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of the vastly greater constn~ctions which woald be 
~ ~ e e d e d  There is in any attempt to control floods. 
special insecurity l~ecessarily inhering in the fo~unda- 
tions of hydraulic worlr such as this, const1,ncted in 
the bed and banks of running streams. Besides 
this, mention may be made of tlie interference which 
sncll reser~loirs would cause in vested interests, such 
as niills, factories, railroads, canals, arid rafting. 

Tlle latter portion of Col. Nerrill's letter advises 
the city of Cincinnati to appoint a comrriissio~l to 
define the lilies of the river-front for high ancl low 
water, and to n ~ a k e  it the duty of sollie public: officer 
to prosecute in case of infringement on the free 
waterway, so that tliere may be no f u t u i ~  obstruc- 
lion of the river-channel. IIe shows that to tlle 
prescnt tirr~e there has been no perceptible obstruc- 
tion at  this point. R e  further advises that the lower 
part of the city, nes t  to tlie river, be filled by con- 
tinuing the present slope of the river-banl<s upward 
to high-water mark; and tlreii that those squares of 
the city whicll stand on the slope be devoteil to basi- 
ness alone, and be so solidly built as not to be seri- 
ously dar~laged by an occasion:il flood, ~vliile the 
houses of tile laboring popillation be re~iioved to otlier 
parts of tlre city. 

I n  conclusion, Col. lllerrill says, in reply to tlie ques- 
tion ~virich has frequently been put l:o liirn as to what 
the goverrnnent is goir~g to d o  to try to stop these 
flootls, that, if t,he governrncllt be guided by his ad- 
vice i l l  this rnaller, it mill do ~iotlling, as the ~mt?oubt- 
c ~ lcaiise of the flood n7as t11e excessive fall of rain 
.~tlti s:~on.;  arid no means of controlling this has yet 
bee11 tiiscovered. 

Ill{.E. Ii. IInr,~, 's  original experiment ~ v a s  as fol- 
lows. A s t r i l~of gold-leaf mas cerne~ited to a plate 
of g l : ~ ,  and placed between tlie poles of an electro- 
I n a g ~ ~ e t ,the plane of the glass being perpenclicnlar to 
the magnetic lines of force. The cnrrent derived 
from a Bunsen cell was passed lorigitndinally througli 
the gold ;and, before the electro-magnet was excited, 
two equipotelitial points were fou~id  by trial near 
opposite edges of the gold-leaf, and abont mid~vay 
between tlie encls. When these points were corinected 
with a galvanometer, there was, of course, no tleflec- 
tion. A current from a powerfal battery beirig passed 
through the coils of the magnet, it was found that a. 
galvanometer-deflection occurred, indicating a differ- 
ence of potential between the two points, the clirec- 
tion of tlie current across the gold-leaf being opposite 
to tha.t in which the gold-leaf itself would liave moved 
across the lines of force, had it been free to do so. 
On reversing the polarity of the magnet, the direc- 
t>ion of tlie tra~isverse electronlotive force Tas re- 
versed; and, when the magnet mas demagnetized, the 
two points reverted, to their original eqnipotential 
condition. Subsequent experiments s h o ~ ~ e d  that the 
direction of the effect differed accorcling to the metal 
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nsed. This effect was attributed by Mr. Hall to the 
direct action of the magnet on the current. 

Xr .  IJidwell claims that  Hall's pllenornenol~ might 
be coinpletely explained by the joint action of me-
chanical strain a r ~ d  certain therrno-electric effects. 
The strain is produced by electro-magnetic action. 
I t  will be convenient to refer to the ~netallic plate or 
strip as if  i t  n-ere an  ordinary map, tlie two shorter 
sides being called respectively west and east, and the 
t v o  longer, nortli ~ n d  s o ~ t l i .  1,et t.he soutli pole of 
an electro-magnet be supposed to be beneath the 
strip, and let tlle strip be traversed by a cmrerit pass- 
ing through i t  in a direct,ion from west to past: the11 
the strip will tent1 to move across the lines of force 
in  the direction from south to 11orl11. Since, honrever, 
it is not free to move bodily from its position, it will 
be strained; ancl the natnre of the strain will be some- 
what similar to that undergone by a horizontal beam 
of wood nhich is rigidly fixrtl a t  its two cnci, and 
supports a weight at  the inidtlle. Imagine the strip 
to be divided into two equal parts by a st~.aight line 
joining the miclclle l?oilits of the ~ ~ e s t  and eact sides: 
then in the upper or northern division tlie middle 
district ~vil l  be stretched, anil llie eastern a~it l  west-
ern districts will be compresscd; n'hile in t11(? lower 
division the rniiliilc part rill be compressed. and the 
two ends will be stretched. isIf, now, a cr:~.~.e~it 
passing through the plate from west.to east, the por- 
tion of tllc clirrcnt ~vhich  traverses the ~ ~ o r t h e r ~ :  
division will cro+s first fro111 a district which is coni-. 
pressed to one vhicl, is stretched, a,nd tllerl from a 
district n~liicli is st,retched to one ~vhicli is compresied; 
while in the southern clivi+ion the corn-erse will be 
the case. And liere the tl~ernio-electric effects above 
referred to conlt? into play. 

Sir William Thornson, ~ I I1836, ani~ouncetl tile fact 
that  a stretched copper wire is tliermo-electrically 
positive to an unstretched wire of the same ~neta l ,  
~vhile a stretclletl iron wire is l~egative to an  un- 
stretched iron wire. From this it might be inferred, 
as Sir TNilliani Thomson remarks, that a free copper 
wire is positive to a lorigitudinallg co~i~presset? co1)per 
wire, and that a free iron mire is ~iegatix-e to a 1011- 
gitudinally compressed iron wire; arid experiment. 
sholvs this to be the case. il ,,fortiori, therefore, :, 
stretched copper wire is ther~no-electrically ~jositive 
to a compressed copper mire, and a stretched iron 
wire is negative to a compressed iron mire. If, there-
fore, a. current is passed frorn a stretched portion of a 
wire to a colnpressecl portion, lieat will (according to 
tlie laws of the Peltier effect) be absorbed at  tlie junc- 
tion if the rnetal is copper, and vill be developed a t  
the junction if the metal is iron. In passing from 
compressed to strctchetl portions, the converse effect6 
will occur. 

I t  follows froni the above considerations, that, if the 
metal plate (which is subjected to a stress from south 
to north, ant1 is traversed by a current frorn west to 
east) be of copper, heat will be developed in the west- 
ern half of the northern division, and absorbed in the  
eastern half; while lieat will be absorbed in t,lie west- 
ern lialf of the soutlier~l division, ant1 developed in the 
eastern Iialf. U11t the resistance of a metal illcreases 
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with its temperature. The resistance of the nortli- 
western and south-eastern districts of the plate ail1 
therefore be greater, arid that of the north-eastern 
and south-western districts smaller, than before i t  
was subjected to tile stress; and an  equipotelitial line 
throubh the  centre of tile plate, nhich  would origi- 
nally have been parallel to the \vest and east sides, will 
now be inclined to them, being apparently rotated in 
a counter-clocli\vise direction. 

If the plate wele of iron instead of copper, the IJel- 
tier citect? would cleailp be reversed, and tlie eqnipo- 
tentin1 line nionld be rotated in tlie opposite d~iection.  

Tile peculiar tbciino-electric efiects of copper arid 
iron, discoveled hg Thomson, are thus seen to be suf- 
ficient to accounl for IIall's plicnomeiion in tlie case 
of those metals. I t  became exceedingly intelesting 
to ascertain ~ ~ l i c t h e r  the aboce explanation admitted 
of general itl)pIicatior~; and the anthor therefole pro- 
ceeded to repeat Thoinson's expeiiirieilts upon all the 
metals mentioiietl by Hall. The results are given 
in the follom~ilg tsble, n he1c those metals which in  
IXall's experi~iients bella\e like gold are dist~nguishcil 
as ricqative, ailil tllose ~vhich  behave like iron as posi- 
ti? e. 

Metals. ' I~ormt;used. 

I
Cupper . . TVirc imd f0il~p111.c. i R. lo lT. Xegative. 
]roil. . . . ' Wire  and bhcct, an- U. to b. ! l'ositive. 

r~enled. 
I3rass . . . \ \ - i~c ,  commel.cia1. ' S.to 1:. Sega t i rc .  
Zinc . . . , IL-irc and foil. 11. to S. I'ositive. 
I?iok<>l. . . ' X l - i ~ < , ,  ! S,to 1;. Negative.
Platinurn . . : \Viw an11Soil. I S . t o ( l .  XcS~tiv8. 

i Poii, pusity 09.O yG. S. to I'. 
\Vire,commct.o. pure.' I-. to 8. 
cle\~rl ler 'dIb-ct. mire ' /Negative. 

; ~ n d  bhcet. 1 S.to IT. 
de~vciler'sl:,-rt.8hrct./ S. to I:. 

S. to U. ,I'cgative.
Aluminium . IT.to 8. Negative ? 
Cobalt . . . U. to  8. i'ositive.8 

Magnesium . 8. to U. Segntive.
?'in . . . S to ti. Negative. 
1,cad . . . I S o  current S i l .  

-- -- - . -
8,means strctchod. IJ. meal18 unstrctcl~cil. 

It will be seen that in every c:ue escepting tliat of 
alaminicm, and one out of five specinlens of gold, 
t,liere is perfect corresportdeiice betveerl the direction 
of the thernlo-electric current and the sign of 1Iall's 
effect. X i t h  regard to the aluminium, a piece of the 
foil mas nlountecl on glass, and Hall's experiment per- 
formed with il. As was anticipatcil, the sign of the 
' rotati~ilal  coegcient ' mas fou~id  t,o be positive, lilre 
that of iron, zinc, and cobalt. Either, therefore, Xr. 
-Hall fell into some error, or t,he aluniinium with nrhich 
he worked differed in soIlie respect from th:it used by 
tlie author. The anomalous spccinleri of gold, being 
in the form of wire, col~ld not be sabrnittetl to the 
same test: it probably contained some tlisturbing im- 
purity. 

!To the foregoing article, Ilr. Hall lias favored the 
ibd~tor of Science with the following reply.] 

Nr. Bidwell's table is certainly very suggestive, but 

his 'csplanatiori of !,he Hall pheno~nenon ' cannot. 
stand. 

He irialies this phenomenon to he an  incidental re-. 
suit of the manner in which the metal strip ig attached 
to tlic plate of glitss. I t  is, he says, like a hearn rigid- 
ly fastened at  both ends, aud x\~eighted in  the middle. 
\Vithout discussing the closerless of  this analogy, one 
can see, that if we faslen tlie strip 1)y its mirldle, and 
leave it free a t  both ends, the coilditioris ltpori which 
Mr. Eiilwcll supposes tho phei~omenon to depend are 
qnite ehangetl. 

After reading Mr. f3id\vell's paper, I tool< a strip 
of soft steel, abont one-tenth of a iuillinletre thick, 
:ind m:lde the ~rsnal connect,ions. but. inste:ld of fast- , ,
ening the strip to glass with cement, so arranged i t  
that it could a t  mill be clamped. across its rniddle or 
across the ends to a sheet of hard rubber. 'Vhe entl- 
clamps were abont three centimetrcs apai't, and tlie 
width of the rriagnetic poles betxreen mhiclr the strip 
n-as placed was considerably greater than t,llree ceriti- 
metres. Now, wlieii tlie st.rip was claniped across i ts  
midtile and left free : ~ tt11c ends, and was made lo 
condnct a current of elcctricitg across tlie magnetic 
field, it was like a beam supported a t  the rnidtlle, ant1 
with a load ciistrihated from end to enci; but \vlicn 
the sl,rilr was claniped at  its ends and left frce in the  
middle, it was like a beam supported a t  both ends, 
and with a load tlistriboted from tind to end. Esperi-
mcnt shows that the effect is positive, as I have always 
found i t  in iron : ~ n d  steel, \ ~ h e t h e r  {,he strip be c*IampetK 
in tlre mitltllc, or at  the ends. 

Thcre is one other consiiler:atior~ to be urgetl. hIr. 
IJii1~vc:ll wo11li1, 1 suppose, account for the fxct that, 
the obsrrvcd effect is 1,roportionnl to the nlagneticb 
force by saying that tlie st,rain .rvonld be ~~roportioiial 
to this force. But how \rill he  explain tho fact that  
tlie effect is noarly or quite proportional t,o tlie cur- 
rent, as was slio~vn in iny first paper upon t,lie snb- 
ject :' Let ns see xhatl i is  theory leads to. 1)oubling 
tlie cllrreiit, tlie inagnetic forcc rerriai~iing uncliariged, 
\voul(l doable the strain. Bnt a tlonbled st1 ain, with 
a donbled current, Y-nultl rnalie t.lie Ileatirig and cool- 
ing from tlie I'eltier effcct four times a? great as be- 
fore. Tliis would deflect tllo cql~ipotential lines fou l  
times as much as before; and, as these lilies are only 
half as far apart as before, the t rans~~crso  current, 
would be eig111 tiines as great as before tlie direct 
current nas  doubled. Tile transverse effect,, then, 
~vonld be proportioilal, not to the c~irrent,, but to t l ~ e  
cube of the current. Enwxs 11. I3ar.r.. 

C8rnbl.idge. 

1'IIE CRE VAUX E X P E D I T I O N  

E. ICl l r ,~~b?i~n~ritcs from Corumba, Sept. 24, 1SS3, 
to tlie Soci6t6 de gBographie i n  regard to tlic posqiblc 
survivors of tlie Crevaux cxj~editioll. ITe believes 
tha t  s e ~ e r a l  s u r ~ i v e dfor a time, but mere afterward 
put to death by the savages. Inforinatinn of any sort 
could hardly be obtained; as the 'Vnbai had made 
rt3ady for war, and retired to tlie interior, holding no 
further comrnunication with tlie nerltral tribes from 
whom the p re~ ious  vague news ljatl been derived b j  
the whites. Tlie Indian survivors, from their terl or 
a ~ i dsufferings, can afford little help. I t  is Itnow11 t l~a l  
Bmnco, one of the party, in his capacity of soldier. 
was preserved alive by the natives to instruct the111 
in the use of the fire-arms which they captured; a11tl 
it is possible h e  rnay be still living, bat ,  if so, has 


