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Observation of sound wave propagation characteristics in middle and upper atmospher:
by the S-310-41 sounding rocket
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1. Introduction

Sound wave propagation in middle and upper atmosphere basically depends on atmospheric temperature and wind. TI
measurement of the sound wave propagation in middle and upper atmosphere begun in 1960's by the rocket-grenade syste
measuring explosion sounds at multiple ground sites. We propose a new plan of in-situ measurement of sound wave propagati
by a sound generator and microphones to be on-board the S-310-41 sounding rocket to be launched in 2011. Sound wave proj
gation characteristics and its altitude profile in the frequency range of infrasound and audible sound will be measured in rarefie
atmosphere. A low-frequency sound generator of RASS (Radio Acoustic Sounding System) will be installed at the Uchinoura
Space Center, and the sound generated on ground will be observed by the on-board microphones. In addition, the audible sou
and infrasound to be generated by the rocket launch would be measured not only by infrasound sensors on ground but also |
the on-board microphones, resulting in a comparative verification between the rocket experiment and the ground observation.

2. On-board and ground instrumentations

The on-board instruments named PDI (Propagation Diagnostics in upper atmosphere by Infrasonic/Acoustic waves) is deve
oped for the S-310-41 rocket experiment. The PDI consists of a speaker (sound source), one main microphone and two st
microphones (detectors), and a sound generator circuit. Those devices are developed for measuring multiple fixed-frequen
test infrasound acoustic waves between 10 Hz and 20 kHz. Observation of the test waves as well as the sounds of rocket mot
burning, nose cone open, and payload separation are expected. The RASS speaker can generate intense sound pulse at abou
Hz with an interval of a few s from a few minutes before the rocket launch, and measurements by the on-board microphones wil
be tried. Infrasound propagation has been investigated by ground-based sensors in these years (Suzuki et al., 2008), for exam|
infrasound generated by an H-11A rocket at Tanegashima, S-310 and S-520 sounding rockets at Uchinoura (Suzuki, 2009).

Ground experiments simulating rarefied atmospheric environment of about 50 km to 100 km altitude level (100 Pa - 0.001 Pa
were carried out in the vacuum test facility of ISAS/JAXA and Kochi University of Technology. A sampling frequency of 2 kHz
is assumed for the rocket telemetry channel of PDI. For the sound intensity and frequency parameters, optimum condition of th
test sound to be generated by the sound generation circuit will be determined by the outcome of these experiments.

3. Summary

In order to measure the sound wave propagation in middle and upper atmosphere, the S-310-41 sounding rocket will b
launched in 2011. To make the on-board instrument, PDI, environmental tests are operated in the vacuum chamber, suggesti
frequency/characteristics and appropriate experimental conditions. In this paper, the summarized results of the laboratory tes
infrasound acoustic wave propagation characteristics, and arrangements of the rocket experiment will be introduced in detail.
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