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Action integral 88, 90, 180, 182, 183

Aircraft 1, 41, 184, 233

Air discharge 12, 48

Air terminals, see Lightning protection

ALPS 79, 83

Altitude triggering, see Rocket-triggered lightning

Approximate expressions for electromagnetic fields,
see also Close-field approximation and Far-field
approximation, 122

Arrester 231, 233, 234

Arrival-time-difference mapping system,
see Time-of-arrival mapping systems

Atmospheric electricity sign convention
158, 236

Atmospheric temperature lapse rate 31

Atmospherics, see Sferics

Attachment process 5, 53, 55, 80,
81, 84

Attractive area 25, 27

Attractive distance 25, 27, 28

Attractive radius 25, 27

Azimuth, 180° ambiguity in, see also Direction
finding (DF) systems, 165

Balloon 41, 42

Berger, Karl 85

BG model, see Bruce-Golde model

Bidirectional leader 77, 140

Bi-exponential current waveform 123

BIL (breakdown-intermediate-leader) field
waveform 61

Bipolar lightning flash 2, 3, 10, 236

Blue starter 12, 13, 31, 237

Blue jet 12, 13, 31, 237

Bonding 188

Branch component 54

Branching, lightning channel 1, 7, 66

Breakdown 162, 165, 193, 194

Breakdown electric field 186, 189, 190,
191, 193

Break-even electric field 194

Breakthrough phase 80, 81, 83, 84

Bremsstrahlung 13, 236

Broadband interferometry 168

Bruce-Golde model 117, 128, 129, 130, 131, 132, 137,
138, 140, 141, 143

Cable 190, 221, 222, 223, 231, 232, 235
Camp Blanding (CB) lightning triggering facility
8,9, 79,80, 81, 83,101, 102, 103, 105, 108, 110,
150, 151, 156, 166, 175, 176, 219, 220, 222,
224,225
Capacitance per unit length, see Channel
Capacitor, as a model of the global circuit 15
Capture surface 185, 187
Cellular and cordless telephones 217
Cell, thunderstorm 32, 170, 173, 174, 237
See also Supercell storms
Channel
capacitance per unit length 94, 127
inductance per unit length 94, 95, 127
pressure 6, 127
resistance per unit length 94, 95, 127
temperature 1, 6, 60, 127, 219
Channel core 94, 95, 134
“Chaotic” leader 5
Charge density
line 77, 109, 119, 128, 130, 134, 139, 140
surface 145
volume 41, 42, 115, 120
Charge, sign reversal level/temperature 45, 46, 47
See also Cloud electrification mechanisms
Charge transfer 180
continuing current 61, 182
first return stroke 60, 187
M-component 61
overall ground flash 61
subsequent return stroke 60
Charging mechanisms, see Cloud electrification
mechanisms
Chi squared 197
CID, see Compact intracloud discharge
CIGRE 19, 56, 57, 88, 89, 90
CIGRE, 10 kHz, lightning flash counter 19
Close-field approximation, see also Approximate
expressions for electromagnetic fields, 122
Cloud base 31, 42
Cloud charges, see also Lower positive charge region,
3,5,6,7,24,33,34,39, 41, 43, 50, 54, 55, 140,
198, 236
Cloud electrification mechanisms 44, 47
convective (or convection) 44, 45, 50, 236
ice-graupel (or graupel-ice) 44, 45, 46, 47, 50, 237
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Cloud lightning flash 1, 2, 21, 40, 158, 173, 174,
199, 236

Cloud particles 33, 44, 45, 236

Cloud-to-air lightning, see Air discharge

Compact intracloud discharge (CID), see also Narrow
bipolar pulse, 2, 158, 173, 207, 209, 211

Condensation 31

Conductivity, electric 15, 95, 124, 125, 149, 195

Connecting leader, see Upward connecting leader

Continuing current 6, 55, 56, 59, 61, 104, 105, 106,
107, 157, 182, 236

Continuity equation 115, 125, 128, 133

Convective (convection) mechanism, see Cloud
electrification mechanisms

Conventional Breakdown, see Breakdown

Corona discharge 15, 31, 44, 45, 48, 78, 94, 95, 128,
134, 149, 159, 193, 236

Corona sheath 94, 95, 133

Corona space charge 33, 44, 159

Correlation coefficient 19

Cosmic rays 13, 44, 194, 195, 236

Cardiopulmonary resuscitation (CPR) 215

Cumulative distribution function 85

Cumulonimbus, see also Thundercloud, 2, 31, 52, 236

Cumulus 31, 44, 236

Current density, electric 115, 200

Current waveform at the channel base 96, 123, 129,
136, 138, 141, 180

Cutoff of channel current 7

Dalibard, Thomas-Francois 178

Damage from lightning 84, 105, 170, 178, 180, 181,
182, 183, 216, 221, 223

Dart leader 5, 54, 60, 91, 100, 102, 103, 105, 107

Dart-stepped leader 5, 55, 60, 79, 81, 100, 103,
157,158

Decay time constant 59, 146, 147, 148

Diendorfer-Uman (DU) model 117, 131, 132, 139, 140,
141, 142, 143

Dipole 7, 34, 36, 44, 45, 119, 122, 194, 197,
198, 199

Dipole moment 34, 199

Dipole technique 120, 121, 202

Direction finding (DF) systems 154, 161, 162, 163,
164, 172,177

Discharge time constant, see also Diendorfer-Uman
model, 132

Distributed-circuit models, see also R-L-C models, 127

Distributed-source (DS) models 133, 134, 143

Diversion of lightning current 178

Double-exponential current waveform, see
Bi-exponential current waveform

Down conductors, see Lightning protection

Downdrafts 44

DU model, see Diendorfer-Uman model

AE| /AEgs, see also Ratio of leader to return stroke
electric field changes, 138, 139, 140

Early streamer emission 178
Earth-ionosphere waveguide 163, 169
Electric field antenna 145, 146, 147, 148, 149, 150, 159
calibration of 148
effective height of 148
field enhancement factor of 148, 149
Electric field mill 40, 151, 159, 197
Electric potential, see potential
Electric power line 1, 20, 26, 27, 97, 180, 181
Electric Power Research Institute (EPRI) 221, 225
Electrification mechanisms, see Cloud electrification
mechanisms
Electrogeometric model (EGM) 184, 185, 187
Electromagnetic field
electric induction component 66, 117, 119, 120, 121,
122,205
electric radiation component 66, 99, 117, 118, 119,
120, 121, 122, 133, 135, 149, 157, 205
electrostatic component 66, 68, 97, 117, 119, 120,
121, 122, 205
magnetostatic (magnetic induction) component 66,
97,117,202
magnetic radiation component 66, 117, 118, 133,
157,202
Electromagnetic models 127
Electrosphere 15, 16, 237
Electrostatic approximation 66
Electrostatic field 119
Electrostatic field change 37, 71, 138, 159, 197
ELF (extremely low frequencies) 171, 174
Elves 12, 13, 31, 237
Energy 6, 13, 61, 90, 194, 213,214
Engineering models 127, 128, 129, 136
ENTLN 174, 175
Equivalent impedance of lightning channel 95, 96, 97
Equipotential bonding, see Bonding
ESE, see Early streamer emission
EUCLID 101, 176

Fair-weather current 15, 16

Fair-weather electric field 39, 150, 159

Far-field approximation, see also Approximate
expressions for electromagnetic fields, 117

Faraday cage 179, 180

Faraday’s Law 153, 163, 182

Fast antenna 59, 147

Fast transition 99, 100

Field mill, see Electric field mill

Field-to-current conversion equation 99, 101, 123,
170, 174

Fine structure of field waveform 65, 99, 100, 209

Fine-weather electric field, see Fair-weather electric
field

Finite-difference time-domain (FDTD) method
124, 149

Fires caused by lightning 105

Flash rate 1, 17
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Flat-plate antenna, see Electric field antenna
Florida Institute of Technology (FIT) 225
Fluxmeter, see Electric field mill

Franklin, Benjamin 178

Fulgurites 218, 219, 220, 223, 224

Gaisberg Tower 101

Gamma rays 13

Gas-dynamic models 127

Gauss’ law 41

Gigantic jets 12, 13, 31, 210, 237

GLD360 see Global Lightning Dataset

GLM (Geostationary Lightning Mapper) 162

Global electric circuit 15, 236

Global Lightning Dataset (GLD360) 169, 176

Graupel 46, 237

GOES-R (Geostationary Operational
Environmental Satellite) 162

Good shelter from lightning 215

Ground flash density 17, 20, 22, 28

Ground flash density map 21, 22

Grounding, see Lightning protection

Ground surface arcing 10

Guinness Book of Records 224

Halo 12, 31

Hardwired telephones 216

Heidler function 123

Hertzian dipole 200, 208

HF (high frequency) 162, 171, 174, 209

Horizontal electric field, see Radial electric
field

Hydrometeors 33, 194, 237

Ice crystals 46, 47
ICLRT, see International Center for Lightning
Research and Testing
IEEE 19, 22, 23, 27, 88, 89, 181, 186
Image charge 35
Image current element 205, 206, 208
Inductance of down conductor 190, 191
Inductance per unit length of wire 181
Initial (preliminary) breakdown 52, 58, 158
Initial continuous current 8, 11, 166
Initial peak of field waveform 98, 99, 137
Injury from lightning 215, 216
Insulator 26, 44, 181
Integrator 146, 147, 154, 155,
Interferometer 167
International Center for Lightning Research
and Testing (ICLRT) 8,
150, 219, 225
Inter-stroke interval 55, 56, 61, 90
Inverse problem 197
Tonosphere 12, 13
Tonospheric reflections 162, 164, 169, 175
Isokeraunic map 17

J change (process) 54, 104, 111, 112
Joule heating 92, 182

Junction point 81, 83

Jupiter, lightning on 2

K changes, see also K processes, 111, 112
KDP (potassium dihydrogen phosphate) 152, 153
Kennedy Space Center (KSC) 40, 101, 197

Langmuir Laboratory for Atmospheric Research 39
LF (low frequencies) 162, 165, 171
Lightning channels 1, 94, 95
Lightning elimination (dissipation arrays) 178
Lightning flash counter (LFC) 20
Lightning Imaging Sensor (LIS) 23
Lightning initiation 193, 194
Lightning locating systems 20, 21, 22, 162, 169,
170, 171
Lightning locating techniques 176
Lightning Mapping Array (LMA) 166, 171
Lightning Observatory in Gainesville (LOG) 8, 14, 50,
150, 156, 210, 211, 225
Lightning protection 178, 179, 187
air terminals 178, 185, 189
down conductors 178, 189
grounding 178, 189
rolling sphere method 185, 186
safety distance 190, 191
shielding 178
SPD, see surge protective device
standards 19, 88, 89, 124, 186, 187
surge protective device (SPD) 180, 188
topological shielding 180
Lightning protection standards, see Lightning
protection
“Lightning seed” 193
LINET 171, 174
LLS, see Lightning locating systems
Log normal distribution 85, 86, 89, 90, 99
Long continuing current, see Continuing current
Long spark, see Spark
Loop antenna, see Magnetic field antenna
Lorentz condition 115, 120, 125, 202
Lower positive charge region (LPCR) 7, 45, 48, 49, 58
LPATS (Lightning Positioning and Tracking
System) 167
Luminous phenomena above storms, see Transient
luminous events (TLEs)
Lumped-source (LS) models 133, 134, 143

Magnetic direction finding (MDF) systems, see
Direction finding (DF) systems

Magnetic field antenna 153, 154, 155, 156, 159

Magnetostatic field 72

Magnetostatic approximation 66, 71

Malan, D.J. 107

Maxwell, James Clerk 179
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MCS, see Mesoscale convective systems

M-components 6, 55, 61, 107, 108, 109, 110, 111,
112,237

Mesoscale convective systems (MCS) 6, 41, 43

Mesosphere 12

MF (medium frequency) 169

Mid-span sag 27

Mixed-phase region 32

Modes of charge transfer to ground 107

Modified Diendorfer-Uman (MDU) model 140

Modified transmission line model with exponential
current decay with height (MTLE) 128, 129, 131,
137, 140, 141, 142, 143

Modified transmission line model with linear current
decay with height (MTLL) 128, 129, 131, 140,
141, 143

Monopole 7, 197, 198

Monopole technique 120, 121

Monte Carlo technique 187

Monte San Salvatore 11, 85

MTLE, see Modified transmission line model with
exponential current decay with height

MTLL, see Modified transmission line model with
linear current decay with height

Multiple ground terminations 55

Multiplicity, see Number of strokes per flash

Narrow bipolar pulse (NBP), see also Compact intra-
cloud discharge (CID), 158, 209

National Lightning Detection Network (NLDN) 22,
101, 102, 172, 209, 217

New Mexico Institute of Mining and Technology 166

NFPA, 780, standard 179, 186, 188

Noninductive charging mechanisms 44

Norton equivalent circuit 95, 96, 146, 150, 155

Number of strokes per flash 56, 61

Ohmic heating, see Joule heating
Ohmic losses 94, 124, 131

OH ions 47

Open-circuit voltage 147, 148, 154
Optical Transient Detector (OTD) 23
Ostankino tower 96, 97, 183, 212
OTD, see Optical Transient Detector
Overhead ground wire (OGW) 26, 27

Peak current of lightning return strokes 60, 87, 88, 101,
102, 169, 176, 180, 187, 188, 190

Percentage of single-stroke flashes 56

Percentage of upward flashes 24, 25

Percentage of multi-grounded flashes 57

Percentage of positive flashes 6

Performance characteristics of LLS 169, 170, 171, 175,
176, 177

Physics sign convention 36, 39, 158, 237

Pockels effect 152, 159

Pockels sensor 151, 153

Point dipole 40, 197, 198, 199
Point discharge, see Corona discharge
Poisson probability distribution 28
Polarization of light 151, 152, 159
Polarization errors 164
Positive dipole 7, 45
Positive lightning, see Positive lightning flash
Positive lightning flash 3, 6, 7, 237
Potential
of electrosphere 15
of leader tip (channel) 60, 79, 95
Potential difference
between cloud and ground 5
Power Technologies, Inc. (PTI) 221, 225
Poynting vector 124
Precipitation
charge carried by 15, 33, 44
Precipitation particles 45, 193, 194, 237
Preliminary breakdown, see Initial breakdown
Propagation effects 124, 172
Propagation speed
of dart leader 54, 60, 103
of dart-stepped leader 60
of M-component waves 110
of return stroke 54, 60, 91, 92, 94, 101, 122
of stepped leader 52, 60
of thunderstorms 32
of upward connecting leader 83
of upward positive leader 8
Protection, see also Lightning protection, 26, 178, 180

Radial electric field 95, 123, 125, 202
Radiation field 157
Radius
of corona sheath 94, 95
of return stroke 60
of rolling sphere 186
Rate-of-rise of current 60, 90, 124, 137, 182, 191
Ratio of leader to return stroke electric field changes,
see also AE/AEgs, 138, 139, 140
Recoil leader (process) 54, 107
Red sprite 12, 31, 237
Reflection coefficient 109, 143
Reflections 87, 109, 131, 135, 209, 210
Regular pulse burst 158
Resistance per unit length, see Channel
Retardation effects 71
Retarded time 115
Return stroke 3, 5, 6, 8, 81, 83, 84, 109, 112, 116, 127,
158, 237
Reversal distance 36, 119, 120, 121
RF spectrum of lightning 161
Riming 45, 46
Rise time
of M-component current 61
of return-stroke current, see also Distributed circuit
models, 60, 90, 124
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R-L-C models 127

Rocket-triggered lightning 7, 8, 80, 83, 84, 90, 101,
103, 106, 108, 177, 215, 216, 220, 224, 225, 226,
230, 232, 233, 235, 237

Rolling sphere method, see Lightning protection,
185, 186

Runaway electron avalanche (RREA) 13, 14

Runaway electrons 13, 194, 237

Safety distance, see Lightning protection

Sandstorms, lightning in 31

Satellites 20, 22, 23, 162

Saturn, lightning on 2

Schnetzer, George 155

Scalar potential 120, 121, 200

Screening layer 33, 42, 44

Sferics 13, 169

Shielding, see Lightning protection

Short-circuit current 95, 146, 147, 150, 155

Site errors 165, 170

Sky waves, see lonospheric reflections

Slow antenna 59, 147

Slow front 99, 100

Space charge 44, 45

Space leader 78, 79

Space stem 78, 79, 80, 195

Spark, long laboratory 77, 78, 79, 83,
84, 186

SPD, see Lightning protection

Spider lightning 12, 48

Sprites, see Red sprites

Stepped leader 5, 23, 52, 60, 63, 65, 66, 69, 78,
158, 194

Stratiform regions 6, 12

Stratosphere 12, 32

Streak camera and photographs 4, 11, 65, 91, 92, 93,
102, 103

Streamer zone 78, 80, 84

Striking distance 184, 185, 186, 187, 188

Strokes 2, 5,9, 22, 57, 62, 67, 76, 101, 170,
172,174, 198, 212, 219, 225

Subsequent strokes 5, 10, 86, 87, 89, 90, 101,
103, 106, 107, 113

Supercell storms 43, 237

Superposition principle 34, 199

Surge protective device (SPD), see Lightning
protection

Tall strike object 96, 134, 135

TCS model, see Traveling current source model
Technical University of [lmenau 221
Telegrapher’s equations 127

TEM, see Transverse electromagnetic wave
Terrestrial Gamma-ray Flashes 13, 14, 237
Testing model validity 136, 143

Individual-event approach 136
Typical-event approach 136, 137

Thevenin equivalent circuit 147, 148, 154, 155, 156

Thunder 6, 17, 20, 217

Thundercloud, see also Cumulonimbus, 6, 31, 33, 34

Thunderday, see Thunderstorm days

Thunderhour, see Thunderstorm hours

Thunderstorm days 17, 18, 19

Thunderstorm hours 20

Thunderstorms 15, 32, 43, 217

Time-of-arrival mapping systems 161, 162, 165, 166,
167, 168, 169, 172, 173, 174, 176, 177

TL model, see Transmission line model

TOGA 169, 175

Tokyo Sky Tree 24

Topological shielding, see Lightning protection

Transient luminous events (TLEs) 12, 237

Transmission line equations, see Telegrapher’s
equations

Transmission line (TL) model 101, 117, 122, 128, 129,
130, 131, 132, 137, 138, 140, 141, 142, 143, 159

Transverse electromagnetic wave 122

Traveling current source (TCS) model 117, 128, 129,
130, 132, 137, 138, 139, 140, 141, 142, 143

Trees 183, 184, 217

Triggered lightning, see Rocket-triggered lightning

Troposphere 12, 32

UHF (ultra high frequency) 168

University of Florida (UF) 61, 158, 221, 225

Updrafts 32, 41, 43, 44, 45, 194

Upper atmosphere 12

Upward connecting leader (UCL) 53, 55, 80, 81, 83,
84, 185

Upward lightning discharges 1, 10, 11, 24, 25, 29, 237

Vector potential 120, 200

Velocity, see Propagation speed

VHF (very high frequency) 161, 162, 209, 210, 211
VHF mapping systems 162, 166, 171

VLF (very low frequency) 161

VLEF lightning locating systems 165, 169, 171
Volcanic lightning 218

Water droplets 45, 46, 195, 196

Winter thunderstorms 6, 43

WMO (World Meteorological Organization) 18

World Wide Lightning Location Network (WWLLN)
169, 175, 176

WWLLN, see World Wide Lightning Location
Network

X rays 13,79, 161

Zero-crossing time of field waveforms 98, 137
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