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" In the evolution of such a n  establishment, the  many ciifficulties 

that  must have stood in the way of such an  undertaking, due credit 
must he given to those gentlemen who formulated the theory and 
put in practical operation the present systern of disinfection. 

" From the series of observations made in determining the tem- 
perature of the chamber for the application of dry and moist heat, 
i t  is clearly shown that the time prescribed is entirely too short 
when the chamber is filletl with gootls ; more especially is this 
noticed when the chamber is filled with such gootls as  blankets, 
mattresses. and cushions. Unless a longer period of tirne is given 
to  each charge, it is certain that only a partial disinfection is ac-
complished. 

" I t  was suggested to Drs. Willtinson and Aby that the defects 
of the present style of steaming-apparatus coultl be best overcome 
by adopting the application of dry and moist heat under a pressure 
of from ten to twenty pounds. T o  accomplish this it would be 
necessary to have new machinery, -instead of the steaming-cham- 
ber now in use, to have constructed a large chamber of boiler-iron, 
capable of standing a t  least twenty-five pounds pressure to the 
.square inch, and provided with one buik-head door that could be 
properly secured to make it steain-tight, being provided with suit- 
able appliances for ascertaining the temperature in any part of the 
chamber. In this manner the disinfection by steam and dry heat 
could be thoroughly accomplished, ant1 ~ n u c h  more speed~ly than 
.at present. Lighter articles, such as  clothing, etc., when not too 
much crowded, received sufficient heat to disinfect them. 

" W e  are informed by the president of the board, Dr.  Wilkinson, 
that the matter was laid before the health board, and it was Ity 
resolution decicled to remove the present location of the quarantine 
station to a place farther down the river, in order tliat there could 
be  complete isolation ; and, guidetl by the result of the experiments 
undertaken, a heating-chamber capable of sustaining sufficient 
pressure frorri within will be erected, thus insuring an equal distri- 
bution of heat and the possibility of attaining and maintaining a 
much higher temperature than a t  present;  also that an order 
would be given to the resident physician to the effect that the steam- 
ing-chamber should not be so heavily charged, and the time of expos- 
ure be  extended to a sufficient limit to insure a proper degree of heat, 

" It is believeti that if, before the application of sulphur dioxide 
to  the holds and cargoes of vessels, the holds be thoroughly aerated 
by means of the exhaust-fan and the use of a greater quantity of 
sulphur, confining the gas in the vessel, say, a period of not less 
than thirty-six hours, then the application of the bichloride solution 
t o  the hold and between-decks will acco~nplish a thorough disin- 
fection of the surfaces of vessel and cargo. 

" I t  is shown that in the short process of fumigation prior to June I 
the gas  does not penetrate to any depth in such cargoes a s  coffee, 
sugar, etc, After June I ,  the time of detention being five days, 
there is insured a thorough application of the gas  in its greatest 
germicidal power. 

" The  following conclusions may be drawn : -
" st, That  the apl~lication of bichioritle solution to interior of 

the  cabin, car-pets, rugs, trunks, valises, rubber and leather goods, 
should be  made in such manner as  to insure the moistening of 
all surfaces. 

" zd, T h e  chamber should not be  charged to more than half its 
capacity, and the time lengthened to a t  least one hour. 

" gd, Tha t  the time imposed on vessels that have undergone the 
fumigating process prior to June I should be longer, and the ap- 
plication of bichloride to the interior of the hold should be  done 
after the gas  has been confined at  least thirty-six hours. 

" 4th, Tha t  the establishment of the present style of apparatus 
is  a great stride in the right direction, antl has demonstratetl its 
feasibility and the correctness of the principles involved. 

' (  'The presitlent, Dr.  C. J. Wilkinson, asserts, that, mhatever de- 
gree of heat has been obtained, it is certain that no case of yellow- 
fever has de\reiopetl on any vessel that  has been subjected to this 
process ; a fact, however, Ivhich was not uncommon untler previous 
methods." 

IT is announced that in October, 1889, the second triennial 
session of the International Congress of Hydrology and Climatology 
will he held in Paris. 

P R O T E C T I O N  O F  BUI1,DINGS F R O M  LIGHTNING.  

FROM the time that Franklin flew his kite at  Philadelphia, and 
ascertained beyond cavil the true nature of lightning- from that 
time to the present, the protection of buildings and ships from its 
destructive agency has been mainly a matterbf detail, &d applica-
tion of the laws of electricity so far as  they were known. 

For a long time the erection of lightning-contluctors was  op-
posetl by the religious world as  heretical and impious. But first in 
some Protestant provinces in Germany, and later in France and 
England, the use of the heretical rods gradually extended. 

At  some recent meetings of the Lontlon Society of Arts, Prof. 
Oliver J. Lotlge has delivered a series of lectures on protection from 
lightning, in which he has summarized the prevailing opinions of 
scientific men. 

The  two main destructive aspects of a lightning-flash are  ( I )  its 
tlisruptive, or expanding, or exploding violence; (2) its heat. T h e  
heating effect is more to be dreaded when the flash is slow and 
much resisted ; the bursting effect, when conductetl well, except at  
a few places. A noteworthy though obvious thing is, that the en-
ergy of the discharge must be got rid of somehow. T h e  question 
is, how best to distribute it. 

Tha t  contluctors often fail is undeniable. It is customary to say 
they are not properly made, or that there was  a faulty joint, or tliat 
there was  a bad earth. A bad earth is the favorite excuse. A 
good earth is a good thing vndoubtedly, and one cannot well have 
too much of it ; but for a flash to leave a fine thick copper con-
ductor on a tall chimney while still high up, and begin linocliing 
holes in the brickwork in order to make use of the soot, or the 
smoke, or sorne bolts or other miserable contluctors of that sort, 
because it is not satisfied with the moderate allo\vance of earth 
provided for it at  the bottom, is evidence either of simple perverse- 
ness, or else of something more deep-seated and not yet properly 
called attention to. 

If the earth is bad, the flash can show its displeasure when it 
gets there by tossing it about, and boring holes into it, and break- 
ing water and gas  mains; but a t  least it might leave the top and 
niitldle of the chimney alone, it might wait till it got to the badly 
conducting place before doing the damage. Yet it is notorious that 
on high chimneys a flash often refuses to follow a thoroughly good 
conductor more than a quarter or half way down, but takes every 
opportunity of jumping out of it and doing damage. 

It may be said that the effect of the bad earth is to make the 
whole path so highly resisting that the discharge necessarily de- 
clines to take it. Well, if that were so, it need not have come 
into the conductor at  all. It is supposetl with one breath to strike 
the conductor, because it affords an easy path to earth ; and with 
thf: next it is saitl to leave the conductor, because, after all, it finds 
it a bat1 one. 

Resides, it need not be so very particular about alittle resistance. 
It has alreatly come through, say, half a mile of clear air : it might 
manage a few feet of dry soil. I t  strikes violently through the air, 
enters the conductor, and begins to go  quietly. XVhy does it not 
coritinue to go quietly till it gets to the bottom of thegood conduct- 
or, and then begin displaying its vigor by boring holes below, a s  
it has done above ? Why should one entl have to be  so persistently 
cociteretl u p ?  Why not insist upon having not only a good ' earth,' 
but also a gootl ' sky ' ? 

T h e  old and amusing political controversy between ltnobs ant1 points 
has disappeared. Points to the sky are recognizetl as  correct ; only 
Professor Lodge would advocate more of them, any number of 
them, rows of t h e ~ n ,  like barbetl wire -- not necessarily at all promi- 
nent- along ridges and eaves. For  a point has not a very great 
discharging capacity. It takes several points to discharge readily 
all the electricity set in motion by a motlerately sized Voss o r  
Wimshurst machine : hence, if you want to neutralize a tliuntler-
cloutl, three points are not so effective a s  three thousand. 

An earth is necessary, or you will have your foundations knocked 
about antl your garden ploughed up. A good earth is desirable. 
A few tons of colte, with the conductor coiled up among it, is a 
well-known and satisfactory plan if the soil be permanently damp. A 
bag of salt ,night, perhaps, be  buried with it to keep it damp through- 
out, or rain-water may be  led there. Often, however, the most 



SCIENCE. [VOL. XII.  NO. 284 


violent thunder-storms occur after a spell of fine weather, and the 
soil is likely to be  dry. It is best, therefore, to run your conductor 
pretty deep, and there make earth. 

I t  is all very well to connect the conductors to water-mains if 
near ;  but, if they are far ofl or non-existent, it is no use ; and in 
no case, in Professor Lodge's opinion, should they be used as  sole 
earths, certainly not gas-mains. In dry weather ihey are not earthed 
at all well, and a strong charge rnay then surge up ancl down then], 
and light somebody else's gas  in the most surprising way. It does 
not often happen, but it may happen in sandy soil after dry weather. 

I t  is a superstition to place n~ucl i  reliance on the testing of coil-
ductors with a galvano~neter and U'heatstone briclge. A gaira- 
nometer ant1 Wheatstone bridge are powerless to ansiver many im- 
portant questions. A LeclanchC cell can no lriore point out ~ v h a t  
path lightning will take, than a trickle down a hillside will fix you 
tlie path of an avalanche. T h e  one is turned aside by every trivial 
obstacle, and really chooses the line of least resistance ; the other 
crashes through all obstacles, and practically malies its own path. 
A flash slrilies a house a t  one corner, rushes apparently part way 
down the conductor, then flashes off sideways to a roof-gutter, sends 
forks down all the spouts, anti knoclis a lot of bricks out. An-
other branch bangs through a wall in order to run aimlessly along 
some bell-wires, and then out through a window-frame, and down 
a spade or something propped up against tlie wall, to earth. T h e  
lightning-tester comes with his galvanometer and LeclanchC cell, 
and reports that the earth of the conductor has one hundred ohms 
resistance; and the accident is therefore accounted for. But how 
much resistnnce would he have found in the paths which the light- 
ning seemed to choose in preference to the one hundretl ohms?  
Something more like a million probably. 

Something has been left out of consicleration, and something very 
important too ; and until that something is fully talien into account, 
no satisfactory and really undeniable security can be guaranteed. 
'That something is inertia, -electrical inertia. 

T h e  worcl ' inertia ' one uses as conveyinga correct general notion 
of the behavior of an  electric circuit to sudden electro-motive forces, 
- a  behavior which is caused by the iniluence or induction ~vhich  
every portion of a circuit exerts on every other portion. Consider 
a conducting-rod a s  analyzed into a bundle of parallel wires or fila- 
ments, and let a current be suddenly started in a!l. The  rising cur- 
rent in any one filament exerts an  opposing force on all the others ; 
and this self-generated opposition electro-motive force, clue to in- 
duction between the differcnt filaments of the conductor, exactly 
imitates the effects of ordinary inertia a s  observed in massive bodies 
submitted to sudden mechanical forces. 

T h e  terrn corrlmonly employetl to denote the electrical inertia- 
like effect is ' self-induction,' which is becoming gratlually shor-
tened to ' intluctance.' I t s  original form \\?hen first dealt with by 
Sir CVilliarn Thornson was  the ' electro-magnetic capacity ' of tlie 
circuit. 

Now, since electric inertia is due to a mutual action between the 
filaments into which a contluctor may be supposed dividetl, it is 
mailifest that  the closer packed they are, the greater their inertia 
will be, arid that to diminish inertia it is only necessary to separate 
the filaments and spread them out. 

T h e  main count of the indictment against ordinary procedure is, 
tha t  too much attention has been hitherto pait1 to conducting-power, 
and too little to inertia. In fact, it is not too much to say that prac- 
tically nothing but conductivity has been attendetl to, or thought 
of, in the erection of lightning-conductors. 

Another way of putting the matter is this. A lightning dis- 
charge is essentially ;I varying current : it rn;inifcstly rises from zero 
to a maxirnum, ant1 then dies away again, all in some extremely 
small fraction or a second, say, a hu~idred-thousantltli or there- 
abouts. But that  is not all : there is a certrrin ariiount of energy to 
be  got rid of, to be dissipated ; antl it may easily be that a single 
rush of electricity in one direction does not suffice to  dissipate all 
the storrtl-up energy of the charged cloutl. If the conductor is 
highly resisting, a single r ~ ~ s h  is surficient ; but, if it be well-con- 
tlucting, it is quite insufficient. W h a t  happens then ? Tlie same 
a s  would happen -with compressed air or other fluid rushing out of 
an  orifice. If it is a narrow jet, there is a one-directioned blast ; 
but if a wide, free mouth be sutltlenly opened, the escaping air 

overshoots itself by reason of inertia, and springs back again, oscil- 
lating to and fro till tlie stored-up energy is dissipated. Just so is it 
with an electt-ic discharge through goocl conductors: it is not a 
inere one-ciirectioned rush ; it is an  oscillation, a surging of elec-
tricity to and fro, until all the energy is turned into heat. 

There is another fact which it behooves us to be aware of. It is. 
one to the importance of which tlie attention of scientific men has 
but recently been calleti. Experimentally it has been cliscovered hy 
Professor Isughes ; theoretically, by Mr. Oliver I-Ieaviside, Lord 
Rayleigh, and I'rofessor Poynting ; for, though the necessary theory 
is really cont:tiiiecl in Clerli &1:1xwell, it requireti digging out and 
displaying. This has now been a1)undantly clone, biit the 1:nowl- 
edge has scarcely yet penetratetl to practical men ; indeetl, it has 
not yet been tlioroughly assimilated by most physicists. Tlie fact 
is this. Mrlien a current starts in a conductor, it does not start 
equally all through its section : it begins oil the outside, antl then 
gradually though rapidly penetrates to tile interior. A steady cur-
rent ilows uniformly through tlie \vhoIe section of a conductor: a. 
variable curreiit does not. It is started iirst at  tlie surface, antl it is 
stopped first at  the surface. 

Renlemberiug the rapidly oscillating character of an  electric dis- 
charge, remembering also the fact that a rising current hegins on 
the outside surface of a contluctor, we perceive, that, with a certain 
rate of alternation, no current will be able to penetrate helow the 
most superficial layer or outer skin of the conductor a t  all. In the 
outer sliin, of inicroscopic thicltness, electricity \ \ r i l l  he oscil!ating to  
and fro ; hut the interior of the conductor will remain stolidly inert, 
and take no part in the action. 

Thus  we  ari-ive at a curious kincl of resistance, caused by 
inertia in a rounclahout fashion, and yet a real resistance, a retluc-
tion in the coi~ducting-substance of a rod, so that no portion ex-. 
cept that close to the surface can take any part in the contluction 
of these ragidly alternating currents o r  discharges. I t  must natu- 
rally be better, therefore, not to malie a lightning-coiiducior of solid 
rod, but toilatten it out into a thin sheet, or cut it into detached ~vires. 
Any plan for increasing surface and spreading it out laterally will 
be an improvement. 

Perhaps it may be as  well to guard against one favorite miscon- 
ception. I t  h,lr long been lcno\vn that static charges exist only on 
the surfaceof conductors. I t  has also long heen known that  ordinary 
currents flow through the whole section and substance of their con- 
ductors. I t  is now beginning to be linown that alternating cur-
rents may he sulficiently rapid lo trarerse only tlie o i~ter  layers of 
co~~d i i c to r s ;and this last piece of knowledge is felt to be rather 
disturbing by those \vho have been accustomed to dwell upon the 
behavior of steady currents, ant1 seeills like a return to electrostatic 
notions, ant1 an attempt to lord it over currents by their help. But 
the iirst ant1 third facts nientionetl above - the I)eliavior of static 
charges, and the behavior of alternating currents- are two distinct 
facts, indepentlerit of each other ; not rigorously independent per- 
haps, but best considered so for ordinary purposes of explanation. 

W e  hare  thus mentioneti two causes of obstruction rnct with by 
rapidly oscillating ciirreilts trying to traverse a metal rod. First. 
there is tlie direct inertia-;i!;e effect of self-induction to be  added to 
the resistance proper ; the resulting quantity being called by hIr. 
EIeaviside ' irnpetlaiice,' to distitiguish it from resistance proper, for 
there is a very clear distinction between them. Resistance proper 
dissipates the energy of a current into heat, accortling to Joule's 
law ; imped:ince obstructs the current, but does not dissipate en-
ergy. Impedance causes tendency to side-flash ; resistance causes 
a conductor to heat, and per!ial)s to nlelt. T h e  greater the resist- 
ance of a conductor, the more cloiclily \viil the energy of a dis-
charge be dissipatetl, its oscillations bei r~g rapidly cl;~r:lped ; the  
greater the i~xipedance of a conductor, the less able is it to carryoff a flash, and neighboring serni-conductors are accortlingly ex-
posed to the more danger. Resistance is analogous to friction in 
inachiilery ; impedance is analogous to freely suspended massive 
obstruction. in addition to whatever friction there may be. T o  
slowly changing forces, friction is practically the so!e obstruction ; 
to rapidly alternating forces, inertia rnay constitute by far the 
greater part of the total obstruction, so much the greater part 
that friction r~ecd hardly matter. 

This is a fairly accurate popular staterneilt of the direct way in 
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which self-induction aids resistance proper in obstructing an  alter-
nating current. But, in addition to these consitlerations, there is 
that other indirect vvay which we have also mentioned ; viz., the 
fact that conduction of alternating current may be confined to the 
surface of a rot1 or \\lire if the alternations are rapid enough. This 
cause must plainly increase total impetlance ; for the total channel 
open to such a current is virtually throttled, as a water-pipe would 
be throttletl by a central solid core. 

But which part of the total inlpetlance does it affect? Does it 
increase the resistance part, or the inertia p a r t ?  I n  other words, 
does this throttling of a contluctor act by dissipation of energy, or 
by mere massive slug-ishness ? Plainly, it must act like any ot l~er  
reduction of section : it must increase the resistance, the dissipat- 
ing-power of a conductor, the heating-polver of a current. Hence 

) 	 the resistance of which we have spoken as  entering into the total 
I 	 impedance has by no means the same value as it has for strady 
-	 currents, and as  measured by a Wheatstone bridge. It is a cluan-

tity greater -possibly much greater - than this ; and, in order to 
calculate its value, we must lcnow not only the sectional area anti 
specific conductivity of the conductor, but also the shape of its sec- 
tion, and thr  rate of :>Iternation of the current to he conveyed. 

W e  may here note a ~~ igo rous  	 opin-controversy, or difference of 
ion, between Faraday on the one hand, and Sir W. Snow Harris on 
the other. Faraday was often consulted about lightning-contluctors 
for lighthouses, anti consistently iriaintaiiied that sectional area was 
the one thing necessary, weight per linear foot, and that shape was 
wholly indifferent. Harris, on the contrary, maintained that tube- 
conductors were j i~s t  as gooil a s  solid rods, and that flattened rib-
bon was better still. Each is reported to have said that the other 
knew nothing at  all about the matter. Of course, we ltnow that 
Faraday was thinking of nothing but conduction, and contluction 
for steady currents. Harris had probably no theoretical reason to 
give, but was guided either by instinct or by the result of experience. 
In this particular, Faraday was wrong, and Harris was right. 

Hut, it may be said, have not experiments often been made as  to 
the advantage of tape over rod forms of lightning-conductor, with 
negative results? Yes, but the point usually attended to is the 
deflagration of the corlductor. Mr. Preece, for instance, with Dr. De 
la Rue's battery, found ribbon ant1 wire equally easy to detlagrate 
by the discharge. But we are not examining which form of con-
ductor is least liable to be tlestroyed by a flash (prol)ably there is 
not niuch to choose between one fort11 of section and another, for 
there is no time for surface cooling) : we are examining nrllich form 
will carry olf a charge inost easily, and with least liability to side-
flash ; and here thin ribbon shows distinct advantage over round 
rod. 

It is found that a rod of iron carries off a discharge more satis-
factorily than a rod of copper. I t  would seem a s  if the poorer con- 
clucting qualities of iron enabled the discharge to penetrate deeper, 
and so to make use of a greater thiclcness of sltin. 

But, every one will say, surely iron has far more self-induction 
than copper. A current going through iron has to magnetize it in 
concentric cylinders, and this talces time. But experiment declares 
agalnst this view for the case of Leyden-jar discharges. Iron is ex- 
perirnentally better than copper. I t  would seen?, then, that the 
flash is too quick to magnetize the iron, or else the current confines 
itself so entirely to tlie outer sitin that there is nothing to magne-
tize. A tubular current would magnetize nothing inside it. Some-
how or other, the peculiar properties of iron, due to its great mag- 
netic permeability, disappear. 

If it turns out to be true that an iron rod does not get magnetizetl 
by the passage of a rapidly alternating current, it may be held a 
natural consequence of the fact that such currents flow mainly in 
its outer surface, and that such tubular currents have no magnetiz- 
ing power on any thing inside them. 

T h e  magnetizability of iron is no objection to its employment in 
lightning-conductors. i t s  inferior conductivity is an advantage in 
rendering the flash slower, and therefore less explosive. I ts  high 
melting-point and clieapness are obvious advantages. It is alinost 
as permanent as  copper, at  least when galvanized ; and it is not 
likely to be stolen. Professor Lodge regards the use of copper for 
lightning-conductors as  tloorned. 

It is found that a conductor is more eificient in carrying off a dis- 

charge and preventing side-flash, in proportion a s  its self-induction 
is lessened; say, by spreading it out into a thin slieet, or cutting it 
up into a nurnber of wires, or otherwise. But no conductor is able 
to prevent side-flash altogether, unless it is zigzagged to and fro so  
as  to have practically no self-induction : in that case the side-spark 
is nearly stopped. But so long as a contluctor is straight (and a 
I~ghtning-conductor niust, of course, be straight), so long will there 
'be some tendency to side-flash, however thiclc it be made. It may 
be a foot or a yartl thiclc, ant1 yet not stop it. A man touching a 
lightning-conductor, hovvever well earthed, might perhaps receive a 
shoclc sufficient to liill him. 

How can this tendency to side-flash be further diminished? T o  
stop a pipe full of water from being. b ~ ~ r s t  by a blow given to the 
water, you will rnalte the pipe elastic. An elastic cushiou will ease 
off the violence of the shock of a lvater-ram. 

Electric inertia was linown by tile other name of ' self-induction ; '  
electric ' elasticity' is known by the other name of ' capacity.' In-
crease the capacity -- not the thickness or contiucting-pocx~er, but 
the electrostatic capacity -of your conductor, ant1 it will be able 
to carry off more. 

T h e  only practicable plan is to  expantl it over as  mucli surface a s  
possible. A lead roof, for instance, affords an expansion of fair 
capacity which may be easily utilized; and there should be as  little 
mere rod-projection as  possihle before sorne extent of surface be- 
gins. Flat sheet for chirnneys is better than round rod:  it has at 
least some more capacity, and much less self-induction. 

For tall isolated chi~nneys Professor Lotlge vvould suggest a col-
lar of sheet nietal round the top ant1 a t  intervals all the way do\vn ; 
or a warp of several thin \\)ires instead of a single rod, joined to-
gether round the chimney by an  occasional vvoof ; or any other 
plan for increasing capacity and area of surface as  much as  possible. 

A s  to the liability of things to be struck, several questions suggest 
themselves : Is a small knob at  a lo\v elevation a s  liable to be 
strucli as  a large surface at  a higher elevation ? Is a badly con-
ducting body as  liable to be struclt as  a well-conducting one ? In 
other popular wortls, does a good contluctor ' attract lightning' ? 

In answering this question experimentally, one must draw a 
careful distinction between the case of a flash occurring from an 
already charged surface, which has strained the air close to burst- 
ing-point before any flash occurs, and the case of a flash produced 
by a rush of electricity into a previously uncharged conductor too 
hastily for it to prepare any carefully chosen path by induction, 
T h e  two cases are  ( I )  steady strain, ( 2 )  impulsive rush. 

Experiment on the liability of things to be struck when the air 
above thein is in a state of steady strain, gratlually increased, shows 
that the flash actually prefers to jurnp three tirnes as  much air to a 
sharp point, and encounter a megol~m resistance, rather than take 
the short direct path offered by a bigger knob. 

I3y rnodifying the experiment so as  to get  an impulsive rush, all 
bodies are equally liable to be struclc if a t  the same height, and no 
one is more liable than another:  simply the highest is struck if they 
are at  all equally conducting. But by malting one bad-conducting, 
its protective virtue is gone. This is the real objection to a bad 
earth : it cannot protect well against these sudtlen rushes. 

Sudden rushes are liable to occur : the cloutls sparlr first into one 
another, and then, as a sort of secondary effort or back kick, into 
the earth. In these cases the best conducting ant1 highest objects 
are struck, quite irrespective of any question of points and ltnobs. 
Points are no safeguard against these flashes. T h e  point ge ts  
strucli by a vivid flash. It has no time to give brushes or glows : 
its special efficacy in preventing dischar-ge exists only in the case of 
steady action, where the path is pre-arranged by induction. In the  
case of these sudden rushes, the conditions determining the path of 
discharge are entirely different. No doubt they have to do with 
what is calletl the ' tirne-constant ' of the various contluctors. 

Electrical oscillations are of considerable interest, and have sun-
dry practical bearings. When a flash strikes a system, the elec- 
tricity goes rushing and swinging about everywhere for no appar-
ent reason, just as  water might surge about in a bath or system of 
canals into which a mass of rock had just dropped, splashing and 
overflowing its banks. Just so with electricity. Hell-wires, gas- 
pipes, roof-gutters, conduct side-flashes in a way most puzzling t o  
the older electricians; and thus gas  may get ignited in the mos t  
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unexpected places, a n d  passengers in a train may feel a shock be- 
c a u s e  a charge  has  struck the  rails. I n  powder-magazines it i sap-  
parent  h o w  dangerous this la\vIess sparking tendency may be ; for 
even the  hinge of a door may furnish opportunity for some trivial 
sparl: sufficient to  ignite powder. By no  means should high rods 
b e  stuck u p  to invite a flash to such places. Build then], o r  line 
them, \vith connected iron, barb  them all o r e r  the  roof, connect 
t h e m  to the  deep ground in many places, and  but  little more can be  
done. 

T h e s e  electrical oscillations and ouerfiows, ~ v h i c h  it is  easy to  set 
up in a charged conductor, manifestly explain what  is known a s  the  
Veturn-strolte.' This  fact -that  a discl1arge from any  one point 
of a conductor may cause such a disturbance ant1 surging a s  to  
precipitate a much longer flash from a distant part of it - -at  once 
.accounts for any  ' rrtui-n.strolte'  that  has  e re r  been observetl. 

I t  is for this  reason that  it is possible that  a tall chimney or other 
protuberance in one's neighborhood may be  a source of mild clan-
g e r ;  inasriiuch a s  i f  it is struck it may be  t h e  means of splashing 
o u t  sorue more discharges to  other  sriialier prominences, which 
otherwise were be!-ond striking tlistance. 

Finally, is it possible for the interior of a thoroughly enclosed 
metal  room to be  struck ; or,  rather, can a smal! fraction of a light- 
ning-flash find its way into a perfectly enclosetl metal cavity, for 
instance, a sparl: s trong enough to  ignite some gun-cotton in a 
metal-covered magazine :vhich might  happen to be  s t r u c k ?  

T h e  application of the  lal~oratory experiments to  powtler-maga- 
zines is, that ,  if any  conductor (like a gas-pipej pass  ou t  of the  
building before being thoroughly connected with its vvalls, it is pos- 
sible for a spark to pass from something in the interior of the build- 
ing  to this conductor whenever a flash strikes the  builtling. 

T h e  conlplete ant1 certain protection of I~uiltlings from l igh t~ t ing  
is  by n o  means  so  easy a matter  a s  the older electricians thought it. 
I n  many cases w e  may be content to fail of absolute security, ant1 
b e  satisfietl with the  probable safeguard of a common galvanized 
iron rod or  rope. But  for tall and important buildings, for isolated 
chimneys and steeples. and  for powder-magazines, where the very 
best  arrangement is  desirable, what  is one to recommentl ? Profes-
sor Lodge sees nothing better than a number  of lengths of common 
telegraph-wire. H e  thirilcs a number of thin wires far preferable to 
a single thick one ; a n d  their capacity must  Ile increased when pos- 
sible by connecting u p  large metallic masses, such a s  leati roofs and 
t h e  like. But  the connection should be thorough,  and  made  at  
many points, o r  sparks may result. Balconies, and  other prorni-
nent  and  accessible places, should not  be  connectetl. 

T h e  earth should be  deep enough to aooid damage  to sul-face-
soil, foundations, antl g a s  ant1 water  mains. A s  to the  roof, h e  
would run barbed wire all round its eaves ant1 ridges, so  a s  to  ex-
pose innumerable points, and  the  highest parts  of the  building must  
be  specially protected ; but he would run no  rods up above the  
highest point of the building, so  a s  to precipitate flashes which else 
might not occur, in search for a tielusive a rea  of protection which 
h a s  no  existence. 

T h e  conductors rnust not be so  thin a s  to be melted or defla-
grated by the  flash ; h u t  melting is not a very likely occurrence, 
ancl, even if it does occur, the  house is still protected. 'The dis- 
.charge is over by the  t ime the wire has  tleflagrated. T h e  o.bjec- 
tion to melting is twofold : first, the  red-hot globules of molten 
metal, which, after all, a r e  not usuallyvery dangerous out  of d o o r s ;  
and ,  second, t h e  t rou l~ le  of replacing the wire. T h e  few instances 
ortlinarily quoted of damage  to  lightning-conductors by a flash d o  
not  turn out  very impressive or  alarming when analyzed. 

M E N T A L  SCIENCE.  

T h e  Nature  of Muscular Sensation.  

THE active side of psychic life is represented by movements. 
'The study of tlie ways ancl means  by which these movements a re  
brought about ,  a r e  co-orclinated antl directed to useful ends, forms 
one of the  most important chapters  of physiological psychology ; 
but  the elements that  enter into conscious motion a re  so  numerous,  
a n d  so  intricately connected, tha t  our knowledge of the process is  
a s  yet very defective. It has  been well said that  the clear and  defi- 

nite s tatement of a problem is a long step towards  its solution. 
While recent research has  not  succeetled in definitely explaining 
the  nature of  t h e  sensat ions connected with moveruents, it h a s  
cleared the  problem of inany misconcel)tions which had  at tached to  
it, and  called attention to those points f r o ~ n  which a final solution may 
be  expected. 11. Binet has  recently brought together the various 
aspects of the problem, a n d  atltletl thereto ;in ingenious suggestion 
to~vart ls  their further  elucitlation ( K P V I ~ P  May, 1858).P/zilosophigz~e, 


T h e  first distinction that  hf. Binet emphasizes IS tha t  between 
the  consciousness of a morernent and  that  of the  co-ortlination of 
the  inuscles necessary to make  it. T h e  latter does not enter into 
the psychic aspect of movement a t  all. W e  may be, and  usually 
are, unaware of the  simultaneous and ol.derly contraction of the  
various inuscles necessary to perform a useful act ,  and yet be  per- 
fectly able to (lo the  act .  I t  is the  mental conception of the fimshed 
act  that  guides the  inuscles a n d  gives unity to  the movement. O u r  
problem deals only with the  methotls by which we become aware  
that  our  inuscles have obeyed the mandate  of our  will. 

T h e  simplest source of such knowledge is tha t  obtained 
through the  eye. Ih'e Itnow tha t  a movement has  been accom-
plished, because we  see it. Again, in speaking, w e  Itnow tha t  t h e  
muscular  mechanism of articulation has  acted properly, because 
w e  hear the resulting sound.  T h e  voices of speaking deaf persons 
are usually h;rrsh, owing to the lack of the  corrective power fur- 
nished by the ear. But ,  even with the  eyes closed, we  have quire 
a definite Itnowledge that  the  desired mouements h a r e  been pel- 
formed. T h e  general sensibility, t h e  feeling of effort a s  shown in 
the  change of respiration, etc., the  dermal sensations produced a t  
joints, and the  feeling of the shortening of muscles, -al l  contrib-
ute to the  result. \Ye a r e  poiverless to analyze the  several r-o"ks 
playetl by these factors by observing actions in ourselves; but  
here pathology helps u s  out  of the difficnlty, a n d  shows w h a t  
psychic factor is deranged when a physiological function is 
lost, a s  will be  touched upon later. Again, this  latter class of 
sensations can learn to control inoveinents which a t  first require 
tlie aid of vision. Walking is a conspicuous example of such. All 
these factors have the one point in common, tha t  they act  after t h e  
muscles h a r e  contracted. They  a re  due  to  im1:ressions proceeding 
inwardly, centripetally, to the  brain, and  thus  informing u s  w h a t  
h a s  been clone. 

T h e  question has  been raised, however, whether we have not  
knowledge of movement centrifugally before the action takes  
p lace ;  whether we  have not  a n  outgoing feeling of expentled 
energy suited to the  act in question. T h i s  view h a s  been sup- 
ported by many illustrious names,  ant1 it has  been negatioerl with 
eclually good authority. T h e  objectors call attention to the  fact 
tha t  there is such a thing a s  a motor image formed frorn former sense- 
impressions, and tha t  this is sufficient to call up t h e  proper mental  
antecedent upon which the motion ensues. T h i s  tells u s  how 
much energy to discharge, learing the  rest of t h e  factors to take  
effect when the action is clone. 

Pathology calls attention to  cases in which the  tactile sensibility 
is destroyed, hoping to draw important conclusions from the  inter- 
ference tha t  this causes with voluntary movernent. W h e n  such a 
patient performs a movement, he has  only the  visual sensory image  
to  guide h i m ;  aAd, if this be  talten away by I~li~ltlfolding him, 1,vhat 
will h a p p e n ?  T h i s  is the important  test ; but it is not  unambig-
uous in its interpretation. Most  patients will d o  a n  action a t  com- 
m;tntl with their eyes closed nearly or  quite a s  well a s  with their eyes 
openetl, the n ~ o v e m e n t s  in question being those of a n  anzs the t ic  
limb. They  write with the feelingless hand a s  well a s  normally. 
From this observation we  can a t  once conclude that  t h e  power of 
co-ordinating movements, and the consciousness of t h e  motion, a r e  
two different th ings ;  for these s a m e  patients can have their l i n ~ b s  
moved for them without their knowing it, thus  sho\ving tha t  t h e  
centripetal part  is interfered with. Another class of patients, 
however, a re  reducetl, by closing their eyes, to  a condition of almost 
complete motor impotence. In  spite of persistent exhortations, 
they cannot take one hand in the  other ,  touch their forehead, and 
so  on. T h e  upholders of one side of the  question emphasize t h e  
former result, arguing that  the  centripetal sensations a r e  not  suf- 
ficient to direct motion (for here they are lacking), and  thus  show 
the necessity of assuming a consciousness of outgoing energy, an 


