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• Introduction

• Description of the measurement sites

• Representative set of experimental data

• Preliminary analysis of collected data

• Conclusions

OutlineOutline
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Simultaneous GPS-stamped measurements of : 

MeasurementMeasurement campaigncampaign in Toronto 2005 in Toronto 2005 

Data set ConclusionsData analysisSites descriptionIntroduction

• Lightning current on the CN Tower

• EM field at three distances (2 km, 16.8 km and 50.9 km)

• Video imaging with DVD quality

• Hi Speed camera images (No GPS time here)
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Location of CN Location of CN TowerTower and EM and EM fieldfield sensorssensors
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CN CN TowerTower currentcurrent measurementmeasurement systemsystem

Data setIntroduction ConclusionsData analysisSites description

553 m

474 m Rogowski coil

403 m Recording instruments
Triaxial cable

509 m Rogowski coil

Optical-fiber link
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Data setIntroduction ConclusionsData analysisSites description

EM EM fieldfield sensorssensors installedinstalled at the at the UofTUofT

· Electric field sensor

· Active hemispheric type

· (47 Hz – 100 MHz)

· Magnetic field sensor

· Active single-loop type

· (635 Hz – 134 MHz)

Signals are carried to the digitizer via 50-Ω triaxial cables
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EM EM fieldfield sensorssensors installedinstalled at the at the UofTUofT

Data setIntroduction ConclusionsData analysisSites description

20-MHz low-pass filtering to improve SNR
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EM EM fieldfield sensorssensors installedinstalled at the at the UofTUofT

Data setIntroduction ConclusionsData analysisSites description

· Permanent installation · On the roof of a four-floor building
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Data setIntroduction ConclusionsData analysisSites description

EM EM fieldfield sensorssensors installedinstalled at 16.8 and 50.9 km at 16.8 and 50.9 km 

· Electric field sensor

· Active spherical type

· (1 kHz – 150 MHz)

· Magnetic field sensor

· Active multi-loop type

· (4 kHz – 150 MHz)

Low-noise, multiple-gain sensors provided with optical-fiber links
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EM field sensors installed at 16.8 km EM field sensors installed at 16.8 km 

· On-tripod installation · On the roof of a four-floor building
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EM field sensors installed at 50.9 km EM field sensors installed at 50.9 km 

· On-tripod installation · On the roof of a two-floor building

· Directly on the lake shore

Data setIntroduction ConclusionsData analysisSites description
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A representative video captureA representative video capture
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A representative set of simultaneous dataA representative set of simultaneous data

di/dt (z = 474m)

i(t) (z = 474m)

Ez (r = 2 km)

Ez (r = 50.9 km)Ez (r = 16.8 km)

Hφ (r = 2 km) Hφ (r = 16.8 km) Hφ (r = 50.9 km)

Introduction ConclusionsData analysisSites description Data set



14

A representative set of simultaneous dataA representative set of simultaneous data

di/dt (z = 474m)

i(t) (z = 474m)

Ez (r = 2 km)

Ez (r = 50.9 km)Ez (r = 16.8 km)

Hφ (r = 2 km) Hφ (r = 16.8 km) Hφ (r = 50.9 km)

Data setIntroduction ConclusionsData analysisSites description

Narrow zero crossing after the first peak

Transient phenomena along the tower?
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FarFar--field Enhancement factor kfield Enhancement factor k

Bermudez et al. , "Far-field - current relationship based on the TL model for lightning return strokes to 
elevated strike objects," IEEE Transactions on Electromagnetic Compatibility, vol. 47, pp. 146-159, 2005.
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= 120 m/µs
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W. Janischewskyj et al. , "Collection and use of lightning return stroke parameters taking into 
account characteristics of the struck object," presented at 23rd ICLP, Florence, Italy, 1996.

ρt

FarFar--field Enhancement factor kfield Enhancement factor k

= 3.9

Data setIntroduction ConclusionsSites description Data analysis



17

0

0.5

1

1.5

2

2.5

0 2 4 6 8 10 12 14

2 km
16.8 km normalized
50.9 km normalized

H
-fi

el
d 

P
ea

k 
 (A

/m
)

Current Peak  (kA)

HH--field peak distribution of recorded datafield peak distribution of recorded data

Data setIntroduction ConclusionsSites description Data analysis

Eq. (1) underestimates the measurements

Enhancement factor introduced by the building?
Ground-initiated stroke

Eq. (1)
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Ground-initiated stroke

Eq. (1) for v = 200 m/µs

Eq. (1) for v = 100 m/µs
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Ground-initiated stroke

Eq. (1) for ρt = -0.2

Eq. (1) for ρt = -0.6
(Zch = 4·Zt)

(Zch = 1.5·Zt)
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Propagation across Lake Ontario?

H/I ratio is higher at 50.9 km than at 16.8 km 
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• Preliminary analysis of simultaneous measurements of return-
stroke current, electric and magnetic fields at three distances 
associated with lightning strikes to the CN Tower during 2005 

• Electric and magnetic fields measured after propagation paths 
over land and over Lake Ontario  

• Narrow zero crossing due to undershoot after the far-field peak

• Good agreement between the formula proposed by Bermudez et 
al. and the measurements for the far-field peaks (effect of the 
building should also be considered) 

• The EM field appears to suffer less attenuation when propagates 
across the surface of Lake Ontario than over land. 

ConclusionsConclusions

Data setIntroduction Data analysisSites description Conclusions
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Definition of the adopted Current peakDefinition of the adopted Current peak

Introduction ConclusionsData analysisSites description Data set
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Definition of the adopted Current peakDefinition of the adopted Current peak
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Definition of the adopted Current peakDefinition of the adopted Current peak
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