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In ph~sics ,  Fourier's theoreill ellablcs us, 
from certain meas~lrements of temperature, 
to determine what \\rill be the probable heat of 
tile earth some time in the future. What mre 
need in 11s~-chology is a psychical theorem, 
retrogressive in its character. The snrrouiid- 
i~ igs  of man (1:lily grow more varied ; and liis 
resemblances to liis animal ancestors, i t  is 
claimed, are fast disappearing. Now is the 
tirne to sound a ~ ~ a r r i i n g  0t1r original note. 
psychical sources are clisap1)earing. Iiistead 
of' weighing a lrlsty African who will tip the 
scales at  a liundred kilograms, we sl~all soon 
be reduced to ~e ig l l ing  ' veridical phantas~ns ' 
wllich mTe suppose innst be below a fraction of 
a ~nilligram. Back to the original sources, 
say .rve ! Tl~ i s  is the cry of all scholars, and 
~ q c l l i s t scall for111 no exception to tile general 
rille. 

LETTEIZS TO T H E  EDITOR..',Corre8por~de?~t ,~(we ?.ryu?.sle(Z Lo hc 11s briqf u s p o ~ s i b l r .  T l ~ e  
to~ i t e r ' sname i8 i n  ell cases rpyliired r r e p o o f  i4f youdf~filbtii. 

The fuilctiolls of experiment-stations. 
REFEJII~IXGto the editorial colnmerits on t,liis sab- 

ject in the issue of Science of Dec. 5, I cannot ornit 
to  interpose a demurrer to what appears to me to be a 
some\'hat narrow view of the proper functions of 
esperi~ncnt-stations ill this conntry, ancl one .rvhicli, 
if understood to be the prevailing one, would qaicklj~ 
put an end to the popular demand for the establisli- 
~ n e n tof such station^, especially in the newer states. 

If it is not one of tlie esse~itial arid primary objects 
of agrici~ltnral experiment-stations to render to the 
a<r ica l t~~ra lpopulation the scientific aitl wliicli they 
so sorely need wlien brouglit face to face with new 
anrl untried conditions arid factors in a new country, 
in order to afford them relief fro111 tlle slow tentative 
proces5 of blincl experime~itirlg by ml~icll the sollttion 
of practical questions is conimonly approaclietl, then, 
indeed, tlie rnison d'8tl.e of such est~ablislinients will 
be seriously questioned in all bat  the olcler states, 
where the otituiz cum dijnitnle of purely scientific 
i~rrestigatio~lscan he indulged in without leaving nn-
clone things that o~lgli t  first to be done. 

If the experi~l~e~it-statioris do riot do this work for 
the farmer, who is to (lo i t ?  I t  is riot certainly the 
function of the ag1icultural colleges as such, al-
thong11 in very many cases their greatest present use- 
fulness assuredly lies in tliat direction; since their 
direct influence t h r o ~ ~ g h  tlie few student,+ \\,ho liasteri 
throng11 a superficial course in their halls will loug 

science as the experiment-statiorl work can afford. 
Frorn both the 1)ractical and the edncational poilit of 
view, then. those functio~is to which the article in 
question allots a second place, sliould, in my view, be 
placed first. 

Again: i t  is said that to unite the two fuiict,ions of 
an experiment-sta.tion - the scientific and the prac- 
tical -in one institut.ioii arlcl under one nianagernent 
is of doubtful propriety. So far from admitting this, 
1hold that  ~iowhere can scientific investigation be 
more fruitful than where, in this direct connectio~l 
with practice, it is brougllt face to face with new con- 
clitions, ant1 therefore wit,li new phases and aspects 
of old problerns. I think it \vouid be a grave mistake 
to segregate tho two branches of the work, wlietller 
in space or time, ant1 most especially to intrust the 
solr~tion of practical problenis to persons of inferior 
qtlalifications, as is too coninionly (lone, to the detri- 
ment of the cause of scie~tce, and to tile disgust of 
those engaged in pushing it in the face of the difficul- 
ties it r~aturally encounters in a new country. There 
is a. limit t,o tlie ~~sefiiliic~ss of differentiation, wliell 
each of the segregated branches is thereby trim~netl 
down to narrowness, and want of proper co-ordinalion 
v i t h  the other. 111 onr widely varied domain, eacll 
location affords peculiar i~dva~itages for the prosecu- 
tion of solue brancll of both plne and applied agricul- 
tural scie~lce; arid those in charge of tlie several 
stations shonld lir~ow, or carefully consider, ill wliicli 
rlirectiori their greatest. usef~llness (in the \ridest serlse 
of the word) lies. 

No one narrow defii~iiion of tlic proper duties arid 
functions of agriculttwal experiment-stations can 
apply to all cases alike. Each station mill have to 
adapt its rnode anti scope of operations to t,lie snr- 
rounding circnmstn~~ces;  ant1 the gootl jutlginent 
excrciscd in determining these points will in a great 
measnre ticterrnine also tlie scientific as ell as tlie 
practical usefulriess of sr~cll an establisli~tlent. \\Tit11 
any tliing like an  adequate endowment. the two 
braiiclies are not only conipatible, but will fertilize 
each otlier, as does tlie con~bi~la t io~i  i~i\~estigatio~iof 
ancl instructioii in the case of teachers. The abstract, 
investigator will rarely shape and express liis idgas a3 
clearly as the one who is habitually compelled to put 
tliem i t~ to  the propel form for the understanding of 
others; arid the sarne is measurably true of the ex- 
perime~rt-stations, in which scientific w ~ r k ,  and tliat 
illtended for the direct instruction of the corite~npo- 
rarg ~>opolation, should go hanil in hand. It does so 
even in Europe, where tlie practical questions needing 
detern~inatioriare 1111lch fewer ant1 less intricate; and, 
if it be contended that a different policy sliould be 
adopted in this country, the onus of sholvirig the 
reasons therefor certainly devolves upon tlie advocates 
of the new doctrine. E. W. H I L G A I ~ ~ ? .  

Trilivcrsit,y o f  Cz~iiforniu. 

The most ecoiloinical size of electric-lighting
conductors. 

Iri Science, No. 91, p. 32.1, ProfessorCarlisrt points 
out an oversight of mine (No. 94, p. 477) in leaving 
ont the cost of waste heat in the conductors as a part 
of t,lie econoiny in the Edi-on three-\\-irc system, ant1 
also a mistake in  estim;tti~ig its ; i~ l tou~i t ;  in both ( i f  

vvliich I am glad to be corrccieil. l in t  Professor Car.. 
har t  has iiot. I think, qnite reached the 111o>t econon-
ical result. for t,lie reason that we hare tlie it~terest, 
on ? L  contluctors, but heat developed in o n l ? ~two of 
tliem; and, as it seems wort,h wliile to tlevelop tlle 
complete solntion for tliis interest,ing system, I fur-
t,lier sub~ni t  tlie follomirtg :-

Suppose the size of cot~duclors it1 the two-wire sys- 
terii to be such tliat t,lte interest on their cost equals 
that of the heat,-energy developed in tliern ( P I ? ,  
usiiig Professor C'ad1al.t'~ rlomenclat~ue ). which, for 
siniplicity, we ~ v i l l  talie equal to unity. The ge~lersl 
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expressions for tlie various constanf- (in telrils of 
those of the two-wire svstem). when tlie same ~jlant 
of lamps is divided up (with n conductors, eacll of 
whose cross-secti'ons is k times that of olle of the 
firsti into n - l onuallv-balanced circuits. r i t l i  n - l 
dynamos in series, as "in the Edison svstem figured 
oh p. 477, vol. iv. ( the same energy b e h g  devdopcd 
in the ~a lnps  as a t  first), will then be: -

( i t  - l ) l . 1. = tlie resistance of the lamps. 

H 

= the resista~ice of tlie two outsitle contlnctors. 

' 
- -- = the current in the same. 

I2 - 1 

.-
CB 

--. h: + C"v = Erh-1= difference of potential
O h  - at termi~lals of each of tlic ?& - 1 

dynamos. 

ZR = heat-energy w:~sted ill two outside con- 
( I L  - . k cluctors. 

C,2 

(12 - I ) L .  ( n  - I).' . = (2% = cnwgy developed in 

the lamps. 

11
% .  1c . C l B  = i .lc = interest on cost of I {  con-

ductors. 

The energy consumed in tlle laml~s(Ci2r) is tlic, 
same as a t  first, as shown by Professor Carhart, anci, 
being constant for the plant of lamps, need not be 
further considered. The total running-expense, then, 
tlue to conductors (inclutling interest on tlieir cost), is 

in terms of CZB. This sl~oulcl be a ~n in in~um.  Its 
first differential coefficient witli reference to k, placed 
equal to zero, gives 

1 


as  the most ecoriomical section. This gives, for the 
rninimum value of the total running-expense, 

tlie interest and heating-cost being eqaal, as tliey 
should. The same value of k gives 

as the corresponding difference of potential a t  the 
terminals of each of the ?z - 1dynamos. 

Substituting now in these different expressions,
and also in corresponding ones for t he  Edison sys- 
tem and for Professor Carhart's plan, values of 7.1 
from 2 to 6, we have tlie various data given in the 
following table. 

i I I 
1 I !I t  

~ r o s s - ~ i f f c r c l l c eof I I leat- B u ~ ~ n i n g -3 at tcr- lntcrut  ill ex!,r.nae 
E 1 I I an c v ~ l -, .,,..I O+ .o,,.

,,A LA.... "A- "A2 1 C;,CI,. I cach d v ~ ~ n l l ~ o .d"ctols. / (111itbrs. I (<~Tci&.*. 
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I 

I 

So~rie very interesting comparisons of relative ad- 
vantages might be notcd, did space permit. The most 
iinportarit is the rapid increase in the ratio of heat- 
energy to capacity of conductor in the Edison sys- 
tem, which might malre it necessary to lay the wires 
so as to adrnit of pretty free radiation of heat. 

This questio~i of temperature of electric-lightirig 
cor~ductol.~promises to protrude itself the more they 
are laid undergro~u~d. The desideratum for an insu- 
lating covering would seem to be a non-conductor of 
electricity and good conductor of heat, -apparently 
inconsistent qualities. Perhaps the eventnal solutioll 
will be in bare or loosely covered wires on higlriy 
insulated points of support, thus admitting of free 
radiation of lieat, like aerial lines. EI. M. P kur,. 

Washinqton, Ilec. 15. 

Mr. Todd, in recent 111unber of Scie~~ce,  a speaks 
of Sept. 2.3, lSSY, as tlie last day of that  year on which 


