Computations were made using Lambert's Law with the initial lsmp can-
dela as I, and the final candela reading, I, obtained when the smokz had
been homogenized by stirring.

I = Io e'ad
The value of (a) is in units of cw™t and is listed in Table 5.

The last column in Table 5 gives the path length over which & reduc~
tion to 1/e th of the initial intensity would occur. This may be more
easily visualized in terms of physical effect than the value of (a) is.
Because the data were readily available as a result of the above record-
ings, it seemed useful to look for evidence of & shift in the dominant
wavelength of the source as seen thru the smoke. The data in Table 4 illus-
trate the changes that may be expected. No change in color due to passage
of the radiation through the smoke cloud was measured. Either the effect
is too small to measure for these smokes, with this apparatus, or a much
longer path is required. Purity is higher through the smoke, by 10% -
20%; the reason is not appasrent at this time.

The following outline discussion summarizes the investigation which
was made *n an effort to secure more information from the spectrum photo-
graphs than had been possible to date, relative to intensity and tempera-~
ture.

In order to establish working curves by which the source intensity can

be evaluated in terms of the photographic density that the source produces,
the following detailed steps were followed:

1. Three temperatures, say 2200°%K, 2400% and 3000%K were chosen as opera-
ting temperatures for a tungsten strip lamp. A fourth value, say 2600°K,

was chosen to provide a check on the results of the following procedure to
determine flare temperatures.

2. A computer run was made to obtain values of W, at 0.010 micron inter-
vals for these four temperatures, normalized at O. 6150 micron (an arbitrary
choice), from 0.35 to 0.75 micron. It is instructive to plot these values
of W, and wz/ .615 8s in Figure 3. Wa is the power radiated per cm™ }A -1
in 27r steradians in watts,as it is tabulated in RDTR No. 90.

3. Films were exposed in the B & L 1.5 meter grating spectrograph through
a step-wedge over the slit. The wedge had been calibrated on the Jarrell-
Ash microdensitometer and found to have the following characteristics:

19
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TABIE 5

Smoke Attenuation Coefficlents

E Pressure, a(x 193) :  Path length
Mix Fuel ! torr cm” , Tor I/I ze"L
F-16 Mg é 630 k.9 i 202
F-16 | Mg ; 70 1.8 ; 556
F-30 ~ Al 2'30“ b9~ ! 197
F-33 Al , 30 ol 32 5 333
F 3k B i 630 6.6 ‘ 154 '4
F-34 | B_ 10 3.0, gL L33 L
F35 B 630 6.5 A
F-35 B __._L._..0 1.8 513 .1
F-36 Mg 630 | 5.6 ! 180 X
F-36 Mg 70 DL 2.2 47
F-38 Mg 630 P79 l 127
P-38 | Mg S50 .90 T S
F=39 Mz 630 | 7.0 . 142
F-29 Mg 70 2N i 370
F-56" 7| Mz 630 I 10.h | 96
F-36 Mg 70 | 8.7 I S
F-57 Mg 630 i 7.0 ‘ 126
[F-57 1 _Mg. 70 - | G

20
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Step Wedge Transmission and Density Velues

. Fractional Seidel

tep No. Transmission, T Density JAN
0 1.000 0.0C0 -2.00
1 .334 0.476 0.2997
2 b7 0.833 0.764
3 .067 1.174 1.144
I .029 1.538 1.525
5 .012 1.921 1.916
6 .00k 2.398 -
g .002 2.699 -

4, The physical setup of apparatus was held constant while several ex-

posures were made with the lamp at each of the four chosen temperatures.

One exposure was made at five seconds, one at thirty seconds and one to

produce a density of' 0.6 on the fifth wedge step at a wavelength of the

order of 0.5 micron. Five seconds was chosen because¢ that duraticon occurr-

ed in many tests; thirty seconds was used for some t2sts because of the in-
creased burning time experienced at sressures of the order of 40 torr. Re-
ciprocity failure can be partially compensated by using data frow the film

strip which most nearly matches the exposure duration of the burn. gsee Plate 55.

5. These films were measured to obtain the transmission of each step,
from C.35 micron to 0.75 micron, at 0.010 micron intervals.

6. When the transmission is less than 0.10, accuracy becomes poor. In
suck case, the Jarrell-Ash densitometer can be readjusted to show T = 1.00
when a Wratten 96 filter of effective D = 1.00 is in the beam. TIhis filter
is then removed and readings made of those film areas for which T O.1.
These readings must then be divided by F to obtain the true value of T.

F will be a number close to 10, determined {rom an actual calibration of
the Wratten 96 filter transmission, which is nominally 10 percent. Gen-
erally, readings of T4 0.1 were not used except to extend the range of data
as a check on the results.

T. A table of values was constructed which contained the wavelengths and
transmissions just obtained. Each value was then converted to the Seidel
A ~function (11). This function is usually found to produce a linear por-
tion in the plot of L& against log E which extends over a wider range of
values of T, roughly from 0.03 < T=<.97, than does the linear pcrtion of
the customary D-log E curve. E, of course, is defined ag the exposure and
vhen I is intensity in appropriate units, perhaps erg/cm , and t is time
in seconds, E = It.

8. The values of A were normalized to the value obtained at A = 0.5004,
resulting in JAY ne A plot was made of the values obtained from the comp-
uter run of w,/w'soo vs. A, a separate plot for each temperature, © , being
convenient. The values oflln which cover the greatest range of A were
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plotted on the same graph with w,/w,5oo. At each A, the ratio F, of A ,
to Wx/w.soo is the correction factor needed to account for the deviation
from linearity with respect to wavelength which all film exhibits in its
sensitivity. A plot of this ratio vs. A was made. It should be the same
for each temperature, i.e., the points from each of the three calibration
temperatures should fall on this plot, unless values of A are involved
which fall outside the linear range of this function.

9. Another set of plots could now be constructed in which the abscissal
values are log (W, ) for © = 2800% and the ordinates sre O, . The values
of Wa would have to be divided by the appropriate step-wedge transmission,
T, when plotting these curves. This would normalize every step to the
direct exposure value of the zero step.

10. The values of Z&Afrom the other temperatures, suitably corrected for
the step wedge T and with values of W+ appropriate to the respective tem-
peratures may be plotted as in 9. Again, unless the linear range of the
A ~function is exceeded, these points should "fit". It is now possible
to relate the transmission of the film at any wavelength to the relative
exposure which caused the film density, and thence to the relative in~
tensity of the source. From these values, a value for the source tempera-
Jire may be obtained by various methods. If it is assumed that the
source is a grey-body, the ratio of the "intensities" at two wevelengths
can be used to define a temperature. If atomic line radiation which is
not affected too greatly by absorption in the flame can be found in the
spectrum, an excitetion temperature can be defined by well-known relation-
ships when transition probabilities and statistical weights are known for
these lines. If several lines are available, an atomic Boltzmann plot

can be used, the slope defining the temperature.

Some of the points in the preceding comments are emphasized for great-
er clarity in the following paragraphs.

1l. A great deal cf work has been done on the radiant emittance of the
strip filement lamps mentioned above in 1. (1-5) A General Electric SR8
filament, 18A/T20/1 lamp is used; the temperature of ihe filament is deter-
mined with a Leeds and Northrop Optical Pyrometer, operating at an effec-
tive wavelength of 0.655 micron (6). For this wavelength, the emissivity
of tungsten is given by DeVos as 0.43 in the temperature range of interest;
i.e., 22000 - 2800%K. The variation with temperature is from 0.438 to
0.426, which is within the limits established by other experimental errors.
A further correction is made to account, somewhat empirically, for the re-
flection losses due to passage of the radiation through the glass lamp

bulb. A loss of eight percent is assumed, and the effective emissivity
is thus taken as 0.40.

12. Operating temperatures for the strip lamp are chosen to give four con-
venient points for calibration and check. Correction of the desired to
the observed temperature is made with the aid of tables (7). For true tem-
peratures of 30000K, 2L0OPK and 2200°%K the temperatures observed with the
optical pyrometer are 2B020C, 19120C, and 17429C, An error of the order
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of i.SOC is expected in setting these desired temperatures.

12. Because it was known +-<% the flare compositions to be studied might
“urn for times so short as to make exposures longer than {ive seconds
difficult to achieve, this exposure duratic. was used as a basis. Changes
were made when required to produce useful records from low-intensity
sources; e.g. flares burning at low pressures.

14, Film is subject to reciprocity effects which must be considered when
calibration exposures differ from test exposures. The film chosen for
this work is Eastman Kodak Linagraph Shellburst, clear backing. Data
from (8) was replotied to obtain a curve of the exposure required to pro-
duce a density of 0.3 above fog for development in D-19. This curve, for
times from 0.1 to 100 seconds, is almost linear and is of the form

log It = 0.303 log t -2.06

when I is in meter-candle seconds and t 1s in seconds. A change fromt = 1
sec to t = 1C sec is seen to require a corresponding change in exposure of
approximately 2X, for the same density to be obtained from a source one-
tenth as intense.

15. It is customary to plot the film response in terms of (density) versus
(log expos. re). The result is an S-shaped curve from which values near
low or hi; r densities cannot be easily and accurately related to the ex-
posure. In order to improve the reading of values of exposure from low
and high density regions of the calibration curve, the Seidel function
has been used (9). This function replaces density, D, with log (H}-* 1)
where T is the transmission or transparency. T is the result of the i'sual
microphotometer reading, which usually must be converted to density by

the relations D = log O = log x . log T = - 1log 1 . I is the trans-
mitted, I the incident intensify of radiation in the ﬂicrophotometer.
D-log E curves are usually approximately linear from D = 0.4 to D = 1.8,
whereas the Seidel plot is linear from about D = 0.1 to D = 2.1,

16. Response of the film is required at each wavelength of interest be-
cause of the variation of its characteristics with wavelength. Both
sensitivity and gamma vary with wavelength of the exposing radiation. The
required Gate are obtained by the combination of step wedge transmission
factors and the known spectral distribution of the strip lamp at various
temperatures, which determine the exposure, and the readings of density
from the microphotometer.

17. It should be noted that the original choice of a normalizing wave-
length at 0.615 micron was poor because few readings could be obtained
from the film at this point. It was therefore necessary to change the
normalizing wavelength to 0.500 micron. See paragraph 2, and Figure 3.
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The meterial that has evolved in the process of applying the
approach to temperature measurement just described above is illustrated
and amplified in Plates 56-62. It was found to be almost a necessity
tc develop the conversion chart in Plate 56 to expedite the measure-
ment of the negatives. A change of the switch position which controls
the sensitivity of the Jarrell-Ash Densitometer was found to be a more
rapid and & reproduclible means of reading high density portions of a
negative, replacing the method initially used and described in para-
graph number 6. With the switch positioned at 8, a reading of 15
obtained with a switch setting of 7 becomes a reading of 37.5, etc.
The emissivity of tungsten as determined by DeVos has been used in
these calculations. His summary plot of emissivity vs. temperature
is therefore given in Plate 57. The computer program which was devel-
oped to calculate the various energy and delta values is shown in
Plate 58. The output from this program for data obtained from a nega-
tive exposed to a strip lamp is shown in Plates 59«61. The lamp
temperature was determined to be 2L00°C, or 2673%K apparent. Correc-
tion for emissivity and losses in the lamp envelope produces a true
temperature of 3000°K. Similarly, the lower temperature was measured
&5 2077°C and corrected to 2603°K, true. Plates 59 and 61 contain the
entire results of the computation program in Plate 58; Plate 60 shows
the summary only of the data needed to plot the film response vs.
exprsure. A plot of this data from the 3008% source nege’ ive is
presented in Plate 62 It is easy to verify by plotting -oints from
the 2603°% data tnat further work is needed to find the source of the
discrepancy in the results. Although the points from either tempera-
ture source should, for a given wavelength, fall on the same line,
they do not. The error probably lies in the energy values used to
calculate (log intensity) as determined from the source temperature
and step wedge transmission. It appears from the linearity of the

plotted data that the method should be usable if this problem can be
overcome.

Thie variation seen in the slope of the Seidel vs. log intensity
lines,with wavelength,is not unexpected. A variation in film gamma
with wavelength, which this represents, has long been known.

Recordings of the spectral distribution of the radiation as seen
through the fore-rptics of Plate 65 by the scanning monochromator are
reproduced in Plates 12-54. So far as possible, these plates have
been chosen to match the spectra in Plates 1-11; however, when experi-~
mental difficulties produced good data from only one instrument during
a test, the data from two different burns have been used in the plates.
The records have not been corrected for the system response; a correc-
tion curve is given in Plate 68 that was derived from the records shown
in P'ates 66 and 67. The relation between the abscissal location on
the record and the wavelength of the radiation is shown in Plate 64,

25
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Results of the data on dominant wavelength and purity that were
obtained with the colorimeter have been plotted on C.I.E. chromaticity
diagrams in Plates (0 - 81. Correction of the tabulated values which
vere plotted in these plates may be desirable in the extreme red and
blue regions; it was felt that for most purposes the data were accept-
able as they are. Corrections can be obtained from Plate &9.

The presence of a non-consumeble case results in the creation of
a molor effect during the later stages of combustion and is believed
to produce some changes in the character of the visible (as well as
the concealed portion) flame. These changes have not been studied
but an effort has been made in the curreat study to minimize their
effects. This has been attempted by endeavoring Lo obitain the time-
resolved date during the early part of the burn, but after it is well
established. This is not possible in many cases.
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IV. DISCUSSION AND CONCLUSIONS

A considerably larger than normal amount of raw data has been
included in this report. This has been done in order to make the
results of this study available to interested persons as rapidly
as possible. It also serves to preserve the material until such time
as it becomes possible to analyze its content to a greater extent than
has proved possible at this time.

It is believed that an extenzion of the spectral data, to include
those compositions which were listed in the F-forty group and & few
others, should be made. With this exception, it appears that spectral
data from the flames of swall flares have been obtained for represen-
tative mixtures of those materials which are of general interest.
However, this represents, essentially, a survey of the field rather
than an exhaustive study of it. In particular, the changes in the
species that are in these flames which must occur with changes in the
distance from the burning surface have not been investigated.

The same comment also applies to the changes in coior, Juminosity
and temperature. Furthermore, results which have been obtained to
dete apply to quite small flares; e.g., 1/2" diameter, and to flares
burning in cases which have a strong chimney or motor-action influence
on the combustion process. Differences of significance may be expected
in the parsmeters mentioned when they are measurec on large flares,
or on flares which consume the covering as tney burn. Scme further
study should be made (with this same set of apparatus, to eliminate
as meny unwanted sources of difference as possible) of selected com-
positions to establish the magnitude of such differences.

Efforts are finally being made to reconcile the results produced
by thermochemical, computer calculations of the kind long-used in the
rocket motor developments witn the performance of flare compositions. (25)
Determinations of the optical density and absorption characteristics
of flare flames will be needed to beck up these calculations. The
role played by metallic fuels should be more fully investigated, par-
ticularly with regard to their influence on the reacticn rate and the
amount and source of continuum radiastion. That is, the role of MgO
or MgOH in Mg~fueled flares is of interest. By comparing the spectral
distributions produced by, say, Mg-NaCth and CH OH—NaCth, some data
bearing on the relative importance and amount of "radiation from Mg0
can be obtained.

The measurement of temperature by the method of spectral intensity
ratios, etc. has been disappointingly difficult iLo implement. A stronger
effort was made to accomplish this task in this study than had been
made previously and it is believed that the expenditure of a reasonable
additional effc:t - two man months - should bring it to a successful
conclusion. This would provide a valuable tool in future studies of
the temperature distribution in "dirty" or opaque flames. It can be
used also in studies design=d to provide the high temperature
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thermochemical data which is needed in the computer calculations of
flame temperature and reaction product concentrations.

Because the radiation from the flare may contain not only the
line and band radiation of atomic and molecular species, but also the
radiation of particles of, say, Mz0, some thought should be given to
the manner in which this latter radistion occurs. The radiation from
massive pieces of hol MgO - say, below 2800°% to 3000%K - should lie
mainly in the long-wave spectrum beyond 7 microns, since it is trans-
parent in the region from 0.3 micron to 7.0 micron or more, and
consequently would not be expected to act asagood radiator. However,
the combustion of magnesium with oxygen produces an intense light with
an excess of short-wave (blue) radiation. In this example it appears
probable that the major radiating species is MgO, although possibly a
nitride or hydroxide could be formed. If MgO is indeed the major
species and responsible for the majority of visible radiation from the
combustion of magnesium in eir, an apparent anomaly exists which should
be investigated. The fact that magnesium is the fuel used in most
illuminating flare compositions makes this question interesting, be-
cause of its application to the description of the radiative processes
which occur in these flames. Eventually the information would be useful
in the creation of a theoretical, computational model of flare perfor-
mance.

The color and purity of the light produced by the B—Ba(Cth)
was nelther as green nor as pure as had been hoped for. None of tge
compositions burned produced radiation of particularly high color
purity or intensity. The most nearly colorless, in the sense that
low purity of color indicates a high percentege of "white", was F-36.
This mix contains Mg-KC1l0) and is quite low in its candela reting; it
would not appear to be especially useful, even though essentially
colorless. Caution must be used to avoid confusing Mix 3 with F-3.
F-3 is a %0/60 Mg-NaNOs composition, whereas Mix 3 is 25/65/10 Mg-Ba(NO3)
-PVC end is carried ovér {rom earlier work. 2

The effects of smoke produced by the combustion of these mixes on
the color and purity of the light seem to indicate that smoke has not
seriously affected these measurements. Earlier work was done in a much
smaller chamber; the smoke concentration would be higher, and greater
effects might have been produced under those conditions. It is inter-
esting to note the apparent increase in purity that is recorded in
Table 4, amounting to about 20 percent. Whether this represents a sort
of Christiansen filter effect, or perhaps a scattering of some blue
out of the measured radiation, is a matter for speculation.
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The following list of wavelengths identifies the materials of Plate 1
through Plate 11,
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LIST OF TYPICAL SPECIES VS. WAVELENGTH*

v -

Species
Approximate Wavelengths, Lines § Band Edges,
. Elemental Molecular Relative Intensities and Direction

Band Degrades, Violet and Red: Angstroms

f Mg 5181:/500, 5173/200

5167/100, 3838/300, 3832/250
' 3829/100

' Sr 7070/1000
§ 6893/100, 6878/500, 6791/200
| 66k4/100, 6617/150, 6550/100
|

i

i

5481/100, 4876/200, 4607/100C

Ba 7060/2000, k55471000

g ‘ 3501/1000

3 : i 6708/3C00,1603/800, 4273/200
4132/400, 3986/100

: 6161/6154//500, 5896/5000

5890/6000, 5688/300, 5676/150

5670/100, 5154/600, 51k9/L00,

1,983/200/4669/200

K 6939/500, 6911/300, LOu7/400

LoLk /800, 3u4k8/100, 3uk7/150

MgF 3685 v

) MgCl 3TV

: \ o MgO 3816-9-R; BOTH-7-V; L858V,
5 ' 4997-9-V; 5007-10-V; 5286-3-V;
; 551G-k~V; 5776-5-V

A
=
[

T O R TR

A . BaCl 5066-1-V; 5136-10-R;
;! 5139-10-V; 5167-2-R;
‘ 5213-1-V; 5241-10-R;
: 5371-3-V
Ba0 4851-6-R; L965-3-R;
5087-6-R; 5215-7-R;
5350-8-R; 5k93-10-R;
56LL4-9-R; 5701-8-R;
5805-6-R; 5865-10-R;
60%0-9-R; 6165-6-R;
6291-8-R
SrCl 6756-3-V; 6745-5~V;
6620-5-V; 6614-10-V;
6483-L-v; 6362-5-V;
: €359-10-V; 6239-2-V;
i SrOH 6110-1-V; 6101-3-V; 6096-L-V;
6090-6-V; 6085-10-V; 6077-8~ V

L
.

*An index bar appears st the top or right end of each spectrum, which
is at approximately 3400 A°.
PAGE 3]

1&-9@-—3. e rainey e
. et s e g i

e A St e o e
v R e e s —a




L

PLATE 1

Datsa Binder Pressure Exposed
Zone Run Mix- Metal % Oxidant % PVC % Torr Secs
1" L4 1 Mg 35  NaNOg 65 0 630 8.7
1" 6 3 Mg Lo NalNO3 60 0 630 7.3
1" 8 h Mg 40 NeNO3 30 30(TFE) 630 20.0
1" 22 8 Mg 60  NaNO3 LO 0 630 less

than 3

o ————— = e R R I |




‘1 9orerg




PIATE 2

Date Binder Pressure Exposed
Zone Run Mix Metal 9%  Oxidant %  PVC % Torr Secs
1" 33 16 Mg 51  Ba(NO3)p 37 S5(IFE) 630 5
‘ & 5r(NO3)p 7
) 1" 35 16 300 5
1" 3B/ 16 150 1
3 1" 39 16 70 21

See P ates 19 and 20
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PLATE 3a

Data Binder Pressure Exposed

Zone Run Mix Metal % Oxidant % PVC % Torr Secs
1" 4 F-30 Al 35  NaClOy 60 5 630 50
1" 20 F-31 AL 32 KC10j, 03 5 630 78
PLATE 3b

Data Binder Pressure Exposed
Zone Run Mix Metal % Oxident % PVC % Torr Secs
1" 117 F-33 Al 37 Sr(Cl0y)p 58 5 630 k2
1" 120 F-33 Al 37 Sr(Cloy)p 58 5 300 62

See Plates 24 and 25
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3L (bottom).

Plate 3a (top).




Run
106
82
8k
85

F-34
F-3k
F-34
F-34

PLATE 4

Binder

Metal %
Boron 37 Ba(Cl0y)s 58
Boron 37 Ba(Cl0y), 58
Boron 37 Ba(C10y), 58

Boron 37 Ba(Cth)e 58

See Plates 28, 29, and 30

AL RN A AN )

Oxidant % PVC %

Pressure

Torr
630
630
300

150

Exposed
Secs

7.2
5.1
801

11.2
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A" MM -

Datsa
Zone

Run
80
Th
19

Mix

F-35
F-35
F-35

FIATE 5
Binder
Metal % Oxidant % FVC %
Boron 27  KCl0y 68 5
Boron 27 KC10, 68 5
Boron 27  KCloy 68 5

See Plates 32, 33, and 34

Pressure
Torr

630
300

150

Exposed
Secs

4.3
5.5
7.4




s 2Rl

< e e
J—_— .
v i
[ T—.
" J—




Run
60
62
65

Mix

F-36
F-36
F-36
F-36

Metal %

Mg
Mg

Mg
Mg

37
37
37
37

PLATE 6

Oxidant %

KC10j,
KC10),
KC10),

KC10),

Binder
PVC %

5
p)
>

See Plates 38 and 39

Pressure
Torr

630
300
150

T0

Exposed
Secs

19
2k
50
68
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Data
Zone

1-5"

2“

Run
106
11k
108

Mix Metal %

F-38 Mg 37
F738 Mg 37
F-38 Mg 37

PLATE T

Oxidant %
14C10, 58
1iC10, 58

1iC10, 58

See Plate 40

Binder
PVC %

p)
>

Pressure
Torr

630
630
630

Exposed
Secs

k9
50

51

W
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Data'
Zone

Run
107
110

112

Mix Metal %
F-38 Mg 37
F-38 Mg 37
F-38 Mg 37

PLATE 8

Oxidant %
LiC10, 58
14C10, 58

1ic10; 58

Binder Pressure
PVC % Torr

5 630
5 300
5 150

Exposed
Secs

48
0
66
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Data
Zone

Run

92
93
95
97

Mix

F-39
F-39
F-39
F-39

Metal %

Mg
Mg
Mg
Mg

See Plates 43 thru 46

37
37
37
37

PLATE 9

Oxidant %

NaC10y
NaC10l
NaC10y

NaC10y

Binder
PVC %

5
>

\n

Pressure
Torr

630
300
150

70

Exposed
Secs

18
29
32
b2
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Data
Zone

1-5"
1.5"
1.5"

lnS"

131

Mix

Metal %

58
58
58
58

See Plates 48 and 50

PLATE 10

Oxidant %

LiC10y,
LiCth
LiC10y,

LiC10),

37
37
37
37

Binder
PVC %

AS I G S 1]

\N

Pressure

Torr

Exposed
Secs

21
36
T4
76
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Data
Zone

105"
l.sn
1.5u

1-5"

Run
132
136
139

141

Mix

F=57
F-57
F-57
F-57

Metal %
Mg 58
Mg 58
Mg 58
Mg 58

See Plates 52 and 54

PLATE 11

Oxidant %

NaClO4 37

NaCl0, 37

NeCl0, 37

NaC10, 37

Binder
mC %

AV R R

v

Pressure

Torr
630
300
150

70

Exposed
Secs

12
16
29
39
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PLATE NOS. 12-5b

¥lame Spectra from the Scanning Spectrometer¥*

Plate Run
No. No,
12 43a
13 57w
14 56
15 13b
16 5T
17 32
18 36
19 38
20 39
21 45q
22 k5b
23 16
2h 117a
25 117b
26 119a
27 101
28 105
29 8h
30 85
31 87
32 80
33 Th
3k 79
35 17
36 61
37 6l
38 65
39 68
Lo lila
L 109b
lo 113b
43 92a
Lh 93e
ks 98

Mix

No.

Pressure,

torr

630
630
630
530
630
630
300
150

75
630
630
030
630
630
300
630
630
300
150

70
630
300
150

0
630
300
150

70
630
300
150
630
300
150

Slit,
mn

COO00OOWD
i\ O &

3R

i

.

OHIFOONMNIHIF - & WO i
QLA ERO oS0 oo &

Q
3835
T

Q
Q
-3
\n

0.125
0.035
0.0k

0.0&5

¥Flint Glass Prism, Settings C.F. 19, N.M. 1.5.

Type 6217 Photomultiplier Detector

PAR Zone,
atten. inches

0.001
0.002
0.001
0.001
0.001
0.001
0.001
0.001
0.001
.001
.001
.001
.001
.001
.001
.002
.001
.001
.001
.001

.OOOOOOOOOOOO

0.001
0.010
0.05
0.001
0.002
0.05
0.01
0.001
0.001
0.01
¢.001
0.001
0.001

el ol el e el el e e e el ol e e e I SR Y IS Sy SV Sy Sy Sy W AR S R W

C.R.0. Tektronix Type 536/H Preamp Gain, lv/div.
Sweep Rate at 3 scans/second.

]




PLATE NOS. 12-54 (Cont'd)

Plate Run Mix Pressure, S1it, PAR Zone,
No. No. No. torr min atten. inches
: L6 97a 3 70 0.05 0.001 1

L7 123a 56 630 0.07 0.001 1.5
48 126a 56 300 0.075 0.001 1.5
g 128b 56 150 G.08 0.02 1.5
50 131b 56 70 0.125 0.05 1.5
51 133b 57 630 0.05 0.001 1.5
52 136a 57 300 0.045 0.001 1.5
53 13k 57 150 0.02 0.001 1.5
5k 1kiv 57 70 0.07 0.02 1.5




g ——
e e
1 .
s o -
- g m
i
R nd “
1 I w
—— HH :
4 1 '
T _ -+ M
IT. — )
£
+ 1 ;
e 179re P . s
—r——
ped b b vy b Pl pp ey b1
LR kIR vttt LIRS la_dq JR LR BRI T rFrreig]i .
Jl m m ’
T e .
lT M m i
S 9 X
D '] L3
- 2 3 8
= NS
T 5 B g
na Hd 3 -
. [+ 9 . S — ,
S 4 - m . .
B O Py = m .
£ -+ = 8
—4 =
o @ Q
o +
5| 22
fe T = :
4 *
D el *
I J
3 Uy R S P PPN st Ry s TN PR TE: \ TR PR VS0 PRI DA T WL LV PR AN i 1 LI NTTPRER S LT AR LN PPRTRE ) ST ST YA IR P APIT LAY ool 5P e Fhr b e M b A s gy Yyt Tagsns R v R ,».E




Lidll
v

it L

LI

Litlt

LI

——
e
—r—
-
o
-
I

l

-

_F.

——

|
AR

i
630 TORR

[
trti

L
630 TORR
IR
MAGNESIUM 40%
BARIUM NITRATE 30%
TEFLON 30%
PLATE NO, 15

1141

14
l

Plate lid. 15

Plate N
MAGNESIUM 40%
SODIUM NITRATE 60%
Ll
T

PLATE NO.

LR

/\k
L1l




Li il
LU

LIRIRE

LR

L4 ittt

|
1

11
LR

I
LA

14
LI IR

Litl
L IR IR

LI
630 TORR

t i1l

Plate Jic} 1f

1111

AR A

TEFLON 10%
PLATE NO. 16

MAGNESIUM 40%

BARIUM NITRATE 65%

L1 Ll
LI

e . e L e e e - - B |
|
- m
E]
1]
P . {
emap— ’ —
U
m -
i i | 1 1. 5 1 ]
1 L) LB 1
-+
——
——
——— m
e
——p— &
—— o
0N
. -+ O
o~ oF 09 of e®
Ta5""
™~
< llmﬂuuﬁ —
] [ >l
@ lIIMMM m.
: JEEEE “
m -3 = m L
T782 2
T 35
I+ &

R




P N o )
/'!" %
& 2]
ot
- =
]
. - L [
i o
i Plaic lig. 18 I ! 1
N R
MAGNESIUM 51% ,
BARIUM NITRATE 37% ‘ _
i STRONTIUM NITRATE 7% i KT
—H-H TEFLON 54 : S
PLATE NO. 18 300 "TORR + '
2 T ‘i Y
B )
1 ‘ A
! i ‘
!
1
i N
i |
! ! -~ !
Lo, ;
] { ;
i !
t |
i 1
I i o) |
1 | .
; ! 4
% 5 1
i 4
! | 4 '_
| : +
§ 1{ Tlate lTio] L ..
. T
| MAGNESTUM 515% 4
! BARIUM NITRATE 37% Y )
| ---H-+ STRONTIUM NITRATE 7% { Littdiaa
; TEFL()NS‘Z L LR LILRENEBERRR]
|
| PLATE NO. 19 150 TORR -
| -IE *
| -
Lo, T
i
| i
¢ i t \
| | I+ ] l f
! :
!
i
——esnilh., ..

R —




L o
L
-
—1-
4
(]
L =S -
L ad
- Plate Hof (v T 3
4
P 4 i
MAGNESTUM 51% .y
BARIUM NITRATE 37% ’
] L 11t 1 4. 11 14141
-—*_H STRONTIUM NITRATE 7% e 1 TIT Il lTITITITIrIrm
: TEFLON 5%
PLATE NO. 20 75 TORR :F
%
r ’
o L]
- .
Plate o} 21 J'{ ;
ALUMINUM 35%
. SODIUM PERCHLORATE 60% Ll ter e by
=4~ POLYVINYLCHLORIDE 5% IBREEREEERREEEREBERE
PLATE NO. 2 630 TORR
|

T T N, e L v

e e o o tma v o ot e e — i ¢
»

[ et SRS S

P s
S




~ . N r 1
e - !
‘j D
oo
o
e I:l
L‘ L
e o -+
Ee od
D aad
! wnlon £
. . - -
ol
I ot g
e .
L ad lr -
L o l'
T & ———
! L w
. - P
: - “ﬁrsi,ﬁx s F
, ° o of ~ e o
o« L
. T ~ .
_ i T Lidd B oot ____ |+.
\ I*..*...?1.?@:%;...:..;._..._i.i. ...TT Py i iERsg 7 it
| : I zZsz ¢ I
. - e =SS 2
| N = 52 L. T
: el — -
, | lﬁ [ ] \lm“um m\“ ~y
—— == =
) ) 7l = az = o
- . Vo) =
o g o == N
' -—— wn S tn wu lﬂ
_ i M D ~ =3
i - suy ean ~ v . L
- g8 )
, - IN\MI . nnlu.
— -4 (=] & e
il S== mw -
& 4+ =88 g +
. <1~ £z & -+
. 2 .
e = e
. -2, !UIWM —3 o
< -
,’ [« L n,rA 11
M o T
| I T ]
t =+ I
£

s
\
\
: /.\
Iy
P (0 X
Zas wgan i, Meanews 1y 2 h st SR e o b PEOELV AT




SRR ACNED
Nl
<

Lo

NGO aeiiaa
 exican

7
._'r_...__'
‘

}.‘

4 - i Plate No. 2k

o
|

A [ .
k. . 4 1
'% . L. ' i i
; 1 s : ,
= Vo ' O O O N O U O T U0 U 75 Y1 AU 5 P JUUY T Y S
i : N I
. L. :
: 4 i
- i i !
1 ALUMINUM 375 -
» STRONTIUM PERCHLORATE 58%
POLYVINYLCHLORIDE 5% v
: PLATE NO. 24 630 TORR
: e }
: i
) —_—
X LI
Pt - ! - -
}
3
; I
e d
;
z T '
' Plate ild. 24 T i
| .-
i 4
- ALUMINUM 37% ¢ |
- STRONTIUM PERCHLORATE 58%
i POLYVINYLCHLORIDE 5%
| EERE clre e bt ey
- PLATE NO. 25 630 TORR RN RRRRN LR
- '
|
L
9 ' ¥
S . ‘
EA

TN e

- o

| i

—
v

P—




A

AL Lt 12t S
.

- -l R, -
a SN USRS

STRONTIUM PERCHLORATE 58%

-t
I
L and
P . .
- -
Plate No| 26 T
=
angione
Lid e i i1l i1 a1t llll“bllll L IRTEN NN NN N,
rryrrrrerytvpvrtay llll.llTlPlfTI IR SRR EREREERERE] LR

ALUMINUM 37%

POLYVINYLCHLORIDE 5%

PLATE NO. 20 300 TORR

-4
L ot
-
el aud
4
—d
Plate Hop 74 T -
-t
-
11l 1 T Y O Ll 1 d ] lJA-ll [ L4 t
i [ Lild
R RERRERERER LB f__;‘ Tty ryTtrprerrryreTry : ; % :
-+ ' i
BORON 37%
BARIUM PERCHLORATE 58%
l POLYVINYLCHLORIDE 5%
- ; PLATE NO. 27 630 TORR




p S TN

e SR

,zw.m_

L P USEES I

AN

Ll
LI I |

L o
-+
Plate 1p. 28 | T
. ’
BORON 37% + i
BARIUM PERCHLORATEL 58% v T
POLYVINYLCHLORIDE 5% b4 i |

e
e
L
g

.-J
p

PLATE NO. 28 630 TORR -

-
I
-+
——
- -
—fp
g
-l

I . |
LB

Lt

Frld

[ .

Pt

H+H

Tlate el 70

LIS

i of B |

LiLLll
LI

(2 i bl
LR BRI
BORON 37%
BARIUM PERCHLORATE 58%
POLYVINYLCHLORIDE 5%

-+
:-
ﬂ

|
LI

PLATE NO. 29 300 1ORR

]

1

C
X

]

q-
—1'—
o
1-
-
-l
T

e -

Jro—

[ [—



« - .
g -
s
L ot L ol {
e L ad
by oad e e
b ond L
g ———
, L e
{ L e
' . L oud i
W L o A anf
¢ s
m L o e
M L ad . »
M L' pud Ll
f ,w b aad i .
' t
! T
M L
M L ad
' L o
ISWENEENESEEE Leliaat 1 ittt e st et 310y RN
LI} --'- LI} LELIR IR ] Ll LI L L —-u-l‘-dn—
3 ~— Ur
=
s . .I.ﬁ
s’ ——
. L= = ~ andha .l.)h\
L ) o~ — m
, O — - e
-t =z >
caon e -
-* o? o J% o® o
< T~ 20 = s C v
= Uﬂ "o s * lﬂ M wn port
) -
. 223 12 . Py
: — 5858 ¢ e— _— - S== .
— RMI o 2 o < = [=]
. L =) e~ = g [~%-4- Z
4 BOQ < 290
! == < - = =
: o T $§ % = < 55 <
. . = -
i - £ 2 Q . T D= =
! ] £z — e M.m
: - x> - =
< =
, e mn g mm
i L Mm - = &
% @
~ T T T
N@ —
4
,'
‘ - . [ . . .
L4 »-
- Al
i . i
V til
- - . . e e - . e 4 o et e Sty = 2 e U .
9 B s sty s Sapliame st He pu s R R T T e N TR e o




Yy
s
<
Vs
3

=

¥

T

T

L =
-
-
- .
++
111t T 1114 410ttt it ittid
BORON 27% P" LR EREEREEEREREEEEEREEE

POTASSIUM PERCHLORATE 68%

g S LM GG
et et T 4 -

R o

POLYVINYLCHLORIDE 5%
PLATE NO. 32 630 TORR
n 2
A
e
. 32 -1
e
P i 8111 111111 1 411 | I Y L4 {
e et
BORON 27% 4 A

POTASSIUM PERCHLORATE 68%
POLYVINYLCHLORIDE 5%

PLATE NO. 33

LA e £ 40 £k

e

s s o s e

i

-

-

e

Y




" -+
IT P
— e
-4 4
e —
11' paee
T I
—r— =
e .
—tp - e ) - f. - |olL
- >
I R N d o - .
oh e :
Lt L.l 1111 {1111 [ T U U U O T O 1.3 1 3 4 41 ! 10y £ 1 11
LER BB L L _._—_ . LRI LERBR RS 1 | BRI LI LI TVl LR L
.J *
7L
b 2
=
S =
=4 [=]
(=
- o® > of
o® o g ~owwv D
™~ oSt o o~ o ~
N2 I
. - Z a2
mmm C & (5
clae < =355
239G @ =3 :
- == . - S8 <o
O O 3 Z
N xS = _ . H>
2 m.um s o ”m =
@ =z £ =z 3
g 55 3 3 =5 =
9wy © Sl BE
o Re * ( -«
~— % =
= - —— Pl
2 =
\\\,.
| 4 +
1 1
r:k&;/ﬁﬂgauﬁlﬂ.l a -

NAZB g a2 A T S

RPN PN IO

e g s SR 1o o B O s e e 2 THE

. e —




Dtama

i —
4
P =
-
4
-l
MAGNESIUM 37%
POTASSIUM PERCHLORATE 58% T
POLYVINYLCHLORIDE 5%
W PLATE NO. 36 630 TORR : gt b d e
a2 _ 8 8 A A & =B 8 A 8 B B 2 B
- ‘*ﬁ‘ ISERRREERERERERRE
v [ ]
\ v
- .
e
jr-
- (
Tlate nd. 27 -1
MAGNLSIUM 375%
POTASSTUM PERCHLORATE 58%
POLYVINYLCHLORIDE 5% ’
NI TN NN NN RN
- PLATE NO. 37 300 TORR -+

Jr— e a

2 EPo——



~
H
i
|
;- . i
) L
;s
i ﬂ-
i P =
;- N .
g Plate Nd. 28 T
-+
L
L o
d-
t 2 4810418 f At bttt it i i tt il i iti it il 1314
TI1T3r e nTFryrervrEevegInrneorssoypoyveveesyrveypisey
MAGNESIUM 37%
1 POTASS {UM PERCHLORATE 58%
POLYVINYLCHLORIDE 5%
PLATE NO. 38 150 T0RR
) |
Y
g :
ff % nl’ -
3 1 i
.
¢ )
< -
N
b o
5 L
] T |
§ Plate iid. 42 :
3 -L
MAGNESTUM 37%
POTASSIUM PERCHLORATE 58%
PCLYVINYLCHLORILL 5%

PLATE NO. 39 70 TORR




Y Y T T

-t

4
—
——
4
‘JT‘
]h
-d;
FEENENENNNENNER
(D R [ 1 3]

-

_——— -t

MAGNLSIUM 37%
LITHIUM PERCHLORATE 58%
POLYVINYLCHLORIDE 5%

PLATE NO. 40 630 TORR

!
|
'

-1
e S
e
—t

SR

e
e
+
—p—
—f
4
4
o= SN
£
RSN NREN SN NN
T T
o Y
e

MAGNESIUM 375%
LITHIUM PERCHLORATE 58%
POLYVINYLCHLORIDL 5%

PLATE NO. 41 300 TORR

I I+

ﬂb
-T
B
4
4.
-

g




t
!
"
y

Lt

LI

L I
UL

yrrryeyry

LI

Lt ]

IREREE

-
-
——
—y
g
-
-—
J
-
-
J
- —4
B —
-+ 4
e ———
fae -t
g — —ra—
1 1.1 4 1 1 g1t 11t 1t 1 4 m U O O O B 1411 i
N B e LB O N PP T T T T -
-l —f
~Nown ©
S "W Wy —t
s ) = s —— o
== &=
e o~ =4
488 < wnoumn,ao o T —_— —
. . Z =3
. b o ﬁum” 0 -1 M w “
L_l MRM B3 Ul = s
- 23 = - s =
L & = IMI
o [ = - WNxxx 1
- > ¢ =CoC -
=0 o - o ——f 4
- =g & 4 E§5& 3
' ™ =8 A 2ES 2
-T = ] 2= .
] . - hn. " l..Hu m
- — <
- - - =
N ™ = J - —.3 L
= = =)
= e I 8%
- il -
3 < -~
- J_l. -
A g e 4
- . .
——— -1~
- -
s N1
-~ R
%
+ L] L4 . »
R IR Qg mTSSuSTTeomnts mame T T
e . . A DO T P N R R L ot PR T A
T ) Y, ot ha b, - A T VTR oo 20 3 AL S DAFT0) = ORALAGEIN - L d

o Viots e st oy e

mr————

v — -




R - R |
¢
e ad ——
—— e
— ——
—— 11
L ol lT
—-— m—
- ——
y—
l1 b/ b ad
) - L = -
ll"l L and
b aud ——
rovmans
‘1 e ad
P —
L= = P
—— ——
T —
- i
hh' - - - - |4!b'
. 4~
* L -
it it rt11eit1f __ _ i d it el 1 ittt .T I_..
LIEIRAL LI LR LI ! LR B L UL LR
L d L oud
—— o —— -
—-pe o ang W
- m - [
ok 9P ge o of of
ooy O — AR+ N — —— |
L ") wn w g “SE m '
- E v
-, T -4 Sea
= = — <l s o —
el el - [0 - %~ 4 W
o oo < P = 2B OO -
- g o 2Z 2
(TR ¢ — o 85 o ™ p—
L2838 ¢ JF TsE8 2
r a3 > B o
—d o = w s an Ce 2Z =
= — [ 7o} — =
= T =E> < = T 2 3
]
iy -+ “w Nu. . -Tr ..D..L .
Lo
2 ge = — — = g —
o ——— — v
2 -t et -
——— P g ——
L' ———
D e ———
oEm—— ————
b o ——
.
’ 4 ~
]
]
1
- ~ N . . o . <, - " =




A -
B i
e o
i -t
e amd v—
o
e
s —e
P S0
————
L —t—
e ——
L -—t
- -
L o —e
‘1 o —
L aat » ——
-
s N
-+ +
T). & G —
- T
- . . mR..\
P S
L j=3
bttt il fd oA el T
_ of o
TVvIivyyryivy gyt L) ! ! . Di~in o
. = QG 2
—fe
-r prARTANS )
+ 4 SEE
-+ ~~ nZe
oOF ol o® . o3 0;04 i
[ %S - m\m == .
- —e =5 o
- Euw 4. SEZ 2
b i SkEea i
. - ~ ol -t —- e = =l
T sss . z =
= =5
T _g=2= . 55 2
== S5 =
2838 L =2
T = ) -
L .. 2 s -2
Ll
2 . => - -
= =223 - ——
., L oud ML
— R . — T
= mm ! 2
o~ . S —-
b4 - ' —
KX ] b e
it : - —
i L &
po ) l' _ n- —
¥ - Lo
T s R et (e . S
- H -t
L 4 -—f -
-
1 l‘ UO N
\ ] _ ,
2 ; “
a |
m\ J
§
4
"
L
+
. . . j ,
— —
i e - e e T
;t')\ti.\.ll;&ytf&li\\vilotl.l..) A
P S R |
« e o p—— e =TT e o st e . i o e it P Rt o s p A o i ikl
- 2 Lo Ads g ey AL
o S —— S =T R T T tr Ty NI L] S A NS DAL =
i”\;!‘slé")\.}lﬂ. - Yy Yt avey:
] ) \ T PR R - D sttt eI el
£, b2 .




i 4 .
. _J._. ¥
-~ “
3 - "F f] .. :Z’.l-
: b 4 SRR §
¥ = = ’ P . ‘91*
- T I s
Plate HNol 48 . ],
1 L. . ® . -:‘;
; -~ ' 3
3 3 e
3 MAGNESIUM 58% ’
SRS LITHIUM PERCHLORATE 37% -
( ' POLYVINYLCHLORIDE 5% )
PLATE NO. 48 300 TORR 4 )
P J
L ' -
. ! A s
{ . 3,
i L. ] i
- ; ; .
: i ' , v
Eg 3 e . . " > a0t )
- s “ e . .
£,
i ] :
i A .
| A
i 5 i -l..«.... -—
. : L. ;
; 4 i
l X
] Plate w0 T
: L
MAGNESIUM 58%
, LITHIUM PERCHLORATE 375
: EERE R POLYVINYLCHLORIDE % NN ERAREENE NN
- : : ' IR RS
. PLATE NO. 49 150 TORR
‘ £ !
! : : - i




s

/
e
...... - . m o -
i ]x_
i 4
i - " v e =
-——
. } - »
| . + !
- 1] ' L
| e Platellol 50
| | i ! + |
! i MAGNESIUM 58% ,
‘ L b LITHIUM PERCHLORATE 37% NI R
» 1‘1:“!'. - POLYVINYLCHLORIDE 5% 0 1 T 0 I N O I T O
: PLATE NO. S0 70 TORR
. ' ) ! : S l
N . — e e e i
| l
!
]
i
| -
i
i
i D
4
! |
| e e e sm v e - ‘
[} ' [
b -
. - | l 1
! i A
i i 4
i S | .
. X A ]
s ' 41 ,
' ! | :
{ % b and H
. i
‘ 1 ‘ Habe oo V. . - 5
| | " '
¢ , . |
. . ' l
A ' f MAGNES [UM 58% l I
i , oo SODIUM PERCHLORATE 37% ol L [ O S O O A
"g’ 5 ; . POLYVINYLCHLORIDE 5% Proe eyt I
it :
. ' PLATE NO. 51 630 TORR ! ,
3 o ' ' ! i $
s - | ! : : 1 f
{7 -L- i . I
L . 0 : |
3 - I ’
; A i
5 { ! '
X . £ i I
3
5
\ r ;
¥ , . .




+ -
1 R
: I _
e SRR ST R P
1 -
, X .
1 -
DTS R R .
I ]
a7 ; : o
N ; ! »*;
. R N e I Nk
i

it

5%
o

300 TORR
5

150 TORR

3
w3

MAGNESTUM 58%
HLORATE 37%

SODIUM PERCHLORATE 37%

-

MAGNESIUM 58%

SODIUM PER(

PLATE NbO. 52
PLATE NO.

POLYVINYLCHLORIDE
Flad~

PFOLYVINYLCHLORIDE

Plate No.

i
..




WA0L 0L ¥S "ON JLV1d
%S FATYOTHITANIAXRTOL
%L2 JLVHOTHONAd KNIAOS
%8S WNISIANOVH
XL
A -
i F
-t
TR N NN T SN NN R ! SENEEENN
H-+ e T T B A T O IR
e
e
e
-4 *ojf 22e1d
——
—+

Ll
LI

dod
R




PR

;
2

e

TOR L TET T e sy e T e

sk L 2 A S

Plate 55

Fore Optics used with

Bausch and Iomb Spectrosraph ///
/ Banceh & Tomb
N Spe2trocraph
¥
pdll ’ \‘

yd
. y’
. Bauscn % Lomb
Wntrance Slit

\

- Aperture

Cow - 3" diameter glass lens
75" taeal lencth

-~ Slit determining viewed area

10)(: \ —~ 4" diameter collecior lens
RAav]

12" fecal Jenoth

] \\\
,_I . — Al - first surface mirror
-"I““ ct——m——viaw port in ligh Altiiude Chamber
useful diameter 9 inchec
i
I
i
l'oll
I
i
H
%
!

S «-T -« -——- Source location inr Chamber

Plan View

’i—w&-... -




ransmission, N+l

T

SWITcH PoSIT /oS FROM ZERD
CLOCKW/ISE ON TARFRELL~ASH

Transmission, N

EM
7:/7-67

Lo lis




WML TRy T

RS I

PP

M

EEEG

Canhis

LEaE O Ao

T

I

aso

22 24 26 20 20

20

~»
-

10

>

aro

DeVos, J. C., "A New Determination of the
Emissivity of Tungsten Ribbon", Physics,
Vol. XX, 690-7Lk, 195h.

Lh|

T

seced.
‘.

i

I

eere

sasd

eoed

'
sals

S

Lo

N

;
I 0! B

eeocorerstonsciores

R

R

bines
e

o

e

1
bae
i

Jye

Jerefors
|

286 05 23 30

22

IO ORI
1

ot Ty
pos -....x-.’,‘.".'...-
——

1

fhgh

L.

n
Ly

.

Bm

gt s

ditittatlny

i

astirgeleensties

b ote

sey pde

eeesgees }
Ty
-6.-,0--- .

bl

00

s

segpegledes

P

A

o
hd
o

2
L+l

adas

for -

Rescashtnn

Ld
1

080

5

aro

Plate

BTN
ssiefe
¥

aso

Y
. AZ..Q-

)
et et

.
bey

C42

Las

g
022

J

-

g

d Z80C’K. The

X an

e ld |

Ay

jeratures betwesn 16
wd i the measarements s aindicated by

1th of this line 1s equal to the mean square ciror of the cierage 4 o vt measutements.

{ wave'sogth at ten

ion o
The accuracy at

ned tungsten ribbon as a functi

ty of well-def

1S5\

Fig. 6. The em

e

at the

- he line

on,

xtrapolat

ned by e

Lottom of the figure. The

dotted parts of the curves are obta

Rt T,

Wi

Tl wasmn

"lﬁdt




K .
s .
2 : ,"%@B .
/_,,'-“' pen — -~ e e e e e - - [
A
b ‘// ‘
] !
:; ;
- iho Ti'th: 1536 HDUKY UNJVERSIIY UF LENVER B 5500 EXTENDH
3 ' Plate 58 -
? : he GTN *
3 1 Cin e g PRy Aant ol CALCUE AT PF i INTENSTIIFS FOR VARLIOUS »
; | WAVELLE G iy e NTISKIVELY RND O TEMFERATURE ARD TU PLUT *
%‘»; Ct YO OSE L BELTA FPUNCTIGH,  WoSowESTS - %
. 1 LN I S A Cai ) (tl::.b;; ¥
k- ! Flie ol Llin 40200905 .
- i PRRCELCrE DeTel e v FELG PR S ValUE PROGRARFALPHA PRUGRAMGBEGIN UAN BGOLEAw
E ‘ NCHLELGr ot mAT B g 020" "p AL e X2 TIREI" 15010, "UUTPUT FRUM PRUGRAM ", *
i | Alpa B0, "UBLVErSETY ub tEMVER G PUTING CERTERY///7),LAYIC//"EXECUTIUN TIMx
] E =090 03 /0w Glat 2V 0% " SECUMEBS "84, 1%, "y AU» X003, "TINEIY 17777+
3 ' YILAnREL i LTFALPLA LCo U TRSPFEBIMKS s YRIDAYS USEUCUSED ARD FRUGRAM.[1&26J=x
’ ! GFDIYeT QO3 kel WY [0S 224 Y00 S NLTCDAY (8203 +10X0DAY, [{36:6)+10CKXDAY %
; (3G FENeTF YR LAZIGIIUD L2 ThERN"(TEU"FLSE Y WFEE "I FUF MUEY€JAN M, FE#
: B ARy AP R Y M e b Y Uk M e UL P M ANG M, P SEF T, P eUCT o "y MCNGV o %
5 | MMeDEC bl REGH UF LAYSEOL D106 THER 6L TO GLTTTS0AYCUAY=HU, (163 €T 5ENY
{ : USOLTTT NS TIRECT) /3000 abSelLOX{n 1S DIV GGItUINS MOD 605 IF USED THEN%
= . WRITE(LITE s LAY I 21 Lt () Z70C» TIVL (33760 2lLs DAYy YR, HRS)ELSE WRITECLINESHUp >
[ : s LAY Vi, b8 PROLRAR IS USLOCTRULSLNG OF DATELIRE; ) L *
i i :
g P FLEMAT £ 16C//77" AVELEMOTI = %, 85,30 X112 "STEP NUL" sX7s"DELTA FUNCTILN", =
: AT O XOULEG P TR enSITY ) . .
il { X . < . i % e meera cmaas
3
. ; FORLAT FEIOA3Ls13,X1308 7 02160k 74805 *
s f
- Pk LABLL LES: Tt TN
' P IRTLGEL 115 1ds1i iy
f | InTeGER IpUsKalIsH2aN3)Ma, WL STEPLS i R
E ! j INTLCRLR Q07 y *
. : INTL.GLF  NDsIN6S *
;! o REAL N1GS  LABFL 120, ' R
z ! : FURLAT HOT(XA02"SE TULL UFLTA FURCTLION VS HET INTENSITY™///); *
: { .
‘ ; FORMAT MUPL//5 K3 IRBFERATURE = ", 14," BEGREES KELVIN™)S _ v
3 : FORnAT MOSUAS s "LHISSIVITY = “rbb,2//7); *
A £
]
{ i FURKAT WL (X2 BILE NUNER = %2 56/7); »
¥ I
E ! ! FOREAT BRGUMWaVELEeaThY o Y 3y "TRARSE IS TURY, R3o "UENSTTY " X4, "OLLTA ) X4y _ % _
- i i "LOG SR TRTEUNETYY X3, 04=INTRNSTTY BUKMY, X3,7Y25 OELTA NURM™, *
4 C Ay "R OF YL/U2Y); ¥
. ' '
: ! FORNAT HOOL" 2 1Cnbe §"), T T
i .
‘ ; _ FURNAT FRIMC//2 " Tetie SUINST I DATA VALUE CQUAL TD OR GREATER™,  *
# - "OUNAR U FRUGKLN DTUPS"//); *
3 i O ,
_ FCRRal FELS2C/ 70 et 1 THERSTTY LESS THAM ZEKU PROGRAM STOPS™//)3w
3 ] FURHLT Fi1(6(Fuslab ben)); -
) :
f-
3 ‘ -
; - :
N * -




TS,

TR

e .

o

b T R

B W

E N et ey e ¥ o n

bas LfSTcePEsnY « LECHPTULLAGEPE,RK))Y X 0,L0U7%;
Broe e L lika e )xe 034000,

et (GEARL AR A =St O RXP (270U A uXTEMPITI))=1,0))%ENMLITIT1)S

JF (i ~{ir)cu, 60, Tti oWl by Lot
VelSTtEEr 2Ky € TELISILPE2A/DES

JE (oS E) < veueC 1) TELN GU 11 L2u)
YHISNTETE 2% «hLabrLSIEPL s )/NE S

IFCARSEYZISIEPE K. ) < Lo C1) ThbEd G4 tu LYGs

(NI S R
(:) tid LISTtPE sng « EMTILTIZ IFIKIXSWIISTEPLIXNLAMESTEPE ]S

n{OTEPEse ) € YIESILIFE»RI/Y20STLEFIK]S

WETIFCUSEE pFa LAl a s TEALTR Jp0el SpDELISTEPE K ERALISTEPESKI» YILSTEFE K I%_

PYZLGTLPE s ust LSTEHEER 2RSS

L2Gs
LD
bLisfys

WRETIE (LIt (FRuE )5
! WRITECL IS 2Py LEL P L)

WMRIIECL JwEondast iYL 0y
| Fiih K € 1 STEP 3 USTIL 4 Il
. B AN

LAvtL Leds .
: IFCLAUCEI=0,0) (e G0 L7LS
' WEITE(LIE2E 102 Al LKD)

FUR STIEFE ¢ 0 St 3 uwitl L 13 du
-0
BEGS
LARLL 1L453
IFCLABLISTLPE»RI=0.0) THLA G TU (L2325

: HHIIE(LLHEoF]1»bTuPE;Dan6iLPErKi)hﬂﬂhlsrLPE’K])i
L25:
EN ;
NWEH
EnbDz

THRIIE CLINE [(PRuELDS

CiD
R o B
t
i DATELINL(O);
E;‘“)o

»

JOoID EGHLE W B3FR 020,20 AUk~ Sy T8 11410

,!3 SEGIENT NUHSER oo?lfwdi A IKERS 1S WiaY)

POTva) I8 SEGUIT MUMLR 2024+PRT AdnReSS [S wu34

oCA UCHATROL TS orG T ) vde g D92 ip 7 e 3y 1S 00065
Ul () 1S SEGMENRT #UMBER 9030,%nt w3 )rESS LS 0022

Ol W2l T1C IS oLGAENT WU IS 903 oo T ANIKESS S 0d14
L RLAD TS SEAGAEMT vl 43k DJ32.PRT agdRESS 15 0015
.JL(:>LhCI IS HEGMHENT LU i8rd U333, PT ADUKRESS 1S 0016

FRRURS DETECTLD = 0. CodP LATIud TUME = 12 SECONDS,

1
1
!
.
¢

'4-‘-!-#1&‘-*‘--,(.:-1.;’**

$4r aewmam e amme e sems
0
.
. .

3

1
+

H
'
1
3
1
3
v

1
i

i
i

‘
‘
i
!
]
1
N
.

i
]

% X A A X X R A ¥ R e o N

R

i p o

- b,




jygtg

T P AT SOy T

VPN AR Y Sy

TTAAT e e ATE L

A R Ve R S P R A X N T am T

Ty
.

Pt i [ .'ll“os’)l *
Fibdinnd 13 s *
PO FSidined THaio; L4
FURBAL 1 (1 Y,20aT0b00 12000 F0037AD2 0002 AMsR12,9,X62E12099010E12055 K00 = =

Li2.5538 *
FURLAT T(2F5.3), NI o
HL[\L Lh'l“-’ *
REanl. DEi2gs S

REnL wMEAY TEMPLG10IsLHIITO300, LA 11 STHANLOSI00I»SHTLO20)s
DELAMLIERBELA YIS Y22 RI0220,0:1300] ; )

REAL ARKAY slLalL0:/0,00100)) o
Rt Al ClsCZ2Nns DI
DATLLIMLCYDELTR "d

SRR ERS IR AT B . e e e

READCCA N F 30N N3,ud)s
VEAVCCAKD W F3piviv)»

BEGIH m et mm e e a ek m——

LARLL IL20: ’
L1s3 L3CFUR 0 « 0 STLP v UNTIL 13 00 SWilalss

]
i
.

% * X # % A & A € # N £'d £ A € * %

LISi  La(rdR G € 5 Siel § uitTIL N4 DO 1FCa)); o e
READ(CALDIF?2,L3), )
nEaUCCAKD Y2 LA) )

FOR T ¢ 3 BTEP ) udlil i1 DY ) . R

BEGIH

Lastl 1303

FUR € ¢ 0 STFP & LITIL B3 wu ) . . 2

FUR 40 ¢ 6 STFP § Uavil B4 vl
DLt Ot )eb il li, ulled v;

REAUCCARO,F 1, TEART LI LHITLLIY; e

READCCARD b 3, v2) 5
FOR TI « 1 STEF 1 'INtIL M2 DO BLGEN
REAVCCARI,F3,STRPLrith 10, < e
REAUCCAIRD, F7,FL i € MY S1EP 1 UdTILL Do DOLLAMCE I, TRANLK]D) S
R T (Ll ont2, TLHPL D),

SRR tNEs e, b nITLED ) o e e

SROTLE(LUUE g, STEPR) S
O Y R SR HILD Y '.
URITECLIGE s HUQ) S
FGR K e Ng STEP 1 UNTIL he B0
REG !N )
LnBEL LAGS . . L
IF iRAMIKY = Oeu Stk ub 16 L20)
VELISTERE,RY ¢ LNCCI 0/ Inavl a1 =1 40)%0443425}

LAMb € {455 . o - e e e e m—

Gl € 37805,
72 € 1a309%.0,

DKée [ RC)O/TRAMLN O] =140 )20 530255, . L. e
NLAFCSTEPF oK (I attf b gw(=n)x (1, 0/(EYFCC2/CLAMIKIXTEMPIIII)=1,0))%

)
i
)
i
'
]
!
!
1

= K £ £ €

- - B - R o ————— cmmn oo -

+
H

".1&'(-!“!—11-!*!!—"*.'
i H




R B i i PRV B {

)
e v mvmme b ot + i e an | mans mn s marm = e e e e = e e A ]
) &
-.-G.....Em.mu L S Pﬁ...wao I o .. Do+eogZeErl _ 10-@9v€92°/ . S66° T veorez 00’0 ¥§°0 ;
10=996020°6 vovearvie®l 00+ev1vu2 T 10=gt20€6° Y 069°1 069° 1 020°0 €5°0
- 10ed0256€°8 00+92rnir®1 00+e€v.i81°1 10=gbUE26°Y 060°1 650°1 020°0 26°0 <)
.. 30=99v6ch 6 oGedloscicl iooﬁmmwlool L. .. _lu-d2exoe’ .\ _Qvel Jpeecl ___.0%0°¢C 1620 ‘
00+300000°1 T0+800000%T 00+n00G00°T . 10=806100°6 cut®l ceez i 096%0 0s*0
@0e+dzeGZ0°1 10=91£920°9 10-820107°%6 10=890G/€°% 1601 2£60°1 060°0 6¥.20 ey
__10=992542°%6 . 10=01F0lR%8 | 10-9l0c€2°€ 10~862226° " i 190°1 260°1 080°0_ er*0
10-902716%2 TO~e6R00W & 10-v€966E°2 TO0=@iGZEN Y 21 34 0i0°0 iv*0
10md¥¥520°2 10-868000°6 . TU~uGS¥09°9 10-818914°€ €21} a1l 020°0 980 s ]
§0e99216S°9 10=-91€9/08°¢ S...m,coﬁmc.m 10=AETH9E F Teoy J60°1 __0wo°o0 Se*0
TTEOWECETENY T T 700410565101 T 10-8502%1°S 10~u26122°2 one™1 LR 0v0*0 wio )
10ed26981°9 10-89T112° 10.05008M°Y 10=gleELT g 960 126°0 0z21*o0 €960 »
10049910 °C 10=896920°'9 . 10-820298°€ 10=-w20bEn* 1 01V 620 09:1°0 (4 341]
F0«904925%2° ~ T10-81%T6E°%  T0-e00¥0E°E tO=gynpa’y S26°0 efoeo ~ T g€2*0 Tvto
00¢gl6C0%° 1 10=8G2VE6° T 10-¢00€6/.°2 Z0=80qn2fF*la 16220 €Ento cL£°0 0%°0 9
Q0+929199°2~ RALILLEAD! ..n.. . Wewgs2tE°C 10=g5n680° 1= Sui*o g4z T 096°0 6€°0 )
TTI0=dTOTEV €. T T (0wdT4016°G 10-299€26°T TCuB9bOR02a 459 0e ¢g0‘0u 02a*o (T3]
10980901 ° 1= 6O+d2holy°le 10~620596°1 T0=gZ0EGI Em 9 1 600°0 096°0 €°0 )
2Ced09166° V= 00+8G61065%2~ 10~996252°1 10=8096EN Ve 6£6° 2w 00e*0 . 666°0 9€°0
TertTmTe T T e SNONJ TN
2A/la = ¥ WHMON Y1130 =24 REON ALISNIINI=TA A{ISNIINT 130 207 vii3e A1isM3G6 NNISSTWSNVYHM] H19N3IVTIAYM e
. 1 = u3gWaN d434$ ‘"
85 23e1d 0n°0 = C;Sm_:u Y
I, — . . .. PIATIX $334930_800€ = 3¥NLYN3IININ
- - - Y
~..00+900000°% cpnmw,oeﬁc-ﬂ B C0+900000°1 VUteoELHO" L 661 co0*2_  _ __010°0_ _ 06%0
10eei0T01°4 00+900000°T 10=420301°¢ 00+8S2100° 1 S66°1 0onsg 0iIn*o 650
10=810¢CE2°8 004400000°1 10-e10EEZ Y 10amElH6806 661 V60°2 otc*o eyt - X ]
J0=9C966E° L 004900000°1 10-6€966€°1 10=aG640106 _S66°1 Loo*2 010°0 490 :
T T0uRev09tY T 00%+900000°T ~ 7 °  10<dss¥09¢9 18eps26rc" Y S66°1 6ons¢e T 7T 010°0 BT 3R .
10=980150°S 00+9000600°1 10-ab0560°*S 10=nl59€0R 566 0002 0100 SH0 . -
_10=g95028%°S 00+900000° 1 10-8502¥1°S TO=BYEUNh L cn6°l o0b0°2 otou®o w20 &
TTE0«ag008¥ Y T "7 g0¥ecoGoo1 10.85008r°h 10=092962°9 Se6*l cooce T o16%0 T t¥*o P
10e9v@S95° Y 10=698697°0 10-820298°€ 10=490401°9 069°1 669°1 020°0 [2 A4 NS e Y
100908242°Y 10e863916°9 ___ l1o=dovbOftt T0=d99UGE S OPE* Y f6E° T ovG*o 13 14 I 1
T 10ed4eTIVE'S jo-d06bt0°C 16-800€62°2 TU=wS66EG 1 C0o* 1 vgo*l T 060°0 o0 o
10e92102%°0 10-9.€v5.°2 [0~aR62EE L 10~9662€9°€ 065°0 €S040 0zz*0 6840 = T i@
00499G9€1 €~ = 20-91Lf€1°9=  10~890E26°1 T0eal6629°C ¢zl 0w dwzto 04500 n‘nwo RIS S
So.mouow Ce 1T0~051976° 9 P YETTIARS 0~deu6lcel 08¢ T 4100 096°G €80 T T
SNOUIIN - gy
l..l.lw&smm.mlnlm ____WHON ¥1T30 =24 HHON ALISNIINI=IA _ ALISNILINI (IN 907 ®17130 Ai1sn30  NOISSIWSNYHL x»az....u:: e
FTIT PN T ~ My o L M4 PIIEIP) N 2 fid Ty 30 G L . 7y oY AL i LUK, SO 2 R YN LA T o 2T cag o e A ARAATAIOE N cogl L S L




T 30m9448E0°% T T00¥eT9TIO T T 7T GOveveves*E T T 10=ei9002°9 6CS*T feet 6€0'0 63°0
10=920990°S 004+819119°Y 00+991504°2 10.8910.6°9 6CS*Y £25°1 ogo°c 29°0 C -
10«9€¥028°9 __ _ 0043029i2°y __  00+e99e28°e . 10=w€yifrs9  OPECT Jpsgct 0 _Q90°0 49°0- =
Towd9tvet's 00+d991th°E Go+eEwits 2 10mewEQ2<E €21 ({3 LN 040°0 .7 v ¥9°0 : :
10e862006° 2 V0+dt¥690°¢ 00+8E96b%°2 10=829921°9 €e0¢t S90°1 060°0 §9°0 ®
_30=01S908°®  _ 00+812824%2 00+49998SE€°E  l0-e256S615 .. 8eato, £s6°0 ___011°0 .40 :
T0sd2l90€°L 00+919650°€ 00+e0T1192°2 10=806182°6 €00°1 S40° T 060°0 £€8°0 . \
1049091€€°9 004899TER°E 00+us42i1°2 T0=B9T€65*S £21°1 sotel 026%0 .39% @,
_30=2089218°S 00+4312908°€  _ __00+8249.0°2" . 10=eS5926£°S . _6i2°1_ 1e€*1_ ___0s0°'0 1320 Shes T
R HTIRG 00+902912°%1 00+eTE£6L6° 1 10-v02621°S 0rE*T v6€°1 ovG*0 . 0820 -
T0=80909%°y 00+802912°1 00481/30%°% 10=8GGEGE T oge*l v6c 1 6v0°0 68°0 . @
_10ees8¥22°v ____ 00+é02912'n 00+w82184°1 = TO=e€160! H- LooJeeett peftl _ _.0v0°0 86°0 i
30a4E6SV9°C 00+919T19%y 00+99€189°1 10=gEansy 6651 tegd 0€0°0 A0 .
106985062°¢€ 004902912 00+80ET6E° T T0epu26Ll°t opel YRR 0v0*o T 980 - @
A u.ohﬁmt.u.wi,-..tcf..mwﬁ.mﬁ.m.- e . 00#w6H1ISLYE . 10=elFERDCE €zict €Sty _0g0%0 ____9€°0 . s, L :
A 10ea202v.} 00+426976°2 00+90E2RE’T 10-wEQELS € bG6°0 ¢00*1 00 T3 R
A 10e4S200S* m 00+e£210F*2 00+ebT¥RL"1 i0=a0llv2°t £42°0 v2g* o ast £6%0 -2 ;...w q. '
10=869206°5 _ ____00+e80llo’e, . Cospewsel’l = 10-sSefEece RG9°0 ¢reco o __0etto  -Z%Y0 —— .
no-.m::u CG+d20€09° T 00+39G5260°1 10=069E16°¢C sz 0 t€a° e - 0EZ%0 1§40 . T
, 0049000001 U0+4900000°1 00+800000°*7T 10magT1T02 Lte£eo <6v°0 02€°0 0G40 ¥
©_00+963001°1 LlO=dsszizen  102940101°6 10meEbSH9° 1 evzt _eSy*0 _ _ 0Se’o 2% 0 LT
M tdeqtiocce "9 00+e00000°T ~ T0-810€€2°¢ to=g992€2°d L2E°0 «6u°Q 02€°0 ev's .+ ..
m 10-458205°9 00+880421° 1 10wsE98LE" 2 Z0=wls020°! QuE*O £2s*¢ 00€*0 s Y 'S
10w940342°€ . _ u0+des2Se*l | 10-sSSY06r9 | gu-esslizeE Civeg £56°0 _ _ _ 092°0  _ 'Y 1 AR
m “T0-d0Z502"S 0o+eR0RET T 10-870168°G Z0-uS0G2 €= BeE*G £26°0 eot’o L 2L N AN
) 3..39?0 . 10e9l9664°%% 10-950201°G E0=860221°6= g62°0 €960 ore* ¥ .., L3 )
| _J0SHEOSYE'S T 109220901 | 10=8S000%°Y 10=810G59G 1 1eer0  _w€pto _028°G €80 . 0 o0 .
w d0vegsesy’t i0adg2299e 10a92Ci96 ¢ 10=4106G2* 2 200 PE TR 0s%°0 Y ) A
Q0+422102° ? 10.822299°2~ 10=90b0E°€ {0=a671400%€~ 250° 0w 092°0 035°0 Sher ST ®.
102012189°2e 00+96¥190°1. 10.800€62°2 10mg11220Cm € 0a 191°0 069°0 0.y v L
T10ed80601 T G0Fe65ECT 2. 77T ToswnbetE e 168806220~ ~  €69°Ce 1900 ~ CER’O 39 2. Easans e W
Z0wd§E0L2°G 00+49€0G9°§ = 10=090E26°1 10=-0019€/° 6w $61° 1w 220°06 ov6°0 e .. - ., “@"
20=0100€0°€~ = _UO+IETESI S~ ~ _  10-8itb95° “ Joeeug92yec9e  06971. = 600°C . __0€6°0 Y LT :
M eyt T 00+9€6291° 6= 10=¥56258¢ 10=9€2R21° 0= €66°2a ¢00%0 666°0 X G T Qﬂ.
L _2A/3A m M WHON YL130 ®2h  RMON ALISNIINI=TA  ASYSNILNG 13N 907 viI30_ .
!
|
+
)
m, e e e e S e
« N
r

/ Bt

At et e GBS QA

&

S,

s

-

e MO LA S,
b AT s O e L AL UGS

e oS - e SO A

e, et L a1 g

25 svan gosst S agnernedy e

N 1L e A e Yo Ny s

2 75




* e B _ . e e e o e —— i Aol s 5D r OSSR |
b RN\. -
,M . . ’).
» »-i . - a&
it . et e mmaemn i mat e mm e s mem me e e eme e I . e e e e - . e i e—— e m - .
oy o .
. e i i e e e e e e e e o : e e - et
00¢dggisc2 't 10=829662°%% 00+ehG190°2 10=9€061€°¢€ £02° 0w ce1°0 099°0 012 o
~Q0tevChRE L. | 00edtligliie | 00+ebebELiZ . 10-gSeselrf . £4870 €49t0 _ 012°0 69%0
(LI YA LI T G0+eg9110°2~ “00+n01802%¢2 10=819990°¢€ 8690 3 VAL 0970 g9¢Q -
00+9¥0512°1- 00+822626° 1= 00+9099229%2 T0-646.26°2 1¢S°0 02040 ovz°o 19%9 - . @
5 I.o;o:ﬁoos. = . m.o.....m.mm.o.n. 6- ....00vecylEC e TG-46108/°C _ . 8CE‘O tesc0  __O€E*0 95%0 I
e0+ela 21V T0-92EE6°Gm 00+6€96bw%e 10~99¢£20°2 Y3 4] 60v°0 o6c’0 SGF0 - R
ooo.onocn.- 10=8GT64€° G~ 00+09%65E°2 1C=8L655t°C 9l1°¢C t6€°0 000°0 oo e @
l.poz.u..Mouo.P...! ... Jo=ezEnte’se  _ 00+801l92°2 S..@mmfw.m . belto o €0n°0 Q6E°0 £920 P i
006939921t "¢« T0ee22%6E 6. 00+86124T°%¢ 10ma096R0%2 8ce°0 Tén*0 O€T%0 F3 L] :
oo?.oo.mm 1 00+822626° 1= 0048219102 10-80T600° 1 1650 c2e*0 ov¥z2°0 1g%0 [
uwo;nwomb‘.l,hu-. .mﬁmﬁom@‘u. ) ..o?«.,mmﬁ-mi ..E..mifo; _ . 2e9tC €69°0 ~_ooz*0 0920 T
00+990027°T= 00+9116.9°1=~ 00+414096°1 1Ged0005H* 1 Ggge0” §£co* 0 0220 €0 T .
§0406E5R9°6~ CO0+etbTe€R T 00+eQ210.2°1 10-a€6602* 1} ¢05°0 €609 ovz*o 86°0 7 _ 9
__30ed9890€°4~ | _0049FZ10€%°2~ _ 00+e9F149°1 2C=891906%6 €620 tZec0  _0&l1°C__  _ le20 A .
I T I N DY oo;:omm T GO+e0E16S°T 20-892161*'Y 2eot 0 €60°0 002°0 950 . .
QU+a¥i2271°'Tw ‘CO+9EGSIE T 00+860T00°1 20=Bv9/6/°E 2¢t¢ 696G*C 0lzZ*0 cgen R A
00+40€20E° 1= oo.ﬁpmm..,..c - mf«omwmn; R E0=gbEI20% L 1280 ten*0 . 0Eg’C g -- .-
cdedestee’'v. 10=022299°%2Ce 00+ehlvg2°! 20=896t29° 2= 1460 IDECD 05t °0 §€¥o .
Jo+9gcCLEE e 20=8G€20E°S Q0+l T ¢C=qv0261"9= L1C°0m [4-Y AR 015°0 2540 - @S
. -io.n«.l..m,mw!ﬁ z_ . -,.Ehmmm.o.mo-w. __._00+sRG20C°T . ..o..._oomoo.?.: 6671°0m €£22°0 ____ _ 065°0 1620 s
00+a00000°T 0049600C0°1 00+x060000°1 " 1C=e6916F°la 2€°Cw i91%0 089°0 ~0€%0- ~ :
10=969E16°8 00+86%150°1 10mel0101%6 1Ceef1810°1a l4€°0a 1910 069°0 Ent0 T ke 3
_30e44095€'s S.w».m.o@m. ] . 1Qe@TOEE2:0 10-8060L2°¢~ 2020 GE1*0 _ _ 099°C_ _ ___swk0 s -,
cheayCeet*t T0=e59b6Y 9 10-e€966% 2 VC=88900,%%w €12°0- 90c°* 0 029°0 L) N .
00480849€°% 10e965928°%Y 10-866H09°6 10e86EC/2 Cm QcT* 0. €22°0 066°0 Sw'eQ X Y
l.u.ohm.u.bnwm 6_ . .10-esovby’ e S:..lm.mm.“mw.m - lo=a9062e €= . €lec0.  s0zeC _0E9°0 £5:20 r e .
, 10-060¢27°S . 10=92256€%6 T0=850261°S 10mdli12h e 8Gf ‘0w t41°0 049°0 yy?0 ¢ ° N
10eag6viL2E 00+929261°1 10=eS008t Y 10-90.€690°Se 68€°0m 67140 ol2°0 €980 9
_ 10u994926%2 _  _ 00+e22625°1 _  __ _ 10-820.198°F 10-9L6RG7°*Sm 106°0- _ €1T°0 _ 094°0___ - _2¥%0 . - Tz
10«419289°1 00+999110°2 10=80t%0E € 0=t 01G*Yw 869 6w $80°0 028°0 Ivie AR
10=3969G0°% GO+wiLElL'2 10=-200£62°%2 10e@i9G2Fr® /= 806° 0« 160°0 066°0 0v%0 <
_ ____ZAf3h m N W¥ON ¥1130 =24 szz. C;u.mz.u..p.zwmw».,ICEzEE 13N 901 1730 AJISN3G__ NOISSIWSNYMl _._Smw.wws
M . o o € = zu%ax ..lw»w ~y
u - - “.w -~ v A,
. e e o o L o !P,l s ALIARSEIRI T s
! N1A73x 3335530 600€ = EPOITTEPT S FORMEY *
i A - - . ot e - .
i ! .Hﬁ..‘E o N s s “ - i Gy b . s 0y S s bt Py PR TS AT Y I T RS TR PPN, « W2y PTG R PR AT el aSgan ! WIS VBTN

WL




R I L T -

00+86156.2°T 00+9RBEES T 00+eb6196°7 £0~87101G* 2=
.lbowwmmmmp 6. .. 10=992980°€ 00+e¥8Y§L%2 20-89bEh" )
10+9196¥E°Y T0w82yh00°2" 00+891502°2 20e80662/%2w
0044586SS5° 2 1000269%°€ 00+¢99229°2 20m9b2€9T b
_00+948921°S = lO0edp£ite’n GO +WEVLESCZ_ | 70-860009°Se
00+g81e.l. ¢ T0=8€2264'9 00+0E969H°2 Y TR S EAPE
0042Q2VE9°E T0-8€2260°¢ 00469165 °2 20w8622R0*Bu
_0049£9819°€  _ 10-d869€6°c 00+e01/92°2  10-9598590° 1~
oooaocmucam 168752627 C0+e62221°2 10~866H62° T
10+9019€0°1 10=82nbC0°%2 00+€£2292L0%2 10~8016GH*1a
_Josgollew:y  10edlglize’t . O0+ele6lcl 10-690096° 1=
1049€0292°1 10a8€2064°7 00+e1i066°T 10=802066° Tm
J0ed92ETL 2 c0ed11556°9 C0+682T54°1 T0m@lGEET*Cm
L 103884204°%e C0=dbIVLiR6- 00+89£TEY° T 10w82G8E6€° 0w
10+95%00% "2 C0~811656%9 00+£0€T8S T ~ 7 (CeelP99°2a
00+9£0GFRS TO0w8t0v€G*2 00+mobTOLT" 10wsEbtG64Ce
_B0ea0@026%2 = 10«99G661i°r  00+4e0€28E°1 10-926E22°€~
T 00999t 390°2 10-0268C2°9" T00+rebTHEET 10=-8599Ga*Em
PO0+91926G6"1 10e9962E0° 2 00+eENLB1*T 10=e06E96° €=
—BorezE9L2°} _10-28€£095° R . 00+s8626C 1. 10=6S0UEE e
00+400000°1  ___ 004800000°1 __ 00440000671 10-8685E/ ¥~
.:qu.soﬂi.. T 00+e000C0 T T T 10asl0V01¢6 10=92€Z291°Ca
T0egEriGI®s 10=9.€966%8 10-wl0fEC* 1G=g30G19°¢Ca
10=¢4€040%°6 10=8EEEBL" L _ 10e8£Q66E° L 16=88EN0T° 9=

10.925020° %«
1Cue92€L1%L»
1089069 L=

10061801,
10edEEERL L
10=8.£9086°8

T0a855009°9
10uey0¥56°S
10=860241°6

e - e — o -

0
10812162
10«902812°S

TTi0=eS008Y Y T 7 (0+800000°%T T 10esS008% b 10=piGEI Fa
10=9602€EX°E. CO+9669CT°T 10=820294°¢C 10-892201%¢=
_l0=a14i12€°2 0040892€2H°1 _ ﬁm.moaQOM.m- ) [CmB6LGR O
T 0agid2SITy T T povesvcEe T T T "10-¢00€61°2 C0+8665%0° 1w
Z0a«gE9hV2° 0 C0+w26ll8*2 10-¢R62EE"S CC+ed99.61°Tw
TTTTERATA STETT TTHEGN VLTIA w€X WHON AITSNIINE=TAT T ALISNIINI 13N

S - —— ——— - B e

et —— A —— - A ro— A W A 4 e % e v Wean  we e - e

[RREIE—

207

069°1a
NNM Ow
“€12°0-
§9E°Ce
€25°0-
669°0-
6€9°Ce
¢£9*0-
vEE*0a
€1¢°0-
Ova O
nnﬁoOI
026
AR
0/0°0G=
£¥2°C-
106°C-
£59°0a
£62°0-
£Get 0
160° 1
1¢0°T=-
£GCE°Om
<78 ° 0=
€€2%0a
6eQ°0-
166° 0~
190°1=
Gl lw
666 T=
069 1le
€C66°%°2a

vi33o

-

- - e —— o e | - - . .. — -

. Tt e ooy
- - - - - -~ -
®
: e
@
600°0 066°6 6i°0 " 1
i91°0 __ 089°'0 ¢9°0 - k]
€020 029%0 89°0 -
€ST*0 0020 _d8%0 @
grrc0 _ _04/°0 99°0 E
190°0 0€8°0 $9°0
160°0 ofg‘e $9°0 ®
€60°0 ~ _ 01&°0C £8°0
Nnﬂ.o 0v.L%0 2570 <.
:.o 029°0 t9°0 - i
Nmm . ._08s'0 09°0:  ° .
2z c 066°0 4s40 .
+92°0 0v5°0 “‘a5%0 Y
Asge0  owwto _ Jg*0
t92 ¢ ovco ¥6°0 .
igtleo 089°0 ‘g4 0 R
eitro __ 094°0 —.c¥s°0 - )
©60°H 0¢e’ 0 €50
£90°0 098°0 -3%%0 .77 . &
150°0 068°0 1§ N
. €0 _0e6°0 g¢co <
9¢€0°0 026°0 6920 T
9400 006°0 g0 7, *®
LL90t0 _ole'0 80 T .
120°0 0se‘o0 LT . N
c90°0 048°C §9°0 T
“v00 . 006°0 $2Q i N s h
G040 0Z6°'0 T e 1
7200 076°0 s < 5
€lo*g O046°0  ¥yrQ . - .-
€Co*0 096°0. . S TLT > 0"
coc*o 666°0 s - - - @
o o swovafe .-
ALISNICT "NPISSIWNSHVYHI xhwzwuw><x .-
e T e
v = xuu:az nuwn 1o s
.n.. ‘f.. u.lhl..;-.’.
: 070 =" :.:G»z. Ll
MATI3X 331530 800F = u:am«xuuwu» e




T

vy

it <At

LInamse

b | SV HE S

Gt st SIS A

b i

At s, sanr—
.

A

~‘}v Era)

[P

DELTA FUNCTION

T STEP ND.

WAVELENGTH = 0,370 STEP NO. DELTA FUNCIIQN

WAVELENGTH = 0,350 STeP NOU. DELTA FUNCTIOA
. 9 =1.9954

WAVELENGTH = 0,390 STEP NO, DELIA FUNCILION
') “1.2730

"WAVELENGTH 5 0,400 STLP ANO, JOFLIA FUNCILON
0 “0,95414
1 =1,9954
WAVELENGTH = 0,410 STEP NU, DFLIA FUNCIION
Q “0.,4319
1 -1.2764
WAVELENGTH = 0,420 STEP NUY, DELIA FUNCIION
9 =0.1224
) t “1,00a7
CWAVELENGTH = 0,430 STLP NO, DELIA FUNCLIDN
. 0 0,087
. ' 1 “~0,7683
. 2 =1.,9954
(NAVELENGTH = 0,840 | STEP NO, DELIA FUNCIION
’ 0 0.24909
1 “0.,658%

e = —————— ———— e ek e hm . e e < [ T \ s - i e by PRI S O
. - 0 '. [N ' « . ._“

3 LI - A - . 3
i TEMPERATURE = 2603 DEGREES KELVIN_ o A “—— . :
j ENISSIVITY "= 0.4 . Plate 60 o R :
N 3 e Py ke . 1
B R O S SN VR .-.'.. .__...._._......._li
) S

. 4
PR ..;

LOG NET INTENSITY

. * — En i emm ememew e =y w——

LOG NET INTENSITY
-0.5877

LUG NET INTENSITY
..206486852

L0G NET INIENSTTY ~
»0,3538 J

-0.8210 _

LUG NET INTENSITY
©0,2526
~0,7198

LUG NET INFENSITY
“0.1546
“0,6259

LUG NET INIENSITY
“0,0718
“045390
*0,9080

LUG NET JNTENRSITY
040101
*e8572

e e e n e

T




T T

PRSP irhtion Vg SIVIERS N G

e

GRACHAZ AN L TN

P i i ki A SR SRR LAY QAR

2 ol Gtk etk i AR B IAS e

e - —————— ¥ Yot o0

e s e it ot

< e v o T s b

WAVELENGTH = 0,450

WAVELENGTH = 0,470

NAVELENGTH = 0,480

_WAVELENGTH = 0,490

THAVELENGTH = 0,500

WAVELLNGTH = 0,510

"

_MAVELENGTH = 0,520

- ~ '
2 YOISAT I T TS
. e, i~ [ (N S N , ‘
. . ¥ :. ‘ R _,‘
v s as mmm e o s '~-~";-:’f A e e rer et e eme g reeet e
STEP NU. DELTA FUNCTION, LOG ‘NET.INTENSITY
SR | A 03888 . - __ _._0.,0858 '
1 »9,5006 ’ *0,3846
2 ~1.3803 °0. 7504
STEF _NOo OELTA FUNCTION _ LOG NET INIENSITY
1) 0.4542 0.1565
1 *0.4542 *0,3107
R 2 . 21.2786 . mm. 008797 .
STLP NG, DELIA FUNCTION “LUG NET INTEWSITY
0 0,5247 Ge2230 '
1. . .T0,4542 - 042882
2 =1.1233 “0.6132
STEP NO DELIA FUNCIION LUG RET INIENSITY
0 045008 . 042883 _ ___
1 “0,5006 =0.1809
2 *1,1949 “0.5499
STEP NU, DELTA FUNCILON LUG NET _INTENSITY
0 0.5006 043853
i 20,5006 *0,1239
2 “1,1949 20,4909
STEF NO, DELIA FUNCIION 1UG NET INTENSITY'
9 0,6297 0,8013
1 ~0.4319 “0,066]1
2 “1,0606 “0,4351
STEP NI}, DELTA HUNGTION LUG NET INTENSITY
0 0.8652 0.,8500 . ..
1 ©0,2880 “0,0132
2 =1.1233 =0,3822
STEP NO, DELIA FUNCTLIOUN LUG NET INJENSITY_
0 1,0606 0.5032




Ry

TR T

T

DU Moty Lot & {anyiey

CRTIRTT =
RN 0 A A ey A T (A AL

[

MAVELENGYH = 0,530 _ .. . STEP

WAVELENGTH

WAVELENGTH

WAVELENGTH

WAVELENGTH

WAVELENGTH

"WAVELENGTH

WAVELENGTH

= 0,580

x 0,550

0.580

& 0,570

® 4,580

2 0,990

® 0,600

R S P Y TN

N

N ol

"RTEP NU,

N e~ D

STEF NO.

S v

Ser NE) o
9
1
2

STEP NO.
L
2

STke WO,
v

p]

STLP WO,
t
2

STEP WU,
t
Kl

B 11 et
“0¢9%541 *063330, . ¢

na ok m—————a x

NGy ... DELIA _FUNCTION __

1.1949
0.0522
“0,7683

DELIA FUNC!ION

1.380¢
0423818 .
*0,6029

DELTA PUNCIIQN
1.6909
0.4542

“0.367)

OFLIA FUNCILON
149954
0665853

“0.1224

DELIA FUNCIIUN
0,8255
0.087¢

DELIA FUNGHLIDY
07201
“0,0871%

DELIA FUNGHLION
0.6884
),1402

DELEA FUNCUIUN
0.7883
“Dl.00344

~ s
A kR eeemrane e St o v saea o

LuG

LUG

LOG

LG

LuG

LUG

LUG

0.0824
_"0,28%6__ ___

NET INTENSITY!
245952
048279 ___ 7
“0.,2810

NET INTENSITY
06370
0,1898

“0,1992

HET INTENSITY
0eA771
0.2098

*0s1591 |

NET INTENSITY
02875
‘0.1215

NET (NTENSITY
0,2827
“0,0483

NET INTENSITY
0.3166
=0.0524

NET INTENSITY
043483
*De207

e
§
—tus. NeX inyenssre

. 045906 '

e e,

e




AN N 14

LA 2R L W a2 1)

\-\pn}

—)

TR 4 L7k S

Y oagen, I I

[0 5o s TV RS I 4 DA st S

CALTME A

Q0.4 PSPt O #7543

R 2 TN 42 s A O C AN e Ty

T R R T g TR A e AT

13
'
B
¢
'
s
i
t
i
H
'
§
{
i
i
:
4
t
4
t
{
H
i
'
!
t

& e BB e e B L RS sl N T, -
»:s " , . . 2 .’.' s ‘r"(“! : "- ) rod ey et 1R ‘,:;,{{E:!:o\-p-. s
X NG H "d ., .. 'fs‘p ' o RO L A. v 2 ‘.Kt‘a " * JY‘\'\‘}' 4 q,.‘k
A wAVELENGTH.»'3,000 _ _ o §IEP MO, ;. *z:a.c._.!.a.!;séa_c.s.qx,z. SERTINTERS T Ty,

L .t ' S-T ‘4“. .t ot 'r gt ’ .." R
g ‘ 3 ‘_ R (S (1 7 -

v LA B - - “yL th ik : e Ar

. PN i \Y :?’ IR . R i wT S

o i ) - . ) £, SRR ! !’
WAVELENUTH. » 3. 620 sm: nn. " DELIA NNCHUN __ LOG_NET xménsnv )
R 0,5247 0.4070
. 2, ~0,38#5 . 040380
"MAVELENGTH = 0,630 . __ STEP NGO, . DELIA FUNCIION _  L0G NET LINTENSITY
' 1 Oed310 0,234
2 *0.4542 0.,0882
—— c— - - - e
_WAYLLENGTH = 0,640 STEP NO. DELIA FUNCIION _LUG NET INTENSITY _
1 0.4319 044599
2 ~0.,85482 0.,0909
WAVELENGTH = 0,650 STEP NU., DFLTA FUNCTINN LOG NET INTENSITY _
i 0.4542 0,4843
2 “0.8542 0,1158
MAVELENGTH ® 0,660 STEP NU, DELIA PUNG!ION L06 NE'[__IN]’:E_NS_!_[!
{ 0, 6297 0,5076
2 =0,3273 0.1386

_MAVELENGTH = 0,670

STEP NO.

DELIA PUNGHLON

LUG NET INTENSITY

1 0.825% 0,5296
2 =0,1581 041507
AVELENGTH & 0,680 STLP NGO, DELIA FUNGIION LOG NET INTENSITY
1 140604 045506
. 2 0.0522 0.,1816
WAVELENGTH = 0,890 STEP ", DELIA FUNCIION LOG NET INTENSITY _
1,0047 0,5704
2 ~0,0174 042015




W [‘ MR N LRI

L * v Lty

- e P iy o
{ ey 1“4 TN YA

e 4.\:\- --~O 5 "';'h H fn - 1{'
' i
[

WAVELENGTH »-0,380

. S R
STEP WO,

1

e AT T

THAVELENGTH = 0,370

WAVELENGTH = 0,330

_NAVESLENGTH = 0,390

WAVELENGTH = 0,810

\)

TSTEP ND.

<

N e

STEP NG,

N -0

STeP NO,

- N

STEP NO.

&N -

STeP 0,

< wNN—-O

I S,

) ochaeruncrxou

*2.9993

“DELIA FUNCITON

T*1,3801
“1.,69900
<1.6900

DELTA PUNCIION
=0.1228
=0,6583
"1.1989

DELIA FUNCTION
0.5494
“D.1047
“0.6846
249993

DELIA FUNCIION
1.0037
D.2311

*0,3475
=J.9079
=1.,6900

NELIA FUNCIION
13801
3.5247

“0,0871
=0,6585
“1,5093

9249993 . ..

? - 2' } -—‘—:—'—-".- Tees T - : g-‘.* a- (33 * f "' bl
: R » e - 3 f

.2 -“’S‘a by ;5"1,;""\?'” LN S <.!‘.I’:‘.

f __Y__E_”;ERLTURE 2 3008 DEGREES KELVIN‘%EA v \;“ [ i:“ _“f. “'T‘&" Mk g iV

g ENTSE IVTTV ‘% 0,40 fprded T O 3 e T
- .:': . ’ ’ ‘:' - ,{"A o - .' wo ‘;n .. ," ot "‘l“'; };3
; Y cmremm i e e s e e PR {.—)T—- -—1~--:nk e MNPSOS de e ....._‘.-_'. B
. . . e oo R ..
' ";‘- b N ' & . 1" -* ..“ H .“(.~ -'-‘,, M :’_".- ,? '0;'.‘ ’)P

“"Loe NET INTENSITY

“0,4439
-0,8128

LOG NET  INTENSTTY

0.1519

- . %0.3153
“0,6843

LOG NET INTENSITY
... 002628

=0.2046
“0,5736

LOG NET _INTENSITY
0.3633
“0,1039
<0,4729
~1,1577

LUG NET [NTENSITY
. .0.8580
*040132
~0,3822
20,7326
*1,9670

LOG NET INTENSITY
05355
0,0682

=0,3007
“0,6511 .
*0.,9855

"—Udm&u.-/ P




%
\
]

3 ! * =, N
i . < ey 'r':l:v"-' “4 !
{ , ] T ;

- e ""'?r"‘:““'“"*“'r’ma o e *,’*mh
! . { V) uno&u R R n;,a 2
] > 2 5, o~ e i S J.-..--
: _ b S i e A
| d y @ . '-o..n_?x . «,ms "
k. - - o -t V< B e "‘ )
! . PR SRR
' _NAVELENGTH = 0,490 _  __ STEP MO, __ _ _ DELYA FUNCTAON " 4DG_NEY JNTENSITY _
0 1,995 1.0047
1 1.0606 045379
e e e e e 2 .. 002688 - 0,1685 _
- 3 “0.3875 ~0,1818 .
i ! n “1,0606 “0,3162 ,
| ! — e = . - . . . e e e e e e
MAVELENGTH » 0,500 §TER ND, OELIA FUNCTIOM LDG NET INTEMSITY
) 1,995 1.0ATA
1 1.1939 0,5801
. - - e 2 . 043273 Loe2132
,’ i 3 “0,3273 “0,1392
i ) i *1:0604 *0,A736
|
i WAVELENGTH = 0,510 STEP N0, DELIA FUNCILION LUG NET INTENSITY
f ! 1,380 0,6203
| ? 045287 042518
\ _ . 3 ~0,1581 *0,0990 ]
4 ~0.9070 *0,4334
WAVELENGTH = 0,520 STEP NI, DELIA FUNG!LON LUG NET INTENSITY
e e l 1.4909 0.6573 __
2 0.658% 0,2884
! 3 “0.0172 “0,0620
‘ 4 =0.783) =N, 3964 -
,’ "WAVELENGTH = 0,530 STEP NU, DELIA FUNCELEN LUG NET INTENSITY'
1' 1 10690‘) 00’)931
- - 2 De7533 Deid281 .
: 3 0,087 ~1,0262
| ! 4 ~0,658% 0,607
‘ } WAVELENGTH = 0,540 STEP "0, DELIA FUNCIION 1LUG NET INJENSITY
! | | 1.99%1 047263
: 2 049541 7.1578
j . i 3 0,327 0,0070__ _
5 ) =0.,5006 *0,3274
; . . . ot




RN NI ot e

E R I AL A G e

- 7 g e aciy

ST e e e

L4
$:d$ ¢ {
-\\"

WAVELENGTH = 04550 STEePWGe

-
L e, o

w’
...
o

o as e tme s ca mt e embeme  eam e ..r.-._... - .

NAVELENGTH & 0,560 STER NO,
S SR
3
i

MAVELENGTH = 0,570 STEP NO,
3
o
— 4
WAVELENGTH = 0,580 T STEP NGO,
2
.. 3
1
WAVELENGTH & 0.55: STEP NO,
- X 2
}
4
WAVELENGTH ® 0,600 ) STEP U,
2
3
e 4
TWAVELENGTH 3 0,610 ’ STLP WO,
2
. 3

-

WAVELENGTH = 0,620 STEP NO,
. e 2
3

RN 4 hha

© e e e hpae = meieeeh Sghaes -..--..\ SR :,_..:_., ..---.,....,. xd,......;
i .

A Yy
she ¢ ?{

*?E”i'yuNETxﬁ“
L1512¥)

—— et sy o Homam. :;—. \-.._t_,._.-.__--_: _..-..,_ ‘mta.-.' .

- s
- - mms i

NELIA FUNCTION

0.6020
*0,0698 -

DELTA FUNCIION
1.5095
0.7533
0,1087

NELTA FUNCILON
143801
¢.6020

=0,00696

DELTA PUNCIION
1038Q]
045496

“0.1581

VDELIA FUHCHIUN
1.3801
0.56020

~0,1402

DELIA FUNCILION
1.278%
045004
~0.2126

DELIA FUNCIION
1.123)
03974

A06 NET INTENSITY
Clal80y . ,“___ﬁ_.__g,u;rv__“

- re e e cm———

ch_nsw'xnrehstxz~.

© L0OG NET INTENSITY

LOG NET INTENSITY -

LUG NET INTENSITY

LOG NET INTERSITY

LOG MET INTENSIYY

= T aranrereul

‘lw%—, -



v« s s oA —— i A S =

.
s
e
ey
-
-
1
i
\
i
1
[N
:
1
¢
.
"
\
1
1
i
i
i
t -

g g ST

L3
A

4
3 3L Iy -t
T

. e .
. l +
= o J‘: 'fu Wy
e

B 22N .

Wi

Gw-.m v

'\ -8y ibwﬁ s -;,, “Ca

-

») = s ~ oy
g';} “.{I?C“:E': " JA ”(‘,."s‘am)“ i"" 53,-,:}, L“'}"ﬂ
. H ) J

‘ >
;. LAY
7, q&g‘f* "«‘fgv
‘., ~st

\t‘_u(«ﬂ

gX\ A
L

'y

N
Y "
e

s gt

LI
x " » 1

,m_ ac.v«m N1ty

VLRGN o OQQQ~ .

; &i!!i!ﬂs," 06590
: - Ve 3 ®
o,n l‘ “ - So2030

PAUELENGTH © 0,090

SAVELENATH 2 3,640

CHLENSTH o G028
BANLLNGTN @ 9,008

i
SOVELENITH I‘Q.OOO

—————e e it b st S e s St

P T

}

LU NET INTENSITY
a .."" » .: % .b
_DedORY_
e0,0781 .

3

- S SO .

SIEP NG OCLIA FUNCILUN L06G NET TNTENSITY

- 2 - 16123y SN 1. | + T
) 04307% . 0,780
a *9.32a7 e 50968

__L06 NEJ INTENSITY_
P X 3
02908 ¢

29 Q..o‘ 1 ‘

DELYA _FUNCLION |
2 143891
] 9,5004’
A . CQe3079

[ I S,

L0 WNET IWTENSTTY
0,6570

DELIA FUNCHION
165095
Ve 6509,
0,225

T STEP NDo

o i O

Stev "B, DELLA FUNCLION LO6 NFT INTENSITY .

e o 2 - 13008 . 0.8000
3 245753 0.3t97 L
¢ *9,3273 *04¢347 -
- [ e ore o oam s eeeemaamacmmee eeesd

+

. LOG_NET _INTENSTYY
0,3319

DELCIA_FUNCIION

stee nd,
3 “0,2680

e




Pt

EER LLEOw

e

B

s« o b o e+ e

.
"

2o,

. ~
ﬁlﬁ;‘“x&."aw

i

AN r,
f e .
’2' s ezl s
e Tt . I L (s ..or' *J()-W
e - *wo .0 ‘ N \3 4
* BRI * . 0
. : oy 4 5 ng"" . L € e, 1‘“”‘."“‘ a4
.o~ 2 . "‘ ‘Jlk.hy 'i"k g T T 4“‘5' ‘l‘.p":ﬂb’}.*.&"’,
. M RO S )
“ : . j
.
'
«. o, .
i
- - - ———— - — - e ‘--—: -— - » - ) . :---—.‘- ? - o e
Al .‘ .
- [, . - - . . - - S L LI e
v, e ey
[ . - - . .- - e e e - . e et -
.
’
'
.
v

e s ¥

-




{
- - F - - B - - I ll-.w L.l ——— - II'WM. . - ..ll»c_
H - . N ”. - i ',mln . m
. : . \ ! .
. ¥ . . i |
H H t s .
- - - - bt -~ - = et e fateie: e ntx s .v.kn"“lr.lllx'.m.
; \ A , 4
m. 1 lw ,*v.l * -1
oot - N - ' o Tt oo R
o<} < ~ N
00000009 . El2wadd . . - o e
0000000%/4, BEHRER o " . _ 1
SARNOMNO N " 20 & P X . ~- . ]
.4.4.455666“ HAO R RO : , - I
eEa P <He | ordiQu HO_ H i : °) e
- - ——— - - 08 SESCN 1 b - _——
unw oev e [*] v
m K] + ..qo. h o m “ _ )
&0 o NS ! «
SN sEaftis s
. o
- RS - /Ir/ [~ J N T SR T A v | ~ 4
_ s - : 5 < :
- o - :
Ay ¥ .
L}
=~ M .
1
: i
> IO
i 32 .
o~ .
M = -
¥ O — = 4
+ - .
£ =ie
o~ . .
S~ S
‘ ] ] o 28 H
N - - e
I e
"vw 1] i
\e] 4
. t The -
© - b
b * eI
[ -3 i
. o .
. - L . e -t
' .. w
- - -y
uoT3oUNng ®3IT2Q TOPIOS @ S I
—~ [ 3
(oo O =T o o o] O =t " o O @ (o) o = \O ' = Vo
- ~- — - A~ o o o) o) o e 9 Q Q a4 e A T i
N - ——
4 T . -1 N .
v o : _
: _d
P
- - ——— — LI
& « ’ .
[] L]
e e mmamr e o e - S | |
_ !
i
!'A‘
_,;./( Gt ”, i 2 AT v o Sy gt Y LN Cad iy L W ACPAT X TH s 0 O o S Ry PR e T s i e MO L S et S e S S 5 T AN S P 7, L3 7y dm e




0Cco9

swoxgysIuy n/m

0004

—

B SN SN

i

]
= s i
. l‘m : .e

e « et

- .
!

. - P .

-

_I.-l bl - o .

t
i

:

.
4

N PR b
S T S
. .'mvo.

1

- amem e Memm e w w w
- 1
B et .
i
.
-
. -

jooqpusH

*y+D*y aad ‘uotry

-gTIBA JO a3usy pue

asuodsay SAT3BTOY
01-S

olelol{

L b g nmrean e m e —— b m— § S A

T T

000€

cot

I R |

e o e




L ary

2y l-

i

(8]
o3

)
1

I
‘!!i {}"

V-
e

—pe

.-
i
i

¥
{
P

;i:‘% {

]

8Jd8TI WOXJ SAUTTI M &)

woxJ

_ uoxg
deT woxy
duretr woaxg
dorey woxg
dure woxj

4930 J0F

9D ‘sN I03 uW 2
uz ‘py ‘BH o3 um 60°0 3TIS

ST "WR ¢

g 077" €777 28 SILTTF ‘d'IA

fsauty uz\
‘sauyy SOV
‘sautl PO
‘sauTT a4 ©
‘soup] BN B
‘soury SH ©

um §* 1
0

0°6T *d°D i3y

posn 1030939P WA LT29# I939u

-0x309dg JawTH UINID 9U%G
Jo uoTqBIqITB) UjBusTaABM

|

T
LA

BH
i+
o

t

egs
elny
SNk
-t
e

NN

*
4
]
i

alin

t
i
[}

’
‘e

'fl -!
.i'_'
ol

4.

pee

S B S S

- rilllu!llmﬂi - e ——

At o i s >~




Fore Optics used with Perkin
Elmer 108 Spectrometer
i J} — Source ILocation in the
; High Altitude Chamber
g
' ho!
;g R 1
= Chamber port useful
= diameter 6.5" circle
;| First surface mirror — -
| concave | collector :—E[l
: ._‘L.___. = —<—-/ Al - first surface
3 3 5" /} / mirror - planar
- | \(;/’ 8" diameter
< / /—Chopper Wheel
1 Perkin-Elmer
: Rapid Scan
Monochromator
—\\\—“%
Entrance S1it to
. Spectrometer
Plan View
Plate 65
3
b
q

I

I




- e . - o - oa w o - P - - - —— s - - e e Scseere—s mmm—— e - c—
. > - ~
. . . <

i

i

:
-

. . i - I L e |
¢ R - . . . .. . S U SN PNt | i
L H ¢ ..»Ilm
. - - - —_ . m 1
. oo T

-

-{

'

1

|

1 N 'l‘
——ad

) 99 8381d L — S LA IIJ
S . s s
— ™ W i e R ¥
S S B A SRR
CoL \ . /] N SR i
. . N B R  r
: ! - s R T
T H : : o L,
: i : \ - E B e e
; - R IS R AT - I
. . . . RPN T S-S B
/ SR St S .
. 1. 3 .. WOJA T XjuOmWeL 200{Q_ Wvcd| | _ ' . i
, Oghhoe dueT drrls L129}adAl Wed |
! . §010 3118 ‘G'T WN ‘6T|dD Sh/fag| ~ 7 3 T
. i e e CoR .
/ ) H : - T T i
: N . . N 1. S D I S SO
. [y : : T 3
- he i R P ﬁ...w
. ” o IR S =
\..\\/ - - - - - - - = - T -oT =i i .a..ww;li.ﬂl ...i..lﬁ
k». . . -l .vunw.‘. “-_...m.. *r!
F e e e e e, L : g, oo :

- $ - -

_
{
i
\ . SRS *.
KN g o ooy /x o ‘ - e e et e oot e e J

i,

. L “
A .
_ e ey s e s i S B GRS CR T o \
%
4




s L _ e

| - - < e i e f e ettt et e e e e e
' s RS ST i
, : ' - A B Ry !

{ * H ¥ Ld

p
L

.
1
I
-
IR
JUUPUL JLYS5 PN

- - - : RS = I ity Fd
- . N - ~ . e ”..um [
' . _ L9 93814 R A R I WO R
. . ey _ AP I E T
- ! el |
. «j_ R S B e e N el UL i !
. ) R N A [
) _ =t 3t~ n
L 1 . : ] .mc .I.“r.u. _
i , SR AU N |
: P - T ..L.A ...h.. .y!,n..u..rw‘ .
. - et N
L Dot R T !
. . . ’ n." R £ @
) - - - '.,.ﬂm..lm..ouu .
oo - - - SR R i =t s !
! . ooz fiF A
- i . . . -1 TWOLA T XTUGIINBE, -TOOFO- *W ¥ d {-- .-w..l.ﬁ...ﬁw.w..w.ulh;lvl. i
o ‘ 0000%2 dmey dgxys ‘itegledAr wial . (. : lETY o0l
o SO0 ITTS G°IT WX ‘6T 0 .E4i &/d N
w o, co e Tl e TED
r - - - _ W i - A SN MLV LI ¥
(AR Cc e - 1 '10.: Mv.l &
e R : by : RN BN (> ,
m , — - A SRR A
= . : N SN |




.M.‘.uudl.nln-ﬂl..‘l:l-l - - - - - = - ity i TTTT - - -t/ -~ j)‘l.w =TT R T e
Loy 4 e K ' T ' m\. t
T | - ' b
.t e R _ _ R R e
po ot e - R - e - - N PR A
Lol . S
A - - . Tz
T - S i, m
- nacl»l . . » -3 ’
L3S S —— % .
T T R
P~ - . . o P
i + A Pt
= e g me ke — .
e R R
1 . . . w -t . !
- [ % m v '
- - |Im - - - - .NW % u L@ lﬂ\'vul .
. et 4~ H
nw.ln.al» O ISl N M
) . m w.m..* )
) r.1m T -
, .w! , w m . 1
. Ml o -
RGN VR ; 527 108, R
_w .ﬂ. - - ] e 42 . mr
o 885 2
T L EhE g 8 -
. . - 1
R cod @ < o
. P Lo~ Yo It
i 588 Bs 5 ¢
- B EoaD N a o
: : LS == =z
R - - ., Ed e J 9. - :
) . TE~S 1.9 B
o < - — £ © 0 85 i
. o g 5 .c o !
LT - zghe == VT
SR 3508 -
el - ZE P :
3 -
“ . 8
- - 12 Z .
] =+
L. - - e e -
o
bow See s <& " o o . , . S .
A : ; > : S 5 S =
~ ) 0" = 2} o ~
i xoq08d ) i o
- 1 ‘
L - .
1
\ .r!lnl\l. s b - m—e mm— . 4 e - .- .- - ——— L e - - P .
, c- —-—
. » b - »

s o————

s i an o AT " ; "
&‘\%/; PRI S I e g
.

FP—— PR -

v
et e Y nrapen Ao e

- :
o v . . } e . _ . ‘ S




!
B IR R
===t - m =
FERR ] HI
ke -1 T
N . N -
m..,.mlmr“qlr.u,: pemetimad ol ! ..I.“.

ke
Q
+2
[2]
i ' ot e
| - :
H -
.
CVEL, 8 .
. . —— e TRt (] —
o o
m [RRTTINCN %
AT S -
1 P < -jo
R e M- 483
1 M . LTaY
- +
P e RS Yo
]

Plate 69

ilters ’47B, ,47’ h?A) hu’ 61"

65, 40, 55, 57, 58, 53, 22, 234, 2i, 25,
29 ahd 70 with Colorimeter Reading.
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Plate 70

A1-8r(C10),),- PVC/F-33
Runs 116-120
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Plate Tl

Runs 81-87

B-Ba(C10,,), - PVC/F-34 40/60/8; .
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Plate T2

0.9

B-Ba (Clou)a - PVC/F-34

Runs 101-106
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Plate 73

a
B-KC10) - PVC/F-35 30/70/5
Runs 70-8p
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Plate Th
1.9 !
Mg-KC10}, - PVC/F-36 40/60/7 ..
Runs 59-65
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Plate 75

Q8

Mg-1iCl0) - PVC/F-38

Runs 107-115
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Plate 76

Mg-NaCl0) - PVC/F-39

Runs 90-99
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Plate T7

0.9

50, Mg-LiCl0), - PVC/F-56 60/40/9
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Runs 123-131
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Plste 78
0.
320 .
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Plate 79

2¢

-NaNO

Mg-NaCl0), at 75 torr, air

Summary, Sodium Flare
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Plate 80

Mg-NaCl10), at 630 torr, air
-NaNO3

Summary, Sodium Flare
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Plate 81

Mg-NaCl0Q}, all pressures
-NaNO

Summary; Sodium Flare
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