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Lightning Books Published in 2000 - 2003

Bazelyan and Raizer (2000)

Institute of Physics (IoP)

Cooray, ed. (2003)

The Institution of 
Electrical Engineers (IEE)

Rakov and Uman (2003)

Cambridge University Press

Over 700 journal papers on various aspects of lightning and its effects have been 
published since May 2002.





A global map of total lightning flash density (per square kilometer per 

year) based on data from two satellite detectors, Optical Transient 

Detector (OTD, 5 years) and Lightning Imaging Sensor (LIS, 3 years).

Grey areas: 0.01-0.1 km-2yr-1; white areas: <0.01 km-2yr-1.

Total Lightning Flash Density
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Various lightning processes emit electromagnetic signals with a peak in the radio-frequency spectrum at 5 

to 10 kHz, when observed at distances beyond 50 km or so. At frequencies higher than that of the 

spectrum peak, the spectral amplitude varies approximately inversely proportional to the frequency up to 

10 MHz or so and inversely proportional to the square root of frequency from about 10 MHz to 10 GHz 

(Cianos et al. 1973 ).
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The Electromagnetic Spectrum









tipos de descargas









Video frame of a lightning strike to an aircraft on takeoff from the Kamatsu Air
Force Base, Japan, during winter. Courtsey of Z. I. Kawasaki



Overview of major triggered-lightning programs (also experiments in Germany, Indonesia, and Russia)

Experimental site Height 
above 
sea 
level, m

Years of 
operation

Wire 
material

Location  
of

wire spool

Selected 
references

Saint Privat d’Allier, France 1100 1973-
1996

Steel or
copper

Ground or
rocket

Fieux et al. (1978),
SPARG (1982)

Kahokugata, Hokuriku 
coast, Japan

0 1977-
1985

Steel Ground Horii (1982), Kito et al. 
(1985)

Langmuir Laboratory, New
Mexico

3230 1979-
present

Steel Ground Hubert et al. (1984),
Idone et al. (1984)

KSC, Florida (south of 
Melbourne, Florida in 1983)

0 1983-
1991

Copper Rocket Eybert-Berard et al. 
(1986,1988),Willett(1992
)

Okushishiku, Japan 930 1986- Steel Ground or Nakamura et al. (1991,
1998 rocket 1992)

Four sites in northern and
southeastern China

Various 1989-
present

Steel or
copper

Ground or
rocket

Liu et al. (1994), Liu and
Zhang (1998)

Fort McClellan, Alabama 190 1991-
1995

Copper Rocket Fisher et al. (1993), 
Morris et al. (1994)

Camp Blanding, Florida
20-25 1993-

present
Copper Rocket Uman et al. (1997),

Rakov et al. (1998, 2004)

Cachoeira Paulista, Brazil
18

570 1999-
present

Copper Rocket Saba et al. (2000, 2003), 
Solorzano et al. (2002)



Initial Stage
Leader/Return

Stroke Sequence

Classical Triggering



Altitude Triggering



Plataforma





Foguetes



Foguetes



Foguetes





Field Mill



Campo elétrico de uma 

tempestade

Alerte du 24/01/2001. TIRS 12 et 13 NR
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TIR 12. Rampe 7. LRS-A100m. NR

-15

Heure

E
(k

V
/m

)

E =- 5, 7 kV/m

TIR 13. Rampe 4. LRS-A50 m . NR

E = - 7,0 kV/m



Medição de corrente da 

descarga



Sistema de Medição 2

4 x

Pupitre de 

commande

Moulin de Tir

Avertisseur d’orage E2000

Comande de caméra 50 m TV

Video

2 x

Thomson Melopee

E

E I

S6 S3 EPf

Fibre optique 

Trigger 

Mesures

Lanceur 
12 fusées

Amplificateur Pc 4s

PC 4s +

Sauvegarde

Numériseur

LeCroy

PC Acquisitions

Trigger Optique

Récepteurs 

Fibre optiques

Imprimante

Tiroir trigger













Filmagem



Foto de um raio trigado



Linha de telecomunicações  

em teste



Lançador Terrestre























Raio Trigado 33



Corrente Tiro 33

























O carregamento das nuvens

10 km

2 km









Parâmetros típicos da descarga 
atmosférica

IPICO

(kA)

tPICO

(s)

% abaixo

dos valores

3,5
1,0 1,0

34 7,0 50,0

102 30,0 99,0



Descargas Múltiplas

70% + de 1 componente

16% + de 2 componentes

10% + de 3 componentes

04% - 4 ou mais
componentes



Nível ceráunico:
número de dias de trovoada por ano

Local Nível ceráunico

Alemanha 15 -35

Brasil 4 -140

Austrália 5 -107

África do Sul 5 -100

Itália 11 - 60

França 20 - 30



Densidade de descargas (descargas/ 
km2/ano)

Local
Densidade de descargas

São Paulo 1 - 9

México 1 - 9

Austrália 0,2 - 4

África do Sul 1 - 12

Itália 1 - 4

Alemanha 1 - 5,5

NG= 0,04 x TD
1,25 NG  0,1 x TD



Tensões induzidas 
por descargas 
atmosféricas



10 km

250 m150 m

2,0 uF

2,5 km 2,8 km

10 m
Divisor

Caso 1 Caso 2



Casos estudados

s

Caso 1 Caso 2

Valor de pico

da corrente

14 kA 27 kA

Forma de onda degrau degrau

Velocidade da 

corrente

80 m/s 40 m/



Caso 1



Caso 2





x = 0 m
Z Z

R = ZR = Z

y

h

x = - 750 m x = 750 m



Na prática:

U =
30I0 h

y
max




