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Tt follows, therefore, that as the potential of the currents gener-
ated by moderately large induction coils is always very consider-
able, they are capable of producing a current of considerably
more strength in a given time, or in other words, one which will
reach the extremity of the line with sufficient strength to oper-
ate an olectro-magnet in a shorter time than a galvanic current
On the other hand, as these currents are of very short duration,
it is necessary that in operating subterranean or submarine lines
they should have a comparatively high potential, in order that
they may reach the distant extremity of the line with sufficient
strength to move the instruments. The liability, however, of
these intense currents to injure the insulating coating of sub-
terranean and submarine lines is so great as to render their em-
ployment for this purpose unadvisable.

CHAPTER XXVI1IL

THE EARTH A RESERVOIR OF ELECTRICITY.

WaHEN Steinheil made the discovery, in 1888, that the earth
ight be made use of to complete the circuit of a telegraph line,
e, in common with other physicists, was at once led to the con-
Jusion that the earth actually conveyed the electric current from

“one earth plate to the other in thé same manner as & metallic
“conductor, and that the resistance of the great mass of the earth
 was almost infinitely small in comparison to that of a metallic
: wire of equal length.

The experiments of Matteucei seemed to confirm this theory.

\ He caused four wells to be dug in a straight line, at distances of

80, 30 and 50 yards from each other, and immersed in the two
xtreme wells two metallic plates connected with the poles of a

= battery of ten Bunsen's elements, while the terminals of a gal-
3 .vanometer were connected in the same manner with the two
intermediate wells. When the circuit was closed, the needle of
_ the galvanometer was deflected 85 to 40 degrees, from which he
_concluded that the current actually passed through the earth
. from one plate to the other. It is, however, quite possible that

when the plates are at a distance of only 160 yards from each
other, that the current really does pass through the earth, for it

+ 18 usually easy to demonstrate the passage of a tolerably power

ful current through 2 section of earth or of water 20 to 30 feet

- 4 ‘ in length, placed in a wooden trough. But when the earth plates

are several miles apart other conditions affect the result, to which
these remarks do not apply.

Baumgartner entertains the same opinion as Steinheil and
Mattel'lcci, which is based upon his observation that the resist-
ance increases with the section of earth which is interposed
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between the plates. If these observations applied directly- to
the matter under consideration they would settle it at once, but
this is not exactly the case. What Baumgartner really did was
to compare the resistances of three lines when the circuit was
metallic throughout, and when one part of it was metallic and
the rest earth. Taking the wire as a unit he found the follow-

ing proportions :

Route. Distance. Proportion.
Vienna-Ganserndorf, - - - 19.44 miles 3.14
Vienna-Gloggnitz, - - - - 5236 6.98
Vienna-Gratz, - - - - -184.06 * 4.70

Comparing these proportions, we at once discover that they

Fig. 213.

do not support- the theory that the resistance of tue earth in-
creases 1n proportion to the distance between the plates. Baum-
gartner,- however, concludes that this discrepancy is caused by
the varying conductivity of the matter in the earth. In regard
to his conclusions, Poggendorff very justly-observes that the
question of polarization has not been taken into account.
If we are to consider the earth as a reservoir of the electricity
generated by a battery, the first thing is to prove that the battery
will produce a current in the metallic part of the line withoub
it being necessary for the earth to present a conducting medium-
This proof may be readily furnished in the following way:
‘When one pole of a battery B (fig. 218) is in connection with
the earth E, the other pole being connected to a long line Ly

[
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b and a galvanometer G is inserted between this pole and the Jine,
E the electricity produced in the battery rushes into the line, and
 the galvanometer indicates.a current which lasts until the elec-
{ tricity reaches the distant end. The longer the line is, the longer .
¥ will be the duration of the current, and as Dub justly remarks,
. assuming that the velocity of electricity is 60,000 miles per
 second, on a wire four million miles long we would have a cur-
| rent for more than an hour after making the connection, without
b having joined the poles at all. In this case the current flows
 into the earth in the same way that a constant supply of water

=2 B
s &

Fig. 214.

Would flow into an infinitely large reservoir, without there being
8 possibility of any accumulation.

We see, therefore, that when we employ an infinitely large
fonductor, it is not mecessary to make connection between the
Poles irr order to obtain a current. As it makes no difference
hi}:h of the two poles of the battery is connected to earth, it-is
latural to suppose that the current will pass also when both
oles are to earth, without admitting the necessity of any con-
Hection between the currents through the earth.

The following experiment, the results of which strongly sup-
't the opinion that the earth acts as a reservoir instead of a
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Z(é?)d;?for"w?s ma}(]ie by Wheatstone on a subr'narine cable of
iles m length. The zine pole of th
e battery P (f
w i .
o ;Z t;}:;rjzcgdAat Zdand X with the cable, and >;our( ggalizlxi)
) y and B, were included in the circuit in .
a way that the two former were i i o wiainity of o
e in the immediate vicini
battery. amd the vt 1ate vicinity of the
er two were placed al i
the line, so that the dis LA e eenie of
tance between A and A
: as well as f
B1 todBj, was about 830 statute miles. \Vhen1 the circuit 1:;;“5
fcleocstee ! ?z (3, t;tlxe neezidles of the galvanometers A and B were de
stantly and simultaneous] i .
followed somewhat later. 7, while those of A, and By
Y"cllle}r)l, however., the connection Z X was interrupted (vepre-
:ﬁz e ; )}7( dotted lll}es in the figure), and the pole Z, as Welf') as
latan (zlf the 11'ne, was connected by means of t;vo metallic
% o sqalvzn E; wih the earth, the result was quite different.
galvanometer A was first deflected, th
last of all B. Tt foll ot the carih mol ¥
) ows, therefore, that th o
: re, e earth between E
WI}?GEZI }u{n(%)oubtedly performs a different office from that of the
e B2 etween the same parts of the circuit, and, conse-
qb' y(i at it does not act merely as a condugtor, It ,ma be
Ic; Jeﬁteb t]?at the. resistance of the circuit has been .increaseg 80
ﬁ uch, y.mcludmg the earth between E and E,, that the rela-
;i }zr;n pO;lthri‘l _Of the galvanometer B in the ci;:uit has been
ohe fgaeelﬁ. Wh.h;f t.heory, however, proves to be untenable from
e dne },1 v i1ncﬁn iltseé)’rgve(%l by experiment, that the resistance of
: small compared to that of a long
‘ telegrapl
il:(i.h é\T othing, therefore, remains but the c“nclusioon :hiﬁ;rii;
s r N
carih oi}s1 n(;lt Péay the part of a conductor in the'latter case.
o other han ,thfa phenomenon is easily explained on the
. pg);sﬂnon that the earth atts as a reservoir into which the cur-
621(11 O;o;nl’f)};e b]ajtter).r ﬁ.ows.1 We have already seen, when one
g line is insulated and the other i
' ‘ s connected to &
bftgeryl Iwhose opposite pole is tq earth, that the charge proceeds
fha f;m y frozm t}le batt(.ary end towards the end that is insulated
e flow COIl.t‘II?uH)g until all parts of the line have received *hé
same potentidl.  From this it is evident that the galvanometer

L which is mnearest the batter
ihat the others should follow in

I o cossary for the electricity to
hted in the battery, and this,
the earth.

g on the question.

R15) are connected to
frery sensitive galvanomet
bi both, in consequence

£ The result, however, is easily explal
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y, should be deflected first, and
the order of their position.

ent may be continuous, it is only
be carried off as fast as it 1s gene-
in fact, is exactly what is done by

'NOW, in order that the curr

ment, by Caselli, is no less decisive in its bear-

If the two ends of a long air line (fig.
the two poles of the battery P, and two
ers are inserted at B and C, the needles
of the derivations or Jeakages at the
slightly deflected after the

Another experi

arious points of support; will remain

Fig. 215.

F circuit has been broken at A. But if, instead of completing the
circuit by a metallic conductor, as shown by the dotted lines,
- we connect the end  of the line to earth by the plate B and the

 battery pole Z to earth by the plate By, the result is quite dif.fei‘-
E ent. Although nothing has been changed, except the. sub§t11‘:tﬂ1-
L tion of the earth between Eand By for the wire Za, it is evidént
¥ that the earth does not act the part of a conductor in this case.
” :ned if we consider the earth
E as a reservoir.  In the first instance, when the wire Zx is in cir-
L cuit,-the - electricity flows through C and the derivation_s 1,2, 3,
k4 to earth, where it disappears; the galvanometer C is, there-
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fore, (.k.ﬂected by a positive current
electricity flows through ZxzB, an
earth;-the gqlvan.ometer B should, therefore, show an opposite
deflection, an.d this it does, as experience shows, If, now we
replace th.e wire Zz by the earth between E and I ,
tive clectricity flows as before through C and the derivations 1
2, 3 and 4 to earth, causing a deflection at C; but the — e‘?t'ec-’

tricity, on the contrary flows directly to the earth, and is

absorbed ; consequently, no electricity appears in the wire zBA
1

and the instrument B remains undisturbed, This experiment

; at the same time the —
d the derivations 56,7 8 t

1, the posi-

Fy. 216,
appears to show beyond a doubt that
reservoir, and, consequently, that no
one earth plate to the other,

We are a,ls.o indebted to Guillemin for » very ingenious experi-
ment, which is a most convine

the earth acts merely as a
actual current passes from

ent, cing demonstration of the receding
principle. 1Let P, .(ﬁg. 216) represent a battery and% a con-
denser, both of which are well Insulated. Between the two is

placed an interrupter with two wheels, R, R/, fixed upon the
same axis. The metallic strips fixed on t :

an equal number of teeth, which are
arranged that the intervals of Interruption

he circumference have
qually spaced and so
alternate between one

|
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heel and the other. The interior coating of the condenser C
Bommunicates with the springs v ¢’ by the wires ¢ d ; the exterior
Woating with the spring »’ by the wire /. The latter is also per-
nanently connected with the negative pole of the battery by the
it ¢, finally, the positive pole of the battery communicates
frith the spring » by the wire b b, in the circuit of which a gal-
panometer, G, is placed. When the interrupter is in motion, the
nterior coating of the condenser communicates with the positive
pole of the battery every time that the spring » passes over a
poetallic tooth ; but #” is then on an insulated space, and the two
Brmatures are insulated from each other. On the contrary, when
I is on an insulated space, 1’ is on a metallic tooth ; the interior
poating is then insulated from the positive pole of the battery,
put communicates freely with the exterior armature through the
wheel R’.  The result is, therefore, that during the rotation of
fhe interrupter, the condenser C is alternately charged when »
s on a metallic tooth, and discharged when +/ is in the same posi-
Bion. Now, although the battery under these circumstances can
juever be actually - closed, since the insulating substance of the
jcondenser always intervenes between the ends-of the polar wires,
nevertheless, when a rapid rotary motion is imparted- to the
interrupter, the needle of the galvanometer G is deflected, and
indicates the passage of a positive qurrent from the battery to the
interior coating of the condenser.

The defiection of the needle increases with the velocity of
¢ Totation; in the experiments of Guillemin it amounted to 40
f- degrees.  Tn order to obtain the maximum effect, it is necessary
: 10 preserve a certain relation between the surfaces of the con-
. denser and the power of the battery.
. Whatever may be the kind of wire used for the charging
S Circuit b, ¢, e, in which the galvanometer is placed, or for the dis-
R Charging circuit d, £, the deflection of the needle is the same for
B 2 similar velocity of the interrupter, and the direction of the de-

b flection may be previously known from the arrangement of the

E  eXperimental apparatus.
- As long as the interrupter is in motion, the charging circuit
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b : . . . . i ‘
» ¢ ¢ and discharging cireuit d, f, are traversed by a series of |

Instantaneous electrical impulses which act on the needle of the
galvanometer, and which, when the rotation is sufficiently rapid
produce the effect of g continuous current, -
dis'(l}‘}l::r;zgtlfgfhofg rzl;: ::n%e.;nser, being alternately cha.rged and
t rapidity, perform the office of insulated
con'd.uctors of infinite extent, ane being in connection with the
positive, the other with the negative pole of the battery.

. Every time that the condenser is charged, a charge of electri.
mty.pa.sses from the positive pole of the battery to the interior
coating ; but with apparatus of the ordinary size a single charge
s insufficient to overcome the moment of inertia of the magnet-
1zefi‘need1e, and the galvanometer does not indicate its passage.
Wltt} very large condensers the electricity necessary for a charge
acts 10 a marked manner on the needle of the galvanometer. ;

Let us suppose that the end of g telegraph wire is connected
to the positive pole of a battery, and that the other end of the
wire and negative pole of the battery communicate with metallic
p.lateS or electrodes, buried in the earth. The positive electri-
city transmitted by the telegraph wire, and the negative from
th(? zine pole of the battery, pass from the metallic plates to the
a(.ljacgnt layers of the earth, and are instantly diffused in-every
direction, without producing around them any appreciable state
of potential. It cannot, therefore, be considered exact to say
that the current, after having passed along the telegraph wire, is
returned to the battery by the earth acting as an ordinary con-
ductor. °

This opinion’ could only be tenable in such a case as that

where the distance between the contact, points of the polar wires
with the earth is very small; but when the contact points are
many miles apart, the terrestrial layers actually play, in respect
to the poles of the battery, the part of conductors of infinite sur-
f.afze, which absorb the electricity as fast as it is produced, main-
taining the points of the conductors which they touch at a
potential of zero, and permitting the battery to work until its
materials are exhausted. The earth thys opposes to the propa-
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n of the current two kinds of resistance; one passive, the
gstance to diffusion, whose value depends upon the nature of
oil and the extent of surfaces in contact ; the other active,
to a polarization of the electrodes, an inevitable consequence
the decomposition of liquids with which the earth is saturated.
Be sum of these two resistances, or the total resistance of the
th, necessarily varies according to the inverse ratio of the
erit of the metallic plates buried, and to the conductivity of
surrounding layers; but for an invariable surface of the
tes and for a soil of a certain nature, it evidently preserves a
stant value and is independent of the length of the telegraph
ine. We may also add, that when communications are well
gtablished in moist earth, or still better, in a stream of water,
e diffusion takes place with extreme facility, and the resistance
g the earth is always small in comparison with that of a line
@ any considerable length.
 But, however small it may be, experience proves that, on
ery short lines, the resistance of the earth has an appreciable
alue; as its value remains constant, its influence, however,
Fiminishes as the length of electric circuit increases, and becomes
foo small to be taken into account when the distance between
fhe corresponding stations amounts to 75 miles or more.

ELECTRICAL RESISTANCE OF THE EARTH.

¥ When the electric current flows to earth and disappears, it
till meets with more or less resistance in passing from the Plates
R0, the earth ; but it is obvious that this resistance is quite inde-
pendent of the distance which separates the earth plates, and,
funder like circumstances, it would preserve an unchanged value
for different distances.

As the resistance of the earth is not very great, while that of

earth’s resistance as infinitely small in comparison, and in this
case the resistance of the entire current is only half what it
| would be were the circuit metallic throughout. But, if the re-
sistance of the conductor is small, we cannot assume that of the

a long line is usually very considerable, we say regard the,

it

~
&%

s g

b s

el ke SORE LN =S T S
R

B

s e
e P

e s
s e T —,

=

E
. v

e e

-

e R Yo e
- x
g g e

}k



