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Development of DC electric field sensor and direct measurement of ionosphere Sq electric
fields

#Minoru Tsutsui
Prof. Emeritus of KSU

A new DC electric field sensor which is available to use in all spaces has been developed. The sensor is quite different
from the mill type electric field sensor which measures electric potentials by gathering charged particles in the
atmosphere. Since a key point of the new sensor is focused on electric equi-potential lines which are usually formed in
orthogonal to the electric field lines everywhere, a linear dipole antenna can be applied to the new sensor.

Profiles of electric potentials around the linear dipole elements (each length of L and the gap of d), when they were set
along a uniform electric field, were obtained numerically by solving the Laplace equation. The result showed that only
two equi-potential lines having a distance L with each other connect to A and B on each center of the linear elements,
respectively, and the potentials V4 and Vg of each element became the same as those of each equi-potential lines. These
two potentials are led to a differential pre-amplifier. Since the output from the pre-amplifier is (Va-Vg), an accurate
electric field intensity at the position of the sensor can be obtained by (V4-V3)/L.

Another important point in the structure of the new sensor is that the entire dipole elements are covered with an
electrical insulating jacket, because the dipole elements have to be protected from attaching of charged particles in the
atmosphere.

For practical measurements on the ground, new sensors of 3-D dipole antennas were installed in an electromagnetically
quiet environment where is in a mountain north of Kyoto city, and started continuous observation at the end of 2016.
A typical example of one day traces of electric fields in 3-D directions is shown in the figure. From two traces of
horizontal electric fields, we found a clear polarization change from south to east at about 2 hour after sunrise, and
lasting with east-ward until the mid-day. After changing the polarization to westward, another large polarization change
to northward appeared at about 2 hour before sunset. Since large fluctuations seen in the figure cannot be seen in rainy-
days, the source of the electric fields would be above the troposphere, it is possibly in the ionosphere. The observed
electric field intensity was 0.16 mV/m at maximum which is about 1/10 of those in the ionosphere which have been
studied by many workers. The field intensity at the ground are consistent with the radiation effect from the ionosphere.
Therefore, the observed electric field is considered to be the result of direct measurements of ionosphere Sq electric
fields.

The result of this research is published in TEEE A from IEE] as Tsutsui and Kaji, A New DC Electric Field Sensor and
Direct Measurements of lonosphere Sq Electric Field.

RN OERES ZAET 2D & LT, 2t clREEEEES X Milltype) | i5ﬂ%$u%ﬂmf5ﬁﬁbﬂ
fEd  BELED-EMT O EMEAERESZHECX 2 v —3EFEE LA o7z, TORERERD 71T, B
kﬁﬁﬁ%%ﬂi%%Vﬁ~%%%btou@%%ﬁéfof@%Wﬁﬁﬁﬁmﬁﬁ52$@£Tuﬁﬁ@@u#
ZHEIE L, ZnEmEEMRE O cEl 2 HIc Xk v, ZHE LA RO ZFCH o7, LV — DGR
2 KOBIRET (BREL) 2EuF vy 7 (B d) AT EH i LTy v Tk L4 Ko T
VT FThB,

Y—EEGSHMENTOBEIERNICZDO XL R—AT v T F2FTIREWTGED. ORI ENN % .
Laplace TR Z MBI FIC X Wk 72, ZofER, L>15 d 54 1E. BEE L i 2 Ko EEMRD AH
&2 A R=VETOHE A KRD BICZNZNELRMN IR L. %&®£${ﬁ®ﬂ%$uVMhWWﬁﬁ%% ﬁ
NEHEPIREI N, COMBFICHEHNZEMNZ ZHEEGSICATI L, ZoEMEHT] (Va-Ve) ZEEEE L cElnig
X v —HMIE COIEMERES 15 5 k#ﬁ%%

Dk VY —DfE LT 5 —D0EE LML, FFRMCKRAPOMERN T2 ET 2H%2[i 720 DULE % i3
HTH 5, b, ﬁ4+—w7/7%%% Rz BRI T ET 2 ECh 3, T2 OMGIEL TEX 3RY
ELT3Z2iICk), KBBICEEITNTVARALRARZ FLICK YRR ANV —FHTFKAICBT S
HBENRICEZ Y ay VS 2T 2HACE, MBERESORELA LT 2HNTE 5,

EiEMR AR, 2o 7u b 24 TEEWEL, BFEC— LV PRy 7 AN, 852 KT % 720 OFT R EMm
M%L\%@¢Wﬁ TV rFhEERE A AL, 227 e b X4 TRELY . B—ES TN 3 X4 K-
?V%%@%EK%@L&%%@E%%%%EL&&:5\ﬁmLO@S%%@% LEPHNR,
FEEESERICLY, COERES T v T FIZERTGEE TH B LB TEX 0T, FHERE S 9km DL EEEN -
BISICER 2 A o Ul o REOREIC, HE - L - B X T EToKHMICES 5m DOERESHIEH
BABR—=LT vTFFZHE L, 2016 FEKH oEEELIHI%Z BHE L 7=,



BRSO —fl % AT RNCR T, 2 Ud 24 BEIC 351 % 3-D SRR O HELAB 2 /R LT\ 5, FRICHPE - mt
DEGA o ORFRIRIE Z 5~ 2 &, HE 2 589 2 KR ICE T O BEG 2K & B, 2 s EREENICEH 7 1A
~EELTC, Z0oMEDOFTEEBE L ThHi &, Zo%AER X ICEL L, HEDOK 2 KT IcdL i~ K& CELL <
WEIERE LN, T 20D KESENT 2IRIKORFAZFHIICTH~2 &, Zhb3HE, HREFEPL <2
fELTCwaEDH -7z, T2, BAKICOR L Z2ZEHIRIEORAMEIE 0.16 mV/m TH %235, WRKOKHE Z ORI IT 1T
EAEENRCE2 S, COBGOFIINIREL Y EETH Y, BEEICH ZFERBL TWE, —F, BHEETE
DIENENHER L IS L — & MU L — X — O @HIFE R ¢f5 b W - BHEEN T oO/KVFES 0L X, AEHITHF S
THREE D) 10 50T d % 23, Stratton D FEMEFAEGNCBI T 2 HEwIC X v, FBHE coBEME 3 LT3z oy
1/10 T 2RI Nz, REHNICE T 2 Z Db ok 4 7 BLABIHR S BB IC s ) 2 BHAEIHRZRE L C
BY., KR/ LN E L ELNE SqESTh b L oftima Sz, T2 2 OBl - EBEtERE ST X 5R
W ERIC L 2R DENTHIAEEED H V., ZOMBICIEHFET 0L Ebh s,

Z DR R IZERES D b H@ R ERSCEE(TEEE A) i Tsutsui and Kaji, A New DC Electric Field Sensor and
Direct Measurements of lonosphere Sq Electric Field & L CHg#{TFETH 5,

0.2 T i

East 0.16 mV/m

Eew
Output [ V]
=]

-0.2 1 1 ] ] I
0.2 1

Ens
Output [ V]
=

g
<
39

South 0.16 mV/m

-0.2 o I 1 I 1 I ir 1 L

00 03 06 09 12 15 18 21 00

0.2 1
=
=
=
=
Q

April 14,2017 LT



	R005-12

