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Laboratory a t  t h e  Massac l~~ i se t t s  Ins t i tu te  of Techno-  
logy, a n d  such-like e~l terpr ises  a r e  doing much  in this 
direction. To-day Chemistry a n d  Physics ase taught  
i n  nearly all t he  academies a n d  high schools of tile 
l a n d ;  so  tha t  t he  larger colleges, whenever they see 
fit, rnay easily require fro111 the  candiciate for admis- 
sion a wider knowledge of these sciences t han  they 
themselves taught  a clozen years ago. Ti7hen a n d  in 
what lllallner t he  present scientific movenlent shall 
culminate, n o  one  can  say;  bu t  t he  fact  of growth is 
evident everywhere. T h i s  report  is a n  a t tempt  t o  
catch the  present aspect of affairs a n d  fix i t  i n  a per-
lllanent record. 

-. e--

ON T H E  SOURCES O F  E N E R G Y  I N  N A T U R E  
AVAILABLE T O  MAN F O R  T H E  PRODUC-  
T I O N  O F  MECHANICAL EFFECT.'" 

BY SIRWILLIAAITHOAISOK,F.K.S. 

During the fifty years' life of the British Association, 
the advancement of Science for \vl~ich it has llved and 
worked so well has not been more marked in any tlepart- 
ment than in one which belongs very decidedly to the 
Mathematical and Physical Section-the science of 
Energy. T h e  very name energy, though first used in its 
present sense by Dr. Thomas Young about the beginning 
of this century, has only come into use practically after 
the doctrine which defines it had,  during the first half of 
the  British Association's life, been raised from a mere 
formu!a of mathematical dynamics to the position it now 
holds of a principle pervading all nature and guiding the 
investigator in every field of science. 

A little article communicated to the Royal Society of 
Edinburgh a short time before the commencement of the 
epoch of energy under the title ' I  On the Sources A~lail-  
able to Man for the Production of Mechanical Effect,"+ 
contained the following : 

"Men can obtain mechanical effect for their own pur- 
poses by working mechanically themselves, and directing 
other animals to work for them, or by using natural lieat, 
the gravitation of descending solid masses, the natural 
motions of water and air, ant1 the heat, or galvanic cur- 
rents, or other mechanical effects produced by chemical 
combination, but in no other way a t  present known. 
Hence the stores from which ~nechanical effect rnay be 
drawn by man belong to one or other of the following 
classes : 

" I. The  food of animals. 
" 11. Natural heat. 
" 111. So l~d  matter found in elevated positions. 
" IV. T h e  natural motions of water anti air. 
" V. Natural combustibles (as wood, coal, coal-gas, 

oils, marsh-gas, diamond, native sulphur, native metals, 
metoric iron.) 

" V I .  Artihcial combustibles (as smelted or electric- 
ally-deposited metals, hydrogen, phosphorus). 

" In the present communication, known facts in natural 
history and physical science, with reference to the sources 
from which these stores have deriveti their mechanical 
energies, are adduced to establish the follolving general 
conclusions : 

" I. Heat  ~ n n ' i n t r d f r o n t  the  szuc (sunlight being in- 
cluded in this term) zlr the$rzizcz~nlsozr?,cc of ?/zecham'cal 
erect  avaz'La6le to ?~zan.j: From i t  is derived the whole 

* Britiih Association, 1881. 

t Read a t  the Royal Society of Edinburgh 0x1 February z, 18jz. 
(Proceedings of that date.) 

$ A general conclusion equivalent tu this was published by Sir John 

Herschel In 1833. See his " Astronomy," edit, rSqg ,  $ (399.) 


mechanical effect obtained by means of animals work- 
ing, water-wheels worked by rivers, steam-engines, gal- 
vanic engines, wind-mills, and the sails of ships. 

" 2 .  T h e  motions of the earth, moon, and sun, and 
their mutual attractions, constitute an  important source 
of available ~~ lechan ica leffect. From them all, but  
chiefly no doubt from the earth's motion of rotation, is 
derived the mechanical effect of water-wheels driven by 
the tides. 

" 3. T h e  other known sources of mechanical effect 
available to man are either terrestrial-that is, belonging 
to the earth, and available without the influence of any 
external body-or meteoric--that is, belonging to bodies 
depositetl on the earth from external space. T h e  terres- 
trial sources, including mountain quarries and mines, 
the heat of hot springs, and the con~bustion of native 
sulph:~r, perhaps also the combustion of inorganic native 
combust~bles,are actually used;  but the mechanical ef- 
fect obtained from them is very inconsiderable, compared 
with that which is obtained from sources belonging to  
the two classes mei~tioned above. Meteoric sources, in- 
cluding only .the heat of newly-fallen meteoric bodies, 
and the combustion of meteoric iron, need not be reck- 
oned among those available to man for practical pur- 
poses." 

Thus  we may summarize the natural sources of en-
ergy as  Tides, Food, Fuel, Wind anti Rain. 

Among the practical sources of energy thus exhaust- 
ively enumerated, there is only one not derived from sun- 
heat--:hat is the titles. Consider it first. I have called 
it pmctiiaL,  because tide mills exist, but the places where 
they can ~ v o r k  usefully are very rare, and the whole 
amount of work actually done by them is a drop to the 
ocean of work done by other motors. A tide of two 
meters' rise and fall, if we imagine it utilized to the ut- 
most by means of ideal water wheels doing, with perfect 
economy, the whole work of filling and emptying a dock 
basin in infinitely short times, a t  the moments of 
high and low water, would give just one metre-ton per 
square metre of area. This work done four times in the  
twenty-four hours, amounts to 1.16zoth of the  work of 
a horse-power. Parentheticaily, in explanation, I may 
say that the French inetrical equ~valent (to which in all 
scientific and practical measurements we are irresistibly 
c!ran~n, notwithstanding a dense barrier of insular preju- 
dice most detr~mental  to the islanders),--the French met- 
rical equivalent of James Watt 's  " horse-pawer " of 5.50 
foot-pounds per second, or 33,000 foot-pounds per mln- 
Ute, or nearly 2,000,000 foot-pounds per hour, is 75 
metre-itilogrammes per second, or 4% metre-tons per 
minute, or 270 metre-tons per hour. T h e  French ton 
of 1000 kilos, used in this reckoning, is 0.984 of the Brit- 
ish ton. 

Retunling to the question of utilizing tidal energy, we 
find a dock area of 162,000 square metres (which is little 
more than 400 metres square) required for loo-horse 
power. This, consitlering the vast costliness of dock 
construction, is obviously prohibitory of every scherne for 
econom~zing tidal energy by means of artificial dock 
basins, however near to the icleal perfection might be the 
realized tide-mill, and however convenient and non-
wasteful the acu~~~ulator--whether Faure's electric accu- 
mulator, or other accumulators of energy hitherto in-
vented, or to be invented; -which might be used to store 
up the energy ylelded by the tide mill during its short 
harvests about the times of high and low water, and to 
give it out w l ~ e n  wanted a t  other tlmes of six hours. 
There may, however, be a dozen places possible in the 
world where it couicl be advantageous to build a sea-
~va l lacross the mouth of a natural basin or estuary, and 
to util~zt: the tidal energy of hlling it and emptying it by 
means of sluices and water-\vheeIs. But if so much could 
be dcne, it would in many cases take only a little more to 
keep the water out altogether, and make fertile land of 
the whole Lasin. T h u s  we are  led up to the interest- 
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ing econoniical question, whether is 40 acres (the Eritish fa.ils for morc tllzn five days.) One of the zo-kilo, cells 
agr~i-/rifu?*akmeasure for the area of ~Gz,ooo square 1 charged \vhen the windmill worl;s, for five or six hours 
metres) or ioo horse-power more valuable ? T h e  annual I a t  any time and left withits Gocandle-hours'capacity to be 
cost of roo horse-po\ver night and day for 363 days of used six hours a day for five days, gives a 2-candle light 
the year, obtained through steam from coals, may be about 
ten times the rental of forty acres, at  £ 2  o r L 3  per acre. 
But the value of land is essentia1l)- much more than its 
rental, and the rental of land is apt  lo  be much inore 
than £ 2  or £3 per acre in places where roo horse- 
power coultl be taken with advantage from coal through 
steam. Thus  the cjuestion remains unsolved, with the 
possibility that  in one place the answer may be o m  j l 2 ~ 1 1 -
i l ~ c r l  h o r s e j o w r r ,  and in ano t l~e r - fo ;~ - i~  r~crcs.  But, in- seem probable that without inr,entions not yet ruade, 
deed, the question is hardly worth ans\veriug, consider- wind can be economically used to give light in any con- I 

ing the rarity of the cases, it they exist a t  all, where em- siderable class of cases, or to put energy into store for 
hankments for the utilization of ticlal energy are prac- other k ~ n d s  of work. 
ticable. Consider, lastly, rain-power. \\'hen it is to be had in 

Turning now to sources of euergy derivetl from sun- places where power is 1vantt.d for mills and factories of 
heat, !et us take the wind first. When we 13ok at the any kind, water-power is thoroughly appreciated. From 
register of British shipping, ant1 see 40,030 vessels, of I have been made in large time immemorial, ~i~ater-rnotors 
which about 10,000 are steamers antl 30.000 sailing ships, variety for utilizing rain-pon-er i l l  the various conditions, 
ant1 when we think how vast ail absolute amouut of in rvhich it is pres:nted,whether in rapdicily-flowing rivers 
horse-power is developed by tile engines of those steam- in natural waterfalls, or stored at  heights in natural lakes 
ers, ant1 how cons~tlzrablea proportion it forms of the or artificial reservoirs. Itnprovemeuts and fresh inven- 
whole horse-power tal.;en from coal ant~ually in the whole tions of machines of this class still go o n ;  and sorne of 
worltl at  the present time, and \ r l ~ e n  we consider the the finest principles of inathematical hydrotlynamics have, 
sailing ships of other nations, \\.hich nlust be reckoned in in the lifetime of the British Association, and, to a con- 
the account, and t h r o ~ v  in the little item of wind~nills, we siderable degree with its assistance, been put in recjuisi- 
find that, even in the present days of steam ascendancy, tion for perfecting the theory of h>-draulicmecl~anistn and 
old-fashioned wind still supplies a large part of all tlle extentling its practical applications. 
energy used hy man. But howevel- much we may regret / A first question occurs: Are we necessarily limited to 
the time when Hootl's young lady, visiting the fens of such natural sources of water-power as  are supplietl by 
Lincolnshire, at  Christmas, and writing to her dearest i rain falling on hill-country, or may we look to the collec- 
friend in London (both sixty years oltl if they are now / tion of rain-water in tanks placed artificially a t  sufficient 
alive), describes the delight of sitting in a bower and heights over flat country to supply motive po~ver  econo- 
looking over the wintry plain, not desolate, because mically by driving watcr-wheels ? T o  answer it : Sup-
" windillills lend revolving aninlation to the scene," we pose a height of loo metres, which is very large for any 
cannot shut our eyes to the fact of a lamentable deca- / practicable building, or for columns erected to support 
dence of wind-power. Is  this tlecatlsnce ptrmanent,  or tanks ;  ant1 suppose the annual rainfall to be three-cluar- 
may ive hope that it is only tenrp3rary? The  sub- ters of a metre (30 inches). The  annual yield of energir 
ierranean coal stores of the ~vorltl are becoming exhaust- , woulcl be 75 metre-toils per square metre of the tank. 
ed surely, and  not slowly, and the price of con1 is up- ' Now one horse-power for 36; times 21. hours is 236,joo 
~ v a r d  bound-upward bound on thc \vhole, though no ' foot-tons ; ant1 therefore, d~viding this by 7 j ,  we find 
doubt it \\-ill have ups ant1 downs in the future as it has 3153 sq, metres as  [he at-ea o i  our supposett tank re-
had in the past, ant1 as must be the case in respect to every cluired for a continuous supply of one horse-power. The  
marketable commodity. When the coal is all burned, or prime cost of any such structure, not to speak of the 
long before it is all burned-~vhe1-i there is so little of it value of the land which it n-ould cover, is utterly prohibi- 
left, and the coal mines from which that little is to be rory of an>- such plan for utilizing the motive power of 
excar,ated are so distant a~icl tleep ant1 hot that its price rain. \Ve may or may not look fo r l~a rd  hopefully to the 
to the consumer is greatly higher than at  present, it is ' time when nindmi!ls will again " lend revolving anima- 
most probable that wind-mills or wiud motors in some l tion " t o  a d ~ ~ i l  flat country ; but we certainly need not be 
form, will again be in the ascendant, and that wind \rill ; afraid that the scene will be nlarred by forests of iron 
do man's mechanical \vorlc on land at lrast, in propor- i columns taking the place of natural trees, and gigantic 
tion comparable to its present doing of \\,ork at  sea. , tanits or,ershado\\~ingthe tields and blackening the horizon. 

Even no\\-, it is not utterly chimerical to think of wind : T o  use rain-poirer economically on any considerable 
superseding coal in some places for a very important scale I\-e must look to the natural drainage of hill count]-y, 
part of its present duty-that of giving light. Indeed! i and take the water where we fiiitl it either actually falling 
uobv that  n.e have dynamos and Faure's accun~ulator,  the 1 or stored up and ready tb fall \vhen a short artificial 
little want to let the thing be done is cheap wintlmills. channel or pipe can be provitled for it at moderate cost. 
A Faure cell tor-,raining 20 kilos. of lead and nliiiium The  expense of accjueducts, or of underground water- 
charged and en~ployed to excite incandescent vacuum- pipes, to carry water to any great distance-any distance 
l a i ~ ~ p shas a light-giving capacity of 60 cantlle hours (I of more than a few miles or a few Iiiindrerl yards-is 
havz found considerably more in experiments made by much too great for economy when the>-ield to be pro\-ided 
myself ; but I take sixty as  a sate estimate). for is $o.;r~el-; and sucll ~vorks  can only be untlertaken 
ing may be clone uninjuriously, and with hen the w a t e r  ifselj '  is hat is !\-anted. Incidentall>-, in 
economy in any time fro111 sir  to twelve co~inection with the water suppl~-  of to\\-ns, sollle part of 
T h e  drawing off of the charge for use Inay be done safe- the energy due to the head at  ;vhich it is supplied may 
ly, but somewhat wastefully, in two hours, and very , be usetl for po\ver. There are, ho~vever, but few cases (I 
economically in any time of fro111 hve hours to a week, : know of none except Gree~locli) in \vhich the energy to 
or more. Calms do not last oiien longer than three 1 spare over and above that tlevoted to llringing the water 
or four clays a t  a time. Suppose, then, that  a five-days to where it is \\~antecl, and causing it to flow fast enougll for 
storag- capacity, suffices (there may be a little stearn en- convenience at every opened tap in every house or fac-
gine ready to set to work a t  any time af ter  a four da!-s' tory, is enough to malte it wort11 \\~Ilile to make arrange- 
calm, or the user of the light may have a few candles or cil ments for letting the water-po\ver be used without wast-
lamps in reserve and he satisfied with t h e m \ ~ h e n  the wind ingthe water-substance. The  cases i11vvhich water-power 
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Iis taiten from a town supply are generally very small, such I 
as worlting the l~ellows of an organ, or l 'hair-brushi~ig by 
~nachiner!-," ant1 in\rol\re simply thro\ving a ~ i ~ a y  usedthe 
water. 'The cost of energ!- thus obtained 111ust ?le some- 
thing eliorlllous in pl-oportion to the actual quantity of 
the energy, and it is only the smallness of the quantity 1 
that allows the convenience of having it \\,lien \vantecl at  
any moment, to be so dearly bouglit. 1 

For anything of great n-orlt by rain-po~\ler, the mater- 
\vheels must be in the place \\zl~ere the xvater supply 1vit11 i 
natural fall is found. Such places are generally far fl-om 
great to~vns,  and the time is not yet collie n ~ h e n  great 
towns g r o ~ v  b!- natural selection l~esitle ~vaterfalls for , 
po\ver; as they gro\17 beside navigable rivers, forshipping. 
Thus  hitherto the use of water-pon-er has been confined 
chiefly to isolated factories n-hich can be conveniently 
placed and eco~~o~llically the neigl~borhood of n.orltec1 in 
natural \vaterfalls, But the splenditl suggestion inacle , 
about three years ago by Mr. Siemens in his presitlential 
address to the institution of \lecl>anical Engineers, that  

~ .-~.~ .- .-.- -

In anslver to questions put to me in Nay,  r879,* by the 
Parliamentary Committee on Electric L igh t~ng ,I gave a 
formula for calculatiug the amount of energy transmitted, 
and the amount dissipated by being ~ o n \ ~ e r t e d  into heat 
on the way, through an insulated copper conductor of any 
length, \\71tIi any given electro-motive force ap l~ l~e t l  to pro- 
duce the current. Takilig Xiagara as example, and witli 
the idea of bringing its energ! usefully to i\Iontreal, Bos- 
ton, S e n ~  Yorlz, and Philadelphia, I calculated the for~nula 
for the clista~~ce of 300 British statute miles (1vhic11 is 
greater than the distance of R I I ~of those four cities fro111 
Niagara, and is the rltlius of a circle cox-ering a large and 
very important part of the United States and Br i t~sh  North 
r\merica), I fount1 almost to my surprise that, even nritll 
so great a tlistance to be pro\-ided for, the contlitio~ls are 
thoroughl!- practicable n-ith good economy, all aspects of 
the case carefully cons~dered. The  formula itself 11411 be 
the subject of a technical co~~~munica t ion  to Section A in 
the coul-se of the meeting on \vhich ,we 21-r now entering. 
I t11erefo1-e at  present restrict mh-self to a slight statement 

the power of Xiagara night be utilized, by transmitt i~lg of results. 
it elec!rically to great tlistances, has given cjuite a fresh 
departure for desigil in respect to economy of rain-power, 
From the time of Joule's experiinent.1 electro-magfietic 
engines tieveloping go per cent of the energy of a l'oltaic 1 

battery in the form of \\,eights raised, and  the theory of ' 
the electro-magnetic transmission of energy completed 1 
thirty years ago on the foundation afforded by the train of 1 
ex~~er imenta l  ~vh ich  he  ant1 theol.etica1 investigations by 
established his dynamicrtl ecjuivalent of heat in ~ilechan- 

I .  rZ11pIy tlynnmos driven bl- Yiagara to ~ ro t luce  a dif-
ference of potential of 80,000 \-olts bet~veen a good earth 
connectioc and the near end of a solid copper ~v i r e  of half 
an inch (3.27 centimetre) diameter, and 300 statute miles 
(483 Itilometres) length. 

2 .  Let resistance by tlriven dynamos doing worlc, or 
by electric lights, or, as I can 11o1v say, by a Faure bat- 
tery taking in a charge, be applietl to keep the remote end 
at  a potential clifiering by 64,000 volts from a good earth- 

ical, electric, electro-chemical, chemical, electro-i~iagnetic, plate there. 
and tl~ermoclastic phenomena, it hat1 been known that  
potential energy from any available source can be trans- 
nritted electro-magnetical?y by means of an electric cur- 
rent through a wire, and d~rected  to raise weights at  a 
distance, \\-it11 unlimitedly perfect economy. T h e  first 
large-scale practical application of electro-magnetic 
machines was proposed by Ho l~nes  in 1854, to produce 
the electric light for lighthouses, and persevered in by 
him till he proved the availibilitg of his machine to the 
satisfaction of the Trinity House and the delight of Far- 
aday in trials at  Blaclzwall in April, 18j7, and it was all- 
plied to light the South Foreland lightl~ouse on Decern-
ber 8, 1858. This gave the impulse to inyelltion ; by 
which the electro-magnetic macliine has been brought 
from the physical laboratory into the provirrce of engi- 
neering, and has sent back to the real111 of pure sciei~ce a 
beaiitiful discovery-that of the fundamental principle of 
the dynamo, made triply and independently, aild as nearly 
as  may be simultaneously, in I 867 by Dr. Werner Sic-
nlens, hIr. S. A.Varley, a11d S I ~  aCharles Wheatstolle ; 
tliscovrry nrhich constitutes an electro-magnetic analoquc 
to the fundamental electrostatic principle of Xicllolson's 
revolving tloubler, resusc~tatetlIly hlr. C.I;. Varier in 
his instrument " for generating electr~city ;" patented in 
1860 ; and by Hollz in his cele!;rated electric niachille ; 
and by myself in my " replenisher " for nlultiplyillg arid 
maintaining charges in Leyden jars for heterostatic elec- 
tronleters, and in the electr~tier for the sipllon of my re- 
corder for submarine cables. 

3. The  result xvill 11e a current of 240 ~vebers through 
the \\.ire taking energy froin the Kiagara end at  the rate 
of 26,2j0 horse-ponel: losing j2 jo  (or 2 0  per cent) of 
this by the generat~on ant1 tl~ssipation of heat through the 
conductor and 21,000horse-po\\-el- (or 80 per cent of the 
~vhole) on the recipients at  the far end. 

4. The elel-ation of temperature above the surrountling 
atmosphere, to allo\\- the heat generatetl in it to escape by 

I radiation antl be carried a\\-ay by convection is only ahout 
20' Centigrade ; the n.ire being l iu~lg  freely exposetl to air , like an ordinary telegral~h \\-ire supportecl on posts. 

5. The  strilzing tlistance bet~veen flat metallic surfaces 1 	 \\-it11 differe11ce of potentials of 80,000 volts (or 7j,ooo 
Dai~iell's) is (Thornsoil's " Electrostatics and Magnetism." 
$ 340) only 18 millimetres, and the~rfore  there is no dim- 
cult)- allout the insulation. 

6. The  cost of the copper wire. recko~lerl at S d  per ib., 
is £37,000, the interest on \vhich at j per cent is L ~ g o o  a 

( 	 year, If  j2  jo horse-PO\\-er at  the Kiagara end costs more 
than LI')OO a year, it \\~ould be better economy to put lliore 
copper into the concluctor ; if  less, less. 1 say 110 more1 on this point at  l ~ r e s e ~ ~ t ,  the 	 foras  economj- of copper 
electric contluction \\-ill be the subject of a special com-
munication to the Section. 

I shall only say, in co~iclusiorr, that one great dificulty , in the wa!. of economizing tile electrical trans~nitting 
poner to great distances, or even to moderate distances 

' of a few ll;iloms., is now overcome by Faure's sple~iditl in-1 vention. High potential-as Siemen s,  I believe, first 
a n d  pointed out-1s the essential for good dynamical economy 

made i11 the course of these fourteen years since the dis- in the electric transmission of po\\-er. But what are \ve 
co\.sry of the fundamental ~~r incip le ,  now a ready ' to tlo \\-it11 80,000 volts \I-hen\ve have them at the civilizetl 

The dynainos of Gramme and Siemens, i n \ ~ ~ ~ t ~ ~ l  

give 
means of realizing eco~lomically on a large  scale, for  Illany end of the wire ? Imagine a doniestic si-rvant going to 
irilportant practical applicatio~ls, the old thermo-(ll-namics dust an electric lalnp \\-it11 80,000 volts 011 olle of its metals? 
of Joule in electro-magnetism ; what llarticularly Nothing above 200 volts ought 011 ally account ever to be 
concerns us now in connection wit11 111y present subject, atimitted into a house or shill or other Illace \\,here safe- 
they make it pojsihleto translnit electro-magneticallythe g n a ~ l  against accident cannot be ~l lade  absolutely antl 
work of waterfalls through long insulated conductinm I forever trust\\-orthy against all possibility of accident. 
wires, and use it at  distances of fifties or huIldreds 2 
miles fro111 tile source, with excellent ecollomy-better 
economy, indeed, ill respect to proportion of energy used 
to  energy clissipaf.ed than almost anythino- l<llown orcli-
nary nlechanics and h~~clraulics of hulldredsfor dist&ces 
of yards instead of hundreds of miles, 

In an electric \I-orkshop 80,000 volts is no Illore dangerous 
than a circular saw. Till 1 learned Faure's in\.ention 
could but think of step-tlo\vn ti!-~~IIIOS, receiv-at  a main 
ing station to take energy direct from the electic main 1 Tr;e;-in,he ar,,a,ne,,tar,, eaiP-baoi ~ e o a r iif tb Commi.re or 

Electric Lighting, 1879. 

I 
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with its 80,000 volts, and supply it by secondary zoo-volt 
dynamos or 100-volt dynamos, through proper distributing ,
wires, to the houses and factories ant1 shops where it is to , 
be used for electric lighting, and sewing machines, ant1 ,
lathes, and liits, or \vhatever other mechanism wants 
driving power. Now the thing is to be done much more I 
ecoi~ornically,I hope, and certainly with much greater 
sim~licity and regularity, by keeping a Faure battery of /
40,000 cells always being chargetl direct from the electric 1 
main, and applying a nlethodical system of removing sets 
of jo, and placing them on the town-supply circuits, while 
other sets of 50 are being regularly introduced into the , 
great battery that is being charged, so as to keep its nuin- 
ber allvays within jo of the proper number, \vhich ~voulcl ' 
be about 40,000 if the potential a t  the emitting end of the 
main is 80,ooo volts. 

ON ARRESTATION O F  INFusORIAL LIFE,;! 

Three  years ago I brought with me to  the Alps a 
number of flasks charged with animal and vegetable iu- 
fusions. T h e  flaslts had been boiled from three to five 
minutes in London, and hermetically sealed during ebul- 
lition. Two years ago I had sent to me to Switzerland a 
batch of similar flasks containing other lllfusions. On 
my arrival here this year 120 of these flasks lay upon the 
shelves in my little library. Though elninently putre- 
scible the  animal and vegetable juices had reinailied as 
sweet and clear as  when they were prepared in London. 
\till an expert taking up one of the flasks containing an  
infusion of beef or mutton would infallibly pronounce it 
to be charged with organisms. H e  would finti it more 
or less turbid throughout, with massive flocculi moving 
heav~ly in the liquid. Exposure of the flask for a minute 
or two to luketvarln water would cause both tul-b~tity and 
flocculi to disappear, and render the infusion as clear as  
the purest tiistilled water. T h e  turbidity and flocculi 
are simply due to  the coagulation of the liquid to a jelly. 
Th i s  fact is some guarantee for the  strength of the in- 
fusions. I took advantage of the clear weather this year 
t o  investigate rhe action of solar light on the development 
ot life in these infusions, being prompted thereto by the 
interesting observations brought betore the Royal Society 
by Dr.  Downs and Mr. Blunt, in 1877. T h e  sealed ends 
of the flasks being- broken off., they were infected in part  
by the water of an adjacent brook, and in part by an  in-
fusion well charged w ~ t h  organisms. Hung up in rows 
upon a board, half the flaslts of each row were securely 
shaded from the sun, the other half being exposeti to the  
light. In some cases, moreover, flasks were placed in a 
darkened room within the house, wh11e their cornpanions 
were exposeti in the sunshine outsitle. T h e  clear result 
of these experiments, of which a consitlerable nuiiiber 
were made, 1s that  by some constituent or coustuents of 
the solar radiation an  influence is exercised inimical to 
the developlnenr of the lowest iniusoria. Twenty-four 
hours usually sufficed to cause the shaded flasks to pass 
from cleariizss to turbidity, while thrice this time left the 
exposed ones wirhout sensible damage to their transpar- 
ency. This result is not due to mere differences of tem- 
perature between the infusions, On Inany occasions the 
temperature of the exposeti flasks was far more favorable 
to the development of 11fe than that  ot the shaded ones. 
T h e  energy which in the cases liere referred to prevented 
putrefaction was energy in the radiant form. In no case 
have I found the flasks steril~zed by insolation, for on re-
moving- the exposed ones from the open air to a warm 
kitchen they infallibly changed trom cltaiiess to turbicii~y. 
Four and twenty hours were in most casessuficient to pto- 
duce this change. Life is, thertfore, prevented from devel- 
oping itselt 111 tne intusions as  long as  they are exposed tc 
the solar light, and the paralysis thus produced enables 

then1 to  pass through the night time without alteration. 
I t  is, however, a suspension, not a destruction, of the  
germinal power, for, as  before stated, when placed in a 
warm roonl life was invariably developed. H a d  I had 
the requisite materials I should like to have determined 
by means of colored media, or otherwise, the particular 
coilstituents of the solar radiation which are concerned 
in this result. T h e  rays, moreover, which thus interfere 
with life must be absorbed by the liquid or by its germinal 
matter. I t  would therefore be interesting to ascertain 
whether, after transinission through a layer of any in- 
fusion, the radiation still possessed the power of arresting 
the developinent of life in the same infusion. I t  would 
also be  interesting to exanline how far insolation may be  
employed in the  preservation of meat from putrefaction. 
I would not be understood to say that it is impossible to  
sterilize an  infusion by insolation, but merely to indicate 
that I have thus far noticed no case ot the kind. 

Translated fro111the French by the  Biarchioness CLARAI.AYZA. 

Ruhnlkorff's electric induction machine has  proved in 
the most satisfactory manner that  by the intermediary of 
inductix-e action, me can transform voltaic electricity into 
electricity of high tension. RI. Bichat has likewise 
shown that  by the same means, currents of high tension 
can he changed to currents of quantity, analogous to 
voltaic currents. %I.Planti, with his secondary p~les ,  has 
rentlered this demonstration still more emphatic, and a s  
his experiments demandeti a greater tension than he was 
able to produce with his batteries, he undertook the man- 
ufacture of an apparatus by which he could obtain ver-
itable discharges of static electricity, capable of forming 
at  will, long thread-like sparks, or short, thick ones. 
In this n a y  he was induced to make the battery of which 
we are about to speak, and which he calls the rheostatzi. 
~ z n c hbzc. 

illthough this apparatus (fig. I )  was presented to the 
Academy of Sciences and exhibited to most of the phy- 
sicians who witnessed M. Plante's fine experiments, it 
is as  yet, but little known. W h y  this should be the case 
we are a t  a loss to understand, for it is one of the most 
perfect machines that can be elnployed in experiments of 
static electricity. Had the apparatus borne a foreign name, 
we are confiderit it \\rould have attracted considerable at- 
tention lo11g ago. I t  is much to be regretted that  we are  
so constituted III France, that whatever is invented by an  
unltnown man, a savant  who does not rejoice in a n  es-
tablished position or who is not a member of some scien- 
tific coterie originating from a celebrated school, is 
looked upon entirely a s  a matter of subordinate interest. 
" I t  is only an  amateur's work," \ye hear on all sides for 
a~vhile and then the subject is dropped forever. In Eng-  
land it is cluite different. Amateurs such as  Grove, 
Gassiot, Warren, Delarue, Spottiswoode, Lords, Ross, 
Lintlsay, Raleigh, Elphinstone and many others, find their 
efforts are apprec~ated as  they deserve to be, and no one 
ever thinks of inquiring whether they aresava~ztspatented 
by the government or not. 

n1. Piant6 therefore, not being among the last-men- 
tioned, n7as forced to meet with indifference which he 
forcibly overcame later by the fine work lie performed 
with his accun~ulators. H e  was not so successful, un- 
fortunately, with his rheostatic machine, and for this 
reason me shall dwell a little upon the important results 
it has afforded us. 
M.Planti.'s machine consists of a series of condensers 


with mica plates, parallel one with the other and capable 

of being charged and discharged in a manner similar to  

his secondary batteries without any other alimentary 

electric source than these latter. 


?'he various pieces composing the apparatus must be  
' 
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