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Foreword e 1

Foreword

Lightning is one of the most spectacular meteorological phenomena and consid-
ered as one of the most common severe weather affecting human being directly in many
aspects. This book, with 101 topics edited within 9 units and 2 appendices attached,
is intended to provide the readers professional and unprofessiog'al with sort of basic
knowledge and also some answers to frequently asked questions concerning lightning
and lightning protection.

But the main purpose of this book is to provide the college students majoring in
Lightning Protection Science and Technology with a part of reading materials in Eng-
lish. Practice on reading and comprehension based on this material is helpful to im-
prove the ability to use English in their future activities associated with lightning and
lightning protection.

Though some topics have been new-modeled for certain purpose, all the passages
in this book are selected from various publications, websites, product specifications
and so on. References can only list out part of the sources. Nevertheless we here give
all our thanks to those who have made contributions directly and indirectly.

Thanks are given to Prof. XIAQ Wen-an, Mr. YANG Zhongjiang and all the
teachers in the Department of Lightning Science &. Technology, School of Remote
Sensing for their close cooperation during the past few years.

We have done our best in all the way but mistakes are unavoidable because of the
limited time and lack of experience. We are responsible for any mistakes existing in
the book. We hope that our purposes to compile this book can be realized under the
help of all the readers who are going to send us comments and suggestions in order to

renew the book in the future. Thanks in advance.
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Unit 1 General Introduction
21

Topic 1: A Brief Description of Lightning and Lightning
Protection ‘ .

L]

Lightning has long fascinated the technical community. Ben Franklin studied
lightning’s electrical nature over two centuries ago and Charles R Steinmetz generated
artificial lightning in his General Electric laboratory in the 1920’s,

Lightning is the visible discharge of static electricity within a cloud, between
clouds, or between the earth and a cloud. Scientists still do not fully understand what
causes lightning but most experts believe that different kinds of ice interact in.a cloud.
Updrafts in the cloud separate charges so that positive charges move and end up at the
top of the cloud while negative flow to the bottom.

When the negative charges move down, a pilot leadeér forms. This leader rushes
toward the earth in 150 discrete steps, ionizing a path in the air. The final breakdown
generally occurs to a high object and the major part of the lightning discharge is then
carried in the return stroke which flows along the ionized path.

Lightning can strike anywhere on earth - even the North and South Poles! In any
U. S. geographical location, lightning storms occur as few as five times or as many as
100 times per year. The Northeast United States has the most violent thunderstorms
in the country because of the area’s extremely high earth resistivity. High earth resis-
tivity (the earth’s resistance to conduct current) increases the potential of a lightning
strikea If struck, structures in these areas will generally sustain more damage when
there is no lightning protection system present.

Each year, thousands of homes and other properties are damaged or destroyed by
lightning. It accounts for more than a quarter billion dollars in property damage annu-
ally in the United States. Lightning is responsible for more deaths and property loss

than tornadoes, hurricanes and floods combined, but of these violent forces of nature,
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lightning is the only one we can economically afford to protect ourselves against.
Some properties have a higher risk of lightning damage. When considering instal-
lation of a light*nigg protection systerh, ydu may want to assess this risk. A risk as-
sessment guide for determining lightnihg loss for all types of structures can be found
in the National Fire Protection Association’s Lightning Protection Code, NFPA 780,
This guide takes into consideration the type of structure, type of construction (wood,
brick, concrete, reinforced concrete, and steel frame construction), structure loca-

tion, topography, occupancy (persons, animals) , contents and lightning frequency.

it -

Vocabulary

Discharge JifH,
Updrafts _+FF5 i
positive charge IF B fif
negative charge i H3 faf
discrete steps &
pilot leader 5
return stroke [A] 5
ionized path 75 18
strike v. & n. @, #h L
resistivity n. HLBH 3R resistance n. HFH{E
. conduct current {58
. the potential of a lightning strike & 5 7] §E44%
. sustain v. &% .
. property'n. W=
. lightning frequency [N B35 # .
. earth resistivity 3% i fH %
. high risk B X&
risk assessment & IEAL .
. Lightning Protection Code B &L/ 7E

=k b e b b e e e = O 00 N Y U1 R W DN
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Exercises

1. Write out the English equivalents to the following terms.
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(1) IEf T
(2) fE
(3 &
(4) [l
(5) MBI IEE
(6) HiAER
(1) fe i ,
(8) [N R AR
(9) JRB ik
(10) By &AL/ ATE
2. Answer the {ollowing questions according to the passage.
(1) What causes lightning in the eyes of most experts?
(2) Why does the potential of a lightning strike increase in high earth resistivity?
(3) What factors should be considered when we carry out a lightning risk assess-
ment?
3. Choose the best answer.
(1) Ben Franklin studied lightning’s electrical nature
A. in the sixteenth century B. in the seventeenth century
. C. in the eighteenth century D, in the nineteenth century
(2) Which one of the following causes the most deaths and the property losses?
A. tornadoes B. lightning '
C. hurricanes : ’ D. floods
4. True or false. .
(1) Scientists-have already understood what causes lightning. ( )
(2) North and South Poles may also be struck by lightning. ( )
(3) Lightning frequency is tantamount in any U.S. geographical location. ( )
(4) We can economically afford to protect ourselves against lightning. ( )
5. Translate the following sentences into English. N
(1) ZAREFHENG S BT E, 4R ERME R E LB 3HE = 8T, i fi
Wt e 1) T B R B DR .
(2) BHETUBERLK REESH . = AIHE RS HE G RaERE,
Q) FBRAHBHEBPRENEAT  ZHMXWEAVIREED  EFSEZEKXR
IR T7B7 NN »
(4) Yt fim TR, EFERT .
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Topic 2; Lightning and Thunder

Lightning is associated with a thunderstorm. Typically, thunderstorms are char-
acterized as intense individual rain cells or showers embedded in a broad area of light
rain. These intense cells are only over a fixed location for a few minutes. They are on
average, several miles in each direction. "In the continental United States thunder-
storm cells move from west to east along a squall line. A squall line is about 12—30
miles in width and up to 1,250 miles long. The speed at which the thunderstorm cell
moves is generally 55 km per hour.

Rapidly rising air in a thunderstorm interacts with rapidly falling air within the
thunderstorm to create separately positivé and negative charged areas within the
cloud. Air acts as an insulator, but when the charge builds up to a level that exceeds
its ability — typically 3—4 kV/cm at-the altitude of the negative charge region of the
cloud — to act as an insulator, the result is a spark we see as lightning. The lightning
equalizes the positive and negative charged areas.

Four types of lightning are common: in-cloud (or intracloud) lightning extends

from one charged region of a cloud to another, cloud-to-cloud lightning extends bé-

-

tween two clouds, cloud-to-air lightning’ extends from a cloud to the air, not touching
the ground, and cloud-to-ground lightning stretches from a cloud to the ground.

Lightning can travel between points within a cloud, from a cloud to clear air,
from a cloud to an adjacent cloud, and from a cloud to ground. These flashes are re-
ferred to as intracloud, cloud-to-air, cloud-to-cloud, and cloud-to-ground, respective-
ly.

Intracloud (I1C) flashes, redistributing the charge within the cloud, account for
over half the lightning flashes in northern latitudes (Uman and Krider 1989). Cloud-
to-cloud and cloud-to-air flashes -are less common. Besides aviation, these three types
of flashes have little impact on man.

Cloud-to-ground (CG) flashes are very common and have been well documented.
They exchange charge between the cloud and ground. These flashes affect man great-
ly, causing injury and death, disrupting power and communications, and igniting for-
est fires. Because of these impacts, the cloud-to-ground flash has been the topic of

much research.
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The cloud-to-ground lightning flash can lower positive (+CG) or negative ( —CG)
charge, depending on the source of the flash. This can be determined by the polarity of
the stroke’s current. Characteristics of negative and positive cloud-to-ground flash are

summarized as shown in Table 1.

Table 1 Some characteristics of positive and negative cloud-to-ground flashes

Characteristic Negative Positive
% occurrence ' 90 10
Average peak current (kA) 30 35
Average current half life (micro sec) 30 230
A;/erage number of strokes 3—4 L
% containing long continuing current 20 80

Ground-to-cloud flashes (those that originate from the ground) occur as well, as
observed from large buildings such as the Empire State Building, but are not normally
distinguished from CG {lashes in studies.

The air in the lightning strike is heated very rapidly and expands, creating a
shock wave we hear as thunder. Thunder lasts a few seconds because we first hear the
shock wave from the portion of lightning closest to us and then we continue to hear
the shock wave from the lightning bolt farther away from us that is reaching us at lat-
er times.

Thunder can be defined as the acoustic emission associated with a lightning dis-
charge. It appears that all impulsive processes in both cloud-to-ground and cloud fla-
shes, including M-component-type processes, produce thunder. The significant part
of the thunder spectrum extends from a few hertz or less to a few kilohertz. It is the
general view that audible thunder (above 20 Hz or so) is a series of degenerated shock
waves produced by the gas dynamic expansion of various portions of therapidly heated
lightning channel,, while infrasonic thunder (approximately 20 'Hz and below) is asso-
ciated with the sudden contraction of a relatively large volume of the thundercloud
when lightning rapidly removes the charge from that volume.

The electromagnetic (including optical) radiation from the lightning channel
propagates at about 300 m us™', the speed of light, and hence arrives at an observer,
say, 3 to 4 km away in about*10us. The corresponding thunder, an acoustic or sound

wave, travels at about 340 'm s™' for an air temperature of ~20°C and atmospheric



