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| ospheric electricity is only destructive when over-

&ily. mn@:;ti:;t)' of its’patl} to earth be sufficient, the
Pk e eleetric discharge bridges a gap or

Jumps f
ihdf)‘sh c::lt?! oud conduetor to anothor, a considerable

s the human body intervene, life may be
e bmkex_x., bent, or melted, ’bolh at the I[:{:cc‘ ‘\lvyhere
Wojumps, and the effect is greater in
saarge jumps,  IHence the importance
Jonts of all lightning conductors, of
'in the Ii ofm“.te';n(;f avoiding sharp hends, and of
il lakere P:l() le discharge, with the lightuing
18¢harges through the air, or it may

‘.;J'igbf.ning conductor depends om = &
e 10 viginity of a building draws’
: }m:}' gd this chargo will escape from the :;
th, | Thi ore be g suliciont number of sharp.
Rsthe. of :h];o\var of points o dissipate a oh.:ﬁ .
o "‘x‘ the dm"‘]e k}ndy and to the law of - “‘f-uzw‘y.." __;?1
Urvatyre ® fn'!t! i8 greatest at points or OB .,
ins e t }:n:mnllil)]; lh(?r(-fol»e' to fo&““; P
e enrth b number of sharp li htning
| 01‘1,::- e of continnous mutnllglc QORESR T Y
&e aud {o oppase the least pomhh

\~itdin- ‘]l. aat s 3 ﬁf?i{i_
m iy &mnh‘ being directed towardﬁ c::: Boi

e s ereby beecomo neutrulived,
E ',’“Jg:; t{m accumulation of el‘eotri‘;?ly mﬁ? g
concur. Ut it also tends-to restore the clouds =
Tiding t{@;’mﬂng lightuing discharges.
e inuf o Slent disaharg of cloctricity from.
~ & to prevent the accumulation of #
’ “wogld Pass to the points, bocause
Y oo A &nywhero in the neighbo
I this case would, in ull prob
Bebeiiits fone o 1 M o
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A &o.m 9r other masses of metal which may enter into the =
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ive ‘ﬁn}'ﬁmhg conduetor fulfils two functions: 2

el ‘.di!ﬁllmm Jccurring by silently * neutralizing i

harge of 1), felm the neighbourhood of*the condue=' P

i electricity to earth go as to carry it off 3 S
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. High enougly to be the most salient features of the buildingsmno matter from what
direction the storm cloud may come,~—be of ample dimensions and in thoroughly
P perfect clectrical connection with the earth; the building with all its conients will be'
safe, and the conductor might even be surrounded with gunpowder in the heaviest
% storm without fear or danger. ot e e e,
g 5. Cause of aceilents.—All accidents may be said to be due to a neglect of these
¥ ~ simple elementary principles. The most frequent sources of failure are eonductors’
'y | deficient either in number, height, or conductivity, bad joints, or bad carth connee-
tions, There isino anthentic case on record Wher'e“? properly constructed conductor
has failed to do its duty.. .- oo T L e e e
1= G s D%é,mﬂééh&&wi‘d.samwdg danger.— A lightning rod in imperfect connection
: with the earth, due either to in: ient surface of conductor buried in the ground
or to dofective joints, although it may save a building from actual damage by deter-
mining the path of the glectric discharge to earth, is generally regarded as a sourcd
of danger, inasmuch as the sudden and disruptive discharge would be liable to fuse
o1 scalter some portion of the conductor in'its passage, and so leave the building
unprotected from further strokes. Again, a lightning rod in such a condition, by
allowing the comparatively slow accumulation of an induced eharge, tends to attract .
or invite an electric discharge, while the resistance offered at the defective portions
of the conductor may cause a portion of it to seek another path dieruptively thro
- the building. A faulty conductor may thus prove worse than-useless. ’
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O . CHAPTER II

| - Destan of CoNpucror, il
SR 1, Pusints.—The lightning conductor should be designed to R e
e : ‘the two functions mentitned in gara. 1 of the gl _
£\ thelextreme top, we haye first to deal with the ques ts. The decision ad to
T e the best form of points is complicated by two opposing requirements—(1) the sharper
the point the more ~apid the silent discharge of ¢lectricity, and therefore the miom

effective the conductor but (2) the sharper the pﬂlitthe
‘ n, or fused, should a heavy disruptive disch

e by the use of platinum tips, sil ‘
| ut they enormously ‘

ﬁvigv:t&

tapered points projecting

the lightning rod. =~ * ° ety

IR e amele T B g ol conctrution

i n, plain or galvauized, and copper. ‘ eost the same for
- equal e mﬁtﬁ;;w@qn&unm made of iron : i hwdfa:;
Ao b b Miolens i Sicppe selimmeeriio M the advaniage

e s Chrit s e dksnayugl less with'

el is the most diffioult subjoct <
1851 reommendod tho ollowing . "8
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re much cheaper to ere
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“lfrl?veforbemaking good connections thaf by that of . g
mn or’w mentioned that the smallest size of copper
HEL0S on. War Department buildings is 17 X &7 i

iare), tubes, ta ’

T y and ropo (wire). ® . :

ag | mhsu and disadvantages of rods ensily

 torminals, ity aud their rigidity, the latter being of
alty of “o;lho disadvantages are the necessity for 1
3 ding serious disigurement of the bnﬂdﬂ‘lx\ o

 merits and demerits, with the additionsl objectiof
»'gu‘g‘:m f'h!_ln golid rods, and are therefore the.
T additional disadvantage in that they &
hal s collars ; the outting of the thread on the tuds
Wk area, and the joint so made is liable to easily DOGOEE ",

ch is of com . .

"afnos paratively recent introduction and
“ﬁ?o:go:h @0 is the length which cun be supp
Py onﬁ;ith an upper terminal; a joint 18 NEWECC
g to the g he two surfacee together, and painting o
Yor M”;?h;my of the tape it can v by o7
bgw’ y be oonntf.-rsunk» in i

* Beed for lightning rods are usually made of wire
\ ‘z- ﬂ““'t serious ovil by .nomyng o large B8
e and water, while at the same =2
Topes, oxidation, « The objection to these Y
to the | en if galvanizod, than in those of 0OPK
aent Ferieot glvoniing of every part, M5
s o ‘:;'lcﬁ from defective oonﬁnu“!y
Log '”}7' -danger in rods are émd fornts, T
ub‘.d’ bt those that are uloctrioally!a ‘A
40 it offors resistuncs to the passage of olectriCHY
erfiot] joints in hightning ]
= PETIeCtly sonnd, and this fuct is n to
o conductors. Bad joints have th
I8 ono case, 1 bad joint has Loen found B
ricity as & conductor 1,900 milef
o than wseless, for other parts of the b
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1o this country the forms of lightning rod generally - :v_l‘

; of, and all’ ayailable means whiel
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with the soil around the building. .~ -
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8. Farth connections,—Ag Tegards the earth, connections, it is most important
that the electrical resistance which they offer shall be very far less than that offered
by any alternative route in the line of probable discharge, such ag the rain waler or
es outside a building. 3 o : g e S
LRy :ngw § be the best which the nature of the soil will admit

The earth tions.should st : re of 1 |
oh will assist in tapping a large extent of moist earth

int the immediate vicivity of the building should be ntilized, - . FnE
' Do “.qnd'faélbw'eartﬁs yequired.—Except where the pasmape’ntﬁatnr level ia
fter a long period of dry weather the'induced charge may

gul?': ' m,gg';nlst ‘aftor rain it may be collécted on the surf

ehould be garried dow o wate Desring strata or fo permanen il, and tt
shallow earths should be arranged so as to offer a’bonsi&ez;blei of connectior

s : .
10 Space pr _be accopted that a lightning

oo included in @ cone having the point for its apex and a basé whose r:
7o g " ound. Buildings' ﬁrotected on this pringiple woulc

very lofty lightning rods. Jowendr,

wel{ conttected togethep by conduptors, Egrren B 876 T

‘building, providea more reliable protection than an equal amount of

rods, epaced ot greater intervals ;. and this is the gystom now commo opte:

1. Testing € ﬂdﬂdfaf&.i—-?étiﬂ@ic;f examination and careful testing of the light-

ning conductor are ‘requisite to maintain the m iw efficient order. Toints will
s from ‘oxidation and fusion ; jomnts W oose and bad throug chion

'the height from the gro e
the height f m’& It is, however, ‘considered that a number_of sm

priod along the salient features of
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d agoinst those acoid ' ‘
nsh the ‘idental defects and
tmﬁlldmgs provided with,l' al::
i tbemmbnﬂ Lonnections® the dnduetors -
i Quilding, either wbove the grous
B o “ sutbface 1 earth, * C i
a1 diroct o curth by the shorte
st t-u well to carry the sonduote
: ,,vmobram. Jn the caso of gabled.
i JAxge courses, in, preferefice ¢
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the Tbest p]an to ddbpt ‘.is _touimry several hun,dted-weigﬁt«;_f oljd 'imnfa.é'the;fgﬁic;ﬁ of the
earth coil or ‘pla@&iu,g mass -of coke or eharcoal, leading any rain water Pipes or
drains so Aseto diseharge info it. - - o e s

: 12. Coke, charcoal; &e~~Coke, eharccal, or smith’s ashes will be found very '~ -

| suitable for improving the earth eonnections of lightning ‘conductors. A layer of A

s about 3 inches should be spiread both helow and above theeonductors in the trenches, ~ .« :
ik and*also round the earthf plates or coils.” "~ * e, e Al iy

: :E . g ean s, A i !
18, Plagstayf egrths—The earth conbectigus of Nagstatls nedr magazines shoul®
be led in a direction away from the biilding. Should, *however, the horizontal®
distance between the ﬂggatag and the néagest lightning rod on the magazine be within =~ « iz
. 50 feet, or should any portion of the biulding be within . the cone: (wide ‘para. 10, ' i
Chapter 1) protected by the flagstaff ‘rod,” then the magazine and tlagstaff earths e
‘ may be connected, or have an earth common to both, This rule is also applicable to .
., shafts of powder-mills, &e. * W e B T S e {aB
" 14, Euternal madses of metal.—Rain water pipes, a.n.d;gntt%aj should meyer'be: .° = .
Pl utilized as a portion of a systen of Jightnixig’ conductors, .to' which, however, they ~ ~
. should be connected. - All external masses of metal, such as copper sheeting on maga-
N zine ‘doors and ventilators, &e., should also be connected-to the nearest conductors by i
: ‘lengths of copper tape. . TR o ot P R T R s
§ In the construction of magazines and other buildings in which the manipulation -
o _ of explogives is carried on, the employment of external masses of metal” should be’
3 avoided as far as pessible. o o L b i A g A |
‘ 15. Lines of raily &e.—Lines of rail near buildings protected by Ii%hnixfb rods - e
‘es:th direct on both sides of the building, and when the line . .
ing it should be connected also to the system of lightning
should be contlected’ direct to earth at '

. should be connected to ¢
o isvearried inside the building _
S conductors.. Iron railinge round magagines

" 'intervuls of about §0 feets’ ' T T ) ey O e R S [
1.—All-large and long masses of metal, such as beams,

| 1 & i 16. Inlernal masses of mela Tl o2 K e
o ARl girders, pipes, water systems, and lifge ventilators fixed in the interior of bui dings,
A i o 4 gh‘oiﬂd o Elec’xtribally jcqnnget"ed with the «carth as well as with the conductor; but jie
S * soft metul gas pipes should never-be ased #& conductors, and the lightning conductor s
mfmm them, and also from all internal gas pipes. = . s iy

] B e thoﬂl.‘,l‘,,bﬁ{,kept as far as po # R adl :
| %3y Fiki eonduetors—Tightoiog condintars shouldurt be insalated rom the

' buildings to which they are attached. ~The copper tape should be leid on he ridges -

aad walle, it scoured by suitable fastgéﬂ,_ s serewed or nailed fo mﬁ-mﬁe’f e

-metal, fixed by nails or screws of hard, " =

R « The hold-fast should be of copper or gun-metal, "
| Sk copper, and they should allow fo "FP‘“’S‘;:_ ntraction, at the same time pre- . -
{'© ' Vehiingall tho weight flling on-nay.one bearibg  , - i el
ol  18. Metul roafs.—Buildings with zinc or galvanizeduroofs should be protected ¥
"0 1" by sopper-oonductorsilaid over thiam, but protected from agtual cantact by strips of | i
{ % 4 wood, paint, or tarred felt. " The ginc roof itself should be treated like any other .

s ghoroughly well conneoted to the conductors . .

“external mass of metal,~and should be &l well connected t« ,
in several places. The system sometimes adopted of having sheet zino lightning
“rods and copper tapes from the eates of the roofs to earth i very unreliable, because
the lightning rodssare of ineffective section, the zing sheets are insulated from one
another by adayer of oxide, and the joint qut:v:*ean‘ the zing and copper is liable to

P 19. Chimney shofts.—Chifancy shaffs should be protected by a ring of copper -
i SUE x,tnpgefglfﬁx 4 placed round the outsidedf the top of the cap and a few inches below!
N« “it, Laving stout copper points projecting 1-foot a ve the top of he shaft at intervals i3
e 'of’ 2 or 8 feet all round. * Copper tapes shonP be carried down- on opposite sides of '~
1 the shaft to earth from thegring ; and these conductors should be connected at the .
‘base, a test joint being added to cnable the continuify of the conductors and the

state of the earth connections to be ascertained whenmecossary. 7 o o]

3

S K ey

© L .90, Juints in conductsr's.—Metallic continuity should be ecnsured at the joints of
all conductors, The conductgr should therefore, it possible, be made up in one con-
tinfus piece, of the proper length, before it & scut out to be evectad. The joints
‘ between copper tapes should be made by close rivetting and “shouldébe carefully

*
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able, ag whew it is necessary to . |
. "‘5" ore gh embOdded ina mass of - ,.‘{'g} ‘
ould be use_:!, aud the holes shonldb® |
oy »%@id'the surfaces brightened with:
ith a hollow punch-before rivettivg. @+ =
ik, v _&t.*v'ﬂlé connection between the =
(o ¥ means of a slotted clamp simnilar rg’
i (nother_ T joints. The liglhtningro& should =
t, sorewed into the- elawp, and thereby
¥ eit.  Thegeonduetor ishould also ‘;

-

in the preceding paragraph. Th
eding ph, The %
= ted up with the corductor ready, s
""tl’““ of ‘o lightning conduetors,  *
D d“ﬁ Yor copiper the soldgr usually -

., ‘_hu a resistance pearly ten
“therefore, be not less than. l’fﬁ

-
' A

Ry B2 ?
p i

mm conduetars.  Being nearly Wi“‘:
mgd not necessarily oxceed than the

i 3L 3
t together pl'CVl'Onsl({ by scrows o.f \
. i lhl.l Work, dmnl be mm’y .

‘ Mngimﬂ wire rope mmh T Y

g munner.  Tak® g piece of shoot 0OPPOF ,
ou} it down at one oud to the aize of L

o the shoot at this purt ; then.bend t |
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TR a) Date of ercetion ofeconstruction. B R i B
G G of permanent water level or wet

¥

B

n=ter§

¢ Cﬁarafiﬁex:"of soil or substrata, and depth

LT e BOLL, v ' , L ; toll B
* - ™ (o) Eull partioulars of lightning rods, conductors, and earth “connections,
s nature of jointsmd.Connectiox:_s,,&c. i Rl R

(d) Details of all ‘external or internal masses of metal entering into the

sonstruction of the building, and how connected to conductors.

if any. Nearest earth available for testing, &e.
¢., quantity of powder, &c., usually kept in store,
and précs of former tests, suggestions, &e., of

(¢) Positions of test joints,
(f) In case of magazines, &
(#) Date of last inspection,

inspecting officer. .
not under the immedinte charge of the Public Works

(k) In case of buildings !
Deparfm name or title of person to whom notice of inspection

should t.
28, Periodical inspection.~Light
onoe a year, and a report drawn up sh
99. Eleetrical lests.—~The object

ning conductors should be dnspected and tested
owing the result of such inspection.
of electrical tests of lightning econduetors is to

Jetermine the resistance of the carth conneetions and to localize the position of any
defective joints or connections in the conductors. The resistance of a conduetor itself
is quite inappreciable (less than 1 ohm per 1,000 vards for coppor tapes 1” X 3%}, and
cannot be detected by the testing apparatus usually employed. The resistance of the
carth depends on the nature of the soil and its state of moisture at the time of test,
As a rough guide; however, it may be mentioned that the joint resistance of two
earths, such as those described in para. 6, 30 yards apart 10 wet goil, will not exceed
2 ohms, and the greatest resistance offered by any earth must not exceed 10 ohws.
80, Defective joints localized.~The redistance of the conductors from summit {o
ground line, er to that part of the eonduotor’ from which the resistance of the earth
connections is aspertained, should, therefore; be p!uctlcallyf.nll.. _Any resistance in
exoess of that of the battery and leads must. be due to defective joints, and the faults
should be localized and marked for repair, and to enable this to be done, test joints
should be added to all conductors. L et ' v 1
81, Conduclors made in shirt {Zemgths.— Conductors made in short lengths and
connected by joints must have their':getalitiz continuity ensured by soldering or a
‘good system of rivetting, and the joints, when test electrically, must give no
resistance, = Underground joints and earths, the nature of which is mot known,
~ should be dug up and examined when practivable. gl S
39. Test joints.—Where the system of lightning conductors has more than one
earth connection, it is necessary to introduce test joints, to enable the resistance of
cach earth connection to be ascertained separately. - These joints consist of a slotted
olamp to which the two portions of tie tape ate attached by I TR R Ry
W here the cross connections between conductors or extern: masses of metal are
fow, these joints can be inserted in these cross connections, but where the system of
conductors is complicated, they must be placed on the conductors themselves, the
object to be kept in view being {hat by means of the test joints it shall be possible to
isolate each earth separately for purposcs of testing: i R T
- They must therefore be placed in convenient positions, 80 that the conductor can
be disconnected without difficulty when peduired. - T il j
After the tests have been completed, the| test joints must be carcfully remade,
the coutact surfaces thoroughly oleanciwit;l@ne? and brought into intimate confact
“with the bolts. The joint should then be coverec with waterproof tupe and painted
over. Whon the joint has been completed it should be tested for metallie continuity.
A space should be formed or left behind the joint toallow the tape t0 be passed round

Bits 1

the conductor. : g SRR e
~ Bingle conductors without cross connections to metal down pipes or gas or water
pipes do not need test joints. T R i, A B

jgrta cortinuity of conductors fixed to inaccessible

' 88, Test leads.—In order to test the corti o fixed to ina
places, such as flagstafls, chimneys, or steeples, an insulated test lead must be led
p the flagstaff or other erection ; and ab 1ts upper extremity ntt,aohpfl and soldered

Y '




rod above itg junction will the conductor. This lead
 metal (l“d} covered, resistance not to exceed 10 chws

<, ‘;&:g;ftm on public buildings ahm,m be brought as br ke
mgﬁ;mﬁded cure by rules, but existing arrangements may geerslly

i
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_m‘ m system of tos’ang .mng conductors is to
i carths of the Miding uguinst the remainder

im in metallie contaet, tmm whioch the mﬁl of the

. aceuracy for all prwumhlo purposes, . ben, e,
test joints should be introduced to admit. of - dit
r t’htmg = il
9"""“\\‘ ——To malmre the romhnoe of al £

® required ;* if, there is only one.

L m for thu inupeotor to take two cop, g“
earths ; if, however, there are other

{ them may be used, as stated aboye

ll to he mmured s follows, w

o
- — L
oonducto:bg,mw may be teste
stone s ally de
oite and cunictors Ky DS e b y{ha'
it 8 o battery dotoctor,

~—A form oi Whutstono’l tri

RS

e taken to improve defective earth oOnnGthﬂﬂ'

o : | ]
o vl A » X ;

Y o A gy S .

){" T S (d) Tnsert a plug in the place marked ¢ eQ11a1£' and 'iﬂmst by p]uwgmbm!

% ‘ I.&“Pgmg the other resistabces sa that the' g.ﬂmnometer shog's no deﬂectmn w]nen

£ “abe key is depressed. \ ; TEENNE R |
¥ : The value of the holes unplugged vill be equal to the re&s&anoe : |
=i ke " which will be Hlenoted by the-symbol ‘£ in'the equatious in psmg ofdrrg
] the resistance of the lead!wm b& ealculated from the gauge an Ienp;th of wire use
L Noto.—1In order fo aﬂun thavmﬂe resistance it is necessary fo note. ﬁrst»in what l
| RS et direction the needle bf the galvanometer is thrown when the peg marked o or LVF is taken

R out. 'Then whenever the no#ile, on the dopression of the key,moves in the' same ﬂpeotson it

.; e shows that the adjustable podls ance is too greal and conversely, & movmnt m oppm;a

B e _ direction shows the adjustable resistatce to be fop small. s its :

¥ : . (e Nest Hisconniect the lends whers they ure ssined together’ apdgmﬁthm

. to the' tw% earthd to be tested Care ﬂmtb,&sfﬂsen that these earths are dwewmeeted S
" irom'all other wﬂﬁ? ' T ‘

o5 g‘” /e "ﬁ)e mstrmnw should have
hﬁ" 'ghlvqnomoigm romh kpigero. 1f, when

Ovds n from it shows that an earth’
mﬂ onm “the tegts. e
dvisable to avoid those
metal

i R T the deflevtion :
. iwinglfhemr cation mﬁm“"’” - éﬁnghtbmkwwdkﬁptmbf

‘up in ﬂ)e first ]ﬂace, $0 _t}mt«ﬁm e : o
‘@nds are attuched to thesdarths, the needle
' is pment which may ‘f:‘ ave

PRI Sl ¥ S e

. cwreent

ouldadand.

the ad n&tahle i-wstanoe bnvem
tion st “shows the. adjusablo resist= -
!‘g must be removed and,p!wwd e
until balanocg is obtmn 'ﬁu W 9

’F%serv

fadae

bhb[ baﬁtéty detector by tﬁa
m ZeT0. &mﬁe&g conduetor
act with two lead: 'fommga st




A | | 15

color and joints, Jokin tdl : L i ' : : : :
g care to keep the to gt i L In earth testing. o e e
a d-"ﬂlnnuon of defleotion will iudichte 1 ﬁ ‘ . L + X 4 ¥ in cireuit T S e B ‘
, 45 ? ' % Do. do. with poles of battery reversed = } i 10 »;*: HE
7t g is excessive, it y vods oot | ; e ? + X + Zin circuit =R g e TR
- I \ Hoross ity 'ﬁrt:m:ul:‘-".;’:h.ﬁ:.‘.%r:ﬁ;! : ‘2‘3“;“; i T: ‘ Do.  do. with poles of buttery reversad = ) gt S L e 5
‘”“h‘ hmr KNS &' sheolutely nachwiary S8 !h i ' | : I;»Y +d€ - 2;1‘31“ Tes of battery re ’ezsed = ; Moan = = = we i S 3
tet) S 2 he butiary to all 6F FEIEH 3 i W W = e R
' ’z-:o-ln testing a Jightning conductor, : : ; J S (W o+ W— W Ly = e e s o
lbo:ld" visually and then electrieully. ' <0 y = (W W e W — L) = s vriog UL )
il be taken tp thoroughly examine ' a” : B . Siric < ’ i P ’
e aitention should be paid to the Jmntls : LR = . e 2 e S i
m i . td ! APPENDIX, e e
mp-to follaw ! - Sl s
, 1 b nh gl » Lm’r of luWh &o required for festmg Liglu;amg f‘mxdumml S
b of the leads with Meir ends julned md mﬂ ‘; 79 SISSEREIEE .ot ir R e e e nadatE s
J ” “ Name “"“"ﬁ“ﬁ oL ’ N, j . l'ufgusx fur: whml\ lt’»ﬁum*d» £
i L i S\ K g e e 4 : '-__,._..‘._..,..., . ‘_._:; 5 ==

L *
"y
4
4

o' the leads and j join one to the .mmmlt

to the conductot at ground lQ‘t‘l .“d"
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