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":, .",.':' ROYAL ARTILLERY D!STITrTIO~. 55 . ..... V ~ · · · ..., , .:",. ~VV'~ . ' ~;~::.,: :':?J'lre!ollvtt:ill!l pnper3 by Sir William SIIfHIJ 1[orrl." 1'.R.S" ifl8erlea ill a ~>"'''..)~· ctfc'ular JFlfllloraw.!lInt, recetd~'/ iUiled h!/ tl:e War Ojficl!, contain information ~':; ;::: :." rjfllUn. Gital iULportllCCc! ta till! Artil(~; ,!/, ill j·'i(erc!H.f:e la tile ,9afely of POICdr:r <~.:~, ;·1Jizgazi/je8fJ'lm' the ,:U'ects of D!Jhlllin!J, tltal thl! Cammittell ItlLCII directed thl:11& :~;S: : ·, {q~repriltted i.n lhe " QccIlJiulLal Paper,:' ' .d. N. 

r';jJt' L~~"in'1 COildJ(dOI~':- :;';:::le" and II~'lrl:~t~~~ ' relative to tlll!ir opplica-n';'~ .,', . lion W Po/Cdcr JI(J!lo.;i"e,Y alld atlter BuildillfP, oy Sir lr. SItGIIJ lIarrir. ::"-':."!" '" F.il.S. ' 
~~'}f,,;~ '_ . 

f81::~··:!, ' 1. Thunder and Lightnin~, re,mlt from the opr.ration of a peculiar natural ~~rr1)' agency th.rough an interval of the ntmosphcl e. contained bctwecn t~e surface ~d'i:' ; ;; , .o~ a certam lU't!U of clouds, llnd a co~rcspourlll1:< area of the carth s surface r;: l~' ~i:, ' directly oppose(l to thc cLomls. .It IS Illwoys to bc relUelllberetl that the ~~~:},~t"~rlhts surfur:e uut! the douus tire the trnninuting plnnes of the adion, anti ~tl;q;' :ihat~uildiIlgs nre only assailed. bf Lightnin,f\' ?ec,ause they are p~ints .M it ~F';.\i; were Ill; or, form part of, the Earth s surface, III which tho whole actIOn below ~~t~fiilhlly_va.hishC!. , · Hence buildinf,rs unclcr any circulll~tances, will be always l~;;':":~;ope~ to slrokes of Lightnin~, an(l no hlllU:m pOII'cr can prevent it, 'whether ~~fic:,:j-:<: hilTmg Concll1ctors or not, or whether huvUlg metals about them or nof, n.s 
n:i,:~:::: il!perience shows. ' . & , if~h,:::: :! .2. Whene"er the peculiar a~ency, (whatevt!r it roay be), active in this opef<",,~\'i/ ration of nature, nn(l c1mractmized by the general tenn Electricity or Electric ;:(,/l,f " Fhdrl, is confined to s!lb"tanc:cs which are found to resist its progress, such ~~;;'., for examplc as air, l'lass, rt ,inous boclies, dry; wood, stones, &c" then all i¥.')/, explosivc forlll of action is the result, attended by such atl evolution of light :r~./:~'.' QJul he<lt, 011,1 by such an enormous txpnn:.ive force, thut the most compact ~~~r:; autl mn.ssi,·e boJic3 arc renl in piec('~, and iutlamnwble matter ignitcd: nothing ~~~~<' nppeur.'l' to stand against it, gl1l1lite roc'ks are split opeu, oak unt! other tree:! %ttifi,-: of,enormou,S, size rent in shive~8, ant! mnso,nry ~f ~vr.ry lci~d frc(luently lnidill f~~',:~:::~· rwns; the lower masts of Shlpi of the Lme, a feet m tLll1meter und no feet ~;T'~-:: long, bOl\nd with hoops of iron, t an inch lhiek ancl 5 inches wide, the whole .~ :tK~; weighing about IS tons, have been in llInny illsbnces ' tom R.~lIndt:r, unel the ~~l~ ' ; hOops of iron burst open and scattered on the decks; it is in fuct this terrible ~!.f:/,:,>elpansive power which ~e hnvc to rut'ad in cuses of buildings stLUck by t-;Jr~:::-f.. l.ih'"htni?gj mther thull the 8Ct~ heat atten~ant Ol~ the di.:;clw.rge it~clf. , . t:>~£, :.~;, : 3,"\\ hen, however, the electrical ogt'n"y 13 cOlljlllc,l to bodies, such 8!l the tii,;.;;-::~ ' metals,' which are founel to Opp'05C but slllall resistance to ih pro~o~, t~~;':J.licll thi!- tiolcnt expunsive or tiisLUptive uction i:i either greatly reduccct or (in ~',:;:';: 4v6idc(L"altogeth,!r, the c:'l.pl()~ivc form of oction we tcnll Lightniug', :vnni;;lles, ~ft:,i~, ;', aM Lecorn~s us it were transforllled inln u sort of contilllLOu3 CIU'I'mlt actioll l;" ;r: " or It cOIIII"lrlltivdy ljtlie,;(:(;nl kind, whi(,h, if the uIetllllie substun~ it tl'U\"ersrs ~(t: .. be or ~l'rtllin !.1u)lClI dillll'Usion!, wilt not be productive of allY dalllilge to the }Ip:> . rod"\; ·i.f, ' howtvt'r. it bc uf ~lLlnll l'/lI't1city, 0::1 ill the C11.~e of U slIlall wirc it ~~ ,.~::, lIlily ht:('oille Ilt'lllt:d lint! fu se!\; in thi~ ,O;!"e, the e\t'driPlll Il~ftlt:.v, as befure, ~c~~, ", ' i3 so resislcll ill its (;{)\lr~ t! n~ to ad1llit of its t'lking oun greotcr or le!!!! dl'gn:e ~;':F;'· >:; . of cXl'lo~ive and hCllling drect, us iu thc t'urlllr.r cast'. It is to be here t~T~/:" .~bst:rv,etl, that all kincts ?f ma~tcr oppose sOllle rt:~btallce to the progres.s uf r;:Li !~ 'C"' ,whut 18 trrlUc(l the ElcctnclIl Dlzehllrgc, IHlt Ih\: rc~l,tallce through cnpnclous 
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. ~ - -: . Jl}etallic bodies is comparafu-cly 10 small. as to aJrnit of being neglectea ~'~· d cting lines will be co~fined to t1ie' Conductors as constituting a line . 
• ': ._ .• 7""' under ordinax'Y circumstances; hence it is. that such bodies have been termed -~ -~ con~harge of less re!istance than any other ~ of ~barge thr?ugb tb:; 

. . - . Conductors of Electricity, whilst br..dies sucb as air, glass, &c., whicb are ; {. o~ding which can be SSs\,01letl. The apprehensIOn o~ Lateral Di:-scharge . 
~::-:-~:..~ . Jound to ~ppose very considenbJe resistance to ~rical action, are placed at : ;' ~herefo~ from the Conductor, is quite absurd, ~d ~tnot wcoduobetenanced h{ . 

-:- --. . . the OPPOSIte erl~D1lty of the SQ.[e,and termed Non-Conductors orInsu1ators. -. -;£ an fact whatever; if any doubt could possibly e.ust, I wo now m?s 
.'::_:.' -'- The resistance of a metallic copper wire to an ordinary electrical discharge ' .;: tIC co~pletely ~ at rest by the experience of the permanen::~~app~ . 

o ;:.<. -:: from a battery, was fouod so small. that the mock traversed the wire at the ' J~~~' ~ to the masts of :!er :Majesty's Ships. In very manyJ..U.:>w..uce5. U3. , 
--.~.-~ ~:. " !?te o~ 5.76,000 D1l1.es !no a serond. . The .:emtance ~owever> through a ~.~'.' .. i. charges of Li.,~t.Iring- bav~ fallen on the masts with :l crash 3,3 if the Ship. s 
... ;c... ~~c line ?f Conduction. small ~ it De. Increases With the length, and .. ;:::.~ i brood:,-ide had c-=fued. llnd the solid point aloft h8o3 been Jo~ melted; . In 

,-. ~:~. :;::.: .. - dimif msh:s Wltht~e. C).rea, of ~ seefun of· the Conductor, or as .the quantity - t.--:::::': f all these easeS eledrical discharge ro~bedby the" Conductarof ili ~losive 
. . 0 metal mcreases . . . - ~ :. . - .. . ,<- -::-=-. . violence. has traversed the line of actIOn to the . ::i,ea. t!rr0~gh the ~, and ;:-.. ~ .. ,-.. ~ ... i · 4. ~t follows fro~ these ~blished facts, that if a brulding w~re metalli~ ' :~:{.:.;~.:.~:: ,:.. t~h the copper bolts driven through the Ship s soli~ tIm~ wi1h.out the 

;- :=- .-.. . : m. all its .• p<1rl.s. an Iron ma,.,~e feu:. aam~le, then no dam~ooe could possibly .' L·:.· ; , least dama"ooe to the mrrounding masses, whether metallic, as m the '~ of 
~):-::--:" .. anse tc ~ from any strokE: ofLigh~ whic~.has come within the experience ~" :', ; the ~e iron hoops on the lcrwer mast3, or not. Perso~ have ~een either 
'to .;~ .. ::._ of mankind; ~-g-, a man m ~om; ~ sru:e lrom clama"rre by Lightning T. in ~:.;::.. close bv ar admilly leaning a,,""Binst .the Conductors at the time. WIthout e:x-~?-;--:. 
~..;i:-;;~:"",:- : fact,n:om t~e InStant the eledricaJ. ~ in breaking with illsruptive and -::-: .: . cing any ill consequence. _ _. _ .. .' . . 
~,:;~~ .'- ~losive. VlOlence thro~h the reu..~ aIr, · seizes npon the mass in any -..- ~"" 0 ~ .&mark 2-- It has been -also been incontestably: sho-wn, that meta1lie _ 
~:;::,.C-' ~~ ~ .. point of ~t. . from that instant. the explosive action r:aniJkes., and the fol"f'.e:! -C . .,.:· bodies have not any specific att.rnctiveJorce 0:: a.fll:ritY for the matter of 
:z:~-;c: -o·~ __ ~ operation are nentralized upon the tenninating:planes of action, m., the .,(- ~, Lightning. metah are as little attractrre.?f .lightllmg as wood or ston;e ; 
~.-.: :" Surface of the earth, and opposed ckmds.. .. - : - . F t.,-;- . all matter is equally indifferent to ElectriCIty so far. ~ ~rds ~~ 
ico·~.-::~,:?;-.:",'~-~· ..All % plainly ~~-ns. ±hat in mrler to guard abuilillng effectua1Iy '. : IJ~' : attraction. henre the idea thatmetah attract or mVlte LIgh~ 18- a .. - . . 
;: - . agamst daniage by Lightning. ."We must eruJ:avour to bring the general -7<> a1z.r but -.cry nnleamed error contradicted by the most sa~~ry 

?f.:.:": -. - ':- structure as nearly as. may be, mto that pamve, or non-resisting state it '. :_~.::::~. ~dence,. and the whole course of experience ; in short we find. that Ltgb.tJ:ring 
.. ~.- ' . - . would assume, supposmg the lI'bo1e were a lIlaSs of metal . . - .. - . -"<:'.: f'a.lh indi...«eriminately upon trees. rocks, and lmildin.,,0"3., wh.eilier the buildings . 
~.- ~~. 6. To this end. One o-/more conducting channels of copper depending :~~:; hav metals about them or not. _ -' . . ' . _ . .,' 
~ ' ... - - . ~ the ma",cru.itude and ~ .at the builrling should be systemati~y ~~.!:j:.'. . fu Ma.. 1841 Lightning struck one of the- high cylindrical chimneys at 

. .. - applied to the ~; !bese ;onauctmg channels shoul.d consist either of double . . ~".l: ~ - the 1!.oyai 'w~ YictuaIl.ing Y ~ Plymout~ and rent it for 60 feet ~~wn. . 
.. . copper plates uruted m sen.es one <Wer~ other. a~ m tbe method of fixing . _-j:,-/:;, ~f' this chimney is built of granite, 18 120 feet high. and has flOt tI part~ 01 ~, .. _ ... ~ Condu;t:ors to t~ masts "! Her Majesty's Sbip~ tb~ PL:tes being not . _ '';;::::.::~ . metal is iU const:rn.ction; but what renders the circ.~ce more especially _ 
L 2. .... -_ less than 3" mches.~de, a.ndor 

nth and Ath of an mch m thiclmess,or the ;,.~c:.:-::;·f' applicahle to the present caSe, is the fact, that Wl.thin ,ID!) yanls ,.ci. th,i5 : 
:;- ; 0 : . , , •. ' .Conduclors may. witn a?Ymltage be ronstn:-cted of stout copper pipe notless . c _ ~, ~~::.- ~ chimney stood a mock Tower of equal altitude, haTIng a weath\!l"-rock and . 
if -- - -'. than ·t.ths of an Inch tlrick, and It to 2 mches in diameter: in either case . , ~ .~:; _ varions-metallic. projections, a dome covered with metal; _ and a large Con-
~. ''': .. ~. the Conductors should be secure.'y fixed to the walls of the building. either by __ ~- ::: . ductor along it, to the gromld; ye~ wa:' this. clock towerunassailed . by ~e . t---,: ~-. . braces, or .copper nail., ?1" clamps;. d!ey should terminate in solid metal rods .: £. . ~ great thunder cIDud which spread Its Llghtnings o~er an area <:f certainly not . 
if ~:~.~ _.'., above, proJ~lD~ freci! mto the arr. at a moderate and con.enient height : ~ . -. ~ less than 2 miles; and further, tbe point of the chimney ~ which the damage _> . . . __ 
:::. '~:.: ;..:: above the pomt >() r.hic~ .they a.-e fiud. and. below ihey should terminate in _" ~ , ~. ceased was just where it passed thrOugh a massive metallIC rool co~b.1 .:~: ._'_: _~._ ~;~."" ,.::--.-c mJear~o~Dchesleadingontwantabout a foot under the surface of the ._-.; '.£ ~C<mdm:torswiththegro=d. : '.' " ~ :~ .. - : _ - - : .:r ' ::-~:;~~ ' 
~~/:.._~. "::!; ~,~. ds~ble, they shoul_ d be .~~_~ a spring of wateI: or other .. ; . o~:lii Hno other case were on iecord. sim.iIa.r to this, this case alone, accon1ing to . 
.. e'V '~ . - .. .... tbe best inducfu~ philosophical reasoning, would be sufficient to o;e~uni.tbe ~ _ .. ~ ;::~-, - - It WOI.?.!<t be preFer ~ certaU; ary sitn:mo~ ~le:!d out in se.:ernl -ilirect~nS : .. ; :~~~ '- i whole :lSS1IIIJption of the attraction of Conductors for the matter.of Lightni~% . "._ 
~ ::-==: ~ under the ?';::-;r:c, ele1 rro~ or other metallic cllains, so as to expose a large __ ::~ .. -~. : __ . &ld. th~ ruI:..>ar error that such Conductors invit.e to the buildings the n;rJ_ :: ; :- _~ 
~ ~ '::;-;'- '-~ ef LC~illc coutact m t1e~ of the Qlth. . , _ ' . . - ~ ~' . ,.. . de.-.-truction which they are set up to avoid; in this, as in n:une:r0TI3 othe:r:re- . . _" 
~ ~':"' >: .. >7. All the metals in the.roof:m.d lXher parts of the builrung ' of what~er ~-:: :",-, ; .:: I'~ ' corded cases. the Light~ fell on 3 ~~ which SCC?~to-the-popular .. ~ __ ._ ~:~:i? j kind. should so ~r as posSIble,. ha.e ~e communica.tion with these Main . . _~ :t:-. " '~. error. held no "invitation'by metallic pomts or attractlon; In preFerence.to . .. _-,-~. '-". ~ ~uctors, and .m ~ of any p:omment ~ chimney, it It"ouldbe ••. f :. ~ a structnre wbicb. did hold Ont such invitation; afactwhoIlyatvanancewith . . . ~ ~ .- _. desirnble.to]~ a pomted con_ ducti.n. ~ tube along It to the metals of t1. - roof • .. :: :! i;" the 1. _~. ti' ,- '. . . . . _. . .• .. .' . co, 7"' • .. ~ .. • 

~ _11 of hi h t'--" th .1: _1-. '-'" , IOw.rn;,~~~p._o .• n.b·uil· ';1;";~ " ~ -~: -;: 'hen':ce~-' .::,::....:,···m·:: a'-Y::be' ~c'o 'a:':-.l .:I:"~S ' . .... , ..... :....~:_ ;f;:.';.: . .ut w c sa usues . e conwtlons WAJTe spec:ifled. .. ~ ...... : .. c_ ·· -:;." '.. . ~. : _~ : ._~~.. n.ro<aT~., :!1. ~...., .., =- ~uU:.11. .llii~<AL 
~- :;~.~ ;- . #. llenuuk · l.- It 13 now proved beyond ail qll€Stions, that the electrical' ... :; by ~ofuning without having; particle of metal U: its colb--n:u~~n; ii there 
:::c':" - discharge never leaves perfect condu~ lines of small resistance ' cl t -···· . . \ be metals in it, hOlrever. and they happen to be ~m~ch l!itua.tians as will. . 
-;: ':':-:: ~ .out ~\~hedCO~ductingcircuits. in which the resistance is' ~~r ;~~ ',:' .. ;.; enable them'tofacilitate the :pr6gress of the electrical .d!scharge, so.far:l5 t~eJ '.. _ 
~ .:" ~ :: .. W1'- 13 an =L<Wll!I . J<J.W of .nature; ~ru:e .a stroke. of Lightning u~n such ' . . :.,.{, _ go. thm the di5charre will fall on them ID preference to other bodies offeI]ng ' .. . ~. . ' . 

J~if8i~~~7;i,~i~tt~~f~E. tift;~lil{i[l1Ji~~~~~01,~ '. ,~iJ~:c:,~~l,,;':~lJilli~:.5l ~;iill~lH~1~~:8~~l~~;J~~ 
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! n"t~-~' tO~~E]Eif~r:::~j:~~~;~~:7 
but this is of very little moment to the line of -conduction, and. in the ease of 
ropper, it is trifling. : Under any circumstances the metallic oxide . is .' better 
than the bad or non-conducting air, which is alWIiy! in contact with the' -sUr
face of the metal; beside, we obserre that in many cases the wires ofthe 
Electrical Telegraph tTansmit currents of electricity with perfect freedom, even 
wben enclosed .in gutta percha or other nO!l-conducting matter. - _ .' '.-. 

--. ;. With respect -tli~n to the poinfr-.:.-ft will besnificient if the term.inating solid 
rod be roughly pointed; almost any tenninatimi of the conductor, e.en if It 
balia. foot -in diameter, would be virtUally <1 pomt :when. opposed to a thousand 
acres of charged clouds. .-::: :: .. ~::< .. _ :~ J _ S·":. '- . _ _ 

c:l3. -Copper linin",a-s to the doors andwindowslmtters Or~agazines are not -
objectionable, if requisite, as a precarifion a.,a-ainst fire;-but they are useless as 
a ~eans of ~ ont Ligh~; on the other _ hand. it. is ~ easy to con-

- ceIYe a case ~ which. the :xPl05lOn of the gunpowder: ~to_ be apprehended 
from the a.c?0~ ~ LIgh~ OD the doors or windows; Supposing, however, 
such metallic linings demable as a precaution a.,ooainst _ common cases of fin; 
then the ma.:ses. of m~ sh?uld, ~ding t.o the principle: already laid down 
'have m~c commllID.ca.tion WIth the general system of conduction in 

th.~~_1~_: __ -~_-:.:.T~i~';",'~~~ ~' ';"'[;;:S~t>~ J ' 
__ - ____ _ _ __ '_~-'_--_" _. ..- . ·.~·:_ ·'-_7. _.~. __ ;...;-.-:-.-:._.-:-.. _... -..,. .> ~ . 

- - ::'~.':'~':~ . 
'-, .. - : ~::::- - . - - - - 7 ..... .' .• ...;..:: ~:!.. --., ~ ; ',' .'," . S"P~ren::..~~: ~aJ)t~g:'~,:·.· : 

=-1- .:;-"""7""';-'-::;'~: .. _ . _:; . . _ = .'.:' -=.' " ""' .. .. 

-' --: · Ligldning Go1ulucto/8iorM~~a· ~ot1ler B~'': ~;.-: _ -.-i~-. 
::"";~.~:7~·':':'.~~:-d7 ~~= ~ --- ;- ~- .'-.;; ~;~' - -':"':- :',;... . ~ ':. '. ' - _. _.' 

.-- ~-- -l~- Whet?er a 1wllaw er sO.1,idC?ndn~ ·~ the ~o~ ·~the ci~ 
ofmeta.l bemg the same? :;.-- c.' , :~ •. - . . c __ _ . _. - ___ ~: .. _ _ 

- .This ~ion?-as been usually corisid~edk;~oU to th.eh~ effects 
of ~ . .electrical dis~harge upon comparatively smill Conductors, in. which the 
resrst~ to the discharge is considerable:. · Inthiii Case i given quantity of 
electriCIty melts .th~ same quantity . .of met.a.I. under whatever form it be placed, 
~ether as & solid or a hollow cylinder for example; at least snch is to be 
~ rro:n the experiments hitherto contrived.. See a paper by Mr. Snow 
Harris, Phil. TraM. for 1827, on Conductors vf Electricity &c last four 
paragraphs. . In this caseit is immat-erial_ whether the Con~r'be" solid er 
hollow, provi~ the mass'be the same. . . _. _. _ ., . . 
. ~other crr:d very importru:t yi~, horner. is io be ~1:~n' 0{ this q~estien. 

as bemg_.apphcable to a case ill which the mass .of metal is considerable, and 
the. heating effect so small as to ~t of: being neglected; in this case the 
resJStance of t~ ~, as n mass, 15 collSlderable; roch a case as this br-ings 
us to the COllSlderation .of certain staticallaws .of Electrified Conductors. since 
for :m er;~n:t-cmt portion .of time, d~ which a shock of Lightning t::dverses 
a Ligh.~ Condu?:or, we may coIlSlder the Conductor as being more or less 
~ With electriClty. tending to p~s 'in a given direction. viz .. the direc-
tion .of the Cond?cior. _ '.. ' _ = _.__. _ c._ .. __ . ... 

. , 
.:- -:. -- :~ ,~-/' :'-- -:: ~;·~S;~::~;·--~~- -: '~. 

t .~ ~:::~_:- -:.; ~ . _ 
. " ~ ~- . ~---: ?-··V;.;:;::~~~~~~:: : --~~ ~ -

. f~ ~.:~ ';.;- ~-:.= _~ _ . ~ '.: _ .... -. ':~~::. 

Ifn:~~~:~g~2:=::!~S:~~[JJ:2~";-Z! 
t..~;? _;._ -~!lce , o.er_ which t~e ~ty ~ ex~d. the It:SS the mtensity . Ol" --.,: ': 
t .-:,----:: 3ct1ntY in anyone pomt; ID fact, the illten51ty npp=?cs the seco~~ pow:er . _ " f :'::} "- " -~f sqtiareof.the surface inversely, so that a given quantJty of ElectnC1~y~ dis,. -:~: 
~ (---: . osed .cn twice the extent of .surfilce, has only one-fourth the ~VIty er . ' '. :; 
t .. ~~: ':-'_" f orensity. whilst nn.ce the: quantitl an the MTiU surface has four times the _"';.;: 
t:::-;- '::;~ 2.cti.vity considered m anyone pomt . . Take, for .example, two Cou:mctora. ;- ,.~:_~ 
.~/.:V;";: '.- .\.-1100 ~ A, whose surfaces are 1 md 2, or:douhle the surface of .A., let ~ -c~.~ 
F::'::::::: ';-~iLsses be the same if you wish.; -. ' - -- - -:- - . . -, - - -' 

f-\(>t.,~ , ' The,n if a. giten quantity .of Electricity 'h:e ~ e.n. er. pervade the -:-' , 
!' .o::-F.:. :;.:.: :,.--- iller surface A. an electr05COpe E will evmce a high mten.slty, and will ' ': .. : 
f-~:::::1:r ~and out violently as it were; whereas the same quantity disposed. en 2 A. >:"J 
~<:~,~, ~repose with ~ m?ch more. quietude, -m:ihe ~ouble snrface, that the --- -_ - ·~ 
t;:~~_; -:-.- electroscope E ",ill eVInce but little comparative actien. See Pkil. T-ra1U •. fur . : - , 
f.~,;-;;~ :/,;. 183~. pa.,o-e 220, for the laws ofthis action.; .- <_ ' c - .• '-. :.- - -: • - . ~ . 

Ij'-;:,.~,;2:; _ It is hence important to give the charge free room of ~on, by. ~ 
;: :,:--_ \:.+ . crea....rng the_ ~~ce of the Conductor. so as to .rednce the mechanical actiVI?" 
.:'_:f ·:O;.~_;, Oflhe shock corunut red as an evanescent charge, to the least possible. This 
~~:~~~~_qnesti.on is still open ~m~ valuable investigation;:~ ~I~ nnmber .of facts -. 

· 'f.: --~- - - .0 :might be quoted beanng on it. . - '" - - ~ _ " '- -. . .. 
~::'-::J;:';§~ . Rectano-ular fiat bars may be empleyed, iffonnd convenient fur att.acbingto 
~ -:-':-::.: ~;'~ -the walls ~fa building_ . - --. .. . -_ - - - - ' 
p:·.:: __ ~:g::T· ': 2; -In the case of a Rain Pipe, communicating with the 1~ Condu~r? it 
!:-<:-~:,Fc_ir~ould be certainly proper to connect it (the pipe) ?y a ~t:illic <:"mmumca~n _ 
D:-_~,c;.:;:::: ·s-With the tITOund. on the principles I'above explained; It admits of & certain _-: :: 
~ ~,-t;-,~- : <s qUantity Of th 1 f!e expanding into a general surface .of condnction to the :- _ 
fv~;~~;~rmrth. as ~xpl:j~e~fn preceding papers. - . - . .' _, :0' .-•.. . _~. _~~; 
~.-- .. j ~::,.:·- :: :·_-Re1ile.-rk.-An tho...<:e substances, termed Imperfect Conductors, roch as tDe ::7"- '-'-

--~~F:::;:?;t._ ihasonry of a building, a ship's masts, &e.., are, n.eYert~ .Conducto~ to a. . _ -
:;:,~':"_;;::.-!.:-'-O': Certain ertent, they will always be enabled. to transmit .& !Jl0e4 ~it!l of . 
1~';.:'§:--=>~ Electricity without explosi.e action. ·. !n any case .of a ship ?r b~ding ~ _ _ _ 
~Sf;~~:'::<': by Lightning, doubtless some ElectriCIty always passes eff.m ~ way up. to ~.~. 
~ : ,:co;::. ~< the limit of conducting power; 071-! l¥.eat end of the Cond~ctor 15 ~ ~ve : ~ , - ,_.(.: 
;;;f.~-;.::::, ~·;::the. wood or masonry of the quantity it cannot discharge WItlwut expleSIon} - -_
-ILi: ;"'--:::' ~cbJ th~ complet;ing t~e conducting power .of the general mass .we use up, as it 
~);-- ~ :-::.' : were, ill connection WIth the Couductors, all theusefnl condnction of the wood 
F":~---:-:·<:: ,~ -ofa ~hip's mast or the rru;sonry ~ a b:-ruding, and so C?nvert into a ~nrce of 
~~f_~-<--'--:-:. ~ safety what would othermse be meffiClent to ~he secu:no/ of the . building, all_, _ _ _ 

- -:-=:~.:;., . -.:. -~ this is con..oistent with principles, before explained, relative to ~ce. '::-.' "-. .. 
~~:~-::--; -; .~ . S. Wbether Conductors of iron may not be employed. for bnildings, copper 
k::~- _,or ~)eing expensiveand liable to be stole.~ &c. p'. -. . .. . - ' . • 
.;-: :-:.- :< ':-- . The common Conductors of small rron rod er WIre are TI:IJ obJectionable. __ 
~':: (>: .. "'-t1ey commonly rnst. out at the joints and have fallen to pieces, ~d.have ~ -_ • 
f·-~:--:· ": - ;,cf'..en knocked ~ pieces by~htning. Ifiren ee t;mPl?yed. whichrt ce~1 
._CC" ;~', :. :-mav be, and mth ad'-¥antage. It shonld be coa.ted with .zmc, a. modem p~ . :-1F-- -; .. ----: or what 'is called "galrxm£Zed." Zinc is even a better Conductor than iron. 

· ';:..._..-- . :' ~and;.being spread 'over the surface, would not be ope?- to the o?jectien of 
;;' .... -. ' ; making a Conductor of two metals of unequol conducting power; m the ease 
t :~! the charge being constrained to pass out of the one into the ether, in con-

-t:::-:: ' : tl!!ua..'ion; zinc has one-third the conducting POwtt' of copper; iron has .only 
~:.? c .:about one-fift}l the conducting pov.-er .of coPF<:f. -_: ' . ___ "_ 
· f[~~;...::. ~: l-~~ .. ·~·· ,. ___ . ~- -~ ... 'F ~- • - • 

.~ 



~~It;~]j1!~'~;:~~:7s~~~~J~1~~~~~f~~7T~:r~~~~~f;~~::~ .' :';~':~~" -"~" ~~:~:~;~~'::~~~~~;~' ';~~;~~:~iTTT?:~¥~~;, .. ": '~3 :':.+:;!~,~;;,' , 
~~~_' ,~n~er:::~~:a~:%I~t~~aciol1s" 8:' respects tb~'ink~itJ 'oft~e8~~~'j(~ ~ 'The flat ~onan.ctors are fixed to tl~e bricl":onorthe 1ables, Dy wrought , ,. ; , 
-, ' _ ' ...... d ' ," ransrmsSlOn of the charge, M a t' of " - per holdf.1sl.s.. ', ' ' " , , . ...,ere con ucticm approaches a ratio of ualitv . ~ ques 10!! ::'::~~ .', -:' cop , ' " ' ' ' ~ "--" ' o' '' ' , 
, , . ,the differences are important. Still ~ '. ; m lteavy shocks ofLightnmg _:'; ': I';': 'fht: float Conductors which pass over the, ·r.ilkv l-neelers ,lire three inches " 

, anrl efficient Condnctor might be formed e:. IS no ,dou~L but ~ a good .::::L.: '. mde; and one-eighth of an inch thick, connected with and rivetted to the ',' ' .. 
" . . ~ugbt iron, and the best fono would be !!'a~;=~ ll'O~;- It sho~ 00 '::1-7:' ': copper rain ~ater-down ,piP.es on the face of the building; ih~ forming a 

.' ,diameter, firmlv screwed tozether ' " to f x:on pIpe of two mches, ' ;f..::- . f" direct metallic commurucation mth t1£, ground; on the outer slopes of the 
_._ ._ ~ pipes ; .copper tubmg' <T ~f a .,:Jo~~~~ exira :hlClmes8. as in certain ';~ >. ' roofs, by the copper eaves, gutters, 8nddescendingplpe9 in the centre or the 
---- preferred.. . - " , . gI en t~es!J,}lOweve~ , :is_ always to he :i~< :" > building. , :z' , " ,0' , ' , , --

• , 4. 1n -the caSe of a drv or rociy' il, "" ' -': ' ' , - ~;~ Pointed ~lid coPFC! 'rod:' ha1f an inch dia-nider .a:re 'fuedon the ' point of : ' "-, 
80 far as possible, the rondu ' (J' so it IS Certainly desirable to complek. ':~;'-: each gable, m connectIon WIth the Conductor. on. the -ridge, and projectin<? ' '''' ''' ' 

. either bv lea;!;n", old . ch ~ power of the ground about the bll;l;!;n~ ' ,'-.--r;-;~ five feet above the higbest part of the buildin;r: :.', . ',' ~ . ' ,',. ,' I> 

I di • ~ Iron am vutfrom thewalls in ral direc" ~ '';''1 Th C d to -:I. h ' t b" of "- f . , ea, ~ a :flow of water over it, n -pOSSlo1e'. tb distan seve . ?ons, or bY':ii: ' e on n.c rs or.ruu:> on t e oppoS! e ga 'le eaeu TOO are ' connecl.ed 
':':0' bu2Uti.firialilding gronrul-rondnction must ~epend ~,~ ce an~~~0ti~ of 8UC~ __ ;:3 ~: .-, by a copper ~na. four inches mde and one-ri",crhth of an'. inch thick. secure1y 

"". .The sm:f'ace of the earth beina- n~ ut SlLWl on ofilie ' :'fr.'~, ' -- fixed un the ndge IOn. by wrougbt copper nails, .about two~t apart. , " 
of the terminating planes of the cl . , 0' ~ remarke?- ~ fo:me: paper, one .:,;f.' . The copper sheatlrings on the doors of Ma",crazineS are :"eonnected ' with -the''- , 
'SO far as~ole, far the expansi~~:c::,; themdica~on1S to provide. -,~~.: lower end of the rain water pipes by flat copper bands, two incheS wid~ and '. , 

, Conductor, -mtbont -whic"- the Conductor ' sbock passmg tbronah 'the -,:';;Oi;:': one-eighth of an inchtbick, fix.ed to the stone plinth byeoplnI'T nails driven: ~ 
;ll JS more ar les ' __ 1 _ ."'" .• =.,... . , • ood 1 1._. L,ll" d r-

~tely a thunderstorm is ;n.sually att d db h . 8 l=w.ated. . Fortu- :='.::.;.:;{ mto w p ll,,"S aUUlll- ua.u an inch imneter and two feet apart.7 
, ' : : , ~ :,' -,: .: 

. In tbe case ofabnililffig situa:fe'~n ca dryy eavy~ , . . - " ~;: ', -._ ,~;.:;:..--5.::.~.: :__ A copper band two iDCbes wide, one-eigbth-Qf aninchtbick, ana abotit : 
rrmy be let out from tbe Co;du~ in .. anollS a:c J"?cky soil. 01a iron crurinS ~'~ :,~.:..: eigbteen incbes long,13 lapped -round the 10\l'er end of the :rain water Jlipes ~~' -, 
] 0 or 15 yards, and from a foot to 'o-hteen' tions, to the extent of about ;p:~', ' the surface oftbe ground, and fuoo to tbe stone pili; this band is rivetted 
earth. and it would be further{lesrr:Ig, mcbes under the surface of the :,.-'if-:.,,_ _ to tbe upper end of the undel'-.;ronnd Conductor. " .: ' ' ' ." , 
'SO far as JlOSSlOle, over the surfa i~~'&fu such cases to lead a :flo~ of xam. '::'~~...:: .' , The 1lIlde.rgronnd Conductors. three incbes -wide l!lldoni-ei!!hth of an men ' 
the termination ohhe Conduct ~o ~a. about or near-the Conductor. '.::.§i;"::· ._ thick, fuoo to tbe band at tbe foot ofi'lch copper:rain 'wateropipe, run four', __ . 
even preferable to its teno;n"ti°r:n a o . surface of moist earth woUld ~,:',;.;3~~ ¥:. fee, tfrom thebnilding, to tbe end ohl-ruch a:run-etted two copper ban~a each 

ell, 
, ~ on In a spnng 'of ter _._.... ~ 0 C ~ h u.o, 

_ ~ ~ the ground; i?e action here is a superfi~ acli:,~ deep, ~ in_ a , :~~f'd'" ': eIg t feet long, two inches wide, and one-eiglllh of an inch thick. t.bese Con- , >' 

" ',-- i:hanre ' ?ll5. ~ We see. m the tin leaf coatings of the ele~~ .exp~ In ~~~: - ~~C:~ena~ :~dutcot:~,~~athha}fcoalfeetashfroes man' dtheeartli.~_ o" ,f _,the., ,-gm.u .. nd " at. t~ 
_ 0 18 m -no dezree influenced by th thi kn' ',. , _ Jar. "'-""' the, ·,,;,: ,..' -.. ' u., "rru "> -

• 'Wb.ere1hetubular Cond'lll:tors ~n1d not. ,~ ,ha .~of sufficient : J.engtli. " 
ID one p1ece, they are connected · by , ~ mllon jomt, and strengthened ' -· ~ o .. ~::: "'-
bJ a small pipe or ferrule, abont .four inChes long. inside the tube, and : < '- ~=-:". 
nvetted to each end in the same manner as the tubes _are l:Onnected to the 
n~ue. . : " ~~, : "/;;-,"" . '. 

In tbe ()ld ma.,crazines, where tberain 'Water pipes are lead, the tubular con:: .. du'"=ft8from 

'h< roo~1o:::;;I1z~~;}'fc.'~ .'" ,.,.;" 
. ' .: ' ~~.'~:""~:~-'.~~'..::. " :.::.- " , ." ,-:-,_,~".::·".·~.~ .~,c-:" --',~,.~-~,::,-,:, ,,~, __ ~~,o"',:,;:.-,,,~,',:,'~"'~_~;_:;'~: '" :'" ' __ 

" ,~. ,~ ·l:;;<.;~t0, ~~- ,-~ , ,~ . ' 0 _ -' ~':::::: :c_~" ;:;?:,;::.::,:"~,,:,, ' 
~ J~¥r. Htcdlu?r 0/ tk lWJ;aZ:'iJi1'~-AcMein9;'lm ' o.e-:jJdtlwcl DJ 

.·~:~~;~~¥~~~{~~~1c.t ~,.~:J:: •• ~ ~:,,:c~>;T;~IIU:I:#~8S8;:,i' •.. '-~::: 
:. . 'c'- ; ', ., ;, .' , The method of firing ~~~ ~~h Fcket a~d plumb ~e: :hall-o~ , : . '~C:' 

~~peared to me to pos.."CSg rodtness without simplicity~ , and to be aefi~' ;::-"',,,,'2 
-<x>th nrd ' " 

' : as; . 3 acc~,ro:J:md fY.iw.eM of ~::::;- . ':~ ,~_ :,<~'~~:~!~:i~-?:~~~~:~c;':;<';i: ': ~ 




