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temperature-sense, a s  t h e  changing of the  position of the la rvx  a t  
different times of day indicates. Insects must  be  very insensitive 
to  pain, o r  a spider woultl hardly eat  u p  its own leg just after it hat1 
been cut  off, a s  Forel observed. A n t s  a re  tiills well supplietl with 
senses, and,  though their actions are largely instinctive, some con- 
trol over the  co-ortiination of these instincts untlouhtetlly exists. 

Another worker in the same field, I l r .  H .  C. RIcCook (Pruree(z'-
ifg-sOJfhe P h i ' A?.aik/q/0f Srie?zrcs, part i i i .  I SSi.), con-
tributes a note on  the sense of direction in ants. 'I'he species is 
t h e  Fo~iizzi-aY I ~ ~ Z  madeof Great  Britain, antl the  observation w a s  
in Scotland. These  an ts  build mountls a s  much a s  three feet high 
ant1 from six to seven feet in tliarneter a t  the base. From such a 
mound,  roads a re  seen to radiate. These  roads  a r e  stained (lark, 
probably by the action of the formic ncitl which the an ts  secrete;  
ant1 the  leaves and grass  over which the road passes a re  worn 
smooth  by the constant action of iiinurnerable legs. Frorn one such 
mound three roads racliatetl, a n d  were tr:lcetl to their termini, -
,three oak-trees, on the  hranches of which were Ajhin't's, the  ' millt-
cows '  of the ants. T h e  tlirectness of these roads was  remarkable. 
T h e  first was trventy-one paces (about sixty-five feet) long, and  
w a s  almost perfectly straight from the  nest to tlie tree. T h e  sec-
ond was  twenty-three paces (seventy feet) long, and varied less 
t h a n  three inches fro111 a straight line if measuretl from the nest to a 
point within two feet of the tree, where a n  originally straight  path 
had  been abandoned for a (litour. T h e  third road was  thirty-four 
paces long;  for six paces it ran strriight, then encountered a n  old 
s t u m p  that  caused a iletlection, but  tlien went directly to the  tree, 
across a foot-path, and ,  a s  it was, the cleviation nras not more  than 
three feet froin a straight line. T h e  straightness of these roads 
cannot  be attributed to chance ; a n d  the  fact that  an ts  can seeonly  
a little way off (antl especially in this mass of bracken antl other 
plants) opens u p  a real problem a s  to the nature of a sense of 
direction in ants. Dr. McCoolt atltls the mention of the remarltable 
feat  of a Texas  a n t  malting a n  almost perfectly straight pa th  669 
feet long, 448 feet of which ran untler ground a t  a n  average d e p t l ~  
of I S  inches. 

THEFUNCTIOKOF TI IE  CF,IIEUI:I~~\~IN THE DO(;. -111 his 
last contribution to tlie physiology of the  brain, the eminent physi- 
ologist a t  Strassburg, Professor Goltz (@/~@L,)-'s.i'9z-/cs%, I S S ~ ) ,  
gives a n  account of a dog  froin which one entire cerebral 11enii- 

ainong the  insane. T w o  cases a re  cited, the  one of a young girl 
~v l iose  lover (so she  says whenever any  thing happens) predicted 
every thing to her, -her removal to  another asylum, a change of 
physicians, ant1 so  on. T h e  other case is tha t  of a young man who 
believes that  all the  events of asylurn-life have been told to  him in a 
previous conversation. T h e  news of the day is similarly antici- 
pated. A n  interesting point in this case  is, that  the  patient tells 
that  when these (inlag-ina1.j.) conversations occur he pays little at-  
tention to them, but  when the  real occurrence takes place he vividly 
re1~1ernt)erst h e  former conversation. fI is  rnernory for real events  
r e ~ n a i n s  quite good.  Now tha t  attention has  been called to t h e  
possibility of sucll illusions, n o r ~ n a l  instances of them shoultl be  
forthcoming. 

E L E C T R I C A L  S C I E N C E  

Cost of Electrical Distribution by Transformers and Secondary 
Batteries.  

THEattention of electricians, both in this country and  in Etlg- 
land,  has been lately calletl to the  relative values of continuous-
current  and alternating-current tlistribution. I n  the tliscussion he-
fore the English Society of Telegraph Engineers antl Electriciails, 
the rnajority of the speakers seetnetl to incline to\vartl the  alternat- 
ing  system, appat-ently relying to some extent  on  rose-coloretl re-
ports of the successful working of plants on  this side of t h e  water .  
'There mere several mernbers, however, who spoke strongly in favor 
of the continuous-current system ; ant1 one of  thern, Mr. Croinpton. 
has publishetl figures of tlie comparative cost of installing tell 
thousand 16-cantlle power larnps, burning simultaneously, using in 
the first case the continuous-current system ~ v i t h  storage-batteries ; 
in the second, alternating-current transformers. 

sphere had been rernoved. Here  there mas  not, a s  sorne ~ ~ h y s i o l o -  
g i s t s  \vould expect, a paralysis and  a n  a n ~ s t h e s i a  o n  the side op- 
posite the injured o r g a n ;  but  the action of the d o g  was  quite 
normal, otlly tha t  he preferred t h e  side controlled by the  intact 
hemisphere. T h i s  goes to  show that  in the  dog  one hetnlisphere 
c a n  to  a large extent perform the  functions for the  entire hotly. 
A s  a converse proof, if syrnrnetrical regions a re  removed from both 
halves of the brain, the result is a much niore serious one.  An 
an imal  lacking both its frontal lobes llatl its intelligence 1nuc11 
diminishetl, was  restless, constantly moving, coultl n o t  feet1 itself, 
could not holtl a bone, antl was  a tlecitletlly abnormal tlog. A d o g  
with botli its occipital lobes gone  shows marked sensory defects, 
b u t  behaves much inore nornially than the  former tlog, thus  indi- 
ca t ing  that  the  part removed is of vital importance. 

A SVGGBSTIONFOR THE ' ' ~ E L E P A T H I C' THEORY.-- Professor 
Josiah Royce has a n  ap t  \vortl to say in regard to the  cases of 
coincitlence of a critic:ll experience with a s t rong  impression of 
d a n g e r  on the  part of a distant friend, which some regartl a s  evi-
dence of ' telepathy ' (.lfi~iit,April, 1888). H e  offers a s  a solution 
of the many cases in which the  evitlence rests entirely on the word 
of a reliable witness, that  the mernory is the  subject of a hitherto 
untlescrihed hallucinntion : it is a n  " instantaneous hallucination of 
memory, consisting in the  fancy, a t  the  very moment of soiiie excit- 
i n g- exr~erience, that  one has exr~ectetl it before its comine." A s  A 
learns of the cleat11 of 13, if s u t l ~ e n l y  a n d  vividly occurs to him tha t  
h e  expectetl H's death,  a n d  had a tiistinct presentinlent of it. T h e  
belief might come with irresistible force, antl acquire strength hy 
,reflection. One such  hallucination of mernory is well known : the 
feeling that  an experience has been here before. Here  we easily 
recognize the  iliusio~l, I~ecause  we  knorv that  w e  (lo not live our 
;Jives twice ; hut  in the  othcr  case no such corrective is a t  hantl. 
if such illusions occur, marked instances of t h r m  shoultl be  fountl 

WITHS E C O N I I ~ ~ R YBATTERIES. 
Slotive power, six r66-horse power sets=996 horse-power a t  £8 rzs ... &8,7oo 

Dynarnos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4,800 

13ullding to suit above . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S,O"o 

charging-main, 4 j  tolls a t  ,&so.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3,600 

Laying main in  culvert . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1.500 

Disiributing-mains, rz.ooo yards a t  16s. pcr yard. . . . . . . . . . . . . . . . . . .  9,600 

Service-l~oxes. 4jo a t  Lz . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  900 

Batteries, four  set, of cells each . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8>640 

Regulating-gear . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1.000 

1,qjo horse-power at  L3  12s.per horse-power . . . . . . . . . . . . . . . . . . . . . . .Liz,soo 

Dynanlos and exciters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5,540 

13u1ldin~sto .uit above. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ir,ooo 

Charging-main . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.400 

Distril~uting-maill,rz,oao pards a t  rqi. per y.~rd . . . . . . . . . . . . . . .  8.400 

Service-boxes, 4jo a t  dz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  900 

Regulating-year .................................................. 5Oo 

, ~ assuming one large one for two houses,
Iransfonnel.s, 303 a t  &j 

(including fixing) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7,500 
-

Tota l . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .£48,740 


T h e s e  estimates may he taken for w h a t  they a re  worth : they 
~ x o b a b l y  give a n  approximate idea of the  cost of different items. 
T h e  storage system of Mr. Crompton, Ilowever, is not a complete- .  
storage system, such a s  will be used if secontlary batteries become 
much more econornical than a t  present. T h e  cells a r e  not located 
a t  some distance from the  station, a n d  charged by currents  of high 
electro-motive force:  they a r e  placed i ~ zt h e  statiou, a n d  a r e  only 
charged for a portion of the  twenty-four hours, t h e  plant remaining 
idle (luring the  remnintler of the  day. F o r  short  tlistances, such  a s  
Mr.  Crornpton contemplates, this is possibly the best  arrangement. 
I t  u,ould have beeti interesting if the  running espcnses of the two 
systems had heen cornparetl, but  tlie necessary tlata a re  hardly, a t  
the present  time, available. 

ADVANTAGES(IF  ELECTRICITYF O R  RAII.ROAD-WORK.-T h e  
rapitl advances of the application of electricity to  street-car trac-
tion brings up t h e  cluestion whether we  cannot in the near  future 
look to t h e  tlisplace~nent of the steam-locon~otive by the  electric 
motor. T h e  conditions of street-car antl railroad work a r e  differ-
ent : in the  first, electricity is calletl upon to tlisplace horses, a n  
extremely costly motive pon7er ;  in the second, it mus t  tlisplace 
steam. T h a t  it can economically replace horses has  been shotvn 
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by a number of electric tramways a t  present in operation. 'The 
only question is, \vill consitlerations of safety and t~sthetics allow 
,the current to be  econoniically con~reyetl to thecars ? For instance : 
in the Sprague Electric R:tilway in I<ichmond, using an o\.erliead 
conductor, it is costing for polver al)out $1.70 per day per car, the 
cars averaging over eighty niiies. This is for only twenty cars. 
When the full complement is running. the cost will be rrtluceti, 
probably to about $r.50 per car per day. This cost is to be corn-
pared with the $j  or 96 tliat itii~st l)e alloweti per car per day for 
horses, at  an average of, say, 60 miles per car per (la).. If the 
overheat1 system coultl i)e usetl, then, in all of oul. cities, there 
woultl be no tloubt ;is to the i.esults as  far as  street-car traction 
goes. When it coines to ort1in;u-y railroxtl-work, the state of af-
fairs is very tlifferent. The  cj~iestion is, shall we sul)stitute for 
steam, usetl tlirectly, a poiver \\-hich is in t!ie iirst place derii~etl 
from stearn, :iritl \viiicli si~ffers tiie losses titie to at 1e:ii: t\\.o tr;ins- 
fol-mations before it is utilizetl in tiriving tlic train ? A s far .is mere 
economy of ]~o\\~er-p~-oiluction goes, rile cji~estioii is easily ails\\.eretl : 
the efficiency of a stationary steam-plant is greater than that of a 
locomotive-engine: ;~ntl  tlie cost of a horse-power tlel;vc.rrtl to the 
driving-axles of the train by the electt-ic inotor \VoultI i?ot I)e nlore 
for coal, attentlance, ant1 depreciation, than tlie same p o w ~ r  frcrn 
the  loco~notive, even after al!owing for all the losses i n  tile tliffer- 
ent transforrna~ions. 'I'lre atlvantages of tlie electric: illoror are 
these:  the driving-machinery is the siinplest that it is possible to 
conceive o f ;  the arinature of tlie motor \voultl he hitel1 tiirectly on 
the  car-axle, while the fieltl-magnets w o ~ ~ l t l  rest on the tr i~ck. Each 
axle woulcl ha\.e its motor, antl in a train e\.ei.p secontl or tliirtl car 
woultl I)< a motor-car. One atlvantage of this has 1hrc.n jioiritetl 
out, first, probal~iy, by Prof. George I'ori~es. Taliing a sis-car 
train, we woultl h:ive tlie traction, riot of four wheels, but of six-
teen, sup1,osirlg t\vo motor-cars. 'ri2i.i \viil  ena l~le  us to make any 
speetl that safety w ~ l l  allow, to start quicltly, ant1 to talte at high 
speeds, gratles that at present are iii:idmissible. In fact, we can 
slispense v,,i:h a gi-cat tleal of the g ra t i~ng  that makes tile coi l s t r~c-  
tion of railroatl-lines so costly. Again : on the clown gratles \ye 
can make our motors into tlpnanlos feetling current into tlie line, 
- a  plan due, I illink, to h21-. Spragne, - insteatl of :v;tsting energy 
by braking the wheels; and we can in the sanie way bralte tlie 
cars when stopping. T h e  advantages, then, are great simplicity, 
increased traction, allowing an  increase of speed ancl a decrease in 
,the cost of constructing the roatl, recovery of energy on tiown 
gratles ant1 in stopping. As  corr~paretl with city electric tra~nways,  
such a s  are now in use, railro2ltlls wouid have the advantages of 
simplicity, in not requiring any gearing l~etween the rnotor ancl car- 
axle, antl in allowirlg any economical nieans of conducting the 
current to the car, ant1 tlie employment of high electro-nlotive 
forces. There is one great tlisatlvantage, however, that the future 
may rernove, but which at present is set-ious. A station supplying 
any portion of tlie line will have to have a capacity equal to the 
maximurn work tliat will be requiretl of it at  any time, xvhile the 
mean work rnight be very rnuch less than this. As  tlie rnasi~nurn 
map differ from the average work five or six tinies, we u~oultl have 
to  equip stations of five or six tirnes the present capacity of tlie 
locomotives, at  a cost that would tliro\v the halance in favor of tlie 
present system, unless there happenetl to be very consitlerable 
sources of natural power along the Iinr. T h e  remedy [or this - a 
remedy which cantiot be a t  present ajipiietl- is in equipping the 
stations with storage-hntteries ; charging them \\?hen the requiretl 
power is belo\v the average, cli-awing from them when it is above. 
W e  map say, then. that, wit11 long-tlistance clirect lighting ant1 

earth ; ant1 the needle is charged. If A is illuntinatetl, a deflection 
is ol~tainetl ~vhich  reaches a tnasimurn in a time which is shorter 
the nearer the i~radiating source antl the larger the surfc~ce of the 
met,tls. Tile sun's light does not protluce this effect in a marked 
way : the magnesiu~n light is more active ; the voltaic arc  gives the 
best results. It is probable that the ultra-violet rays are the most 
active. Four of these .photo-electrical cells ' are connected in 
series, antl give the sanle results a s  ortlinnry cells in series on open 

Por tagious~less  of Consumption. 
Ir a recent paper presentetl to the hietlical I'ress Association of 

St. Louis, Dr.  L\'illiam Porter tl:scusses the 'portagioustless of 
i i i i s  iHe prefers the wort1 portagious,' hccause it conveys a 

a 111o;-e exact it1t.a of the manlier of tr:rnsmission of phthisis than 
eit1li.r * contagious ' ur ' infectious.' I r i  his papel- tlie ten11 ' phtllisis ' 
is llsctl to tlenote that class of tlisease to which belongs the large 
iiiajority of cases of slowly progressive 1)ulmonary inflanlniations ; 
i.e., chronic tul~rrcu!;rr phthisis. 

l j r .  I'orter propounds the follo~ving question : ' Ha\-e \re reason- 
able evitlence that tlie protlucts of, 01-e~n: t~~; t t ionsfrom, a phthisical 
subject inay be carried to, receivetl by, ant1 cause like disease in, 
one previously free [).om phtllisis ? '  ?'he :cnswer to this question he 
thiriks !nust be tinsmeretl in the affirmative, ant1 cjuotes the follow- 
ing experiments as  sustaining this view. In esperirnents rn;ttle by 
'Tappeiiler in 1883, tuberculous sputa being inhaletl liy eighteen 
hea:tl~y animals, tubercles in both lungs, anti pleura, were after-
wartls fount1 in seventeen. Tha t  record of I<och's work found in 
the secontl volume of the ' Itnperial Ilealth Iteports,' shows, that, 
after the inhalation ol  11iateri:il frorn phthisical cavities, the rai>bits 
ant1 guinea-pigs under observaiion Iiatl, within twenty-eight days, 
tubel-cles tl~roiighout the lungs of all, antl in the liver ant1 spleen 
of soriie. T h e  carefully contluctetl investigations of Catleac and 
&luIlet, recently published, shorn, that while no positive result was  
ol)taiiied from cornpelling r abb~ t s  :tncl guinea-pigs to inspire air ex- 
haletl by phthisical patients, yet when air was used collected from 
near the betls of hospital inmates, the air presumably carrying par- 
ticles of sputa, two out of t\velve guinea-pigs acquired t~thercle. 

The  writer refers to some experiments which he made, to  tleter- 
nliiic this point. " Three healthy guinea-pigs were selected. One 
w s  inoculatetl with plithisical sputa, ant1 placetl in a sinall box 
with one of the others. The  thlrtl was confined in a hox in an  ad-
joining room. They wcre cared for alike, ancl hatl simil:~r food. 
In  four tveelts tlie first one tlietl, ant1 the ex;unination sllo\vetl tuber- 
cle in the lurrgs, and n large cheesy glanti near the point of inocu-
lation. 'Three weeks alter, the second animal sickenetl antl was  
killetl. I founcl slnall granulations scatteretl through both lungs, 
at  soine points aggregated ; ant1 in the right lung were two nodules, 
havi~iga soft cheesy centre. T h e  thirc! guinea-pig, exarninetl three 
~non ths  later, hatl no eviclence of tubercle or other tlisease." 

'The only experiment upon a human subject was matle by Drs. 
Demet, I'ararlty, ant1 Zallories, of Syra, in Greece, who inoculated, 
with sputa frorn a phtliisical patient, a InLin whose llistorp afforded 
no suspicion of tubercle, and whose lnngs were healthy, but who 
had gangrene clue to femoral e~nholism, ant1 who woultl not permit 
amputation. In three weeks, auscultation revealetl eritlences of 
tlisease a t  the right apex. Thirty-eight clays after the inoculation, 
the man tlietl frorrl gangrene, when it was fount1 tliat the upper 
right lobe hatl seventeen small tubercles and two granulations in 
the apes of the left lung. 

electric tramways, electric rail\va)-s \vait the developrncnt of a ~ r ~ o r e  In ;in inquiry into tiie transmissibil~ty of phthisis, ~ n a d e  i)y tile 
perfect storage-battery to be successful. 

ELXC-~RIC I'RO\'(~)I<I'.D I<~zI)I.\?'ION. VeryPIHEYOAI'LKA 1:Y --

iately consit1erat)le attention has heen attracted to the elTect of light 
on the pheno~nena of electrical tliscliarge, the light generally in- 
creasing [he eflecis, allo\ving tiiscl-iarge where it woultl not other-
wise occur. 111 thi. P~~%SO@/ZZ'CC~Li!l(?i~azlitefor April, I'rofessor 
Righi gives a preliminary account of some interesting esperirnents 
he is trying in the same iieltl. T\vo ~netals,  one in the form of a 
disk, the otlier a net, are placetl opposite one another. One of the 
metals, A, is co~inected with one pair of quatlrants of an  electrom- 
e t e r ;  the other nietal is connected with the other pair ant1 the 

Collective Investigation Cornrnittee in London, two huntlretl and 
sixty-one answers \yere rcceived from physicians in family practice, 
affirming the prol~osition titat phthisis inay be conimnnicated from 
the sick to the well ; ;rntl evidence was given in proof of tlie state- 
ment. One huntlreti alitl ninety-two obserirers recorded cases 
where both husband and wife became phthisical, in one hundred 
and thirty cases there b e u ~ g  no phthisis in the family of the one to 
whorn the disease was thought to have been transmitted. 

Some of these cases were very interesting. Dr. Spriggs of Great 
Bedforcl instanced the case of MISS R., aged 48. a dressmaker, who, 
living in rather a lonely cottage at  C., Bedfordshire, had three ap-


