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can be introduced instead of one as indicated. From experi-
ments that have been conductad with su-h bridgrs as we have
described, it has been found that a bridge of 50 ft. span, com-
posed of 27 elements, Fig. 1, 36 elements, Fig. 5, and 654
bolts, weighs about 3.4 tons, and wiil carry safely a uniformly
distributed load of 11 tons, or a waguon weighing 4 or 5 tous
may be sent over it with safety. A second Lridge, 79 ft. span,
of the same type is alsn extremely light. Compnsed of 42
elements, Fig. 1, 12 elements Fig, 3, 56 elements, Fig. 5, and
1050 bolts, and weighing about 5.8 tons, its sife working load
is 41 1h. per square foot, and it can carry a vehicleof 7 tins.

Bridges up to 82 ft. span, adapted for heavy military service,
secondary roads, &c., can bo constructed according to the type
Fig. 13, and experiments have been conducted with them,
showing that with a total weight of structure of 8 tons, &
uniformly distributed loal of 17 tons can be safely canied.
For larger openings and heavier loads, the elements can be
doubled as already explained, so as to make double inter-ection
parels, or the width and number of main girders may be in-
creased. Such a bridge 131 ft, span, weighing 495 lb. per foot
run will cairy a load equally distributed of 165 Ib. per square
foot, with a strain of less than 6 tons per square inch.

A further development of this system, carried out by Mr.
Cottran, is for the construction of railway bridges, either for
contractors, for military purposes, or for temporary work, and
by suitably combining thae different elements, spans relatively
considerable can be very rapilly constructed. Equally the
same ¢l-ments can be used in the construction of piers as shown
in Figs. 14 and 15.

In a large raajority of cases bridges constructed on this sys-
tem can be put together, ou one bank of the stream they are
to cross, and be launched into their ultimate positions, the ex-
treme lightness of the structure rendering this operation com-
paratively easy, and withoutany dingerous strain heing thrown
upon the steel during the operation. ~ And should it be found
advisable to halance the bridge during the period ot launching
this can be easily effected by adding a sufficient number of
pavels in the ordinary elements,

The great amount of care and ingenuity which so eminent
a bridge constructor as Mr. Cottrau has bestowed on the
¢laboration of this system of portible bridges, will doubtless
command for it the attention of contractors, military authori-
ties, and othersinterested in a practical solution of estiblishing
temporary communication, rapidly and efliciently, esp-cially
in countries where the transport of materials is difficult and
costly. We shall probally take an opportunity of again re-
ferring to this system,— Lngincering.
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THUNDER STORMS.
BY JOUN TROWBRIDGE.

Benjamin Franklin once remarked, in substance, sadly to a
frirnd, ‘It isnow eight yvears since I showed that maunkind
could be protected from the danger of lightning by lightuing-
rods ; vet there is hardly a house in Phiadelphia provided

- with them.” The heuart of the great American philosopher
would be greatly warmed if he could percrive the activity of
his dirc.ples, who waylay every builder of a house, and
awaken tears where all was peare b fore.  There is no qu-stion
oftener usked of the professor of physics than this: ¢“Shall I
put lightoing-rods ¢n my house, wnd, if I erect them, what
r+hould be their torm and position 1  Personally I have given
the following abbreviated answers: ““If your house is sur-
rounded by ta'l trees, or if there are higher hiouses in your im-
mediate neighborhood, 1 should trust to the trees, or kindly
Jeave the expense of your lightning rods to your nrighbor. 1f
your house stands alone, a prominent point in the land-
sc: pe, on a cliff, or remote from trees, I should be in fivor of a
properly placcd lichtning-rod. I should place two or three
porut: d 1ods three or four feet ahove the highest point ol the
house ; aliow the metallic rod, which shou'd be at least one-
half a square inch in sectiou, to rest, without glasginculators,
upon the house ; connect all the tin sheathing, the copper
gutters, the gas and water pipes with this lightming-rod ; and
con(}lu’cc the latter, by the shoitest course possible, to wet
carth.”

These answers seldom conclude the correspondence, however,
although one ge erally prefers to leave to the neighbor the
exp nse of erectivg hghtning-rods.
houses having been struck which are situated lower thau one’s
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neighbors, and are surround:d with tall trees which over-tapped | pipe or to a body of water, plicing one or two Leclan P

the houses ; and one askswith a shudder, * Can T connect MY
gas-pip»s with alightning-red " Ind-ed, the writer or wvl{l g
be autherity on lightning rods has not an easy life before hitd-
He musf not only satisfy the timid heart of the believer 17
him, but he must also fight with all his knowledge the braze®
limb of-ignorance and superstition, who starts with the postd
late that no scientific man knows any thing concerning thundef
and lightning, and that the true knowled ze has been revg&le
only to himself while working in a cornfield. Itisnotlong sinceéy
that an American professor of physics was sned for twenty©
thirty thousand d.llars damages for maintaining that the me‘S'
bers of a lightning rod company which placed lightning-r0 s
like a letter U upon the roofs of houses were practically quick?!
the theory of this lightning-rod being, that the lightning, if 1
struek ome point of the U, would be dissipated into the air fro®
the other point. There is a lightning-rod company in Mass®
chusetts at the present time which erects lightning-rods on ‘be_
theory that lightuing always seeks electrical earth-currents !
and, if there are earth-cuorrents beneath a house, that houg'
should be protected and the rols led int» the path of the eart
current. 1f, on the other hand, no earth-currents run né?
the house, such a house is safe, and needs no Iightning'“’d:;
The electrician of this firm is self-taught: there are no boo;s
on electricity in his library. He discovers the earth-curre? o
by a forked stick. Not deterred by the fact that there i3 ®
evidence to prove that a discharge takes place betwee? i
charged cloud and a current of electricity in the ground, 8%}
mor« over, no evidence to prove that earth-cuirents moveé v6
regular paths through the earth, and, indeed, no cond"”ﬂ‘
evidence of the existence of earth-currents, he persuades €'
the so-called practical electrician to re-arrange the ligh““"g
rods on his house. ert
The student of electricity is therefore called upon to 8°3 po
the grounds of his belief ; and he finds it difficult to convint’
his audience ; for they are, in general, not sufficiently 00"73.
sant with electrical phenomena to appreciate his argume'.’?ct
The position taken by most professors of physies on the S“hji
of lightning-rods is based upon the experiments of Frank
in which he showed that pointed metallic rods, so to SP"iay'
facilitated electrical discharges; the experiment of Faf“(‘ie 3.
by which it was shown that a person, and even the most ich
cate electrical instruments, inside a large metallic cage W fol
was connected with the ground, was unaffected by po“’e':)u.
discharges of electricity between the cage and the prime ‘iby
ductor of an electrical machine ; and the statistics collecte’
the English government, which show, that, since vessels 1tie?
been provided with lightning rods the number of casudi"y
produced at sea from lightning have heen greatly reducel ..y
builling covered by a metallic netting suitably connecte eal”
the ground would be well protected from lightning. The 7
est approach to this condition of s:fety would be to conneC” Lot
the network of metallic conductors about a house Wltl:j the
grounl ; and one argument agiinst placing under groll‘:mt at
network of telephone and telegraph wires in cities i% ?diﬂgs
present, whera they are very numerous, they protect buil pYs
from danger from lightning, This is, of cou se, not t [
where a single telephone or telegraph wire enters a house:
Jatter should alwavs be well counected with the gas of
pipe. In rezard, however, to the beli-f that tall trees, " %he
than the houses in their imme tiate neighborhood, prote® oint?
hou-es, we can point to the well known efficiency of sma”l:l ],,.f
in faci.itating electrical discharges by slow degrees. B pe
and twig is such a small point.  Moreover, during & railh tbe
dripping from the leaves re luces the electrical charge 02 i
tree to the same sign and amount as that of the airin th ,ri*
me liate neighborhood, as is shown by the well-known M %
ment of Sir William Taomson, in which an insulated c8% “gp
which a stream of water issues in drops, is connected WX .8
electrometer ; an'l the latter shows that the metallic canpgof
taken the charge of the air in itsneizhborhood. The tll;‘i’al of
water continually reduc the can to the elect.ical pott ope
the neighboring air. The tree, therefore, can be loqket 1o
as a more important electrical factor than the few salie?
points of a buildiny. ) hwinl’
1t is safe to affirm that not one out of a thousand 1if for th¢
rods at present upon our buildings are of any uses ab
simple reason that they are not led into moist gw“',‘ejtrioﬂ
therefore offer great resistance to the passage of au €./ the
discharge. Any one can be convinced of ths by seraft 2 bi*
lightuiug-rod at any point, conne: ing a bright wire “g
point, and, having led the other end of the wire to v cehé cé
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