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Lightning Rods
W. H. Day

"LiQHTmNo Rons! Are Thet ant Goonr

Hundreds of times diirinfj the past thirteen years this question has been mt
to the instructors of the Department of 1 liysits. Hundreds of times we havt
answered " Certainly," only to be immediately confronted with thr logical sequent
How do you know ?" Until a year ago our chief reason was " Because science says

so, but to the farmer that reason has seMom carried conviction, not because he
doubted our word particularly, but because he is accustomed to dealing with indi-
Tidual concrete examples, and he has sometime or other known or heard of a
"redded" building having been burned, and with him this one example carried
more weight than the teachings of science, no matter how imperfectly the rodding
may have been done.

To-dav. however, we are no longer dcnendent upon science alone for our an-
swer, to-day we know from experience that lightning rods, properly installed,
are almost absolute protection. Out of every thousand dollars worth of damage
done to unrodded buildings by lightning nine hu.,drecl and ninetv-nine dollars
worth would be saved if those buildings were properly rodded! A pretty strong
statement, you say. We realize that it is strong. It" has taken thirteen years of
investigation to compile the data upon which that statement is founded.

Away back in 1901, when Prof. J. B. Reynolds was head of the Department of
English and Physics, he began to investigate the efficiency of lightning rods. Five
years later, when two departments were formed of one and he chose the Depart-
ment of English, leaving the writer the Department of Physics, the writer thought
he fonld not do better than continue the work so ably begun. To-day after eight
years' further study added to the five we have the problem solved.

Lightning Rods Save Buildings if Struck,

The first question we asked ourselves was this: "If a rodded building is struck,
IS it as likely to be burned as an unrodded one which is struck?" Reports were
received from a number of selected observers in the various counties, also from
insurance companies, but a still greater number were clipped from the daily and
weekly papers, and in all cases where the owner's address was learned he was
written to for a personal report. In the ten years from 1901 to 1910 reports
were received covering E99 buildings that were struck by lightning. Of these
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817 were burned, or 63.' ' ceni This ppn-cntapc is hijrhcr than obtaini gener-

ally, becHUse most of our reports originated in the new.»im|»erH, and naturally it

it chiefly the severe ntrokes that are thus reported. AniongHt that 59i» there

were only 18 rodded buildings, and of these only three were burned, which is

one in six or 16.6 per cent, M against S3.6. Hence we concluded that an un-

rodded building if ctriick is more than three times as likely to be burned a* a

rodded one. This is the sum total of the results of our first ten years' study

of this subject. As there seemed to be no object in pursuing this phase further,

the original line of investigation was discontinued.

On the three rodded buildings that were burned the rods were reported in

gooil repair, but whether the nnlding was correctly done we had no means of

determining.

Do LioHTNixo lions PnK''ENT Strokes f

Rut as early as 1906 we had begun to enquire whether lightning rods hndn't

a greater function to perform than save build in;;s timt are stnuk. We hml begun

to ask ourselves whether lightning rods do not actually prevent many buildings

from liciii;: stnick ! At first thought this looks preposterous, but seemingly pre-

posterous tilings sometimes turn out real and contain great truths.

But how could we determine whether rods prevent buildings from beini;

struck? If 1,000 rodded buildings escaped damage during a storm, how could

we ascertain whether some of them would have been damaged if not rodded?

We knew that amongst r>!)J) buildings that were struck there were only 18 rodded

ones, which is just .1 per cent. If we knew what percentage of farm huildifigs

in Ontario were rodded that would settle the question. If rods neither prevent

Ljr induce strokes then the percentage of rodded buildings amongst tho.se struck

sliould lv> just the same as the percentage of rodded buililiiigs in Ontario. If the

rods cause strokes then proportionally more rodded ones woidd be struck than

unrodded, but if they prevent strokes, then proportionally less.

Ci-rEs Th.\t Failed.

To determine what percentage of Ontario buildings are rodded we firs,

deavored to have the township assessors make a record regarding the buildinj;-

on each farm and to have them give a return showing the result. In this wo
failed. We approached the inspector of insuran(e with a view to ha'.ing him
make a regulation requiring fire insurance companies to report in everv af)pli(ii-

tion whether the buildings insured were rodded or not. Again we were (lisap-

pointed. We thought of endeavouring to have the census enumerators ascertain
the number of rodded and unrodded buildings, but this seemed impracticable. Wo
wrote every insurance comijany <l()ing business in vOntario, about one hnndrci]
and forty in all. but tliey were unable to tell us whether the buildings in their
risks were rodded or not.

However, writing the insurance companies was the beginning of the solution.
Tt drew their attention to our work. Early in 1912 the writer accepted an invitation
to address the Mutual Fire Underwriters' As-sociatio:: on the subject of Lightnin?
Rods. After dealing with the subject from a scientific standpoint and giv'ing th";

renilt already noted of our ten years' investigations along the practical side, tho
writer laid before the members of the Association the important question as to
whether rods actually prevent strokes from occurring, and asked their co-operation
in answering it
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A few weeks later we wrote to all the Mutual Companie. doing business inOntano. enclo*,ng a card for reply ..Icing whether they would co*ope«te wi EUS and suggesting that if they were prepared to do «, thev .houl.l put a quesTionon their appljcat.on fonn a.king whether Ihe building, were ro.lded W. received
favorab e replies from thirty-eight companies. In the beginning of DeceiZ we
sent out report forms to be filled by them. Eighteen of them kept a .,H.ci«l recon?
of all business from July 1st. 1918. and reporteil results to us.

In Ovtahio Epfkikxcy op Rodb is 1918 Wab 9414 Per Cent.

„f fuT *?'
"^J^' "V""'?

''«''*'^" companies, covering more than one-quarter
of the Province it wa. found that in every 200 farm buildings insured. 42 wererodded. which IS 21 ,.r oen,., but out of every 800 farm buildings truck bvhglUning only 3 were rodded-we should have expected 42 if the fods were „n

hv fhJJ^^'"^ '
•

'"
^r*''""

''"^'" '" '^"y '''^^^ unrodded farm buildings insured

tuttt JT^^'^'onn "T.l'''''^ ^y ^'«^*"»°«' «' ^^^'^ ««-«"! wer! burned-

!n V? „/ n, ;
^ rodded one. insured, only 3 were struck (and A.mZiody)-.-we should have expected 37 if the rods were no good, hence, in OnUrio

; n tirn'"'*"""^- r.
""^'^'^^'^ ^"••'*'"« >« ^^y^ time, as Ukely o be struck

3 nbtlJ Tl
''• ^^'"^ ''•'"'*' '''" "" ^'""^^ «' '•«'^« »««d ii Ontario anddoubtless include some improper rodding. To prevent damage in 35 cases ouof an expectancy of 37 means an efficiency of 94l/o per cent

'^ ° '""*' °"*

This result was almost astounding. From scientific considerations we were

llntr u^ '1' ™"4* P'"''^"* ''''^''' ^"' ^« ^"« "«t prepared fTr Tucha sweeping result as this. But you say, "This is only one year's reports and an-other year might give the very opposite result."

Efficiency of Rods in Ontahio in 1913 was I-ER CENT.

ion.

During 1913 the insurance companie. ,x)ntinued their most valuable co-opera-
.

Forty of them kept special records for us, sixteen being able to givV usreports complete m every particular. They represented twelve different countiesand of the buildings insured by them 26.2 per cent, were reported as rodded show-'jn- an increase since ast year of 5.2 per cent. The total number of claims paTd

n t tJSt.™Tf '. '""'fTr' T' '' "^'^^ '' "^- •'--d' amounting in

G
'

net opnt !f 1 / \ a T '^'''-^^^ '^ b„d-we would have expeLd
l-u ,r

^^^ '*''"''^' ^""^ '^"™«^*^ ^^"^^^ ^^'^ »>een on rodded buildines
wh,ch wou d ™ean 50 strokes and $10,715.98, while as a matter of fact the numb?;

fi's^d T .u^'"^'
''"' °"'^ ^' '°^ *^* ^"™«g^ °°>y ^57.64. a saving of«in.6o8.34 To save this amount out of an expectancy of $10,715.98 shows an

effiniency of 99.5 per cent.

Of the other twenty-four companies, fifteen were located in the counties above
referred to and nine in other counties, in some of which the percentage of rodded
buddings 18 exceptionally high, a fact which we know by personal inspection, sowe may safely say that in the whole forty companies the rodded buildings total
26.2 per cent, or more.

irith'*fc^i- U *'*® «ffl<^ency be calculated from these figures It will not agree exactly
«.^i*H*, * V

«»• «'"='*®"**°« paragraph. This Is because the actual percentSe wi not
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In the raporto of the twtmty-four eoiupauien wo thiU recordii of two rotldeil

bnildinga which were burned, one owned by Mr. Harold Currie, of Strtthroy, tlio

othei by Mr. Murdock Kerr, Embro. Neither of theie buildings was rodiled

according to iUuidard «pecitiuatiou8, the former being particularly defective. It i*

dealt with in detail on page 34. Thi« building would undoubtedly have been

nved it properly rodded. Mr. Kerr's rodding was defective in two regards :
first,

the systems on the mam bam aiid straw barn were not connec ted, and, secondly, the

giound-rod.) were down only about Syg to 4 feet, but they were moist when pulled

oat for examination. Whether the defects were responsible for the fire we have

not been able to determine. The bolt was of the ball type, a ball of fire about as

large as a man's head coming straight down and hitting the straw barn.

Taking the whole forty companies together, there were ii'il lightning damages

totalling 1113,459.89. 110 of these buildinjis were burned. We should have

expected 86.8 per cent, of the strokes and danuiLto to be on rodded buildings. This

wonld have given 163 strokes and a loss of $89,786.49. As a matter of fact, only

16 rodded buildings were struck and the \om was $.3,917.09, so the rods saved

$86,809.40, out of an expected loss of $89,786.49, showing an efficiency of 86.8 por

ceni Since Mr. '^urrie's fire was directly due to the absence of ground-rods at a

Tital point, it seems only fair to consider this barn as not rodded. If this is done

the efficiency of the rods in 1913 would be 98.0 per cent.

Perhaps some may reply: "But maybe thosje rodded buildings expected to be

itruek were actually struck, and the rods carriet off the strokes harmlessly and

0 the insurance companies, having no claim to pay, have no record of those strokes."

If any take this ground, well and good, because it is an admission that the rod?

in one way or another brought about the desired result, viz., to save the building?

from damage by lightning.

It may be well, however, to remark that in all probability theve is iome

ground for the objection. Probably more than two of the 37 rodded buildings

expected to be struck in 1012 were actually struck, and i ^hose expected to

be struck in 191.1, probably more than 16 were actually struck, and the rodi*

carried off the current without damage, indeed without any trace of the strokes re-

maining to show that they ever occurred. The exact comparative value of the

saving and preventive functions of rods we are not able to determine, but scientifii

considerations now lead us to conclude that the preventive function is by far tin

more important. As the teachings of science regarding the general value of rods

have been so strongly confirmed by practical experience, we may with confidence

accept the dictum of science when it says that the chief function of rods is to prevent

strokes from occurring.

For those who want reports over a longer period of years we have them.

During these Ontario investigations our attention had been drawn to Iowa and

Michigan, where it was reported some advanced work in rodding had been done.

Consequently in September, 1913, by the kindness of the Hon. Mr. Duflf. the writer

was enabled to visit these States and examine conditions at first hand.

In Iowa Lightning Rods Show an Efficiency of 98.7 Per Cent.

In Iowa some valuable data were available. For the eight years 1905-1912
inclufeive, a large number of insurance companies doing farm business only have
reported the percentage of rodded buildings covered by their risks, and also the

daims paid on rodded and tinrodded btifldinga. The highest number of com-



p.ni«i reiwrting in .ny one vc«r wa» M .nd the luwett 4«, Um tnnge teini

from the reportn th.- followniK tnctt are gleaned:
The total lightning dainw paid bv all thew companies for tbt whole eisfat

year« on roM building, wa. only ..164.30. which i. an aven«. of $10 16 £rcompau) per jreur On unrodded bmhUng., however, they paid li^htnin. cu£amounting to the large nun. of .TJl.OGS.Ug. which u «. average of »775.lTptr
c*n.i«ny iH-r year-nn.l the numlHT ol unro-Mt-l l.uilding. .nnuwd waa the mim m
tl.« nun.»M..r of rtHU^A onen. ( omparing $rrr..i6 with »1(U6 we aee that for evtry
»1 pa.d on ro,lde« buildin^ts $70 was p«i,l on unro.lded one«, or the rodi Mive $78
0.U of an expected low of m. if the buildings had not been rodded. Thi. .how.

^^r"\u *V P*' '^"*- ^* •" P"*"*^'* that «,me imp«,per roddi^T
included, a8 the rods were not »uhject to inspection

The case is not yet compltte, however-in both OnUrio and lowt the reports
CO er some defective ro.ldi„g. The true efficiency of lightning rod. am oT^determined when we consider a large number of properly rodded bmldS^

INSPKCTK) Bods in Miciikjan Show an Efkicibkoy of 99.9 Pre Cbkt.
In Michigan the writer was fortunate enough to proenn inch a nnort Th.

Farmers' Mutual Lightning Protected Insurance CompLTTM^JUiT^ n^implies, insure, only rodded buildings, and that only^irfter theTom^.nv'^
jpertor. have carefully examined the roddlng and appVoTed of it E 19W
1912. inclusive, ma bi.,ine« which for the four year, totaled $56.172^StZ

lisi;^!"
^ '^''"'^ '" '*"^^"^ ""'^''^ "«« overlooked by th. C^p^?,

9 «fp^- m'I™""'
*'"*"'

T'T
^°«"'-«n''« Co. which also does businww all over the

V.1 .'f? '"?"', ^'^^ '""^^'^ """^ '^^^d'J^d buildings. In the iaLTfonJ
u- / .*^**^ """^ **' $59,567,878 this company paid Hghtning d^L onnddings to the extent of $.S8,868.78, which is 1.008 times «mui aVfte „^

teemed company paid. In conversation the Secretary of the pXmi^ ComiSS•Id that in eleven years they had only had three small claims f« l^^l
^amajre on rodded buildings, all the rest of their liJhIn.r.! T *'«'»*°»n8

.njdded ones. They repoA 80 per cenrof^Lr^lfS.'St^^U"
risk as4e PrL^ r t\"'"

on $55.1 72,075 of unrodded risks, the samfnsk as the Protected Company had. won d be $37,288 which ir i i«« «™L .! I
« the loss on the same amount of properly ^ded ri^ Thus we L t^a^^4e damage to roperly rodded buildin,s%niounts to $1, the ^aZgf to ^Trodded ones amounts to $1,168, or in other words rods mto fel l«?^nf t

W99.10 out of an expecced loss of $1,000, thus substantiating th^ claim m^fS
iNsxnuNCE Assessments Favor Roddbd Buildings.

The Protected Mutual began business in Oototwtr lono t*. -:.u. ^ ^.t

So^r ''•"* ^ Patronl^utual^ Se ^^iL^Z. ^j™S^^
'
ompany that it began to draw members rapidly from the other companie.!^



them thia mmuit ultiniato 'leath, lo tome of them began tu carry their rodded and

nnroddad buildiogt in teparate cUmw, *ach clou bring aa$tutd for iU own lo»»e»,

and now nearly every mutual in*uranc« company- in the State of Michigan ii

carrying rodded and unrodtlmi -laiiBen, or preparing to <!o ito. T'li Patrons' Mutual
referred to above has been doiiig mo for Ave yearn, ami itn aiiM>Aiii.i«ntH p4>r 91,000 of

. hava been h followa:

Ymt

IMXt.

lyiu.
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mm.

AawMtiuvDt tier II.MN) of H\»V
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$2 00
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Iowa Pbotected Mutual.

In Iowa there is also a Protected Company, insuring only rodded buildiil
The president, Mr. C. N. Doane, Newton, Iowa, is also president of the Mutuu
Fire and Toraado Association, insuring in the same vitinify as tiie Protected Com-
pany, and taking both rodded and unrodded risks. In six years thi« Iowa Protected
Mutual has not had a claim due to lightning damngo to a rodded building or stocii

lij building. Its total assessment per $1,000 for the last five years has l...en $8 {HI

while in the Fire and Tornado the total assessment for the same period Ims l.«c

$14.60, a difference of 44.8 per cent, in favour of the Protected Company.

Michigan Iva-. :k Rates Avkraoe Sfii/g Peh Cent. Cheapku on Rood in
Buildings.

While in Michigan the writer spont two days at Lansing in tne Depart.ient
of Insurance examining the original reports of ten different companies inch, hnj
the two above mentioned and rompiling data therefrom. Previous to 1913 fi\,. of
them were carrying both rodded and unrodded classes. I iind the average as e«-
ment by these five companies on unrodded buildings is $'.'.96 per $1 000 of -isl;

while the average on their rodded buildings is $1.89, showing a differenr of
$1.07 per $1,000 in favour of the rodded buildings. If ;e calculfte that diffen.n:^m percentage we find that the assessment on rodded buildings is 361^ ner cnt

roS«?„nTT^ .K
"^^^^ ""*" " "-^ P*' «"»*• ««**««• than on the"^^"^ *'°*'- Now this IS not theory or science-it is the practical eipenenc. o^



cool-head«<] inauranc>« men and cautioui farmer* in mutual inraranc« companiet,
where the anteument ii in direct proportion to the losses incurred. Thi* ia the
protectiff Talue of lightning roda reduced to dollars and cents iu iuaurance rataa.

Insurance men the world over cai.uot ignore the experience of the Michigan
Companies. Farmers the world over should profit from the lestons taught by tha
Michigan farmers.

Being now assured that lightning rods are of high prctactive value, our neit
logical enquiry would be: "When is a building properly roddadF" Before one
can appreciate some of the directions to be given for rodding a building he must
have at least a limited knowledge of electricity and iu laws, and this we ahall
now proceed to acquire, leaving directioDs for rodding to come later on page 84.

DiaooTUT or Elbotbioitt.

If a unall piece of cheap scribbling paper, after being warmed r. . y it, bt
rubbed briskly upon the coat sleeve for a few momenU and then p,i«.'cd againat

Fio. 1.—Paper rubbed brlsklj
coat sleeve adheres to hand. Paper
It electrtfled by friction.

1> ig. 2—Pith bails suspended by tilk
tiiread to be used In experiments.

the window pane, it adheres to the glass, or it will adhere to the hand. (Fig. 1.)

Aiii'ther piece not rubbed, does not adhere to glass or hand. Hence the rubbing has
pro.luced some new property in the paper. The first experiment of this kind was
performed by Thales, an ancient Greek, in the year 640 B.C. While walking along
the seashore he picked up a piece of amber. In order to burnish it he rubbed it

briskly upon his garments, and in some way or other discovered that after the mb-
bin:: the amber had the property of attracting light substances, auch as dry leaves.

trvijrs ind chaff to itself. The Greek ord for amber is electron, and hence
this new property first discovered in the amber has come to be known as elec-

tricity. The paper in being rubbed upon the coat sleeve is said to have become
electrified. In tiie year 70 A.D. electricity is again mentioned in history, but no
leal progress was made until the year 1600 A.D. Then Dr. Gilbert, a famous Eng-
lish scientifat, discovered that all substances when properly manipulated could be
electrified by friction just aa the axabet mm.

9
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Here is another experiment. Several light pith balls, cut from the pith of an

elder bush, are suspended from a little beam by silk threads. (Fig. 2.) They are

free to swing about like the pendulum of a clock. Here also is a piece of cafs fur,

while in this clamp is an ebonite or hard rubber rod. (Fig. 3.) A hard rubber comb

would do just as well as the rod. To begin with, each one of these pith balls must be

touched with the hand. The rod also must be touched from end to end with the

hand. (Fig. 4.) !f the rod be now placed near the pith balls we see that it neither

SSs^

Fi6. 3.—Cat's fur (in hand) and ebonite
rod (in damp), to be used in experiments.

Fio. 4.—Before the experiments are begin

the pith-balls and ebonite rod are boti

touched by the hand to make them "ne»
tral."

Fio. 5.—Pith-balls and ebonite neutral, no
attraction between them.

Fio. 6.—Ebonite rubbed with cat's fur «•

tracts pith-balls. Ebonite said to be electri-

fied.

attracts nor repels them. Both may be said to be "neutral." (Fi<j. 5.) But on

rubbing the ebonite with the cafs fur and then holding it near a pith ball we see

it is violently attracted to the rod. (Fig. 6.) It has been electrified bv friction

against the cafs fur.

Placing the rod close enough that one of the pith balls can touch it, we see that

immediately after contact, the ball, instead of being attracted, i.s strongly repelled.

The ball has been electrified with part of the charge that was on the ebonite. Thni
•Hike charges repel." (Fig. 7.)
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other substances will produce electricity. For instance, a silk cloth and a
glasb' rod. If the glass be rubbed briskly with the silk and then placed near one
of the neutral pith balls the ball is attracted. The glass rod has also been electrified

by friction. If the glass is placed close enough that the pith ball touches it,

then it immediately repels the ball. The ball on touching the glass becomes elec-

trified by contact with part of the charge that is on the glass. Thus again, " like

charges repel."

Two Kinds op Electricity—Like Charges Bepel; Unlike Charges Attract.

But if the electrified glass be applied to the pith ball that was charged from
the ebonite, the ball is attracted ! Also charging the ebonite from the catskin, as

before, and applying it to the ball charged from the glass this ball is likewise
attracted. Thus, we see that the charge on the glass and ebonite are different. The
glass will repel a ball charged from itself, but attract one charged from the ebonite;
the ebonite, likewise, repels the ball charged from itself and attracts the one charged
from the glass. (Fig. 8.)

Consequently, we see that there are two kinds of electricity, one of which is

produced on ebonite by rubbing it with cat's fur and the other on glass by rubbing
it with silk; and, furthermore, we are able to say that "like charges repel and unlike
charges attract." This is a fundamental law in electricity. The charge found on
the glass is called positive and that on the ebonite negative. It can also be shown
that whenever a positive charge is generated in one body by friction an equal

negative is generated in the other body which produced the friction.. Scientifically

there is no inherent reason why these terms should not have been reversed when
the distinction was first made.

Conductors and Non-conduotors.

One of these pith balls is suspended by a cotton thread. If the electrified

ebonite or the electrified glass be applied to this ball we see that it is very strongly

attracted, and, further, that when it is allowed to touch the rod it clings instead of

being repelled as were the others after contact. (Fig. 9.) In this position it

remains until by and by it lets go and hangs straight down. (See figure 5.) Testing
this ball now we see that it is not charged as the ones suspended by the

silk threads were after contact and no charge is left on the ebonite ! Both ball and
ebonite are neutral ! ronsequently. we conclude that cotton and silk behave dif-

ferently wiHi regard t(i electricity. The cotton thread has allowed the charge to

flow along it to the beam and away to the floor and thence to the earth. The cotton

is called a "conductor," while the silk is called a "non-conductor." Copper, or

indeed any metal, would conduct a charge away much faster than even the cotton.

The words " conductor " and "non-conductor " are not absolute, but rather relative.

There is probably no s\ib>tauce which is en absolute non-conductor of electricity.

The term simply means that the substance referred to is a poor ironductor.

Three Wats to Charge a Body, viz.. Friction, Contact, Induction.

We have seen two ways of charging a body with electricity. One is by " fric-

tion " and the other by " contact " with a charged body. There is a third, namely,
by " induction." A brass body is supported on a glass base. Glass is a non-conduc-
tor, or insulator. The brass body is touched by the hand to make it neutral. If

applied to a neutral pith ball there is no attraction. If neutral ebonite be placed



Pio. 7—A pith-ball suspended by ailk, after
tooching the electrified ebonite Is repelled.
Part of the electric charge on the rod has
passed to the ball, hence "like charges re-

pel."

Pio. 8.—Negative ebonite rod between
two balls, left charged negatlTCly from
ebonite rubbed with cat's fur, the other
Charged positlTely from glass rubbed with
silk. Like charges repel, unlike charges
attract.

\k\ Fio. 9.—A pith-ball suspended by cotton
thread clings to the charged ebonite for a
time. When the plth*all lets go both are
neutral, as In figure 6.

Fio. 10.—Brass conductor on glass
stand, also pith-balls. Both neutral. No
attraction.

Pio. 11.—Charged ebonite rod held ii«or
end of brass conductor. Pith-ball is at-
tracted, hence conductor has been charged
by the infiuence of a charge at a distance,
i.e., by "induction."

13

Pio. 12.—Two brass plates on glass
stands. Plates separated. One plate
charged, as shown by the repulsion of the
pith-ball.
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A CoifDBNSEB INCBBA8ES THB ChABOB.

fn f.Ir°^"u
plates on glass stands, are so arranged that they can be placed face

L„ \ t P w ^"' * ™"" P'*^ h*" *"»^'»«'i by a cotton thread, which wilishow when the plate is charged. From the ebonite one of these plates is now
charged by touching it a number of times with the rod which is each time rubbed
with the catskm. The pith ball is strongly repelled, and stands out from the plate
almost m a horizontal position. (Fig. 12.)

Pro. 13.—The same plate as In flgore 12
(with the same charge) after plates were
placed close together, but not touching.
Note that the pith-ball has dropped show-
ing less repulsion. More electricity can
now be given to the charged plate. That
is why the plates when close together
are called a " condenser."

Fia. 14.—The same condenser as In
Figure 13. Note plth4>all horiiontal
again as in Figure 12. As much ex-
tra charge was added to the left-hand
plate aa the plate originally held. The
right hand plate has become charged
by " induction," aa shown by repulsion
of pitb-ball.

Now when the other plate is brought close to the charged one we note that tiie
pith ball drops considerably (Fig. 13), and mo., electricity can be put on the
charged plate, in the same manner as before, until the ball again standj in a
horizontal position. (Fig. 14.)

Two insulated plates, side by side, are, consequently, called a "condenser," A
condenser enables us to store up a much larger charge of electricity than either
plate alone will hold.

a -I

Crarobs Reside ow the Subpace.

One other law should be mentioned, viz. : When a conductor is electrified the
charge resides entirely on the surface. This can be readily proven, but the experi-
ment does not lend itself to illustration by photograph.
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EuiCTRiCAi, Machine Phoduces Heavy Chakoes.

Thus far we have produced only very small charges, and at the expenditure
of considerable labour in producing the friction. However, forty years after
Dr. Gilbert's discovery, an electrical machine was invented by which large charges
could be generated. At first condensers were not used on the electrical machines,
but ahortly afterwards thoy were applied in the form of Leyden jars. A Leyden
jar is an ordinary glass vessel like a fruit jar, covered with tinfoil on the outside
about half way up, and on the inside about half way up. These two tin foils form
the two plates of the condenser, and by means of Leyden jars very strong charges
can be btored up.

.- o o

Figure 15 shows an electrical machine consisting of '.*o glass plates, one of
which is rotating and the other stationary. Without the Leyden jars it produces a
very fine spark which will jump about two inches of space. When the two Leyden

Fio. 16.—An electrical machine, it Is
being turned by crank In rear. Note
apark between knobs.

FiQ. 16.—Electrical machine with points
attached to positive and negative poles. No
flash can be produced.

i«

V:

I Si

Electricity Leaks Off Points.

With this machine one can demonstrate another fundamental principle If
two sharp wires are attach.id, one to the positive s de of the machine and the other
to the negative, and the points turned towards eac!) other we find that the machine
does not produce a spark and cannot be made to produce one, if the electrification
akes place gradually (Fig. 16.) If a lighted cand'e is held to one of the points

It 18 extinguished when the machine is turned. Thei- is sufficient wind at this
I>oint to blow out the candle. (Figs. 17 and 18.)

««nJn 'i* I' ''"i^.r*
<=°°'=1'»«^°° P**"''!*' "2-. that the electricity formed by themachine leaks off these sharp points, preventing sparks from occurring.
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FiuNKLix Tkovks That Liouxnxno is Electbicity.

The elettric'-.l machine was dincovered in 1640, but it took one hundred ye»ri

to perfect it and produce the large sparks, and to loam the fundamental principles

of electricity. In 1751 Benjamin Franklin, obsemng the similarity between the
Ughtning flash and the sparks that eoulil be produced by an electrical machine, came
to the conclusion that lightning was nothing else than a discharge of electricity, or

rather the light produced by such discharge. To prove this, he sent a kite up into

the clouds as a thunderston.. was approaching. The string which held the kite

was connected with an electric key in the laboratory. As soon as the string became
wet electric sparks occurred at the key, which were in every respect like those pro-

duced with the electrical machine. Franklin's reasoning then ran something as

follows : If lightning is produced by a discharge of electricity, then it must obey

the laws of electricity. Hence, it should be possible to prevent lightning in many
cases, just as an electric spark can be prevented in this machine by having a pointed

Fio. 17.—Candle-flame held between points
of el'^ctrical machine. When the machine
Is not turned, i.e., when there is no charge,
the Same burns straight up and sharp in
outline.

Fia. 18.—But when the machine is

turned the candle-flame is blown side-

wise. If the candle is held up level with
the point the flame is blown out. The
wind shows that electricity is leaking off

the point.

wire attached, to each side, or if a flash does occur, it should be possible to conduct

ihe current to the earth by wire without injury to the building bea: the wire.

In other words: If lightning is produced by a discharge of electric lighioing

rods must be a practical possibility.

After Franklin's results were published Ughtning rods began to be installed

on farm buildings through the United States, and later in Canada, but in the early

stajres lightning rod i^mpanies Icufw very little of the laws of electricity, conae-

qupntly were unable to instruct their men as to how buildings should be rodded, and,

hence, in some cases, the rods did not produce the protection they were expected

to. Besides, numerous swindles in connection with lightning rods were worked

off on the farmers, so that in time lightning rods came into great disrepute. How-
ever, Sir Wm. Snow Harris, in England, devised a system of lightning protecton

for ships, which completely did awp-"* with the one-time tremendous loss caused by

liphtning to the ships of the Britl^.l Navy. So effective was his system that {he

late Queen Victoria bestowed a knighthood and an annuity upon him in recognition
JM A
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of his great service to the navy, and thereby to the British Empire. Throughout

England, Oennany and France lightning rods became the subject of study, and

many buildings, especially costly ones like the great churches and cathedrals, were

protected by lightning rods, so that the loss to buildings of this kind by lightning

was almost completely overcome. This extensive use of the lightning rod in Europe,

togetiipr with continued study in America, has had the effect here of drawing atteii

tion again to the subject.

In America the one man who has done more than perhaps any other to bring

lightning rods again into favour is Mr. West Dodd, of Des Moines, Iowa. A man

of great energy and scientific insight, he took up the lightning rod question twenty-

flve years or more ago, wh»n rods were in disrepute, and pursued it with such

tenacity and skill that he has overcome a hostile public sentiment and convinced

the people of the Middle Western States that lightning rods are an jnqualifled

success. His own State of Iowa reports 50 per cent, of its farm buildings rodded,

Fis. 19.—The electrical machine as Fig. 20.—^A toy bouse with metal chtB'
modified by Mr. West Dodd for demon- ney, screen door, eave-trough and bal-

straitinK the thunderstorm. Note earth cony is set on earth plate and machine
plate E. and cloud plate C. turned. Note flash to chimney and

sparks down screen door—the door is con-

structed with air-gape, in Jumping which

the current causes sparks. Dangerous to

stand by screen door during thunder-

storm.

perhaps the highest percentage of any similar area in the world. Motoring through
tiiat state for a distance of fifty or sixty miles, the writer verified this percentage
by actual count. In his work Mr. Dodd adapted the electrical machine to demon-
strate the thunderstorm and the lightning stroke, and then used toy bams, houses,
anmials and rods to demonstrate the phenomena of lightning and the efficacy of

lightning rods. With this equipment he appeared before the insurance companies
of Iowa and other states from time to time, and demonstrated scientifically that
rods must be effective. His teaching bore fruit in numerous companies granting
reduced rates on properly rodded buildings.

The Electrical Machine Modified to Represent a Thttndebstohm.

Mr. Dodd attached a metallic plate to the negative side of the machine; to the
positive side another plate which hangs a few inches above the first one. The lower
plate represents the earth, and the upper one the cloud. (Pig. 19.)
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When the machine is turned the "cloud" graduully becomes dharged with posi-
iive and the "earth"' with negative electricity, and by bringing the cloud and earth
close enough together sparks, or flashes, occur which look exactly like the flashes
of lightning seen during thunderstorms. After each flash the plates again become
charged gradually.

Rods on Toy Buildings Pbbvbnt Fi ahubs.

Here is a T-shaped house with metal gutter to the eave-trough, whence two
conductor-pipes run down nearly to the ground. One conductor-pipe is connected
with the metal floor of the balcony. The house, which has a screen door, is placed
on the earth plate. (Fig. 20.) As the machine is turned a flash occurs to the
chimney, and thence the current follows the gutter and eave-trough, then flashes to
the screen door, which is so constructed that the current haa air-gaps to jump.

Fig. 21.—A woman stands under the
balcony and is struck. Note abort flash
from balcony to woman's head. The gut'
ter, conductor-pipe, metal floor of balcony
and the woman form an easier path than
that by the screen door.

Pig. 22.—^The woman goes to the rain
barrel for a pall of " soft water " and Is

struck. This path is now the easiest for
the flash.

making tiny sparks as it does so. From the door it flashes to the ground plate.

Note that flashes or sparks occur only where the current jumps air-gaps.

A little metallic figure, representing a woman, is placed in front of the screen

door, and the flash strikes the woman instead of jumping the air-gap at the floor.

If the woman stands under the balcony the lightning takes a new path. (Fig. 21.)

In.^tear! of go' <» by the screen door it follows the eave-tro;Tgh to the balcony floor.,

thence strikes the woman and passes to the eartli. The new path offers ]e.«.<.

resistance than the old.

If the woman goes to the rain barrel for a pail of "soft water" the lightning-

tai<es another path still, following down the gutter, eave-trough, and conductor-

pipe, and thence striking the woman. (Fig. 22.)

A copper wire without points is now put on the building, so it is in contact with
tho chimney and leads down to the earth plate at each end. The flash now follows

the wire, and the woman is perfectly safe, standing at the eave-trough, under the

.^alcony,^or at the screen door. (Figs 23A and 23B.) The copper wire offers less

ii
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rauttaoce than any of th« other paths, and naturally the flash follows the path of

least resistance.

Bnt if this wire is removed and another put on with two sharp points stick-

ing upward towards the cloud, the flash is entirely prevented. (Fig. 24.)
If the lighted candle be applied to tlhese points it is blown, out as bt ore, conse-

qioently, the electricity generated by the machine is leaking off these points and

Fia. 2Z.—A wire is put alons the ridge,touching the chimney and going down
to tbe ground plate at each end of thehouse. The flash now goes down this
wire, and the woman is safe at rain barrel, under balcony or at screen door.

I

TV :

b

Fig. 24.—If, however, wire has uprights
and points no flash can be produced,
which Is better still.

Fio. 25.—Barn with hayfork track,

fired by flash. If track had been grounded
current would have followed ground
wire, and no fire would have occurred. If

points had been used fla°h would have
been prevented.

gradually neutralizing the opposite charge in the space between the cloud and the

earth.

Here is a bam with cupola and hay-fork track. The flash enters the cupola.

jumps to the track, and thence down at one end of the bam. Tf a little gasoline is

put in the door at the end of the bam it h at once fired, just as hay would be.

-QSg^^JLl,^ in Preyjou. cases, the wire without noint, wJH carry the stroke og
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without si'ttiiiir lire // roiimrled irillt liny-fork' track, wliilo tlio one with pointii will

prevent the flash entirely.

Mktam.ic Roof's.

It is sometimes sni<l tlmt n nn'taHic nM>f is perfect protection from liphtning.

If such a roof is put on one of thes.^ Imildinffs. it is struck just the some as if

it were an ordinary roof. (F\)i. 2fi.) Note flash at stove (which is constructed with

air-jraps to cause sparks). It is dangerous to stand by the stove durinj? a thunder-

storm.

If, however, a corner of this roof is connected to the ground by a wire, the

current follows the wire. (Fig. 27.) No sparks at the stove now.

But a flash can be prevented from striking that metallic roof, as in the other

cases, in two ways : First, by using lightning rod points ; secondly by putting a sharp

edged or notched ridge-board on the top. (Fig. 88.) We might here refer to the

FiQ. 26.—MeUlUc root struck by lignt-

ning. Note flash down front ot stove. The

stove is constructed with air-gaps in jump-

Wiig which current makes sparks. Oan
^rous to stand by stove during thunoer-

. iorm, if house is not redded.

Fis. 27.—Metallic roof with one corner

grounded. Flash still occurs, but goes down
ground wire—no sparks at stove now.

practice of using a round metal form on the ridge of a metal roof. Nothing could be

more dangerous than this so far as lightning is concerned unless points of some kind

are provided. The round form prevents the electricity from leaking off, and conse-

quently tends to store up a charge and cause a stroke. If instead of the round a

sharp-edged form or one with teeth were used, it would be almost impossible for

a metallic-roofed building to be struck by lightning, if two, or better, four, corners

were connected witli the earth by ground wires.

I t

I

Wire Fences.

Here is a wire fence, which is attached to the earth-plate. As the machine is

turned a flash of lightning jumps from the cloud to the wire and from the wire to

tte earth. (Fig. 29.)
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If » bom it ftood bMid* tb« fenoc, iutMd of th« li(htiiiiig jampinff th« air-*,
from th« wir» to tbo ground it itrikM the hone. (Pig/SO.)

If, however, the fence-wire ia connected with the ground by me»ni of a rroond-
wire the horae u perfectly safe. (Pig. 81.)

*

Moreow, if the grouud-wira be let project above the fence, ending in a aharp

Pio. 28.—Metallic roof frounded, and with
•^•»«l,»«tf»»c rtdte. No stroke ca^ be
produced. OrdlD-ry lightning rod point,wnld be as effective, and probably more dur-

FJa. M.-^Llfhtnlng strikes a fence andJun^ t^gap to earth.

hiJ T.'^
•'""^ standing by the fence.however, forms an easier path, and thehorse 18 struck. Note flash fro^ f "nVp tohorse 8 nose.

Fio 31.—If, however, the fence wires are
grounded, the flash follows the ground wire
and the horse Is safe.

«hnvf?kT^° 5'.^'"^ ^^"*^' '*'°"''^ ^ grounded, and the ground-wire proiectedabove the fence if the stock is to be protected in the best possible wnv
^ ^

It 18 hard to conceive how any person could follow these experiments an'

of rods on these I ttle toys we can either carry off a stroke without dama-^e or wecan prevent a stroke altogether. Henno. if in roddin. our buildings we ob^rve the



u* U«t M h«vf Uwii ub!)«rved in thew experiineiiU tli« buildiagit moat be Uigaijr

piotootid.

But, jrou Miy, iu u rani Utuudentturiii the ciuuds aud v«rth trv much Urgtr,
compared with the real buildmgo, than the uluud aud earth iu thia •xptriiiMOt, And
the •iwtric charge ia infinitely greater than that produced by tbia amall "^hint
Quite to, but the real cloud and earth are 80,000 times aa far apart aa the doad
and Mrth of thia machine, and thia great diatance requirea the antii* lightning

charge to break through the atmoaphere. Hence, anything that would ralieTe the

electric preaaure juat a little bit would prevent a flash. Lightning roda miut relieve

the preaaure if lightning is produced by electricity. Conaequently, we expect that

real lightning roda in a real atorm would proter-t the buildings juat aa well aa theae

little ones do in theae experiments.

Why Stuokkh Somktuiks Occuu in Spite of Rods.

Bat, one is disposed to ask, if rods in many cases prevent strokes, why not in

all? In the foreguing c\|)erin)ents the rloud and earth have in all eases been

Fio. 32.—But -If the upper end of theground wire projects above the fence in a

point, no flash occurs, which is even better.

c'jarged gradually, ami when so charged tia.shes between them can be prevented,

'fowever, the machine can be modified to unload its entire positive and negative

• barges to the cloud- and earth-plates in po'*sil)ly one-thousandth or one-millionth

nart of a second. When this occurs the points cannot let the charge leak off fast

enough and consequently a flash follows. This shows that it is possible for a rodded

building in a real thunderstorm to be struck. Generally, real thunderclouds become

charged gradually and lightning strokes can be prevented, but in rare cases a cloud

receives an immen.«c charge in a very ,«niall fraction of a second. This is some-

times brought about in the following way: Two clouds lie near each other. The
buildings under the first are rodded. but not under the second. A flash occurs

*^otween the second and the ground, followed by a flash between the first cloud and

tne ..econd. This impulsive rusi ' the pressure in the first cloud so suddenly

t the leakage does not neutra charge as fast as the difference in pressure

-Teases, hence a flash occurs. bu„ that flash is probably much weaker than if the

ods had not been there, and in most cases of this kind the rods will conduct the

current to the ground without damage.
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Thi Cavkb or TROirDniTOBiM.

AtnuMpbtric electricity luu been the subject of coiisiderablu itudy. In ctrlier

(Uyi friction of the air againit the earth and ubjecti on it, and alto evaporation,

h«Te been mentioned »« pusiible caaies of atniotpheric electrification, ^'Ut during

the laat few year* another explanation has Inscn advanced. It has been proven that

the earth is always negatively charged, and that the air in a conductor, although a

poor one, to be sure. Since a charge cannot reside within a coiuiuctor it follows

that the charge on the surface of the earth must tie tranMfcrre<l mure or less quickly

to the outside of the conducting atmosphere. Within the laxt four or five years

the rate at which the earth loses its charge to the air has been measuretl by Dr. 0. C.

Simpson, of Simla, India, and althuugh the rate of loss is small per square foot

r- per square yard, yet when the entire surface of the glolic is considered it amounts

to a constant current of more than 1,000 amperes I Despite this continual loss,

the earth's charge is maintained at a unifonn potential, consequently it follows

that the earth must be reoeiviog an amount of negative electricity equal to that

loet. The idea at once occurs that the rain brings back the required negative charge.

However, careful measurements, at half-a-dozen (lifTerent places distributed over

three continents, show that in all kinds of rain more positive than negative elec-

tricity is brought to the earth! This leaves the source of reiiewal of the earth's

charge still unknown, and, moreover, oflfers no explanation of the existence of

positive charges in the air, so that the difficulty surroundin^' the problem of nt no-

spheric electricity has been increased rather than diminished.

We do know, however, that under certain conditions, when water vapour high

up in the atmospljere condenses into minute drops these liecome charged with elec-

tricity. When one of these drops is formed from several smaller ones there is

less surface for the electricity to be spread over, and lonsequently it liecomes more

dense. Thus it happens, that in the cloud there are drops of various sizes, some

of which are more strongly charged than others. The weak charges appear nega-

tive to the stronger, and consequently the electricity has the effect of attracting

the drops together more rapidly than they otherwise would unite. This accounts

for the very sudden development of thunderstorms. When the condensation has

gone on sufficiently the cloud becomes one great conductor, and the electricity leaves

the surface of the drops and collects on the outside of the cloud. This produces

another increase in intensity of the charge. Then, again, the cloud acts as one

plate of a condenser, the earth as the other, and with the air between they actually

form a great condenser similar in principle to the little plate condenser shown in

Figure 13. Thus it is that such immense charges of electricity are produced in the

cloud. As the positive gathers together in the cloud, the negative in the earth

collects directly baneath. and the attraction of these unlike charges draws the cloud

downward, so that all things are favourable to a violent flash once the electric

pressure or attraction between the cloud and earth is sufficiently high to make the

electricity jump the decreasing space between them.

Natuhe of Liohtnino Discharge.

But the lightning discharge is not a single rush in one direction. A steel

spring or a violin string drawn aside and let go will fly away past the centre, then

back, and continue to oscillate a large number of times, the oscillations gradually

dying out as the energy is dissipated. That is just what happens in the lightning

stroke. When the current breaks through, the discharging process goe8_too^r^
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tb* eb« ,"ei on the tloud and earth iKhoiiiiHjr reverinMl. an.l theiie in turn discharge,
«nd tl I reveriing and rciliwharxing ia repoeteil over and over again, probably a
million time* a wnond, until the energy of the itrolic ii* t-xlwusted. The atupendoiii
frequency of the ouillationn malcet the ourront travel alnio«t entirclv in the rarface
layera of any conductor it may follow.

Lat ua now atuily the conditiona on the earth during a flanh. I.ook at the
frontiapiece. page 'i. Imineiliately vou aay, " 1 never «aw the flaah dfirpad out
like that either on the cartii or in tin- cloud." Quite mo. But if wc return to our
electrical nachine. and on the earth plate net a flat tin di»h containinft nioii»t earth,
then wet (ne of our tov barim, net it on the earth in the tra.v and tuni the raaohine.
we see at every npark innumerable raniifl<atinnj' «»f the HahIi spreading out over the
earth! >Vhen the pre«Nure breaks thnugh between the «loml and wet barn, the
charge from all parts of the earth-plate is in (tuoii a hnrry to make its way up to

meet that from the clon<l that it doesn't take time to follow all the irregularities
Off the earth's surface, but jumps through the air from point to point, causing
sparks everywhere it does so, and the current reverses a few hundred thousand
times during one flash.

Thus we get the idea that when a stroke occurs the earth for hundreds of feet

around the oltject struck is in a liiv:lil> clcitrififd state ami the electrification

changea from positive to negative many times during the flash. Hence there is

an alternating current to and from the object struck. This takes the path of least

obstruction, following conductors with least resistance and self-induction, and
often flashing or sparking from one to others luar at hand. That's probably what
killed the cattle—the current jumi)ed the spme between them and the fence, and
the shock killed them. The death of the pigs is not so easily explained, as apparently
they were not close to any other conductor—and this is not an imaginary case. The
cut is from a drawing of Mr. West Dodd's. based on an instance that came under
his notice, where pi>;8 were killed in an opci. yard, although the stroke occured to

the bam some distance away.

In an actual flash of lightning we do n i see its ramifications on the earth
and cloud, but from our experime'^t witi. the toy barn and tray of earth we know
beyond iHradvcnturc of a doubt that during the fiash there are currents from all

directions to the earth focus, and by analogy we know the same must be true
in the cloud. Did not the fiash so blind its observer for the instant, sparks between
conductors on the earth 'J^ould readi'.y be detected. So the earth- and (loud-rami-
fications in the frontispiece represent not streaks of lidit but alternating currents
of electricity and the lines of force which produce tliosc currents.

m
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Why Newly Fili.kd B^rvs Skem More Likely to be Sthcck.

In this connection we should like to deal with a phase of the subject about
which there seems to be more or less misconception, viz., the claim that bams
hewly filled with hay or grain are more frequently strack and burned than any
other class or condition of building'. Whether such bams are more often strack

remains to be proven, but there is perhaps littl* doubt that if strack they are more
frequently burned than if empty. Most of us have no doubt heard the old explana-

tion "^hich rans something as follows: After the grain is stored in the barn it

" sweats " and gives off vapour to the air, and this moisture ascending in a column
above the bam forms the easiest path for the lightning flash, for moist air is a
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given off, which being interpreted must mean cither vapour or carbon dioxide, for

I

chemists state that there in no chemical action and chemically no gases are given
'

off; while bactariologiatB aay that some carbon dioxide may be given off in caae

the hay or grain heat somewhat, which they do unless comparatively dry, but no
1 other gas could be. Now carbon dioxide being heavier than air at the same

temperature could not rise more than a few inches above the mow—just

enough to allow it to become oool. Hence the explanation depends upon the water
vapour. What has always puzzled us is to know how the vapour could escape from
the bam fast enough to form a column, even in calm weather, much less if some
wind is blowing. Besides, when a thunderstorm is approaching the atmosphere
is usually so humid as to be oppressive, and air escaping from the barn would
probably be drier than that outside. This would be particularly true when the
rain begins to fall, for then the outside air is saturated, and hence any that
miglit escape from the barn would tend to make that above drier than else-

where. In view of these considerations we cannot see any possibility of the vapour
in the barn or from the barn having any effect whatever in causing lightning
strokes. But we have always hesitated to attack the theory because we had noth-
injr to offer in its stead, except that hay and grain with their light leaves and chafT
are easily ignited, and as they touch the barn in thousand'- of places, even a small
.<park anywhere in the building is almost sure to fire it. This, however, would
not account for strokes on these barns being more frequent than on empty ones, if
such be the case.

Perhaps the greater inflammability due to the presence of the hay and grain
is sufficient explanation. We have seen on page 23, that when a lightning dis-
charge occurs there are surgings of electricity on the conductors in that vicinity,
which doubtless produce many tiny sparks, any of which occurring in the bam
would ignite the dry leaves of the plants. Sometimes in cases of this kind it i»
said " the barn just seemed to take fire all over "—doubtless a case of many sparka
each setting its own little fire. There may sometimes be another cause aggravating
the danger, viz., that owing to the heating process in the mow the grain may be
nearly hot enough to take fire itself, in which condition it is more easilv ignited
by a spark.

How TO Rod a Bdildino.

Let us now enquire: " When is a building properly rodded?" The first prob-
lem is. what kind of rod shall we use?

1. Kind of Rod.—Until recently iron and copper were the only two metals
thought of in connection with lightning rods. Now aluminum also hccoines a com-
petitor, as there are rods of this material on the market. For a long time copper was
considered the only metal for this purpose, the reason being that it conducts a
steady current of electricity more than six times as well as iron, the size of wire
being the same in both cases. But this difference may be overcome bv using iron
wire six times as large in cross-section as the copper. This, however, makes too
heavy a cable. But the conductivity of .4eel is only about seventy per cent as great,
as that of iron, so that steel rods would have to be considerably heavier than"iron
to have the same conducting value. As standard copper rods weigh at least three
ounces to the foot, the iron cable would have to weigh more than one pound and
steel rods almost a pound and three-quarters to the foot to be as good conductors of
steady current as the copper rods in general use. Hence it is not practicable to
make iron or steel rods that will be as good conductors of steady current as the
copper rods.
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Self-Induction.

There is another phase of this problem, however. Between the years 1«S8 anJ

1892 Sir Oliver Lodge carried on an investigation of the phenomena of lightning,

by means of laboratory experiments, and to his surprise, as well as that of many

scientists and of the whole lightning rod fraternity, he found that an iron wire will

carry off a sudden rush of electricity better than a copper wire of the same size!

Every sudden discharge or current of electricity induces an opposite current along

the same path. This is known as "self-induction." When the current ceasea,

self-induction again takes place, this time opposing the drop in current just as it

formerly opposed the rise. Thus with an alternating circuit the self-induction

is high, and increases with the frequency, becoming enormous in the lightning

discharge, which oscillates about a million times per second. When a flash occurs

the resistance of the rod may frequently be insignificant compared witJi that offered

by self-induction. A steady current has no self-induction. While iron has greater

resistance to the steady current than copper, yet the self-induction of the iron is

less than that of copper in case of an electric spark or a flash of lightning. Basing

his judgment on this and related facts. Lodge stated that, in his opinion, the day

of copper lightning rods was done, although he added as a rider that in cities

and towns where coal is burned he thought the iron rods would not prove durable,

owing to the action of the fumes upon the zinc coating of the galvanized wire. We

are inclined to think that even in the country the question of durability is an

important one. Galvanizing is sometimes poorly done, and even if well done

<H)rro8ion takes place wherever the rods are cut or scratched. The same does not

apply to a copper wire.

Rut it seems to us that in this judgment Lodge paid attention almost entirely

to one duty of the lightning rod, namely, to carry off the flash in case the building

is struck, for in one place he says: " I have at present no great faith in the effective

discharging power of a few points." By the data given at the commencement of

this bulletin we have seen that lightning rods have another and a greater duty to

perform, namely, the preventing of strokes from occurring. To prevent a stroke

there must be a gradual flow of electricity along the rod to the point and into the

air, or vice versa. As a matter of fact, it in easy to demonstrate that there is a steady

flow along the wire when the points on the toy buildings prevent sparks. The same

must be true in the real thunderstorm. Now, for steady current, copper rods have

a higher conducting power than iron ones, hence, for preventing strokes copper

rods are the better, while for carrying off strokes iron ones are the better. But

copper rods are made heavy enough to carry the " impulsive rush " and iron ones con-

ductive enough to carry the steady current, hence, durability is the criterion, and

in this copper is indisputably superior to iron.

In Michigan the Protected Mutual will not accept a risk on a building equipped

with iron rods, and the weight of copper rod on all of their buildings is at least

2% ounces per foot. The efficiency of their rods, as already mentioned, is 99.9 per

'cent. The Patrons' Mutual, however, insures in its rodded class, whether the rods

are of iron or copper—and many of their buildings are rodded with iron, and yet in

eleven vears they have had to pay only three lightning claims on rodded buildings,

indicating about the same efficiency as with the Protected Company. So experience

would seem to support what has already been said, viz., that rods of any metal will

give good protection as long as they are in good repair and property installed. So

that the relative value of the rods depends upon their respective durability.
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Combination Bods.

There are rods on the market made of a sheath of copper surrounding iron or
steel centre. All these are even less durable than if made of iron alone, because
of electrolytic action between the two metals and rapid rusting either with' or with-
out this acUon. Different farmers who have had rods of this style on their buildings
and have examined the groundings from time to time have told us that in their
experience with rods having copper sheath and strip of iron or steel in the centre,
sometimes with two steel wires added for strength, the life of the iron has proved
to be from ten to twelve years. On the 3rd of February, 1914, the writer person-
ally inspected one of these rods that had been on a building eight years and found
that m the portion of the cable running along the ridge of the bam the iron strip
and the steel wires were almost completely destroyed by rust, in spite of the fact
that both strip and wires had once been galvanized! Fig. 34 shows the result
better than words.

i

"6c d
Figure 34.—The story of a copper-covered rod.

a. The new rod complete.
b. The new rod torn to pieces. Note the copper sheath, two No lOealvanlzed

r A., T1^ ^''^i "i""^'
*"** ^'°<'»' «trlp Of No. 20 galvanized ifon

c. All that was left of a rod that had been In use eight years The sheath ingood condition, but the steel wires and strfp near^ ail rusted fwSyd. The rust taken from the sample one foot long shown In c.

The portions of the rods running up the gabl. ends were in fair state of
preservation. The ground-rods were frozen in so that their condition could not bedetemmed. One could hardly have anticipated such destruction up on the ridge

shJth w/h- i ^''P'""/*^ '' '"'>• ^^"""'"^ ^''^^ *h« ^*t«' entered the

W^;7 ^^.u T' T^ ^^^'' ^^' ^^'^""^ "'^^ '•'^^'^ ^«™™« heated, and mois-

1?1 a^rflT T^'""'^ f"'*"'' ™°«* ™P^"^ ™«*'"^' ^ phenomenon with which

Jiv« anv
" •

.
'"":? ^''' ^^^"^ ^'^^* y^"« ^^' '™" '" those rods ceased tohave any value, so far as that portion along the ridge was concerned. And it wouldseem impossible that the in,n in the ground-connections, subject to pe^taalWtare, could have escaped the effects of rust

- ^' j^ «~ *uui.-

nepoirta^'oSTJ.'^ T*' **T,*^"''
°^ *^" ^"^ °^ '<^ have been used. WhatrC^ of It has become defective we have no means of knowing. Of coanlto long as the copper sheath ren.,in, intant fh,n, j, w^.l». wL,. .."^
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function of the iron is to add strength to the rod, its conducting power being but

small as compared with that of the sheath.

Aluminum.

Aluminum is about half as good a conductor as copper, the size of wire being

the same in the two cases. But if aluminum wire is twice as large in cros-s-section

as the copper, then their conducting power is equal. Aluminum, so far as we can

see, should prove just as durable as copper, although we must remember that it is

a peculiar metal, and experience may bring out some practical weaknesses that as

yet may not have developed.

So many questions are asked regard! n<r the resistance of iron, copper and

aluminum that it is thought wise to give a few comparisons. Figure 35 shows

samples of six copper rods on the market in Ontario. In Figure 36 the two long

samples, Nos. 7 and 8, are of iron, and the short ones, Nos. 9 and 10, of aluminum.

These ten rods are compared in table below:

COMPAKISON OF SOHK CABLES.

Rod No.

Copper
1

Construction.

Weisrht
per Foot

Ounces

Sheath of No. 30 copper,
2^4" wide, wrapped
and twisted and lock-

ed around strip of

No. 21 copper, .45"

wide, and two No. 16
copper wires

28 No. 17 copper wires
and a strip of No. 20
copper, %" wide,

29 No. 17 copper wires.

Same as No. 1, but
sheath not locked,

strip being No. 22

and .60" wide

Iron

Alnmin'm
9

31 No. 17 copper wires,
woven in a flat ribbon

7 No. 9 copper wires
1 No. 2 copper wire .

%" copper tube, No. 22

gauge, used as up
rights

10

12 No. 9 steel

(home-made) .

wires

6 No. 7 find 1 No. 9 steel

wires

19 No. 8 alnminum wires

7 No. 6 aluminum wires.

3.2&S

3.250

2.65"

3.28"

3.065

4.637
2.869

2.500

5.800

4.620

4.504

2.037

Actual
area of Resis-
cross- tance per

section of 1000 feet,

metal.
Inches. Sq. Inch. Ohms. '

Diameter
of cable.

Heat that one foot

of the rod will

stand before
melting.

Melting
Point.

Calories.!

.55

.40

.0566

.0460

.1348

.1659

.35

.258

.625

.45

.35

.66

.50

.0491

.0714

.0471

.1225

.1552

.1071

.1620

.4954

9397 2012P

7631

.0916
I

.6624

.2445
i

.0542

.1443 .0962

8152

12,880

7199

24.389

18,985

16,818

7606

2840»F

1167' F
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m-v^? ^r *' ^! ^°^«« fit^^n' io i«t on the 3-ouiice limit for copper, and wemy take its rwistance and heat capacity as the standard requiremSte in thJIJ

LZ^ifT i ?* ^T"^^ ^'^'''^ "'™°«t 'd«°«<=«l in weight No 6 has

2^dii', "? the standard amount of copper and is unquestionabfy the bit of the« copper rods. Its resistance is lowest, meaning it is the best conduX It^heat capacity IS highest, its durability greatest. However, judging by data athand .t 18 probably a needless expense to use such a heavy cable
^

K«f I •
*^**.*/*«^ (•™°) "-ods "e both much heavier ttum the standard conner

onwS>;tTfanTlT '
'"V"' .'

'"^ *'"^^« '' ^-*' showing^'l^'thTyT;only about 1-3 and 1-4 as good conductors respectively of steady current as thestandard. In heat capacity they, of course, head the list

d«.w% r?*""
™'^' *'*"" *^" ^°^"'* resistance, that is, they are the best con-

ttZ.^ Ti^ '""'"*• ^^' ^"^' *'""•""'» h-^^ about twice the heat capaX
fotol^ -T"'.'^

*^''* *^'^ ^«*''«' '''« N°- «' «««™« needlessly large No10, however, .s ju.t a shade small, being rather low in heat capacity. So ffr as we

mi

A!

1

» 2 3 4 5 6
F^. 36.-S1X different makes of copper rod. For propertie. see TabU

are aware, no specifications have heretofore hpon l«i<i a,. x xi.

of alummum is onlv 1 157 Hp^rAoc v ™i.,i iu i. * .

meiiuig point
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In this comparison no attention has been paid to "surface," although much
•tettf haa from time to time been laid upon tliis l»y makers of varioua ^rpea of loda.
Sir Oliver Lodge's experiments, which show that a thin broad strip hat leas self-

indnction than a wire of the same material and weight have been taken as an indica-
tion that we should have great surface of conductor, and durability and con-
venience of installation have sometimes been sacrificed to surface. We should not
forget that when it came to the practical side of the question Lodge recommended
the more nigged types of conductor, such as solid rod or strong cable, in explanation
whereof he said

:
" It is because I doubt whether decently substantial conductors

are in any real danger from heat that I have asserted the advaiitage of greater sur-
face to be but small." Consequently shape of rod is immaterial, so far as eflBciency

is concerned, and a tape or other form designed for great surface has by reason
thereof no practical pre-eminence over other shapes of rod.

Side Flashbs.

Sometimes part of a lightning-charge will side-flash from the rod, jumping
several feat of air gap in doing so. Why? The total obstruction to the current

W''
' "- "':-.-^

k

'J

.'

y'f •

•^'\

*

,

:'''"•.'

t'j ,-..'
'

..-,, J -„"
"^

'i''

7 8 » 10

Fig. 36.—Two Iron rods (long) and two aluminum rods (short).

is made up of two parts, the resistance of the wire, and the self-induction. The
more suddenly the current comes on and the higher the frequency of alternation
the greater the self-induction, and this is the larger factor when a stroke occurs.
The self-induction of a short air circuit is sometimes less than that of a long
metallic circuit, hence the side-flash in such cases.

Groundings.

Qround Con- tions.—For an ordinary building, not an L or T, at least two
groundings should be made, prefertbly at corners diagonally opposite, though thi?

may be modified to meet conditions, e.g., to run near conductor pipe from eave-
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trough and which thould be connected to the cable as indicated later. Another

factor that may aometiines influence the selection of the ground-rod locations is

the presence of manure and the liquid from it. The ammonia in the manure will

attack the copper rods, and in a few years eat them off. The heat of the decaying

manoie will hasten rusting of the iron rods. Consequently ground-rods should

be located where there is no manuie.

Some rodding companies in Michigan use a length of half-inch gas piping to

protect their ground-rods. This pipe is first closed at one end by welding and then

sharpened, after which it is driven in the earth point downward until the top is

I

Fio. 37.—The drill (in left hand) used in

making groundings.

within a foot or so of the earth's surfaoe. 'I'lie cable i> then shoved down in.*ide

the gas pipe till it reaches the bottom, and the pipe then flattened at the top till

it presses firmly on the cable. The Patrons" ilutual of that State prefers that the

groundings be thus protected before they accept the risk in their rodded class, and
as already stated they have paid in eleven years only three lightning claims on

rodded buildings. The Protected Mutual, on the other hand, will not accept a

risk at all if they discover that the gas-pipe protection is used. They make two

objections against it, one that the pipe acts somewhat as a choke-coil, the other
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th«t the cable is frequently eateu oil at the top of the pipe by the electric current
patting from the cable to the pipe, thereby putting the system out of order. Utca-
aionally, however, their inspector oserlooks a gas-pipe grounding and accepts a
ntk on a building so rodded. Since the 1912 report of the Protected Mutual they
have lost their first rodded building by lightning, and curiously enough it was one
with the gas-pxpe groundings. On exaiiuiiuiio-. it was found that the cable was
nearly disconnected, only two or three of the tin" copper wires remaining intact.
Whether the injury wa» done in closing the gas -pipe too tightly on the cable or
by the current eating the wires off was not dettrniined. It would seem that a-
yet tins method of making groundings is open to some question and it would
appear wiser to locate the ground-rods where there is no manure, then there is no
need for the gas-pipe.

A simple way to make a ground-connection is illustrated in figures 37, 38 and
39 In figure 37 note tl.e drill 10 feet long. It is a piece of half-inch iron rod,
with point swedged to make it about five-eights or three-quarters of an inch

f 4

Fio. 38.—Drill down 10 feet. Fio. 39.—Ground rod down 10 feet.

in diameter. An eye for a hand-hold is formed on the upper end of drill. A hole
lar<re enough for a pail of water is dug in the ground. The hole is filled with
water, and the drill is placed in the centre of the hole and gradually worked down-
ward. More water may be poured in if required. When the drill is down full
depth (see Figure 38) it is withdrawn and the cable carefully slipped down into
the hole (see Figure 39). The grounding shown in these figures was mode while
rodding a silo, and took probably twenty minutes after the hole was dug.

It is sometimes advised to dig a large, deep hole and Imry a ground-piato to
which the ground-rods arc attached. This does not appear to be necessary in
general farm conditions. In Michigan where the efficiency is ii9.[t per cent, the
ground-connections are made in a manner similar to that just described and shown
in the photographs. If efficiency without ground-plates is t)!).9 per cent, there seems
to be no urgent need for them. Where the rock is near the surface and the soil

becomes dry to the bottom during the summer a ground-plate would l)e of some
value, especially if imbedded in coke, for coke, besides being a conductor, holds
moisture well, but better results would probably be secured by sinking the ground-
rod into a well or a good crevice in the rock, or a stream of water if one should be
near. Sometimes in shallow soil a large flat stone is laid over the ground-rod " to

'I



hold the moisture." There it doabtleee tome virtue in thie, though the ground-pUte
and other methods are better.

Oq an L- or T-ehaped building there should be at least three groundings. Two
of the damages suffsred by the Protected Mutual happened in the following man'
ner: Both buildings were T-shaped. There was a ground-rod at each end of
the main part, and from the main system a cable ran along th« ridge of the other
wing and a point was placed about five feet from the end, but the cable wu not
continued further, there was no ground-rod for this part of the system. Later a
telephone line was run into the houw, entering near this stub end. The lightning
flash struck the point on this wing, and divided, part following the cable and
part jumping to the telephone line. If there had been another ground-connection
for this portion of the system probably no damage would have occurred.

All ground-rods should go deep enouj^ to be in perpetual moisture. In Michi-
gan where rods are subject to insurance inspection it is insisted that ground-rods
must go at least eight feet in the earth, and many are sunk ten feet

iMPOBTANoa or Pbopbb Oboundino.

Here let a note of warning be sounded to everyone who is having his bnildingi
rodded: Be present and see the ground-rods put down. Know for yourself that
the rods are actually down eight feet or more. Do not take anybody's say-so on
this point. Lightning-rod men, as a class, are as honest as any other class of the
community, but an odd one is unscrupulous and will " scamp " the job if possible.
We have a record of a case where the rodding agent instead of putting the cable
eight feet straight down in the earth coiled it up and buried it in a small hole in
dry earth, and the barn was burned by lightning the very day it was rodded. Noth-
ing could be more dangerous. When electric power companies want to prevent the
lightning charge from coming in on the line wires and damaging their machinery
they make a " choke "-coil of several turns of the wire just inside the station and
beside the line put a ground-wire separated from the line by a short air-gap. When
the lightning charge follows the line to the station the " choke "-coil makes it so
difficult for the sudden current to pass that it jumps the air-gap to the ground-wire
in preference and thus escapes to the earth. Now the coil at the foot of the light-
ning rod acts just in the same way. It chokes the current back and makes it take
some other path, down through the building, probably firing the building on the way
In a coil self-induction is very high, hence the choking effect.

Consequently, let us say again, look well to the groundings. They are prob-
ably the most vital part of the system. See the ground-rods put in.

3. Systems.—The cable beginning at one ground-rod should extend up the
corner, make a gradual turn at the eaves, go up the edge of the roof to the peak
along the peak to the other end, down the edge of the roof to the eave, and down
the corner to the other ground. All turns should be rounded rather than angular.

All the cables on a building should be connected in one system. Sometimes it
is found that on an L-, T- or U-shaped building, for instance, the rods on the
one part are not connected with those on the other. Numerous instances are
reported where damage has occurred between these two systems, the lightning
striking the one system and part of the current jumping across to the other. Con-
sequently, divided systems should be scrupulously avoided. When a cupola is
encountered the cable should go an i rather than over it, the point on the rapolabemg connected to the cable below.

^
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Am the cablet nrut the ground are often lubject to injury by stock, implements,
etc., they should be protected by wooden strips fastened together in suiUble form
and nailed over the cable from the ground up to a height of six or eight feet.

No Ikbulatobs to Be Usbo.

4. Attachm$nt.—Inaulator$ ghould not be used. The rode should be in metal-
lie connection with the building. This method of attachment is in direct oppo-
sition to that practised when lightning rods were first used. It was then considered
desirable to insulate the rods from the building by glass or earthenware insulators.
As a thundetstorm approaches the entire outer surface of the building is charged
with electricity, and by having the rods in metallic connection with the building
the charge is conducted to the rods and thence to the points where it leaks off and
neutralizes the opposite charge existing in the cloud.

Several methods are used for fastening the cable to the building. Some com-
panies uw copper nails, which are driven right through the cable. Others use
staples, others clips which hold the cable tight to the building, and some use a
clip which holds the cable out about an inch from the building, the claim for the
last method being that with the rod standing out chaff, straw, and the like would
not 80 readily collect between the rod and building, and thus a danger of fire is
avoided in case strokes occur. At first the writer rather thought this point well
taken, but after finding an efficiency of 999 cases out of 1,000 in Michigan where
the rods were practically all fastened close to the building, and the three small
damages that did occur all being due to other causes, we concluded that it would be
rather difficult to secure any higher efficiency. While we say this, we see no par-
ticular objection to having the rods stand out from the building, unless it might be
that the rod is more exposed and thus more subject to injury.

Points Twenty to Thtbty Feet Apart.

6. Points.—M intervals alonp the cable on the ridge there should be placed
uprights with points that will not corrode. These uprights should be firmly fas-
tened to the cable. There is no absolute law as to the distance apart at which these
points should be placed, but a rule frequently used as an approximate jjuide is that
the distance between them shall not be greater than twice the combined height of
the two uprights. By this rule if the points were five feet in height they would be
placed about twenty feet apart. There is, however, a tendency among practical
lightning-rod men to use shorter and shorter uprights, some as short as 26 inches,
but with these short uprights the points are still placed twenty to thirty feet apart.
Copper tubes of suitable size and weighing the same per foot as the rods make the
best uprights. They are supported by standards in the form of tripods, thus being
strongly braced.

The experiments with the little electrical machine have shown us that the flash

selects angles and prominences, and we know that lightning shows the same pref-
erence in this respect. Consequently points should be placed near each end of the
ridge, on or beside chimneys, and on cupolas and dormers. Those on or beside
chimneys or cupolas should project above them at least eighteen inches.

On the uprights ornaments of one kind or another, such as bright balls and
weather vanes are frequently placed. Scientifically and according to at least three
raanufacturers of rods in Ontario, the former are of no use in telling whether the
building has been struck by lightning, as is sometimes stated by agents. The vanes

!
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aw a weakneu if they rotate ou the upright, for in conitantly oscilltting with th«
wind they in time wenr the uprighU until they bend and •ometimes even break
off at the vane. Both bttlln and vane« add t». tliu apjHiaranie, but the latter had
better be dispenwd with, unless they rotate on a stationary collar. When atrong
tube* are r»ed as uprights there in no serious objection to the balU, for they are
not likely to catch enough wind to do any damage.

Mbtallic Bodies Should Be Connected in the System

6. Metallic Paris of >'/rMt7i/ri;. ~Li^'litiiinj(-ro<l tonipanies here differ consid-
erably in practice. Some connect all metallic portions of the structure to the
rods, others do not. The former is undoubtedly the better practice. If the metal
body is a long one. like a steel track, roof-gutter, or cave-trough and conductor pipe,
both ends of it should be connected to the rods, or one end to the rod and the other
grounded. Where buildings arc already rodded. hut the rod runs straight from
the peak to the ground, leaving the eave-troughs and conductor pipes unconnected
and ungrounded, this could easily te remedied bv connecting one end to the cable
and grounding the other end by a new ground-rod.

Telephones should always be protected by "lightning arresters." This we
believe is always looked after by the telephone companies.

Some Cases op Defective Roddino.

li

In this relation we wish to refer to an occurrence that took place in the town-
ship of Adelaide, County of Middlesex, during tlic past summer. Two barns belong-
ing to Mr. Harold Currie were burned on June 6th. 191.3. It was reported to us
that they were rodded. We wrote to Mr. Currie at once. Here is hi. answer:

h„JIJ?.'"?..!'*^."*"'* ?^*^ }° ''*°*'' *""! 'n ™P'y w«8h to say that my two bama wereburned by lightning on the night of June 6th, 1913. They were rodded and th«^«H« -!«
ex^f^The" rod *?«:,'

V°
i'"^

^^'«- ^" '*'*• «>« '"^^torTliiSJa!!^^
w^nof. hrJv I ff i.1®

^^^; *"* pronounced it in good condition and towi

Ihi^nnfhw^^ '" ^"^ '"^i- *i"^
'° P«««»"« a Window saw what looked Hkel' UnterT^n



Our reply to this letter wan in part a> fulluwK

;

"W« are In receipt of yours of Auguat 26th re the rode on your bnmt thnt were
burned. We note that only one Imm wai struck, and the second caught from the flnC
Judging from your lettur the rod ran down the gable from the peak at the north en4,
and not from the eares. Is this correct? We also conclude that the cable ran along the
peak of the bam, and that there were three uprlghU from this caUe. Is this correett
Or having a metal roof, was any cablr uMi'd except at the ground-rodT

" Did you examine the poinu or were they destroyed? Were any ot them tusedt We
should be glad to have sample of the rods, also one of the points, a fused one If any
were fused.

" We note that the rods were In good condlUon, but the system of roddlng Is Tsry
defective indeed. In the flrst place, there should havt been at least two groond-fOda.
In the second place, with a meUI roof, the cable mntt leave the roof at the earea, because
in a metal roof resistance and selMnductlon are both so small that the obatructloa
offered by the roof, and the air-gap at the corners may be less than that of a long cable
from th9 peak, especially If air-gap Is short on account of oondnctor>plpe, and, thirdly, one
of the ground-rods should have been at the south-west comer, so that the omdnctorplpe
could have been connected tu the rod. If the one ground-rod that was In bad been at
the south-west corner, and the conductor-pipe connected, as suggested, we are satisfled
that your barn would have been saved.

" We are not aure that you are right in concluding that the rods wwe not toaehed.
We know that whenever electricity has two nearly equal paths open to It, part goea one
path and part the other. Probably part of the charge went down the rod and pwt down
the conductor-pipe. It would appear thai the bolt must have been a rery Tiolent one."

" The writer has Just come back from Iowa and Michigan, where he has been invea*
tigating the subject of protection against lightning, and without going Into detail, wa
are going to give you one or two facts learned on the trip. In the State ot Michigan
there are two mutual companies which insure buildings all over the Stata. One Inaoraa
only rodded buildings, we shall call it the Protected Company. The other Insures l>otb

rodded and unrodded, we shall call it the Unprotected Company, but It keeps Ita rodded
buildings In a separate class, and this class is assessed for its own losses. Both these
companies are very particular in having the buildings rodded properly. Neither one of
them would have accepted your building in their rodded class, considering the roddlng
defective in the respects pointed out above."

Here is another illu.«tration that !*hows the in^etl of connecting metallic Iwdies

to the rods: A barn wa.s rodded, the cable passed down the end to the ground.

Inside at a distance of alxnit three or four feet was the end of a water-pipe. Under
the water-pipe stood a cow. A bolt of linrhtninsr struck the rod and the cow was

killed. Now what happened wa.« probaldy this: Part of the charge side-flashed

itiroiiLrli tlio wall to tlic water-pipe, and from that to the cow.

The second daniajre suffered by the Protected Mutxial is described by the Secre-

tary in the followin? words: " The other damage in 1912 was on account of a large

salvanized storage tank in the attic of the house, only a few feet below the rod,

which ran along the ridge of the building. This tank was thoroughly grounded

with gas-pipe, so that the lightninir split and part of it followed the rafter down

and jumped across to the tank. Tlad the tank been cnnnecteil with the rod. we are

-satisfied this damage would not have occurred."

In nearly all ca.ee.s where damage is done to rodded buildings it is found that

the current has jumped an air-gap. The obvious remedy is to avoid possible air-

-^ans. If the end of that water-pipe had tioen connected to the cable outside the

ham and the other end connected to the other " ground " the cow above referred to

would doubtless have been perfectly safe.

On page 35 attention was drawn to the great importance of having the

groundings? properly made. The connecting of metallic parts of the structure to

the systems is equally important. After the correspondence with Mr. Currie wo

o' .vcd a large number of barns where the gutters, eave-tronghs and conductor-

Dipes were not connected in the system. We are .satisfied this is one reason why

the efficiencT of rods in Ontario is only 92 to 94.6 per cent., while in Towa it is 98.7

if

f



pnr ctni, and in Michigan, nnder inipection, 99.9 per etnt. In thoM two itetM
th«7 are much ahead of ai in tha art and icianee of rodding buildingi.

MetaUio rooft should be grounded at two comerM at leaet, the eaUa bdag
stapled or aoldered to the metal roof at the eavee, and either poiiita or aharp-adgad
ridge-boardfl ibonld be need. It ia not neceaeary to run the cable ap to and along
the peak. Simply faaten the nprighta to the metal roof at the ridge. The metal roof
of enpolaa shonld be connected to the main roof. Conductor pipes from metallic
roofs should be grounded. Under no circumstances should metal roofs be grounded
from the peak, for if a stroke occurs low down on the roof the current will not
trarel upward to the peak, but will leave the roof at the lowest point.

, ,

,

A windmill on a bam should be ronneoted to the cable, also the bottom end of
the shaft either connected to the cable or separately prronnded to perpetual moisture.

Wire Fikoks.

7. FsncM.—A wire fence is not properly jrrounded, unless in large fields there
is a grounding at least every twenty rods, though closer together is better, and in
bam yards or small yards where rattle are herded, at every comer. Where fences
are connected with a building there should be a grounding at the first post from
the building, and moreover the ground-rod from the building should be connected
with the fence. A fence grounding should consist of a rod or cable equal to three
No. 18 wires or one No. 9 wire stapled over or connected with each lateral wire of
the fence, and extending at least three feet into the ground. If the ground wires
are allowed to project a few inches above the fence, strokes are prevented in the
vicinity just as by the points on a building. The fence groundings should be made
of the same material as the fence wires.

8. Shade Trees.—Where there are a few trees under which stock gather for
shade it would be both wise and feasible to rod the trees. The same principles
apply here as in general roddinp.

M

Conclusion.

From the days of Franklin to the pre.-ent time the value of lightning rods
has been an undetermined quantity, phyucists of course holding that they must be
highly beneficial, the greater mass of the people, however, retaining an open mind
while some accepting the teachings of science rodded their buildings: and still
others counted absurd the idea that rods and points could have any worth in pre-
venting damage to buildings by lightning. Prom time to time practical data have
appeared giving one side of a comparison, but lacking the other—e.g. "A certain
insurance company over a period of years has never paid a dollar of inturance o".
a rodded building damaged by lightning," but they were unable to tell what per-
centage of their risks were rodded, so no definite comparison could be made.

Now, however, the Department of Agriculture is pleased to present the datnherem contained, giving complete comparisons, which prove unmistakably thathghtnmg rods properly installed are almost absolute protection against lightning.

Thew practical results the farmers of Ontario can appreciate better fh«n

me redding of tnrn twldinp in accordmM irith dinctiou ibon liwn.



SUMMARY OP DIRECTIONS POR RODDINO.

The writer hw omitted drtwingi purporting to tiiow how to rod bnildingt.

The proper method c«n only be dcoiiloil after a clone examination of each building

in qnention, for then alone can one iiitvlli)(ently apply the principles already dealt

with.

For convenient reference the directions for proper rodding art repeated without

any of the explanation!.

1. Kind of Ro<l8.

Material—Cop|wr, aluniinum or ^nlvanized iron, preferably the fint

becauM of durability. Aluniinum may prove e<|iially durable.

('oiiil)ination« are not adviMed, because not as durable as single-

metal nnls.

Weight—Copper—At least 3 ouncen per foot.

Aluniinum—At leant 8'/i ounces per foot.

Steel (iron)—At least 4Vl> ouncefc per foot.

Form—Any form that will give durability and convenience of installation.

8. Ground-connections.

Depth—Down to perpetual moisture. At lenst 8 feet deep.

Numl)er—On an oblonp buildinjr. at least two.

On an Tj- or T-sliaped bnilding, nt least three.

On a U-Shaped huildinjr, at least four.

Location—Preferably at up|K)!)ite coruern, though this may be modified

to avoid manure, or to go down near uontluctor-pipe or other metallic

portion uf the structure. If conductor-pipe is ou the side of the

building the "rouud rods should be at the corners as above stated,

the eave-tiuughs to:uiected to it, and then the conductor pipe also

grountlcil.

(round-rods should not be bunched, but should be distributed

as well as possible.

Method—Ii deep soil drill a hole at least eight feet deep and run cable

down.

In shallow soil, attach cable to metallic ground-plate, which is put

down as deep in soil as possible; or run it into a well or a stream or

a creviie in the roik. If none of these are feasible, put cable as deep

as possible and lay large, flat stone over it.

Caution—Be present, and see that ground-connections are properly made.

The rest of the system may be inspcc . d at any time, but the ground-

ings only when they are being put down.

3. Systems.

Run cable from ground up comer to eave, thence to ridge, along ridge

to other end, thence down to eave, thence to other ground, making

a complete circuit.

All cables should be connected in one system.

No stubs or dead ends should be left ungrounded.

Caution—Cables should be protected from ground six or eight feet up by

nailing boards around them.
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i. Attachment.

Fasten cable to bam with nails, staples, clips or metal
Caution—Do not use insulators.

'dispersers."

5. Points.

Number—20 to 3v^ feet apart.

Location—On ridge, first ones not over five feet from end.
On or beside chimneys or cupolas.

On dormers. Also on silos.

Height—Four to five feet, except those on or beside chimneys, cupolas
or similar prominences; these must extend at least eighteen inches
above the highest part.

Form—Strong tubes, of same weight and material as rods.

6, Metallic Portions of Structure.

Boof-gutters—Top connected to rod, and bottom grounded.
Eave-troughs and Conductor-pipes-Free end of eave-troughs connected to

rod, and conductor pipe grounded.
Hay-fork Track—Both ends connected to rod.
Tanks—Connected to rod above, grounded below.
Windmill—Connected to rod above, shaft grounded below.
Metallic Boof—Grounded at two or four comers, not from peak under

any consideration.

Points should be used on the ridge and other prominences.

7. Wire Fences.

In field—A grounding at least every twenty rods.
In yards—At the four comers..

At building—Ground at first post from building.
Weight of Groundings—Equal to three No. 12 or one No 9 wireHow Made—Stapled on posts in contact with all wires of fence, and

extending at least three feet in the ground, and projecting above fence.

8. Shade Trees—Protect where feasible.
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