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PREFACE.

The information given in the following pages, though

by no means perfect, may prove serviceable to those who,

like the author, have, at times, to consider the problems

which arise as a result of the use of grounded trans-

mission. If they do prove serviceable to a few, the

author's object will have Ix^en accomplished.

The .Vlthor.

Toronto, April, 1909.
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Grounded Electric Transmission

and Electrolytic Corrosion

I.

PRELIMINARY.

Even written in the briefest manner, a history of the us-'
of the earth and grounded metallic substances a= portions of
the mediums whereby engineers haw carried out practical
electrical transmission would almost read like a romance.

First among the engineers to so use the earth were the
telegraphists, prominently represented by Mr W H Preece
(now Sir William H. Preece), who, up to or about .890. was
tor many years engineer-in-chief and electrician to the British
post office. It can be easily understood that in such a posi-
tion and controlling the telegraphs «f that country (which
are operated by the government) the British authorities were
more inclined to make regulations to suit the electrical re-
quirements of Mr. Preece's department than to suit the elec-
trical requirements of the general public; so that, in the
eighties, they formulated rather strict regulations to govern
the use of grounded returns. Thus it was that electric trac-
tion was much delayed in the British Isles; the public of
which country, when they finally awoke to the fart that theii
traction facilities were much behind those of some other
countries (such as the United States of America), brought
pressure to bear on their parliamentary bodies to again taVe
up this question with the view to make the regulations less
restrictive. A joint committee of the House of Lords and
Commons was, therefore, appointed in 1893', 'with the result
that a considerable amount of evidence was taken before it
and published in one of the blue-books under the title " Elec-
tric Powers (Protective Clauses)." A short abstract of such
evidence, from an electrolytic corrosive point of view, is as
follows :

—

'

ELECTRIC POWERS (PROTECTIVE CLAU8E8)-
BRITItH.

Sir Courtney Boyle-The government should, in drawing
up regulations, consider the telegraphs first. Referred th*.
committee to Major Cardew.

ii'^ljfp^



Mr. W. II. Prcece—Had brcn on the lookout for clectro-
l.vtic corrosion but. up to the time of his evidence, had brcn
unable to find such. Referred the committee to Major Car
Jew, who decided that the judicious connection of pipes tr,

rails would prevent detrimental action.

X.B.— Sir William and Major Cardew have, during the
past few years, acted jointly as consulting- engineers in con-
nection with the installation of single trolley systems in Eng-
land.

Dr. John Ilopkinson—Was pretty common observation,
both in Knjfland and the United States of America, that pipe-
became oxidized and had holes eaten in them

X.B.— Dr. John, for some time previously to his dc
plorable loss with other meml)ers of his family during one of
his .Alpine excursions, acted as consultmw engineer (enKin
per) to the Liverpool tramways committee during- the con-
struction of the first portion of their electrical traction syK
tern. Sir .Arthur Forward, who, up to the time of his dcati
(about the same time as Dr. John's) was the chairman of thi =

tramways committee, was one of the members of the join*,
committee.

Lord Kelvin—Grounded returns were a serious menace
to pipe systems. It was useless for any one to come in t •

protect the Glasgow corporation's pipes from their own street
railway system.

\.B.—Glasgow u-es the siuRle trolley.

Mr. G. E. Fletcher (L. & \. W. Railway )—Grounded
returns resulted in detrimental action. Such could be avoided
by connecting the pipes to the rails. Trouble would, an"-
way, re-uit at bad pipe joints.

Mr. C. H. Morse (Boston, Mass. )— ,\ report by him on
conditions in Boston submitted- track returns in Boston were
in a bad state; and that a considerable loss of power to the
company and damage to the pipe resulted, but that such wa.s
preventable.

Mr. C. E. cpa^'nolctti (G. W. Railway)—\on-committ.il

;

and his evidence, in the main, of a chemical nature.
Mr. James Swinburne—Electrolytic action, as a result of

grounded returns, by no means necessary. Favored c(mnsc
tions between pipc~ and rails. Electrolysis more serious to

companies operatin.t;- traition systems than to companies oper-
ating pipe systems.

Mr, K. K. B. Crompton--C"onsidered electroytic corro-
sion, a^ a result of ih<)roi>>.h inve-tinations made in London,
a ni-KliKiblc factor. That the action of certain soils in Lon-
don was much greater than ihi- action due to electrolysis.

N'.B.—London snil is mo-tly marl.
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Major Cardt'w I Hoard of Trade)—Kleitrolytic damage
could be avoided by ordinary care. Proper precautions taken
at the outset and proper tests made afterward would prevent
appreciable damage to pipes. KcKulations could be drawn
up which would make the use of grounded returns safe

Sir Frederick Uramwcll (recalled)- Only way to prcven.
damage was by insulating both conductors.

•"^•y-""'" '^07. hs partner, when before the Liverpoo!
tramways committee, stated that their firm had a knowledge
of electrical traction work— had advised, from England, i,

New Zealand concern in connection with the construction of

one mile of road. Their traction wor^v, since such evidence,
has been in connection with conduit systems, somewna;
similar to the one in use by the surface roads of Xcw York,

Professor Dewar-Having no knowledge of applied elec-

tricity, was inclined to take the same views as Sir Frederick
Bramwell and Dr. John llopkinson. His evidence, in so fai

as the question at large was concerned, was of a chemicai
nature— that ecirru^idu ..i i)ipes depended, largely, on iht
chemical composition and the chemical constituents of the
contiguous soil.

'lo those who have perused the voluminous amount oi

matter contained in the before-mentioned blue-book, the fore
going will apijear very jhort. Such is, however, the rcsul
3f much work; being an abstract of a longer abstract of :,

5till longer abstract of the ab-racted complete portions of al:

the evidence bearing on electrolytic corrosior, which wn
taken.

GENERAL.

The second body of engineers to so use the earth weu
the telephonists

; the bitter fight between" who.n and th,
.pposing traction interests (based, principally, on the fac
r.f inductive disturbances) is too well remembered Vo rcquii.:
much comment. It is suthcient to say, therefore, that th-,

Supreme Court of Ohio reversed the decision (unfavorable t

the traction interests) of the superior court of Cincmnati;
the final portion of the finding of which Supreme Court was
"We are of the opinion that there has been no invasi> n of
the rights of the telegraph association by the plaintiff -n
error, and that the telegraph association is not entitled tc the
relief prayed for in its petitiion. The judgment, therefore,
of the superior court at general and special term must he
reversed and the original petition dismissed. Judgment
accordingly." It is assumed that the decision so reached
was not based so much on the fact that each and every per-
=ion has an equal right to use the earth as on two other facts:



first, that a really efficient system of telephone communication
can only be obtained by the use of metallic circuits ; while,
second and "pro bono publico" (the lowest capitalization per
mile and, thereby, the greatest distance which a passenjrer
can be hauled for a given sum), the single-troiley system is
the most suitable one for general electrical traction purposes
For which reason, it can be taken for granted that no amount
of evidence taken in respect to the much debated question of
electrolytic corrosion would lead, finally, to "lex scripta"
which would prohibit street railways from using the single-
trolley system. At the sai.ie time, it ought to be remem-
bered that a favorable verdict on account of traction inter-
ests will only, on account of "'lex non -scripta" permit such
interests to operate with grounded returns which are in-
stalled and maintained on the most modern and approved
engineering basis. This because no one corporation has
the right by neglecting to maintain its plant in the proper
condition to incidentally make abnormal use of the plant of
other corporations an<l. thereby, accidentally cause a (lucs-
tionable amount of damage to such other plant.

The phrase " questionable amount of damage " is used
because no really independent investigator would (because
he could not) ever undertake to definitely state, even approxi-
mately, what the d mage caused by earthed track returns to
other earthed conductors (pipes, etc.) really amounts to:
while those experts who rely on the remuneration received
from either one or the other side generally feel that they must
work in uni.son with the other sailors on the ship which is

carrying them. For the sailor who is independent enough to
question a captain's orders will soon find that the command
is given that he must be placed in durance vile or marooned
on a desert island.

ELECTROLVTIC CORROSION-LITERATURE.
While ;iuch incidental literature has been written on the

question of electrolytic corrosion, it does appear as if no one
has had the courage to publish in some convenient shape any
work dealing, in an approximately complete way, with this
subject

;
for which reason it may not be out of place to give

a short abstract of some of the literature already published,
arranged in tabulated form herewith.*

*It may be said that since the first publication of thi-
history in 1004, a book has been published bv Professor
Sever. Mr. Waterman, who handled the office end in New
>ork- of the work undertaken by Mr. Richmond in the
famous Richmond investigations, collaborated with Pro-
fessor Sever when writing this book. In the courts, the
stre'-t railway of RichnionH won the case and the City of
Richmond, which retained Mr. Maurv. lost.



I

I

o
e

0)

a
o

V
e
o

a
o

3-§ o
O tn O

. bo

> c ^ .S-TJ
2 o i a 5. *

e

2 y

w P

o
a.

in O

o
c— o

c " t: >. u
3 e,'c a'i
n D — u •

ua a!

3
_ O

3 4>

« « 3̂
S-

4) D C
a a""

>§
cS StreS
" ti; ?< ."> s o f -o -3

S in

a u c
as

rt rt * o f "O
i« SO o a > au uj: t) Ji o
-1 -J t/3 OS su U

c

Ho, 05

(n tn

boo

a S o

•«::•?

"2 (9 cj
ea k4 u
C 1) y)

u n. 3

O.
n
a

O
cn

Q, tn

a'g
uS

Sas

a
'C

a
J)
a
U

: »
. u ^

• be
: c
• 'C
u

• u -
• a -

•"S
• a
:a

a
u
V
a:

U

. u
"1 o

. o

o.S

u a

5 s^so"

• S
"

3 ^
"^ -_o-a - ^t^ -

a-S -;»j".23O.O'0,3«S

. vO M

V •=? « e "S tj t;
-^ a a

1

z
a
_>>

o
o

2.u.oou;<<

SQ

«5

a o
o t«
•- in

a

£-
03

u
a
i-
o

be ii

". ff ^

z «
11 z

•r ° °

S « „•

<Q«5

a
'Si
a

n in

^ «r 4^ *
1- So 4) .t:

E E 2 £ fe£ "fl E > >^ a
— ^ o la *fl ><UUuQCU

s
n

S'

u.



J)

_3

"7

_3 3 s
u
C C

"—

I

/;

o o o c c
•
k
m
E
•
OB •—1

u

.e-

u

'5.
M >.

III

c

c o

- c iifc c: _ t* o w
f. c c c _^

"
:? c

4rt
<4-.

z .£ c .— a C i; c —•y~ 2
"*

E
-

u -
/

is n is r is ; is ft n C (/) /)

-^ 'J u u :t :ji;-J£ -u

- iJ ^ ~ -3 w C

.5 >,

c o

is
C T3
O C

•;: a

f S

,U

rz

-a

c

-a
c

5 c

- as.

:j

5

« -

: = ^ * - i _• ^ 3^ 3^ ^ . .
•:: c: •

:_i "MX.--.-: ii -f

i - c c t- £ - f r V c V V 5 c /
**

JlZ
-z ->:

Q
. — "^

<<~. 7. ~. -^ -^

-y. ^
' :^

5

— iri in -s

3 3 3—><-<

l^.i
=«

c "^ - E « i/ — 'V

, - S.

i: .-5 .." 3 3^
t -J ^ J >'^ w £ > £ ;/i t

i- Ji!
,

: — ?

c

e
=f 7

f 'ST



o

s
u

c
n
a,

E
o
U

^ M C —

*

-
IL^ ™ t:! " I

^ > 'S ^ <r>

*^ - CJ i/
-

'^ -^ f^ ,lm '^ t ^* A »' ta^ ^« W Cil W
*» " * » "^ '^

'

^ 1-^ *^ m^ [^

^ be <

C o

O a 1^ ^ c

sjl
I

c '^

- - f^ .-

« 3

3—3^1;

u

if
c

>'t 't'B

rt rt ^
ai « ^. .J 2 rt

O O O - - fc- o
Qi 0< C. (-J '-' U £

35 as at u; u: ^ :k

Ifgll II

•= i 2 2 .« ^
":

Jr,^ 3 ,^ - a ^ C rt

e c
c <u ij

SEE
u rt rt

>

o o

o
o

n

c c

c

a-O ouC;jca.^'

• • £

.2

5 "=

>a«-
.w

c ?-
u J2-

3 Z.

=• rc ^
ft-EZ

r
1^ E '<

— c. c

'^hi
'?A•^ .' o
O i/^

- 3
it~ 3

3 r

f

y.x--X

=* * t !? S
JS.i £ £ 3 y

e
H

S? g
E: E-
5 *

>^s

• " .c

? t,— n

is

2 V ui^ « V

«'>c)i^

:£ ft



II.

Earth Voltage and Potential Measurement:s

ZEROS.

It IS necessary for convenience to sometimes use in the
cons.derat.on of electrical phenomena, besides absolute and
arbitrary zeros two others designated self-zero and med.alzero: self-zero bein^ that of the voltage of the point having
th.. lowest voltage and medial zero that of ,he voltawo of
he m.ddle point electrically in a generating and transmis-
sion medium.

//y./.

insuhted
',/' '" .'•'".^"'"'"•"i'-- representation of a so-called•nsu ated tiansmission medium. Jn practice, however suchnsuation IS not obtainable; for at some p:i„t or "ker of

to ,h7f ..
.°' *•''"''" ""'"'""^ ^"i^'^- ••^"<1 it is due

s ne d V r
*'"'""' "'"' ^"-'-"'^''t ,r..nsmiss!onone da> a, one point and another day at another pom.

the expression arose that "one day our system is pos-

of cou :'" '7, " :' " "'-'f^"'^'''" •' "'-' '- understood,
of course, uhe.hcr the system ,s running ••neg..„ve- or
l-M.,v.. ,h,„ ,h, .l,n.,,i„n ,., n.u.MMisMon remains ,he

"i

Kiir

/V'^^.

i.»i..,;.y r-i>!v-,i,f, n fi^^„,,a,„^, and transmis-
M..n medium, l.,„ ui.h ,he l„w voltage s,de o. ,he ^.ne,.. , g



Fiq.3.

be illustrated as shown in FiR. 3, in which BE being the
zero line E is the voltage of the pole B, A is the voltage
of the pole A, and AE is the varying voltage of the trans-
mission medium. The arbitrary zero and the self-zero of this
circuit will be that of the voltage of the pole H.

^11:^

"w
A/y.-f.

Fig. 4 illustrates, diagiammati. ally, similar appai.iius;
A being grounded instead of H, when the voltage condi'

F/^.S,

U n, wHI have o be rcprcMUtcd as „, I- ,g. 5: ,„ „,„.„ ,,kbe ng the zero line K is the vultage of the pole A, B .s the
••'taKe of ,he pole B. ..nd BE the varying voltage of ..r.„sn„ss.o„ medium. The arbitrary .0.0 of this . ircuit willbe that „ ,he v„l, ,g,. .,f A; while the .elf-^cro will be that

t't the voh.ige of B.

-XT

f'f6.
Zf

JiR. 6 also diagrammaiirally illuMiairs similar ap-
paratus but with f (the medial pumt rle,„ieallv between
<l>c two p.,|e,) ea.thed. when the vn|,.,«e .ondilion* will have



to be represented as in Fiir - in whi i. ri- i

;;^
A...e.^.e on,:; ;:,;;:--:, X:':/;;;^

-ill be .h.t of the voltage oIb ^ "'"^" ""-' ^'^'^"'"

CENTRE-ZERO POTENTIAL METERS.
Ih.. author h.,s clHin.-d W.vlri.al .onditio,, ,, th. .1,normal posu.on of the molecules of which n,"

rTos.,P . ?
"'""• '""^ " ''"'-'^ "°' "measure voltage

lo .llustrate, .n a minor way. the practical applicationf .IH. ..ro „ucs,.on, take the case of spec.al pot-n. .1 m^ r"-K-. bv ,ho author ..r ,h, nu.as..r..ment of^^^S

Fl«. •.-Arr.n,.m,„t of 8..I. tor tlnd. Cntrt-ztr^'
Patentiai Meter.

f..r !'';„i,:;:i:;:::';""7«.'|-
-""Keme„t of ,he scalenuic tcntrc-zero potential mete, having two ranges

ii'



of five and fifty volts, respectively. As will be noticed, the
words "Above" and "Below" are used instead of the usual
sijfns + and —, and that the centre of the scale is marked
"Zero." The binding-post, usually marked + on a centre-
zero instrument, is, in this case, marked "Zero." To take,

with such meters, the potentials between the rails of a sur-

face street railway and the hydrants with a v-ew to t.iljulating

the voltages of the 'lydrants, the modus operandi is ..as

follows.

SINGLE POTENTIAL READINGS.

Kach instrument, with two insulated cords, one long and
the other >-h()rt, is aci cinii)anii'd by two boys, the elder cit

whom hand'os the meter and hydrant c<)nne( tion uhile the

younger one takes charge of the rail conii' ctioii. The elder
one i^ alx. provided witli printed forms, a facsimile of which
i'- m. irked I'ig, (), ;ind i- instructed to be verj- careful to

POTENTIALS BETWEEN HYDRANTS AND RAILS.
FKJIKI.!. (.IVK^ AKR tOLTAaEI Of THE nVDa4«T.*> TO TMe MAILS i

PtjJinfjs Uktn by
. ^

Dtle

VtMtr

PtadMt Wtitkir fK Ayl-

Flg. 9. Printed Form for Records of Potential Tests.

keep h.s end .if the longer cord aluaxs attadicd In ilie

"/no" p(,>,t (if the meter ihroughnul she ulmlc set of
rc.idings whjl,. the y.iung.T boy holds tl, Hit end of it

on to the near-by rail, wliuh he has p u>ly i ji.med.
The shorter cord, which is attached to one (., the two othei
binding-posts (.uKirding to wlii<h of the two ranges is IxMng
used), is connected to the hvdrant l)y the elder bov who is

inslriKled to read the dellections just the same as In- would
the variali(jns of temperature indicated by a ihcimnmeter

;

ihe^ IS, it the ilitli'i tiiin of the needle i- abovi- the zero, the
re-adinir is entered nn h\'- f.-rm without ."iny Sign; and, if

the deflection of the needle is below the zero, the reading
is entered Willi the sign — before it. If the deflections of
the needle aic both below and above the zero at the same
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TWO SIMULTANEOUS POTENTIAL READIN

Fig. 10— Duplex Potential Meter.
Fig.

10 is a reproduction of a photoeranh nf . ,i i

c.eva.ed road and L^:ZJ^^^tu ^.nJdK ^';.
^^^.CMjr a., road ralN .an In- conn.-.,.., ... .hc ,wo . ^.^ po«h. e ,hc Cher post of each side of the .nstrument is con

sh" it
"^7''7'>';° "'•^ ^'--ed structure and th c be'

v''h h; ;
" "' "' ''''"''' ^-^^ "'- be tak n"i»l th.- ^,.ro poM. ntia.h.d to ,h.- .•h-va,..d stru.tur^i workwh. e one of the posts on each side of the instrun, n i, o^nected. respectively, to the rails and shcnths Thl

.he.dup,e.i„strur„entsissuch"u,:;r^ee;,l:s3^::^

onii ons'^'rir " ''"•^"^ ""''^^ ^""''- '""---in^r

«nd Inructi.?''
^"'"''""'"' '^'^""^ ^^^ -^>- -—

R



13

Such explanations are rather long; but in practice it is

remarkable with what rapidity and accuracy boys can take

these readings, even if they have no electrical knowledge.

ILLUSTRATION.

As a practical illustration of the foregoing method of

taking potential readings and the method of analysis after-

ward adopted, take the case of one investigation made by
the writer in a district whore of two systems (one an ele-

vated and the other an overhead trolley) only the trolley was
being electrically operated. Investigations were carried out

in reference to two conditions of operation, which two con-

ditions are diagrammaticaily represented, the one in Fig. ii

and the other in Fig. 12. When the street rails had no load

on them for some distance away from the elevated structural

ironwork (this is, when the nearest carload was as in Fig. 11)

I

FIs. 11.—StTMt Ralls with Load Some DIttanoa from
Struoturai Ironwork.

the structural ironwork was about five volts above the voltage
of the street rails in proximity to it ; or, vice versa, the

street rails were about five volts below the voltage of the

adjacent structural ironwork. The grounded portions of the

two systems at this point had, therefore, a potential of five

volts When the carload was on the street rails close by the

structural ironwork, however, as shown in i 12. the

Fit. IS—Stroat Ralls with Load near to the Structural

Ironwork.

structural ironwork was only about one volt above the voltage
of the contigu js street rails ; or, vice versa, the street rails

were then .ihout one volt hi-lnw the voltage of the structural
ironwork. The grounded portions of the two systems,
therefore, had, under this changed condition of carload, a
potential of only one volt. The lesser potential at this point

^
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•ndicated, therefore the tr.
amount of energy by the Jr Tf°'' °^ ^ """^h greater

's explainable. For the vo L ^'^^" Potential, which

"> - •• The zero wh^ch Js" I , •

''''" "^^'' ^^om - ,
one-«-as that of the ^ t ^ ^t,;:

?'^ --— assumed
'he pent where the investigatLn 1 ''"'"' '™"^-^'' ^t

Several cases have also r
"^ ^''"''^^ °ut-

vat^on where of the t.^ "urn";:
""'" ''^ ^^"'"'^ "^ser-

-Is had the higher JkZ ItT' "f""""^ "^ ^^-^'
ancng, equalizing or reversL „f

1 '""''' "'*= P^^'al bal-

f
the elevated structural wor" °d 1" '^"'"^^'-^'-e voltage,

'° result when the elevated trL"
''''^'^' "''» «"P«ared

potential nearly always 7ncre seV'"' T""'^' ^° ">-" 'he
^.'evated trains from the poinT of T "' ""'^"^ °^ 'he
^-e has to be exercised, therefl

""«'"°" '""^ased.
•» "^e, that a gradually in re^ L'

'" '°"^'""'"^' '" ^-h
e-radual cutting out of r'es stan" K T"''"' '^ ''"^ '" the

<-'-ated structural w„rk\Cl ' " "'. ""'""'-"
'^^'-«^en

--. to a decreasing elov; ^ Xn^f' " ""-• '" -«^''
'"'"• ""' " ""= P^'int of measure-

•"TERPRETATION OF POTENTIAL Pc.
„ ^^'-— iai readings ,re t^

'*°'-

consider the C =. -^ i„, , .

'•nv analytically.

-at:::x£::;---:---s.ta.etheca.
'---nt. Xaturallv en .t

'";
"T"''^''

^"^" ^ •''—

t

;-'".v laid on the ."enu.nt a 't , . j ff

'""""" '"-'^ are
•acts n,ado a.e bad ones T ,

'
l

'"' ""'"'^' ""' ^"n-
'•ase like ,h,s, , l.beral am. nt 'f

'""' ^"""-'i""-' i" a
-n the cement at „„. p"

,;:V""",
^"-''' be poured

are to be taken. Then n " ,
" '"'''''' ""• headings

;-'f''
the termitir ,;:;•;::;; ^;

--''-'' uithwatir
reared on u.ese watered point.

'1
,' ''"'' =*'^""''' b«-

"" ""'er pa.l on the othe"Toin, "

"•'"' "" ""-^ """' and



'S

As explanatory of an analytical consideration of the
I

C = ~ law, take the case of the complaint made to the
R

author by a railway company that the men handling the
installation of its bare cables, intended as auxiliaries to its

third rail which was in service at the time, were receiving
severe shocks.

Fig. 13—Arrangement of Bare Auxiliaries, Third Raiis and
Traction Rails—One Rail of Eajh Tracit.

rig. 13 is a sketch illustrating in cross-section the
arrangement of the bare auxiliaries and third and traction
rails.

On examination, it was found that the inconvenience to
the men only resulted when these bare cables were insulated
(not grounded). A thorough investigation gave the fol-

lowing results ;
—

Contact, by means of the hands to these bare cables
and the traction rails, did, at times, cause unpleasant sen-
sations of such magnitude as to be conclusive to one ex-
perienced to such that a considerable potential, much greater
than that shown by a potential meter, existed.

The sensations were only experienced by making anti
breaking contact. They were, therefore, not due t, .lUer-
nating potential.

As the sensations were not due to alternating potential,
they were not the result of induction caused by the lew volt
variations of the voltage of the third rail.

As the shocks were rabidly experienced if making and
breaking were carried out rapidly, such could n^t be due
to the discharge of inductance (induced statical charge),
as in the case of a so-called static condenser.

When readings were taken with a potential meter, the
lineal deflectinn-^ nf thr needle were the ^aI^c whether the
low or high range terminals of the instrument were used.
Such unexpected action of the meter, however, is explain-
able. For voltage is only one of the factors necessarv to
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P.roduce a deflection of the needle, as .t si.p,, forces the

amperagre through the resistance. So that C = -i is only

true when the amount of C is sufficient. In Fig. .^ consider

5 vat.-r«

"" w High Insulation Resistance In Series in
Test Circuit.

resistance between the third rail \Z ,Z u
'""'=""»

- .«....en,., o, a ,„e..„„. ^^ HlZ, SS"
rail, are cnnTtrf ,1.

"°"'' "" """' ="<" <•"'•'"<

.he bate a.^tlSS': tf, S'b'e'Too™^'™'
"" ™"- «'

I

Now, by C = -, the .,ooo-ohm rcMstance requires for

400 200
a true deflection = _ ..„,„~ -"nporcs. or mo milliampcres.

-'XK' 1,000

But. when the meter is connected to the bare cables and the
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traction rails, the total resistance controlling the C is

I

2,000 4- 400,000 ohms ; which, by C = —
,
permits of the

R
400 I

transmission of only = amperes, or, roughly,

402,000 1,005

one milliampere. But it has been shown that 200 milli-

amperes are needed for a true deflection under the condition

of potential existing. As a result, only one-two-hundredth

of a true deflection will be obtained. This is, the meter

instead of showing a potential of 400 on the lower range of

the scale will only show one of 2.

Similarily, the io,ooo-ohm resistance requires for a true

400 40

deflection = amperes, or 40 milliamperes. But

10,000 1,000

the total tesistance governing the amount of C transmitted

is 10,000 + 400,000 ohms; which amount of C, therefore, is

400 I

= amperes, or, r-oughly, one milliampere. But,

410,000 1,025

in this case, it was show hat f .ty milliamperes are

required to produce a true dc.jction. As a result, only one-

fortieth of a true deflection will be obtained. This is, the

meter instead of showing a potential of 400 on the higher

rang<' of the scale will only show one of 10.

Now, two volts potential by the lower raiiRc and ten

volts potential by the higher range are read by a deflection

of the needle to the same point on the scale. This is, the

lineal deflection of the needle of a potential meter, in cases

similar to that under consideration, will always be the same
whether the low or high range terminals are used. And in

somewhai similar cases, where very small potentials are

dealt with, as in many instances occur when taking the

potential of earthed conductors, the deflections, owing to

the small amount of C available, will be so slight as to be
unreadable. Many cases have come under the writer's ob-

servation where, having obtained a potential of, say, one-

((uarter of a volt between one earthed conductor and an
earthed return and two volts between anotlicr earthed con-
ouctor and the same return, he has been unable to obtain
readings showing a potential between the two earthed con-

ductors though as will be understood, there must have
been a potential of one and lhi»;e-quarters volts.
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FIk!*- 15 (a) and 15 (b) are reproductions of the drawings

of such special boaid, which consists of a substantially made
'rame box with the back removable and two glass doors so

hinged in front that they can be locked in the centre. The
switchboard proper is built of three sheets of hard rubber

fastened down around the edges, by countersunk flat-head

brass screws, to an inner-projecting portion of the frame.

On these sheets are mounted five rows of twenty-four double-

A. ««••« •* MCVWMM UMC t
CTAiM m SwiT«M

^X-

•;»«« Mn

fr=

Fig. 15 (b).- central Switchboard Tasting System.

Sectional Elevation and Details.

pole, double-throw switches with one plug ;low each
switch. Through the bottom of the frame run tw jlve flexible

cords, to the inner end of each of which is attached a small
socket made to fit the plugs under each switch, and to the
ouier end of each of which is connected a suitable meter
terminal. The wiring is on the back of the board (between
the rubber sheets and the removable back), and consists of
small rubber-covered wires formed and stitched on the
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alo'. ^iclf of each tclophom- locati'd near, st ti) the point of

the track of which a readinif of the voitaKe is required.

To connect the special board up, the re(|uircd telephone

wires are cut between the distributing rack and the switch-

board of the telephone exchange ; and the ends from the

distributing rack are connected to the incoming cable of the

special board, while the ends from the telephone switch-

board are connected to the ^utgoing cable of the special

board. The two wires of each pair of the incoming cable

are connected to the middle points of their particular switch

to the upper points of which switch are connected the twc

wires of the corresponding pair in the outgoing cable. Each

••«*M***^« ftaoVMlaMK) Hl^U*! **-* **"*" L**<"l

Fig. 16 lb) Station Switch and Fuse Boxat, Testing System.

CONNECTING Uf ELABORATE APPARATUS.

switch li.is lis bottom piiints lonneiled in multiple to the

plug nuiunted below it. The details of the wiring and the

Dthcr parts will be understood after examining the det.ul

dr.u\iiii;~ in I !«. 15 lb) Thii^, when .ill the N«iiihe« ,ir<' up.

the 'elephone wires .ire in regular service; while, when
down, each pair of wires will be in multiple with one of the

^niall piUKs and the telephnni' seiviic 1 ui out I,, < onnei t

up the subsidiarx app.iiatu^. thr line uiirs .in- < ut .it i\u\\

point near the telephone and the line ends are then ion-
!!=-!-?.-ci ;,- the rriidtili jiwmt:; cf the swit. he;, the Uiijier iMPiiits

of which switches arc connected to the line posts of the tele-

phones. K,a< h ho\ h.iv .1 lowi-r 1 oin|).irtin<nt lined with
asbestos and divided in the centre with a piece of Icalheroid
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by which the assistants know that the reading which they

are entering must come in a space at the head of one of the

columns. This, in case an assistant has skipped the entering

of one reading, and so that all his rtadings thereby may not

become valueless.

After the readings have been all taken, the head reader

immediately throws up the twelve switches on the special

board and notifies the operator at central that he has

finished. The oDcrator at central, after the fifteen minutes

have elapsed, takes the trouble to call up the twelve points

and find out whether the attendants at these points have or

have not thrown up their switches as requested. In case of

any special emergency, any one of the attendants at any one

of the twelve points can obtain telephonic communication

while the readings are being taken b> throwing up his

switch. This stops the deflection of the needle of the poten-

tial meter on his line, the assistant reader in charge of which

instrument imni('di.\tc!y thiows up his switch, whereby

eentral is called in the regular manner.

It i- a (listiiut .idvaniiiKc ti> advise the ainiulants at thi'

()ii\Mr hmi^. a-, to the . diiiin« which thi'^r ro.uling~ an'

tn hi' t.iki'ii, .'ind til • ri'iiur^i thini in < .tri'tiilly Like

jinriictiT rri nrds ot tin ,il luitpiit iliititf^ tin- inriml.

SIMPLE APPARATUS.

This class of testing can be easily <arried out by ,iny

(iim|)iiny h.iving a rentral ('X< lianKC cither of their own oi

nnted from some lnial tcl('i)l'.(>ne comp.iny, provided that

the instruments operated from it aic located at suitable

points iif their s>stem. Suitable outside telephone points

li.ivii'n been dinx'ii, a small doublepole, double-throw porcc-

l.iin switch {obtainable from any dealer in electrical acces-

sories) is inslalletl ne.ir ea' h tclrphdne and connei ted up
^imil.ii ti) the method befoie di'«t ribed. At the telejihone

> entr.il tlu' telephone cabh; is cut .intl a Ijox with the desired

number of similar porcelain switches (.ibout tuelvi-, as a

Mile), installed in some lonvcnient lUMiby po-.itiim, is wiied
up similar to the manner v\liuli h.is been explained in repaid
to the special bo.ird.

Ome the apparatus is installed, tests should be made at

Ireiiuent inleiva!-. (air Ikhik t.ik.n tl'.,l the leadinjis are

ni.idi' ,u similar limes ot the da\ ( appioMm.iti h eiiual lo.ul

loiulilions) on e.ii h onaNioii. and if ihi dune, tonnci teil

iMih sill h are (ontKilliil h\ ~oiiir othir <li'pai tin' tit than the

on< in ( li.irKe ot the boiul teslmw; Ihi' Meneral lii.iiiaKer will

find that the iiifnim .tioii obtaimd from the re.idiniis >erve

.1^ ,1 V IV etfedivr i hi', k on tin liondl:'vt -heels turned in.
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l\H. i6 (() i, a ski-i.h <li.i;i,i!inn;ili<allv illustrating-
this simpler method of makinR simultaneous drop tests in
rc«,ard to e.«ht outiy.ng points. A is a formed and sewn
telephone cable running to the office branch telephone ex

eSr, r ''.''"' terminals of C C, which consist of
e.sht double-pole, double-throw porcelain knife switches
mounted .n a box. H is the incoming formed and sewn tele-phone cable, eight pairs of which are led to the middle
term.nals of C C. The two bottom terminals of each swuch

ftmt

Fl«. 16 (C) -Dlagfammatlo Illustration of Arrangamant formamng Eight or Less Simultaneous " Drop ••
Tests.

+ side of tts voltmeter D. The zero (-) side of each vol,-
meter .s

. unnected to arbitrary zero (lowest voltage point of
the rati system). K is .-, doublepole, double-throw por.olain
switch to the middle points of which are attached the two•ncommg telephone wires. The two top points of this switch
arc connected up to the local telephone and the two bottom
points to the nearest rail-bond.

u.h.fr''.."''"'''''
''"'' ''•^°"""»"'' apparatus forms a meansthereby these tests, which in the present Mate of electrical

engineering are an ahs„|u,e necessity, c.-, be easily made
at a minimum expenditure.

"»'l!- il.jjil|lll
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IV.

Stray Transmission IVIeasurements

GENERAL.

About thi' most impnrlant of thi- many phases of

KTniinck'd ri'turii invt-liKaticiii- is tlu- ^tiuririK oi data

n lative to the amount of accidental transmission by means

of auxiliary earthed conductors, such as water-pipes, gas-

pipes and cable sheaths; to obtain which several methods

have been adopted. The^c can be roughly summed up under

four headings, as follows:

—

1. Amperes calculated from drops taken on two-foot

lengths.

2. Amperes calculated froi.; ampere and drop readings

taken between distant points.

3. .Amperes measured between the ends of a break in the

accidental conductor.

4. Amperes tak<'n experimentally in connection with

plant laid especially lur such purpose.

TESTS.
First Mtthod.

Of these four methods, the first is the most popular one;

particularly with those corporations which are arranged on

the opposite side to the traction interests. The apparatus

required is a meter with fifteen and 150-millivolt ranges with

its calibrated leads (preferably a duplex one, Richmond pat-

tern ; because such is useful in checking the Conant bond-

testir used in another branch of the investigations) ; a

medium-sized rough file; a two-foot rule; a cold chisel and

a chipping (machinist's) hammer. To use the apparatus,

excavations about four feet long and wide enough to allow

ingress and cgrcs^ to the reader are made at various points

of such a depth as to completely uncover the pipe or other

earthed conductor to he tested, in each hole excavated, the

conductor is cleaned at two places about two feet apart by

means of the chisel and hammer followed by the file. Points

two feet apart are then accurately laid off on such cleaned

surfacfb with the rule and the drop taken between such with

*he meter. When all the drops are taken and by use of a

prepared table of the resistances of two-foot lengths of differ-

ent s'^ed pipes or cable-sheaths, th« C is calculated by

I

— , where I • the nading obtained and K •= the resistance
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of the two feet. This popular method, whereby the two feet
of metal in each case becomes a temporary shunt, has been
more or less fully described by Maury in vol 1., No. 4, p. 74
of Ensineerins- News. For this class of testing, however,
the writer prefers to use both sides of the duplex instrument
by laying off two two-foot distances (three points), only
accepting as true those duplex readings which simultane-
ously agree. This, because he has found that duplex read-
ings so taken on cable-sheaths have not often agreed.
Whether such disagreement was due to the imperfect con-
tacts made by the lead terminals or to the use of the cables
for alternating transmission can not, however, be definitely
stated at present.

Second Method.

The second method, and, as a rule, most satisfi:lorv
one, consists in taking the voltage between two points and
then immediately shnrt-circuiting them and taking the volt-
age and amperage. The apparatus required is a 'ight
wagon, a reel, about 500 feet of flexible rubber-covered No. 6
B. & S. wire, the same length of electric light cord, a duplex
instrument (ammeter and voltmeter), two single-pole double-
throw switches r.nd four heavy iron clamps. .About 475 feet
each of the wire and the rnrd (which should have an inner
insulntinn of rubber) are bound together at points about
twelve inches .ipart l)y means of insulating tape and wound
on the reel whirh is mounted between two upright castings
similar to those which will be described in another article.

On one of the flanges of the reel and around but insulated
from the axle is secured a circular brass ring which makes
contact with a bru-h so held by a brush-holder attached to
but insulated from the frame that the brush will make good
contact whether the reel is revolving in one or the other
direction. The inner end of the cord is threaded through
a hole bored in the Hangc, projecting a few inches beyond -ts

edwe riie outside ends of both the wire and the cord are
connected in multiple to the bodies of two of the damps by
means of roundhead machine screws and copper burrs.

C oiiii.uv In !he 1,1-1' when ( nllii ling <|,ita for the plotting

ot voli.iy,- ,,,nioiit linrs (vide \), ,1 muKh waKon of the type
11-1 il 1)\ hiuksiri-. Miav he u~id for this i las,< of testing and,
.!- ihc (r-i, iii,i.l.' are not m.iiiv in mmilx r. alino-t any sort

"1 .1 hi,u\ iiot-r uiii suit .til rii|iiiicincnls.
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Fig. 17 is a sketch showing diagrammatically the arrange-

ment of the switches and instrument, in which A is the

duplex instrument with " two " and " twenty " ranges. The

left side, in connection with the two shunts B and C, is used

as an ammeter; while the right side is used as a voltmeter

D is a single-pole, double-throw switch, to the middle point

of which is connected thirty feet of the heavy wire. E is a

small single-pole, double-throw switch, to the middle point ot

which is connected thirty feet of the flexible cord. To the

outer ends of both the wire and che cord are connected m

multiple the other two iron clamps. The remainder of the

wiring can be traced out without any description.

Fig. IT—Diagrammatic Sketch of Arrangement of Apparatua

for IMeasurIng Stray Tranamiaaion.

The two shunts, the two switches, the calibrated lead?

and the instrument should be obtained from the instrument

makers all mounted on one base; p.nd on no account ought

the makers to be directed as to ino details. The method of

making shunt connections is a question for the instrument

expert only.

To install the apparatus, the reel is placed in the rear

end of the wag-m and the • -trumcnt portion mounted on a

smooth piank attached to the side of the waifon whirh -s

protected by a canvas covering stretched on a light frame-

work. From F (Fie. 17) is run !\ piece of heavy wire to the

brush-holder ; and from the binding-post (" of the meter 's

connected a small piece of flexible cord long enough to reach

to the end lA the cord projecting beyond the edge of the reel.
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To use the apparatus, the waKon is taken to a hydrant
and the clamps from the reel attached to it. The driver :s

then instructed to ko ahead to the next hydrant, to which the
clamps from the shunt are attached. Care should be used
by one of the attendants that the reel does not " run away
with itself " when the wagon is moving. Both switches are
then thrown down. If the readings are so slight that the
lower scales would be preferable, the switches are thrown up
instead. When the proper scales hav.- been selected, the
ammeter switch is opened and the deflection of the voltmeter
needle watched until satisfactory and steady. Then, remem-
bering this deflection, the ammeter switch is quickly closed
and both deflections at once noted. The three readings arc
then entered as voltage before short-circuiting and as volt-
age and amperage after short-circuiting. To facilitate the
entering of the readings, the reader is supplied with sheets
similar to those shown in Fig. iS.

READINGS BETWEEN HYDRANT&

a/e

WtiHe^

P^tmJIitt WtMtr- tf- DtSfi-

USnM
"

T<M MIWtllHS.mn **iT«. MMMa MNMM*

To Tn

-
1

i

-

TO Tn
i

Fig. 18.—Printed Form for Entering of Readings.

The hands required for the operation of the apparatus
excepting, of course, the expert in general charge of tho
investig-atinns, are a college or other student of electricity
at $1.50 per day; a driver at the local rate of p.iv; two strong
active linemen (helpers) at f 1.50 a day; and one bright bov
at so cents a day. The .ork and data obtained should be,
In this r.ise. for the Ici;.,, de|Mnm.nt. Th.- wagon and the
hands should report at the office at 8 a.m. and immediatelv
st..rt for the scene of the day's operations. Lunch should be
taken at noon and the wagon -tnr? for th- ^tables at 5 j7.m.
The reader should then return to the oflTicc and enter on clean
fheets the readings which have been taken together with
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the calculated results. These sheets should then be at once

turned over to the legal department which, when considered

necessary, will confer with the general manager.

The reader will find it a imle difficult at first to remem-

ber correctly the three readings up to the time of entering

them, but with a little practice the difficulty will be overcome.

He can, too, and in time acquire the habit to take not only

the steady deflections but also their maximum and mimmum
fluctuations. Such, however, is exceedingly trying and wears

the reader out in quick order.

.\fter the readings are taken at this point, the clamps

are unloosened at the second hydrant and the wagon returns

10 the first one. While so returning the cable is rewound on

the reel, and when the first hydrant is reached the other

clamps are also unloosened. The performance is then re-

peated between the other hydrants.

The principal of this method is based, nf course, on the

I

C" = — law as api-liid to divided circuits. To calculate the C,

R

the formula is C
V

\' — \-

j X C where V = the voltage

before short-circuiting and V" and C = the voltage and am-

peraKC. respectively, after short-circuiting; or, in plainer

words, the transmission in amperes taking place by means of

the pipes is equal to the amperage after short-circuiiing

multiplied by the quotient of the voltage before short-cir-

cuiting divided by the difference between the voltage before

short-circuiting and the voltage after short-circuiting. Thus,

if the three readings arc 1.5 volts before short-circuiting,

and I volt and z amperes after short-circuiting, the trans-

mission is

• •5

() amperes.

Third Mtthod.

The third method, while very accurate, can seldom be

carried out, and, as it consists of simple ammeter reading,

desi riplinn. It is used to mea-ur<' the amperage
ro(|Uires 110

returning by pipe and cable-sheath drainage coppers

collocted by ground nl.iles and in a feu other rases.

that
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Fourth Method.

As a preliminary to a description of the fourth method,
consider the diaKrammatic illustration marked Fij^. 19, in

which AB represents the track rails, CD the line of pipe and
FF a connection between the rails and the pipe. Now, if

the resistance of the earth between the rail: from G to B and
the pipe from H to D plus the resistance of the pipe from
F to D be high as comjiarcd with the resistance of the rails

from F. to B, the accidental transmission by means of the

pipe will be a neglijfible factor. If, however, a heavy con-
nection be made between B and D with an ammeter inserted

the readin,if obtained will depend upon the load betwc ri A
and I and the relative resistances of the rails and the pipe
line. Such connections as FF and BD often exist through
gate-boxes, pipe valves and rails being jammed together

;

k--&

t I I I I I t I I ; I ( L r I I I e

Fig. 19.—Diagrammatic SItetoh of Relation of Traok Rails

and Line of Pipe.

or from accidental contacts between rails and service-pipes

or cable-sheaths or bare auxiliary copper returns. That a

connection such as F.F exists is no reason that a connection

should be made between B and D. For two wrongs do not

make one right. In such a case, therefore, EF should be

removi'd even if, fur some special reasons, a connection is

made at the power house end bi'tweon B and 1). .\propos of

which, the author is aware, of course, that a considerable

amount of bonding has been installed—and still exists in cer-

tain districts^bi'tween the rail-returns of electrical traction

systems and the earthed metal work of other interests; but

he has for many -years stron'.;Iy oppo-ed the methods adopted
to carry out this work and, as thi> is an important phase of

the question at issui', some advice affecting it will be given

in the last two chapters.

Having dr.iit with the preliminary, the fourth method,
which has often been propos(;d by the author, but which up
to the present time he has been unable to follow, may n^w
be considered. Assume a portion of a straight piece of track
forming the suburban or outer end of some line, as repre-
sented diagrammatically in Fig. ;o, in which AB repre'.ents
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a trolley wire, connected while experiments are being made

to a storage battery with an ammeter inserted near A; CD

represents a track divided into insulated sections, as shown

bv the crosses; EF represents a pipe line dcadended at both

ends and also divided into sections by breaks, as shown by

the crosses; and L, L', L', L% I/, L' represent similar pieces

of apparatus, each one supplying an equal load of, say, fifty

amperes to the track. At each of the points designated by a

cross a short length of insulated cable would have to be

electrically connected to the metal work on each side of the

cross- and on each free end of each cable a suitable lug

would have to be sweated. By then bolting the lug faces

together, the track and pipe sections, respectively, could be

made continuous, or bv inserting an ammeter between two

lug faces readings could be taken. To use such ;
pparatus

the switch G would havo t., be closed and the ammeter in-

serted in the trollev wire be watched until it showed a steady

\- \- \- f- 'T
'

I I iHL I I 1 I A ll I M I Ki

M.

.M

Fig. M.—Diagrammatic Sketch of Relation of Trolley Wire,

Track Ralls, Pipe Line and Measuring Apparatus.

load. The ammeter readings would have to be taken at all

the points marked with a cross. Voltmeter readings would

also have to be taken between the tracks and the rails. Such

tests, carried out first with the rails not bonded and then with

the rails bonded, would give some very valuable data to assist

in the consideration of the problems connected with electro-

lytic corrosion. The pipe line would, of course, have to be

specially laid and covered up, except at the points marked

with the crosses; but could, however, be laid with the -nten-

tion to use it afterward as a water-main by making up the

breaks after completion of the tests.

VALUE OF GROUND PLATES.

The author, like many others, has several times installed

apparatus and made tests with a view to find out the values

of eirthed-platcs as transmission mediums in connection with

roads operated with grounded returns. Using (in Philadelphi.i

about 1804) a large number of copper sheets buried in the

ground near the low-voltage bus-bars and surrounded by

charcoal, the connection between the plates and the bus-bars

being made with a large number of i,ooo,ooo-circular-mil
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cables, he was unable to obtain any deflection of the am
meter. IVinx (in Richmond, \'a., about 1903) a plate with
the surface of about qoo stiuare feet on the bed of a river
at a point about one-quarter of a mile from each of two
power-houses, and with soo,ooo-circular-mil cables and con-
nections between the plate and the low-voltage bus-bars of
each, he found that the transmission between the plates and
one power-house was about three-quarters of an ampere, and
between the plate and the other power-house about one-
quarter of ,"> ampere; these with a load of about ^,500 am-
pere<. H is also found that ironwork set in concrete forms
a much better earth connection than ironwork set in soil when
a connection is made through a resistance in each case be-
tween the ironwork and the trolley wire of a grounded system
The probable reason for this is that the ironwork set in soil

soon becomes coated with a thick incrustation of oxide, which
forms a poor connection between the iron and the soil; while
in the case of ironwork set in concrete the iron, having a
fairly clean surface when so set, makes a fairly good contact
by means of the concrete with the surrounding soil. Small
iron pipes running through the inside of lamp-posts to tne
mains and larger pipes running down to and for a few feet

through the ground (even to within a few inches of the rails)

form poor earth connections between the rails of a 'rollcy

system and other earthed conductors.
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V.

Voltage Contour Lines

GENERAL.

\ somewhat inlcrcstinu l>ha>.-, allhnUKh <>nly a

sciontihc one. of KTOundeJ track n turn investigation,

is the plotting of -.ohage contour lines. While these lines

can not be plotted absolutely correctly without data ob-

tained by means so expensive as to be pactically prohibi-

tive, fairly accurate information can be secured by the use

of apparatus which can be mounted and carried on a light

emergency wage J.

A somewhat detailed description of the apparatus and

methods to be adopted in order to carry out this work caii

be given under three headings: apparatus, survey, and

map-work; all the details of which should be under the

personal supervision of one man, an expert. The major por-

tion of the necessary apparatus can be designed in the

draughting room and built in the car shops of the average

street railway company. The surveys can be made by

students of some technical college during their summer va-

cation at ?. small remuneration. For the information which

they obtain of practical scientific electrical conditions, trac-

tion plant and street railway operation is very valuable to

them ; inasmuch as it gives them a renewed inclination for

their remaining college work and a preliminary training

for some of the duties which will have to be sub<=equently

unc'ortnkrn hv them

APPARATUS.

The first thing that should be loc-*ed, so as to prevent

any loss of time when the remainder of the apparatus is

ready, is some light wagon mounted, if possible, on

springs, and a one-ineh board, twelve inches wide be fast-

ened edgewise against the inside of one of its sides. This

board should be planed and long enough to reach from the

front to the middle of the wago-. ind is intended to serve

.is a table for the rrntii-'-d !""=»• ' "* •''"'* -°™- •^ *^^ ^"^'''

ing, and also as a rough desk for the student having field

charge of the survey. The top of this improvised table

sfiou'dbeabout one inch below the top nf the wagnn ^n\e. The
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hnrsc should ho of a fairly heavy build, and not of a nervous

temperamont. The required instrument is a below-and-

above-zero readin.tr duplex potential-meter (Richmond pat-

tern, madf by the Weston Electrical Instrument Company).

As drops have to be taken between points situated as much

as 1,200 feet apart, it is neressarv to have some means

whereby about i,'^oo feet of flexible twin-conductor electric

litrht cord can be rapidly run out and hauled in for this

distance. To meet this requirement, the writer desi^-ned a

self-windintr reel, which, in the main, consists of three

compartments formed by means of four triancrular cast iron

pl.ites. Fiij. 21 is a diay^rammatic repr. sentation of this ma-

chine.

Fig. 31.—Olagrammatio RapreMiitatlon of Apparatus for

Uia In Scouring Data for Plotting Voltaga Contour LInoa.

The compartment formed by the first and sprond plates

contains a lij?ht wooden druoi, the di.imetcr of the cori'

bfincr one half ihat of the flanK'es. a projection on the out

side one of which flanires is i ni irrli'd by two insulated brass

rin^s mnkinHf contact with two end on brushes held by

biush holders att.nehed to but insulated from the inside f.x e

of the first pl.Ue The avie, on which this drum is mounted.

is located near the apex of the machine, revolves between

the first and 'he third plates on ' e.idless, pointed srt-'crews,

which set screws ,Tre provided with lock-nuts 'o keep them

firmlv fixed after 'hev are adjusted, and on it, bi'tween the

second and third plates, is keved the lijjhter of the two

[•inions of the double reduct'on Rearing'.

Ne\r the bottom of the machine, between the second

and f<}' .1 plates and runninfr cle.ir of the third pl.ife, is to-

-s»p«! fithf • lir «r?-irr:"A« Hr; tjije axl".

between the d and fourth plates, are anchored the in-

liiT looped iiiil- of ihiic -pinl spiiUkf.. e,ii h niiuli of one-



e.Khth inch spring steel two tnches .tde and f°"> -^

,,„„, The outor lonpcd-onds of tho.o =l.r,nKS ar ^h,n d

over the bushtng of one of the double-ended t.e-bolts ^vh ch

hold the plates m position. On the same axle, between the

second and third plates, ,s keyed the heavier of the two

;, rs of the double-reduction gearins.

About niidwav between the spring and the drum axles

. located the mtcrmediate axle on similar pointed sct-

.crews, between the second and th.rd plates. On this axle

,s kevcd the heavier of the two pinions of the gearing, so

niaced that its teeth arc geared into the teeth of the spring

axle gear; and on it is also keyed the lighter of the two

gears, so placed that its teeth are geared into the teeth of

the drum-axle pinion.

The second and third compartments are covered over

with one piece of sheet iron, bent to fit and fastened to the

plates bv means of 14^0 (or '4 standard) round-head ma-

chine screws. In the centre of the cover, for nearly ns full

width, is cut out about a six-inch portion, over which is

fitted a sliding cover, so that the bearings of the axles on

the pointed set-screws can be reached from time to time for

oiling purposes.

The plates are f.istened together by means of double-

ended tic-bolts with two nuts at each end lone nut in-ide

and the other one outside of each plate). The spacing 1)e-

tween the plates is obtained by means of bushings made

out of iron pipe and slipped over the tie-bolts. On the out-

side of each pl.itc is attached a strong handle, the two points

nf each plate to which such are attached being strengthened

l)y nc,ins of bosses cast on them.

A few points to assist in the c.-.nstruction of one of the

machines arc as folhnxs: The patt.rn for the plates should

he made in the form of a skeleton frame, to allow for the

nece«sarv requirements of the various tie bolts and srt-

s, r.«v «hi. h Ir.ime should th, n be wlued ..lul s,re«e,l to

.1 thin bo^ird. When the pieces are firmlv S' t. the portions

of the board protruding beyond the fran e should be sawed

off .ind the pa'tern, after rrrivmg the nrres.arv draught,

be tinishcd in the usual way with black shellac. .Xs only

two of the plates require boss' s, the pattern portions for

the«- ...n be made detachable For drilUntr, one of the

plates should br laid otT and centered, the four plates he

clamped together :uid the holes required -similarly in the

four be drilled Mnuilianenuslv, carf being taken that the siie

of the hole drilled at M\\ parti(ui.ir point Is not i.ugcr than

the --mallest one required bv ,inv one of the four (anv h"l>'
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in any on'' of the plates which is smaller than nc "^^sary

can 1)1' bored out afterward to the size required). 1 hooC

holes uhi(h arc not rcfiuired at similar points in all the

plates I .in be drilled afterward 1)y clanipini! only two or

tliiee nf the plates toyeiher. The opposite holes in any two

plates to bo threaded for ao set-screws should have the taps

run through them siiiiultaneously while the plates arc bolted

together, so that the scr'Ws which act as hearinus may

have their centres true. The three springs should be sep-

arated by two discs of thin sheet iron, the centre holes of

uhicli liisi should c le,n the -pliiij; .i\lc. .ind tlu' h"li's aiouild

the ( Hi uiiiterencc clear the tic-bolts but not the biisliuiKS

The tirum should first be turned in the roUKJi on its axle,

the 1 ir< iil.ir r;nns be then driven on and the whole be final-

iv tini-lu'd in the lathe, mcliidin.ir the oilint,'- and shellacing;-

When the machine is ready for the electric liwht cord,

whicli should have a thin inner insulation of rubber, .» strap

can be used between one of the lathe pulleys and the drum
to uind the sprin^js up. When so wound up, one ond of

the cord can be iiushed through a hole in tlie flan^fc and

the two conductors be connected to the two < ircular rinK;s.

The drum can then be allow d to unwind and thereby wind

up the <ord. Attached io the side of the drum, opjiosite to

the side having; the rinns, is a ratchet wlicel to be used in

conjunction with a pawl pivoted on the second plate. Thi--

is to che( k the reel from rewindin).f when unwound.

To assist the surveyor to stretch his wire and koep it

hiRh ennuKh for vehicles to pass under, and also to keep

it above the trolley wires of cross-lines, it is necessary t^

have some liKht port.iblc poh s. Some idea of the way
these poles are constructed and used will be Rained from

an examination of Fijf. 22. whi(h i.s a reproiluciion of a

photograph of the wavoii when in service.

These poles, in the main, consist of a tripod supporting

the pole proper which is in the centre and made of two

I)oIes about one and one-half inches in diameter jointed

together by means of a piece of iron pipe about fourteen

inches lonj? and firmly fixed in a circular block of wood.

The bottom pole, which is about twelve feet !on«:, is per-

manently fastened in the pipe, while the top one, which is

about fourteen feet Ion*?, has its bottom end fso turned that

it can be easily taken in and out of the pipe (ferrule)

Near th« top end of the pole is screwed a strong iron screw-

hook ti't the wire to slip in and nut of. I he top ends of th<'

thiee tounren loot poles toriniiiK the tripod are hintfcd

to the circular block bv means of strong iron fcrew-eyes.
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The bottom ends of the pole aid the three IcRS of the tripod

arc provided with siiikes. These are made by MrewiiiK in

stron>r iron uoo<l-screws for about half their length and theTi

grinding the projectir.if portions to a point on an emery

wheel.

Fig. M.—The UM of Tripod J Pole lor Spanning Street

Croaa>ngi.

SURVEYS.

To u«c the tostini; wagon, which is provided with a

canvas covering stretched on a light framework, the reel is

placed on the rear end and the two wires which run from

the brushes are connected in multiple to one of the meter

posts. To the other post of the meter is attached a shori

length of flexible cord with .t small iron clamp connected

to its outer end. A similar clamp is connected to the two

ends of the two wires from the reel. This latter clamp is

then attached to a hydrant and the driver ordered to go

Ahead. As the wire unwinds, it is hooked up on such con-

venient places as lamp-posts, pole-steps and branches of

trees. At cross streets, the portable poles are used. When

the next hydrant is reached, the other clamp is attached »o

it and a reading taken. This damp is then loosened and the

wagon proceeds to the next hydrant, where the clamp is

again used and another reading taken. This is repeated

until all the wire is unwound and the last reading for this

str.trh is taken. The wire is ihrft Ir-oseced from the fir^»

hydrant and allowed to rewind. If the weight of the wire



or its ri'si' is sufficient to check the winding', such is

easily assi.'- a by one of the attendants.

After readings have been taken on all the streets run-

ning in one direction, similar ones are taken on those run-

ninjr at ripht antjles to the first ones.

MAP-WORK.

When all the riadings have been taken, the expert

works out from them the relative voltages of the difTereni

I
I'v .i~ ( Kiiipan-d uith a rho-iMi zero

—

vi'iy trying and
can be undertaken only by the expert. This consists of re-

ducing the mass of data turned in by the surveyors to

figures ontcrod on a rough map. which rough map i>; taken
in hand by the draughting departmrnt, and a fini'shrd map
made on tracing cloth with the retiuircd contour lines plot-

ted on it.

Fig. 23 is a reproduction of a map with contour lines

which was so gotten up by the writer for the City of Rich-

mond, \'a., and it shows, from an electrolytic point of view,

a condition very favorable to the traction interests of that

citv.
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VI.

Rail-Joint Bonding
TRACKS AND BONOINC.

XotwithstaiuliiiK all written and said, and althouxfh

the average traction enKinecr is well aware that it

is important that the track conditions, from a conductivity
point of view, should be kept up to the standard rerjuired by
modern and approved ensineerinR-, it is remarkable how
many railroad- permit their bondinK to deteriorate. This is

very regrettable, and can only be explained on the basis
that, being hidden from ofticials, the condition of the bond-
ins is not constantly brouglit to their notice like the con-
ditions of the other phases of street railroading are. Bond
testing should be methodically carried out constantly; this

is, as soon as the whole system has been tested, it should
be all gone over again and again to the N times. For this

purpose a Conant rail-joint testing instrument with the
built-up frame contacts (not the poles) should be used.

BANK AND BUNK RAILWAY COMPANY
BanR, Bu.

BOND TEST SHEETS
Test. Sheet No.

Tests mad e by

Date

Weather

FrecediiiK weather fer

.

Local- ' Joint
ily

i

No.
I

. .days

Norih Track
,

South Traik \V.>t Track | East Track

N. Rails. RailN. RailiS. Rail W. Kail B. Rail !w. Rail B. Ra.l

Fig. 24.— Report 8h(6t.

The operator should be a .\oung man of a plodding- veiy
plod<ling- character, and his assistant be a boy. Both ..f

them should be on the pay-rolls of the mainterame of way
department. The young man should receive two dollars, and
the boy hflv ..-nls a day. Both of them should report at the
oflicc at .S.30 a.m., be at work on the streets at (> a.m., go
to lunch at noon, be back at work on the streets again at

I p.m., start for the oHicc at 4.30 p.m., and. on arrival there,
enter up the readings on clean sheets, a facsimile of which
is given in lig. 24, and leave them, before quilting at 5.50

^^
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p.m., on the desk of the head of the department. The head,

on the first of each month, should turn in the

sheets, with a brief attached criti( ism of them, to

nianaKtT for perusal.

To make a sim

accumulated

general

pie test of thi a<< uracv of the Cnnant

rail-testing instrument, a duplex millivoltmctcr (Richmond

pattern) is very handy. Such .->n instrument has been n\en-

tioned in n previous aitirl,- {-Vnnh VoltaKo and pntrntial

Measurements")* in connection with the hrst method of

testing for stray transmission, and is used by taking the

track drop across the joint with one side of the instrument

3 and the drop across three feet of straight rail with the other

side of the instrument.

Investigation has shown that good bondmg. carried out

with one bond at each joint in outlying secti.ms and two

bonds at each joint where the loads accumulate, with, per-

haps, three bonds at each joint in some special cases (where

the load is exceptionally heavy), will give results showing,

in many cases, joints and straight rail as equal ;
this is, the

conductivity of three feet of joint (eighteen inches each side

of the junction of two rails) is the same as that of three feet

of straight rail (rail without any joint) ; in other c.ises the

results will show that the joints are eciual to six or nine feet

of rail. Where the bonding is out of order, the results, of

course, will show much worse conditions. Wheie the tests

give joints as being equal to more than six feet of straight

rait, the joints ought to be nbonded.

Riveted and Soldered Bonds.

The practue uhuh i- often followed of drilling the b-.iul-

ing hole- in the rail- beforehand, to in-ert the bonj terminaK

in. cannot be too strongly condemned, unless they are drilled

s!ig';tl smaller than required and are reamed out to the

right size just before the bonds are installed. This because

I the holes will accumulate a certain amount of moisture and

S oxide in a very short time, which will, sooner or later, cause

imix-rfect contact between the bond terminals and the rail

metal. Bonds should be flexible, and preferably of the

ribbon type. The bond terminals should l)e large— verv

large— and welded by some heat process to the ribbons (not

pressed), and when inserted in the rails should he sw.iged

up by compression applied to the head and the other end.

When soldering can be carried out, the terminals and the

tails should be sweated first; and when the teim.nal. have

bfi compressed heat should be applied to ni.ik.' the 'wi'

sweated surfaces run together. The termin.iU should then

be luniprosscd again.

* Chapl' r 11 , pau'f i-'.
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Electric-Weld Bonds.

A> Kt'iitTally kimwii, thr quotiun of hou best to obtain

a pcrmaiu'iuly satisfaciory tlfctrual lonncdion of >urticicnt

conductivity across rail joints, h. , bcvn a very inii>ortant

out', Starting with a inultiiiidi' ol ground connct tions, this

HU' stion has Ijorn dealt with -U( cc-siv<-ly by Usinjf K-Tlvanizcd

iron will', ctippor wire of mc rcasin^ ( oniliiciivily, specially

prepared bond- (lirst of th<' solid and then of the ribljon

type), bond^ soldered to the rail> and tin.illy bonds elec-

trically welded to tht' rails.

Fig. 35. Apparetuti (or ElBCtrlc-weiding of Bonds.

Wli'Ii' let,mud bv ihr r..i..Mlii Siree! K.iilway, the au'.hor

h.ul opportunities i,. i,l)-er\i- ,iiul i >.iisidi r ni,. me'hod of

atta'-him,"^ ' r-tl- t.p the- r.oK by tiie.m- of ,ip|),'r.i!us supiiHed

b\ ilii' Klednc K.iilw.iy Iinproveni' ill t'onipanx, of d i elan '.

.mil ilhi-lr.iti'd in Kil; r: J h'' iniili.wl a'hinicd ;- t,, tir=t

Kiind ihi' -ide ot thi' tre,Kl of iM( h r.iil .iii.l then .ifler clanij)-

iiiL! the bond- to the (liMii -iirf.ii e, one --iirf.Ke at a lime,
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to apply at a low voltaxe a hish ampcraK-e by means of the

I lamp. The result is. without any question, the most satis-

factory nicthofl of rail bonding. The amount of copper used

is almost rcclur:(l by this process to a minimum. The car-

bons used in the welding clamp, of course, recjuire very

frc(|uent replacement, but the actual cost for this item per

bond is fractional.

i

SPECIAL-WORK BONDING.
Those \\ho are practically acquainted with track con-

ditions, considered from the point (jf view of conductivity,

know, more or less, that it is very dilficult to keep the

bond.nfj of special work, as it is usually cairied out. up to

st.md.ird. This is due to several rcasdns : the three main
ones beinn the more than usual anmunt of motion at the

joints, which loosens and breaks the bonds; the use of small

lengths <if rail to "make-up"; and the extra trouble which

is ex|)erienced in Keitinjf at the bonds for repairs, especially

when the spe( ial woik is the result of cross lines with the

thereby heavy tratlic. Carefully taken short track-drop

readings generally show, when the bonding on clear runs

is in fairly Rood condition, that most of the total drop is

due to the drops across the pieces of special work (steam

railroad crossings being the worst offenders) unless the

ordinary special bonding is new, when the drops across

special work will be less than that across equal lengths of

clear track. This has been somewhat generally understood

for several years; and, as a result it has been customary to

lace the special work with lengths of bare wire, usually

trolley wire, though in some cases galvanized wire has been

used. The writer, therefore, adopted for such points a class

of bonding which he terms special long bonding, the details

of which will be given further on.

When new track is being laid, the special work and the

ends of the clear runs should be connected together without

the use of short lengths of rail to make-up; this is, if fifty-

fo't rails are being used and the distance to be connected up

is sixty feet, one fifty-foot length and a lo-foot length should

not be used. What should be done in such a case is to cut

two thirty-foot lengths off two fifty-foot rails and use them
to make-up the sixty-foot space. Short lengths, therefore,

when used, should always be used on the clear runs. The
special work should be extra ballasted, and the extra bal-

lasting should be continued on under the clear runs (gradu-

ally t.ipering) for a short distance. It is also a good plan

to use, for the top of svu h ballasting, a dressing of con-

crete. This concrete should be rammed in after the special
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work and clear runs have been bolted up; and, if possible

no cars should be run over it until the concrete has set. 11

this work is being done on a road which is only operated

during the day, the concrete should be rammed in as sooc

as the last car has passed, which will give it a few hours

to set. This policy will reduce the joint-motion at these

points to a minimum; and it is absolutely necessary that

tl • -special work should be carried out in a very sulistantia?

manner when it is the result of a steam railroad crossing

In track maintenance it is often found that the joints

at certain points of the clear runs show considerable motion

At the points where repairs are found to be constantly

required (evidence of which will be shown by the repeated

bond tests), it will generally be found, on examination, t.iai

the trouble is due to the unstable character of the foundation

soil as a result of surface or other drainage. The cure for

this IS to dig out the undersoil for about two and one-half

ties each wav, place a longitudinal tic under and attach ir

to the four tie ends and then till in with stone ballast, waicl.

should be well rammed. If the motion is due to lotting

sleepers (ties) as a result of soggy ground, the ties should

be replaced with creosoted ones, creosoted by the vacuum

process (not the superficial one) ; and if the conditions pro-

ducing rot are extreme (alternating soggincss and drynes.)

the ends of the tics should, before installation, be dipped

into a tank of P. & B. paint, thinned down with carbon bisul-

phide, a commercial quality of which can be bought by the

.arbny. Th. u-r nt iron tu-s ,. not r.Tommended.

The author ,> not favor.ihle to th. use of in.n tie., be-

cause the surface -f track metal-work grounded is consider-

ably i,urea-.-d therebv; nor ,s he favorible to the practice

of laving rails in concrete, b'. aus. the efliciency of elecrual

contact between the rails and the e.irth i>. as a result, much

Kreater— vide chapter IV., page ^2.

The special long bonding, which will be described m

detail, consists of the laying of sufficient extra copper to act,

.o far as the conductivity of the return is concerned, as a

factor of safctv in the case of deterioration of the special

work bonds. The cables used for these long bonds may be

laid in concrete, and there ought to be one cable for each

rail. It is much preferable, however, to use, instead of the

concrete, box troughs with a minimum cross-sectional area,

into which, after the top has been nearly all nailed down,

melted pitch, mixed with a little tar to keep it moderately

soft, is poured.

The use nf two special long bond, instead of four with

double-track roads i^ no, tie best practice; nor can the use



45

of bare instead of insulated cables laid in a considerable

superficial area of concrete be accepted v^ good practice-

vide chapter IV., page 32.

^^^^^

"^

T ^^^
Fig. 26 (a) - Old Method of Rail Lacing.

FiK. -'^1 (a) illustrates the old-fashion<<l method of rail-

lacinR, while Kitf. 2O lb) represents how similar special work

is provided with special InnR bonding.

Fig. 26 |b).-Sptolal Long Bonding of Special Work.

When a turnout is somewhat complicated on account of jt

forming the junction between two lines, the special long
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bonding bfcomrs more complicated. FIr. 27 shows th.^ old

lacinK method ; while KiR. 2S illustrate, the modern and

Fig. 27 Original Method of Bonding at Junction.

approved plan ; in which r;isc, as will be noticed, part of the

special bonding is laid to one side of the tracks. This is

because it is often very difliculi, when installing this work

Fig. 28. improved Method of Bonding at jw-otion.

in connection with track which has been previously laid, to

dig a trough near the tracks on account of the many tics.
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KiR. 20 clearly illustrates how simple turnouts were

Fig. 29. -Original Method of Turnout Bonding.

originally strengthened. Such a plan lias, however, been

proved to be exceptionally weak ; and the method which

should 1) adopted i> illu-traied in Fi^^-. 30.

Fig. 30.- Improved Method of Turnout Bonding.

AlthouKh there are Many other form- of special work, it

is not necessary to illu-;rato all the coml)ination- whiih can

be worked out; but it is believed that tlie few exainjiles

tfiven will assist the track engineer to understand the prin

ciplc involved.

A few of the details to be observed in connection with

this woik arc as follows:—
The cable ought to be double-braided weatherpioof, with

a stranded core made up of tinned wires if there is any

considerable ainduru oi MiideiniK l» be dune. The >i/e «>f

Mic cables ought, according to the loads at the diffeien'

points, to run friini ^oo.odo to i.uoo.ooo circular mils.
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The terminals which arc used to ...nnect the 'tables tc

the ra.ls are illustrated in FiR. 3., the nbb..ns of whtch

should be spread out and coiled around the ends o the

cables (previously cleaned with gasoline) and then soldered

bv pounng melted solder over the junctions of the two

Th.s, provided that the method of electrical wcldmg of

lionds 1- not adopted.
, . i

The number of rail connections at each point should

vary from three to six, according to the loads to be taken

""
AU the cables at each piece of work should be bared

about the middle, then cleansed, bound together and final >

be .wca.ea and covered with tape and pamted wuh 1 . &

paint.

Fig. 3l.-C«bl« Ttrmlntl.

A slight kink should be made in each cable end near to

the rail contacts; and. when the contacts arc made, they

.huuid receive a liberal covering of the insulating paint.

To carrv out this work, the tirst requirement is tha

accurate tracings to scale should be made- of each p.ec.- o

.pc-ial work. Blueprints from these should be then sent to

„.e electrical engineer, who should mark on them the m«-

„f ,i,e cables to be used and the price of sue h l^'V foot

Thev should then be handed ..ver to the track enginoei.

This is the man who by a little originality and patien-e can

s .ve a fev hundred dollar,. A couple of hours spent .... the

UUie.print of each pie. e of work will be found .o be a paying

investment. When .he track eng.nec. has marked on each

Mue.p.int the points to which the cable ends arc to be con_

ne. ted and the route which the cables muM follow, it should

U., !..,u.ned to the drawing office with anv notes wliu h may

be found n«;c .«sarv. The drawing oltu shouici Uu-ii 1 om

plei.' each tiacing as eaci line IS

print finni t to the electrical engineer,

finished send a blue-

that he may «hei k
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the sizes of the cable given. When so checked, he should

forward the blue-print to the track engineer, by whom it

should be handed to the foreman on the job. Any deviations

from the blue-prints which the foreman may find necessary

should be mentioned in his daily reports to the track

engineer, by whom the drawing office should be notified, so

that they may make the necessary changes on tracings.

It is often necessary that this work be simultaneously

installed at several twints ; in which case the track engineer

will probably find it necessary to have an assistant to deal

with instead of his regular forenian. This assistant should

be a bright, active and intelligent young engineer, with tw..

quick eyes in his head and a fine riuality of gray matter

behind them; in fact, an embryo expert. His remuneration

should be at least $ijo a month Particularly must he keep

his eyes on every part of the work undertaken by the bond-

ing men. The number of men in each gang on the special

long bonding will vary, according to the area < overcd by the

special work, from six to twelve; and they should be strong

and active street laborers at the highest local rate of pay.

Each gang should have a boss. College technical students

who are husky football players make good bosses ;
remunera-

tion, f 50 a month ; hours, 7 a.m. to 6 p.m. Some leniency

should he allowed toward the men on hot days, especially

during the middle hours; and plenty of iced water, with a

liberal allowance of oatmeal in it, should be provided.

As for auxiliary in>ulated copper (return feeders), they

in the majority of cases will be found to be only necessary

where the tracks conxerge near the power hou-e. provided

that the ordinary and special long bonding has been carried

out as has been already outlined. The cables for this pur-

pose, should be insulated from the low \oltage side of the

generators right up to the connecting points, <a< h of which

points should be the junction of the middle points of the

cables used for the special long bonding of a (liece of spe< lal

work. Such connection*, after they have been well soldered,

sh.uild lie pleiilifiilh taped and thoroughly p,iint«d with in-

sul.itinK p.iint.
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VII.

Lowering "Track Drops

EARTH AND TRACK V0LTACE8.

T.. loo.-.illv .(.i.McU-r thi- .uul MV.n.l othor quostions,

,he auil.o, ha> fouiul, a^ a result of sonv very thomuKh

analytical research and practical invostiKations, that it is

absolutelv imperative to consider electrical phy-ics in an un-

orthodox way by treating each electrical phenomenon as the

"eiTect" from a "cau-e," the "cause" beins the abnormal posi-

tion of the molecules of matter. Now thi^ abnormal ^tate of af-

fairs ronMitutes a ditfcr.nce between two points, or what may

be termed an attraction between two points; for two

bodies in an equal -tatc cannot have any etfcct the one upon

ibc other. .\t rhn-tmas. i,s,„,, the author delivered an addn-s

before a branch <.f the AMa-u .\s-ociation in Cote St.

.\ntoine. UMW We-imount. Montreal), at which he fully ex-

plained whv the hackneyed statement that ••Two like

clectnciius repel ea( h other" is a mis-tatenvnt. To stren.^nhen

the |M,-nion taken bv the author at the time, he may say that

he had bci n for -cv.-ral years euKaRcd m metallurKical. mm-

inK. mediaiiii al and electrical enRineerinK. and was, besides,

the only man in Canad.i enK,i>;ed at that time as an

irimwnrk> (hemi-t. lie had, nl-o, be^Mi (or five years a

resident in Canada,

For «onvenience, abnormal portion of molecule^ iclcc-

iricillvl m.iy be termed "Flectrical Condition." VoltaKe,

therefore. I- the inten-ity of "Klectrual C.ndition" at one

point only, and piMcntial is the dilTerence between two points

of thi^ Condition. Direction of electrical tran-niis-ion

(electrical adi. n due to ,1 dilleren.e of "K.lrctrical Condition"

between two poinl-l. beim; -elf explanatory, need- no de-

scription

To som<what reiterate in le^'ard to that which has been

Kiven before, it i- advi-.ildr, perhap-, in order that the reader

may ea-ilv follow and .i--imilalc the dia«ranis and -irKni-

menl- whi<h will be used, to rrrall t.i his memory -onic

elementary information, probably received in hi- schoolboy

dsvs, by d( fininir in a clear and simple manner the mcaninK

of the term jero. For. in the syMematic consideration of any

condition (abnormal po-ition of the molecule-) of matter, it

is rr(|uisite to have a -tattiii« point which i- so termed in
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order to arKuc clearly and to measure correctly and com-
paratively. For all consideration is but comparison ; and this

though it has been said that "comparisons are odious,"
which is an unfortunate platitude, as "active searching after
th; truth " and "comparisons" are synonomous.

That absolute-zero is synonomous with "nothing" is

generally understood by students of philosophy. When one
deals with -omcthing, therefore, such "something" is a plus
f|uantitv to "nothing" or absolute-zero. .As it is. however,
often impos-iblc. when dealing with sonic particular branch
of the science of "change of position" (motion or physics),
to nbt.iin absolute zero, it becomes necessary to adopt an ob-
tainal)l(' jilus condition a- an arbitrary zero; and, if possible,

such should always bo to absolute-zero the same amount
plus.

Th.it .m .Trbitr,iry-/i'ro is as ncci--ary, m many inst.inccs,

in t!ic cn-e of electric. il niea<tironients imca^ureniciits liein.,'^

onh- .inc lorm of cpii-itlcr.ilion ) .is In tcnipor.itiirc inci-ur'^-

nirnt I- nu hypothc-i- but an .n lu.il theory, a theory being
the u.ird- u<ed in -ii.-.m h or writing to di'-iynate .i f.ict. A
tlioory, tlicrefnre, i- a (icilucti.in iv^m pracii.c. I "nfortunate-

ly, lioucvir, the prc-ent -t.iic of tli.it br.iiKh nf the -i irncc "f

ihi' .ibn irni il po-itmn nt in^ilcriili'- cr one ph;i-r i.f the -ciencc

of cl.'ctrii ,il pliv-i> - I- Mich that a -t.iml.ird ,ii!)iti,iry-zer.>

cm 11. t he ,K|..i.!.ii I'.r the v.'ii.ixes ,f diileient points of

llie •.u!h \\n\ . tb..u.L;li tlu-y .lie. over .i -oniewhat ( ircinn-

scrilirij .\i,-.>, ,i|'pri>\iiii.iti'lv cum! tlnring iiiopci.iii,,n "f

rartli<>il electrii ,il ti.iii-nii--ion mediums. And -o the iinni.il

volt, It;'' of the earth over ,\ cin uni^cribed irea con-litutes for

^uch locality the mo-t -ati-f,iri,.ry .,tl)!r.iiy-/rti! uhnh <.i'i

at pivM'iit be obt.iiiied.

\''iv int>ti'Ming in conncition with tin- pli.i-e of the
siilih • being dealt with wa- thr .ipiie.irancc. in th F.lccttic.il

Review ot N'ew Vol k ( Auwu-t -.oth, Kjoj) of an .ib-li,i, t of a

lecture dclivcic'd ~bonlv before to the mcmbel- of tlic (;.»-

In-tiiiite of (ircit Hritain, ,i poition of \Oiic h .ib-li.ict re.uls

a-i f.illou - : -

r.ilsm< the cMith ii-elf generally .is licinn .n zero pre--

>.ure. or to u-e the w.iler .inalogy, at zero level ..r head, we
may con-iiler tli.it one end of the rails would, ui the extreme
r.i-e mentioned, he tifteen Volts al>ove 'he /eto, and the other
fifteen v, It^ below "

A verv iiiiport.mt factor, npp.irc-ntly |o-t -i<ht ot whin
the lecturer expre-M-<l the foreijoing opinion i« ! though the
electrical condition of the eatth over a uiveii .ire.-, '-uc^ .--.

th.it c ver whiih .111 avei.ige tr.ution system is oper.iied, is

more or le^- eciual at all point > during inoperation) that the
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electrical conduion or voltage of that port.on of the earth

contiguous to the earthed return of a tract.on ^>-«;-
^

operation vanes from point to point, the voltage of each

point being more or less controlled by the nearest l-omon of

L earthed return. Now to agree with J^e
lecturer s ex-

amples and to have a portion of the earth, of any practica

dimensions in so far as the question at issue
•^/°"«;"f

'

J
a lower voltage than normal (arbitrary-zero of the district)

unuld require two conditi.ms .0 exist at the >ame tune:

, That the low-voltage side of two generators arranged

as a three-wire svstem must have a much lower voltage than

the arbitrarv-zero of the district by locating the power-house

clo.e to the middle point of a fair length of track and by con-

necting the neutral ixiint between the two generators to this

middle point of the track.

^ That the "negative- side of the foregoing three-wire

system must feed the trollcy-wirc running in one direction

from the power-house anu that the "positive" ^ide of this

three-wire system must feed the trolley-wire running in the

other direction from the power-house.

Now both these conditions are obtainable, but not with

plant arranged as asMimed by the lecturer ^or plant ar-

ringed as assumed bv h,m would, practically M'eaking, have

arbitrarv-zero voltaKC at th.- Lav voltag- sid. of the gcn«r-

:„ors, and a higher voltage at a point at a distance away

The .xpermient with a .,.««-foot Muface plate in the bed of a

nver (de-cnbed before) proved that the low-voltagc side of

,h,. generators was about .2 volts below the voltage of the

,..rth and river at the pom, where the plate was imi^ersed

aue ,0 in^ulated auxiliary return^. The vohage "» 'he im-

nu.r<ed plate, how.ver, wa, about .0 vol,, lower than that

„f ,he w.i.er a fe« , about t.vel fee, aw.,v Auan,, the author

In- mund a difT.renee of volt.iK.' be,^^ee„ the two r.uls of a

,r,Kk in ,he Hr-nx (Nen York C ity) of .ibout (.0 volts, or 60

voi.s dillerence be'ween ,uo e,„,hed . onductors situated only

4 f..,., .S-. inches apart, .\propo, of whi.h, ,t may Ik ^aid

,1,.,, luKh potential. be,«ce„ e.uthed conductors arc mdi-

.,„ive of hi«h reM-ran.e a„.l. eont.ary to ,he u^uallv nccrpted

ideas of none or v^rv little Mray tran-mis.u.n . while very low

poirti'lials between earthed .onduCor- .ue .ndicative of com-

paratively lou reM.tances and, aga,., contrary to accepted

ideas, of til.' ,ransmi-ion at tiiui-. "f cnn idc-rah!-? --'"*

energy.
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Returninjf to the lecturer's finding- again, Fig. 32
diagrammatically represents earth voltage conditions as as-
sumed by him. Now, obtaining such conditions by means of
two generators run as a three-wire system with the neutral
earthed to the track and the other two wires connected the
one to one trolley running in one direction and the other to

another trolley running in the opposite direction, then the half

FIS. 32.

of the liKuri" with the i ross-scction line shading would
repreM-nt the earth's voltages in the one direction, and the
other half of the figure with the straight line -hading would
rcpre-cnt the earth vnitages in the other diicction. \o shad-
in,r would represent arbitrary-zero voltage, while the depth
of the shading would r<-prr>pnt. according to whether it were
on the one or the other -ido of the figure, the divurce of volt-

age above or below .irbilrary zero voltage. The actual earth
voltag.'s which would exist (in the case of plant arranged as
assumed by the lecturer) would have to be diagrammatically
represented as shown in Fig. jj.

Fig. 33.

The lecturer'- diai.;r;immatic illustration marked Fig. ^ is

the found.ition f„r the remaining illustr.itions used by him.
N'ow if i5 rea-onablc to as-ume that the accuracy of his fol-

lowini^ illu-trations together with his explanations of and dc-
uuUln||^ fmni them will, in the main, depend upon the ac-
curacy of the fundamental principles and reasoning accepted
by him .uul involved itt his Fig. ,v
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reproducti ai o f his Vig.

ihich he cxphiini'd that l". l'". i~ t he rail-return

in respect to

and that its

t^

it.

Fig. 34.

, n,i ,1 ,

- vltm-el in repaid I- the adjacent portion of the

;:;;;;":'„„;. ':™.-i ... .... -. ....= c c^^ "=<»•;--
, f ,- V ,ii '•nn-itive at the lar *.""

phiincd that the rail- aie i .-, \ 'It- pn

„ I
,- v,,!:- ••necalive" a! he iv ar rnd.

'''"';::^;:::,deda.-.•...^l--.l.rnc,,,,nthet.-a..rnv

„f ,..,.„- had a ~h,„t tn.l.a., a nuKa.,. o. .hort run.

\f ,-.v„.h. L.adand a ,uU.ul..u-lv Mnall cf.-.-se. ..-n o,

,,:.::,,..,,,,,. the ra.U,. ..he l..w-voha.e -'e .,. tl,o

U„. ,.„.,., e.ul ..! .h.. 'ta.k a,„l ,h,. l..wv,.l,a.e Mde ol ,1-,

'
uv . -,...VKW,ha, ,h..l..-l = n. wa, n.u-a,noun,ed o

'; n -.,v,;h-; uh.i,. ,„. d..lMvn,,. 1u-t.eensomepo,nto

; .Ma.l.-,e.„>...i„.p.....,h..u-,
i,h.l...v..Ua.esuh-,.f

„„, ,.„e,a..r vwuUll,- ai...u' ,5 ^ -- "'^' l.TUtrer ~ <
.>.t-

'-'""•
, uv-n .

-..m.what natural

,,„, ,„a ,„ .„,, n„,r A„h that ..• tnanv .-her- uh,. hav.

I-,.,,,,,.- ; and -,. 'All! h'll' ''"' '^••"'''' ''^ """^ ''''

uiul. I -'and the aniiv-- . t I i-
- " I' ' "

'<J
tc---

Flg. 3S.

„,1 ,, ,i„. ra.K tunntn^ rij.t wp to the p.-uer h..u^e a.td

,
„,„,,„,,, ,,, ,,,e 1 •.-v..l.a>;e -ide f the K^uerat... -, .n uh.rh

,
,.,. ,hr l,u.v..ha,te.,.l. ..1 the ^...eraf.t. will only he ..neor

,; , v.lt- l-.uer than th. ath.'tarv./e,,. .f th,' d,-tn.t. V IK-

^
-rc=

Fig. 36.

.,, „„ „,e r,,n.rarv. repre-en,- the h-nte .-.ul of the mih a^

,!,„!„..: at a di-tnnee auav fr.mi the p.mer hou-o. and as
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being connectcl to the Irw-voltasc side of the fi-enerators by a

greater or lesser length of insulated copper, the drop along
which may be assumed as 13 or 14 volts. In this case, there-

fore, the voltage of the Invv-vrltage side of the generators will

be about is volts lower than the arbitrary-zero of the district,

this is, the self-zero of the system will be -15, and the

arbitrary-zero be o.

If the lecturer's finding as to the voltages existing in

connection with his assumed arrangement of plant were cor-

rect, it would be necessary to plot them as illustrated in

Fig. 37; in which, /. 7. being the arbitrary-zero line and .A

Fig. 37.

the voltage of the low-voltag.- ^ule of the generators, C C
wiuld represent the voltage at ditlonnt points of the rails

.ind the dotted line K K' would represent the vojt.ige at dif

ferent points of the contiguous poition of the e.irth and the

pipe~. His finding being incorrect, however, his total drop
of ;,o volts would have to be plotted as in Kig. .S

; in which,

Fig. 3S.

/ / being the arbitraty zero line and A the vo!ia«e . f the low-

voltage -ule ( f the neniT.itor-, (" (' wuild K pre-i^nt the voh-

\
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age at different points of the rails, while the voltages of dif-

ferent points of the contiguous earth and pipes would have to

be represented by the dotted line E K'.

As is generallv known, the English Hoard of 1 rade has

among its rules and regulations applying to the use ot

grounded returns by '•tramways" (street railway) companies,

one which reads as follows :—

"- When the return is partly or entirely uninsulated, a

contumous record shall be kept by the company of the dif-

ference of potential- (? difference of voltage) "dunng the

working of the tramway between the p^.ints of the uninsulated

return furth.-st from and nearest to the generating station

If at anv tune such diflerence of potential" (? dilTerence o

voltage
1" "exceeds the limit of seven volts, the company shall

u.ke immediate >teps to reduce it bclnw that limit."

Now while thi, regulation 1- not elastic enoughto suit, in all

fairne-.everv road using earthed returns, it is a good provision

an-l can be I'ived up to in many cases without any financial

hard-hip— provided that modern approved en.^mcenng prac-

tice is rightlv applied in respect to local conditions. I n-

lortunatelv, however, the engineering principle, affecting the

.lue-tion of grounded transmi-^ion mediums have not, or not

until latelv, received fr, m cnKineer- and especially from

Ken.ral manager, and operating en«.neet, the attention due

them-, in fact, the principles followed up to lately have mostly

be.'ii ..f the "pennv-wi-e and pound-fooli-h" order. For this,

the linancial -end" <and general manayers, generally) have

not been to blame. For thev rely on the engineering "end,

especiallv the oi>cratin- MalT ; which "end," unfortunately,

whi'e developing other cn.ume,Ting portions of traction >y-

tems to a state. .f elh. ie„. v deMTVii,« • f the utmo-t credit, has,

appar. ntlv, con-idep-d th.it anythmu w.i- good enou.;h for the

return, ne^l.-.ting in many .a-e- m k<'ep up to standard even

the condition of the return from a good condu. tor point of

view. .Xs for auxiliary cjiper, -uch ha- be.'n (on-ulered as

something only to -pend m.uiey nn if out-^ide parties have

been able to fnrre the nece--ary .-xpi-nditure for it. .\nd m)

manv .ompanies, ..ppearing t,. believe that auxiliary copper

is a dead loss a< ,in inve-lmenl which is n.it the (
a-e have

ondoavored and do end-Mvor to live up to the regulation of the

Ho.inl of Trade i)u-t (pioted) in the ••letter." but not in the

"spirit " of the law bv u-ing neuative boosters. The "-pirif

„f the law .ould be-l.ved up ... by dividing a len..th ..f tra.k

_...;. .,-,.! th.. !!-.. ...f in-ul.ii'-d return o'pper tr.>m

!"ch sect'ion -pr.'.vi.led the, negative boosters were lUMMled

i„ series with the in-ulat.d r.turns from th,- m.ue distant

-( ctions of the tr.ick.
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NEGATIVE BOOSTERS.
A negative booster is simply a lo\v-voltaj,'c generator in-

serted in series in the return. Now assuming a system hav-
injf the home end of the track connected to the low-voltage
side of the generators and having- a track drop of 28 volts,
Fig. 30 will then illustrate diagrammatically the voltages of

Fig. 39.

this system: in which. /. / b.ing the zero line and C C the
voltage of the track, K K' will represent the voltages of the
pipes and the portion of the earth contiguous to the track.

Fig. 40.

If negative boo-tcrs are in-eitcd in series with the track re-
turn, as diagrammatically shown in Fig. 40. in which .\ is the
generator, C C the return, and 1). D' and D" are negative

Hiiiiiim

Tifflyh";!!!!!! in:;::;

Mm liisji
liiii!

felli1 pplpiplpipi^l'lil

Fig. «1.
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boosters located, owing to the load, at points I'ix, i'/ix, and

b'ix feet distant from the power-house; then, if each booster

has a boosting electromotive force of 7 volts, the vohaKe con-

ditions of the system will have to be diagrammatically repre-

sented as in Fig. 41 ; in which, /. Z being the arbitrary-zero

line and A B D C D' K D" F the voltage of the track, the

dotted line will represent the voltages of the pipes and por-

tion of the earth contiguous to the track.

Having considered the result with boosters inserted in

series with the track return, let us now assume a case as

diagrammatically rcpiescnted in Fig. 4-". in which .\ is the

ri-

A

'^
^

Fig. 42.

generator, C C i- the track return connected to B the low-

voltage side of the generator, D O P is a second insulated

cable connecting the track to a booster R, and that R is con-

nected to B. .\ssuming the track drop between D and B

to be 7 volts and the booster to give a boosting electromotive

force of 7 volts, then B will be o (arbitrary-zero voltage),

D will be 7 volts higher and P be 7 volts lower. The drop

.tidiig I) () P will be. therefdre. fn>m 7 to - 7 or 14 voll>. .^^

(.111 be und'-rstood. this arrangement will, praitic ally speak-

ing, not improve matters from an electrolytic corrosive point

nt view. For the >o\v result of the use of the negative booster

will be to lesson the amount of copper required between

D and B.

To obtain the same voltage conditions (as in the last ex-

ample) without a Ijooster \\<.uld reciuire that the amount of

copper between 1) and P be doubled. .Assuming, therefore,

I

such conditions of voltage, C ^ — calculations, which any

R
engineer ought to be able tn work out for hini-elf, will show,

approximately, that interest charges on capital expenditure

together with the cost for booster operation (when boosters

are inserted in series with feeders) about balance the interest

charges on capital expenditure for feeders without boosters

—

when the sucking points are situated about 4,000 feet away

from the power house; this is, at points situated not further

from the power-house than about 4,000 feet, all copper is a

better investment than are boosters and less copper.
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As power-houses are ifcnerally located near to the point
where radiatinjj tracks come to a common centre, and as the
majority of the track drop takes place in this restricted area
of converjfence (due to the fact that the track drop is small in

outlying: sections of this restricted area if the track bonding-,

by frequent bond tcstinj^ and repairs, is properly maintained),
the conditions met with do not require sucking points (equi-

voltase points) to be located as far away as 4,000 feet from
th; power-house, and so no boosters are required. If, how-
ever, the system to be dealt with is one consisting of a long
straight run of track, the main length of the outlying sec-

tions may be treated as one system by the use of two or more
return copper lines with a negative booster inserted in each,

while the home section may be treated as another system by
the establishment of equi-voitage points en it and the

use of return copper only.

EQUI-VOLTACE POINTS.
Equi-voltaKC points are obtained by running insulated

cables from the low-voltage side of the gcncratcrs to suitable

points of the track. The cables so run must be of such sizes

as to produce equal drops between each of the points arJ
the generators. Thus if two track points A and U are chosen,

A being one-quarter of a mile and B one-half of a mile from
the generators, then, if the amperage loads at .\ and B be
equal and a 1.000,000 cm. cable be laid to .\, two similar

cabks vill have to be laid to B; and, as B is twice as far as

A, the amount of copper between B and the generators will

be four times the amount between .\ and the generators.

With this method, if the drops from A and B to the generators
are each 15 volts, and the home end of the rails are not

connected to the generators, then .\ and B will each be at

arbitrary-zero voltage and the low-voltage side of the gener-
ators (self-zero of the system) will be ^15 volts.

-Apropos of the establishment of c(iui-voltage points, it

may be said that the results, so far as track drops arc con-
cerned, are the same as if each point were the location of a

substation, as is the case with roads like the Manhattan
P'levated and Subway of New York ; and it wa- after the

author's investigations and drafting of certain drop <urvcs in

fonneclion with the former road, tom-iher with some pn'lim-

inary inveMigaiions in Richmond (Va.), that Lewis B. Still-

well, Frank \. Waterman and the author decided that this

mvthod constituted the true solution of the question at issue.
Figures 4', and 44, e.irh drawn to rhr same scale as

Figs. 30 and 41, will en.-.ble the reader to appreciate the ad-
vantage, from an electrolytic corrosive point of view, of the
establishment of equi-voltage points. P
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Fir 4', represents the n-ult .il)tained by the use of

several insulated return fcders to ditferenl ,>oints-the

mcthcxl which has generally been adopted by better-class

roads.

Fig. 43.

Figure 44 diaRrammatically represents the results obtain-

ed by the adoption of three track points as equi-voltaRC

pointV, in which. 7. /. beinR the arbitrary-zero line and the

Fig. 44.

home end of the track not beiuR connected to the low-voltaRe

side of the Rcnerators (self-zero of the system), A is the

voltage (say —20) of the low-voItaRe side of the Rcncrators,

B C and D are the equi-voltaRe points of the track havinR

arbitrarv-zcro voltaRe (o), HB, BC, CD and DT represent the

voItaRe of the track, AB, AC, and AD represent the drop

between the track at the pqiii-vohnKe po.r.t= and the low-

voltaRe side of the Rencrators, and the dotted line represents

the voltaue of the pipes and portions of the .arth contiRUous

to the tracks.
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Transverse Stray Transmission.

FACTORS.
Preliminary.

HaviiiK trcati'd in a cursdry way the general
conditions, apparatus, tests and iniprovoincnts connected
with the ^ub.H'i t of the electrolytic corrosion of n;etals earthed
in the nei.nht)crhood of grounded returns, the writer will now
endeavor to take up a very intcrestinjf phase of this question.
Thi, is the factor which he has termed "Transverse Stray
Transmission."

KcferrinK t" a previous chapter under the headin.tf of
"Stray Transmission," it can be taken for granted that the
relative rail, pipe line and earth resistances constitute the
really important factcr affectinR- the que-tion at issue; and
particular is this the case when one remembers how very
much Krcatcr is the resistance of a Riven length of pipe-line
than that of a Riven hiiRth of laid rail provided that the
bonding of the latter is maintained in a Rood condition.

In order to deal in an approximately correct way with
this relativity of return resistances by the use of plain
arithmetic, it is neces-ary to allow that a certain portion of
the earth acts ;,;. a connection between the rails and a con-
tiRUous pipe-line, and this portion may, for convenience, be
termed '\Soil,J' while the remainder of the earth affected may
be termed '-J-'.arth." HearinR on thi- subject. Professor
Hlake, in the "Electrical World and KnRineer," (\ew York),
of December i6th, iS()(), Rave the followiuR data in respect to

the resistani-e of cast-iron pipe and pipe joints:—

Pipes Water.

Class of pipe :—Six-inch cast-iron.

I.enRth of i)ij)e sections :— Twelve feet.

Averaifc resistance of each leuRlh of pipe :—o.ooo,s45
ohm.

Time pipe had been in U'e:- Thirteen years.

Average resist.ii re of each joint :—o.ncH).; ohm.
Total resi^frmre j/iint- l^.^i ; o c^- .'ihm

Total rcM-ianre of pipe-line (6S7 feet):— i. 001 ohms.
1,000 feet of such pipe-line would have, therefore, a resistance
of i.n.S.S ohms.

I I

i. i

I «f'
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Ralls.

For rail resistanrc.-, the f<,llnwin>f data may be a^'^umed:

Class of rail:—Girder.

Kesistance of 1,000 feet of rail :—0.006 ohm.

Length of each joint :—Three feet.

Number of joints to 1,000 feet of laid rail :—Thirty-three.

K(iuivalent in straiwht rail of each joint :— F.inhteen feet.

Equivalent in straight rail <f 1,000 feet of laid rail :

—
1,500 feet.

Ri-i.,lance of i,c>ih) feet of laid rail :--u <)<><) ohm.

Pig. M.

•• toll."

A lower ••Soil" re»i«Mn(f than i- KPiH^r.illv allowed is

forty ohm- U<i a block three feet deep with connecting faces

of three feet by three feet. On ihi* b.isi-., however, a^sume

a r.iil l.iid p.irallel to and ten det away from a «ix-inch ia'>t-

iron water main, in which case, thoUKh the cross-section of

the s.nl (hreiily cimnectina the rail and pipe in the case o!

ihe illuMralinn (Kik 4.O '^ '' " •'''' •''' ""'^ ' "a""* «""'

nectinx; face, it must not be t. rxotten that the real cross-

section of the connecting soil, due to by-path*, is ecjuivalenl



to soil with a much H:r<*ater width of connecting face. Con-
sider, therefore, that the cross-section of the connectinjf
"Soil" in the example chosen is equivalent in area to that of
a circle having a diameter of ten feet, or, roughly, to a block
of soil having a depth of ten feet and a width of eight feet.

This is a liberal allowance ; and it is probable that tests

properly carried out would ?how that the equivalent area is

less, and the resistance, therefore, greater.

Now if soil three feet deep with connecting i.tccs three
feet by three feet has a resistance cf forty ohms, a block of
"Soil" ten feet deep with connecting faces eight feet wide

lo 3

by three feet long will have a resistance of 40 x — x — = 50

3 S

ohms. On this basis. 5,111)0 tVc, of "soil" will have a resist-

ance of 5<) X or n.o', ohm.

•' Earth."

" Karlh " rr-isiane e may b.' tak'n as nil for limited

Ceneral.

.\s to the factor of one or more raiN, it must be remem-
bered that the stray transmission between one rail and a pipe
lino with a load ix will be, approximately, the same as that
between two rails and a pipe-line when the load on each rail
is 'jx, or between four rails and a pipe-line when the load on
each rail is Hx. For all practical purposes, therefore, it can
be assumed that there is only one rail, and that it is carrying
the full load.

Now consider that Fig. 40 represents, diagraminatically,
in.cKX) feet of rail laid parallel to and ten feet away from
lo.ixx) feet of pii)c-line; in which figure .\B is the rail with
its middle point at C, F") is the ix.wcr-house and FG the pipe-
line with its middle point at F.

Cnn-ider a return ampere load of J50 amperes evenly dis-

tributed along .AB. This would be e<iuivalent to a rcturn-lo.id
of .'5') amiMTcs applied at the middle of .AH at the point C.
As a result, this lo.nd would have, roughly speaking, three
paths to the powerhou-o 1). The first path would be by
means <.f the rail from C to H. The second path (as trans-
mission would Iw, practically speaking, downward from half
of the rail to 'Farth." and then upward to the other half «f
the rail from C to H) »ould Iw backward by means of the
rail between C and .\. the soil between AC and KF to the
"Farth," from the "Farih" through the soil between FC. and
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CB to the rail between C and H, and the rail to the power-

house at n. The third path would be similar to the second

path with the exception that the pipeline EG would replace

the "Earth."

ARITHMETICAL EXAMPLE.

With the data and explanations which have been Riven, it

is now possible to calculate, approximately, the proportional

amperage which will be transmitted by oarh of the three

avail.iblr iiath-.

:^iiE^

tl l-t- 1 l-l t t t;-t;a- -I I I I I I I I 1 I I I

Power HOUM Track and Water Pipe, Fig. 46.

First Path.

Tile i.iil between I" .iiui II. Lennth, 5,(Km feet. Koist-

.iiiic of 5. 11' II tict iif laid rail o.chhj x 5, or 0.1)45 ohm con-

ir-'llmu the .unpiMaxe of this path.

$eGon(l Path.

rill' Ij.iiku.iiil tr.iri-nii--i<in !)> .\C" of ; irt of an amjier-

rj jn.ul ;i|iplic(l .it { uill be ciiiilriiljfd by rc^i^taiKc a- if

ihi- part < t the lo.nl uric .ipplicd at II, the cenlr.il point be-

luccii A ,iiul ('
; .ind ihi- rf-i-t.\iuc uill be <'(|ual to the rc-

-i't.uKc 1)ot\vccii II and C". Krom II to C is j.sixi feet, J, 500

tici i- riinivalent 111 rc-i-tanco to 0.001) x 2':, or o.ojj; ohm.

The K-i-t.uKc ot tlu' ~oiI between .\( and KF has been cal-

1 iil.iti'd .1- on; iihm. 'J'he c.irih i- o ohm. The resistance of

ihe -•n\ bi'twci-n ¥('• anti IK" ha- been c.ilciilated at n.n; ohm.

The c oniri llinw re-'-tance of l"H in this < ,i-e will be similar

to that of .\C. or o.nj5 ohm. Summed up, thc-e controjlins

resistances will be :

o.nj.'5 f Oil', '- o + a.OT, 4- 0.0^25, or 0.1050 ohm.

Third Path.

The re-iistanre controlling the amperage of the third path

will be i-imilar to that controlling the second path plus half

the rc-ii-tancr of KF and half the resistance of FCi. The re-

»i-tance of F.F will lie. at i,5S,S ohm>. per thousand feet, 7.04

ohms; while the resistance <i FO will be the »amc, that i^,

7 ()4 ohtn-. Summed up. the controllinK- resistance of the

7 1)4 7')4

third path will be o 105 + 4- , or 8.045 ohms.

3 3
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Termins: these three paths, respectively, as rail-return,
earth-return and pipe-return, the resistances controlling- the
division of amperes will be, proponicnately :

Rail-return ,.
,, ,

•5
Karth-return

,q5
Pipe-return S^o^j

from which, with a load of 250 amperes, the division may be
calculated as -.

Rail-return ,;4.3, amperes.
Karth-return j^,-, amperes.
Pipe-return o.q; ampere?.

It can thu? be uiulcrstood that lonRitudinal transmission
by means <.f pipe-lines is so small that the hue and cry which
has been rai-.d about it has been very much a case of mak-
ing -^A nuniiilain out of a mole-hill." .Assuming six car lines
with parallel water-pipes, each lino about two miles lonjr,
and all the line, ronverKinjr toKClher in the neiffhborhcod
of a pnwcr-hou-r, would, on the forejfoinjf basi, of calcula-
tion and a total load of 1.500 amperes, only nivc a collected
pipetransn.ission at the point of convergence of 5.82 amperes,
which is much higher, except in one or two special cases,'
than the writer ha; been able to find by tests carried out in
th- case of a city in which the assumed case practically
represents the actual conditions that existed at the period
during which the te.ts were made. The calcul.itions, which
have been given, th.mgh, are only hypothetical, but it may
be taken for granted that they cme, approxiniatelv. close to
the truth.

t

lfr-':i

CONCLUSIONS.
Central.

It is reasonable to conclude, iherefure, that though a
transmission medium may show no drop along .t considerable
length of it and is. therefore, not .icting as a tr.insnii-Mon
medium l,)n«itudinally it may be acting as a considerable
transmission medium transversely. Transverse stray trans-
mission, therefore, plays a more important part in the gen-
eral question at issue that has been generally supiM)sed

; and
It may be defined as Ihr stray transmission which takes place
iuin the top to <he bottom of the pipes or, "vit c-ver^a," from
the bottom to the top of the pipes. In the former case, as
stray transmission would enter at the top and leave at the
bottom of the pipe, the iKitfom of the pipe would be liable to
electrolytic corrosion; while, in the latter ca^e, as the »tray
transmission would enter at the bottom and leave at the top
of the pipe, the top of the pipe would be liable to electrolytic
corrosion.
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" Non-Oanger " Area.

When transverse stray transmission takes plaie from the

top to the bottom of pipes the takinjf of potential read-

ings would, by the orthodox method of conclusion, lead to the

decision that the area in which the readings were taken was

a non-danger area ; and thus the finding in several cases of

pitted pipes in a so-called non-danger area may be satisfac-

toi .y explained by the assumption that the portion of the

amperage transmitted by the earth-return is partially trans-

mitted between the "Soil" and the "Earth" by means of

pipes laid close to the rails. Unfortunately, this transverse

stray transmission takes place in the outlying sections of a

traction system in which no method of "pipe-drainage" can

be adopted. For'unately, however, the load is light in these

outlying sections and any damage which results can almost

invariably be traced to localized points and as due to ab-

normal or what may be termed special conditions. The cure

i- to so treat the abnormal conditions as to render pipes,

etc., at theie points immune, which is by a no means difficult

task to one who is well-informed in regard to the various

factors controlling the situation.

Danger Area.

Transverse transmission at points in the neighborhood of

where the tracks converge at the power-house, which is

usually the danger area defined by potential readings, does

not lead to any apparent contradiction of the finding that

•uch is a danger area; and to render the pipes in this area

immune is a simple task. For if the generators in the

power-house be insulated from "Earth" in the power-house

and their low-voltage side be connected by insulated cables

to suitable track points (chosen so that these points will be,

practically s|H-aking, equi-voltagc points—arbitrary zero

points), and the loss of voltage (drop) on these insulated

cables be, say, 15 volts, then a couple or so of hundred feet

jf insulated cable laid alongside of the pipeline and con-

nected to the pijies about every fifty fe«t can be connected by

an insulated cable to the low-voltage side of the generators,

the cable being of such size that the loss of voltage (drop)

on it would be about 13 volts. By this method not only will the

pipes be drained but they will also be lower in voltage than

the contiguous rails. For stray transmission must find its

home <iuarters by means of some medium; and if no other

one is provided thi« medium will be the rails in the neighbor-

hood of the powcr-'iouse or point of track convergence

;

where, if the accidental transmission agents, (pipes, etc.),

are in close proxiirity to the track and the character of the

soil is favorable, electrolytic corrosion will result.
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IX.

Conclusions

ELECTROLYTIC CORROSION—PREVENTION.
Canaral Advlot.

Tho author's advict' may bo kivcii in concrete
fcrm as-Do ev( rythiiifr possible to prevent assistinjf earthed
conductors to collect >tray transmission. Do everythinK
possible to collect all >tray transmission in earthed conduc-
tors at a lower voltaRc tlu.n the voltaKo of contiguous rails
Do everything possible to keep each and cvrv pcrtion of the
return in a fir-t-class condition-a bad return system costs
considerable money every year in the form of wasted power
For in any centralized system of electric traction, such as
that of a city, pl.-nty of insulated return copper i^ an A No. i

investment for the traction company.

Pip* ProtMtlon.

Summed up, electrolytic corrosion of pipes due to
KTounded transmission mediums can be made a ncifliLfible
factor by :—

Pint I

Good condition of bonding-.

SMond I

Special Ions bondin.if at all special work.

Third I

Insulation of ^renorators from ground in power-house-
this includes the connections between the generators and the
switchboard.

Fourth I

Insulation of all suftirient auxiliary return copper be-
i«e,.n s«,..hboard and e.|ui v,.l,,,v,,. poinls-this mclud.s
|)i|)e drain,me cupper.

Fifth t

Kemov.,1 „f .,11 bond <onnecti. ns between rails and other
earthed conductors such a, pip.-s, .,,1,|.. ^heaths etc only""necions p.rm.ss.ble bemK to pip.. drainaRe and insulated
return cables.

•Ixth I

rreatment of bad local cnditions at outlvin,,^ dan«, mu.
points.

ftS

I
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Csblt-ShMth ProtMtlon.

As for the protection of cable sheaths, which is more

important to many traction interests than to electric li>fht and

telephone interests, the best advice the writer can Rive and

has been constantly giving for years is "Don't." This, in so

far as the (lucstion of bonding' is concerned. What should be

done is to run an insulated "stray transmission cable'' in a

duct by itself. To this cable ouijht to be bonded, in each

manhole, all the cable sheaths, the connection between the

bonded sheaths and the insulated "stray transmission cable"

bcinjf by means of an insulated jumper. To drain the

"stray transmission cable"' it ouRht to be connected to the

low-viiltaKe side of the generators in the iwwerhouse, but

not to the pipe drainnKf cable.

PERSONALITIES.

Munioipalitlei.

It is not only the privileRc, l)ut aU,i the duty, of muni-

cipalities to insi>t that electric traction companies adopt a

satisfactory return system and so maintain it, when an earthi'd

return is used : but this state of affairs ou.ifht to be obtained

by a logical treatment of the (luestion .it i>sue— not by adopt-

ing the policy of a naRRniM: woman.

Traction Intarwtt.

It 1, the duty of traction inter.sis to install a satisfactory

return system when operating with an eanlied return; and

to do so constitutes a wise and ^oocl financial policy.

Tha Oparatlng Englnaar.

It is a foolish act on the part of an operatin« engineer

to allow himself to become jealous of an electrolytic expert;

for the expert is no more an opeiaiinK inKinecr than the

o|)eratinn ^n^ineer is a dc^i^nrr. constructor and expert—

to be an uperatiiiK enRitieir one must (in the main) run in

ruts, while lo be an expert one nni-t (in the main) keep out

of ruts.

Th* Latwyar.

Is It necessary to inform the modern lawyer that "law"

is int'iidrd, fundamentally, not only to obtain justice for

one's client but aNo for ihi' opponent of one's client? Let us

trust that it is not.
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The Expert.

To the embryo expert, the author kindly says, "Don't
think that to be an expert is to lie en a bed of roses." For
to be an expert one must never prevaricate or attempt to

make facts out to be other than what they are. For the
brain cells of the prevaricator become perverted in their
action (motion) in time, and thus lose the ability to work cor-
rectly. And he whose brain cells cannot work correr'ly is

not and cannot be an expert. .\(?ain, an expert is like the
wheat between the milUtonos whereby oth> i , obtain the flour

and precious little of him-clf is left but the husks.

The Author.

As to the author, he may say, almost in the word- Victor

Muiid used when he wrote on Janu;ir> 4th, i.Sj2, to his fiance,

.Adelc Foucher

:

It is true that he has not invariably shoun a very pro-

found respect for several of the opinions of the Rcneral run
of men, though his consciousness does not tell him that he
is better than they arc. but that ho is diflVrent from what
they are, and this i> sufticient for him.

* "The Love Letters of Victor IIuro'

Klizabeth \V. Latimer).
(translated bv
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