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Abstract

Electromagnetic transient calculation of overhead transmission lines is 

±²°©-ºœ½やı-S³Ø-ªØŁやÆ½や²æØや-̶²³°̶œや°Ø±ı±²ıµı²½や©Œや²æØやº°©³-Ł╆や5æı±やµ̶°ıØ±やŒ°©ßや
ｱまｱｰ,や〉Ｆぉß《やŁØ¬Ø-Łı-ºや©-や±ØµØ°̶œやßØŁı̶やŒ̶ª²©°±や̶-Łや©-や²æØや¬æ½±ıª̶œやª©ß-

¬©±ı²ı©-や©Œや²æØやº°©³-Ł╆や5æØや̶ªª³°̶ª½や©-や²æØやª̶œª³œ̶²ı©-や©Œや̶や±½±²Øßや²°̶-±ıØ-²や
°Ø±¬©-±ØやŁØ¬Ø-Ł±やı-や¬̶°²やı-や²æØやº°©³-Łや°Ø²³°-やß©ŁØœ╇や¹æıªæや±æ©³œŁやª©-±ı-
ŁØ°や²æØやœı-ØやºØ©ßØ²°½╇や²æØやØœØª²°ıª̶œや°Ø±ı±²ıµı²½や̶-Łや²æØやŒ°Ø®³Ø-ª½やŁØ¬Ø-ŁØ--

ªØや ©Œや ²æØや ¬©¹Ø°や ±©³°ªØ╆や 6¬や ²©や Ł̶²Ø╇や ²æØ°Øや ̶°Øや ©-œ½や ̶や ŒØ¹や °Ø¬©°²±や ©-や ²æØや
±¬Øªı̶œı¾ØŁやœı²Ø°̶²³°Øや̶Æ©³²や̶-̶œ½¾ı-ºや²æØやØTØª²±や¬°©Ł³ªØŁやÆ½や²æØや¬°Ø±Ø-ªØや
©Œや̶-やıß¬Ø°ŒØª²œ½やª©-Ł³ª²ı-ºやº°©³-Łや©Œや²°̶-±ßı±±ı©-やœı-Ø±やı-や̶や²°̶-±ıØ-²や±²̶-

²Ø╆や"やÆ°©̶Łや °̶-ºØや̶-̶œ½±ı±や©Œや ²æ°ØØや©Œや ²æØやß©±²や©Œ²Ø-や³±ØŁやº°©³-Łま°Ø²³°-や
models for calculating electromagnetic transients of overhead transmission 

œı-Ø±や ı±や ¬Ø°Œ©°ßØŁや ı-や ²æı±や ¬̶¬Ø°╆や 5æØや ÆØæ̶µı©°や ©Œや ß©Ł̶œや ¬°©¬̶º̶²ı©-や ı-や
º°©³-Łや ı±や ̶-̶œ½¾ØŁや æØ°Øや ı-²©や ØTØª²±や ©Œや R°±²や ̶-Łや ±Øª©-Łや ©°ŁØ°╆や 'ı-̶œœ½╇や ̶や
-³ßØ°ıª̶œや²©©œやÆ̶±ØŁや©-や°Øœ̶²ıµØやØ°°©°やıß̶ºØ±やı±や¬°©¬©±ØŁやı-や²æı±や¬̶¬Ø°や̶±や̶-や
̶ıŁやŒ©°や²æØや̶-̶œ½±²やØ-ºı-ØØ°や²©やØ±²ıß̶²Øや²æØやı-ª³°°ØŁやØ°°©°やÆ½や³±ı-ºや̶¬¬°©¼ı-
ß̶²Øやº°©³-Łま°Ø²³°-やß©ŁØœ±や¹æØ-やª̶œª³œ̶²ı-ºや²°̶-±ıØ-²±や©Œや©µØ°æØ̶Łや²°̶-±-
ßı±±ı©-やœı-Ø±╆
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Introduction

5æØや̶-̶œ½±ı±や©Œや¹̶µØや¬°©¬̶º̶²ı©-やØTØª²±や©-や©µØ°æØ̶Łや
²°̶-±ßı±±ı©-や±½±²Øß±やŁ³Øや²©や²æØや¬°Ø±Ø-ªØや©Œや̶-やıß¬Ø°-
ŒØª²œ½やª©-Ł³ª²ı-ºやº°©³-Ł╇やı±やª°ı²ıª̶œœ½やıß¬©°²̶-²や²©や̶±-
±Ø±±や²æØやŒ°Ø®³Ø-ª½やŁØ¬Ø-ŁØ-²やœ©±±Ø±や̶-Łや¬æ̶±ØやŁØœ̶½や©Œや
º°©³-Łやß©ŁØ±╆や #½や ı²±や ©¹-や ±²°³ª²³°Ø╇や ²æØや ØœØª²°ıªや œı-Øや
¬̶°̶ßØ²Ø°±や Zや 〉±Ø°ıØ±まıß¬ØŁ̶-ªØ《や ̶-Łや Y (shunt-ad-

ßım̶-ªØ《や ªæ̶°̶ª²Ø°ı¾Øや ²æØや º°©³-Łま°Ø²³°-や ØTØª²±や ©-や ̶や
R°±²や̶-Łや±Øª©-Łや©°ŁØ°╇や°Ø±¬Øª²ıµØœ½╆

'ı°±²や ©°ŁØ°や ØTØª²±や ̶°ı±Øや¹æØ-や ²æØや ı-S³Ø-ªØや ©Œや ²æØや
º°©³-Łや ¬°Øµ̶ıœ±や ©µØ°や ²æØや ºØ©ßØ²°ıªや ı-S³Ø-ªØや ©Œや ²æØや
œı-Ø╆や5æı±やı±や²æØやª̶±Øや¹æØ-や²æØやªæ̶°̶ª²Ø°ı±²ıªやıß¬ØŁ̶-ªØや
©Œや²æØや±½±²Øß╇や YZZ

C
? ╇や¬œ̶½±や̶-やıß¬©°²̶-²や°©œØやı-や

the simulation; e. g., on transient short-circuit currents 

ª̶œª³œ̶²ı©-や〉.̶°²ıや̶-Łや6°ıÆØ╇やｲｰｰｲ《╆や*-や²æı±やª̶±Ø╇や²æØやŒ°Ø-

®³Ø-ª½やŁØ¬Ø-ŁØ-ªØや©ŒやZC is entirely due to the ground-

°Ø²³°-や¬̶²æや〉8ØŁØ¬©æœ╇やｱｹｶｵ《╆
5æØや±Øª©-Łや©°ŁØ°やØTØª²±や̶°ı±Øや ı-や²æØやª̶œª³œ̶²ı©-や©Œや

²æØやß©Ł̶œやµ©œ²̶ºØや¬°©¬̶º̶²ı©-やŒ³-ª²ı©-や©Œや²æØやœı-Øやe–i©n 
¹æØ°Øや YZ ©?i  and lや ı±や ²æØや œı-Øや œØ-º²æ╆や *-や ²Ø°ß±や©Œや
¬°©¬̶º̶²ı©-やŒ³-ª²ı©-±╇や¹æØ-やŒ©°ßı-ºや²æØや¬°©Ł³ª²やZ·Y 

²æØやºØ©ßØ²°ıªやØTØª²±や²Ø-Łや²©やª̶-ªØœや©³²やØ̶ªæや©²æØ°╇やØ¼-

ªØ¬²やŒ©°や²æØやŁıTØ°Ø-²やı-S³Ø-ªØや©Œや²æØやº°©³-Łや〉.̶°²ıや̶ -Łや
6°ıÆØ╇やｲｰｰｲ《╆

5æØや¬°©ÆœØßやæØ°Øやı±や²æ̶²╇や³¬ま²©まŁ̶²Ø╇や²æØ°Øやı±や-©やºØ-

neral criterion to evaluate the ground conduction 

ØTØª²±や©-や²°̶-±ßı±±ı©-やœı-Øや¬°©¬̶º̶²ı©-╆や"-©²æØ°や¬°©-

ÆœØßやı±や ²æØやØµ̶œ³̶²ı©-や©Œやæ©¹や²æØやº°©³-Łま°Ø²³°-やª©--

Ł³ª²ı©-や ØTØª²±や ıß¬̶ª²や ©-や ²°̶-±ßı±±ı©-や œı-Øや ±½±²Øß±や
¹æØ-や±¹ı²ªæı-ºや²°̶-±ıØ-²±や©ªª³°╆

5æ³±╇やı²やı±や²æØやß̶ı-やıŁØ̶や©Œや²æı±や¬̶¬Ø°や²©や¬Ø°Œ©°ßや̶や
-Ø¹や̶œº©°ı²æßıªやßØ²æ©Ł©œ©º½や²©や̶-̶œ½¾Øや²æØやR°±²や̶-Łや
±Øª©-Łや©°ŁØ°やº°©³-Łま°Ø²³°-やª©-Ł³ª²ı©-やØTØª²±や©-やµ©œ-
²̶ºØや ̶-Łや ª³°°Ø-²や ²°̶-±ıØ-²や ¹̶µØŒ©°ß±や ©Œや ©µØ°æØ̶Łや
²°̶-±ßı±±ı©-や±½±²Øß±╆

'ı°±²╇や̶やÆ°©̶Łや°̶-ºØや±©œ³²ı©-や©Œや²æØや$̶°±©-‒±やı-²Øº°̶œや
〉$̶°±©-╇やｱｹｲｶ《やı±やŁØµØœ©¬ØŁや̶-Łやıß¬œØßØ-²ØŁやı-や²æı±や¬̶-

¬Ø°やÆ̶±ØŁや©-や̶や¬°Øµı©³±œ½やØ±²̶Æœı±æØŁや̶œº©°ı²æßıªや²Øªæ-

-ı®³Øや¬³Æœı±æØŁやı-や〉6°ıÆØやet al╆╇やｲｰｰｴ╉や3̶ßı°Ø¾や̶ -Łや6°ıÆØ╇や
ｲｰｰｷ《╆や*-や̶ŁŁı²ı©-╇や-©°ß̶œı¾ØŁやŁıßØ-±ı©-œØ±±や¬̶°̶ßØ²Ø°や
ª©ß¬̶°ı±©-±や ¹ı²æや ²æØや $̶°±©-‒±や ±Ø°ıØ±や ̶-Łや ª©ß¬œØ¼ま
ŁØ¬²æや ªœ©±ØŁまŒ©°ßや ̶¬¬°©¼ıß̶²ı©-±や 〉(̶°ı╇や ｱｹｷｶ╉や ,©±-
²Ø-ø©╇やｱｹｵｵ╉や%Ø°ıやet al╆╇やｱｹｸｱ╉や"œµ̶°̶Ł©や̶-Łや#Ø²̶-ª©³°²╇や
ｱｹｸｳ《や̶°Øや©Æ²̶ı-ØŁやæØ°Øや²æ°©³ºæや²æØや°Øœ̶²ıµØやØ°°©°やª°ı²Ø-

°ı©-╆や5æı±やßØ²æ©Ł©œ©º½や½ıØœŁ±や̶や-Ø¹や²Øªæ-ı®³Øや¬°©¬©-

sed here as an aid to estimate ground-return modeling 

Ø°°©°や©-や²°̶-±ıØ-²±やª̶œª³œ̶²ı©-や²æ°©³ºæやØ°°©°やıß̶ºØ±╆
'ı-̶œœ½╇や²æØやıß¬̶ª²や©Œやº°©³-Łま°Ø²³°-やß©ŁØœı-ºやØ°°©°±や

©-や²°̶-±ıØ-²±やª̶œª³œ̶²ı©-やı±やıŁØ-²ıRØŁやæØ°Øや¹ı²æや̶-や̶¬¬œı-
ª̶²ı©-やØ¼̶ß¬œØや̶ªª³°̶²Øœ½や±©œµØŁやµı̶や²æØや/³ßØ°ıª̶œや-̶-

¬œ̶ªØや5°̶-±Œ©°ßや〉6°ıÆØやet al╆╇やｲｰｰｲ《╆

Algorithmic solution of carson’s integral

'ıº³°Øやｱや±æ©¹±や²¹©や©µØ°æØ̶Łやı-R-ı²Øや²æı-や¬Ø°ŒØª²やª©--

Ł³ª²©°±や ©µØ°や ̶-や ıß¬Ø°ŒØª²œ½や ª©-Ł³ª²ı-ºや º°©³-Łや
0 < uｲ < ƒ╆や5æØや±Ø°ıØ±まıß¬ØŁ̶-ªØ±やª©-²°ıÆ³²ı©-や〉ı-や┤ぉß《や
ı±やºıµØ-やÆ½や〉.̶°²ıや̶-Łや6°ıÆØ╇やｲｰｰｲ《

0 ╇
ｲ M Con E

j
Z P Z Z

yo? - -r や や や 〉ｱ《

Resumen

El cálculo de transitorios electromagnéticos en líneas aéreas de transmisión está 

Œ³Ø°²ØßØ-²Øやı-S³Ø-ªı̶Ł©や¬©°やœ̶や°Ø±ı±²ıµıŁ̶Łや-̶²³°̶œやØœÔª²°ıª̶やŁØœや±³Øœ©╆や&±²̶や¬³ØŁØや
µ̶°ı̶°やŁØやｱまｱｰ,や〉Ｆぉß《やŁØ¬Ø-ŁıØ-Ł©やŁØやŁıµØ°±©±やŒ̶ª²©°Ø±やØ-やØœやßØŁı©や½やŁØやœ̶やª©ßま
¬©±ıªıŸ-やŒç±ıª̶やŁØœや±³Øœ©╆や-̶や¬°Øªı±ıŸ-やØ-やØœやªÀœª³œ©やŁØやœ̶や°Ø±¬³Ø±²̶や²°̶-±ı²©°ı̶やØ-や³-や
±ı±²Øß̶やŁØ¬Ø-ŁØやØ-や¬̶°²ØやŁØœやß©ŁØœ©やŁØや°Ø²©°-©や¬©°や²ıØ°°̶╇やØœやª³̶œやŁØÆØやª©-±ıŁØ°̶°や
œ̶やºØ©ßØ²°ç̶やŁØやœ̶やœç-Ø̶╇やœ̶や°Ø±ı±²ıµıŁ̶ŁやØœÔª²°ıª̶や½やœ̶やŁØ¬Ø-ŁØ-ªı̶やŒ°Øª³Ø-ªı̶œやŁØやœ̶や
Œ³Ø-²ØやŁØや̶œıßØ-²̶ªıŸ-╆や)̶±²̶やœ̶やŒØªæ̶やæ̶½や¬©ª©±や°Ø¬©°²Ø±やØ-やœ̶やœı²Ø°̶²³°̶やØ±¬Øªı̶ま 
œı¾̶Ł̶や̶ªØ°ª̶やŁØœや ̶-Àœı±ı±やŁØや œ©±や ØŒØª²©±や¬°©Ł³ªıŁ©±や¬©°や œ̶や¬°Ø±Ø-ªı̶やŁØや³-や ±³Øœ©や
ª©-Ł³ª²©°やıß¬Ø°ŒØª²©やŁØやœç-Ø̶±やŁØや²°̶-±ßı±ıŸ-やØ-やØ±²̶Ł©や²°̶-±ı²©°ı©╆や&-やØ±²Øや̶°²çま
ª³œ©や±Øや°Ø̶œı¾̶や³-や̶-Àœı±ı±やŁØや̶ß¬œı©や°̶-º©や̶や²°Ø±やŁØやœ©±やß©ŁØœ©±やŁØや²ıØ°°̶や̶ª²³̶œま
ßØ-²Øや ßÀ±や ³²ıœı¾̶Ł©±や ¬̶°̶や ªÀœª³œ©や ŁØや ²°̶-±ı²©°ı©±や ØœØª²°©ß̶º-Ô²ıª©±や Ø-や œç-Ø̶±や
̶Ô°Ø̶±やŁØや ²°̶-±ßı±ıŸ-╆や&œや ª©ß¬©°²̶ßıØ-²©やŁØや œ̶や¬°©¬̶º̶ªıŸ-やß©Ł̶œや Ø-や ²ıØ°°̶や ±Øや
̶-̶œı¾̶や̶®³çやØ-やŁ©±や²ı¬©±やŁØやØŒØª²©±やŁØや°Ø²©°-©や¬©°や²ıØ°°̶╆や'ı-̶œßØ-²Ø╇や±Øや¬°©¬©-Øや
Ø-やØ±²Øや̶°²çª³œ©や³-̶やæØ°°̶ßıØ-²̶や-³ßÔ°ıª̶やÆ̶±̶Ł̶やØ-やıßÀºØ-Ø±やŁØやØ°°©°や°Øœ̶²ıµ©や
ª©ß©や³-̶や̶½³Ł̶や¬̶°̶や®³ØやØœや ı-ºØ-ıØ°©や̶-̶œı±²̶や¬³ØŁ̶やØ±²ıß̶°やØœやØ°°©°やı-ª³°°ıŁ©や
¬©°や³²ıœı¾̶°やß©ŁØœ©±や̶¬°©¼ıß̶Ł©±やŁØや²ıØ°°̶や¬̶°̶やØœやªÀœª³œ©やŁØや²°̶-±ı²©°ı©±やØ-やœç-Ø̶±や
aéreas de transmisión.

Descriptores: 

̋" ghgevqu"fg"tgvqtpq"rqt"vkgttc
̋" korgfcpekcu"fg"vkgttc
̋" ghgevqu"fg"dclc"htgewgpekc
̋" vtcpukvqtkqu"gngevtqocipfivkequ
̋" koƒigpgu"fg"gttqt
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¹æØ°Øや PMや ı±や ²æØや ŁıßØ-±ı©-まœØ±±や .̶¼¹Øœœ‒±や ¬©²Ø-²ı̶œま
ª©ØUªıØ-²╇や ZConや ı±や ²æØや ı-²Ø°-̶œや ª©-Ł³ª²©°や ıß¬ØŁ̶-ªØや
and ZEやı-²°©Ł³ªØ±や²æØやº°©³-Łま°Ø²³°-やıß¬ØŁ̶-ªØやª©-²°ı-
Æ³²ı©-╆や "±±³ßı-ºや ̶や ³-ıŒ©°ßや œı-Ø╇や æ©ß©ºØ-Ø©³±や ±©ıœや
̶-Łや-ØºœØª²ı-ºやı--Ø°やŁı±¬œ̶ªØßØ-²やª³°°Ø-²±╇や²æØや±ØœŒや©°や
ß³²³̶œや º°©³-Łま°Ø²³°-や ıß¬ØŁ̶-ªØ±や ̶°Øや ºıµØ-や Æ½や ²æØや
$̶°±©-‒±やı-²Øº°̶œや〉ı-や.,4や±½±²Øß《や〉$̶°±©-╇やｱｹｲｶ《

や や や 〉ｲ《

¹æØ°Ø

〉ｳ《ｲ

0

〉 ╇ 《 〉 《 Ø¼¬〉 《 ª©±〉 《 ╆J p q j p q  d
-¢? c - /c © / ©c © ©c cÐ

 

"やªæ̶°̶ª²Ø°ı¾̶²ı©-や©Œや²æØや$̶°±©-ゑ±やŁıßØ-±ı©-œØ±±や¬̶°̶-

meters ¬ and qやı±や³±ØŒ³œや²©や̶-̶œ½¾Øや²æØや°Øº³œ̶°や©±ªıœœ̶-

²ı-ºや ¬̶mØ°-や ©Œや ²æØや ı-²Øº°̶-Łや¹æØ°Øやc is the dummy 

µ̶°ı̶ÆœØ╆や $̶°±©-や ı-²°©Ł³ªØŁや ı-や 〉$̶°±©-╇や ｱｹｲｶ《や ²æØや Œ©-

œœ©¹ı-ºや ¬æ½±ıª̶œや µ̶°ı̶ÆœØ±や ©Œや ²æØや ßØŁı³ßや ¬°©¬Ø°²ıØ±や
̶ªª©°Łı-ºや²©や'ıº³°Øやｱ

や や や や 〉ｴ̶《

and

や や や や 〉ｴÆ《

&¼¬°Ø±±ı©-や〉ｴ̶《や̶-Łや〉ｴÆ《や̶°Øや-©°ß̶œı¾ØŁやÆ½や²æØやß̶º-ı-
²³ŁØや©Œや²æØや4øı-や&TØª²や〉.̶°²ıや̶-Łや6°ıÆØ╇やｲｰｰｲ╉や8ØŁØ¬©-

æœ╇やｱｹｶｵ╉や$̶°±©-╇やｱｹｲｶ╉や6°ıÆØやet al╆╇やｲｰｰｴ╉や3̶ßç°Ø¾や̶-Łや

6°ıÆØ╇やｲｰｰｷ╉や(̶°ı╇やｱｹｷｶ╉や,©±²Ø-ø©╇やｱｹｵｵ╉や%Ø°ıやet al╆╇やｱｹｸｱ╉や
"œµ̶°̶Ł©や̶-Łや#Ø²̶-ª©³°²╇やｱｹｸｳ╉や6°ıÆØやet al╆╇やｲｰｰｲ╉や1ıØ±-
sens et al╆╇やｱｹｸｳ╉や6±ı-ºや."5-"#╇やｲｰｱｱ╉や%©ßßØœ╇やｱｹｸｶ《╆や
/©¹╇や$̶°±©-‒±やŁıßØ-±ı©-œØ±±や¬̶°̶ßØ²Ø°や¬ and q for the 

±ØœŒまıß¬ØŁ̶-ªØやª̶±Øや̶°ØやºıµØ-やÆ½

ｲ やや̶-Łや ｰ╇p h  q|? ? や や や 〉ｵ̶╇Æ《

̶-ŁやŒ©°やß³²³̶œやıß¬ØŁ̶-ªØ±╈

やや̶-Łやや ╆
i j

p h  h q x| | |? - ? や や や 〉ｶ̶╇Æ《

5æØやı-²Øº°̶-Łやı-や〉ｳ《やª©-²̶ı-±や²æ°ØØやŒ̶ª²©°±╆や5æØやR°±²や²¹©や
̶°Øや©Œや²æØやŁ̶ß¬ı-ºや²½¬Øや¹æıœØや²æØや²æı°Łやı±や°Øº³œ̶°や©±ªı-
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ª©ßß³-ıª̶²ı©-±や œı-Øや±æ̶°ı-ºや̶やª©ßß©-や°ıºæ²や©Œや¹̶½╆や
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Conclusions

"-や ̶ªª³°̶²Øや -³ßØ°ıª̶œや ̶œº©°ı²æßや Œ©°や ±©œµı-ºや ²æØや
$̶°±©-‒±や ı-²Øº°̶œ╇や ²æØı°や ªœ̶±±ıª̶œや ±Ø°ıØ±や Ø¼¬̶-±ı©-や ̶-Łや
ª©ß¬œØ¼まŁØ¬²æや̶¬¬°©¼ıß̶²ØやŒ©°ß³œ̶Ø╇やæ̶±やÆØØ-やıß¬œØ-

ßØ-²ØŁやı-や²æı±や¬̶¬Ø°やŒ©°や̶やÆ°©̶Łや°̶-ºØや©Œや̶¬¬œıª̶²ı©-±╇や
Øß¬æ̶±ı¾ı-ºや²æØやª̶±ØやsC @ r14╆

*-や²æØや±¬ØªıRªや̶¬¬œıª̶²ı©-やØ¼̶ß¬œØや¬°Ø±Ø-²ØŁやı-や²æı±や
¬̶¬Ø°や²æØや²°̶-±ıØ-²ま±²Ø¬や°Ø±¬©-±Ø±やª̶œª³œ̶²ØŁや̶²や²æØや°Ø-

ß©²ØやØ-Łや©Œや©¬Ø-まªı°ª³ı²やµ©œ²̶ºØ±や̶-Łや±æ©°²まªı°ª³ı²やªı°-
ª³œ̶²ı-ºや ª³°°Ø-²±╇や ²æØや º°©³-Łま°Ø²³°-や ß©ŁØœや ©Œや (̶°½や
¬°Ø±Ø-²ØŁや̶やß©°Øや̶ªª³°̶²Øや°Ø±³œ²や²æ̶-や²æØや"œµ̶°̶Ł©やet 

al. ß©ŁØœ╆や5æØやß̶ı-やŁıTØ°Ø-ªØ±や̶°Øや¬°©Æ̶Æœ½やŁ³Øや²©や²æØや
µ̶œıŁı²½や°̶-ºØ±や©Œや²æØやıß¬œıªı²やŒ°Ø®³Ø-ª½やı-や²æØや²°̶-±ıØ-²や
ª̶œª³œ̶²ı©-や ̶-Ł╇や ©Œや ²æØや ±Ø¬̶°̶²ı©-や Łı±²̶-ªØや ÆØ²¹ØØ-や
ª©-Ł³ª²©°±や©Œや²æØやœ̶mØ°やß©ŁØœ╆

"や-Ø¹や²Øªæ-ı®³ØやŒ©°やØ±²ıß̶²ı-ºやº°©³-Łま°Ø²³°-やß©-

deling errors on electromagnetic transients calculation 

ı±や¬°©¬©±ØŁやı-や²æı±や¬̶¬Ø°や²æ°©³ºæやØ°°©°やıß̶ºØ±╆
5æØやŒ°Ø®³Ø-ª½やŁØ¬Ø-ŁØ-ªØや©Œや²æØやº°©³-Łやæ̶±やÆØØ-や

±Ø¬̶°̶²ØŁや æØ°Øや ı-²©や ØTØª²±や ©Œや R°±²や ̶-Łや ±Øª©-Łや ©°ŁØ°╆や
5æØ±Øや ̶°Øや ß̶ı-œ½や Ł³Øや ²©や ²æØや ß©Ł̶œや ¬°©¬̶º̶²ı©-や
functions in the ground i(y《や ̶-Łや ²©や ²æØや ªæ̶°̶ª²Ø°ı±²ıªや
ıß¬ØŁ̶-ªØやŒ³-ª²ı©-やZC(y《╆

"や ßØ²æ©Ł©œ©º½や ²©や ̶-̶œ½¾Øや ²æØや ıß¬̶ª²や ©Œや º°©³-Łや
ß©ŁØœı-ºやØ°°©°±や©-やœ©¹やŒ°Ø®³Ø-ª½や²°̶-±ıØ-²±やæ̶±やÆØØ-や
¬°©¬©±ØŁや æØ°Øや ²æ°©³ºæや Ø°°©°や ıß̶ºØ±╇や ²°̶ªı-ºや ±ıß¬œØや
Ø°°©°やœı-Øや¬̶²æ±や©-やØ̶ªæやıß̶ºØやŒ©°や̶やªØ°²̶ı-やº°©³-Łやß©-

ŁØœやæ̶µı-ºや̶や³-ıµØ°±̶œや̶¬¬œıª̶Æıœı²½╆

Nomenclature

yや └やややや̶-º³œ̶°やŒ°Ø®³Ø-ª½
o0 └ややややß̶º-Ø²ıªや¬Ø°ßØ̶Æıœı²½や©Œやµ̶ª³³ßや̶-Łや̶ı°
g0や └ややや ŁıØœØª²°ıªや¬Ø°ßımıµı²½や©Œやµ̶ª³³ßや̶-Łや̶ı°
uや └やややや±©ıœやª©-Ł³ª²ıµı²½
fや └ややややª©ß¬œØ¼やŁØ¬²æや©Œや ²æØや 4øı-や&TØª²や œ̶½Ø°や ²æıªøま 

 ness 
0

1 jf ? yo u
hや └ややややª©-Ł³ª²©°やæØıºæ²や〉hi or hj《
¼や └ややややæ©°ı¾©-²̶œやŁı±²̶-ªØやÆØ²¹ØØ-やª©-Ł³ª²©°±
d └ややややŁı±²̶-ªØやÆØ²¹ØØ-やª©-Ł³ª²©°±
Dや └ややや Łı±²̶-ªØやÆØ²¹ØØ-や©-Øや °Ø̶œや ª©-Ł³ª²©°や ̶-Łや ²æØや 

       image of the other

sCや └やややや$̶°±©-‒±や̶-ºœØ
h´やや └ややややª©-Ł³ª²©°やæØıºæ²や“h”や-©°ß̶œı¾ØŁやÆ½や²æØやß̶ºま 

やや -ı²³ŁØや©Œや²æØや4øı-や&TØª²やœ̶½Ø°や“のfのを╇
¼ゑや └やや æ©°ı¾©-²̶œや Łı±²̶-ªØや ÆØ²¹ØØ-や ª©-Ł³ª²©°±や ｠¼を 

    やや-©°ß̶œı¾ØŁやÆ½や²æØやß̶º-ı²³ŁØや©Œや²æØや4øı-や&TØª²や 
ややややややœ̶½Ø°や｠のfのを

¬や └やややや±³ßや©Œや-©°ß̶œı¾ØŁやª©-Ł³ª²©°やæØıºæ²±やhi´+hj´ or    

      h´ Œ©°や²æØや±ØœŒやıß¬ØŁ̶-ªØやª̶±Ø
qや └やややや-©°ß̶œı¾ØŁやæ©°ı¾©-²̶œやŁı±²̶-ªØやÆØ²¹ØØ-やª©-や

  ductors ¼ゑや ©°や Ø®³̶œや ²©や ¾Ø°©や Œ©°や ²æØや ±ØœŒやや 
やや ıß¬ØŁ̶-ªØやª̶±Ø
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