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FOREWORD AND ACKNOWLEDGEMENTS

This final report on Contract No. NAS 9-6532 terminates a total of
14 months effort by TRW on the definition, design, construction and testing
of a Meteor Flash Analyzer prototype for detecting and analyzing optical
meteor flashes in planetary atmospheres. As a result of this effort a
functional and fully tested instrument is now available which can be adapted
with minimal design changes to existing spacecraft. Specific missions under
consideration are the Apollo Applications program, the Nimbus E mission and
a Mars mission on a spacecraft like Voyager. The latter mission offers from

many aspects by far the greatest scientific challenge.

Many scientists and engineers associated with NASA and TRW contributed
significantly to the program during its conception and execution. The problem
came to the attention of F. N. Mastrup, the principal investigator, during a
discussion at TRW in Spring 1965 in which S. Altshuler of TRW posed the problem
of detection of optical meteors in the Martian atmosphere for determining
the heavy meteor abundance in the vicinity of Mars. F. N. Mastrup studied
and defined the present Meteor Flash Analyzer concept in a TRW Technical Report
dated July 8, 1965. A proposal was subsequently submitted to NASA Headquarters
for the study and design of an instrument. In the following months, many
fruitful discussions were conducted with W. Keller and C. T. D'Aiutolo of NASA
Headquarters. The final definition of the program and technical direction
involved members of the Meteoroid Sciences Branch of NASA-MSC. Most of all,
the numerous technical contributions from B. Cour-Palais and D. Kessler of

NASA-MSC have significantly contributed to the ccurse of the program.

F. N. Mastrup has been principal investigator and also project
engineer cn the first phase (study and breadboard construction) which ended
in June 1967. The program continued 27 July 1967 with C. D. Bass assuming
project engineering responsibilities for the second phase, (prototype). The
electronic circuit design and construction has been mostly done by
R. G. Yamasaki and G. Crook. Mechanical optical design and functional design
has been executed under the direction cf C. D. Bass. J. Atkinson (electronic
manufacture and testing), H. Bobitch (mechanical design), and E. Thompson

(mechanical manufacture) deserve specific mention for their significant
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contributions.

J. F. Friichtenicht, J. C. Slattery and E. Tagliaferri have conducted
the experiments on meteor spectral radiation distribution and absolute luminous
efficiencies. Their experimental exploration of the far uv emission of iron
meteors and of the gas target composition effect have significantly contributed

to the long range goals of the Meteor Flash Analyzer program.




SUMMARY

The concept for carrying out an experiment for detecting and analyzing
optical meteor flashes generated from planetary meteor entry has been studied

and feasibility has been demonstrated.

A prototype model Meteor Flash Analyzer has been designed, constructed,
and tested. The apparatus consists of a three-channel radiometer utilizing
adjacent wavelength bands <0.23yu; 0.26u> (silicon channel), <0.26u; 0.30u>
(magnesium channel) and <0.30p; 0.41p> (iron channel). Present information
on average meteor composition, the wavelength location of the resonance lines
or resonance multiplets of the respective elements and contemporary theory of
meteor radiation, strongly suggests the above indicated association of optical
bands with the radiation from specific meteor components. The long wavelength
(iron) channel nearly coincides with the conventional spectral range for
"photographic meteors" thus providing the necessary correlation of all data
with contemporary (ground based) observational data. It has been shown that
for terrestrial meteors in the iron channel detection sensitivity is background
radiation limited. It is for this reason that optical detection of meteors
in wavelength bands below the ozone limit at ~ 0.30u appears to yield superior

sensitivity.

The principal source of terrestrial nightglow below 0.30n is believed
to be associated with 02: 32: -+ X 32; at wavelengths greater then 0.26u. No
measurable nightglow has been recorded below this wavelength. Therefore, the
far UV channel could be essentially detector limited with resulting significant

increase in signal/noise.

Count rates and limiting meteor magnitudes have been predicted for the
iron channel (photographic range) where reliable data on meteor radiation and
background are available. For satellite altitude of 120 nautical miles,
detector field-of-view of 30°, and detector aperture diameter of 5 cm, limiting
photographic meteor magnitude is +3.3 resulting in an inverse count rate of
5.6 minutes/meteor. At 600 nautical miles the same detector is expected to
yield inverse count rate of 22 minutes/meteor and limiting photographic meteor

magnitude of -1.1. It is expected that significantly larger count rates will
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be observed on the magnesium and silicon channels, although reliable predictions
cannot be made at present for lack of relevant data. Because of this fact,
provisions for gain adjustments have been provided for matching detector sensi-
tivity to acéeptable count rates. These gain adjustments can be effected by
channel command independently for each radiometer channel. Minimum acceptable

inverse count rate is limited by the electronic system and is 0.3 minutes/meteor.

The Meteor Flash Analyzer is designed to determine for each meteor flash
and simultaneously in three wavelength bands the maximum meteor intensity,

Fmax’ and the time integrated meteor intensity, Ith. Video outputs have been
provided for each channel allowing the measurement of the intensity vs. time
variations of individual meteor flashes. 1In addition to the meteor data, there
is a background measuring data channel for each of the three optical channels.

The total of 9 meteor data channels can be used for the following:

a) determining the far UV meteor radiation intensities

and far UV absolute meteor radiation efficiencies

b) for determining relative meteor composition variations

[Fe] = [Mg] + [Ssi]

c) for testing contemporary meteor radiation theory applied

to the far UV radiation

d) for determining meteor distribution functions f£f(s)
and g(r) where s = (v * cos 8)/Hand r = m - (H/cos 6)3
with v = meteor entry velocity, 6 = meteor entry angle,
m = meteor mass, and H = atmospheric scale height at the

meteor burn-up altitude

e) for measuring meteor intensity vs. time relation for meteor

radiation simultaneously for the three optical channels.

The 3 background monitor channels will yield additional valuable data on

background, although this is not expected to be substantially new data.
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The Meteor Flash Analyzer contains also a fourth optical channel using
a large dynamic range photodiode for providing continuous background radiation
monitoring and automatic Meteor Flash Analyzer turn-on and turn-off during
orbiting. This is necessary for protecting the sensitive optical signal
channels from excessive irradiation levels. Automatic optical sensor calibra-

tion once during each orbit has also been provided.

The presently available prototype consists of the sensor assembly
(weight: 8.3 lbs.; dimensions: 8.75" x 6.25" x 6.25") and the electronics
assembly (weight: 6.2 lbs; dimensions: 7.5" x 7.5" x 6.625"). Total weight
of the package is 15 1lbs. and total power requirement is 7.5 Watts. As part
of the program, a supporting laboratory study has been conducted on the
radiation from electrically accelerated artificial iron micrometeorites
impacting on gas targets of different compositions. Four gas mixtures were
studied: a) Air, b) COZ’ c) 75% CO2 - 25% A, d) 44% CO2 - 567% Ne. Gases

and gas mixtures b), c) and d) represent the composition of three martian

model atmospheres presently being considered.

The laboratory study hés yielded two most significant results:
1) relative spectral energy distribution of artificial iron micrometeorites
in the velocity range 15 km/sec - 30 km/sec is independent of the varying
gas composition of mixtures a), b), c) and d). Absolute radiative efficiency
does depend on gas mixture. Mixture d) yields absolute radiative efficiency
comparable to air. The two mixtures b and c yield radiation efficiency
approximately one half that of air. From these measurements it appears that
nitrogen contributes to high meteor radiation efficiency. A nitrogen deficient
martian atmosphere would very likely yield only half as intense meteors rela-
tive to a terrestrial meteér of the same meteor mass, entry velocity, entry
angle. Atmospheric scale heights are comparable for the two atmospheres

according to recent NASA data.
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1. INTRODUCTION

The Meteor Flash Analyzer program has been conducted in two phases:
Phase 1 aimed at the definition of the measurements program and at the con-
struction of a breadboard of the electronics portion of the Meteor Flash
Analyzer. The work covered under Phase 1 has been described in detail in the
interim final report, "Flight Prototype Model Meteor Flash Analyzer" by
F. N. Mastrup, G. M. Crook, J. F. Friichtenicht and R. G. Yamasaki, May 1967.
Phase 2 involved further studies on the definition of the orbiting Meteor
Flash Analyzer Experiment, the design and comstruction of a flight model
Meteor Flash Analyzer prototype, and the functional testing of such an
instrument. In addition laboratory studies on electrically accelerated
artificial iron micrometeorites were required. All these tasks have been fully
accomplished and an experimental apparatus has evolved significantly more ad-
vanced and capable than the apparatus originally envisioned in our proposal,
Specifically the most notable improvement is the addition of a third (silicon)
channel, providing simultaneous coverage of the optical bandwidth most
significant for all the important meteor components, Fe, Mg and Si. Other
definite improvements over the original concept were the addition of three
video outputs for allowing viewing of individual meteor intensity vs. time
functions, improved experiment logic and telemetry interface, better light
protection and provisions for gain switching thus allowing the experimenter to
match instrument semsitivity to actually observed meteor count rates during
orbiting. These experiment improvements were effected without additional costs

to the program.

The present final report supersedes the interim final report published
May 8, 1967 at the end of the Phase 1 program. Some of the information in
Sections 2, 3 and 4 duplicates essentially information already presented in
the earlier report; however, the information and conclusions have been
significantly updated and improved. Sections 5, 6 and 7 are specific to the
second phase program as they describe the design and tests of the flight model
prototype. The spectral measurements on artificial micrometeorites are
sufficiently independent from the main effort of this program that their
presentation in a separate Appendix A appeared to be practical. Also for
practical reasons the "Operating Instructions" have been published separately

as Appendix B.



2. EXPERIMENT CONCEPT AND PURPOSE

2.1 EXPERIMENT OBJECTIVES

The Meteor Flash Analyzer Experiment is designed to count and analyze
optical radiation pulses from meteors entering the nightside of the planetary
atmospheres. Optical data will be recorded simultaneously in three wavelength
bands 0.23 y «> 0.26 u; 0.26 y <> 0,30 u; and 0.30 u <> 0.40 p using a three-
channel radiometer. In order to accomplish the objectives of the experiment,
the optical observables Féax (maximum meteor intensity), SF'dt (integrated
meteor intensity), and I' (background intensity) will be measured in all three
wavelength bands. These data will be used to (1) determine relative meteor
radiation efficiencies in the far ultraviolet inaccessible to ground-based
observation, to (2) check consistency of contemporary meteor radiation theory,
to (3) determine meteor distribution functions g(r) and f(S) where S =
(v » cosB)/H, r = (mHS)/cos3 6, m = meteor mass, v = meteor velocity, 6 =
meteor entry angle, and H = atmospheric scale height, to (4) attempt an
interpretation of measured relative meteor intensities in the three wavelength
channels in terms of the relative abundance ratios of [Fe] + [Mg] + [Si] in
meteors. Aside from the major objectives, additional experimental information
on the intensity vs. time relationship of meteor-pulses and on the Earth back-

ground (nightglow) radiation is expected to be generated by the experiment.

2.2 SIGNIFICANCE OF THE METEOR FLASH ANALYZER EXPERIMENT

The Meteor Flash Analyzer (MFA) experiment was originally suggested1 as
a possible method of determining the mass-flux relationships of massive meteors
in the vicinity of planets such as Mars and possibly Venus. This ultimate ex-
periment objective remains as an important motivating aspect of the work. Al-
though more limited in objective and scope, an Earth orbiting experiment

constitutes a first necessary step towards the ultimate goal.

The significance of an Earth orbiting meteor experiment can be

summarized as follows:

lF. N. Mastrup, ''Meteor Flash Analyzer," TRW Technical Report, July 8, 1965.




‘ (a) The experiment will yield new quantitative data on far ultra-
violet radiation from terrestrial meteors; evaluation and interpretation of
these data in terms of contemporary meteor radiation theory may provide ad-

vanced understanding of the meteor radiation phenomena.

(b) The experiment will determine which of the three channels < 0.23 p;
0.26 u >, < 0.26 u; 0.30 p > and < 0.30 p; 0.40 y > provides best signal/noise
for detection of terrestrial meteors from Earth orbit. This experimental result
can then be used in conjunction with the results of relevant laboratory ex-
periments which have been conducted as part of this program to determine the
best spectral range for planetary (Mars, Venus) meteor counting missions.
Experiments of this type, including some already in the planning stage,2 will
probably be proposed in the near future because of widespread interest in de-
termining mass-flux relationships for large meteors throughout the solar |

system.

(c) The Meteor Flash Analyzer concept of determining, from optical
observables of individual meteors, values for S = (v * cos6)/H and r = (mH3)/
(cos36) must be tested before it can be applied with reasonable assurance in
. missions to other planets. Thé concept will be tested by determining for ter-
restrial meteors distribution functions £(S) AS and g(r) Ar and comparing these
with the same distribution functions as calculated from the known mass-flux-
velocity distributions of terrestrial meteors. If the concept proves valid, a
simple tool for obtaining the unknown distribution functions for other planets

will be available,

(d) The Meteor Flash Analyzer channels have been specifically selected
to look for the iron < 0.30 p; 0.40 p >, the magnesium < 0.26 p; 0.30 y > and
the silicon < 0.22 p; 0.26 u > components in the total meteor radiation. It
is expected, on the basis of contemporary meteor radiation theory, that the

measured ratios:
fF'(O.30; 0.40)dt = fF'(O.26; 0.40)dt =+ fF'(O.zz; 0.26)dt

= cFe[Fe] + cMg[Mg] + oSi[Si]

2F. N. Mastrup, "An Experiment to Determine the Impact Rate, the Mass and

. Velocity Spectrum of Massive Martian Meteors from a Mars Orbiter," for Voyager
1971, NASA Log No. SL98 SC 05-(080), dated November 17, 1965.




where [Fe]; [Mgl; [Si] are the relative concentrations in mole
fractions of the elements in the meteor and 0Fe; 0Mg; °Si are constants
proportional to the molecular excitation cross sections. Variations of in-
tensity ratios for the three channels are therefore expected to yield directly

relative meteor composition fluctuations.

Present theory of terrestrial meteor radiation is largely of a
phenomenological nature and needs critical evaluation before conclusion can
be shown for entry into planetary atmospheres radically different from the
terrestrial atmospheres. Laboratory studies3 have therefore been conducted to
study the effect of atmospheric composition on artificial meteor radiation in
all wavelength ranges from approximately 0.23 u to 0.65 u using charged
artificial iron micrometeorites accelerated to velocities in the range from
approximately 15 km/sec to 30 km/sec. The artificial micrometeorites are made
to collide with a target gas under controlled conditions of pressure and gas
compositions. These experiments are expected to yield valuable information on
the effect of target gas composition on meteor radiation. However, because of
scaling and difficulties in obtaining electrically accelerated micrometeorites
of high silicon content as in real meteors, experiments with real meteors are
essential to determine absolute radiative efficiencies for far ultraviolet
meteor radiation and to validate contemporary meteor theory for those wave-
length ranges. One does expect significantly better signal/noise ratios for
optical meteor detection in the far uv ranges, because of lower background
radiation as will be discussed in Section 3.2. The Meteor Flash Analyzer
optical signal channel selection is based upon the criteria discussed in the

following.

The long wavelength channel encompasses the wavelength band 0.30 u <«
0.40 u. It covers approximately the conventional photographic range of meteors
and permits therefore to establish the relationship of the MFA-data with
already available information from ground based observations. Furthermore,
this channel is particularly adapted to look at the "iron component' of the

meteor radiation. To demonstrate this point, we give the wavelength ranges

3J. C. Slattery, J. F. Friichtenicht, E. Tagliaferri, and F. N. Mastrup,

(to be published).




for the iron resonance multiplets and the actually measured relative

. sensitivity function of the MFA channel (Figure 1):
FeI a’D - Z°F° 0.3649 u — 0.3748 *
a®d - 2°p° 0.3824 u — 0.3930
a’D - 2°p° 0.3441 u — 0.3526
a’D - YF° 0.2954 u — 0.2973
a’D - Y°D° 0.2984 u — 0.3059 4

The long wavelength channel can, therefore, literally be designated as the

"iron channel."

The intermediate wavelength channel 0.26 p «+> 0.30 u fulfills a
similar function for measuring the '"magnesium component," The magnesium

spectrum is dominated by a single, very strong resonance line

Mgl 352 'S - 3p' P° A = 0.2852 us
. which is at the very center of the intermediate wavelength channel pass band
(Figure 2). A slight overlap with silicon and iron exists for this channel

as can be seen from Figure 2, The rejection characteristics for Fe and Si

might still be improved.
The short wavelength channel 0.23 u <> 0.26 p is especially selected
to measure the ''silicon component" by detecting the resonance multiplet

Sil 3p2 3P - 4s 3P° 0.2507 y — 0.2529 q

5

which is near the wavelength of peak far uv channel sensitivity (Figure 3).
This optical channel selection takes on added significance if the average
relative elemental abundance (mole fraction) of terrestrial meteors is

considered (Table 1).

4Ch. E. Moore, "A Multiplet Table of Astrophysical Interest," NBS, Technical
Note 36 (1959). :

5Ch. E. Moore, "An Ultraviolet Multiplet Table," NBS, Circular 488, Section 1,
(1950).
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Table 1. Average R