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Description of Walker's Magneto-Induction Bridge for testing -
Lightning Conductors,

1, The efficiency of any lightning conductor depends on two conditions : the
one stru.c.tum]., and the-other electrical, The former depends mainly on the
shape of the object to be protected ; for, whilst a simple linear conductor is con-
sidéred sufficient for any c{n'mney or for the column of g light-house, a series
of such conductors, laterally connected together, is necessary for large’ buildings
and powder magazines, The structural condition, once carefully selected, under-
goes no change whatever so long as the shape of the protected object remains
unchanged. The eleetrical condition, however, which depends on the nature
and efficiency of the joints made between different parts of the conductor, ‘the
condition of the soil, ete., undergoes constant changes which are due to a variety
of causes (mechanical, meteorological, chemical and electrical), and therefore
requires to be carefully watehed in order that the limit of safety (which has been

generdlly fixed at 10 ohms, from the apex to the eabth connection inclusive) ‘is *

not exceeded; for it is ackhowledged that a defective lightning conductor
becomes a positive source of danger to a building, owing to the fact that
discharges of atmospheric electricity may, under such conditions, find a path to
earth through some part of the building itself, 7

2. The testing of lightning conducters from time to time is therefore: of
pa1'an161111t importancey as it is anly by this means that any increase in their

electrical resistance can be ascertained. 'When the tests show that the resistance
has increased, we know that there is a fault in some part of the conductor cir--

cuit, and this fault should be at once f8tnd and removed, The testing appara-
tus herein described has heen specially designed to admit of its being used by
operators of ordinary" intelligence. In fact the instrument itself, and the con.
nections to be made with the conduetor, are of such a. simple nature that no
special knowledge is required to carry out the tests, SIS

3. The apparatus consists of a Magneto-Inductor M, a telephone, and a bridge-
board C (Figures 1 and 2). On the latter are fixed a ring of German-silver wire
(forming the branches A and B of a ‘Wheatstone’s bridge), a contact .lever P,
which can be moved horizontally over the ring and used as a battery key, six
terminals marked B, B,! L, E, Tand T,! and under the bridge-board the compari-
son resistance R (the third arm of the Wheatstone’s bridge) and an induction
coil, the primary coil 8' of which taking the Place usually taken by a galvan-
oscope, and the secondary coil 8 being connected to the terminals T.and T'.
A leather bag A, at the side of the wooden case holds the double conduetor
leading wires used for conmecting the termiinals of the inductor and of the
telephone with the bridge. , ; .

4. The procedure for testing a lightning conductor is as*follofvs :—

Connect B, B' to the terminals of the inductor,. E to. auxiliary earth E?, I,
to the apex of the lightning conductor, by means of an insulated wire not much
longer than is a_ctlially required, and T, T' to the listening telephone. (Care must
be taken that a clean and good metallic conneetion is made with the apex of the

'lightning conductor.) Place the inductor as far away from the bridge as the
leading wires will permit, so that the articulation of the telephone may not be
disturbed by the noise of the revolving armature. The handle of the inductor
is then turned af a uniform rate by one operator (who may be a coolie), whilst

-




2

.

another holds the telephone to his ear with one hand, and with the other
* depresses the pointer P and slides it over the branch resistance ring until a
! point is found at which the sound Produced by the induced electrical cur-
s ‘rents in the telephone is reduced to a minimum or is altogether eliminated.
*  The figure then indicated by the pointer gives the actual resistgnce in ohms °
o e of the leading wire from L to the apex of the lightning conductor, plud that of
.~ " the lightning ‘conductor from its apex through the earth plates E' and E’
. plus the resistance of the second leading wire from E®to the terminal E.
oy If this.resistance R' be less than 10 ohms we know that the resistance of
the lightning conductor and earth B under test must be less than 10 ohms, and
that they are therefore in good condition. Should the resistance R, ‘however,
exceed 10 ohms, the following more elaborate procedure described in para-
: graph 5 will be necessary.
, 5. First measure the resistance r of the leading wires, in the manner de-
scnbed in paragraph’ 4, by connecting one end of each to the binding screws L
L Lead.
and E respectlvely,' and the othler two ends together to form a loop thus o)
E Lead,
: Then disconnect the two outer ends and connect one to the apex of the
33 lightning rod and the other to its base just above ground level (having first
. cleaned the points of connection with a knife to ensure good contact,being made)
‘and again read the resistance TS aDed,uotmg the resistance r of the leads
. previously obtained, we get 1", the actual resistance of the llghtmng rod ltself
which should be a very small fraction of an obm.

Disconneet L from the apex of the lightning rod and oomxect it to a beoond
auxiliary earth B, read off this remstance R”m the same ° Way as before (vide
paragraph 4). B :

o Thend.lsoonneetEfromtheba,seof the‘ rod, and oomlect it to tbae ﬁnt
auxiliary earth 1% and read off the resistance R?.

i ey s Caﬂmgthereslstancesofthethreeeﬂrﬂ.mfespeeﬁvely]ﬁ'B’andmwe.

obtam the following equatmns
. E'+E =R
RS . R+ R =

| R? =, = eay,%ohms. : 2,

(e ikl - E+EB =R -1, = sa.yaoohms. ks >,
g : workmg these equations out we get . T RNGERRT - g
N T - @) < @ — %)oibms

: . ot E4E = E —F = 4ohms A B NOs e g
iR | orE’—E’ i diohms, ; L oA
s> o8 s 0 bub BB = Tl . e = e e 8

therefore B? — E‘+'E‘+E’—(&»+ lﬁ;ohm."
g --'orzE‘ 16‘0hm1 'w

2 whameﬁ-,—-&ohms,mdw 22015m£-

mhmm&mﬂ mﬁwﬂﬁ
. if he mmmmmwmmij
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(r+r‘) -saylﬁohms R ;.‘.‘-' ERE
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3 A . » - e
same kind as E?* but should not be in metalhc connection with it. w'i
can be used as auxiliary earths, but ot gas pipes. y .
7. The polarization of the earth-plates is neutrahﬁal by ﬂm gt
currents generated by the inductor, thus renderitig the tes!;a .more. mmbe it
: if currents in one direction only were empioyed.. i3
8. For testing short telegraph or ’I;e]enhanehnes or any other remsﬁ;noa not

-

k. partaking of the nature of an electro-magnet ..e;., not containir
having a resistance greater than 50 ohmn,,tgiebmss s‘emej mfr
.which connects E and x, must he removed and place )

* provided for it to ‘prevent its being lost. eadin
the pomter P must be mnltlphad bx 10 ﬁ" rder 1

-

gayee

CL Cavcumey
b TMSM Dmember 18%







Descrlptmn of Walker's Ma,gneto-Inductlon Bridge for testing
nghtmng Conductors.

1, The efficiency of any hghtnmg conductor depends on two conditions : tho :
one structural, and the other electrical. The former depends mainly on the .
shape of the object to be protected ; for, whilst a simple linear conductor is con-
‘sidered sufficient for any chimney or for the column of a light-house, a series

:

1
e\ i
e Pl

of such conductors, laterally connected together, is necessary for large buildings A

and powder magazines. The structural condition, once carefully selected, under- R
: . ~ goes no change whatever so longas the shape of the protected object remains A

unchanged.. The electrical condition, however, which depends on the nature

and efficiency of the joints madg between different parts of thé conductor, the
b condition of the soil, ete., undergoes constant changes which are due to a variety ,
. " of causes (mechanical, meteorological, chemical and electrical), and therefore tet
E 13 - requires to be carefully watched in order that th limit of safety (which has been
- Lot eneraﬂyﬁxedaﬂoohms,fromtheapextotheearthoonnecmon inclusive) is i3
4 B » by 'not exceeded; for it is acknowledged that a defective lightning conductor.
E -‘beoomesaposltwesourceofda.ngerwabmldmg owingtothefwtthnt
3 discharges of atmospheric electricity may, under such oondlhﬁms find a yaﬁh to
- ~earth through some part of thebuﬂdmglﬁelf Lok
o "9, The testing of lightning conductors from time tg @mu
paramount importance, as it is only by ‘fhis means that any inor
electrical reslstance can be ascertained. When the

i

operators of ordma.ry mtelhgenee. In fact the '
- nections to be made with the conductor; ara of suc
special knowledge is required to oarryoui the tests.

; 3Theappar§tusoonslstsof‘air, ne Indmtoi' ‘,i atelep
. ~ board C (Figtires 1 and 2). On the latter ﬁm .n%
“,"(formmgthebmchesAandBofa Wheatstone's b i
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same kind as E” but should not be in mehlhc .oonneohon wﬂ.h it. Water plpea

«  can be used as auxiliary earths, but not gas pipes.
7. The polarization. of ‘the earth-plates is neutralized by the a.Itemate

: another holds the telephone to his ear with ene hand, and with the other
..« depresses the pointer P and slides it over the branch resistance ring until a

&l _ point is found at which the sound produced by the induced electrical cur- e . : us rendering the tests more accm'aie tlnm 5 .
g rents in the telephone is reduced to a minimum or is altogether eliminated. currents genemtaddll)l}.’ {te mducm;;réempmyed S o
. t The figure then indicated by the pointer gives the actual resistance in ohms if currents in one sflco rto;ldonly ¥ o8 teleﬁhone B i any ek m ot - BRI
a " of the leading wire from L to the apex of the lightning conductor, plus that of 2 e i -

but
rtaking of the nature of an electro- magnet, i.e., not eontairing andron core,
ﬁ:rving‘a resistance greater than 50 ohms, the brass screw marked ;2 (Figure 1),. Y
which connects E and x, must be. removed and placed in_the dumm;y ‘hole :E S
prevent its being lost. '&ereaﬂmgsthem "obtained by means | ;"‘_.

the lightning conductor from its apex through the earth plates E' and B
plus the resistance of the second leading wire from E?to the ferminal E. :
If this resistance R' be less than 10 ohms we know that the resistance of

—a

the lightning condugtor and earth B! under test must be less than 10 ohms, and =« provided for it, to _’nrordm‘ to give the true resistance uhdm
‘ that they are therefore in good condition. Should the resistance R', however, : ¢ the pointer P must be mnlhfplﬁdztlgmént, Wlth g:l:: -'& sbrew ma i‘ bﬁm
éxceed 10 ohms, the followmg more elaborate procedure descnbed in para- | e measurement KNS e

¥

5. First measure the resistance r of the leading wires, in the manner cie-' K il -.:.
scnbed in paragraph 4, by connecting one end of each to the binding serews I
L Lead.

~and E respectIVely, and the other two ends together to form a loop thus \“j)

Q"""

E Load.
¥ Then disconnect the two outer ends and connect one to the apex of the
B! lightning rod and the other to its hase just above ground level (having first
_ + cleaned the points of aennection with a knife to ensure good contactjbeing made)
; and again -read the resistance r+p'*, Deducting the resistance r- of the leads
previously obtained, we get 1, the actual resistance of the hghtnmg rod itself
- whiéh should be a very small fraction of an obm. 0
Yo * Disconnect L from the apex of the lightning rod and conneot it to a second
: . auxiljary earth ES, read off this resistance R? in the same w:iy as before -(mde ~
: - paragraph 4). : A
' Then disconnect E from the base of the' rod, and conmect it to the first =
. auxiliary earth ¥ and read off the resistance R?, : i
VIR Oall\ng the resistances of the three earthg respectavely B, E‘ and E? we | e

LI ‘ obtain the following equntxons — ngh e
Wt . - E'4+E' = R' — (r+r), = say 12 ohms. -

-]

ﬁf. . j .. E+E =R =, = say 26 ohms. .E"'.f
_~, - ( : FeB =R -1, = say 30 ohms. ezt ANk

working these equations out we get Xty : ¢
C (B P) = (B4 ) = (30 = 96)ohms, .
" "BEYE ~E -~ B = 4 ¢hms - e Lol
T e BB 4 ohaw, A
BB B 3 v e o ol e
| therefore B* — B' 4 B + E*.= (4.+ 12)ohmg, £ v o
B or'2 E* = 16 olims. R RS SR
2 : ‘and B* = 8 ohms. - I L TR b R,
: whener‘-éohms,andE’*-onhma. A S
3 6. AnxrlmryearthE’shanlglheloszﬂWMﬁemhbg

and&nﬂdhsnﬂmmnmﬁgdap&dmﬁ&éﬁwh&waﬂ&:‘m
ﬁhandymondatoensmagmdwﬂa. - onl

A L . Toamdthumibleud nnuhmphhg fthli
‘ ..nd also to ensure a good el ‘?‘mmﬁmﬁw
¥ to the apex and to a mmmm...m' nt

, xeliable counection to w chtheunmgmmhmma
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Description of Walker's Magneto-Induction Bridge for testing
Lightning Conductors.

1, The efficiency of any lightning conductor depends on two conditions : the
; one structural, and the other electrical. The former depends mainly on the
; shape of the object to be protected ; for, whilst a simple linear conductor is con-
: . sidered sufficient for any chimney or for the column of a light-house, a series
1 of such conductors, laterally connected together, is necessary for large buildings
S and powder magazines. The structural condition, once carefully selected, under-
T R goes no change whatever o long as the shape of the protected object remains
‘21 unchanged. The electrical condition, however, which depends on the nature
5 and efficiency of the joints made between different parts of the conductor, the
| condition of the soil, etc., undergoes constant changes which are due to a variety
3 of causes (mechanical, meteorological, chemical and electrical), and therefore
4 "i | requires to be carefully watehed in order that the limit of safety (which has been
‘ generally fixed at 10 ohms, from the apex to the earth connection inclusive) is 5
" not exceeded; for it is acknowledged that a defective lightning conductor . kY
becomes a positive source of danger to a building, owing to the fact that 5 |
discharges of atmospheric electricity may, under such conditions, find a path to '
' s carth through some part of the building itself, | ‘
9. The testing of lightning conductors from time to time is therefore of
A paramount importance, as it is only by this means that any increase in their
= electrical resistance can be ascertained. When the tests show that the resistance
» | we know that there is a fault in some part of the conductor cir-

2l -T,—j‘_*.—_‘r‘r;‘ ,L,..“% s 2

has increased,
cuit, and this fault chould be at once found and removed. The testing appara-

o tus herein described has been specially designed to admit of its being used by
1 operators of ordinary intelligence, In fact the instrument itself, and the con.
. nections to be made with the conductor, are of such a simple nature that no
: special knowledge is required to carry out the tests.
';:"2-'. 3. The apparatus consists of a Magneto-Inductor M, a telephone, and a bridge-
k board O (Figures 1 and 2). On the latter aro fixed a ring of German-silver wiro
| (forming the branches A and B of a Wheafstone’s bridge), a contact lever P, :
;3 which can be moved horizontally over the ring and used as a battery key, six -
| e marked B, B, I B, Tand T,! and under the bridge-board the compari-
con resistance R _(the third arm of the Wheatstone’s bridge) and an induction
coil, the primary coil 8! of which taking the place usually taken by a galvang
oscope, and the secondary “coil 8 being connected to the terminals T and T
A leather bag A, at the side of the wooden case holds the double conductor i
leading wires used for. connecting the terminals of the inductor and of the R
telephong with the bridge. : riee
4. The procedure for testing a lightning conductor is as follows :— _ o
Connect B, B! to the terminals of the inductor, E to auxiliary earth B, L .‘_ ,
to the apex of the lightning conductor, by means of an insulated wire not much SO
longer than is actually required, and T, T" to the listening telophone. (Care ‘must
be taken that a clean and good metallic connection is made with the apex of the 8
lightning conductor.) Place the inductor as far away from the bridge as the
leading wires will permit, so that the articulation of the felophone may mot b
disturbed by the mnoise of the revolving armature. The handle mf theindl;otor : i
is then turned at a uniform rate by one eperator (who may.be a coolie), whilst :
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2
<ame kind as E? but should not be in metallic connection with it. Water pipes

another holds the telephone to his ear with one hand, and with the other .
can be used as auxiliary earths, but not gas pipes.

depresses the pointer P and slides it over the branch resistance ring until a

point is found at which the sound produced by the induced electrical cur- 7. The polarization of the earth-plates is neutralized by the alternate :
& rents in the telephone is reduced to a minimum or is altogether eliminated. E G currents generated by the inductor, thus rendering the tests more accurate than
The figure then indicated by the pointer gives the actual resistance in ohms F 5 if currents in one direction only were emEIOYed; : : : '
of the leading wire from L to the apex of the lightning conductor, plus that of - S 8. Tor testing short telegraph or telephone lines or any ?ﬂler remtaneem)t i
the lightning conductor from its apex through the earth plates E' and E’, ' e partaking of the nature of an electrofmag??t’ .. notoontmnmganiron oom,lmt }
plus the resistance of the second leading wire from E° to the terminal E. A having a resistance greater than 50 ohms,lthebrase' screw marked ,-,’;’% ‘(Bign‘rew\l),’
If this resistance R' be less than 10 ohms we know that the resistance of e whioh connects B and x, must beremm@ﬂ and placed in"ihg amnmyhde
: the lightning conductor and earth B! under test must be less than 10 ohms, and e p pronded for it, to prevent its being lost. Thereydmgs thenobw by means of
that they are therefore in good contlition. Should the resistance R', however, e the pointer P must be multiplied by NRRICEE0 ive the true resistance un
"exceed 10 ohms, the following more elaborate procedure described in para- S TAsurements + Ths rangeofﬂleinﬂ", t,’WIth ‘th g W
ey 91 e 2 01 and 50 ohms, and when out botween 1 8nd 500 ohms.
5. First measure the resistance r of the leading wires, in the manner de- “ o < A . k.
soribed in paragraph 4, by connecting one end of each to the binding serews L e pr, 4 B B IR
L Lead.
and E respectively, and the other two ends together to form a loop thus :> e o
| .Th di | t th tw ter ends and connect to th lm | o S gL o
en disconnec e two outer ends and €O one e apex o e g L £ - 4
lightning rod and the other to its base just above ground level (having first Rt i T ’:‘.‘ §th December 1694.
cleaned the points of connection with a knife to ensure good contact,being made) I (A ;

and again read the resistance r+1'*. Deducting the resistance r of the leads
R : previously obtained, we'get ', the actual resistance of the lightning rod itself
r which should be a very small fraction of an obm. -
Disconnect L from the apex of the lightning rod and conneet it to a second
B auxiliary earth E?,,read off this resistance R’ in the same way as before (vide
g paragraph 4). _ .
;. Then disconnect B from the base of the rod, and connect it to the first
auxiliary earth E?, and read off the resistance R®.

Calling, the resistances of the three earths respectively E', E’, and E* we

obtain the following equations : —
_ E'+EB = R' — (r+r'), = say 12 ohms.
. E+BE =R —1, "= say 26 ohms.
' E+E =R —r, = say 30ohms.
working these equations out we get e
: o (E*+E") — (B4+E") = (30 — 26) ohms.
E'4+E — B — B = 4 ohms. '
e or B’ = 4ohms.

put B' + E? = 12 ohms, -
therefore E* — E! + B' + E* = (4 4 12) ohms, .
~or 2 B? = 16 ohms. v /
» aud B = Sobma.. syl e S
whence E' = 4 ohms, and E* = 22 chms. A 7 A
" 6. Anxiliary earth E* should be of the same metal as the one to be tested
and should be sunk in moist earth at a dépth of several feet, or in awell or tank
if handy in order o ensure a good earth. Auxiliary earth E’ should be of the
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~ special knowledge is reqmred to omy :

| {fommng the

Description of Walker's Ma,gneto-lnductmn Bridge for testmg
Lightning Conductors.

1, The efficiency of any lightning conductor depends on two conditions : the AR
one structural, and the other clectrical. The former depends mainly on® ABE
shape of the object to be protected ; for, whilst a simple linear conductor is con-
sidered sufficient for any chimney or for the column of a light-house, a series
of such conductors, laterally connected together, is necessary for+ar buildings
and powder magazines. The structural condition, once carefully selected, lmdel‘
goes mo change whatever so long as the shape of the protected,object remains '
unchanged. The electrical condition, however, which depends on the mtum 05
and efficiency of the joints made between- different parts of the ‘conductor, t.ha &
condition of the soil, ete., undergoes oonstﬂnt changes which are due to a variety
of causes (mechanical, meteorological, chemical and electrical), aml\_
reerestobemehﬂlywawhe&mouiettha‘Hheﬁmtoﬁ”
generally fixed at 10 ohms, from the apex to the earth emecm

not exceeded; for it is aeknowledged that a'&eﬁwﬁm
tive sourc - to @ building, owin

2. The testmg of hghh;mg
paramount importance, as if i is on
electrical resistance can be ascertain
hasmcreased,weknow thatﬂmeisa
cuit, and this fault should be at onee‘ ;

tus herein desenbed has been m‘

neettons to be

wlnoh can be moved hor!
..>'» m‘-‘kEdB,B"L E"'




R P
. T 4 -

3
2

same kind as E? but should not be in metallic connection with it. Water pipeg
mnbeusedmauﬁﬁﬂyMbntndfgﬁsplpe& . P

7. The polarization of the earth-plates i.s neutralized by the a.lter:f; iy
currents generated by the inductor, thus rendering the tests more accurate thar o S

another holds the telephone to his ear with one hand, and with the other
depresses the pointer P and slides it over the branch resistance ring until a
point is found at which the sound produced by the induced electrical cur-
rents in the telephone is reduced to a minimum or is altogether eliminated,

; . The-figure then indicated by the pointer gives the actual resistance in ohms B nluy e G v;ere ﬁﬁi lines or any other resistance not
. of the leading wire from L to the apex of the lightning conductor, plus that of E N 8. For testing short temraftmo;ngﬁzt i.e., not containing an iron core, but
B the lightning conductor from its apex through the earth plates B! and B2, B partaking of the nature of an ele 50 ;hms’th;br;ss screw m&ﬂmﬂ% (Figur 1)
plus the resistanco of the second leading wire from F*fo the terminal . = & having » resistance greater thian 5% 0 ol 6ol inoed 35 bl et
If this resistance R' be less than 10 ohms we know that the resistance of A which connects E and x, 'mmtbe mmov'fhal‘eadmgs e , then obtained
ol the lightning cpnductor and earth E! under test must be-less than 10 ohms, and = B provided for it, to provent its being losf. Svorder to :' ive the true resis
s that they are therefore in good condition. Should the resistance R', however, ‘ o the pointer P must be multiplied .by_ 5 i h with g«:he 10 w B
it .- exceed 10 ohms, the following more elaborate procedure described in para- R measurement. The range of the instrument b 5000hmsm+ B :
2 i graph 5 will be necessary. : _ : = 0-1 and 50 ohms, and when out bem imd RS AT
R 5. First measure the resistance r of the leading wires, in the manner de- - ~ : i | -
seribed in paragraph 4, by connecting one end of each to the binding screws I, - 8 '
L Lead, -
and E respectively, and the other two ends together to form a loop thus R/.D »
o 8 CALCUTTA, ¥
Then disconnect the two outer ends and conneet one to the apex of the 5 o  The 8th December 1894

lightning rod and the other to its hase just above ground level (having first

, Cleaned the points of connection with g knife to ensure good contact;being made)

and again read the resistance r+1'*, Deducting the resistance r of the leads

. Previously obtained, we get r', the actual resistance of the lightning rod itself
which should, be a very small fraction of an obm. g

Disconneet L from the apex of the lightning rod and connect it to a second

auxiliary earth E? read off this resistance R? in the same way as before (vide

paragraph 4).
Then disconnect E from the base of the rod, and conmect it to the first
\ ~auxiliary earth E? and read off the resistance R?. e i rl
Calling the resistances of the three earths respectively E', E, and E° we
obtain the following equations :— : '
E'4E = R'— (r4v), = say 12 ohms. *
B+E =R -1, = say 26 ohms. righe i
_ E+E =R —1, =gy 30 ohms, AT B
working these eqtiations out we get L | X
© (P4E) - (B'+E) = (30.— 26) ohms. ;T
Sy - BHYE —-EB —F =4o0hms « el RS
Th S e S e el
| | but B + E* = 12 ohms, WSk i
s therefore B — B! + B' + B' = (4 4 12)ohms. -~
) ; S or 2 F— lﬂohmx. X , i
and E* = 8 ohms, s R G R

* whence B* = 4 ohms, and B = 22 ohms, ~ © o o oo L0
* 6. Auxiliary carth B* should be of the same metal as the one to be tested

and should be sunk in moist earth at a depth of several feet, or in a well or tank

if handy in order to ensure a good earth, Auxiliary earth E* should be of the

# To ayoid the trouble and axrsm of attaching a fresh leading wire for every test of g}kﬁ%mngmdnm,

: also to ensure a good electrical connection it is adyisable to have a copper wire a and firmly soldered
;:d*h':w:?m&.lﬁgiol point near the base line of all important conduetors, thus supplying a perwanent and
reliable connection yvlmh h the testing wires can be readily attached by a binding serew. ,. "

A ‘ . ' " .
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