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Measurement and preliminary analysis of sound wave propagation characteristics in
middle and upper atmosphere by PDI/S-310-41
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1. Introduction

Sound propagation characteristics in middle and upper atmosphere basically depend on atmospheric temperature and wir
Mainly, they can be derived by empirical atmospheric models. But this measurement is comparatively difficult and previous
experimental results are very limited. In 1960’s, multiple grenades on-board a sounding rocket were used for measuring thi
sound propagation of explosions at multiple sites on ground in order to obtain temperature and wind profiles in middle and uppe
atmosphere. In 1990's, a measurement method by using MU-Rader with RASS (Radio Acoustic Sounding System) was deve
oped. In order to detect acoustically modulated atmosphere by MU-Rader, the RASS sends low-frequency sound pulses from tt
ground. However, in-situ sound measurement in middle and upper atmosphere by using a rocket has never been carried out.

2. Experiment outline of PDI on-board S-310-41

The S-310-41 sounding rocket is scheduled to be launched this summer. Main mission of the rocket is engineering experimet
by an aeroshell, testing a new reentry system. In order to investigate sound wave propagation characteristics PDI (Propagatic
Diagnostics in upper atmosphere by Infrasonic/Acoustic waves) is installed as one of 3 sub payloads.

The PDI consists of a speaker for generating sound source, one main microphone and two sub microphones as sound detectc
and a sound generator circuit. Those devices will be operated by sending 7 fixed-frequency sound waves between 10 Hz and
kHz at output power of 1 W for each 0.2 s with keeping silent for another 0.2 s, having a repetition of every 1.6 s. Measurements
of audible sound noise by rocket motor burning, an operating sound of nose-cone open and payload separation will also be carri
out. A RASS-type speaker set up on ground will generate high-power pulsating sound at 50 Hz and 100 Hz before the rocke
launch from the ground so as to perform a trial measurement by the on-board microphones. The purpose of experiment is dire
measurements of frequency characteristics of sound propagation in middle atmosphere by PDI.

3. Pre-flight experiment

As a laboratory experiment, by putting 3 microphones and a speaker in vacuum chambers at Kochi University of Technology
and ISAS/JAXA, measurement of sound wave propagation characteristics in rarefied atmospheric environment has been pe
formed with simulating equivalent environment up to 100 km altitude level{Fa). As a result, it was confirmed that received
signal strength was decreased the in rarefied condition. Sound wave is known as pressure fluctuation in gaseous medium. |
vibrating molecules in the atmosphere, it propagates as dilatational waves, hence, the propagation characteristic directly depen
on density and temperature of the atmosphere. The decreasing signal strength is related on number of molecules in rarefied atn
spheric condition. As was shown by previous studies on the frequency characteristics of sound propagation in upper atmosphe
(e.g. Sutherland et al., 2003), the sound wave less than 50 Hz are comparatively easy to propagate to the upper atmosphe
therefore, we will investigate the characteristics by in-situ measurements.

4. Summary

Direct measurement of sound propagation characteristics by using a sounding rocket in middle and upper atmosphere is tt
world-first trial. The purpose of experiment is in-situ measurement of the frequency characteristics of sound propagation in
middle and upper atmosphere. Pre-flight experiments of the on-board instrument PDI ware ended by April, 2012. At present
preparations for the flight operation including some instruments on the ground are in progress.

In this presentation, preliminary results of PDI on-board the S-310-41 sounding rocket will be shown, comparing between
obtained data and theoretical calculation.
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