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ON THE RELATION OF TELEGRAPH LINES TO LIGHTNING.
(Proceedings of the American Philosophical Society, vol. 1v, pp. 260-268.)
June 19, 1846.

[A letter from S. D. Ingham to Dr. Patterson was read,
detailing cases in which the telegraph wires were struck by
lightning, and asking the attention of the Society to some
interesting questions connected with the mode in which the
wires may be affected by electricity.]

Professor Henry, to whom the letter was referred, made
the following report:

The action of the electricity of the atmosphere on the wires
of the electrical telegraph is at the present time a subject of
much importance, both on account of its practical bearing,
and the number of purely scientific questions which it in-
volves. I have accordingly given due attention to the letter
referred to me, and have succeeded in collecting a number
of facts in reference to the action in question. Some of these
are from the observations of different persons along the
principal lines, and others from my own investigations dur-
ing a thunder storm on the 19th of June, when I was so
fortunate as to be present in the office of the telegraph in
Philadelphia, while a series of very interesting electrical
phenomena was exhibited. In connection with the facts
derived from these sources, I must ask the indulgence of the
Society in frequently referring, in the course of this com-
munication, to the results of my previous investigations in
dynamic electricity, accounts of which are to be found in the
Proceedings and Transactions of this Institution.

From all the information on the subject of the action of
the electricity of the atmosphcre on the wires of the telegraph,
itis evident that effects are produced in several different ways.

1. The wires of the telegraph are liable to be struck by a
direct discharge of lightning from the clouds, and several
cases of this kind have been noticed during the present
season. About the 20th of May the lightning struck the
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elevated part of the wire which is supported on a high mast
at the place where the telegraph crosses the Hackensack
river. The fluid passed along the wire each way from the
point which received the discharge, for several miles, strik-
ing off at irregular intervals down the supporting poles. At
each place where the discharge to a pole took place a number
of sharp explosions were heard in succession, resembling the
rapid reports of several rifles. During another storm, the
wire was struck in two places in Pennsylvania, on the route
between Philadelphia and New York; at one of these places
twelve poles were struck, and at the other eight. In the
latter case the remarkable fact was observed that every other
pole escaped the discharge; and the same phenomenon was
observed, though in a less marked degree, near the Hacken-
sack river. In some instances the lightning has been seen
coursing along the wire in a stream of light; and in another
case it is described as exploding from the wire at certain
points, though there were no bodics in the vicinity to attract
it from the conductor.

In discussing thcese, and other facts to be mentioned here-
after, we shall for convenience adopt the principles and
language of the theory which refers the phenomena of elec-
tricity to the action of a fluid of which the particles repel
each other, and are attracted by the particles of other matter.
Although it cannot be affirmed that this theory is an actual
representation of the cause of the phenomena, as they are
produced in nature, yet it may be asserted that it is, in the
present state of science, an accurate mode of expressing the
laws of electrical action, so far as they have been made out;
and that though there are a number of phenomena which
have not as yet been referred to this theory, there are none
which are proved to be directly at variance with it.

That the wires of the telegraph should be frequently struck
by a direct discharge of lightning is not surprising when we
consider the great length of the conductor, and consequently
the many points along the surface of the earth through
which it must pass, peculiarly liable to receive the discharge
from the heavens. Also, from the great length of the con-
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ductor, the more readily must the repulsive action of the
free electricity of the cloud drive the natural electricity of
the conductor to the farther end of the line, thus rendering
more intense the negative condition of the nearer part of the
wire, and consequently increasing the attraction of the metal
for the free electricity of the cloud. It is not however prob-
able that the attraction, whatever may be its intensity, of so
small a quantity of matter as that of the wire of the telegraph,
can of itself produce an electrical discharge from the heavens,
although, if the discharge were started by some other cause,
such as the attraction of a large mass of conducting matter
in the vicinity, the attraction of the wire might be sufficient
to change the direction of the descending bolt, and draw it,
in part or in whole, to itself. It should also be recollected,
that on account of the perfect conduction, a discharge on any
part of the wire must affect every other part of the connected
line, although it may be hundreds of miles in length.

That the wire should give off a discharge to a number of
poles in succession is a fact I should have expected from my
previous researches on the lateral discharge of a conductor
transmitting a current of free electricity. In a paper on
this subject, presented to the British Association in 1837* I
showed that when electricity strikes a conductor explosively

_ it tends to give off sparks to all bodies in the vicinity, how-
ever intimately the conductor may be connected with the
earth. In an experiment in which sparks from a small
machine were thrown on the upper part of a lightning rod,
erected in accordance with the formula given by the French
Institute, corresponding sparks could be drawn from every
part of the rod, even from that near the ground. In acommu=
nication since made to this Society, I have succeeded in refer-
ring this phenomenon to thefact, that during the transmission
of a quantity of electricity along a rod, the surface of the
conductor is charged in succession, as it were, by a wave of
the fluid, which, when it arrives opposite a given point, tends
to give off a spark to a neighboring body for the same reason

* [Report of British Association, 1887. See ante, page 101.
P! pag
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that the charged conductor of the machine gives off a spark
under the same circumstances.

It might at first be supposed that the redundant electricity
of the conductor would exhaust itself in giving off the first
spark, and that a second discharge could not take place; but
it should be observed that the wave of free electricity, in its
passage, is constantly attracted to the wire by the portion of
the uncharged conductor which immediately precedes its
position at any timc; and hence but a part of the whole
redundant electricity is given off at one place, the velocity
of transmission of the wave as it passes the neighboring
body, and its attraction for the wire, preventing a full dis
charge at any one place. The intensity of the successive
explosions is explained by referringto the fact, that the dis-
charge from the clouds does not generally consist of a single
wave of electricity, but of a number of discharges along the
same path in rapid succession, or of a continuous discharge
which has an appreciable duration; and hence the wire of
the telegraph is capable of transmitting an immense quantity
of the fluid thus distributed over a great length of the con-
ductor.

The remarkable facts of the explosions of the electricity
into the air, and of the poles being struck in interrupted suc-
cession, find a plausible explanation in another electrical
principle which I have established, namely, in all cases of
the disturbance of the equilibrium of the electrical plenum
which we must suppose to exist throughout all terrestrial
space, the state of rest is attained by a series of diminishing
oscillations. Thus, in a discharge of a Leyden jar, I have
shown that the phenomena exhibited cannot be explained
by merely supposing the transfer of a quantity of fluid
from the inner to the outer side of the jar; but in addition
to this we are obliged to admit the existence of several waves,
backwards and forwards, until the equilibrium is attained.
In the case of the discharge from the cloud, a wave of the
natural electricity of the metal is repelled each way from
the point on which the discharge falls, to either end of the
wire, is then reflected, and in its reverse passage meets in



248 WRITINGS OF JOSEPH HENRY. " [1846

succession the several waves which make up the discharge
from the cloud. These waves will therefore interfere at cer-
tain points along the wire, producing, for a moment, waves
of double magnitude, and will thus enhance the tendency
of the fluid at these points to fly from the conductor. I do
not say that the effects observed were actually produced in
this way; I merely wish to convey the idea that known
principles of electrical action might, under certain circum-
stances, lead us to anticipate such results.

2. The state of the wire may be disturbed by the conduc-
tion of a current of electricity from one portion of space to
another, without the presence of a thunder-cloud ; and this
will happen in case of a long line, when the electrical con-
dition of the atmosphere which surrounds the wire ai onc
place is different from that at another. Now it is well
known that a mere difference in elevation is attended with a
change in the electrical state of the atmosphere. A conductor,
elevated by means of a kite, gives sparks of positive electricity
on a perfectly clear day; hence, if the line of the telegraph
passes over an elevated mountain ridge, there will be con-
tinually, during clear wcather, a current from the more
elevated to the lower points of the conductor.

A current may also be produced in a long level line by
the precipitation of vapor, in the form of a fog, at one end,
while the air remains clear at the other; or by the existence
of a storm of rain or snow at any point along the line, while
the other parts of the wire are not subjected to the same
influence.

Currents of sufficient power to set in motion the marking
machine of the telegraph have been observed, which must
have been produced by some of these causes. In one case
the machine spontaneously began to operate without the aid
of the battery while a snow-storm was falling at one end of
the line, and clear weather existed at the other. On another
occasion a continued stream of electricity was observed to
pass between two points at a break in the wire, presenting
the appearance of a gaslight almost cxtinguished. A con-
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stant effect of this kind indicates a constant accession of elec-
tricity at one part of the wire, and a constant discharge at the
other.

8. The natural electricity of the wire of the telegraph is
liable to be disturbed by the ordinary electrical induction of a
distant cloud. Suppose a thunder-cloud driven by the wind
in such a direction as to cross one end of the line of the
telegraph at the elevation—say of a mile; during the whole
time of the approach of the cloud to the point of its path
directly above the wire, the repulsion of the redundant elec-
tricity with which it is charged would constantly drive more
and more of the natural electricity of the wire to the farther
end of theline, and would thus give rise to a current. When
the cloud arrived at the point nearest to the wire, the current
would cease for a moment; and as the repulsion gradually
diminished by the receding of the cloud, the natural elec-
tricity of the wire would gradually return to its normal state,
giving rise to a current in an opposite direction. If the
cloud were driven by the wind parallel to the line of the
telegraph a current would be produced towards each end of
the wire, and these would constantly vary in intensity with
the different positions of the cloud. Although currents pro-
duced in this way may be too feeble to set in motion the
marking apparatus, yet they may have sufficient power to
influence the action of the current of the battery so as to
interfere with the perfect operation of the machine.

4. Powerful electrical currents are produced in the wires
of the telegraph by every flash of lightning which takes
place within many miles of the line, by the action of dynamic
induction; which differs from the action last described in
being the result of the influence of electricity in motion on
the natural electricity of the conductor. The effect of this
induction, which is the most fruitful source of disturbance,
will be best illustrated by an account of some experiments
of my own, presented to the Society in 1843. A copper wire
was suspended by silk strings around the ceiling of an upper
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room so as to form a parallelogram of about sixty feet by
thirty on the sides; and in the cellar of the same building,
immediately below,another parallelogram of the same dimen-
sions was placed. When a spark from an electrical machine
was transmitted through the upper parallelogram an induced
current was developed in the lower one, sufficiently powerful
to magnetize needles, although two floors intervened, and
the conductors were separated to the distance of thirty feet.
In this experiment no electricity passed through the floors
from one conductor to the other; the effect was entirely due
to the repulsive action of the electricity in motion in the
upper wire on the natural electricity of the lower. Inanother
experiment two wires, about 400 feet long, were stretched
parallel to each other between two buildings; a spark of
electricity sent through one produced a current in the other,
though the two were separated to the distance of 300 feet;
and from all the experiments it was concluded that the dis-
tance might be indefinitely increased, provided the wires
were lengthened in a corresponding ratio.

That the same effect is produced by the repulsive action
of the electrical discharge in the heavens is shown by the
following modification of the foregoing arrangement. One
of the wires was removed and the other so lengthened at one
end as to pass into my study and thence through a cellar
window into an adjacent well. With every flash of lightning,
which took place in the heavens within at least a circle of
twenty miles around Princeton, needles were magnetized in
the study by the induced current developed in the wire.
The same effect was produced by soldering a wire to the
metallic roof of the house, and passing it down into the well;
at every flash of lightning a series of currents, in alternate
directions, was produced in the wire.

I was also led, from these results, to infer that induced
currents must traverse the line of a railroad, and this I found
to be the case. Sparks were seen at the breaks in the con-
tinuity of the rail with every flash of a distant thunder
cloud.

Similar effects, but in a greater degree, must be produced
on the wire of the telegraph, by every discharge in the
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heavens; and the phenomena which I witnessed on the 19th
of June in the telegraph office in Philadelphia were, I am
sure, of thiskind. Inthe midst of the hurry of the transmis-
sion of the congressional intelligence from Washington to
Philadelphia, and thence to New York, the apparatus began
to work irregularly. The operator at each end of the line
announced at the same time a storm at Washington, and
another at Jersey City. The portion of the circuit of the
telegraph which entered the building, and was connected
with one pole of the galvanic battery, happened to pass
within the distance of less than an inch of the wire which
scrved to form the connection of the other pole with the
earth. Acrossthis space, at an interval of every few minutes,
a series of sparks in rapid succession was observed to pass;
and when one of the storms arrived so near Philadelphia
that the lightning could be seen, cach series of sparks was
found to be simultaneous with a flash in the heavens. Now
we cannot suppose, for a moment, that the wire was actually
struck at the time each flash took place; and indeed it was
observed that the sparks were produced when the cloud and
flash were at a distance of several miles to the east of the
line of the wire. The inevitable conclusion is that all the
exhibition of electrical phenomena witnessed during the
afternoon was purely the effects of induction, or the mere
disturbance of the natural electricity of the wire at a distance,
without any transfer of the fluid from the cloud to the
apparatus.

The discharge between the two portions of the wire con-
tinued for more than an hour, when the effect became so
powerful that the superintendent, alarmed for thesafety of the
building, conmected the long wire with the city gas pipes, and
thus transmitted the current silently to the ground. I was
surprised at the quantity and intensity of the current; it is
well known that to affect a commmon galvanometer with
ordinary electricity requires the discharge of a large battery;
but such was the quantity of the induced current exhibited
ou this occasion that the needle of au ordinary vertical gal-
vanorneter, with a short wire, and apparently of little sensi-
bility, was moved several degrees.
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. The pungency of the spark was also, as might have been
expected, very great. When a small break was made in the
circuit, and the parts joined by the forefinger and thumb
the discharge transmitted through the hand affected the
whole arm up to the shoulder. I was informed by the
superintendent that on another occasion a spark passed over
the surfacs of the spool of wire surrounding the legs of the
horse-shoe magnet at right angles to the spires; and such
was its intensity and quantity that all the wires across which
it passed were melted at points in the same straight line as
if they had been cut in two by a sharp knife.

The effects of the powerful discharges from the clouds may
be prevented, in a great degree, by erecting at intervalsalong
the line, and aside of the supporting poles, a metallic wire
connected with the earth at the lower end, and terminating
above at the distance of about half an inch from the wire of
the telegraph. By this arrangement the insulation of the
conductor will not be interfered with, while the greater
portion of the charge will be drawn off. I think this pre-
caution of great importance at places where the line crosses
a river, and is supported on high poles. Also in the vicinity
of the office of the telegraph where a discharge, falling on
the wire near the station, might send a current into the
house of sufficient quantity to produce serious accidents.
The fate of Professor Richman, of St. Petersburg, should be
recollected, who was killed by a flash from a small wire,
which entered his house from an elevated pole, while he was
experimenting on atmospheric electricity.

The danger however which has been apprehended from
the electricity leaving the wire and discharging itself into a .
person on the road is, I think, very small; electricity, of
sufficient intensity to strike a person at the distance of eight
or ten feet from the wire, would, in preference, be conducted
down the nearest pole. It will however in all cases be most
prudent to keep at a proper distance from the wire during
the existence of a thunder storm in the neighborhood.
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It may be mentioned as an interesting fact, derived from
two independent sources of information, that large numbers
of small birds have been seen suspended by the claws from
the wire of the telegraph. They had, in all probability, been
instantaneously killed, either by a direct discharge, or an
induced current from a distant cloud while they were rest-
ing on the wire.

Though accidents to the operators, from the direct dis-
charge, may be prevented by the method before mentioned,
yet the effect on the machine cannot be entircly obviated;
the residual current which escapes the discharge along the
perpendicular wires must neutralize, for a moment, the cur-
rent of the battery, and produce irregularity of action in the
apparatus.

The direct discharge from the cloud on the wire is, com-
paratively, not a frequent occurrence, while the dynamic
inductive influence must be a source of constant disturbance
during the seasons of thunder storms; and no other method
presents itself to my mind at this time for obviating the
effect, but that of incrcasing the size of the battery, and
diminishing the sensibility of the magnet so that at least
the smaller induced currents may not be felt by the machine.
It must be recollected that the inductive influence takes
place at a distance through all bodies, conductors and non-
conductors; and hence no coating that can be put upon the
wire will prevent the formation of induced currents.

I think it not iinprobable, since the earth has been made
to act the part of the return conductor, that some means will
be discovered for insulating the single wire benecath the sur-
face of the earth; the difficulty in effecting this is by no
means as great as that of insulating two wires, and prevent-
ing the current striking across from one to the other. A
wire buried in the earth would be protected in most cases
from the effect of a direct discharge; but the inductive in-
fluence would still be exerted, though perhaps in a less
degree.

The wires of the telegraph are too small and too few in
number to affect, as some have supposed, the electrical con-
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dition of the atmosphere by equalizing the quantity of the
fluid in different places, and thus producing a less change-
able state of the weather. The feeble currents of electricity
which must be constantly passing along the wires of a long
line may however, with proper study, be the means of dis-
covering many interesting facts relative to the electrical
state of the air over different regions.*

ON THE “FOUNTAIN-BALL,” AND ON THE INTERFERENCE OF
HEAT.

(Proceedings of the American Philosophical Society, vol. 1v, p. 285.)
October 16, 1846.

Professor Henry laid before the Society the results of some
investigations that he had lately made on two questions in
physical science, and a theory of the causes of the phenomena
observed. :

The well known phenomenon of a ball resting on a jet of
water he ascribed to the action of threc different causes:
1st, to the adhesion of the water to the ball: 2d, to the
adhesion of the water to itself: 3d, to the tendency of water
to move in a straight line and also to the principle of action
and re-action.

He had also made experiments in regard to the interfer-
ence of heat for the purpose of discovering whether certain
phenomena of interference of light were exhibited as well in
the case of heat. He found it to be so, and that two rays of
heat may be thrown on each other so as to produce a reduc-
tion of temperature.

#*[Re-printed in Silliman’s American Journal of Science, 1847, vol. 11,
pp. 25-32. Also in the London and Edinburgh Philosophical Magazine,
1847, vol. xxx, pp. 186-194.] :



