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ATHOBPHBRIC ELECTBICITY * 
TIIE industrial application of electricity 

for light and for power began about thirty 
years ago. There were then no schools or 
laboratories in which applied electricity 
was taught. The science or profession of 
electrical engineering did not exist. Eleo-
tricity was taught as a part of the physics 
course in schools or colleges and, incident- 
ally thereto, brief descriptions of its ap- 
plication to telegraphy were included. 
Electroplating, the electric arc and electro- 
magnetisin were studied chiefly from books 
and sometimes illustrated with such instru- 
ments and apparatus as were to be found 
in the apparatus collection. 

When, however, the great growth or ex- 
pansion began, about thirty years ago, 
courses in electrical engineering were grad- 
ually added in some of the schools, usually 
in conjunction with the teaching of phys- 
ics, to which the new study was most 
closely allied. The physics department of' 
Princeton under Professor Brackett was 
among the very earliest to provide instruc- 
tion in what was in fact the incipient 
stage of the now highly developed and im-
portant science of applied electricity. 
Those in the field whose memories carry 
them back to that early time, will easily 
recall the important contributions made by 
Professor Brackett and his department to, 
the development of the infant science. On 
this present occasion Princeton is to lee) 

congratulated on the opening of its mag- 
nificent new laboratory, the generous gift 
of Mr. Palmer, which assures the possibil- 

*Address a t  the formal opening of the Palmer 
Physical Laboratory a t  Princeton University, 
October 21, 1909. . 
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ity of continued gro~vth and usefulness, in 
larger measure, in those sciences to the 
study of which it is devoted. 

As a part of the conlmemorative exer-
cises at  this formal opening of the Palmer 
laboratories, I have been recluested to ad- 
dress you upon some topic connected with 
physics and electrical engineering. Out of 
a number of subjects which suggested 
themselves I have chosen "atmospheric 
electricity "-a subject which permits of a 
treatment not too technical and which more 
or  less concerns us all. Its relation to the 
science of physics is evident, and as to 
electrical engineering, we electrical engi- 
neers are sometinles made to experience a 
wish that it were not so closely related, 
for, under certain conditions i t  is perhaps 
-the one thing which menaces in a high de- 
gree the integrity of the delicate contri- 
vances which malie up  an electric installa- 
tion; interfering most unexpectedly with 
continuity of service. 

I hope that in what I shall say on the 
subject my physicist friends will bear with 
me, for I realize that there is little of 
novelty that I can present. I can but 
emphasize what I believe to be correct 
vie~vs and treat the matters discussed very 
generally, if not popularly. While my at- 
titude towards the subject itself has always 
been that of a learner, i t  has often fallen 
to my lot to exert myself to provide means 
for the protection of electrical installations 
from such damage by lightning storms as 
would involve great inconvenience and per- 
haps heavy monetary loss. The engineer 
must produce things that do the work and 
often the need is immediate and compel- 
ling. The student of pure science is under 
no such stress. 

From the remotest tiines the thunder- 
storm has been one of the most impressive 
of natural phenomena, inspiring terror in 
men and other creatures alike. The real- 

ization of its interest and grandeur is prob- 
ably of comparatively modern origin. It 
is indeed not surprising that in pagan 
mythology the lightning stroke was as-
cribed to the anger of the greatest of the 
gods. I t  is no wonder that, in one of the 
greatest poems of the Bible, Job is asked, 
"Canst thou send lightnings that they may 
go and say unto thee, 'Here we are'?" 

With the decay of authority ancl miracu- 
lous interpretation of natural phenomena 
and the gradual growth of rationalism and 
scientific study the recognition of the light- 
ning and the thunder as a result of natural 
processes gradually came about. I n  the 
seventeenth century began that gradual 
awakening to the possibilities of the con-
quest of nature, the outconze of which is 
modern science with all its great achieve- 
ments. I t  mas the period of Bacon, Gali- 
lee, Gilbert, Descartes, Newton and others. 
At  first the explosive action of lightning, 
the noise of the thunder and the subsequent 
strong smell of ozone, which often exists, 
suggested a kinship with gunpourcler, or, 
that certain nitrous and sulphurous con-
stituents of the atmosphere supposedly had 
become fired. This naturalistic view even 
the self-constituted witchcraft exponent, 
Cotton Mather, willingly adopts in one of 
his books. 

Priestley, the discoverer of oxygen gas, 
in his "History of Electricity," published 
in 1767, malies an interesting quotation 
from a paper of a certain Dr. Wall in the 
Philosophical Tra?tsactions. This Dr. Wall, 
an experimenter in electricity in the Latter 
half of the seventeenth century, and a con-
temporary of Otto Guericlce and later of 
Newton, after describing his experiments 
with rubbed amber and the production of 
light and the cracklings therefrom, says, 
"NOW, I make no question but upon using 
a longer and larger piece of amber, both 
the cracklings and light would be much 



greater." Then further he says: " This 
light and crackling seems in some degree 
to represent thunder and lightening." I 
believe this to be the first reference to the 
possible relationship between electricity 
and lightning. The later history of Franli- 
l ink suggestion of identity, D'Alibard's 
experiment and that of the famous kite 
furnishing experimental proof, are too well 
linown to be dwelt upon here. 

The practical genius of Franlilin led him 
at  once to the suggestion of protection from 
lightning by means of a conducting rod of 
metal, well connected to the moist ground 
at  its lower end, and projecting beyond the 
highest parts of the building or structure 
to be protected. In  these later years it is 
not unusual to meet ~vith statements of dis- 
credit or denial of the eflicacy of this simple 
device. There seems to be a tendency 
among the uninformed to regard it as an 
old-fashioned and useless if not a dangerous 
contrivance. Often the cluestion has been 
aslied whether i t  is not an exploded notion 
that such rods have any value for protec- 
tion. I t  may well be that the "lightning- 
rod agent" of former times is largely re- 
sponsible for the distrust. He was a sort 
of confidence man, who supplied a sham 
appliance, often of marvelous malieup. A 
structure of twisted metal tube topped with 
glittering gilt points in clusters, mounted 
on green glass insulators, the whole as ex- 
tensive as the unhappy victim could be 
frightened into paying for, was erected, 
and often left without any adequate con- 
nection to the ground. I t  11-as a tree with- 
out roots; lacking, in fact, the most essen- 
tial part of its structure. 

Let us add with emphasis that the Franli- 
lin rod when properly installed undonbt- 
edly secures practical immunity from light- 
ning damage. Its installation is an engi- 
neering undertaking demanding study of 
varied conditions and proper care ancl 

jndgment in meeting these conditions. The 
one consideration originally left out was 
that if there were any better or more direct 
paths for lightning existing in the building 
or structure or better ground connections 
than the roc1 possessed these must be in-
eluded in the protective system. But  i t  is 
also a fact that the construction of most' 
modern buildings, particularly in cities, in- 
volves so much metal in roofing, ventilating 
and other pipes, mires and the like, that i t  
is generally unnecessary to resort to any 
separate means for protection. 

In  cities there are many lofty structures 
framed in steel, piping that projects above 
the roof, and metal staclis, generally in 
good connection with the underground pipe 
systems; all of which together tend to mini- 
mize danger from strolies of lightning. 
The best vindication of Franklin will, how- 
ever, be found in the fact that the firmest 
reliance is placed by the trained electrical 
engineer upon the provision of an easy 
path for the electricity of lightning to 
reach the ground. Practically all his pro- 
tective appliances or arresters used in elec- 
tric systems are based on that principle, 
with niodifications and additions to suit 
particular conditions of use. To provide 
such modifications and adaptations is 
by no means an easy task. There is still 
a possibility of insufficiency such that 
the menace of breakdowns and damage 
by lightning still remains a b6te noir to the 
engineer. The tremendous discharge of 
energy possible in a lightning stroke may 
be sufficient to defeat our efforts. Break-
ing through insulation and causing short 
circuits, burning of wires and rupture of 
circuit, and damage to apparatus are still 
occasional experiences in spite of our safe- 
guards. Even at  a considerable distance 
away a stroke of lightning, by its inductive 
action may set up electric waves or surg- 
i n g ~which require to be provided against. 



The cstreniely uncertain value of the ef- 
f ~ c i s ,  the irregularity and impossibility of 
calculation or prediction, render the prob- 
leni of protection digcult. The effects of 
these secondary surges are generally incom- 
paral~lp less violent than direct strokes, and 
h e y  are seldom dangerous to lifc. 

So long indeed as our eloctric lines are 
extended above the ground, so long must 
this disturbing factor be reckoned with. 
Portunatelj- it has been possiblc by con-
stant effort and study to secure more and 
more effective appliances so that the liglit- 
ning menace gronrs stcadily less. R,esearch 
and esperii~~cntation in this direction have 
constitnted an important part of the devel- 
opment of electrical engineering. 

ITaving th i~s  at  some risk of yowr pa-
tience vindicated our earliest worker in the 
study of at~nospheric electricity-Franklin 
-let us turn froin the practical issues and 
consicler the electricity of the air from a 
more general standpoint. 

l'he study of the natul-e and origin of' 
electrical storms or disturbances through- 
out the atmosphere is of much interest; 
oar Bnowlcdge is yet meager ; there is much 
more yet to be learned in this fascinating 
field. Exploration of the electrification of 
the air at varying heights by captive bal- 
loons, by kites and upon elevations of land, 
has generally shown an increasing electric 
potential upward from the earth, and usu- 
ally positive in relation thereto. Sometimes 
this relation is reversed. I t  has been 
ronghly estimated that if the diffevenccs 
noted can be assunled to be extcnrled to 
include the total depth of the atmosphcrie 
layer, the earth's surface miglit be negative 
to the surrounding space, 150,000 volts 
more or lers. This conclition -cvoald not 
admit of being regarded as constant or 
stable, since widesp1"ead electric storrns 
occur in both our upper and lower air 
level.;, I n  the highest regions of our at-
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~nospliere they take the for111 of diffuse dis- 
charges as in a high vacnum and are called 
auroras. They either accompany or give 
rise to magnetic storms, whiell affect the 
direction and intensity of the earth's mag- 
netism tcmporarily, and hencc. clist~~rb the 
compass needle, sometimes through many 
degrees. Within a few eelis is past we have 
experienced such a storm of a re~narliable 
intensity; sufficient in fact to cause inter-
ruptions to telegraphic and cable transmis- 
sion daring several hours. Brilliant au-
roras mere at thc time sc.en in some places. 

The frequency of auroral phenomena, 
and perhaps also to some extent the fre- 
quency of thuncler-storins, seenis to keep 
pace with the sllnspot period, at  least in 
our latitudes. At times of sunspot activ- 
ity, the surface layers of the sun, upon 
the energy radiated from which so much 
of earthly activity depends, are stirred by 
great storms, or. ininlense cyclones of hot 
gas or metallic vapors; stornis seen as 
dusliy spots on the sun's disc. They can 
attain enornious size-20,000, 30,000 or 
even 50,000 rnilcs in diameter, though these 
dimensions are exceptional. They are vis- 
ible, as is well lcnown, not becai~se they are 
non-luminous, bnt because they are less 
luniinous than thc surrounding solar s~xr- 
face. In  like manner bright spots or fac- 
nl:e may also be seen, because they are on 
the whole brighter than the sun's sl~rfaee 
adjoining them. 

There is niuch reason to believe that, in 
accordance with suggestions made Inany 
years ago, these solar storrns arc accom-
panied by exccl~tionally vigorous projec- 
tion outward from the sun to imniense dis- 
tances, of streams of electrified matter. 
Shoulcl the earth llaypeii to be in a position 
to be smcpt by s11ch :I stream, an aurora 
may be produced. During a total solar 
cclipse the so-edlecl coronal streamers are 
seen to extend from the sun's surface to 
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distances of upwards of two millions of 
miles or possibly farther than that, but 
doubtless they keep on outwardly, and in- 
visibly, to relatively enormous distances. 
I t  is not unreasonable as a hypothesis to 
imagine that they may extend a t  times as 
far  as the orbit of the earth and may, if 
the direction is the proper one, reach our 
outer air. 

Further, if they consist of electric ions 
or particles conveying electric charges, an 
aurora may result. Dr. Hale, of Mt. Wil- 
son Observatory, has indeed recently shown 
by the spectroscope that great solar storms 
are in fact attended by thr: motion of elec- 
tric ions at  enorinous velocities. The phe- 
nomena of auroras present peculiar difficul- 
ties in their study, since, as in the case of 
the rainbow, no two observers at  a distance 
from each other see the same or identical 
appearances. Hence attempts to determine 
the height by triangulation at  which au-
roras exist give most contradictory results, 
for it is impossible to fix upon any con-
densation or streamer which nlay not be 
displaced or absent to another observer 
some distance away. This is understood 
when we bear in mind that the luminous 
appearances are not located in one plane, 
but are distributed in space; condensations 
of light being the result of superposition in 
the line of observation. 

I have come to the opinion that the 
auroral streamers often extend in a gen-
eral direction outwardly from the earth, 
sometimes to very great distances, rela- 
tively to the known extent of our atnios-
phere. The effects observed appear nnac- 
countable upon any other supposition, 
while they are consistent with the idea of 
outwardly directed streams of great es-
tent. In April, 1883, there occurred an 
aurora which was at  its maximum a little 
after midnight. I t  was the most magnifi- 
cent display of the kind, which, in spite of 

a continual vigilance on my part, i t  has 
been my fortune to witness. I t  was upon 
such a scale that, so to speals, the mechan- 
ism of the streamers stood revealed. A t  
that time I could not avoid the conclusion 
that the auroral streamers must have ex- 
tended outwardly several thousand miles. 
There is no space here to present the argu- 
ment involved. Perhaps the most signifi- 
cant fact is that precisely the same gen- 
eral appearances were noted in Chicago as 
in the east, and that they occurred simul- 
taneously. The interesting question arises, 
does the earth temporarily acquire stream- 
ers similar in nature to the solar coronal 
streamers? The answer is as yet unknown. 
At the time of the great display men-
tioned there was a sunspot near the center^ 
of the sun's disc of about 50,000 miles in 
diameter. During that disturbance long 
telegraphic lines could not be operated, 
o ~ ~ i n g  arcing the keys which pre- to at 
vented interruption of the circuits. Ap-
parently in subtle sympathy with its 
master orb, the sun, the earth's electric 
and magnetic equilibrium was for a timc 
profoundly disturbed. 

While i t  is by no means certain that 
auroras and magnetic storms are always 
dependent on solar outbursts, i t  is now 
generally recognized that the observed co.. 
incidences are too frequent to be the resull, 
of chance. I t  is perhaps safe to assumr: 
that although solar storms and sunspots 
can occur without provoking auroras or 
magnetic storins here, i t  may be doubted 
if these latter occur on any great scale un. 
less solar activity is coincident therewith, 
Ancl i t  seeniingly is true that only when 
the projectecl electrified matter actually 
reaches the earth or comes near enough to 
inductively affect its electrical equilibrium 
are the terrest~ial phenomena produced 
thereby. 

I t  has even been suspected that a greater 
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frequency and severity of thunder-storms 
in  our lower air accompanies the active 
period of the w7n or sunspot maximum. 
This is a hypothesis which would require 
a cnrefnl collection and comparison of 
data over a long period to give i t  status as 
a scientific fact or wholly to  clisprove it. 
Be that as i t  may, experience with lightning 
damage in electric ins ta l la t io~~s seemingly 
supports the idea, and led me in a paper 
given sonle seven or eight years ago during 
the minixnun1 period, to predict a severe 
ordeal a few years in advance. As a mat- 
ter of fact the prediction was to a large 
extent verified with the result of eutraor-
dinary activity in  devising safeguards 
from m-hich the electrical engineering ar t  
now benefits. I n  general the harm done 
by thunderslornis is due directly or in-
directly to the heavy s p a ~ k  discharges 
called lightning flashes or strolres of light-
ning. 

It may be of interest to refer briefly to 
tlie conditions existing in  a cloud which is 
the source of such destructive energy. As 
is well known, cloucls consist of fine water 
particles suspended in the air. When 
frozen these particles are crystalline like 
minute sliow crystals. All cloucls above 
the snow line are likely to be of that char- 
acter. A t  a t e lnpera t~~reabove freezing 
the pal-ticles of water are microscopic 
spheroitls which may by gratiaal coales- 
cence form drops of rain. This process of 
coalescence necessarily din~inishes the Iota1 
surface of the water existing as such in  
the cloud. Should, however, the original 
particles possess even a slight electric 
charge, the union of the drops, by Ls, 9en- 
ing tlie total surface, or diniinishing the 
electric capacity, rcsults in a gwcat rise of 
potenti:tl or electric pressure on the sur-
face of the clrops. The process of coales- 
cence continlxes and the water falls out of 
the cloud as rain. I f  the cloud particles 

are frozen the dirliinution of surface and 
consequent increasc of electric pressure 
car] not take place. This rvould seem 
sufficient to account for  the general ab-
sence of thunder-storn~s in winter, though 
perhaps other causes contribute. 

12 thunder-cloud has been compared to 
;in insulated charged concluctor, such as a 
body of 1net;il hung upon a sill< cord, but 
in reality the two are not a t  all com-
parahlr. It is a mistake to assume any 
close analogy to  exist. The cloud being 
only an  air  body containing suspended 
water particles, is not a conductor, nor can 
it, as in  the  case of metal, permit the ac- 
cumulation of its electric charge on its 
outer surface. I n  fact i t  possesses no true 
definite outer surface but blends with the 
clear air  around it. The electric charge i t  
possesses remains disseminated, so to 
speak, throi~ghout, and must reside chiefly 
upon the surface of its constituent water 
drops. Accu.tnulation in any par t  would 
require the insulatinq air  between the 
drops to  be overconic. 
3 lightning strolie fro111 such a mass 

may indeed represent a discharge of hun- 
dreds of amperes a t  millions of volts. We 
must, however, be cautious not to esag-
gerate either the current or the potential 
present in a lightning flash. The current 
in a fias11 can a t  times be only a few arn- 
peres or may in  tlie heavier discharge 
reach peyhaps hundreds, or possibly in 
extreme cases some few thousands of am-
percs. I t  is cloubtful if the potential much 
rxcceds a t  any tinie rriore than a few mil- 
lions of volts as i t  is probable that  slnall 
local breakdowns s tar t  the disruptive proc- 
ess which then extends through miles of 
length. Thc individual water particles 
evpn when collected inlo drops can not be 
charged to such1 enorrrzous potentials as 
millions of volts. Tn reality it is the com- 
bined effect of the numerous particles act- 
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ing inductively that accolxnts for such 
pressures. A combined stress is set up 
towards the earth or towards another cloud 
mass of opposite charge. The lightning 
stroke results froin a brealidown of the in- 
sulating air layer between them, and also 
all through the cloud itself, and for a time 
a partial neutralization or electric equi- 
librium is effected. This continues until a 
further redistribution of charges is re-
quired and until again the breakdown 
potential is reached. The contin~~ed coal-
escence of charged water particles which 
were not discharged at  the first brealidown, 
repeats the original condition, and so on. 
Unlike the case of a suspended charged 
metal body, a single discharge does not 
usually equalize the electric potential of 
cloud and earth. Instead, many succes-
sive discharges occur. I t  is probably 
fortunate for us that the process is as 
gradual as i t  is, for the ordinary partial 
discharges of the cloud are each terrific 
enough and tax our resources sufficiently 
when we seek to protect ourselves and our 
effects froni them. 

Various hypotheses have been proposed 
to account for the presence of electric 
charges in cloud inasses, but thcre is no 
time to discuss them here, and there is in 
fact little that is really lrnown as to the 
oriqin of the electricity of clouds. We 
shall briefly refer to the phenomena which 
charactei~ize or accompany Il1e electric 
discharges. The u s ~ ~ a lform which the 
discharge takes is that Iinown as disrup- 
tive spark or fork lightning, a long flash or 
elcctric spark, joining earlh and cloud, or 
(aloud and cloud, and Ini-anching within 
the clolld mil% like a tlhee. Oftentimes 
between cloud and earth there is seen the 
sinqle streak zigzaq in its course, but 
within tlie cloud it ramifies or branches 
extensively in several directions. In this 
may only can any considerable part of the 

cloud contribute its portion to the main 
discliarge path, for, as stated before, the 
cloud can not act as a conducting body. 

Some authorities treat lightning as a dis- 
charge of very high frequency like the 
ordinary discharge of a condenser or 
T~eyden jar. I n  Pact it has not been un- 
nwal  to assume that such apparatus call 
be substituted and inferences drawn as to 
the nature and character of the lightning 
discharge from experimentation and tests 
with these laboratory appliances. The1.e 
is, however, abundant reason to doubt that 
lightning discharges are really oscillatory. 
If they oscillate the conditions are such as 
to forbid s11cl.1 oscillation being of a high 
frequency order. The cloud discharge 
represents what is known as a discharge 
of a large capacity, and the length of the 
path or sparli may reach thousands of feet 
or even many miles; a long inductive 
path, while the heat m d  light given out in 
every part of the path indicate a hiqh 
resistance to the passage of the discharge. 
All of these conditions are together 
known to be inconsistent with the idea 
of high frequency oscillation. But the 
breakdown or discharge is extl-emely sntl- 
den and involves an almost instant rise 
of the current to a large value, so that 
the inductive effects upon snrroundinq 
strlxctlxres, such as electric lines or cir-
cuits, are very energetic and sliarp like 
a cluicli blow atrucli; anci these lines oi. 
structures become the seat of rapid vibra- 
tion or high frequency oscillations. The 
sudden blow of the hamnier on a bell in 
lilie manner brings out all the rates of the 
vibration, fundamental and overtones, of 
which tlie bcll is capable and in which the 
hammcr itself takes no part. 

The very sudden startling character of 
a lightning discharge leads to an exag-
geration in the popular estimate of its 
illore evident effects. The amount of light 



giren out is not so great as is often as-
swned. I t  cloes not give eflects a t  all com- 
parable with full sunshine. While doubt- 
less the intrinsic brilliancy is very high the 
duration of the flash is small, generally 
only a minute fraction of a second. In  
photographs of lightning the landscape is 
generally seen only in outline or poorly 
lighted by the discharge. I n  the daytime, 
vhen the clouds are not dense enough to 
greatly darlien tlie sky, the flash loses most 
of the blinding character it has when seen 
in the blackness of night. Rimilal.ly, the 
sountl of thunder, though of terrifying 
quality, is not extraordirlarily loud. It is 
a coliimou experience when traveling in a 
train to note that the sound of even near-by 
flashes is sn~otlierecl by the roar of the 
train so that no tlmnder is h~al'cl. The 
noise of thlmder can not be due in any 
part. as is sometimes erroneonsly assumed, 
to collapse of the air* upon itself and into 
a partial vacuuni left by the spark. I have 
seen this error even recently repeated and 
eveti cxtended to include all the noise of 
tlluncler as due to snch collapse. When, 
~ ~ O T T C V P ~ ,we consider that in a minute frae- 
tion of a second the air in the palh of the 
discharge is so hiqhly heated that, if it 
were confined, its pressure due to heat ex- 
pansion alone would rise to more than ten 
ati-nospheres we can readily understand the 
explosive shoclc given to the wrrounding 
air and the propagation therethrough of an 
intense air wave. In fact such waves froin 
electric spark discharges and from dyna- 
mite explosions have been clearly recorded 
by photograpl~y. Moreover, that the eol- 
lapse of the air after expansion can have 
little or 110 effect in the sound production, 
follows from the fact that the heated gas 
strcalc left in the palh of the discharge 
lalies an appreciable time to cool on ac-
connt of its low radiating power. This is 
shown by the observation that a lightning 
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discharge in dusty air is often sncceecled 
by a llxlninosity of the streak ~vhicll per- 
sists for a perceptible time and slowly 
fades away like the luminous trail of a 
meteor. 

Another colnmon misconception is that 
the prolonged rolling character of thunder 
is due to reverberations or echoes. I n  
mountain regions with steep rock walls 
snch reverberatiolis possibly contribute to 
the effect, but it is now clearly recognized 
that a sufficient single explanation suffices 
for most cases. Owing to the great length 
of the lightning spark or path, we receive 
the sound from the nearer parts of the dis- 
charge far* in advance of that from the 
rnore renlot~ portions, and between these 
souncls are those from parts of the path at 
intermediate clistanees from the observer. 
I t  follows from this that no tv7o observers 
at a distance from each other hear the 
same succession of sounds in the tliunder 
of a discharge. Whenever portions of the 
discharge path are situaterl or extended in 
an approximate direction at  right angles 
to the line from the observer, the sound 
froni that part of the path is louder or of 
high amplitude oming to the sound from 
that part of the path reaching the observ- 
er's ear a t  the same instant. Whenever the 
path leads directly away froin the observer 
the amplitude is less, the sound is less ex- 
plosive and takes the cliaracter of an ex-
tended roll or rumble. 

I t  ~vill  be seen from this that every twist 
and turn and every change of clirection of 
tlie spark pat,h with respect to the observ- 
er's position gives a varying loudness and 
sequence of sounds. Every- branch of the 
main discharge in like n~anner records its 
position and direction, its t~vistings and 
bendings in these sound vibrations and 
sequences. I t  mould seen1 possible even to 
record on a phonograph noises from sparks 
invisible to the eye and map the positions 
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of the sparks in space fro111 records so pro- 
duced. If this were done as i t  mere 
stereoscopically or stereographically from 
two or more separated observing or record- 
inq places, the records would contain the 
necessary data for the reconstruction of the 
spark and its branches in space. 

Prorn the above considerations an at-
tempt to determine the distance of a light-
ning stroke to earth by counting seconds 
elapsinq between the flash and the first 
thunder and allowing five seconds to a 
mile approxiinately is seen to be futile. 
Should one of the cloud ramifications or 
branches of the great tree-like discharge ex- 
tend in the cloud overhead with relation to 
the observer, and that part of the dis-
charge be nearer to him than any other he 
will first hear a receding runible above 
him, followed i t  may be by a heavy ex-
plosion from the main or approximately 
vertical spark between cloud and earth and 
from the parts of which his distance is 
nearly the same. This louder explosion 
will then be followed generally by a pro- 
longed rumble of diminishing loudiiess 
which is the sound coming from the rami- 
fications vhich lead farther to the distant 
parts of the cloud. Manifestly the count- 
ing of time should be between the flash 
and the heavy explosive sound due to the 
vertical part of the flash. 

Rearing in mind that over the extent of 
cloucl the charged water particles may be 
said to be waitinq for a chance to dis-
charge to earth, i t  is not surprising that 
any path which has been opened or broken 
down by disruption of the insulating layer 
of air should serve for the discharge of an 
extended body of cloud. The heated vapor 
or gas in the path of the discharge is a 
relatively good conductor of electricity 
serving to connect the cloud inass to the 
earth below. The significance of this is 
understood when i t  is known that many 

lightning discharges are multiple. In-
stead of a single discharge they consist of 
a number rapidly following one another 
through the path or spark streak opened to 
thein by the first discharge. This first dis- 
charge opens the way or overconies the 
insulating barrier to the discharge of pol.- 
tions of the cloud mass, which, on account 
of reinotenese or l o ~ ~ e r  potential, could not 
themselves have caused the brealrdown. 
These repeated or rnultiple flashes are ex- 
ceedingly dangerous, both to life and prop- 
erty. The first discharge may reduce wood 
to splinters ancl the subsequent ones set it 
on fire. The time interval between the 
successive discharges in such a multiple 
flash is quite variable and may be long 
enough to be easily perceptible by the eye. 
The multiple character is easily disclosed 
by the image in a revolvinq mirror. If a 
strong wind be blowing at the time of 
such a multiple flash, the hot gas conduct- 
ing the discharges inay be displaced later- 
ally in the direction of the mind with the 
result of spreading out the discharges into 
a ribbon inore or less broad. Photographs 
of these ribbon flashes show their true char- 
acter plainly; each separate discharge ap- 
pearing as a streak of light parallel to  the 
others and at varying distances apart. I n  
fact parallel discharges of exactly the same 
contour are sometinies observed many feet 
apart. IIere the hot gas of the first dis- 
charge has evidently been shifted by the 
wind over a considerable space before the 
second and subsequent discharges took 
place. I-feavy rain seems to wealren the 
air and help to precipitate a discharge. 
From the fact that strokes of lightning are 
often followed 'tjy increased fall of rain 
within a few seconds it is a prevalent idea 
that the increased do~vnpour is caused by 
the discharge. In  reality the reverse is the 
case, For just when a gush ol rain has 
reached from the cloud down to within a 



hnndi-ecl feel or niore froin the ground, by 
far the major part of the air layer has been 
so n-eakcned electrically by the presence of 
the mratcr drops, that the discharge itself 
anticjpates the conlpletion of the distance 
of fall of tile rain, and is therefore a short 
time in advance of the time whra the de- 
scending g~xsh of rain actuillly rearhes the 
ground. As the gusts or gnshcs of rain 
are I I IO~C or less local and sweep along with 
the storam cloud, they are apt to mark out 
the plaees of the rnost frequent lightning 
strolrcs. Sl~elter sought at siich times 
untlcr tall tvces is particularly dangerous. 

The amount of energy which may be 
conceri~ed in a lightning discharge is 
neither definite nor capable of estimation. 
Tt woultl seem that the widest varialions in 
encrgy may occur and this vr~ould account 
largely for the observed differences in the 
severity of the effecats. It must be remem- 
beret1 also that by far the larger part is 
expended in the long spark in the air and 
cloud. Even when rnnch damage is done 
to objects strucli it is only a small fraction 
of the total energy which is expendecl on 
them. Most of the darnage to property 
comes illclirectly froin the electric discharge 
by its energy being instantaneously eon-
verted into heat. This heat evolves steam 
and exp:tntled gases in the interior of such 
materials as wood and eanses explosion, 
shown in the splintering or rupture. 

A curious effect, often noted when a tree 
is strack and shattered, is that when the 
splinters, sornetinies of large size, are 
thrown bodily out to distances of many 
feet PI-om the shattered tree, the splinters 
in their lnovelrlent remain in parallel to the 
tree ancl in a vertinal position. They are 
freql~eritly found stanclirlg upright alter a 
stroke and at  distances ranging np to sixty 
or eighty feet away. This fact indicates 
illat the projecting force is quite instan- 
taneons and i.; euerled eq~ially and at the 

same mvlonlent Ihro~~ghout the length of the 
splinter in a direction transverse to its 
length. Such splinters are sornetinies ten 
or twelve feet in length and se~reral inches 
thick. As will be seen, a person m a r  a 
large tree mliic11 is so disrupter1 is in danger 
of being strucli in a different way, even if 
he escapes being jncludecl in the path of the 
strolie itself. Aside from this mechanical 
danger i t  is linown that to take refuge 
under a tall tree during a heavy thunder- 
storm is partic~xlarly hazardous. This is 
so because the human body is a better con- 
ductor than Ihc tree trtlnlr, particularly as 
the trunk ilsclf is the last part to become 
thoroaghly wetted by the rain. The leaves 
and upper parts are wet and more or less 
conducting while the tree lrunli itself may 
be yet dry. In  s~lch a ctuf the body of a 
person foriris a gooti path or shunt to the 
dry trunli and is therefore particula~ly apt 
to be traversed by any stroke whicli reaches 
the tree. 

As before indicated, damage to buildings 
ancl other such structures can in all cases 
he prevented by the provision of an effect- 
ive shunting path to earth. A most essen- 
tial feature of srxclr a structure as the 
li'ranlrlin eonclnctor is its good connec1,ion 
with the ground, or better its connection 
with what we know as a good ground. In  
early tiines it was considered that i t  was 
quite important that the tip or upper end 
of the conducting roc1 should be sharply 
pointed, or should bristle with sharp points, 
so to speak. The tips were gilclecl and the 
points made of golcl or platinum to prevent 
rusting. The points were supposed to clra~v 
off the lightning silently fro111 the cloud 
and so prevent strokes of lightning. But 
for rrrillions of volts at cloud distances 
almost all irreglilar olrtjects on the qurface 
of the earth are practically pointed. Per-
hops on this erroneous assumption of the 
:ictiori of points as :tpplied here little stress 
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was laid on the direct path to earth being 
chosen and on the necessity of including 
with it or connecting to it other good paths 
such as gas pipes, bell wires and the like. 
There is no need of any special provision 
of points. A blunt end will do as well, for 
after all there is practically no silent draw- 
ing off of the charge from the cloud, for it 
is not an insulated conductor. The pro- 
vision of a lightning conductor on a build-
ing undoubtedly increases its chances of 
being struck by lightning, but if properly 
arranged it also ensures that the strneture 
shall suffer no harm the]-efrom. Viewed 
from our present standpoint it is a curious 
historical fact that in 1777, just after the 
war of the American revolution broke out, 
a miniature verbal war between the advo- 
cates of blunts and poinets, respectively, as 
applied to lightning conductors raged. In  
England party politics led many to con-
demn points as revolutionary and stick to 
blufits. The Royal Society by majority 
vote decided for points, but those who so 
voted were considered f r ienb of the rebels 
in America. George 111. took the side of 
blu.lt-ts. Franlrlin, who from the first had 
prescribed points, wrote from France : 
"The King's changing his pointed con-
ductors for blunt ones is a matter of small 
importance to me. For it is only since he 
thought himself safe from the thunders of 
Heaven that he dared to use his own thun- 
der in destroying his own subjects." The 
king is reputed to have tried to get Sir 
John Pringle, then president of the Royal 
Society to work for blunts, but received the 
reply: "Sire, I can not reverse the laws 
and operations of nature. " As stated 
above, it matters not at all which we may 
use. I have, indeed, seen a number of 
cases in which the sharp points of lightning 
conductors had been melted into rounded 
ends by lightning. 

In  the foregoing we have been consider- 

ing the effects of such ordinary discharges 
of electricity as the disruptive spark, or 
zigzag flash. Apparently if the testimony 
is reliable there are other and more rare 
forms of discharge. I allude to sheet light- 
ning, so-called globular lightning and to 
bcad lightning. But it may be asked, why 
call sheet lightning a rare Sorm? It is, 
indeed, true that when a storm is so far 
distant that the spark discharges can not 
be seen, as when it is below the horizon, or 
when the spark is blanketed by a mass of 
mist or cloud there is to be noted a diffused 
light or extended illumination, which, on 
account of distance, may not appear to be 
attended by thunder. This and similar 
effects are often called sheet lightning. 
From observations during a few heavy 
storms, however, I am led to infer the exist- 
ence at rare intervals of a noiseless dis- 
charge between cloud and earth-a silent 
effect attended by a diffused light, and 
which may be the true sheet lightning. In 
my experience it has accompanied an un- 
usually heavy downpour of rain, the whole 
atmosphere where the rain fell most heavily 
being apparently momentarily lighted up 
by a purple glow, seemingly close at hand 
in the space between the rain drops. The 
appearance has been seen in the daytime 
as an intense bluish or purplish momentary 
glow vithout any accompanying sound. I t  
could scarcely have been illusory. It is 
hoped that other observers will carefully 
note any such like effect if i t  occurs. It is 
certainly a rare phenomenon. 

I t  is quite common that any very bright 
flash, the details of which from its sudden- 
ness and intensity are unobservable, be 
alluded to as a ball of fire. Doubtless 
many of the reported cases of so-called ball 
or globular lightning may be explained as 
instances of this condition of things. 
Nevertheless, there are so many recorded 
instances, apparently in substantial agree- 



~xlent, that it is difficult to escape the con- 
clusion that there in reality exists this rare 
form of electric effect, globular lightning. 

We can not properly discredit observa- 
tions of phcnomeua 15rhicl1 are so rare that 
our own chance for confirmation of them 
may never come, TVe mast, in such cases, 
caref~llly scrr~tinize the testimony, exam-
ine the credibility of witnesses and their 
chances of being mistaken. I t  is certainly 
impossible at present to frame any ade-
quate hypothesis to account for this curious 
and obscure electric appearance. The wit,-
nesses agree that i t  is an accompaniment of 
thunder-storms and that it resembles a ball 
of fire floating in the air or moving along a 
surface, such as the ground. I t  is not de- 
scribed as very briglit or dazzling, and the 
size of the ball itself may he from an inch 
or two to a foot or more in diameter. 
Observers agree that i t  can persist for some 
tirne and that its slow movement allows it 
to be readily kept under observation while 
i t  lasts. When i t  disappears there is usu- 
ally an explosion and a single explosive 
report like that of gun fire. Sometilnes it 
is eaicl to disappear silently. Uslaally the 
damage done by its explosion is only slight. 
'I'his summary of characteristics is common 
to all accounts. Some accounts are even 
more cletailed, mentioning that the fiery 
ball sccrried to be agitatrcl or with its sur- 
face in active motiori. I have found two 
jn~tances occurring many years apart and 
in widely different localities in which i t  is 
described as having a rcdclish nucleus, in 
diameter solne considerable fraction of the 
whole. The outer fiery mass has hecn de- 
scribed as yello~vish in color. In some 
instances i t  has been seen to fall o d  of a 
cloud. It is described as entering build- 
ings and llrovirtg about therein. P'erson-
ally I was for a long period in doabt as to 
the reality of this strange appearance, 
deeming i t  the result of some illusion, or a 
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fanciful myth. But on hearing clcscrip- 
tious by eye witnessts linourn to me as per- 
sons not given to ronianciny, and finding 
their accotxnts to correspond closely with 
the best detailed descriptions in publica- 
tions, my doubts have disappeared. 

111 one instance, ~ h i l c  obsel-ving the 
lighi,ning during a heavy thnnderstorm, a 
coulpanion, whose eyes were turned in a 
direction nearly opposite to my own, sud- 
denly called to lr~e that a ball had just 
dropped out of the cloud some distance 
away. The view of the ground was ob-
strnctecl by bnilclings and I unfo~tunately 
just rnissecl it. The noise of its explosion 
nras, however, heard in the direction indi- 
catet'l by nly Ecllow observer, as a single re- 
port lilie the firing of a gun. At the tiine 
I closely questioned him as lo details of the 
apprarance. Onr ignorance of its possible 
natnre is coinplcte. No rational hypothc- 
sis exists to explain it. Xcicnce has in 
the past unraveled many obscure phe-
nomena. The difficulty here is that it is too 
acciden1,al and rare for consistent study, 
and we have not as yet any laboratory 
phenomena which rcsemblc it closely. 

Sometimes photographs taken during 
thunder-storms have been found to carry 
curio~zsly conlorted streaks in some ile-
gree resemblinq lightning flashes. Gener-
ally they have been found on plates upon 
which uncloub tcd lightning discharges have 
been rceorded. In some instances which 
have come to my notice t,he streaks have 
had the appearance of a string of (lots or 
beads and have bccn taken to represent a 
very rare form of lightning linorvn as bead 
lightning. A number of s~xch photoqraphs 
have b e c ~  sl-tbnlittecl to me for opinion as 
to the n a t u ~ e  of the curious strealrs. Hn all 
cases they are explained as due to the 
camera having been moved without eap-
ping the lens, permitting images of lighh, 
such as arc lights, or spots of reflrcted 
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light f~aorn wet or polished surfaces to 
traverse the plate in an irregular course. 
They are then only records of the inadver- 
tence of the lightning photographer. I n  
one instance the effect was so curious that 
i t  was several years before tlie true es- 
planation was found. In  that case there 
were t~7o  wavy contorted streaks of per-
fectly parallel and of similar outline, but 
unequal in intensity, rising each frorri a 
rail of a single track railway, ancl appar- 
ently terminating in the air fifteen or 
t~venty feet above the traclcs. They were 
finally traced to a moving camera, and a 
reflection f ro~u the wet and polished rail 
surfaces of the light of an arc lamp lo- 
cated outside the field of view. I t  r~qni red  
a visit to the place itself to enable this con- 
clusion to be reached. The particular 
beaded streaks or lines of dots were traced 
to the fact that the arc lainps causing then1 
were operated by alternating currents 
which naturally give light interrupted a t  
the zero of current; one hundred and 
twenty times per second being the usual 
rate. All this einl7hasizes the need of care 
and wholesome scru~tiny or even sliepticisin 
before reaching a conclusion in such cases. 

I s  bead lightninq, which has a t  times 
been described as observed visually, a real- 
i ty?  If i t  is i t  appears to be even rarer 
than the globular variety: Perhaps it is a 
string of globules; a variety of globular 
lightning. But we can not makc assump- 
tions. As in the case of globular lightning 
there is some testiniony, ~ ~ ~ h i c h  can not be 
wliolly disregarded, tending to show that a 
form of dischavge resembling a string of 
beacls can actually exist. An account of 
an instance was given me within one hour 
after the occurrence itself. The witness 
was linown to me as perfectly reliable. 
The appearance was described as a festoon 
of finely colored oval beads ].lung as it were 
froin one part of cloud to another, and as 
persisting for some seconds while gradually 

fading away. The opposite ends of each 
bead were said to be different in color. It 
was seen during an afternoon thunder-
storrri and spolren of as very beautiful, and 
altogether different from the usual zigzag 
flash. 

If I have dwelt upon these exceptional 
appearances a t  some length i t  is because 
they seem to show that in electricity there 
is much yet to learn and abundant oppor- 
tunity for future investigation. I t  is cer- 
tainly literally true that, in the language 
of Shalmpeare, "There are more things 
in I-Iearen and earth, IrToratio, than are 
dreamt of in your philosophy. " Such work 
belongs to the science of physics, now recog- 
nizecl as fundainental in all study of na-
ture's processes. I n  electrical engineering, 
which is in reality an ar t  based upon ap- 
plied physics, the subject of lightning pro- 
tection has always been one of coilsidrrable 
if not vital importance. Just as a light-
ning discharge from a cloud clears up a 
path for other discharges to follow, so in 
electric undertakings i t  opens up paths for 
the escape of the electricity we are sending 
out to do the worli- intended, such as for 
lighting, power or other use. I n  the 
past, disable~nent of machinery in electric 
stations has not been rare. The recent 
growth of long-distance transmission in-
volving hundreds of miles of wire carried 
on poles across country, over hills and 
through valleys, has set new proble~ns of 
protection, and called for renewed activity 
in providing means for rendering the lines 
and apparatus imnlune to the baneful ef- 
lects of electric storms. Judqing the 
future by the past, we may conclude that, 
whatever difficulties of the kind arise, in 
the great future extensions of such engi- 
neering work, science and invention vill  
provide resources aniple for the needs, 
and the rapid advance will be continued 
uncheclred. 
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