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FOREWORD

This paper will be published in Earth and Planetary Science
Letters during 1966, ' '

AVANT-PROPOS

Ce travail sera publié en 1966 dans Earth and Planetary Science

Letters,

VOORWOORD

Deze verhandeling zal gepubliceerd worden in Earth and Planetary

Science Letters in de loop van 1966.

>

VORWORT

Diese Arbeit wird im laufenden 1966 in Earth and Planetary Science

Letters herausgegeben werden.



SHOCK WAVE FROM A RELEASE OF GAS AT 230 KM ALTITUDE

, by
M. ACKERMAN, G. KOCKARTS and R. PASTIELS.

Institut d'Aéronomie Spatiale de Belgique
Bruxelles 18.

Abstract

Photographic measurements of the velocity of a shock wave observed
' during an ESRO rocket,experiment lead to a temperature determination of 743°K

at 230 km altitude.

Résumé

Des mesures photographiques de la vitesse d'une onde de choc obser-
vée lors d'un lancer d'une fusée de 1'ESRO permettent de déduire une tempéra-

ture de 743°K & 230 km d'altitude.

Samenvatting

De fotografische metingen.van de snelheid van een schokgolf,:waar-
genomen bij de lancering van een ESRO-raket, leiden tot de bepaling van een

temperatdur van 743°K op 230 km hoogte.

Zusammenfassung

Aus photografischen Messungen der Geschwindigkeit einer Stosswelle,
die w¥hrend eines ESRO Raketenexperimentes beobachtet:wurde, kann man eine

Temperatur van 743°K auf einer Hthe von 230 km feststellen.



An ESRO experiment consisting of the payload S 18 launched with
a Skylark rocket from the Salto di Quira launching site in Sardinia at
evening twilight on July 13, 1966 was observed, from a ground station
based at Nuraxi de Mesu, with spectrographic and photographic equipment.
The nose cone and a tank containing ammonia prepared by the Institut
d'Astrophysique de 1'Université de Lidge were exploded at 230 * 4 km
altitude when the solar depression angle was 10°. A shock wave was formed
which was expanding rapidly and remained visible for 75 seconds. This
wave is shown in Fig. 1 at two successive stages df expansion, These pic-
tures are reproduced from a 16 mm Kodak 2475 film taken at 9.78 frames per
second, with an objective opening of £/1.4 and a focal length of 2,520 cm.
The phenomenon was observed in the North East direction at an elevation of
58°54'. The line of sight was making an angle of 71° with the sun rays.
The diameter of the wave is plotted versus time in Fig. 2. Three typical
phases of a shock wave generated in the atmosphere can be distinguished
and are probably related to the phases described by Groves[l]. The ambient
gas is first swept at a very high speed by the explosion. The high pressure
region formed is than pushed towards the low pressure region. During that
period the expansion has no spherical symmetry as shown in Fig; 2 ,where the
smallest and the largest dimensions have been plotted. Finally, between the
7th and 8th second the wave moves freely in the atmosphere ét the velocity
of sound. The increase of speed which seems to appear after the 12th second
might be due to a diffusion procesé or simply to the difficulty of the

measurements when the image density becomes small.

The spectrum of the emitted light was obtaiued on Kodak I-N pla-
tes by imaging the glbw on the entrance slit of a Huet Cl type spectro-
graph: During the first ten seconds and aléo later it displays the charac-
teristic features of the twilight spectrum. This indicates that most of

the luminosity has to be attributed to scattered sunlight.

The speed of the shock wave can be related with the atmospheric

temperature as has already been mentionned by Sheppard[z]° Using 22 a.m.u.



Fig. l1.- The wave 5.33 and 10.71 second after the explosion.
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Fig. 2.- Diameter of the wave versus time,
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for the mean molecular mass, 1.4 for the ratio between specific heat at.
constant pressure and at constant volume and a radial speed of the shock
wave of 6.27 x 104 cm sec represented by the full line in Fig. 2, one
obtains a temperature of 743°K at 230 km altitude. A difference of 3% in
temperature represents a difference in speed shown by the dotted lines.
Taking into account the uncertainties in the measurements, in the evaluation
of the altitude and the mean uolecular mass, the most probable error

in this temperature determination appears to be # 5%
=22 .
-On July 13, the 10.7 cm solar flux reached a value of 99 x 10

watt m (cycle/sec) and the 27 days mean value was of the order of

-22 [3]

102 x 10 watt m (cycle/sec) . According to Nicolet's analysis,
such a flux corresponds to an isothermal nlghttlme temperature of

(788 + 26)°K which leads to a temperature of about (760 + 25)°K at 230 km.
We thank Prof. Rosen and Mr Bredohl of the Inétitut.d'Astrophysiqueh

de 1'Université de Lidge for inviting two of us to take measurements of the

rocket experiment.
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Photograph of the azimuthal support on which the spec-
trograph, two cameras, a photomultiplier and pointing
instruments were set.



