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Abstract

This paper deals with the physical properties and statistical analysis of waveform parameters of electric and
magnetic fields radiated from lightning retumn strokes. The lightning electric and magnetic fields were detected
by an plate-type electric field sensor and a loop~type magnetic field sensor respectively, and they were
recorded by a data acquisition system having a resolution of 12bits, a sampling rate of 10[MS/s} and recording
length of 10lms]. As a result, a little difference between the parameters of electric and magnetic fields for
positive and negative polarities was observed The rise times of electric and magnetic fields were within the
range of less than 13[us] and the average values for positive and negative polarities were 4.1[us] and 4.2[us],
respectively. The average values of the zero-to zero crossing times were 65.2[us] and 67.0[us], and the average
depths of the dip to opposite polarity were 38.0[%)] and 40.3[%4], for positive and negative polarities, respectively.

Key Words : Lightning return stroke, lightning electric and magnetic fields, waveform parameter, rise time,
zero~to-zero crossing time
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Fig. 1. Photograph of the electric and magnetic
fields sensor
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program
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Fig. 4. Typical waveform of the electric field
radiated from lightning return strokes
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Fig. 5. Definition of parameters of the electric
and magnetic field waveform radiated
trom lightning return strokes

ol o)A sk Al AHA 93e] s}
ale]o]] digt HelE a9 5l YeRATh 5] 4
SAIZE, 343 o] AR oA AR o AlZE A
A g2 WGP} F N Yoo v
=H] 79 BEEE E4& JER 5= gl 1A
o} 2| sty o] mel BAE vERY] $18te] 1}
o] HhA] < 10[%]ol A F-El W0[%17H2] Hele Al
Zro] wHFRe] 5 A7Hrise time : T ,)°olth B3
Ax}PAZHzero-to~zero crossing time : T ;)2 93
o AZHH A FE F40] v e AlXA Hele
AIZHE UYeRlE mejolEjo] 1, sinje] §A1 S viE}
W= vhdd 9] Zo)(depth of the dip : D )& ¥
o Al 1] HAgkol gk =739 wlaghe] v g
S Yehdch

ol o Al AA e A 513 o) dlolel &

Journal of KIIEE, Vol. 20, No.5, June 2006



Buing 434 dEle 394 32l s
3 AQ= ol o3 BB A
A7) 5o} gele) 4 ujma o) B Aol

A A 2
3.3 MAQb XA W Li=t0jE{2] Hiul

welol] ofs) B A A o2 HEe
TEY A2 283 HAX S #5AHA e A
2lof] m2bA A7 T g os ASHIL FPL
TUEA ARARE, dAH R T HYHE A9 H]
oAl vehkdt) wElo] ojste] dAsks AAIS
A L HAR Y BFAH Abol9] A 4
2 X849 % S0lkm] o9 dAZM 24
AAE 2HA 8L AL WA ERte] dSd
(11,(8]. =g ZAZelA FE7F ¢ B9 AA
st el A& Toll FAA dEe] 23E veiva
= At AA el Fejrk th2A verg 5 3l
ok & AellAe S0lkmlol el dA oA S
Aoz FAHE AAY A SEE FE B o
Jo = sigivh 2ol o) wgsl A e
578 &1 B, B8 4 APz B389 7
dolez2 &-gs7lds | 42 Holy £2
gl B8] edskeh ad 63 29 7ol
of ola & A}t AA P2 serlE £X
of g 2345 YehlAdth

2ol o) dAE HA sy Az, 93
WAARY g e 2ol £EXE a9 60l s
Wl AR AR Fetol LGS AA} A
Hge] FoF-EE dAir el dixete] HFo ¢
3l o] FojRl e s ook FET A F2o
Aol 28 Asdhe FEow FHHEE AL B
T Atk AR HEZAAY 7 544 F
HHow J¥e vAA HER HEIHA ] 4
o glo} dias] S8k 947t ArH9l szt
ASE 1~13[ ps]e] £XE JEROH, HT 42
[usjo yepgdeh, dHuaAREE A= Fo] A
SEHE ARt Ang YEilis gEEE HAd
oJsiA A= HeEE Ak e AquAe) g
grrasolw, HAX Y AFAH Aol Al

o,

Jo

oY TEER=8N M20Y M52, 20063 62

L
o
=

I 32
0
b
rot

Aoz qejo] ola) 2msie w5
ZJelEqe Uehil Bk 4R o
Wad el Qolrh aA Yehty, 24

=
L'
A
e X r

Number of pulses
o

S

2 1
I "l lll II | I |
1 2 3 4 5 6 7 8 9 10 11 12 13
Time [us)
(a) asAlZt
16
14
ﬁ 12
2 10
5
g °® .
£ ¢ I
Zz 4 [l
) IR
TRHHHem| '
25 35 45 55 65 75 85 95 105 115 125 140 150
Time [us)
(b) FSHEDXIAIZE
14
12
% 10
R
=]
B s
E
2 4
2
o 10 20 30 40 50 60 70 80 90
Percentage [%)
(c) etEE el Zo|
J8 6. A mhEe| matnlg BE
Fig. 8. Histograms of the parameters of electric

field waveforms caused by lightning
return strokes

(s



L2j0] Ojof WAKE T MY ol maroj

2le) ool =S 1a] A9E g 2ol 2
Al dehdt, wg Zolel A 0-00%de] 1
PEE Rgov, BT 03009 WP Qolg
SR

—_
=1

Number of pulses

LS

1 i1
1011 12 13

Time [us)

(a) dsAlzt

Number of pulses
(=%

25 35 45 55 65 75 85 95 105 115 125

Time {us)

(b) HHuXIAZE

Number ot pulses

0 10 20 30 40 50 60 70 80 90
percentage [%)]

(c) gtxidlel 2ol

a8 7. XA o9 ni2lojg 22

Fig. 7. Histograms of the parameters of magnetic
field waveforms caused by lightning
return strokes

o] ojsf BAE AA 98 gletole]e] FAF
A& 2§ 7ol JehIdet 4eA1zhe 1~13[ ps)
£ vehiilen, B3 AeAIREE 410 usle]

s FHRAAEE 25~130 ps]2) BEE 7}

A, H 6.2 usloldch. wbAE Y zlo]e 0~

&7l EEFH O ey, Fi 3Boglolct =}

A ;1}33_4 se}e|El7} AR A 239 gt v

o EXE 7IRE o8 Hol WA Ro] Ay
Rolgti & 4 uch

=3

TToa
o9 BE
o &

re >|>

4, =

[N

2 d7olMe HEel s BAEE A &
7;“ _\4.33.9_ ?_s;dg_} 3 c)d.&:. azg)\]/\sﬂ < :,7-)&3}.0:1 [¢]
o, GEo o3 SAHE AAS AAE FHsta
°la J}‘H FHuEE 4 A e 22

AUk

4}33713*]7“1 10ims]Q! HoJHHSFA| =S o]
438t AYHE v R HxH A $4547
of o3 EAHE AL AA A4EE FHE + A
o LabVIEWENZ2 2302 HA9} 247 53
9] IA=lElE AFsHA FAkh Gl o)
SAE A} 2AA Ao FFAREE oF 41[us],
FHULAAL BT 66lps], THAH ol oF
0[%)2 A9 vl 2348 Yeiich o2
ol ojajx] HAE = DA AAS] AIHA Al
A AL A7 A, 2 ATolA Atd
HERA 9} AASHAAH L ARG A7) A
E4E HEE A=HAAD G #Hg AFA AT
o &84 Aoz 7lugch

o NOIXHUROIM AWt ChErHeiME

A - XigIAfRiol ofs RrME|giALIct

References

(1) C. D. Weidman, E. P, Krider, “The Fine Structure of
Lightning Retum Stroke Waveforms”, J. Geo. Res., Vol.83,
No.C12, pp. 6239-6247, 1978.

(2) W. Beasley, M A Uman and P. L. Rustan, “Electric
Fields Processing Cloud-to~Ground Lightning Flashes”, ).
Goe., Res., Vol.87, No.C7, pp. 4883~4902, 1982.

Journal of KIIEE, Vol 20, No.5, June 2006



(3) C. Leteinturier, |. Harrelin and C. Weidman, “Correlation
of Lightning Current and Electric Field Derivative”, 8th
International Zurich Symposium and Technical Exhibition
on Electromagnetic Compatibility, pp. 405~410, 1989.

(4) Y. T. Lin, M A Uman and R. B. Standler, “Lightning
Return Stroke Models”, ). Geo. Res., Vol.85, No.C3, pp.
1571~1583, 1980.3.

5] M Ishii and ). Hojo, “Statics on Fine Structure of
Cloud-to-Cround Lightning Field Waveforms”, J. Geo.
Res., Vol.94, NoD11, pp. 267~274, 1989.

(6) V. Cooray and S. Lundquist, “Characteristics of the
Radiation Fields from Lightning in Sri Lanka in the
tropics”, ). Geo. Res, Vol90, NoD4, pp. 6099-6109,
1985.

(7) ol=3], 0|SH, “SUXl oM st ZIHSE XD
gpsio]  mielolE]  BA”, TYHIIMUIEE =&KX
Vol.20, in press. M A Uman and E. P. Krider, “A
Review of Natural Lightning : Experimental Data and
Modeling”, IEEE Trans,, VolEMC-24, No.2, pp. 78~105,
1982,

(8) BH B 4 “FHTICH) SHAMLETRORY & F R
' AABREEHRNEE, Vo108, Nod, pp. 28~35,
1988.

(9) Bok-Hee Lee, JuHong Eom, Sung-Man Kang,
Seung-Kwon Paek and Tatsuo Kawamura, “Charac-
teristics of the Radiation Field Waveforms Produced by
Lightning Retum Strokes”, Japanses Journal of Applied
Physics, Vol.43, No.7A, pp.4379-4385, 2004.

g . M|MHYR=2N [202 M52, 20061 69

=2
S
1ol

Z
of
9,
—o
{i

¢

O MAM O—

O|=9] (xiEm®)

19543 649 29¢ 4. 19803 24 Ut Fd) A7FE
F 9. 19873 F digd AT SJERAL.
1988~1989d F72ule AAVEATE: AdATLE.
1995d &% Queenslandthdt WEa 4. 19999 Cin-
cinnatith & WE @, @A g3t Fo AAA7FE
B oag, B ogE 23A

Tel : (032)860-7398

Fax : (032)863-5822

E-mail : bhlee@inha.ac.kr

G (axm)

19599 129 8Y4). 20023 29 AMEAdddigdtn Fd
A7) Fsta &9, 20043 29 A3t AgdiEd @)
Zohz} 291, A4 Qs gt A71FeS B A,
‘el @ (032)860-7398

Fax : (032)875-1276

E-mail : sky4u6006@hanmail.net

O|2& (=m®)

1978 69 1294, 20049 29 Qs Il A FE
F Z9. 20069 29 Astd) diztd ANFEI F9.
Tel : (032)860-7398

Fax : (032)863-5822

E-malil : wclee97@naver.com



