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FOREWORD

The paper entitled "Atomic oxygen determination from a nitric
oxide point release in the equatorial lower 4thermos_phere” will be

published in "Journal of Atmospheric and Terrestrial Physics", 1981

AVANT-PROPOS

L'article intitulé "Atomic oxygen determination from a nitric
oxide point release in the equatorial lower thermosphere" sera pubiie
dans "Journal of Atmospheric and Terrcstrial Plysics", 1981.

VOORWOORD

De tekst "Atomic oxygen determination from a nitric oxide
point release in the equatorial lower thermosphere" zal in het tijdschrift

"Journal of Atmospheric and Terrestrial Physics", 1981 wverschijnen.

VORWORT

Der Text "Atomic oxygen determination from a nitric oxide
point release in the equatorial lower thermosphere" wird in "Journal of
Atmospheric and Terrestrial Physics", 1981 herausgegeben werden.



ATOMIC OXYGEN DETERMINATION FROM A NITRIC OXIDE POINT

RELEASE IN THE EQUATORIAL LOWER THERMOSPHERE

by

-E. VAN HEMELRIJCK

Abstract

Atomic oxygen density values in the 80-105 km altitude
equatorial region have been obtained by analyzing the chemiluminescence
of nitric oxide point releases from three Centaure |i-C rockets. The
light emission produced by the NO-O chemiluminous recombination was
sufficiently high to render the artificial clouds observable only by
ground-based instruments. ' ‘

The difficulties associated with this kind of experiments have
been greatly avoided by a new technique ejécting the NO gas into the
backward direction of the flight.

It has been fou'nd that below 90 km the derived atomic oxygen
densities are in relatively good agreement with those reported by other
workers. At approximately 105 km the measured value is about two
times higher fhan the n(0) density obtained by averaging a set of data
from a great number of other flights but coincides rather well with the
measurements of Dickinson et al. (1980).



Résumé

Des valeurs de la concentration de l'oxygene atomique dans la
zone équatoriale entre 80 et 105 km d'altitude ont été obtenues 3 partir
de ,l"analyse de la chimiluminescence produite par des lachers ponctuels
de 'l.'monoxyde d'azote au moyen de trois fusées Centaure 11-C. La
lumiere émise par la réaction NO - O a permis I'observation des nuages

artificiels a partir du sol par des instruments photographiques.

Les difficultés caractéristiques & ce type d'expériences ont
largement été résolues par la mise au point d'une nouvelle technique
consistant en ['éjection du gaz dans une direction opposée a celle de la

trajectoire de la fusée.

En-dessous de 90 km les concentrations- de I'oxygéne atomique
sont relativement en bon accord avec celles rapportées par d'autres
auteurs. La valeur mesurée a une altitude d'environ 105 km est
approximativement deux fois plus grandes que la valeur moyenne d'un
grand nombre de données provenant d'autres expériences, mais coincide

pratiquement avec les mesures récentes de Dickinson et al. (1980).



Samenvatting

Atomaire zuurstofconcentraties in het equatoriale hoogtegebied
tussen 80 en 105 km werden bekomen door het analyseren van de chemi-
luminescentie van stikstofmonoxyde puntlozingen in de lagere thermo-
sfeer door middel van drie Centaure |1-C raketten. De lichtemissie uit-
gestraald door de reactie NO - O was voldoende groot zodat de
gevormde kunstmatige wolken waargenomen konden worden door foto-

grafische grondinstrumenten.

De moeilijkheden eigen aan dit type van proefnemingen werden
grotendeels vermeden door het aanwenden van een nieuwe techniek
waarbij de lozing van NO geschiedde in de richting tegengesteld aan
deze van de viucht. '

Onder de 90 km zijn de afgeleide atomaire zuurstof-
concentraties in relatief goede overeenkomst met deze gerapporteeerd
door andere vorsers. Op een hoogte van ongeveer 105 km is de gemeten
waarde meer dan tweemaal zo groot dan deze bekomen door tet
gemiddelde te nemen van een groot aantal gegevens afkomstig van
andere vluchten maar valt ongeveer samen met de metingen van
Dickinson et al. (1980).



Zusammenfassung

Atomaire  Sauerstoffkonzentrationen in der Aquatorzone
zwischen 80 und 105 km H&he sind erreicht durch die Analyse der
Chemolumineszenz  produziert durch punktférmige Ldsungen von
Stickstoffmonokyde mittels drei Centaure [1-C Raketen. Die Licht-
emission der Reaktion NO - O hat die Beobachtung der kunstlichen

Wolken mittels photografischen Grundinstrumenten zugelassen.

Die Schwierigkeiten karakteristisch an diesen Experimenten
wurden grdssenteils vermeitet durch eine neue Technik wobei die:
Loésung von NO geschah in eine Richtung entgegengesetzt an dieser der
Raketenbahn.

Unter 90 km Hohe sind die gemessenen atomairen Sauerstoff-
konzentrationein in relatlv guten Ubereinstimmung mit diesen rapportiert
durch anderen Autoren. Auf einer H&he von 105 km ist der Messwert
ungefahr zweimal grosser als der Mittelwert von vielen Daten bekommen
mit anderen Experimenten, aber f3llt ungefihr zusammen mit den -

Messungen von Dickinson et al. (1980).



1. INTRODUCTION

In situ measurements of the composition and structure of the
lower thermosphere are scarce and often incomplete. On one hand, the
perigee of an artificial satellite is generally located above an altitude of
approximately 150 km and, on the other hand, the cumulation altitude of
rockets of the meteorological type do not exceed a height of about
60 km. The observations are still more reduced if one considers only
those dealing with atomic oxygen. Nevertheless, several methods have

been deveioped to determine its concentration as a function of altitude.

Experimentally its distribution has been measured principally
by mass spectrometric techniques (Offermann and Orescher. 1973;
Philbrick et ‘al., 1973, 1977; Krankowsky et al., 1977; Trinks et al.,
1978) and by using photometry of green line (557.7 nm) intensity from
airylow emisslon (tarasova, 1963; O'Brien et al., 1965; Baker and
Waddoups, 1967, 1968; Gulledge et al., 1968; Dandekar and Turtle,
1971; Dandekar, 1972; Offermann and Drescher, 1973; Kulkarni, 1976).

In the past ten vyears new experimental methods have been
succesfully demonstrated : the silver film oxidation method (Henderson
and Schiff, 1970; Henderson, 1971, 1974), the measuring of the
infrared bands of the excited hydroxy! radical in the night airglow
(Good, 1976), catalytic probes (Perov and Rakhmanov, 1975, 1976) and
rocket borne Ol resonance-scattering systems (Dickinson et al., 1974,
1976, 1980; Howlett et al., 1980). An indirect method has been
suggested by Zalpuri and Ogawa (1979) for deriving the density profile
from positive ion composition data as observed from mass spectrometric

experiments.

Although those new methods give relatively gdod results it
must be pointed out that most of them are still in a3 development stage



and that mainly instrumental improvements are necessary in order to get
great accuracies and high reliabilities indispensable to study the

composition of the lower thermosphere.

Finally, the atomic oxygen number density can be derived
from the well known nitric oxide release method (Pressman et al., 1956:
Golomb et al., 1985; Spindler, 1966; Golomb and Good, 1966, 1972;
Good and Golomb, 1973; Armstrong et al., 1975), based on the measur-
ement of the light intensity radiated by a NO release from a rocket at
night in the 80-140 km region of the atmosphere.

In spite of some difficuities ‘associated with this experimental
technique the main advantages are that only a simple payload is
required (a fankful of comprcssed nitric uxide, a timer and an opening
system) and that all the observations may be realised by ground-based
photographic instruments.

From an analysis of all .reported nitric oxide releases it may
be concluded that this experimental technique is a very useful research

tool if the following conditions are satisfied

a) The hydrodynamical picture of the gas release has to
present a simple form easy to evaluate.

b) The reaction rate constants for the NO-O chemiluminescent
recombination have to be known with sufficient accuracy.

c) An accurate knowledge of the reaction mechanism leading

to the formation of the N02 molecule is required.

Our experiment differed from previous ones by using point
releases and by ejecting the NO gas into the backward direction of the
flight.



2. EXPERIMENT

Three experiments have been realised, code named NO-11-1,
NO-1f-2 and NO-11-3. The payloads were brought to altitude by
Centaure 11-C rockets launched from Kourou, French Guyana (5.2°N,
52.8 W) on September 12, 1974 (2 rockets), at 2220 UT and 2326 UT
respectively, and on September 13, 1974 at 2223 UT.

The scientific experiment consisted of a fourfold nitric oxide
release at four different altitudes in the 80-105 km region.

Each payload included mainly a mechanical structure with four
bottles containing the gas, a radar transponder, a timer, a security
box, explosive actuated miniature switches, batteries and a pyrotechnic
system to open the bottles. More experimental details are given by
Frimout et al. (1975) and in Fig. 1.

2.1. Gas Release

The nitric oxide was contained in a 4 liter cylindrical
aluminium container made of a monoblock bulk without welding joints and
manufactured by the Société Métallurgique de Gerzat (France). The gas
was at 50 atm, the total amount of the released gas being 268 g per

4
2 molecules.

bottle corresponding to approximately 5.4 x 10

To satisfy to the first condition mentionned in the introduc-
tion we decided to use a point release in order to obtain a quasi
spherical artificial cloud. The pyrotechnic system, fixed at the bottom
of each NO container, was constructed by the Poudreries Réunies de
Belgique. Filled with a 6.8 g explosive charge, the pyrotechnics were
capable to make a hole in the bottles of about 40 mm in diameter.
Theoretical analysis, confirmed by ground experiments showned that, at
altitudes between 80 and 105 km, 99% of the total amount of gas was
ejected into the rarefied atmosphere in less than 0.07 s.
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Schematic view of the NO-II payload. 1. Nose

cone. 2. Security box. 3. Upper plate. 4. Shock
mount. 5. Lower plate. 6. Intermediary plate. 7.
Upper bulkhead. 8 and 9. Attachmant ring. 10.
Cylindrical pipes for the mounting cf the bottles.
11.  Explosive actuated miniature switch. 12.
Mechanical stop unit for the preloaded spring
system. 13. Lower bulkhead housing two manacle
units. 14. Rubber seal (0-ring). 15. Stop flange
ring. 16. Batteries. 17. Timer. 18. Radar
transponder. The pyrotechnic devices used to
make a hole in the bottles ére fixed at the bottom

of each cylinder.



Furthermore, the difficulties with the gasdynamic mode!l have
been greatly avoided by releasing the NO-jet into the backward direc-
tion of the flight; as a result, the absolute speed of the flow remains
subsonic without creation of a shock wave. To the best of our know-
ledge a simular technique has not yet been applied. This improvement,
as well as the use of a point release, facilitates considerably the
determination of the reaction volume and of the partial density of nitric
oxide.

The releases were made at four intervals : the first starting
at HO + 83 s (HO being the lift-off of the rocket), the latest taking
place at Ho + 105 s.

Two identlcal but independent timing circuits were used; a
high degree of reliability was thus guarenteed. Each time circuit
consisted of an ignitor firing battery, current limiting resistors,
ignitors and a receptable for safe, test and arming plugs.

\

The payload was brought to altitude by a two stage solid
propellant Centaure Il1-C rocket, the second stage burning out at an
éltitude of about 25 km. The two manacle rings were jettisoned at
approximately 65 km; at the same time the preloaded spring system
separated the payload from the Centaure [1-C rocket with a speed of

more than 2 ms |,

2.2. Ground-Based Observational Instruments

The main ground-based instruments, located at four observa-
tion sites, for the measurements of atomic oxygen density, precise
altitude of the artificial clouds and the wind speed at the release
heights were the following : two Gianini cameras (Van Hemelrijck,
1980a,b), two |AS triangulation cameras (Debehogne et al., 1976), two
Westinghouse TV cameras (Debehogne and Van Hemelrijck, 1977) and
one Huet type Cl| spectrograph. Some characteristic features of this

instruments are listed in table |I.
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TABLE 1.- Optical characteristics of the main ground-basz=d observational instruments.

INSTRUMENT

LENS OPENING FOCAL LENGTH FILM OR PLATE FIELD OF VIEW EXPOSURE
(mm) TIME
Gianini F/0.87 77 Kodak 2485 18 x 26° 2 or 5s.
(35 mm)

IAS triangula-  F/5S 500 Kodak 103F 22 x 28° 5 min,
tion camera (200x2 50mm)
Television F/4.5 500 5° 50 frames
camera per second
Huet F/0.7 600 Kodak 103F ~ 6°
spectrograph (45%60mm)




It should be noted that the Huet spectrometer, with a
spectral range from 380 to 650 nm, was a manual guided instrument.
Due to the narrow field of view and to the relatively small light
emission of the artificial clou'ds, no spectra of the NO - O chemi-
luminescent  reaction could be detected. Therefore, previously
determined emission spectra mainly obtained by laboratory experiments
(Fontijn and Schiff, 1961; Fontijn et al., 1964; Good, 1967; Paulsen et
al., 1970; Golomb and Brown, 1975) have been taken into account for

the data reduction.

3. DETERMINATION OF ATOMIC OXYGEN CONCENTRATION

The usual schematic reaction mechanism for the NO-O chemi-
luminous recombination is (Golomb and Brown, 1975) :

(kl);NO+O+M—>N0;+M' ‘ (1)
(kR) ; NO2 > NO2 + hv (2)
and
(kQ) ; NO, + M > NO, + M (3)
Steady state treatment of the reactions (1), (2) and (3) leads
to :
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kl n(NO) n(0) n(M)
I= (4)
[
1 + ,kQ n(M)/kR]

] kR kg is the photon emission rate coefficient (cm3 5-1)
and | is the total number of photons (photons cm.3

a
where IO = k

5-1).emitted per
unit time and per unit volume.

According to Golomb and Brown (1975) the best fit expression
for the photon emission rate coefficient is given by :

1

12 = (1.15 £ 0.1) x 10”17 (300/1)%"? exp (350/T) (em3 s°1) (5)

which is applicable to the 170-1250 K and 400-800 nm range. In our
calculations the temperature T has been taken from the U.S. Standard
Atmosphere Supplements, 1966.

Finally, atomic bxygen concentration is given by :

n(0) = I/[IZ n(NO)] ' (6)

where | is the observed photon emission rate.

The number density of nitric oxide n(NO) can be easily
determined taking into account the total amount of ejected NO particies
and the mean radius of the artificial cloud calculated by means of a

Joyce and Loebl double-beam recording isodensitometer.
The total quantity of light energy deposited on the Gianini-

films was determined from isodensity traces of the photographs and by

means of relative and absolute calibrations (Vanden Borre, 1975).
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A detailed description of the procedure to convert this energy
into the total number of photons I (hv cm~3 5-1) emitted by the
artificial clouds is given in the appendix; the derived expression of I

can be written under the following form :

-19 2 2 13 -3 -1
I =5.907 x 10 [re L(o) SR/Vt]. i2=1 [Pisi/T(A)i T(G)i] (hv em 7 s )
(7)

where

re = Gaussian half-width, i.e. the distance on the densitometric
recording image at which the radiant exposure is 1/e times
the peak value.

L(o) = radiance in the center of the image.

R = slant-path, i.e. the distance between the camera and the
artificial cloud.

V = reaction volume of nitric oxide.

t = exposure time of the film.

g = energy conversion factor (J - hv) for the ith wavelength
interval (i =1, ....,13). )

l‘(A)i = atmospheric transmission coefficient from sea level to space.

T(G)i = camera lens transmission coefficient.

Ei = relative luminous intensity of the emitted NO - O spectrum.

Si = adopted relative spectral sensitivity of the film.

P. = Eisi/ZEiSi

4. OBSERVATIONS

As already mentionned, the three payloads consisted each of
four cylinders, filled with compressed nitric oxide, to be opened at four
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different altitudes between 80 and 105 km. As a result, twelve releases
had to take place; unfortunately, only six artificial clouds were
observed.

Table || répr‘esents the launch times of the NO-II experiment
and also the number of observed artificial clouds, while Figures 2 and 3
give respectively a photograph of the nitric oxide point releases of the
NO-11-3 experiment and a magnification of some typical isodensitometric

images.

It should be noted that the NO-I1-2-1 release yielded only one
determination of n(O). The ejection altitude being 80.7 km, the
10 cm°3) that
the luminous intensity of the chemiluminous NO-0O reaction couid only be

measured atomic oxygen concentration was so low (2.1 x 10

observed on one photograph taken by the Gianini cameras. The total

8 h cm-3 g7

number of photons emitted was equal to 1.03 x 10
corresponding to a global emission rate of 1.63 x 105 Rayleigh or to a
power emitted of approximately 5 Watt; for comparison, typical radiant

flux values for the other releases ranged from 100 to 200 Watt.

5. RESULTS AND DISCUSSION

Resulting atomic oxygen densities as calculated from expres-
sion (6) are plotted in Figures 4 and 5. The data are obtained from 66
isodensity traces of 2 or 5 second exposure photographs and represent

averages over two observation sites.

A calculated uncertainty level of the n(O) values, based on
an error analysis of each measurement, was assumed to t 30%. However,
the estimation of the error bar is rather difficult due to the fact that
the final determination of n(O) depends on several parameters. The
uncertainty in the derived atomic oxygen density is mainly caused by
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TABLE II.- Launch time and number of observed artificial

NO-I1 gas release experiment,

¢louds for the

CODE NAME DATE LAUNCH TIME OBSERVED
(uT) CLOUDS
NO-I1-1 Sept.12, 1974 22020"32 1-2
h
NO-II-2 Sept.12, 1974 23726719° 1
NO-II-3 Sept.13, 1974 222305 1-2-3
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Five-second exposure photograph of the nitric
oxide point releases (NO-11-3). Note also the
presence of stars under the form of luminous

spots.
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Fig. 3.-

Some typical concentric isocontours of the artifi-

cial clouds of the NO-II-3 experiment. a. First
cloud. H (release time) = 22M24M28%. b. Second
cloud. H = 22M"24M33%. ¢, d, e and f. Third
cloud. H= 22"2aM50%, H + 155, H + 30s,
H + 45s.

=iif=
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the limitation on accuracy of the optical film densities and of the photon
emission rate coefficient lg.

An analysis of the results (Fig. 4 and 5) indicates that the
atomic oxygen concentration as a function of time after release remains
relatively constant, except for the NO-iI-1-2 release where the
observed number density decreases by a factor of 4 in a very short
time interval (8 seconds). This sharply decrease is caused by a sudden
decrease of the total number of photons emitted. The reason for this
phenomenon is not very clear.

Our results are compared wfth nighttime number densities,
covering the A80-110 km altitude span, reported by other workers as
illustrated in figure 6. A mean curve (solid trace) was drawn through
5 km interval data points, the NO-il values (dashed curve)
répresenting the arithmetic averages of all measurements made at a
given altitude. It should be noted that only the largest 90.9 km density
was retained, the resuiting n(O) value being the most realistic.

Such a comparison gives only a qualitative idea about the
density distribution since, on one hand, the atomic oxygen profile often
shows a rather complex structure and, on the other hand, the number
density is a function of local time, latitude and season. Furthermore, -
the data points available in tHe lower thermosphere, especially below
90 km, are scarce. It follows that the spread in measured values is

sometimes greater than one order of magnitude.

The 85-90 km altitude range is the region where diurnal
variation of n(O) is expected to be minimum (Ogawa and Shimazaki,
1975; Zalpuri and Ogawa, 1979) and hence, any difference in most of
the reported values shown in figure 6 may be due to seasonal and
latitudinal change and, of course, to the uncertainty level of the
measuring technique.
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Figure 6 reveals that below approximately 90 km our derived
NO-Il atomic oxygen densities are in relatively good agreement with
those obtained by other workers and that the deviations appear to be
within the natural variability of the atmosphere. At about 105 km the
derived value is more than tWo times higher than the n(0O) density
obtained by averaging a set of data from a great number of other
flights but coincides remarkably. well with the values recently published
by Dickinson et al. (1980).

It should be emphasized that most of the atomic oxygen
densities reported to date are sampled at northern latitudes from 20 to
60°, but with a bias towards the mid-latitudes. To the best of our
Knowledge only two - experiments have bean realised 4l vguatorial
latitudes i.e. by Kulkarni (1976) on February 1973 from Thumba, India
(8°33'N) and by us from Kourou, French Guyana (5°12'N).

By analyzing available data from 18 rocket experiments
(Offermann and Drescher, 1973) and by making a compilation of all
reported nitric oxide releases and some mass-spectrometric measurements
(Good and Golomb, 1973) it may be concluded that the mean height of
maximum atomic oxygen number density is situated between 95 and
100 km. Although not enough statistical evidence is present to
determine this peak altitude versus latitude their seems to be an
indication of a possible increase of this height with decreasing latitude
(Kulkarni, 1976 and this work). Contrary to the conclusion of Kulkarni
(1976) that the density of atomic oxygen decreases with latitude with a
minimum on the magnetic equator we found rather relative high values

during the NO-Il experiment.
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APPENDIX

Determination of the total number of photons | emitted

The J-L isodensitracer gives a set of concentric isocontours
(Fig. 3) corresponding to a known optical density interval determined
by the calibration of the instrument. The isodensitometric images have
been analysed according to four axes, the center of the artificial clouds
being taken as the origin.

Measurements of the characteristic curves (optical density
versus radiant exposure in arbitrary units) of the Kodak 2485 films
lead to the radiant exposure as a function of the distance from the
center of each film (Fig. A.1, solid curve). This curve is compared with
a best-fitted Gaussian density distribution (dashed curve) representing
quantitatively the light energy deposited on the film during a time

interval equal to the exposure time.

in a good approximation, the total light energy deposited on
the film is then given by (Golomb et al., 1965) :

- 2
Ht =Mr, H(O) (A. 1)

where H(O) is the energy deposited in the center of the image and Feo
is the Gaussian half-width i.e. the distance at which the radiant
exposure is 1/e times the peak energy H(O).

By means of an absolute calibration at 557.7 nm of the Kodak
2485 film giving the optical density versus radiance L (in h cm 2 sr™ 1)

-24-



Ei

c

3

z

°

z

]

L

o4

>

7

o

o

>

w

—

z

g

fa)

g

@
0 1 1 A AL 1 1 l 1
-5 -4 -3 -2 - 0 1 2 3 4 5
DISTANCE FROM THE CENTER OF THE ARTIFICIAL CLOUD

{arbitrary units)
Fig. A.1.- Typical plot of the radiant exposure in

function of the distance from the center of
the artificial cloud (solid curve) compared
with a best-fitted Gaussian density distribu-
tion (dashed curve) representing qualita-
tively the light energy deposited on the film
during a time interval equal to the exposure
time of the film.

-25-



and through the knowlegde of the Gaussian radius Mo (‘ir‘}n cm) and the

exposure time (in s) the total light energy can easily be calculated

Ht =n r:e2 L(0)/t (hv s-1 sr-l) (A.2)

For a monochromatic light source emitting at 557.7 nm, relation (A.2)
may also be written :

19

H, (557.7) = 3.562 x 10717 n rg L(0)/t (s sr7h (A.3)

For the determination of the real total energy on the film in
the case of a polychromatic light source, the spectral distribution of the
light emitted by the artificial cloud, the relative spectral sensitivity of
the film and the ratio of the real total energy to the energy deposited
on the film in the case of a monochromatic light source have to be taken
into  account. The computations have been performed using a
step-by-step conversion of the energy as a function of fixed wavelength

intervals.

The wavelength range to be taken into consideration s
limited, on one hand, by the relative sensitivity S of the Kodak 2485
film (S = 0 for A < 400 nm and A > 700 nm) and, on the other end, by
the luminous intensity E of the emitted NO-O spectrum&r‘epresenting a
continuum (E 0 for A < 400 nm and A > 1.4 ym). It is readily to see
that the film used in our experiment is sensitive only to a fraction of
the nitric oxide spectrum. The ratio of radiant power sensed by a 2475
film to the total radiant power emitted during a NO release is 1/3
(Good, 1967). This wvalue is also adopted for the 2485 film.

-26-



Finally the spectral range 400-700 nm has been devided into
13 intervals (i =1, .... 13) with a bandWIth (A)\) of 25 nm, except for
the intervals 1 and 13 [bandwith (A)\) = 12.5 nm].

As already mentioned in section 2.2 our calculations are based
on previously determined spectra. The relative intensities were
normalized to E = 1 at A = 550 nm. By averaging the various sets of
data a mean intensity distribution was obtained and the adopted
constant values Ei represent the intensity of the mean curve in the
center of each interval.

The relative spectral sensitivity of the 2485 film for the
wavelength region of interest and for different optical densities has
been measured and an average Si factor was applied.

Taking into account the values of E and S the ratio p of
the real total energy to the energy deposited on the fllm in the case of
a monochromatic light source emitting at A = 557.7 nm can be calculated
(p = 0.83).

Now equation (A.3) can be written as :

-19 -1

= 3.562 x 10°1° [p n rz L(0)/t] (n D?/4F?) Gs™hy a4

where D and F are respectively the lens diameter and the focal distance
of the Gianini camera (F/D = 0. 87)

The contribution of each wavelength interval i to t'he total
energy deposited on the film is proportional to the ratio Pi = Eisi/ZEiSi'
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The energy Hi per wavelength interval is then :

-19 -1

Hi = 3.562 x 10 )

(p n ri L(0)/t] (n D2/4F2)Pi (Js

This light energy can be converted into number

per second introducing a conversion factor £

Now we can write :

-19 -1

H, = 3.562 x 1077 [p n r% L(0)/t] (n D2/4F2)P151 (h s

(A.S)/

of photons

) (A-h)

The total quantity of light energy (Ht or ZHi.) deposited on

the film is only a fraction of the light energy emitted by the artificia!

clouds since during its transport it is attenuated by the atmospheric

layers and by the cameralens. Furthermore, this energy is collected by

a lens of area n D2/4 at a slant path SR from the nitric oxide release.

Taking into consideration all this factors we

equation (A.6) in the following form :

* 19

Hy = 3.562 x 1077 [p n £2 L(0)/t] (n D%/4 F?) (16 n s2/mp?)

-1
[P.e,/T(A), T(6),] (h,s™H)

where
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T(A)i = exp (- T. sec Z) is the atmospheric transmission coefficient.
T, is the total optical attenuation coefficient (Elterman, 1964, 1968).
Z is the zenith distance from the artificial cloud.

T(G)i ‘is the camera lens transmission coefficient (experimentally

determined).

The asterisk points out that the energy relates to the artifi-

cial cloud.

The ratio of the radiant power sensed by the film to. the total

radiant. power emitted dur‘ihg the release being 1/3 we obtain :
H =3 > H ) (A.8)

Thus the total number of photons emitted per second and per

cubic centimeter amounts to :

I=H/GR/3 (woem > sThH . (A.9)

where R is the real mean radius of the artificial cloud.

Using the shorthand notation V = 4nR3/3 and introducing the

numerical values for p, D and F, (A.9) finally yields to :

19 -35-1

: , 13
= - 2 g2/ y
I =5.907 x 10 [r, L(0) Sp/vt] 5;1 [P.e /T(A), T(G);] (hv cm )

(A.10) or (7)
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