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) 'I m-ntmuatmn ‘of Circular No. 66 YW, of the Tth ultxmo, the undersic nvd
13 dumtvd to forward im"mf\umatw copy of * instructtons” iseued *W the
]J11(13}1 .“ ar l)Lpartmont l‘f’"dl'(hr“" the aphlication of hnhtnh](r (-C,nductorb fnr the
protection of pow uu nuwazmva dnd other hluldmc» . . L
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{ . - War Department regarding lightning conduetors for protection of powder magazines, :
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INSTRUCTIOVN'S AS TO TIIE APPLICATION . ,

Cen,

_or T
: LIGHTNING CONDUCTORS
. C ‘

PROTECTION OF POWDER - MAGAZINES
AND OTHER BUILDINGS. .

v,

.
1

1. The principles on which buildings should be protected
agaiust lightning are st forth in Appenlices A and B, which papers
were drawn up by the late Sir William Snow Ilarris, F.R.S.
These principles are etill generally Lddd to Le sound, and should be
carefally considered with refevence to any system of lightning eon-
In consequence, however, of the progress of electrical
scicnge, €ome modilications are neceseary in the application of thesa
principles, - - S

9, Ta considering the application of conductors for the protesa
tion of Luildings, it should be undersiond that the terminating plane
of the action of lightning is sometimes Leneath the surface of the
ground; where, from ?he presenco of _n_misture, the earth forms a
good medium for the diffusion of electricity, . C

* 8. Light, dry soil, such asshingle and sand, or even ordinary

vegetable soils when in a dry condition, may, for the present pur-
) poge,_ be regarded in most cases as non-conducting matter resting
upon the electric surface of the earth. .

4, Lightning conductors should therefore invariably be continued
through these intervening substances into soil which is permanently
damp. -

5.
rendered dry by carvelul drainage. . .

6. When large quantities of esplosives are stored in under.
ground magzazines, such as the main raagazine of a fort, they .éhoulsl
be fitted with lightsing conductars on the same principles as
ovdinary magazines above ground. , The same ruls holds gaod ag -
regards underground magazines situated on promingnt points, the .

top of a Lill for example, under which eirbmmstagees like pre~,

Underground magazines are usually in dry soil, or soil

cautions should be taken, : ‘ .

. v
. . .
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i« Smail evpense wagazines under ground need not, as a rule,

.

Le providad witl, Egbtning conductors, i

8 ’(,‘ﬁ-\( mated batteries of modern construction, in which the
Inigazives are distributed theougchout th Lusement story, muet Lo
proviled with lizhtaing conluctors,

0. The arranzements will vary with the plan and extent of the
\\-nrk; lrh't 1t \VZ“ ,‘_;&‘Hcr.l!l_v be C()N\"‘"i(‘"t to }‘a.',e olie or fwo
honzmtdd conductors op the parmpet or terreplein, extendiag feom
crd to end of the Luttery, ntlaciied to vertieal conductors connected
}\‘l!ll ) the (‘ﬂl’(}). 'f‘he ”ilg\s'ﬁﬂ 51)(‘"‘]& bnya a ('On'hl("t(“’, t.urmi““t"
g an ke track, or a point above the truck, acd in lirge
wr“‘.‘.kf" feveral points, projecting 5 feet aboye the top of the
bnikling, must be provided,” Tron verandahs and iron railings form
good conduetors when they nee properly councctod with the earth,

S 100 An dron Lnilding is, of itself, & zood condactor, but when
b 1 “covered with noneeonducting £ubstances, such as asphalte and
conerale, it is neeessary to provide rods or puints projecting above the
isphalte, and in ali ¢ases there must be a preper eonnection with
the earth. Iron shielda in casemated works must he placed in
connection with thy conductors: this may be effvcted through the
iron racers io their rear, or' Ly means of horizonta! bands, extend-
Ing freta pve shicld to ancther, externally. ‘

1. Capper is vecornmendod- by -the Iale Sir Wililam Snow
Harvis aslthe best mutorial for lightning conductors, It PUsResses
great conductivity, is not liable to corrosion, and is very durable,

12, Where, however, conductors are exposed - to mechanical
injury or are liable to Le stolons, and where attendant cireumstances
arc not such as to promoate corrasion, iron may be employed, using
proportionately larger dimensions to provide for its smalloe conw
ductivity, which is enly about 1th that of copper, -

13, Copper lightning conduciors should be of tha followiny ~
dimensions : rode I ineh in diameter, tules § inch in diameter apd
3 inch thick, or bands 17 inches wile and } inch thick,
_ 14 Tron lightning condnetors should be either solid rods 1 igeh
in diameter, or bands 2 inches wide and # inch thick.

. 14 Indceiding upon the metal to be employed in any systo
of Hrhtning econductors, the relative qaalities of the two ,ﬁe}.&m
copper and iron, must he weighed in connection with the circ;rm%
stanees of .each particular case.. Copper possesses bizher condunti-
vity, and is less Lable to injury from corrosion, but it is yery tuch
more expensive, more liable to mechanical injury, and mora likely
to be stolen. Tts fusing tompersture (1094° Fahrenhei!‘) is mach
Jower than that of frou. . ° .

5. The fusing tomperature of iron is 2786° Fahrenheit, 1In

10. e a l
it has a marked advantage over eopper, bub it readily
o when rusted ifs et nu]nl rnsxstn'ntw {ls lchnﬁln:;;]lt
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power may be obtained in iren and coppet for the same cost, tho -
number of eonduetors purchassblé for the same price in the former
sbeing far in excess of those in the Jatrer metal, and in saitable .
positions the more numerous cumfuc,l;ors would, no doulst, provide -
peifeetly cfiicient protection. ! N S .

17, Inapplying lightning conduetars, .the expansion and
contraction of the metal musk be provided for, especially at points
where two lengths of metal are joived together. + + - - o

. o . ~ i to ‘ )

18, This may be done by imtroducing  enitable. bends, at

intervals, in long lines of herizontal conductor.’ ‘ a

19.  TIn vertical lines, .and "in some cases in horizontal lines,
the effuet of expansion and coutraction may be eofliciently provided
against by giving freedom (o slip threugh the bearing collars, - .-

- 20, Soldered or welded joints ‘m;e‘x'a‘ot“;: sheolately ‘neces‘s;ary,
bat they should be emplr,\ycd‘wherg practicable, - L . 00

21, The joints hitherto wsed 'in the' Royal Enaincer Départ.
ment, under the recommendation of the late 8ir William Show .
1arris, shown in Plates Ia., b, ITla. und 1115, attached hercta,

" shoubl- be sdopled for wopper conductors where soldered joints
cgunot be employed. * - 7 ‘ | t

22, Soldered ‘or weldad joints should be emploved in all
positiovhs where the brush or discharge, which might seeur with
nnsoldeved joints, would be lishle'to ignite dust or any inlammalble

substanca. .

£ .
.

e

o ‘
IS

23.. Tron rods may be ‘welded or connpcted by joints, similar -

to those recommended for eopper eonductors, or by screw Junetiops. '

such as are used in {orming the connections of gas-pipes, the end
of the rod inserted 'into the socket being equal in length at least
to its dimaeter, but no white fead, which is ‘a bad eonductor of
clectricity, chould be mide use of in the juints. [Qee l"}n‘e Ve,
IVb, and IVe, attached bLereto @ ' -+ 7 - Do

24, Fhit iron bands, where welding is not considered ad-
visalle, may Le connccled by.rivets or serows woiking in slots.
to allow for expansion and contraction; ecach of the surfaces in.
contact should be of ab least six times the sectional arca of the
band.. oL R

25. Copper bands.shonld be connected by rivets or serews

working in slots, and with similar precautions as to the area of {he
Joints bLetween different metals may be

o

- surfaces in contact.

Leiuz regulated by the dimensious of the matal possessing the least
couducting power. . In all cases of contact lLetween iwo metals,
precantions shonld be taken to prevent access of moistare, which
would induee local gulvanic action with its attendant netallie

dectmposition, Lot :
. - - N Y c . b

[

soldered, screwed, or riveled, the extent of the surfaces in contact

N

P
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e lﬁn i It is not pessille to assign (he Precise Iim;
DT power of conduetors, T French philes
considered thyg they affordeq Protection gve :

war emal to tywien their beirhs . i
usually considered the radiug of t'l'xeir height
This may be sulliciently correct, for all ti
a radius of Protection canpet always be

Wlﬁ:{; B&)g:lu&tors oE.' '?aemsdves have no a(.traqti_on for ligh(uing
the combiati, 30’? (},n Y on aceount of the fucility they afford for
donds o 1 of the opposed slates of the cloctricity of the

Jhds and 6f the eqpth beneath them, Separated by the atmosphere
which J3a bad eondyetor, A lightning conductor, Luildiags, trees,
Or any Qiucqt on th®urface of tho earth, is only to be regarded as
diminishing the resistance due to the uir. When an electrified
cloud is passing over the earth and its potential is Just counteracted
Ly the resistance of the 8ir, a Lody, however smail, which reduces
this resistance, will ecause 8 discharge, . Even a change in the
d 13 -passing ‘may have. this

relied upon,

hatare of the soil over which the clou
cllect, and it is very frequently produced Ly a fail of rain.

28, From this we may' conelude that the angle of g building

which a thunderceloud approaches, may receive the discharge, while

- another Lut more distant aogle is provided with a conductor; and

that for important buildings eontaining explasive materials, every
Preminent elevated part cught

conductor, o

A ]

29, Fora building of uniform height, a solid rod

rising not less than five feot above it, should be pr
end, and at intervals of about 15° yards along jtg
the rod is of iron, its point should he gilt,

80, Small simple buildings, not excecdine 26 foet ‘
may be protected by one vertical conductor nt"'theegndmthie;gg:g
Tsng not less than five feet alhoye the ridge of thg roof’; a hori
zontal conductor should be provided ¢n o -

, puinted and
ovided at each
Iength. When

the ridgc,

- .
B ww*""mw 3 § ' : '!"- '
N Y ——— L I
3 '*-.-w‘

to be provided wiih u]ighmiug o

L 5) X

from 20 feet o 10 feet Io.ng should be
tical conductor in tho centre of its Iength, with

a*Lorizontal conductor on the ridge. o

A Luildinz exceeding 40 fort in lensth should have two,’
thiree conductors,

fect in length,

3 ¥
: i
§ I
. -
*r .
' . $I. A building
: a4 b protected by one ver
. ‘
‘7 IR
: S
e * . N
\)’ ¥ -
: bl
‘ : ¥ .
; *
:
! :
. ’ x .
¥ .
{ :
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‘ : b o2,
' ' and if excceding 100
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23. Larger and m
[P teeted wpon similnr
:, . Co Lercto, -

B -
:

ore complicated buildings should he pro.

principles, as <hown in Plate L, attached
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L Oh A furk, ¢ brud, of threa or frar Ponits inchad of one,

a3 hep WY ' .
' reemmend d f p i, top of a lizhtmng eondaetor; the

Ilr:ll"ti(}g] "o : .

Potnty :m: xh..e, ;.»f thix arrangement (s pot appareny unless the

Puint, (his ‘_‘ laely feparated; Lun fur o siplarmd en o prominent
v Costruction may bo adopted, Al putts of Luildings

Which are f . . N
h \ Mirned ¢loy s -. , A, .- ded
With a lightyin tlevation anid prominence rhonld be Sive

5. o1 s tonductor, . .
dd. it L . . . .
baildige, p o Eoveral lightnivg conductors are used in a sicele

moy Le"é.);t:{.fh"':‘]'l 'T’O connected hotizontally,  Sueh conmetin
Fido covuin%r'"’:d"'y efectel along the ndre or caven., ¥ hen ;‘,"f
be cormecfml’,'::H(‘w:* Satiers are of melal, they shoud ”;‘:‘”{1 1-{
eopper Gri'-"” i l..t'ue F,‘S!":ﬂ. All meta] sucfaces, \\lu-ldur QL.O;"
“‘illdoc\'s Nl"(‘li' L" “_‘A:Z‘-“*. re6i, autters, or coverinze to duois oF;

: ? L be connected with the condudting system.

66: .Th“ rdative CCJ!\:Z-!('livit_)‘ of the ordinary metals used
olows ' 5 given by the Lie Sir Willium Spuw Harris, as

Lead. . Zine. - Copper.
1 2 23 + 2
2 Ty (:(‘nuducﬁng Power, eannoh be nltni,'t“!‘-e!‘

A ) ’ . cuny
gfiniudsd o0, aud this mug |y carefully cunsidered in conpecting
O 1 s, . 3

) tad, nsed ip g Lm!dmg, to the eystem, .

87 . PR . oyl il

Ol Lﬂng ’Lugfhs [¢7} hor}lo“tul ('C'ﬂd"("ﬂl', “.uhou’, l--lth)]f ;"

3 suy Lo o SURBections, most Le gvoilded. Shuud the 2

dh{ch{,a ajmm of ('Ontmuity insuch a conductor without llﬂ;’m"(r

. Gig r of ] . . .t

and pasy (ol f{':“}m}pn""": the current might loave the vonene,
> roearth by the meet favaurstle conrse, and this weu

¢ attendeq wit! : olijec-
: 1 danger,  Sha, ol odi s pre obje
tivaulle, "aﬂft x}}lu P angies fa comduetors are ob) .

Tron.

2 - -
mfi;fﬂ?zggnz:ﬁ_{b (‘.ﬁl.lﬂf'ct}-uhﬂ‘ are most, i{xx;:crtaqz. Ary f.ns}'tm!‘e
Lad earih c’;un;él‘lizxnili:flf 117:;:;:!'«:;’!.!_?'im;\:.nrs eflicieney, nn.dhﬂ':‘::;i

 eonductory ghon] i hmﬁ:f_c«;ﬂ abwvivte dangar,” Ty P
of water, gy fnto (:m 'i".l‘f-’!'.nfca Lle, be lul into SpLings ur‘- m
any ]ill":e body & und which s rermarnently wet, Tho acn

oo ody of water, except o watertizht tanky forms an
Vegetalile ;::i:t!ld n g oo Shingle, dry sand, or: ordin mﬂy
ad lightnine un*'ul)'-1 .a. dry COPJ'!’]O"' are not eflicient ccnuet'th'!':: .
into grmmdathq{ Qetors should Invariably be led through these
shoul] always ‘bc 'i!‘f{r&"nm.vntly' dawp. Scvera) earth connections
ductors, sy gl brovided in all large fystoms of lightning cof-

: b ahould ba defective, t! isehare way be
ellee s one Lo defoctive - the discharye wiy
cled through the others, ' )

389, ¢ ‘ ‘ _
trench oftt‘::clugt.ors bhoul.':] Le 1-d into moist gronnd, by means of a
@ nxfye, ‘;‘\Ldi%‘s extending to 4 depth of at'least 13 inches below g
thould he i P m which g lengsth of pot less han 5V fect of wetal 3
40, Yy » otual eontieg, winy moial carth
from erg Practiealle 4y v 30y P wator
. How 3 - < Uul Wie 0 o, IV -
of t;{ \? \ n l‘;”'(,q fv' N ' “. (LI L 13 ") ‘.d] a‘ﬂ .Y 0".\:.i~ty’
A light[]'ﬂ‘, “ em thc l‘C.(,f' uver U&‘n". g??!“lﬁ\] 1 b v
° WNRQ{;_,N v eaith conneetions.
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Jas” . L .

- Cencuetors should be distinetly specifind.
R Y - 1 . . - v i
M that in the case of an iron rod or band, the metallie portion | | , ‘ g
only ean be lioked upon as efbieient, oxide of iron being a very S
Y ) sy . U
nlerior conductor, K FR . ~ . i
i
{

45, Ta order Lo obviate the iil eff-cty of rust, iron employed in
the construction of Lightning eonduetors sfonld be galvanized,

m the vieinity of the smallest exposed ron surf’uee\ would be quickly - ., | .
decompuosed, ‘ S B

47.  Shonld i} Le necessAary to bring the zine coating in contact . e ,
with other metals, and cspecially with copper, every precanltion : H
should b adopted 1o exclude moistare, for the above reason. -

Wir Orrice,

Gl dpril, 1575

T — e e,

* A remmwkalle accident of this natira necurred ab Halifax, Nova Scotin, in the ol
Swmmer of 1871 dusine @ heavy thunderstorm, the eloetrio discharze, in traversing "
s yas-pipes of Lie old Proviycial Buitdings, fused a portion which was eonposod : ‘ '
of wlnta metal eomporition, near the wetre in t\)cv buserent, and lib the gus, by ,:
which the Luiidings were learly sot on fire, .

T e
.

st i i oy e o

P
-] ? b

L R,

C Ly

. .:~‘ .Y .c R i_ L ‘. N .~‘ L
41, Where g lighining  conductor terminates 1 vocky, or -

micre or less dry s, special presautions sre necessary ¢ it shonld
buled into 3 treuch, g0 disposed as to -obtain sl the moisture
possible from the grquad,
fout to distances of Trom 10 to 40 yards, aceording to the amount
of moisture, . o ‘ ' ‘

These trenehes shenld extend from itg

42, The connections in the trenches may be of railway or ciher

ol iron formed into a continuous metailic sucface, the trenclos
Leing £lled up with cinders or coal ashes, and the water from the
down pipes Leing led over thewn as already recommended. _
pipes form excallent emth eonnections, but gas-pipes should never
be nged for this purpose, instances having .occurred where 3 heavy |

Lightuing  diecharge has damaged the

Water-

gas-pipes and Lt the S

+3.  Lightning eonduetors should Le frequently inspected, to .

aseertain that they are in parfeet condition and properly connected :
“with the earth.
especially when they connect ditferent raetals,

Partienlar attention shounld be paid to the joints, - D ¢

N

1. The state of the conduetors should be noticed in tha

Tnspectinnal Reports, in which the eliciency or otherwise of all. = | L e
-Joints and carth connections, and the extont of oxldatiou of jvron . '

It must Le borne in -

S N

#G. When galvanized jron is used, particular. care shoald Le

taken {o zce that the eoating of zine eovers the couductor thiekly = * - RN
and efitetively ;. damp would produce galvanie action, aad the zing . . - ;

P

t . FRED. B. CIIAPMAN, - - . 3
J, Tnspector-General of Fortifivations,., R

et — —— —— - 7

[ ’ .

I

[




TS

4
o P Q 4‘\ ,
O o
¢
1
- v
, §
. (1o .
ALy ;
- I *

of whateyes k?ur]m:":r:;!]) the rouf and ¢tlap perts of the Luilling, ;

R y gidould 3 e ; :
uniegtiag with thos 180 far gy Peseible, have metallio coms :
Prominont clevuto] '}'76 mai) Culn]\:ufﬁn; and in cuse of any {
onduetin . tubie ,‘ Hmacy, it would b desiredblo to lesd 3 puinted !
Eatisfig (1 Vo gt s the metals of (he roof gl f swhich g
w8 Lhe congje ) HE Toul sl el wa j
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In preference to a structure which did
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to be in such situations as will enable

will full on them in preference to
resistance {3) {4), but not otherwise i
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clouds and earth, and in sueh. ling
effer the least mechanical impediment;
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Ficks out, or sclects as it vwere by the
< * those which it dn not, Ifin the case

- vninterrupted eourse for the eleetricyd
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- Suchiis, in fact, the great condition

others,
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f : further, the point of the chimaey at which the damaoe cetsed wag .
iust where it pasced through a massive melallic yonf, eonneeted Ly
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I no ether casc were on record similar to ‘this, this ease alone,
according to the best inductive plilosophical
sufficient to overturn the whols assumption of the attraction of |
Conductors for the matter of Lizhtning, and tho vulzar error that
sach Conductors fnvite to the butllings the very destruction whieh, ;
they are set up to avoid. In this, 23 in numerous othee recorded -
ases, the Lisktning fll on a stracture which, aceording to the
popular error, Leld no “ip vitation™ by metallie points or attraction, -

reasoning,” would be

hold oud such vilatione—g

fact totally at variauce with the whole assumplion,

10." Rexark 3.—A building, as'is hence clear, “may be strack o
and damaged by Li,n:h’r.mng without having a particle of metal in
Its cunstruction ; if there be metals in it, however, nnd they happen

them to facilitate the prograsg |

of the electrical discharge, g0 far as they gn, then the discharge

other bodies offering ' more -
if metallie substances be noé

presetis, or if present, they happen to occupy. places in which they,

cannot bo of any use in helping on the discharge in the conrse it

- : wants to go, then the cleetricity seizes upon oher bodies, which lie

in that course, r which ean help it, however small their power of -
deing so, and in this attempt such bodies are commonly, but not -
always, shaitered in pieces. The great law of the discharge jg,—e
progress hetween the terminating planes of action {2), viz,, the &+ = .

or lines as, upon the whole, -

or resistance to this opara- o
Lion, just as water falliag over the side’ of a hill ja a rain storm, é@
i force of gravity, all the Little . ’
furrows or channels which lie convenient to it course, and avoids

of Lightnivg “you provide

through the instrumentality of efficient Conductors, a . free and

discharge, then it will follgw

that course without damage to the general structure ; if yon do
not, then this irresistible agency will find 2 eourse for iself
through the edifice in some line or lines of .Jeast resistance to B[
and will shake all imperfect conducline matter ig pleces in doipo -
83 ; mcreaver, it 13 Lo De especially remarked in this'case, that' the -
damage cusues, pot where (he wetaly are, but whore they ceascd ,
to be continned ; the more metal in a building therefyre the better,” -+
Morg especially when connected by an ubinterrapted circuit wisly .
any medinm of communication with the earth, Foo

to be satisfied in ' the appli.

R cation of Lishtoing Conductors, which is virtually nothing 'more . |
‘ than the perfecting a line or lines of small resistayce in.. given . (-
reetions, Jess than the resistance in any other lineg in the Loildiag, *

. which can be assigned in auy cther dirvetion, ang in which, by a: -
law of nature, the electrioal ureney will move iy perfikence to any
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12, Pointed terminations of 1he” Conductlors in the air

af Lightning when it fulls on thems. In fact, before the great
shock actually takes place, under the form of a dense explosion,
a very large amount of the discharge, which otherwise would be
concentrated, runy off, as it were, through the pointed Conduector;
but they have no other influence® ‘ ‘ \
With respect to these pointed terminations, no great eare
need be taken ubout them, except that they should eonsist of solid
copper rod of about three-yuarters of an inch in diameter and
about a foot in length, and be united by brazing to the conduct-
ing tube, elevated at such convenient height above the walls of
the building as the nature of the case may suggdst. S

Asa support to the Conductor, when, raised above the wall, -

we may employ a small staff or spar of wood fixed to the masonry.

It has Leen occasionally the practice to gild the points of
Lightning Conductors, or. make them of platinum, or otherwise
bestow an extraordinary amount of care on perfecting the point,
all of which is not only unnecessary but in some iustances dotrie
mental to the action of the Condactor; if, for exanple, the Cone
ductor be coustructed of copper.(a motal of high condneting
power), then it would be manifesty prejudicial to terminate it a
platinum point, platinum being & ‘meta’ not having oue-hall the
conducting power of copper. ) L _

- Much has been said . relative to the oxidation ‘of the surface of
the metal, but this is of very little moment to the line of eonduc-
tim, aund,in thecase of copper, it is trifing,  Under any cire
cumstances the metalli® oxido is better than the bad or non-con-
dneting air, which is always in contuch with the surfaze of the
metal ; Lesides, we olbserve that in many cases the wires of the
Eleetrical Telegraph transmit enrrents of electricity with perfect .

freedom, even when euclosed in gutta-percha or other non-con. -

ducting matter, ) o .

With respect then to the point—it will be sulcient if the ter- -
mirating solid rod be roushly pointed; almostany terminativn of
the Cunductor, even if a hall,'a foot in diameter, would be virtually
a poiat when opposed to a thovsand acres of charged clouds,

13. Copper linings to the doors and  window-shutters of
magazines are nob objectionalle, | if requisite, as a precaution
agamst fire; but they are uscless as a means of keeping out
lichtning ; on the other hand, it is not easy to conceive a case in
which the explosion of the gunpawder is to be apprehended from the
action of Lightuing on the duors or windows ; supposing, however,

such metallia limngs desirable as a precaution against common cases .

of fire, then the masses of metal should, according to the principles.

already laid down (7) have metallic communication with the general
system of conduction in the building and the Main Conductor,’

*® A pointed Conduetor has been supposed ta protect by abtraction over g efpe
eaiar avea, equnl o twics the radins of its clevation, which iga pure piece of kypo.

thesis econtmdicted by experience, & g., ships have been strock and dumaaged by

Lightuing on the foremast, » pointed Conductor being upon the Wainisst,
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12, Pointed terminati 3
o 3 ations of the” Conductors in 1 2
s Liwlirtl;:?;?ns:htfm: they tend to break the force of :ht:h::i‘t afb '
Bodming !«:,u it lful]s on thems. In faet, Lefore the r;rlevag
ey T :;n akes place, under the form of a dense ex Josi ;
eoncen':rafed, rll:)l?sut;g[' zgeitdlsf!lar;ie, which otherwise wlou]‘do{:(’i
but they have no otlier inﬂueggg,‘?’; through the PQluted Conductor
With respect to these poi inations,
- ~ : pointed terminations, no g g
c”!e; Ilmlge :il(ien ?}?Tt them, except that, they should consit;]t.eg?' ‘:]‘i(l!
eoper 1‘oot0i‘1]‘wmh 1t11ree-quurtm'.s of an inch in dia;uaetorso ‘d
about o c'wa':d ength, and be united by brazing to the conlm'lt
the Luildi leval at such convenient height above th alls of
uilding as the nature of the case maya suggdst ¢ walls of
-3 ¢ -

e

A ot
sa SﬂppOlt to the (,onductor, when raised above the wall, -
iy

we may employ a small staff or spar of wood fixed to the mason
ry.

It has be $i
. H en occasionally the practi ;

. ctice to g ;
%;‘ghtmng Conduetors, or. maake them of pl F]ld the points of -
:stow an extraordinary amount of cure piatium, or ctherwise
:&i Of ]“g‘lch is not only unnecessary but :i? s{;ﬁ?c'tmtg the point,
enta e s b > justanees detri
duu(U: bg t?:nn:g:ed()f ;he Conductor; if, for example (;t]:;edé‘t)z:.

N of copper. al’ : y e
P?‘Y?l‘), then it wonld bLe maggt”eéfy(;rcjﬁ;%‘q 10{ %]gh condcting
pratin i . . : sjdicial to terminate it i
LonLd um point, platinum being a meta! not havi L:m“,m“ 161 a
ucting power of copper, ving one-hall the
Mauch has been said relatise b the ox -
the meta] -’lgulze:}r‘l' sgxd relative to the oxidation ‘of the surfa £
for :md, but L ‘xs is of very htth moment to the line of cocel of
cunisia > e case of copper, ik is triffine, Und nd ue-
ustanees the metallk oxide i3 Det a. Under any cir-
ductine air. which i 2 oxide is better than the bad
@ air, which is always in contact with ti bad - or non-con-
]r:nletul,- Lesides, we oliserve that in tack with the surface of  the
Ll M 21 v 3 v many cag v
ectrical Telegraph transmit enrrents ;f? ?hes- the wires of the
electricity with perfect

f: 2eaom ae €
r m, even when e ed i

ﬂCIOS.éfl n butt,a-per\.lm or Othﬁl’ non-con
reed o e ~COI1~

ducting matter. ‘
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minating solid rod
Zs rod be roushl ke
the Cunda e roughly pointed; ahnostany terminati
¢ , ;i c4 8 erming
a poiat whetx;)rl e“:n i a ball, a foot in diameter vfould b:m‘?mn of
e opposed to a thousand acres of charoed ¢l . dﬂrtually
‘o . . : clouds
. Copper linings to th iy ’
. he doors 1 : .
magazines ar e ors and  window-s
b il are not objectionable, if requisite, as bhuﬁem.of
Sa:nsy Lre; but they are wusel 5 ’ & precaution
lichtnine scless us a means of keepi
g ntn{, ; on the other hand, it is not easy to § of weeping out
steh the ex i Addhion) CONCEIVE § o T
et ofa E;fﬁt;xpn of the gunpowder is to be ﬂpprghg:,g;ddfmw 1
cuch metallis lin]ilr?;oél t‘he doors or windows; Suhiiolsim; hf)om the
of fire, then the mj:e emfr ablet u}s iprecautign against coﬁ}’mm;”even
en the masses of metal should T 1 cases
already laid d uld, according to tl P
v own (7) have metalli prcing Lo the principles
system of ¢ VR e e communieation wit :
conduction in the building and the Main Clolnt;e zgengral
‘ uctor,
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pu mnte ‘ L
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AL L},.)- Wvite Lichiging o thel “ine, that we d mo know thig T . g af Lightning when it fulls on them. In faet, be e
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“ . R taly %3 sl g P o . . w1 3 o
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i”;_ll_'xm Pires lor g boneg, iy he ground et LLeir attracting or : AR With respeet to these pointed terminations, no gre'tf ';3
Yid ; . . . . N » 3
" ‘1wu;_},) & Hlow of water “pen tie Laild ng; ard sines we do not - . L need be taken ubout them, except that, they s!wuhl consist of so .1
14 v . . A . 0 o 63 H
|zmldin~e, tmn,u ol ruin ia the tlonds, it 1s possible that the 3 b eapper yrod of ahoub three-quarters of :mi inch in dl};zmeto:lantc
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ment g -ns'vL'f' therely Inurdated, yet such s Virtuaily the argu b about a foot in length, and be united by brazing to thc. co‘n”ua ;
: gamnsg 1Shtuing Conductors.® ' o ing tube, clevated at such convenient height above the walls o
" . . ’ . : ) ¢ o LUV . N rrdist, e
Cnlfg]f'[ u I(L ’f"“‘)‘f“s f"m (IIC {c r«‘gmng rnh(-fl,!(\g, thnb a ,nn;:gzxﬂ@ . . . "% L the l_.uﬂd“;g s the nature of the case may SU‘DZ,CSt
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safe in Tiahto o Liton or other ractal, would ba jnfinitely more ' Loy Asa support to the Conductor, when raised above the wall,
““a“’. ':: ﬁ'u")ﬁﬁfuu,{:’ ¥ovms than if byl with maconry in the nroal - fo we.may employ & small staff or spar of wood fixed to the masonry,
o Tetallic rootys £y i ith eavnae: NPL ; oL . . e g
10 the ekl s 3 L rEazines, with eavacious metasiic Condu. turs { . Eh B It has Leen occasionally the practice to gild the points of
awould Lo unobjectinnghle wad a ce of rocurity : 0 t has been AP therwico
Meallie pyte ohJe Lle, source of secarity, i A Lightning Conductors, or. make them of platinum, or otherwiso
L2391 » 06 » . .. K o 3 . .
tion \\‘&ilh t!’?e .m'a aed ru];:c.: lmvzng orntinuong wictakiic connec- : : : [ | :to'v 'n? extraordinary amount of care on pcrfec-tmg the point,
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A'geed met) T8 Al wuobjictionale, : X o . all of which is not only unnecessary but in some instances detri.
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, wdnldg ,.(a ;:I;L rod ;Of Corductors for magazines buile ¢f masonry, P mental to the action of the Conductor; if, for examyple, the Con.
Positicn of tllu: “;u‘i‘hxj';m"v' Ceseribed (7, regard being had to the P ductor be construeted of copper . (a metal of high _cogdz}gt}pg ]
also 1o the natupe, o \,’;‘" 't"‘l “u";?f, sud most promiaent pnints, ! ! ; power), then it wonld be manifesty p;q‘ndlimlhto‘mrmlnaﬁ 111‘1;112

: Gy M 1 MG and venditiog of the suil, whether it bo ; ' o Coe PR int, platinum being a meta’ not havine one-ha 1
Muist or dry, alluyial @ su, - : platinum point, plati g & o YU :

) ¥ tly ealearcans, or of hard rock s we murt also . _ - ' L S

COnsider the extent, dis positi oy o )rl ,{'\d H f;‘t n ¢ e ) . ; conducting power of" copper. - e . e ;

metallio Imdk.s entering into 0 Q,“ \ | prealar p:).s..f()ﬂ Hdine . } X Much has been said . relative to the exidation ‘o .tde suriace o

whether the rogf- be flut, 2 Benera slructare of the building, * N the metal, but this is of very little moment to the line of conduc- .
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It is hence important {o give the charga free room of expansion
by increasing the surface of the Conductor, so as to reduce the
mechanical activity of the shock. considered as an_evanescent
charge to the feact possible,  This question is stil] open to much
valoable investization ; a larze number of facts might Le quoted
bearing on it, ' : :

Rectangular flat bars may be employed,
if found convenieng for aitaching to the - -
walls of a building, - AN

2. In the case of a Rain.Pipe, ¢ b,"““fvf \‘_*__qr}

communicating with the Main Conductor,

1t (the pipe) by a metallic communication,
@ d, with the ground, on the prineiples
abuve expluined; it admits of a certain

quantity of the charge expanding info a genery] surfice of conduc. -

tion to the earth as cxplained in preceding papers, ,
Reyarg.—All those sabstances termed imperfect Cond&'v‘tors, -

such as the masonry of a building, a ship’s mast, &e, are never.

theless Conductors to a certain extent ; they il always be able to
trausmit a given quantity of Electrieity withount, explosive actign,
In any case of a ship or building struck by lightning, donbtless
some Electricity always passes off in this wWay: up to the linig of -
conducting power; one great end of the Conduetor i to rolieve
ity it eannot “discharge without
explosiog ; by thus completing the con ncting power of the general
mass we use up, as it Were, in connection with the Conductors
all the useful ecnduction of the wood of a ship’s mast or (he
wasonry of a building, auml 80 convery into a source of safety what
would otherwise he ivefficient to Yhe scsurity of the buildipe » all
this is consisteut with Principles Lefore expluined, relative to
resistance, N o '
. 8 Whether Conductors of iron may not ke caployed for byjld. -
1885, copper being expensive and ablg to be stolen, e, 7 e
 The common conductors of small iron rod or wire are very
oljectionable, they commonly rust out at the joi

3

mts,’ ;
fallen to pieees and have been often knocked iy Preces b,b; D‘l{iﬁit
ning, Ifjron he eploved, which it certainly may be, and ;cvit,h
rdvautage, it should be ceated with zine, a modery Practice, op
what iz ealled « galvanized” Zine I8 even -a better Coudu’ctor
than iron, and being spread over the surface, would not open tg
the objection of making a Conductor of two metals of unequal gop.

ucting Fowers; in the case of the'charge buhvb constrained to
Pass out of the one into the other, in continuation, ag fop exam.
ple out of ¢ into b, zine has one-third the Q
conducting rower of copper; iron has only’
about one-fifth the conducting power of coprer.

Where the Conductors are capacious ag respects the iutensify of

he shock, ang are nob heutod sensibly, ile transmission of the

charge, ag 3 question of mere conduetioy, appruaches g yats, of

equality ; in heary shocks of Lightning the differences are important,
: - : &
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Lor o sht befeend of ;.:'»Iv:u ’-a,‘",,‘;,;,"! irsa pipe of two inches
' gy ¥ s T B2 + 2 ¢ !
oo, Al the Pest Leom wond 1€ e of ex'ra thickuess, a3 in

T vead torether, 10§ 4
daasneter, Lenily ecrewal tgether, 12) given thickuess, howeven

Fertai e et Copper telarg of 4

T o be prefereed. .

Lo wiways to be prek . Ly woil it i certainly desirable to

2 In the Guee of a dry or rocky ko, 2 N Jf the orouth

€y tete, 8D far as }‘*"”‘3“" the o n'h“}f;": g-ot;'c .:n cut ﬁ-;m the
' . s et w Jending old rron ¢ 181 Mt
aboat the bobdise, elaee lj‘ i . TR
walld in goviral ditctions, or Ly lendanr a flow .Df 'uat,er m“'lrcjun- ; |
peaibio the dietanoe and direction of such artificial groums

//
|
i/
i
[ 5
i 4

LIPS

o~

e oy
M
-

.

LR PP

B e me iy o

e e
B et L TER N IR PR

. g ildings

due tion st depend on eircumistances of sitnation of the build e

The suslace of the varth being, a» remarhed in former paper, o'.‘et
. . . vl

the rerminatiog planes of the olectrival action; the indication 18 ,:

pProvide, so fur an pesmlble, for the expansion of tho final shoc

Fassing through the Conductor, witlout which the Conductor 13
Lortunately a thunder-storm 19 usually

o e v
-

Vo A
2
rgrowed .
‘. .

Aoy

P

£ s

moro or b4 dusulated,
attendald Ly heavy rain,

-

Rdarh. -

.
»

[ 4
e e

Teave iy L
-
WERL LT amer e e

ks

BERE e R,

.. { s
. . : . |
! .
g I « - *
w"' T et 3 o S . et ’
P w ? )

Cate wpda

B D

v 4y
L
4
‘
1
.
&
b

¥
.
.

R

PR,

T o

N A e e

. .
t

[P

.
I
S,

-]
Y

N

B T U N

2 i fron .

Iv the caee of E‘Lll',‘”".‘-": B, on a dl‘," or r&iiﬁl:z;groy;f?ﬂ ..
chaing, & e, & 4, 4 ¢, b, may 1o let eut fro, -ards, and from a
vavious directiong, to the extent of about 10. er L),'”(‘h ;nd it wenld
foot to eighteen inches under the surface ol tha car [’ ain, so far as
Le fuither desiralle, in such cases, ¢ Jead a flow of 1. ar the Cone
po-aille, dver the surface of the ground about-or D¢ face of
ductor; tha termination of the Conductor m 8 large Sl:sd;'inﬂ'
moist cartl would be even preferable to-its tprmmﬂtl;)n ujﬁ nphcr:
of water, sunk deep, ns in a well, into ”"’,gr”'."'d’. t{?v n«s co‘_n the =
is a supetficial action of cxpansion in all directions, } 8 s deoree . -
tia leal coutings of the electrical jar, that the charge i3 1a 1o €68

inil. ¢ the thicknes L . |
inflluenced by this thivkness of weta W, SNOW IIARRIS. : ! -
!{ 4

|

f

T el g s
—

e Hetaliny
)
Lf;r_v

)

B S
e
.

éy.t

Furae Grtten and Dewn, F

PXE RPN

ot e ——

+

{/,-/lm-.v e _\ln'.u'" :‘jfu.\:

L

e e T T

® Expericuco ia not wheily iu favour of the durability of the galvanised conting
from. . ’ x

‘)2_12.77——440' L

| No, 639, P. W, D. I'rcss—2 . ‘

. . :
. )

! 3.

! . .

/o : )

oo \ !

- 5.
Ry R

.
NED The {
e svstam, lang rempleded
Lerpor

{L.;_;;_

e

-
o e e Al VTP 7
Z o

e s Xttt ety B gT R
S ad >
. |

PR o




J

¥R e e

P

v

-

AT S T
. S
VU e e

g

caa

e
-.
-

e e

[Py

i A M e L

— 2 e ek

T v o







TR e dep UL

N

Cox DU e 'I'(H S

RIDG‘[ CUN/VECTIO o8 CONO(/C?'O Ry i
: Crle 2o 2p S1a
;; l’bnlzerlfnn b (o] Pedise s, > .
;’ £ ’(’uzz werh ]f‘a{,m @rrp ~
. Z EIJ}”@ K
; I, g1
|
i
L

e

\
iR S SRR
Ve RN

’

: “’_ : " 'Ilfn/o' T Vi o &&]ur/&rml wf‘llref,}ww&azzb
’ ‘




S e

R .
o el e N
e T

A .t
Licn Llarte 1174
_ TN
#1066 Copmme NG CONDUQTOR\‘ .,
CTions ron COPPER  con .
. , > d‘calcv.lluh‘.s‘,,e,- DUCmRs
PR Ly, o f .
FPovng ot Cona, .
1,;“ "Uh Ridoer ;“;‘ZZ ST
s, Pjgz v ¥ 55'}
TR
¢
:J
i
v
1
|
:

N
R
—
N
7‘2“
i- 3
,‘.\“
9,
J.oo
—
L
et
et
,«',
T

e A o BT VU
, .

a
T,

SRR et m G s -

! +
| :
+ ‘ .
FE ’- & : ?
i . ' . /
. L = “
: P B
rF [N - =z . i
. ; ! ' N |
’ 3 L] ; 0 : g’
! i O L
; ¥ - ;
£ 1
| ‘ ,
i
P

£

A
R

TN WA S Dy e ey o )

s ie |

B oo,

3



T TRTT xbegx,

-~
e
Pl

N e e e
.

N i T

D

[y

\ <
AT R siatay mme sp b o

T T TN Vv - o

\
T .

= —

P
]

f

. N
T v

-
v,

T e—

. . e T Tetha 1)
IN’x.(‘. v, :».»,
"y l

¢

i

f/“. .,); e ;
R
S ] .
:’ ; .- ‘3 hd "
P .
v, L > s ‘
H ¢ RS f !
- ’ ' ' Heays ! '
N I K
i Niiae T T~ !
et . e P
— N - [
— e
fﬂzl/h-' lriir, " .
»
O S lar #
. I s FTA i

e

§
i
]

v ‘ - T

H

_, ¢
\ v M '
| |

l

-
r
d
>
o b et et e et <




R S ek adiih oLkl o e T S

.

ngrarprvad aroym pacizgrad og

R iy
—

..nu.;w‘ \\k\-.NQN...F-

YPIM JUIIG AOFITRDIUTY g
4O BDIGIYi LT ) * \

P e

-
rm.

g

——
-~
Rt TN

4
PRI ST RIS \

0 SITOMID ALD PRIV DIPRAIAL CFAT

.

]
E ‘ ' SHOLONONOD NOYI YOS SNOILIFNNOI
) O SUOLIONANOD . HDNINLHUDIT
x PAT D7 . . o ‘ :
; ) .
K L ]
L] «La. - e e e i N
. , B ,,,.wﬂ R G S NP
. . . - .
m 1)
Y
']
h»
N L3 .
| ,




AN ek T A ”N

A A M

e A A S G S e ~ a2 P - B o b e A b e A A A S T L
- ﬂ 1.2“- I T S, — o ) R
Sy - = i TN S o, - e i~ araFot A, :
ol o S . o I
L -, A S i o LN o B Lo
| « wt,,, =8 T, Ay B - vy g o= s
. RS - .o
) e YL
« ’ *
. - - __
B
- d
L4

E
B P .

-

R

[
-
-

AXD
D
AND

Mn
. ) ’ h/-
-, R w . ~ OI-n -t <
. 5
E L JIP <.

R - h
e M F S o 4 T e By 1 et S

-

. .
© £ L
..,,hw,r.,)‘ s - < ; » ‘ .
B e e e Gr- . ) ) i
..DB,.F?P&\L,,' Ly gy A ) - .
T e i ) 1t v ) R e,

B .

"

. . ) ’

; .
: .
—————m e,
i BLi ®t O Mg omg
-

-~
B .
\ Man e

Y
§

[

, X
. e sy o N 7

—— e b e
e A it g b g,
] R T SN
) ’ -y N
SN

B

- et

i

‘
M. \\\\N Ve, .w: 4 . , J ,
m =7 | | | S . \\&Wﬁ\.ﬁih\ Ay pocsrpnid] ay
, BOpRY Dreo \5@\% G Shew)p auv spnop PERY A
LQ.»NS:\.N« LI R RIS T:S ‘ )
|

!
|

: ] :
W b 3 -
; i i
“ j i i
“ i
uig j ! : “
i M w \ -, P Ry ‘ '
: —_— : /- — :
fi L . \ - A T (h\.\«/,/ N .
. {2 4 NG = //..» \ -
| g i AT —
. ‘ | i . , S \ _
i (.\ “ .. __,., ‘\\ \ 1 )
. T P .l.r./.f ,.,/{.Jt AN PR \\\\ \ Q&wﬂ\ /_ . o
: M\ ~ /.\ \I.l.l.,l BN
| T Ty T | |
i nomp . ¥ |
: )

R ) J ¢

FHTF o
,%&.QLQ\\Q?BQ ?ﬁk\ Y04 SNOLLOINNOD ’ m_
\ .

\’ .m..ﬁOﬂObQ»éO Jo ONINLHDIT

"

- - LU et R -
7 e Lt A
——
NV r Ly

R
J
Vo
,u,, 3o %2 7,
e ] 4 L)
&1 . .
, . | . e J
T RS AT e i - T - H
et i el i
R = A s - A—
~ ,/f-\.a.f ~ w . <

R e U -y S

AT

~ B T T S O PO . o ma vy -

Tyt

02 L e
P L e,
e
.
3
.
v
~
p
.
.
.
-t
;
v
o
[
)
4
H
?
i
0y
b
.
’
-

B
o
.

\

k3
A
n..
‘ m !
i i
- ., !
...r.“ L. ./ -~ N ’ T
. <
. Pl RS -
} - ]
vy v ! '
?
A P ey e e . .
-
- ) .
T _ ﬂ “ N ! -~ Tl
| L : ) DN 5ok S
R . . &" - . I3 - - - ——
t - t . C
. , E
i . 1 ) ., 2
, ¥ c / |
e, ! '
-
: o - - “ '
; - | . -
0 e , ) .
¢l s .\n ¢ 1 g
. . & ) x
N o )
v PR
] i R
~ y o \ .
- T o ,
T e e o+
. 7 . i
o L] + ! |
¢ o el e I
' o e et “ -
: oo e ,
| s Can .
_~ . ".\.L - m .
! Tow I
m & - ] Dl !
D e
[ N . i
L > oL m
j S I ' !
( . “ _m. ——
. \ ;
o AN
! o
| i
m i

! T
; [
. " _
f s L ; {
. AU I __, |
,_ / i , w M
) N x N |
| . i N ’
- —~ i i
& r>‘ M, _
C‘ 0 § h
, :
!

TP L e o

1N
-
-
S e——
.
-
T T

T, . A
¢ ¥ RO TS~ T A r— I - - L. B
. . DI T ety g e L - ..
e R L TET .
! . T = TR e e e, R g g
3 i - e . . - T - TR T T e a0 T R
VT e e e JOTE e L LT . . - P PN - ; " R S s T {
- L TR T Y e ., - L i - - - B : LR . * - .n‘!l;?.. A sy s,
. . . - e N I o ST . : o T g,
- T~ ~ T T e (A e 0 el e - o .
. 14 - e 4
~
1
'




- .. 3\. -
. P
4 T 5 e, .. \
“ % » P ] —"“ms'ﬁw.-"'"ﬁ Loed e e e ot
j o ’ ’
Y ! ‘W‘wj ey ree - ! v !
. ¢ ek F et ety LU 4 AN " . E— {
. PR . Y Az . 5 s o L
N rj\“‘;m ! P Ara) 1'3(34-.&3-.«,_ - v
me et m— R E RS N 3 o
v I e - '(C
H (I - g — -*—-~—-.—..:M~l
P pm—— e mtwrer—
g i
[
< 1 | ' -
B ‘4-
N ! :
n'\. ‘l
] .
] .
1
' i
. b,
. 3
. %
M ~
o
I:L *
) .
e ’
b
f’ #
.
; .
oy
. A .
): "1
Lo
oo
o
¢
[N
v {
Y
;
-§ .
N ," v
.o .
v T4
B .
.
s : . {‘ -
7. ‘ LY
w0 f »
. -
Xy i
iy 8
A !
P
+ .
4 g .
2
o
o4
3ot
’f‘ 4
1'\ .
P
R . \ .
Coy .
Lo
e s ’
o F
Lo
0
5o -
¢
G
by . ,
N .
L ’ L}
L
y
' ':_,“'f\‘
R
L
0
.
. Y
e el
"
' B i
A : s’ ,’,
4
. P
— e . - T
T T T e e e ", \ ’
- -*Wﬁm - Y
NS

et | : “' tL ~ N * . X »-, T ) ‘ e : : ‘
; T iy O e g e R L T e ‘ o T e
I T = e e TR
.Y o - * = ; o
. h T Ak ~ ‘
o |
K
1
: Circular No. 74 Dnblie Works.
: 3 [}
{ GOVIRNMENT O INDIA
L4 H - ‘
1 PUBLIC WORKS TP A
DB1. OIS DEPARTMENT
CIVIL woRris,
Miscellaneons,
; »
To
i Toe Goverswrnts 1 ] »
NMENTS OF MADRAS, BoMpaY, Bexgar Norrn-Wks 4
| Ot 1 oty OF M \ 3 STERN PROVING s pwn *
; o (‘1}' ) . ULLIC WoRxss l)smur.\mx'r, GENCRAL Rraxcn T AN
; ‘HIEP MMISSIONERS, CEN (CES, Bo
Coono, . 4osi » CENTRAL Pnoymug, Britisn Bunman, Mysong 4yp
: . THE RESIENTeAT Ilybrragap
Tue Agk ixon € :
} Toe o ;:l;uro TUE GOVERNOR (JENERAL FOR CENTRAL INDIA AXD Rasroorany
: SUPERINTENDENT oF PorT b T s
5 R N1CoDAR T pad T Drame, axp Cuipr CoxmissioNER, ANDAMAN AX
b HE Ixspecron N i
| i GexeraL oF MiLrrany Works, '
: ot INCIPAL, THOMASON CoLLEGE '
g HE Drp RN ' I
;‘ ARTMENT OF .RLVE.\ UE, AGRICULTCRE AND CoMMERCE.
i
,; b
< T
i . . R :
£ : i Fort Willi
| | i\ Xort William, December 19, 155~ )
) In conti 1 i : -
2 . nuaty
7 Signed is directed t(:)nf . Ct;mfl'hr oo W of tho 7th ultimo, 4
i e 13 orward, for information ‘ s und
i e British War D » copy of “Instructiong * : o
; e , ar Department, regardine t} icati 0% Nsited
| » . 5 1e applicati i i °b
i the protection of Powdor Marras: . Pp to'n of nghtnmo-mnd
: ; agaziues and other buildineg ° Uctors
; i o
| ‘ . 7 s
v L[ “ e /8 / # .
«/ o . . N )
D) RISl 2 Captain, 1 E,
- Asstt Secy.. to = -
. --to the Q
% o ' ’
SO of g,
-t ' '
. | i i , x 1 ‘.
i > "
{
; q‘.r ‘ ‘ :
NI -
) ‘{"r J I}J, . N ' : - f
Cllwle wa o / ! / -' )
seenclas, b do ol oy g ’
/ A [ RWVE
) o A AR OO
. )2; N \fj‘ / -;/\‘N 7
< el onliod o 7o
: / VR SRl W Ky, ‘
, o L«c"‘,\a‘_)
) [ TN
2
i
— ; _\' .

L Tt ) m———p i = ot sttt

L e e

e n g

PREETC N

._‘_Jmmugmhmm e B i A T ARy e e By b G e Tviogmenan o



e

SRR

atesvl

+ .

GOVERNMENT OF INDIA / X '
PUBLIC woRrks DEPARTAENT.
CIVIL WORKS, :

Miscellaneous.

. ““—*
To ' s Lo
The Goverppy,

North 1 cots of Madras, Bombay, Benfra .

Western Provinces and Oudh, in th
rhl ublic Works Department, General anch.‘
Ifé‘Chxof Commrsswncrs Central Provmce#
A;mh Burmah, Mysore and Coorg, am'

ghe Resident gt Hyderabad.
tt.e Agents to the Governor General for Ccn
ral India apq Rajpootana.

The Supcrmtcndent of Port BIzur and C}"G

ommmsloner A N b
n 1C0 !
, Tslands, daman and

The Tnspector

. General of Military WorLs. |
he Pmmnpal Thomason College. ’

The D“Pnrtmcnt.,of Revenue, Arrnculture an
' Ommerce

' },
Jf‘ < . -

#

Circulqr No. 71 Publie Works,

Dated December 19, 18(7 RN

Receiveg
L ]

-~

)

F v H

; orwards, for information, copy of * Instruc : .
ons,”

req. issued by the British War Department |
tcaardmn the appht,atwn of L]n..hfnmo'-coﬂduﬂ :
ors for the Protection of Powder Magﬂzine

v

f;: IR
\kr “ i

v Otber blulumns , \i Ly

No. 639, p. w, p, xm.-zg-xz-n——w 3 )
. . . ’ '.-" R .
% B S R T

ol

A ' P
- g' " 3 q} ,
s e . oo

N
J A -

—

e

t

)

~

>
e

SRy e

R S R NN
41").‘!\‘1".'%- =

,.
Rt et Y D

RO Yy, | =

e R LT Y
i : = >"’:*\‘::""‘:R T ’ﬂ::«q:_:"‘:‘:x :. ‘:.:;M‘ -..—»t* \.:“:—,::.,‘- by m s ey L‘r'."*.'! WMW s-&anv’!\‘:;‘
N ¢ ,j '\2 i
o .
- A v v
g, d : St
- . . R K . « v,‘_ W (’\' g ~ ;
i ! “ . " - -
v ’ Lo i
o k ' e b e vox Al \\ 1:“
: - 'm\ . ; . » ;
N \ e ‘%) ‘ R SO P P
T ; §
) T A ! . . S, Pk
i R, ( . Pk
e mnicotin GOVERNMEN? OF IN ”“ ""n AU W S
”u.‘;:[;’%.lr vever] Loyt » 9, :“ . . . .- (\ e
o esontor : PART AN T SRR Y
o SN | 1) U B I‘ I (1 ‘\‘ 01 ]\ S &1) 11 l‘«,; o s 7{‘. o -y & ;:‘":
4 a, ! [P ’ ’ ;
“ ' D ol UECNE N I O
o o b{ \/(ﬁ('( -4"1(?_{';1_(«;‘ U o b . ¥ :
227 - s
P P
- : [f‘i :7'/7 b / / A
iy (’ - / U= ) C %({ I,; . Tl ‘
N f oA S §
- /’ . R /r/ e , ) (/7 L___.m Rt
8% oo A S | R I \h
. ; , (, ({L{(’L //(/‘)’/U EAN i((i,t{LUL{.J-/ . 4 }
. / — ;._\‘. " ] H
/ \ I 3.‘
» 1 !; < e/’w i
7%;*»/ .
/f( (i"tu (0 /8T 1{/’{&[ {‘ff 1}
-/ A | T
' ‘ f
-
. A . y -{/ ) ~ fo /; ’ (5 ;
/(_L L(( p/ZO (L/ /ut é(,ﬁ(, A C{yu-% //(t ?
_ X

/
m uu,{/ .

/{c/-

4

4
l

/:/z?m u/ 1, [
&' / £ ’ “ v j / e
Q/(‘( ( ’Lé?(,:,f(_\ u’uL &.{ 9] ) [ ILJ» f. ( (‘([’,L”

K [ .
”. // N
M " ¥4 T

-

.

1 2(» (s..ki{f/( Cetin 1/"‘“’

)

Ny A A

SRV,

p D f
s "n /\J)ILC(J?L r/t{l /{L/

/ﬂ -1 ”

L‘\./l{[k’? g(’ 2_’(;/,

/,’/ 4 //

/A TR e

oo e bt o
/Lft’”/l(lt'(pttﬂ ( (€L { (vyx ]Lc ‘ﬁit K' /(L ./’”(((’C({d’[& ";'1;?#
// //’/ : v 4’7’ ’ :i—n' ' "y, ¥ 'v(' ™ 3
4 & g '”**' AT . -
%” ‘/{ZL {/ g At s z”- ~' 7”‘“ {—*"L—f“d{ % /w te LUmxy:

7 1 G el 7]
LLMML(‘M "’d ///& O /'TX‘ O\kuffu{uzfi,/

-41- C——
(e [m.fn Z '-A

.du,...-..‘-,—-w- L

| / \h\—CIV ’(/1 (ﬂ( ({./i
i L/}(uu, (I/((CL /(/ wO unc;/A, ZZL &zu, ) ”C, /{»{»’ i(z/w,@ 4
g ' / , . / v ;4‘*“\ et AN i
o - it (Lv B
T ,. /(/u, c’/’zc ‘ u’[ @ QLM(L f“.f 5 ﬁf/ﬁ Coe e .
/: l' ‘ s /{ f o MH}";;;—‘\ :\ .::
f (’N\\ //{ [( h,«,{‘( 17/(0( r{l\’C‘> o ' ;;;
I, 2 ) ‘7 2 - / i 4. " N ,,“x’ ‘-:,.»‘ ’ o
A A AT, o D . v - - ,L.,__, g :
/ | ’ | L;%w };?‘('“ (‘2“«“ a \A'a%r'u(, L5
= /A ~ o
[ ; L. ‘/(-/JZQ P
o V& 57 | 4//2 Cafltiog i
- “I v" 1’7
It T AL, . ,.
Lo V » Z/ ) . %#V v {f f{’gj/ 0 @F‘ 7R ‘/c/f gc/t{(a,[{(j B
. “ . "“““""‘“"" » - PRT Lo . N - - e WA&‘
R T S bt b ‘
W /J X \




- L . - :
g eI e U] T P
R R R e T il

Vo e v a3,

p— ‘_.g

e

——— N R
R TS TN T T TR TG a0 R S o AR TR R o SAL T~
. ‘ Y ]

i
;\;‘Q’\g
\\\\\
AN
X

¥
“
NS}
%

Sy et 36 Sk g s

. . / . [ ‘ 474’1;0«/%7/64—‘%1/7‘%4&5
] % ﬁ/f/}éa//%/dg/é M {;

: z ;’;7/2, rd s t , ,
: N E74 S i TN G
1 e ‘ @ / "/ 3

A : /jfﬂ/‘z/ /,é(/&% @7/1"9’. -

\
\&\\_\\A
N

N\
\

N
N
N
3

L . B | | ' ' - . - ; ) o :

E: : ‘ . o “u ‘ H - HEEN \ : . : . . " {
| ‘ : Coa Tt ; S : I , . ﬁ \ . '
‘ ) , - 2 ' E = % } ) ) v . p % M
S . ‘ y ; : } ~ : Sl s 54,1;,0‘ ; ﬁ | '
R 0 . Do j ‘, . ) . . . \~ ' . / - / / ) ) WZ)‘
.’ N . . N , '(/ ' ' ‘ ' Y/ : {/$
"’ ; " ' " t L] N
t , . - .

'S ) .
; ‘

PN e bt e
—

7

e T o g <.

L %/_’;/177

E , 3o,
IR
oL
' 1




2N I )
i N A
[N

“ - .
¢ Lt P Mt
-

B SR IE TTTLY TSNV ity
) - ek

L]
i

. PO t .. ) 4
b : 7 lf‘.’ - o [I h
! l‘ S ) ' Ve
! . : - R
% P o
t
| - | ]
§ |
"‘t < . ;
e
L j
VI . A
{ ,’r:ff ,’ Jlecdd, Lncl *N("
[ 4 o . ' o .- ,@2.{:&5
Y s
1 IL& 7& el g,
e ,a oA
'l SRR G L YR PN
'\ “«! L l ‘475\) : = 'u e ST Sl P e %
13 . \ o Yy ho¥ ; ) it
¢ i :
s /7 V2V }/ y- ;/ }
b ¥ ’ . A s -~
] "l; P St 5“ \4/[//% z—-"—o.{'\’« ‘_4,‘}‘, /‘,,/,r "/"lf;
T : i "'7 7
N : '»'i‘;"’j—{ /
L | ’ i - /l;t/la. v‘.é- :
N ' 3
E ; ar //Zl/”/Wé/L. /L,w'c/’" /dws'fx’ t
i . : _‘ “ff 4 P—* ).
1 SR S i A woufo "'
e - a3 oy
: -x , - .f’ ~ s #
;. : T ("C‘{"(’f‘" ’5’”‘- //&. f” ’f;
. ’, * /’/ ,
1, - /}
X ( | ”"w{/mwa%/ {,ég il Lo
; ,;\ i B t— /’ -7 G/ [; 'S S
. 3 7 f" V‘W‘- r e /ué_- ps./',z‘;:':‘
a ’/ ”___,ﬂ !
. . Y o . 4 . Lot
T - Cory it nf:'z nan//‘
:;'I ' ‘ - ) , - /F d .
{ \-7 "’-?’1/ (/M- v f/'::( ¢ V&é 1]
‘ WA
- EUOL/ 4 r\\:/lr‘}‘ g
Sy “ - Q\ ! Xb ;
;,‘a. " ‘ ’ . ’ | ;
Lo e . i
n}%_

v‘-.g_ P

g
Pty

T

¢



St e g

Archives 11 o.ooo;-a.lo.&g.
s | ~ (1) Number ot pages k 1/ - Q
.(2) Date of repair 3 ° b /-
'(3) Initials of the Referencer . (C!W

154

 TAMIL NADU ARCHIVES
GOVERNMENT OF TAMIL NADU

, - pwep DEPARTMENT

G.0. No. Press.
BP. No. |, iz’f’g 4y W Mis.

L]

Dated Z | - 3 — I1B78 i

Not to be folded or roughly handled

-
ﬂ | | ‘
IS .
/ . @
. . . . .
. - k)
-

+ +
3
e PN AT T T I 7 T S



o _ B L. :um&

e MM\Y B v"

P
e

.
i,

e
-~

S

e -

Af
[ ]
Y
ik
L
T L7
£~ .
f} ‘
1J\" -
. -

e T—— L

b e e Y M“"’"’ ST e,

-

e oD AT L :'*-1:' fw :..: . o * ’;w‘ o
% e N_ o ) - RN N /m
. - . 0 7
i L - -' i X
: 3 . : : T -
| | o * o
{ . i h i
2’ - x - "\‘
’uf‘ . ¢ \ d*"b - \
s - - - ) : 3
’ ) :. ) " s a i;
b . A « }
g‘ ? ‘ o . s R
f . LA B ] =
: ¢ . Govnnmmr o‘s ALADRAS: 7 ;
| ,.F - . - N ‘ v ’ . . 5
\! B ) : I’UBLIC WOPKb;DEI’ARTMEhT. 0 ;
. ¥ . i ‘ : —— . #;
o C : . ;
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: . Ly - Civil Works, K E
4 ) Tlead me followi uw papf‘rq - : . T " |
E Xo. 211, " From the Assistant Secretary o the ("m ernment of Imha, Public Works” =
’ é : \ Departinent, (Livil Works—2Miscelluncous,) to the Seerctary to the Govern- g
f ' > - wentof Madras, Public Works Department, General Branch, dated Fort
: W llham, “19th December 1677, +Circular No. 74, Publie W s:n'ks‘ :

oy 1:~—M -~

R e,

) 'I m-ntmuatmn ‘of Circular No. 66 YW, of the Tth ultxmo, the undersic nvd
13 dumtvd to forward im"mf\umatw copy of * instructtons” iseued *W the
]J11(13}1 .“ ar l)Lpartmont l‘f’"dl'(hr“" the aphlication of hnhtnh](r (-C,nductorb fnr the
protection of pow uu nuwazmva dnd other hluldmc» . . L

o (Siged) G, SKIDWITH, Ceptaln, BT,
R N : Asst. Seey. to the. Govt, Of Indm

»

---——_.‘_. ;

= No. 311-A. hom iLe same Ofﬁcor. datedl ort Wdham, “th \{chh 18’78 \T 92\

In 1'ep1v to the miueef made in your letter No. 1,076 of the 1st current, dakmg .

to be supplied with 80 additional copies of the “mm uctions” issued by the British

—— -
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{ . - War Department regarding lightning conduetors for protection of powder magazines, :
{ &e:, forwarded with l‘uhhc Works Department Circular No, 74, 10th Dgoombcl 1877,
’ } - - 1 am dirceted to say that th{ T¢ AIC 1O MOXe spare copies dvadable in this ofiice. e
¢ ; e L e TR b ) . N
. RN | e T ""m*-—-ﬂ _, -0 .
§ - . . . : ) . \
E No. 312. " Ommr THELEON, 21st Mm-ph 1878, No. 1,451 W, ;
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{ Dcp utmcnt : ;
! ( True L\tmnt ) :
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i . (1!110 (,'{,\P}.) ) )
' L "3
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Enclosure to P. Y. D. Circular No. 74 Public Works, -

Soamacaar.
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Tssued with Arm Oircu&ir.é, duted 15t M ,1875. 1
¥ Yy

INSTRUCTIOVN'S AS TO TIIE APPLICATION . ,

Cen,

_or T
: LIGHTNING CONDUCTORS
. C ‘

PROTECTION OF POWDER - MAGAZINES
AND OTHER BUILDINGS. .

v,

.
1

1. The principles on which buildings should be protected
agaiust lightning are st forth in Appenlices A and B, which papers
were drawn up by the late Sir William Snow Ilarris, F.R.S.
These principles are etill generally Lddd to Le sound, and should be
carefally considered with refevence to any system of lightning eon-
In consequence, however, of the progress of electrical
scicnge, €ome modilications are neceseary in the application of thesa
principles, - - S

9, Ta considering the application of conductors for the protesa
tion of Luildings, it should be undersiond that the terminating plane
of the action of lightning is sometimes Leneath the surface of the
ground; where, from ?he presenco of _n_misture, the earth forms a
good medium for the diffusion of electricity, . C

* 8. Light, dry soil, such asshingle and sand, or even ordinary

vegetable soils when in a dry condition, may, for the present pur-
) poge,_ be regarded in most cases as non-conducting matter resting
upon the electric surface of the earth. .

4, Lightning conductors should therefore invariably be continued
through these intervening substances into soil which is permanently
damp. -

5.
rendered dry by carvelul drainage. . .

6. When large quantities of esplosives are stored in under.
ground magzazines, such as the main raagazine of a fort, they .éhoulsl
be fitted with lightsing conductars on the same principles as
ovdinary magazines above ground. , The same ruls holds gaod ag -
regards underground magazines situated on promingnt points, the .

top of a Lill for example, under which eirbmmstagees like pre~,

Underground magazines are usually in dry soil, or soil

cautions should be taken, : ‘ .

. v
. . .
o . s
. Lo v
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i« Smail evpense wagazines under ground need not, as a rule,

.

Le providad witl, Egbtning conductors, i

8 ’(,‘ﬁ-\( mated batteries of modern construction, in which the
Inigazives are distributed theougchout th Lusement story, muet Lo
proviled with lizhtaing conluctors,

0. The arranzements will vary with the plan and extent of the
\\-nrk; lrh't 1t \VZ“ ,‘_;&‘Hcr.l!l_v be C()N\"‘"i(‘"t to }‘a.',e olie or fwo
honzmtdd conductors op the parmpet or terreplein, extendiag feom
crd to end of the Luttery, ntlaciied to vertieal conductors connected
}\‘l!ll ) the (‘ﬂl’(}). 'f‘he ”ilg\s'ﬁﬂ 51)(‘"‘]& bnya a ('On'hl("t(“’, t.urmi““t"
g an ke track, or a point above the truck, acd in lirge
wr“‘.‘.kf" feveral points, projecting 5 feet aboye the top of the
bnikling, must be provided,” Tron verandahs and iron railings form
good conduetors when they nee properly councctod with the earth,

S 100 An dron Lnilding is, of itself, & zood condactor, but when
b 1 “covered with noneeonducting £ubstances, such as asphalte and
conerale, it is neeessary to provide rods or puints projecting above the
isphalte, and in ali ¢ases there must be a preper eonnection with
the earth. Iron shielda in casemated works must he placed in
connection with thy conductors: this may be effvcted through the
iron racers io their rear, or' Ly means of horizonta! bands, extend-
Ing freta pve shicld to ancther, externally. ‘

1. Capper is vecornmendod- by -the Iale Sir Wililam Snow
Harvis aslthe best mutorial for lightning conductors, It PUsResses
great conductivity, is not liable to corrosion, and is very durable,

12, Where, however, conductors are exposed - to mechanical
injury or are liable to Le stolons, and where attendant cireumstances
arc not such as to promoate corrasion, iron may be employed, using
proportionately larger dimensions to provide for its smalloe conw
ductivity, which is enly about 1th that of copper, -

13, Copper lightning conduciors should be of tha followiny ~
dimensions : rode I ineh in diameter, tules § inch in diameter apd
3 inch thick, or bands 17 inches wile and } inch thick,
_ 14 Tron lightning condnetors should be either solid rods 1 igeh
in diameter, or bands 2 inches wide and # inch thick.

. 14 Indceiding upon the metal to be employed in any systo
of Hrhtning econductors, the relative qaalities of the two ,ﬁe}.&m
copper and iron, must he weighed in connection with the circ;rm%
stanees of .each particular case.. Copper possesses bizher condunti-
vity, and is less Lable to injury from corrosion, but it is yery tuch
more expensive, more liable to mechanical injury, and mora likely
to be stolen. Tts fusing tompersture (1094° Fahrenhei!‘) is mach
Jower than that of frou. . ° .

5. The fusing tomperature of iron is 2786° Fahrenheit, 1In

10. e a l
it has a marked advantage over eopper, bub it readily
o when rusted ifs et nu]nl rnsxstn'ntw {ls lchnﬁln:;;]lt
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power may be obtained in iren and coppet for the same cost, tho -
number of eonduetors purchassblé for the same price in the former
sbeing far in excess of those in the Jatrer metal, and in saitable .
positions the more numerous cumfuc,l;ors would, no doulst, provide -
peifeetly cfiicient protection. ! N S .

17, Inapplying lightning conduetars, .the expansion and
contraction of the metal musk be provided for, especially at points
where two lengths of metal are joived together. + + - - o

. o . ~ i to ‘ )

18, This may be done by imtroducing  enitable. bends, at

intervals, in long lines of herizontal conductor.’ ‘ a

19.  TIn vertical lines, .and "in some cases in horizontal lines,
the effuet of expansion and coutraction may be eofliciently provided
against by giving freedom (o slip threugh the bearing collars, - .-

- 20, Soldered or welded joints ‘m;e‘x'a‘ot“;: sheolately ‘neces‘s;ary,
bat they should be emplr,\ycd‘wherg practicable, - L . 00

21, The joints hitherto wsed 'in the' Royal Enaincer Départ.
ment, under the recommendation of the late 8ir William Show .
1arris, shown in Plates Ia., b, ITla. und 1115, attached hercta,

" shoubl- be sdopled for wopper conductors where soldered joints
cgunot be employed. * - 7 ‘ | t

22, Soldered ‘or weldad joints should be emploved in all
positiovhs where the brush or discharge, which might seeur with
nnsoldeved joints, would be lishle'to ignite dust or any inlammalble

substanca. .

£ .
.

e

o ‘
IS

23.. Tron rods may be ‘welded or connpcted by joints, similar -

to those recommended for eopper eonductors, or by screw Junetiops. '

such as are used in {orming the connections of gas-pipes, the end
of the rod inserted 'into the socket being equal in length at least
to its dimaeter, but no white fead, which is ‘a bad eonductor of
clectricity, chould be mide use of in the juints. [Qee l"}n‘e Ve,
IVb, and IVe, attached bLereto @ ' -+ 7 - Do

24, Fhit iron bands, where welding is not considered ad-
visalle, may Le connccled by.rivets or serows woiking in slots.
to allow for expansion and contraction; ecach of the surfaces in.
contact should be of ab least six times the sectional arca of the
band.. oL R

25. Copper bands.shonld be connected by rivets or serews

working in slots, and with similar precautions as to the area of {he
Joints bLetween different metals may be

o

- surfaces in contact.

Leiuz regulated by the dimensious of the matal possessing the least
couducting power. . In all cases of contact lLetween iwo metals,
precantions shonld be taken to prevent access of moistare, which
would induee local gulvanic action with its attendant netallie

dectmposition, Lot :
. - - N Y c . b

[

soldered, screwed, or riveled, the extent of the surfaces in contact

N

P
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e lﬁn i It is not pessille to assign (he Precise Iim;
DT power of conduetors, T French philes
considered thyg they affordeq Protection gve :

war emal to tywien their beirhs . i
usually considered the radiug of t'l'xeir height
This may be sulliciently correct, for all ti
a radius of Protection canpet always be

Wlﬁ:{; B&)g:lu&tors oE.' '?aemsdves have no a(.traqti_on for ligh(uing
the combiati, 30’? (},n Y on aceount of the fucility they afford for
donds o 1 of the opposed slates of the cloctricity of the

Jhds and 6f the eqpth beneath them, Separated by the atmosphere
which J3a bad eondyetor, A lightning conductor, Luildiags, trees,
Or any Qiucqt on th®urface of tho earth, is only to be regarded as
diminishing the resistance due to the uir. When an electrified
cloud is passing over the earth and its potential is Just counteracted
Ly the resistance of the 8ir, a Lody, however smail, which reduces
this resistance, will ecause 8 discharge, . Even a change in the
d 13 -passing ‘may have. this

relied upon,

hatare of the soil over which the clou
cllect, and it is very frequently produced Ly a fail of rain.

28, From this we may' conelude that the angle of g building

which a thunderceloud approaches, may receive the discharge, while

- another Lut more distant aogle is provided with a conductor; and

that for important buildings eontaining explasive materials, every
Preminent elevated part cught

conductor, o

A ]

29, Fora building of uniform height, a solid rod

rising not less than five feot above it, should be pr
end, and at intervals of about 15° yards along jtg
the rod is of iron, its point should he gilt,

80, Small simple buildings, not excecdine 26 foet ‘
may be protected by one vertical conductor nt"'theegndmthie;gg:g
Tsng not less than five feet alhoye the ridge of thg roof’; a hori
zontal conductor should be provided ¢n o -

, puinted and
ovided at each
Iength. When

the ridgc,

- .
B ww*""mw 3 § ' : '!"- '
N Y ——— L I
3 '*-.-w‘

to be provided wiih u]ighmiug o

L 5) X

from 20 feet o 10 feet Io.ng should be
tical conductor in tho centre of its Iength, with

a*Lorizontal conductor on the ridge. o

A Luildinz exceeding 40 fort in lensth should have two,’
thiree conductors,

fect in length,

3 ¥
: i
§ I
. -
*r .
' . $I. A building
: a4 b protected by one ver
. ‘
‘7 IR
: S
e * . N
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: bl
‘ : ¥ .
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:
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23. Larger and m
[P teeted wpon similnr
:, . Co Lercto, -

B -
:

ore complicated buildings should he pro.

principles, as <hown in Plate L, attached
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L Oh A furk, ¢ brud, of threa or frar Ponits inchad of one,

a3 hep WY ' .
' reemmend d f p i, top of a lizhtmng eondaetor; the

Ilr:ll"ti(}g] "o : .

Potnty :m: xh..e, ;.»f thix arrangement (s pot appareny unless the

Puint, (his ‘_‘ laely feparated; Lun fur o siplarmd en o prominent
v Costruction may bo adopted, Al putts of Luildings

Which are f . . N
h \ Mirned ¢loy s -. , A, .- ded
With a lightyin tlevation anid prominence rhonld be Sive

5. o1 s tonductor, . .
dd. it L . . . .
baildige, p o Eoveral lightnivg conductors are used in a sicele

moy Le"é.);t:{.fh"':‘]'l 'T’O connected hotizontally,  Sueh conmetin
Fido covuin%r'"’:d"'y efectel along the ndre or caven., ¥ hen ;‘,"f
be cormecfml’,'::H(‘w:* Satiers are of melal, they shoud ”;‘:‘”{1 1-{
eopper Gri'-"” i l..t'ue F,‘S!":ﬂ. All meta] sucfaces, \\lu-ldur QL.O;"
“‘illdoc\'s Nl"(‘li' L" “_‘A:Z‘-“*. re6i, autters, or coverinze to duois oF;

: ? L be connected with the condudting system.

66: .Th“ rdative CCJ!\:Z-!('livit_)‘ of the ordinary metals used
olows ' 5 given by the Lie Sir Willium Spuw Harris, as

Lead. . Zine. - Copper.
1 2 23 + 2
2 Ty (:(‘nuducﬁng Power, eannoh be nltni,'t“!‘-e!‘

A ) ’ . cuny
gfiniudsd o0, aud this mug |y carefully cunsidered in conpecting
O 1 s, . 3

) tad, nsed ip g Lm!dmg, to the eystem, .

87 . PR . oyl il

Ol Lﬂng ’Lugfhs [¢7} hor}lo“tul ('C'ﬂd"("ﬂl', “.uhou’, l--lth)]f ;"

3 suy Lo o SURBections, most Le gvoilded. Shuud the 2

dh{ch{,a ajmm of ('Ontmuity insuch a conductor without llﬂ;’m"(r

. Gig r of ] . . .t

and pasy (ol f{':“}m}pn""": the current might loave the vonene,
> roearth by the meet favaurstle conrse, and this weu

¢ attendeq wit! : olijec-
: 1 danger,  Sha, ol odi s pre obje
tivaulle, "aﬂft x}}lu P angies fa comduetors are ob) .

Tron.

2 - -
mfi;fﬂ?zggnz:ﬁ_{b (‘.ﬁl.lﬂf'ct}-uhﬂ‘ are most, i{xx;:crtaqz. Ary f.ns}'tm!‘e
Lad earih c’;un;él‘lizxnili:flf 117:;:;:!'«:;’!.!_?'im;\:.nrs eflicieney, nn.dhﬂ':‘::;i

 eonductory ghon] i hmﬁ:f_c«;ﬂ abwvivte dangar,” Ty P
of water, gy fnto (:m 'i".l‘f-’!'.nfca Lle, be lul into SpLings ur‘- m
any ]ill":e body & und which s rermarnently wet, Tho acn

oo ody of water, except o watertizht tanky forms an
Vegetalile ;::i:t!ld n g oo Shingle, dry sand, or: ordin mﬂy
ad lightnine un*'ul)'-1 .a. dry COPJ'!’]O"' are not eflicient ccnuet'th'!':: .
into grmmdathq{ Qetors should Invariably be led through these
shoul] always ‘bc 'i!‘f{r&"nm.vntly' dawp. Scvera) earth connections
ductors, sy gl brovided in all large fystoms of lightning cof-

: b ahould ba defective, t! isehare way be
ellee s one Lo defoctive - the discharye wiy
cled through the others, ' )

389, ¢ ‘ ‘ _
trench oftt‘::clugt.ors bhoul.':] Le 1-d into moist gronnd, by means of a
@ nxfye, ‘;‘\Ldi%‘s extending to 4 depth of at'least 13 inches below g
thould he i P m which g lengsth of pot less han 5V fect of wetal 3
40, Yy » otual eontieg, winy moial carth
from erg Practiealle 4y v 30y P wator
. How 3 - < Uul Wie 0 o, IV -
of t;{ \? \ n l‘;”'(,q fv' N ' “. (LI L 13 ") ‘.d] a‘ﬂ .Y 0".\:.i~ty’
A light[]'ﬂ‘, “ em thc l‘C.(,f' uver U&‘n". g??!“lﬁ\] 1 b v
° WNRQ{;_,N v eaith conneetions.
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- Cencuetors should be distinetly specifind.
R Y - 1 . . - v i
M that in the case of an iron rod or band, the metallie portion | | , ‘ g
only ean be lioked upon as efbieient, oxide of iron being a very S
Y ) sy . U
nlerior conductor, K FR . ~ . i
i
{

45, Ta order Lo obviate the iil eff-cty of rust, iron employed in
the construction of Lightning eonduetors sfonld be galvanized,

m the vieinity of the smallest exposed ron surf’uee\ would be quickly - ., | .
decompuosed, ‘ S B

47.  Shonld i} Le necessAary to bring the zine coating in contact . e ,
with other metals, and cspecially with copper, every precanltion : H
should b adopted 1o exclude moistare, for the above reason. -

Wir Orrice,

Gl dpril, 1575

T — e e,

* A remmwkalle accident of this natira necurred ab Halifax, Nova Scotin, in the ol
Swmmer of 1871 dusine @ heavy thunderstorm, the eloetrio discharze, in traversing "
s yas-pipes of Lie old Proviycial Buitdings, fused a portion which was eonposod : ‘ '
of wlnta metal eomporition, near the wetre in t\)cv buserent, and lib the gus, by ,:
which the Luiidings were learly sot on fire, .

T e
.

st i i oy e o

P
-] ? b

L R,

C Ly

. .:~‘ .Y .c R i_ L ‘. N .~‘ L
41, Where g lighining  conductor terminates 1 vocky, or -

micre or less dry s, special presautions sre necessary ¢ it shonld
buled into 3 treuch, g0 disposed as to -obtain sl the moisture
possible from the grquad,
fout to distances of Trom 10 to 40 yards, aceording to the amount
of moisture, . o ‘ ' ‘

These trenehes shenld extend from itg

42, The connections in the trenches may be of railway or ciher

ol iron formed into a continuous metailic sucface, the trenclos
Leing £lled up with cinders or coal ashes, and the water from the
down pipes Leing led over thewn as already recommended. _
pipes form excallent emth eonnections, but gas-pipes should never
be nged for this purpose, instances having .occurred where 3 heavy |

Lightuing  diecharge has damaged the

Water-

gas-pipes and Lt the S

+3.  Lightning eonduetors should Le frequently inspected, to .

aseertain that they are in parfeet condition and properly connected :
“with the earth.
especially when they connect ditferent raetals,

Partienlar attention shounld be paid to the joints, - D ¢

N

1. The state of the conduetors should be noticed in tha

Tnspectinnal Reports, in which the eliciency or otherwise of all. = | L e
-Joints and carth connections, and the extont of oxldatiou of jvron . '

It must Le borne in -

S N

#G. When galvanized jron is used, particular. care shoald Le

taken {o zce that the eoating of zine eovers the couductor thiekly = * - RN
and efitetively ;. damp would produce galvanie action, aad the zing . . - ;

P

t . FRED. B. CIIAPMAN, - - . 3
J, Tnspector-General of Fortifivations,., R
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In preference to a structure which did
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e

to be in such situations as will enable

will full on them in preference to
resistance {3) {4), but not otherwise i

e - .7-7_‘—.. - e
-~ R e
T o mibomy = e ey

clouds and earth, and in sueh. ling
effer the least mechanical impediment;

\

N et e e D

Ficks out, or sclects as it vwere by the
< * those which it dn not, Ifin the case

- vninterrupted eourse for the eleetricyd

R e L e,
,

Ty

—
IR et (g - e eyt

s VU

- Suchiis, in fact, the great condition

others,

" et e
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f : further, the point of the chimaey at which the damaoe cetsed wag .
iust where it pasced through a massive melallic yonf, eonneeted Ly

t

T T ek ik BN € 8 Y Vg 4 4t b ey e
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I no ether casc were on record similar to ‘this, this ease alone,
according to the best inductive plilosophical
sufficient to overturn the whols assumption of the attraction of |
Conductors for the matter of Lizhtning, and tho vulzar error that
sach Conductors fnvite to the butllings the very destruction whieh, ;
they are set up to avoid. In this, 23 in numerous othee recorded -
ases, the Lisktning fll on a stracture which, aceording to the
popular error, Leld no “ip vitation™ by metallie points or attraction, -

reasoning,” would be

hold oud such vilatione—g

fact totally at variauce with the whole assumplion,

10." Rexark 3.—A building, as'is hence clear, “may be strack o
and damaged by Li,n:h’r.mng without having a particle of metal in
Its cunstruction ; if there be metals in it, however, nnd they happen

them to facilitate the prograsg |

of the electrical discharge, g0 far as they gn, then the discharge

other bodies offering ' more -
if metallie substances be noé

presetis, or if present, they happen to occupy. places in which they,

cannot bo of any use in helping on the discharge in the conrse it

- : wants to go, then the cleetricity seizes upon oher bodies, which lie

in that course, r which ean help it, however small their power of -
deing so, and in this attempt such bodies are commonly, but not -
always, shaitered in pieces. The great law of the discharge jg,—e
progress hetween the terminating planes of action {2), viz,, the &+ = .

or lines as, upon the whole, -

or resistance to this opara- o
Lion, just as water falliag over the side’ of a hill ja a rain storm, é@
i force of gravity, all the Little . ’
furrows or channels which lie convenient to it course, and avoids

of Lightnivg “you provide

through the instrumentality of efficient Conductors, a . free and

discharge, then it will follgw

that course without damage to the general structure ; if yon do
not, then this irresistible agency will find 2 eourse for iself
through the edifice in some line or lines of .Jeast resistance to B[
and will shake all imperfect conducline matter ig pleces in doipo -
83 ; mcreaver, it 13 Lo De especially remarked in this'case, that' the -
damage cusues, pot where (he wetaly are, but whore they ceascd ,
to be continned ; the more metal in a building therefyre the better,” -+
Morg especially when connected by an ubinterrapted circuit wisly .
any medinm of communication with the earth, Foo

to be satisfied in ' the appli.

R cation of Lishtoing Conductors, which is virtually nothing 'more . |
‘ than the perfecting a line or lines of small resistayce in.. given . (-
reetions, Jess than the resistance in any other lineg in the Loildiag, *

. which can be assigned in auy cther dirvetion, ang in which, by a: -
law of nature, the electrioal ureney will move iy perfikence to any
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12, Pointed terminations of 1he” Conductlors in the air

af Lightning when it fulls on thems. In fact, before the great
shock actually takes place, under the form of a dense explosion,
a very large amount of the discharge, which otherwise would be
concentrated, runy off, as it were, through the pointed Conduector;
but they have no other influence® ‘ ‘ \
With respect to these pointed terminations, no great eare
need be taken ubout them, except that they should eonsist of solid
copper rod of about three-yuarters of an inch in diameter and
about a foot in length, and be united by brazing to the conduct-
ing tube, elevated at such convenient height above the walls of
the building as the nature of the case may suggdst. S

Asa support to the Conductor, when, raised above the wall, -

we may employ a small staff or spar of wood fixed to the masonry.

It has Leen occasionally the practice to gild the points of
Lightning Conductors, or. make them of platinum, or otherwise
bestow an extraordinary amount of care on perfecting the point,
all of which is not only unnecessary but in some iustances dotrie
mental to the action of the Condactor; if, for exanple, the Cone
ductor be coustructed of copper.(a motal of high condneting
power), then it would be manifesty prejudicial to terminate it a
platinum point, platinum being & ‘meta’ not having oue-hall the
conducting power of copper. ) L _

- Much has been said . relative to the oxidation ‘of the surface of
the metal, but this is of very little moment to the line of eonduc-
tim, aund,in thecase of copper, it is trifing,  Under any cire
cumstances the metalli® oxido is better than the bad or non-con-
dneting air, which is always in contuch with the surfaze of the
metal ; Lesides, we olbserve that in many cases the wires of the
Eleetrical Telegraph transmit enrrents of electricity with perfect .

freedom, even when euclosed in gutta-percha or other non-con. -

ducting matter, ) o .

With respect then to the point—it will be sulcient if the ter- -
mirating solid rod be roushly pointed; almostany terminativn of
the Cunductor, even if a hall,'a foot in diameter, would be virtually
a poiat when opposed to a thovsand acres of charged clouds,

13. Copper linings to the doors and  window-shutters of
magazines are nob objectionalle, | if requisite, as a precaution
agamst fire; but they are uscless as a means of keeping out
lichtning ; on the other hand, it is not easy to conceive a case in
which the explosion of the gunpawder is to be apprehended from the
action of Lightuing on the duors or windows ; supposing, however,

such metallia limngs desirable as a precaution against common cases .

of fire, then the masses of metal should, according to the principles.

already laid down (7) have metallic communication with the general
system of conduction in the building and the Main Conductor,’

*® A pointed Conduetor has been supposed ta protect by abtraction over g efpe
eaiar avea, equnl o twics the radins of its clevation, which iga pure piece of kypo.

thesis econtmdicted by experience, & g., ships have been strock and dumaaged by

Lightuing on the foremast, » pointed Conductor being upon the Wainisst,
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12, Pointed terminati 3
o 3 ations of the” Conductors in 1 2
s Liwlirtl;:?;?ns:htfm: they tend to break the force of :ht:h::i‘t afb '
Bodming !«:,u it lful]s on thems. In faet, Lefore the r;rlevag
ey T :;n akes place, under the form of a dense ex Josi ;
eoncen':rafed, rll:)l?sut;g[' zgeitdlsf!lar;ie, which otherwise wlou]‘do{:(’i
but they have no otlier inﬂueggg,‘?’; through the PQluted Conductor
With respect to these poi inations,
- ~ : pointed terminations, no g g
c”!e; Ilmlge :il(ien ?}?Tt them, except that, they should consit;]t.eg?' ‘:]‘i(l!
eoper 1‘oot0i‘1]‘wmh 1t11ree-quurtm'.s of an inch in dia;uaetorso ‘d
about o c'wa':d ength, and be united by brazing to the conlm'lt
the Luildi leval at such convenient height above th alls of
uilding as the nature of the case maya suggdst ¢ walls of
-3 ¢ -

e

A ot
sa SﬂppOlt to the (,onductor, when raised above the wall, -
iy

we may employ a small staff or spar of wood fixed to the mason
ry.

It has be $i
. H en occasionally the practi ;

. ctice to g ;
%;‘ghtmng Conduetors, or. maake them of pl F]ld the points of -
:stow an extraordinary amount of cure piatium, or ctherwise
:&i Of ]“g‘lch is not only unnecessary but :i? s{;ﬁ?c'tmtg the point,
enta e s b > justanees detri
duu(U: bg t?:nn:g:ed()f ;he Conductor; if, for example (;t]:;edé‘t)z:.

N of copper. al’ : y e
P?‘Y?l‘), then it wonld bLe maggt”eéfy(;rcjﬁ;%‘q 10{ %]gh condcting
pratin i . . : sjdicial to terminate it i
LonLd um point, platinum being a meta! not havi L:m“,m“ 161 a
ucting power of copper, ving one-hall the
Mauch has been said relatise b the ox -
the meta] -’lgulze:}r‘l' sgxd relative to the oxidation ‘of the surfa £
for :md, but L ‘xs is of very htth moment to the line of cocel of
cunisia > e case of copper, ik is triffine, Und nd ue-
ustanees the metallk oxide i3 Det a. Under any cir-
ductine air. which i 2 oxide is better than the bad
@ air, which is always in contact with ti bad - or non-con-
]r:nletul,- Lesides, we oliserve that in tack with the surface of  the
Ll M 21 v 3 v many cag v
ectrical Telegraph transmit enrrents ;f? ?hes- the wires of the
electricity with perfect

f: 2eaom ae €
r m, even when e ed i

ﬂCIOS.éfl n butt,a-per\.lm or Othﬁl’ non-con
reed o e ~COI1~

ducting matter. ‘

‘ .t 'ES o iy . M -
;l ]l lespe(!b L]H‘,” l;() t]le pt)‘.nf i “']“u be Su”](n‘e“b i! ”ll 1(? A
3 oY=

minating solid rod
Zs rod be roushl ke
the Cunda e roughly pointed; ahnostany terminati
¢ , ;i c4 8 erming
a poiat whetx;)rl e“:n i a ball, a foot in diameter vfould b:m‘?mn of
e opposed to a thousand acres of charoed ¢l . dﬂrtually
‘o . . : clouds
. Copper linings to th iy ’
. he doors 1 : .
magazines ar e ors and  window-s
b il are not objectionable, if requisite, as bhuﬁem.of
Sa:nsy Lre; but they are wusel 5 ’ & precaution
lichtnine scless us a means of keepi
g ntn{, ; on the other hand, it is not easy to § of weeping out
steh the ex i Addhion) CONCEIVE § o T
et ofa E;fﬁt;xpn of the gunpowder is to be ﬂpprghg:,g;ddfmw 1
cuch metallis lin]ilr?;oél t‘he doors or windows; Suhiiolsim; hf)om the
of fire, then the mj:e emfr ablet u}s iprecautign against coﬁ}’mm;”even
en the masses of metal should T 1 cases
already laid d uld, according to tl P
v own (7) have metalli prcing Lo the principles
system of ¢ VR e e communieation wit :
conduction in the building and the Main Clolnt;e zgengral
‘ uctor,

A 4 =
pu mnte ‘ L
L )¢ Conduclor ass been SUPPOEC\I ta pr otect bi abtr llClU)ll‘ over § cip-
thes.s coutradicted b' experience, & g., shipa ha 0 tuEﬂ strock and d“m“gtd b.‘!
7 pht(.”ia oun the ol |
Li > b iulem:.st, L] pcmth QRGucter bet Upos the waima 8
1
1 ( t. b I t1 ast
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( ‘ : ‘ 12.  Pointed terminations of the” Conductors n;. ther-mg are,
TS R . . ) [ . S 'y ] eak the force of a discharge
. '{Y"’ f"[‘"”‘,' ebfoctigg to Licktrir~ ConlJactors en the gml’l"\l ! ( . . #o far important that tlzey tend to bre Tn ot befors thohurge
AL L},.)- Wvite Lichiging o thel “ine, that we d mo know thig T . g af Lightning when it fulls on them. In faet, be e
Yrantity of eleetrivity 1010 tloti.. al’(i that heore they may ‘ i B : shock actually takes place, under the form of a dense exp oﬁoll::
“ . R taly %3 sl g P o . . w1 3 o
e denlenetiog BIe Now Gaile npte Lie P ot ly ariseu . : : . a very larze amount of the discharge, which °ll}ermse~ Wou he
Wi waut of kgl n o biCmble, aid. nave ol gt ‘ S te ff, it were, through the pointed Conductor;
e A wWuut of Inmwlm!;;.: of the wature of electrieal action. ! ( - concentrated, runs off, a3 1t o o oug
N 1““ g'hou'ld we thinl of 4 rersen cbiveting to the use of gutters - but they have no other influeice, : ‘ &
} “Tives for n ) . ~ . - . - ) . nations at ear
i”;_ll_'xm Pires lor g boneg, iy he ground et LLeir attracting or : AR With respeet to these pointed terminations, no gre'tf ';3
Yid ; . . . . N » 3
" ‘1wu;_},) & Hlow of water “pen tie Laild ng; ard sines we do not - . L need be taken ubout them, except that, they s!wuhl consist of so .1
14 v . . A . 0 o 63 H
|zmldin~e, tmn,u ol ruin ia the tlonds, it 1s possible that the 3 b eapper yrod of ahoub three-quarters of :mi inch in dl};zmeto:lantc
- . : . . . - * . . ) L=
ment g -ns'vL'f' therely Inurdated, yet such s Virtuaily the argu b about a foot in length, and be united by brazing to thc. co‘n”ua ;
: gamnsg 1Shtuing Conductors.® ' o ing tube, clevated at such convenient height above the walls o
" . . ’ . : ) ¢ o LUV . N rrdist, e
Cnlfg]f'[ u I(L ’f"“‘)‘f“s f"m (IIC {c r«‘gmng rnh(-fl,!(\g, thnb a ,nn;:gzxﬂ@ . . . "% L the l_.uﬂd“;g s the nature of the case may SU‘DZ,CSt
I m . R . . e . 3 N i - " 1S, 4 N
safe in Tiahto o Liton or other ractal, would ba jnfinitely more ' Loy Asa support to the Conductor, when raised above the wall,
““a“’. ':: ﬁ'u")ﬁﬁfuu,{:’ ¥ovms than if byl with maconry in the nroal - fo we.may employ & small staff or spar of wood fixed to the masonry,
o Tetallic rootys £y i ith eavnae: NPL ; oL . . e g
10 the ekl s 3 L rEazines, with eavacious metasiic Condu. turs { . Eh B It has Leen occasionally the practice to gild the points of
awould Lo unobjectinnghle wad a ce of rocurity : 0 t has been AP therwico
Meallie pyte ohJe Lle, source of secarity, i A Lightning Conductors, or. make them of platinum, or otherwiso
L2391 » 06 » . .. K o 3 . .
tion \\‘&ilh t!’?e .m'a aed ru];:c.: lmvzng orntinuong wictakiic connec- : : : [ | :to'v 'n? extraordinary amount of care on pcrfec-tmg the point,
- 3 £ ¥ 3T . T Pim [} [3 - - "
A'geed met) T8 Al wuobjictionale, : X o . all of which is not only unnecessary but in some instances detri.
10 > . A . . .

, wdnldg ,.(a ;:I;L rod ;Of Corductors for magazines buile ¢f masonry, P mental to the action of the Conductor; if, for examyple, the Con.
Positicn of tllu: “;u‘i‘hxj';m"v' Ceseribed (7, regard being had to the P ductor be construeted of copper . (a metal of high _cogdz}gt}pg ]
also 1o the natupe, o \,’;‘" 't"‘l “u";?f, sud most promiaent pnints, ! ! ; power), then it wonld be manifesty p;q‘ndlimlhto‘mrmlnaﬁ 111‘1;112

: Gy M 1 MG and venditiog of the suil, whether it bo ; ' o Coe PR int, platinum being a meta’ not havine one-ha 1
Muist or dry, alluyial @ su, - : platinum point, plati g & o YU :

) ¥ tly ealearcans, or of hard rock s we murt also . _ - ' L S

COnsider the extent, dis positi oy o )rl ,{'\d H f;‘t n ¢ e ) . ; conducting power of" copper. - e . e ;

metallio Imdk.s entering into 0 Q,“ \ | prealar p:).s..f()ﬂ Hdine . } X Much has been said . relative to the exidation ‘o .tde suriace o

whether the rogf- be flut, 2 Benera slructare of the building, * N the metal, but this is of very little moment to the line of conduc- .

'i'he rr();ntcd rl . t.k 9y OF pmntmf. or mxgu]ar 1 Vverus I‘QH'IS- . /, ti )n alnd) in thccqu of (‘\‘)IVPE‘X'J it ].S Lriﬁfﬂg. ’{Iudcr an}r cir_
ojectin. fer v 3 ! » g S A i R

More as the e rr:‘uy t'-—; e"ft’."'".“"-"'b of the Cunductors, one or, - | ' cumstances the metalli® oxide is better than the bad or non-con
Lijldings havyy » tall o!;ien’q ol be pommonly suteint; but, ; fo ducting air, which is ulways in contuch with the surface of the

o F - . k4 / . -~ - . .

- 4t & distence from, the ey or otler tlevated prenumert ponsts, f ; metal ;besides, we observe that in many cases the wires of the
guard suely ehimnaye op ‘;,';'u“cm’d“"“"": L will e reguisite to . - Electrical Telegraph tranemit enrvents of electricity with perfect
”-':m to the mesyl, of w: '“, '}.varrs lf.'" "‘"F“"ntcl rod, led along v ’ = freedom, even when enclosed in gutta-percha or other non-con-
Main ('(nducu,,‘n l;y nie! STl or dzrs:ct;y connesled with the . Ty duckine matter. . B \ ‘ 4 .-
—— ! WS Conpeety : : % o e C oL

e T — .....“.__;hi_tg‘n.u b, e 5 Pt With respect then to the point—it will be sulcient if the ter-
It Lu_ been recomm, Pded 34 plueo Lightning Conducines sane fret _di:m’;: : . ‘ e minating solid rod he roughly point?d; glmost any termmm-;lun ‘of
frqm the ke Wing s or uthery ju Lt Bt T Che walle by glune or ’fi"(';" :-a : ] ot the Conductor, even ifa ball,’a foot in diameter, would be v"tuany
thisie tlem ‘Y (}rvin,h-;l tothe R lea Bpon ']ll('h, the C",ﬂ‘l"(‘hf"? ‘:r,é,.‘,zf:-‘(.’r'rﬂll" T o ! a pOi'ﬂt when Oppﬂsed to a thousand acres of charged clouds.
Voo far et d. L from w hovsaof we wiaki 1o enrry T L ol A . ; .
alw ad 1ty g lace o ain Py 10 Ml dortan . i htwing Cons . ; o . -
fnm e "‘mt‘. & lamentable pesuli of the ‘)"v‘wc(-:::lgf‘:::.}i;,:5:, :;;Jnmxf(‘f‘r ; " 4} 13, Coppcr Immgs. tO. the (10.01'8 auq . WIndO\V bhuttel’s.of
turtney fetanl fonn s banding poantly anrr;'d‘ltn'“")m“ dimensions of if‘(""‘v H ; v mggazines are nob ObJGCUOHD.l)lG, if reqmsxte, a5 a precaution
[Ha TRl . IR, T B et : ' 5 4 ) . . .
t: frer of 1 Sentr, Lop A ].v,.h‘unta.l',.:‘. of the busdding, a8 p}n:vtn)‘“ Lo 3 - agamnst fire; but they are uscless as a means of. keeping out
b e vt within 1 fockof o thrlfu Ihe wditmpt1on zb*;’, "’;’h{,‘tmlm;,g - 3 Ii?-h[uinn' ; on the other hand, it is not eaxy to conceive a case in
. Yua! [T s . this, \ ; ’ . ap ] g
b bt b B o ot Mzt i e ™ The st s R - which the explosion of the gunpawder is to b apprehondod {roms 41
R R : “ v e ! ' ) : - . 7 oy e N -
foquret) ”x? ,:, ang, wid w e ', i, S8t ’,,’,‘ ta buve b";“ '{;"}'fi,:.h ~ action of Lightuing on the doors or windows ; supposing, however,
. oy Bl PR UL G aile R hed. 40 % k : g R TIN R 3 eeauti 1 nse
gt e R ,,,..‘\_v’za«.-u_'q of vl l;uh\l}, r’j,,,,l;x..«x un:;u;:m';n w ¢ ) L such metallic linings desirable asa precaution againsg c]omm(')n (zdzla{,s
‘ T b . ialiduty R s L . . v =" . h iy e )
ot W uﬂl w | e H l--:‘-’ fm‘w Y .,. ot “‘ “:uu copbainy s . oxn priveipit ' : of ﬁre, then the masses of metul s.h‘)llm, ﬂOCf)ldX.Dg tq the prmeip ’es
L e battF oot @ ¢ away (el G0 oound, To - - v already laid down (7) have metallic communieation with the gencral
I 1 gml W [P BNl qon with Uy 3 v . 8 A A ¥ qs | ai ,
. Vot d lm“ pevte & Mwuw Gonorint® 55 5L :'.:a{l"ut”_ °l“:c‘:‘:$vl:v”5"‘ - ’ system of conduction in the building and the Main Conducfor,
AR e in"":“.:‘; r ""”M:: i ey “thoc.-;n: pout arwe ) ‘ ! . ‘ ,
v "w e OO0 ORI prove v ‘.;; i€y wh;;' vie mastol 8 . ' % ® A pointed Conductor has been supposed R protect by nbtravhgm over a cir-
DI R R 2 Lt tart, ® ‘:,.‘erv"'“" Ve ad, AN by rizg 9f yines S ] cular ared, equal to twics the rading of its clevation, which is & pure piece of hypo-
b !;":W.w i.';‘, :."‘l,,-.wc ’m 1ep trr e O ;l-;:. 1w ccarse '.!"w, cate doter . i thesis co:.(.rldicbetl by experience, & g, ships have boen strack and domaged by
3 ppmd & ; . R i ¥ A b o y L s
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It is hence important {o give the charga free room of expansion
by increasing the surface of the Conductor, so as to reduce the
mechanical activity of the shock. considered as an_evanescent
charge to the feact possible,  This question is stil] open to much
valoable investization ; a larze number of facts might Le quoted
bearing on it, ' : :

Rectangular flat bars may be employed,
if found convenieng for aitaching to the - -
walls of a building, - AN

2. In the case of a Rain.Pipe, ¢ b,"““fvf \‘_*__qr}

communicating with the Main Conductor,

1t (the pipe) by a metallic communication,
@ d, with the ground, on the prineiples
abuve expluined; it admits of a certain

quantity of the charge expanding info a genery] surfice of conduc. -

tion to the earth as cxplained in preceding papers, ,
Reyarg.—All those sabstances termed imperfect Cond&'v‘tors, -

such as the masonry of a building, a ship’s mast, &e, are never.

theless Conductors to a certain extent ; they il always be able to
trausmit a given quantity of Electrieity withount, explosive actign,
In any case of a ship or building struck by lightning, donbtless
some Electricity always passes off in this wWay: up to the linig of -
conducting power; one great end of the Conduetor i to rolieve
ity it eannot “discharge without
explosiog ; by thus completing the con ncting power of the general
mass we use up, as it Were, in connection with the Conductors
all the useful ecnduction of the wood of a ship’s mast or (he
wasonry of a building, auml 80 convery into a source of safety what
would otherwise he ivefficient to Yhe scsurity of the buildipe » all
this is consisteut with Principles Lefore expluined, relative to
resistance, N o '
. 8 Whether Conductors of iron may not ke caployed for byjld. -
1885, copper being expensive and ablg to be stolen, e, 7 e
 The common conductors of small iron rod or wire are very
oljectionable, they commonly rust out at the joi

3

mts,’ ;
fallen to pieees and have been often knocked iy Preces b,b; D‘l{iﬁit
ning, Ifjron he eploved, which it certainly may be, and ;cvit,h
rdvautage, it should be ceated with zine, a modery Practice, op
what iz ealled « galvanized” Zine I8 even -a better Coudu’ctor
than iron, and being spread over the surface, would not open tg
the objection of making a Conductor of two metals of unequal gop.

ucting Fowers; in the case of the'charge buhvb constrained to
Pass out of the one into the other, in continuation, ag fop exam.
ple out of ¢ into b, zine has one-third the Q
conducting rower of copper; iron has only’
about one-fifth the conducting power of coprer.

Where the Conductors are capacious ag respects the iutensify of

he shock, ang are nob heutod sensibly, ile transmission of the

charge, ag 3 question of mere conduetioy, appruaches g yats, of

equality ; in heary shocks of Lightning the differences are important,
: - : &
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e,

ot tue-
‘ 1 and effcient Conc
% ??. SOV W LE ”‘Jtl" gﬁ(;l it she uhl be wrou;:hta .

e : o arslvsuee d aroir; enath : ‘
Lor o sht befeend of ;.:'»Iv:u ’-a,‘",,‘;,;,"! irsa pipe of two inches
' gy ¥ s T B2 + 2 ¢ !
oo, Al the Pest Leom wond 1€ e of ex'ra thickuess, a3 in
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