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Introduction

Sound propagation in the Earth’s atmosphere is closely related to parameters such as temperature, wind, and air density.

In the stratosphere, the mesosphere, and the thermosphere, which are considered to be the most difficult areas for in-situ
observation sounding rockets are the best methods to measure the sound at altitudes of 30 km or more. In this study,
infrasound sensors and buzzers were installed in the sounding rocket "MOMO” operated by a private company. We measured
the propagation of the buzzer sound at each altitude, and also observed impulsive sound generated with fireworks launched
from a near site of the rocket launcher. In addition, the shock wave emitted when the rocket itself reached the speed of sound
was observed by using 9 sensors deployed on the ground and sensors abroad the rocket.

Purpose of the rocket experiment

The first purpose is to measure the signal strength of the buzzer sound inside the rocket at each altitude to investigate the
propagation of sound at each altitude. The second one is to measure the sound generated with the fireworks on the ground by
using the sensors abroad the rocket.

The third one is to observe the shock wave generated when the rocket descends with exceeding the sound speed , both on
the ground and in the sky, to investigate how the shock wave propagates.

Observation Results

The sounding rocket MOMO?7 developed by Interstellar Technologies Inc. was launched at 17:45 JST on July 3, 2021 in
Taiki, Hokkaido, Japan.

Data of the infrasound sensor aboard the MOMO7 was acquired up to a maximum altitude of approximately 98 km during
a time period of T+433 seconds after the launch(T) when to communications ground station were established.

The infrasound wave form data observed with the payload sensors shown in figurel.

Until T+120 seconds as noisy sound of the rocket engine combustion was observed, so the sound pressure values fluctuated
violently. From there, the engine completed combustion at T+120 seconds, and the buzzing sound waveform could be
observed up to around the highest altitude. However, no firework sound was observed and the buzzer sound did not show
much variation than expected in attenuation at each altitude between 60 km™98 km. From the data obtained with the payload,
a large amplitude signal was observed at T+ approximately 240 seconds. All ground-based sensors observed a shock wave
that may have been generated during the rocket’s descent.

Discussion and Conclusion

The lack of change in the attenuation of the buzzer at each altitude is thought to be due to the fact that the vibration of the
buzzer entered the sensor through the base.

As for the fact that the sound of the fireworks could not be observed in the sky, the fireworks were No. 4 fireworks under
the restriction of the town of Taiki, and they were launched at a distance of about 14 km from the launch site of the rocket. It
is thought that the sound was attenuated and did not reach the target due to the distance and insufficient power. As a measure
for improvement, it would be better to increase the number of fireworks and launch them along the coast as close as possible
to the rocket launch site.

The large signal observed at T+240 seconds was generated at an altitude of 98 km while the rocket body was accelerating
at 286 m/s. This signal may have been generated immediately after the shock wave was generated. If so, it can be interpreted
that the speed of sound is 286 m/s at an altitude of 98 km.

In this study, we were able to observe the buzzing sound up to an altitude of 98 km, and concluded that it is effective in
predicting the propagation of sound at different altitudes. In the next experiment, it is necessary to replace the buzzer with a



device that expels air instantaneously to mitigate the resonance with the base. Since shock waves were observed at all of the
ground sensors, we would like to use grid search to identify the source of the shock waves from the ground sensor side and
investigate how the shock waves propagate.

LI

HIBR KRG DOEDIRD D ITIFIRE, . KEBEREDAI XA —XIZEBIIEboTEh, ZASDOEE a7 7L
R UOREZEESOEBEIED SNTE, ZOHFTHEHPHEE: XNhd, HEE~RAEOEE 30 km DILEOSGFTTIXE
sy FPIZIEHE—DOFHIFERTH 5, AL TIIRBXMHSEHA T 28 a2 v 8 MOMO Nic4 > 7 7% v > K
LB T —REH L, FLT, BEFO 7Y -FOEbY HEFNT 2 & bz, H OB S3TE LiF
TEKICEZBHED LB TOBMNERA, /2, By PEHEPERIGE L 2ICRET2EEREH L 9 2RO
totruasry NNE YRS TEHEIL 72,

ayy MEBROHW

HiNZ3 20, 1 2HIEu 7y NNTHEL L7V —DEFERELSEMICGHHIL. SEBTOEOEDL Y FEHEE
FT3zZr. 2208 ETH S EIFHIEAKC X 3 EES Foicnwdary VRO VY TREIL, kDS EEEADE
DIELYHERETZ 2, 3 0B Ry MO NRERICRET 2EHEREM Ly FETHIIL, 8EE» S EADH
DIEDLY HERET D2 TH 5,

BHAS R

AV R=RATF7T77 70— AKRAZHDERE LBRIe v b MOMOT7 54§45 2021 47 A 3 H 17:45:00 JST 12k
HE RSN TITS EiFshrz,

MOMO7 #8004 > 7 7%V Y RO F =M ER L OEEVPHIL LB LT (T) 26 T+ 433 HFETOD
e, REEEN 99 km FTOT—RERF L1z R4 B— FATEHEI WA Y750 Y REET -2 2K 112
R, RAB—RF—XDT+120WFTidusr vy P oIV OMBESHEEIZNATE Y., SEOHEFHMLLLZEFHL T
2 ZIDHIVIUBT+ ROMTRELT L, 7V —BOREIREEEMOETHAT 2 2B TEL, LHL,
KkEDOESFURsARIoZ ., TH—FIZ 60 km™98 km I DOEEEDBEOZLATFRIZYRoNL 0o
Joo RAB—=RHNTOFHT =2 XD, T+ 240 ICKIRIBOEE LB L7z, X 5102 9 MmO EEEE L > A
vy oy b RERRCRE U 2 b 2 BB K 9 77 40 BRI Fh2h el L7

ERB L O

BEFDREDOEBDED Rk MICBE L TR, 7Y —DREDEREREZBE L Ty HICA->TLE- T
AREMEIE X 5 5,

TEXED L THBHEITE R o MU LT EKIEH TV 220 KB OO IDICE D 3B5EL 4 5EK0
AEFHLTED, ury M5 BTS2 O 14 km BENZEFTT L2 B LiFohieh o7z, HEEEN-/2Z 8
YEADBT TRV 2O ENPBELTLEVELER 2 Bbh b, SHERL LTRIEKDERE LT, nr v b
SHBIZER D 72 GEWIBRIRWTHT B BT s il RWEE X 5,

T + 9 240 ICEBIL 2 KRERESICEHL TR, & 98km. B4 v MEKLTRRICHEID W 286 m/s THEL TV 3
CEWCHELEEESTHD, BHEHOREERERI UL D 2, ELTIUEL. Z0Or EEE 98 kmTIXE#D 286
m/s Zo7- L RN TE %,

AR TIEIEE S ImETTF—FE2HBUT 22 TE, BEFOBEOED D HOFRNCERN L iwml 72, XRic
FERT B, RPN S THEEL 7Y — 0D DIl i, By oHREBM XL 2B H 5,
T B o OMIE DT ARTUITBWTHEELZBHH X NZDT, 7V FY—FBLUHFKL AL - FL—> V7% flio
THI L& 3l SEHBERERZNE L CTEEARHTOEREOEDL Y FEFABEL TV ELL

FElmPa




