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Study of magnetosphere-ionosphere
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SUMMARY

Title

Study of magnetosphere-ionosphere

Purpose and Necessity of R&D

Understanding how EMIC plasma waves generated in the

magnetosphere propagate to the ionosphere and developing

ground-based search coil magnetometer to detect magnetospheric EMIC

plasma waves on the ground

Contents and Extent of R&D

Study of ionospheric propagation of magnetospheric EMIC plasma waves
using the magnetic field data obtained from antarctic stations and
ionospheric satellite

Development of ground-based search coil magnetometer

R&D Results

Understanding where and how EMIC plasma waves are generated and
their properties

Developing search coil magnetometers to detect magnetospheric EMIC
plasma waves on the ground.

Search coil magnetometers are installed at Neumayer and Sejong antarctic

stations.

Application Plans of R&D Results

Buil a network monitoring antarctic magnetic field variations using
magnetometers
Having core technology to produce search coil magnetometer and

contribute to space technology for space mission
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8 nlst7|X| (JBS): Polar cap
boundary.

M| E 1}t 7| X| (KSS): Inner
magnetosphere (L ~ 2.3).

Halley (B=1: HBA): Near the
plasmapause (L ~ 4.4).

Neumayer (5 %: VNA): Near the
plasmapause (L ~ 4.1).
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Plasmapause
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1. A7&

294 AFZA%e] EMIC 952 F2 #7919 FehzvdAd 29 A A9
oA At AVIHAAE wEl AN n9E Ager v AV|HOREH
AvtE EMIC 3hs2> deldolA 7= dy) Fagh Gl Jeja Wskso] [zt
W7l w2 A FEe wabA] oe wdoz Hysttl (Manchester, 1966;
Altman and Fijalkow, 1980). A 3t¥l EMIC 3% A4 #AE Ao A Pcl 359 F
g Aol A #ASHEY A @Al EMIC-Pcl 35 A3 g2 Z7]ol o2
ATE 7o g APHATIE w9 Aol v A SAH7IE AXT ol %
A=xogr Foxtl (Fraser, 1975; Manchester, 1968; Hayashi et al., 1981;
Neudegg et al., 2000; Kim et al., 2010, 2011). £3] o]d A Axto] we 1% o]
Zegsto] we} stEel H7IZF FadteE oE HuFow 7F Ao A8
A% A=A 2 He 2 At e 3 200 YEhUth

=T #F H9 (AR 9%) 23 F (/1000km)
Hayashi et al. (1981) 53.7-75.1° N 25-100 dB
Neudegg et al. (2000) 70.5-75.6° S 41 dB
Kim et al. (2010) 61.2-86.7° S 8-20 dB
Kim et al. (2011) 61.2-86.7° S 1-14 dB
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T o] Aze FHPHAN S5 7 5 A 9A FEE A Wi o
B 4 (DAQ) HE=Z dgH HFH 7158 SA4ME= 160 E 2853 20
samples/sec®] HE=2 FHEU. HAEstd HolE= ASCHZEHO=R A &H 1,

2 A=A

9 37 A A Al 2" A
FRAZ|A ] AAE Rddes A5Fy Felso] WAEY 20 Hz A& At
A i, Bop 22 AFHE o] &shA Hth Al2" AU 3 49 YERY o
Type Bi-axial search-coil magnetometer

Compositions (ea.)
& size (mm)

Sensor (2) 920 x 130 (D)

Bracket (1 set) 300 x 300 x 160

Junction box (1) 190 x 125 x 80

Main cable spool (1) 400 x 450 (D)
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Control box (1) 320 x 260 x 78
PC (1) 250 x 150 x 150
GPS antenna (1) 50 x 50 (D)
Instrument
Mass (kg) (excepteql main cable) < 30
Main cable < 50
Total < &0
Frequency response 1 mHz to 5 Hz (Ultra Low Frequency)
Sensor sensitivity 364 uV/(nT-Hz)
Resolution 15 p7/VH: @ 1 Hz
Sampling rate 20 samples/s/axis
File size and format 60.8 Mbyte/day (2 ch), ASCII

E 4 AAIY AEAY FA R AFPR

2. A€l A7
7h A ZL ZAE A AA
AR H7Y AEAE= AA 3 = 9 32771 920 (L) x 130 (D) mm, FA7F 105 kgo]

o, 3 g BAYA Rl mole] Felde] B Fejelth FAYA ol
FAgol wob Mz BYt Mgl A7) Wl WA AEm, TR 7
e 57} Bobd 5% AN MPwst Sk U 159 189 IS gob wE
1, A AN el A% AA/E AU A9 FeE mold 44 @
= Qo] obd Relsk A 1w HH 47 2ES 184 A48 wEA ol ¢
o Asge Auel o4 A% A nAd 22 e @SSt Aok 2l
FYAES 7 ~EL AY PPz AANAL, ALES 4714 Jho] A3 Fw
7} %% Acetal (Delrin™) 2 W50 A% PN A7) g Ao AHe &
woh G Fohhy] sl kel AW AR wRAL A4 % BEe 47 9
Se omy) Sla) DAL kA S W 2ES WA Fbe) me] FYRTolur ol
A= st

ARG S)B ofgle] AAHBE SRBFe Ad UTHR dFel ol %e B9
$71% WulE Bse] Bas, o 29ld Eelstudole A Fug 44 Ao
22 ol gEEa ¥ BRE ofay AdY FAoE Wyt (17 B FE)
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&

AA el vt AAE ZJZHEE moke H4 A E 1AZ FEHaAFH vl Aol
Ao AE &A% HAasAZIT ZEdzReE 12189 Z2ZF4 10 Hz 3% F3)
F7F AR Qo Zeize] 3 Fapret wWel ofg R HES Fiag EAo] 3
A z2FE 54 7be Fa M7 AAETEE A7]= 55 x 50 mmE AlA 9] F
B Yo o] 7hed Avjolx FAE 12 golw, A7FEYe £12 V ol 1Y
39E ZTYQEZHES] BwEy E-RE gyt A% BES HoFE

EE vlxs Q3 AR BEES sl 9o, o dde] A4S 08
BNC AMYH, A== 39 LED, DAQ JH LED, HXE A& A7} F32HE o
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A, R FTHoE= FH=RE o
: Holl &= FH=HE 3¢ wol= HE, v

= =1, < 7‘]"11115 A
R S ], DAQ USB ZE,

il =

olgd 21 HE DAQ RHE, 392 olFAULE (1
717F 150 x 100 mm, FAl= 88 goli, 2z 2%
158 AN e deolE g duAq
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LPS

DAQ board

Main analog board
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1 Hz, 11 V9] A7MA5E A7 A E-RE o
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Ho, &dzol=e] <7l Fy4 W3 (0.1 T 30 Ho)oll wE A4 3 &S 7=
L ovaste] A|~gle] S FogE gleit APS At Ao &= A
APAA =l om, Q7F Fupg o]9lo] AR Qg oF AV xol=2E
2k# e 7] A AlRell= A7) dW Aol =7F AREEUAT Al =Fe] S Fuke
A@AI= 27 430 "dEtgQlth 71719 SHF I 3 Hed W 7bE 2 £94
7 delg Qo (FRAFu), 6 Hz 2 WollA - 3 dB corner frequency?l x}ek==3}

F7F AAA 9k sAsHA Sl H AT (2™ 44)

Magnetic shielding case
Testsolenoid Oscilloscope
|'
-coi i ; Control box
Search-coil magnetic sensor vl Outputsignal
e Function
Input signal generator

8 42: A FZY ZAEA AE A NEE

sensor 1 (Volt)
sensor 2 (Volt)

- 1 [ ,
12 /,.' .
g i .":IL
) 9| .
= |
« L
© |
> B \
S m A\ _
§_ 6 |
=) Lt
Q |
1
3K -
0 1 I I B T e e T
0 5 10 156 20 25 30

Frequency (Hz)

19 43: Neumayer station III-& 7]7] @35 A9



—— sensor 1 MAG(dB)
—— sensor 2 MAG(dB)

FFT (Fast Fourier transform) Z~Z @ Ako] 13 45-479]

ki3

Aol o
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- Agilent Technologies THU JUL 13 22:33:14 2017

‘ Freq(! ):No signal

; ‘ Pk-Pk(' ):No signal

“ | ‘ I ‘ i Frea(? )No sibnal

‘ i PK-PK(2 )N signal |
|
|
I
)i
I
I

mﬂt) = FFT(Ch1) J FFT Sample Rate = 20Sa/s
eFur;%lon @Clp}g?rmr @Sou]rce1 l@iﬁgﬁ:g Preset l More*FFI'
1% 45. Neumayer station III x3 Al 2]
0.5 Hzol A9l ®38ls Agd 2

Agilent Technologies THU JUL 13 22:03:50 2017

Freq(’ ):No signal

Pk-Pk{’ ):No signal
Freq(” ):No signal

‘ Pk-Pk(? ):No signal

f(t) = FFT(Ch1) | FFT Sample Rate = 20Sa/s
49 Window +) Span + Center + ) Scale + ) Offset
Hanning 10Hz 5.00Hz 5dB/ -53.4dBV .

19 460 Neumayer station III x= AlA] 9]
1.0 Hzoll A 9] &3l A1d 23
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4% Agilent Technologies THU JUL 13 22:03:50 2017

Freq(' ):No signal
Pk-Pk{" ):No signal
Freq(” ):No signal
Pk-Pk(? ):No signal

‘ \
f(t) = FFT(Ch1) FFT Sample Rate = 20Sa/s
49 Window + Span +) Center + ) Scale +) Offset
Hanning 10Hz 5.00Hz 5dB/ -53.4dBV T

19 47: Neumayer station III x= AlA] 9]
2.0 Hzol A o] &3l Alg 23

S )
S
o0
flo
o |4

4. Wi

ANZE7IAE 717194 924 5<Y Neumayer station IIo] EE3 717]&= ©f& Hf

h 84
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& AAE AAHoF &, FAATFA AYS T HAUF ofd 5d AWIY| HE $
G 714 JAdEo]l AAlete Ao R JAPFHST olE sl EE oA, WA
A, AA AwA Zd F ko] FrE Q) okl 1 59 1% 49719 5lo]
A WEE 2% 9 47 mEe nolEt
Item Size (mm) Mass (kg) | QTY Contents
. MICA-S Compositions
Packing case 1500 x 650 x 350 52 1 ea. (with redundancy bracket)
Maggo‘;‘i‘ble 400 * 450 (D) <50 |300m wound main cable
Redundancy 1set
Storage box 400 x 300 x 130 <3 1 ea. (Electronics, Harness, GPS)

[}

¥ 5 Ax=zd

AL A 0] MEE BlaE

=

> 2

P

O

~ Packing case

~ Storage box

r

“Main cable spool

a9 49 AR =Y AGA) WEFE T4
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= 20179 849 1Y = SAATAR HEHJeH, dEmES
S B =&stivr wisE AHA= 201749 99 11Y =

Junction box

ST S R A AT R

Sensor cables, PWR & data cable Search-coil magnetic sensors

29 50: Packing case®] W% F+A%

- - > <
Harnes ‘GPS,

g , cable 1 set—

——

- R

i
“ Electronics 1 sét

= <

L

N

or 5 ™

19 510 Storage box W9 FAE EF (GPS % A/ AR}
HE FAolE)
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A A gel AgHon ool md A@ AL ok 1Y 529 Pk AL
A8 eystanst 8 NJ
oAl AW BARERS Ea)

= = 1
A AAS AF dFdAE AP A

-
oY,
fols

9 52 5Y AWIONA A BE A=A L] 7 eAd A7

5 A4A 2 &

7}. Neumayer station III

A A4 tholoj e 19 533 Za, FHIT|A9F AF7]A o T2
fofl 2 = Ho AXHJT (29 54) AEE WA2F % a9 539 Az
o ?lEe] AFst= FaholA He "ol 3o wE e Az} Qo] A A
th (¥ 55 Fx) AFus oA dAds & F e Faol o] ddE @
ol Fo At} A=Y A= 20179 129 Ho] AWIo A Neumayer III 7]
2 o dAEo] 2\t &5

Jﬁ:“ ue
U fe 39 My do

g
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Main building

SCM Container:
Sensor Air chem. obs.
Junction box
——
300 m
Main cable

230 VAC + LAN

a9 53 A=Y A A 2] Neumayer 7] A A X 74 tho]o] 1)

a9 54w ol A

A% A AL AHA
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H 4 & Amid=sx 28T 3 o7z

=3 23} H| 31
1A A R SCIH Ad 14 AA
SCI =& 3 5 <22 d & SCIH Ad 24 AA
- 3Ahd = SCIF Ad 278 AA
- AR ZY #ZA7 A SH7) 27 A
A AR ] A] 171 471 271 7l
) 2 2 - =2 Neumayer H=7|A], AlE7]
=470
Ao Adx 2 &
1. %3} Fof
7} =5

1)SCI= (Journal of Geophysical Research, 2017) Al#} 17: SC-associated
electric field variations in the magnetosphere and ionosphere convective

flows

2)SCI+= (Earth, Planets and Space, 2018) AlA 17: Distribution of
equatorial Alffven velocity in the magnetosphere: a statistical analysis of
THEMIS observations

3)SCI&= (Journal of Geophysical Research, 2018) Al#} 171: Characteristics of
sudden commencements observed by Van Allen Probes in the inner

magnetosphere

4)SCIH (Journal of Atmospheric and Solar-Terrestrial Physics, 2019) Al #j

171: Characteristics of Pcb activity at high latitude stations in antarctica

5)SCI= (Journal of Geophysical Research, 2019) 77} 171: Magnetic field
oscillations observed by Swarm satellites in the nightside upper ionosphere

during low-latitude Pi2 pulsations

. Sheie T

D=4 (JpGU L& 2017): Occurrence of EMIC waves and plasmaspheric
plasmas derived from THEMIS observations in the outer magnetosphere

(1)
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2)= A (JpGU L ¥ 2018): SC-associated electric field variations in the

magnetosphere and ionosphere (%)

3)= Al (Chapman Conference V] = 2018): Relationship between EMIC wave
occurrence and cold plasma density distribution in the outer

magnetosphere: THEMIS observations ()

4= A (JpGU ¢ 2018): Magnetic field oscillations observed by Swarm
satellites in the nightside upper ionosphere during low-latitude Pi2

pulsations (7-%)

2. 715 &oF

7v. g8
D1 Z2E 8¢ AAzd AEd =
2) 22hdE A Zd 2A7)F SA7]

ol Q.
=

],

[e)
o

[o;

Er A md A7 A7 AR, FF AlS A AA 3 8

w
N2
w
Wi

r\"
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