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Study of the spin modulations of the electron density and plasma wave measurements i
the sounding rocket S-520-26 experiment
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In the ionosphere, since the flying speed of a sounding rocket is usually larger than the thermal velocity of ions, a rarefiec
plasma region called ‘plasma wake’ is formed behind a rocket in association with the plasma turbulence. These wake phenomei
should be considered accurately when we deal with data obtained in a direct ionospheric measurement. The physical process
related to the plasma waves are also important in understanding the interactions between plasma and non-magnetized objects

The plasma waves associated with a rocket wake were observed in the sounding rocket S-520-21 experiment and the SS-52(
experiment, which were carried out at And&oslash;ya, Norway in 1994 and at Uchinoura in Kagoshima Prefecture, Japan ir
1998, respectively [Yamamoto, 2000]. Since the frequency range of the emissions was related to the characteristic frequencit
of ionospheric plasma in the wake, Yamamoto(2000) suggested that the waves are Upper-hybrid mode ones excited in the wak
They also proposed a wake turbulence model in which two stream instability occurs in the wake center due to the incident plasm
flow from the both sides of the wake edges. However, the region where the plasma waves excite and the relevance betwe
the propagation process and the wake structure have not been clarified because of the limitation of the time resolution of th
instruments used in the previous experiments.

In the present study, we discuss the properties of the plasma waves observed in the S-520-26 sounding rocket experimel
In the S-520-26 experiment performed at Uchinoura on January 12, 2012, we measured the electric fields of plasma wave i
mid-latitude ionosphere during a geomagnetically quiet period by using a plasma wave monitor. The time resolution is about 26(
msec, which corresponds to one fourth or one fifth of a spin period. In the experiment, we observed plasma waves in the frequenc
range from 0.02 MHz to 0.6 MHz and from 1.2 MHz to 2.2 MHz. We identified the waves observed in the lower frequency range,
where whistler mode waves can exist, by referring the characteristic frequencies of the ambient plasma calculated from the da
of the impedance probe installed on the vehicle. Meanwhile, the higher frequency range often overlapped with the frequenc
range of Upper-hybrid mode waves. However, they did not always coincide with each other.

In addition, we analyzed the data of the rocket attitude during the experiment and obtained the spin-phase angle dependenci
of the measured electron density and the plasma waves. We define 0 degrees in spin-phase angle as the direction of the roc
velocity vector. The spin-phase angle increases in a counterclockwise direction when we see the rocket from the top to th
bottom. The results of the analysis suggest that the emissions in the lower frequency range were enhanced when the dipc
antenna measuring the electric field pointed in the directions of about 90 and 270 degrees in spin-phase angle, while the wav
in the higher frequency range were observed clearly when the antenna pointed nearly 0 and 210 degrees. Generally, the elect
fields of the electromagnetic waves are perpendicular to the wave normal, and the electric fields of the electrostatic waves al
parallel to it. Besides, if a plasma wave generates around the rocket, the wave is possibly the electrostatic one, because the we
length should be limited to the scale size of the wake, which is less than about ten meters or so. Based on the results of tt
analysis, we can discuss the propagation modes and the generation regions of the plasma waves.

obooooooboboboooooooooobooboobOobooboooooobOOobobooooboooooOon
obooboooocoooooooboboboooooooooobooboboboboobooobooooooooobooonoa
gbooooooboobobooboooooooboobobobooooooboobobobooboooobOobOoboboooon
ooooboooo

OO0000O0O000DOO00O0DoOoOO0194ioooooooooooooooDo s-h20-2000000000
00 19980 000000000000O0O0O sS-h20- 0000000000 OOOO0O [Yamamoto, 2000 00000
oobooooobooobooooboooboobooboooboooboooboobbooboboooooboobOoobOooonon
0000 Upper-hybridd 000 0000000000000 00000000000000000000000000O
ocoooooooooooooooobooboooobooOoooooOb 200000000 DODDODOO0ODOOODOOODOOOO
goooooooboboooooooobooboooooooooobooboboobooooDoboboobooooDOoD
gbooooboobooobooboboobooobooboooobobboobooboboooboobooooDbooD

00002012000 1200000000000000 S-520-200000000000000DODO0OOODOOO
ooooooo0oooobo0oooooOoo0oooobooOooooOobo0o0ooDbOobOOooOoDbOOO 260msed 00000
oo00O0 10000000 4500000000000 OOOODOODOODODOD00.0220.6MHZO O 1.202.2 MHZO
gobooooooooobobooooooooooooboooboooboo0obooobDboobboooDooDbboOooo
gooooooooooooboboooooooooooobobooooboooDobobOoboobbboooboDo



O Upper-hybridd 00 0000000000000 O0O0O0OO00OO0OO0OOOOOOOOOOOOO0OOOOOOOO
gobooooboooooboooboooobooooooboooooobbOooooboooboobDboooboDbDoOoLoboo
gooogoooooopoooOoboboOoOoDOOCOOO0OOOOodO0UOoODDOOODODO000ODOOODOODOOOOOOO
Oo00o0ooOooooOoo0oOooooboooOoOonois2000bbooooooobooooooboooboooooooon
oooooooooooOoobooooobOo eoooboOo2ro0bbOO0ObODOOOODOODOODOOOODDOOO
oooooooooooooooooobb0Ob 210000000000 DOODOO0O0OOODOOODODOOODOOO
obooboooboobooobdooooboooboooobooooboobooooboobobooboOoboOoOoboOooDn
goooooooooooiomoboopooOoooooooooooo0ooooOooooODUUoDboOoOoOoDoo
coooOooOo0ooo0oooooOoOooo0o0OoDooOO00bDOooOooDboOoOobOoDOoOos-%20-260000D0000O
obooobOoboobobooboboooooboooobobooooboboooooboooon



