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current of 330 volts was turned on, and the clog was  killetl. 
Further experiments were prevented hy an agent of the Society for 
the Prevention of Cruelty to Animals. This u7as unfortunate, as  
the result was distinctly unfair to the alternating side of the clues- 
tion, since a dog that had been subjected to a 1,000-volt contin-
uous current was hardly in condition to stand very much more, no 
niatter under what form the shock came. On Aug.  3, however, 
the experiments were repeated on a number of dogs, before Dr. 
Cyrus Etlson and a nurnl~er of physicians an0 electricians. The  
main results are embodied in the letter to Sc~'e?zccpublished Aug. 
10. In this letter three cases are rnentionetl, in e:rch of \vhich a 
strong and healthy dog was lcilletl by alternating currents \vhoze 
voltage varied from 340.5 (the highest) to 234 (the lowest). In 
some further experiments given by Mr. Brown in the fiZeclr.ii.ol 
IYorld, a number of dogs were killed by alternating and by con-

tinuous currents. T h e  maximum alternating-current voltage that 
was talten without death resulting was 500 ; continuous-current, 
1,420 volts. hlinimulri alternating current that caused death was 
a t  188 volts ; continuous current, Soo volts. T h e  physicians 
present expressed the opinion that a current wl-iich killed a dog 
would be fatal to a man under similar conditions. 

If these experiments were conclusive, they \rould rnean that al- 
ternating currents -vl,ould clestroy life at less than half tile voltage 
that would make continuous currents tlar~gerous. 'This is partly 
due to the fact, that when we measure alternating electro-motive 
forces by a Cardew volt~neter, such : ~ s  was used in Mr. Bro~vn 's  ex-
periments, we measure tlie mean. not the maximum, electro-rnotiire 
force ; which last is, very roughly, half again as  much. Still, as  
we  always consider the mean electro-motive force, and as  the al- 
ternating system uses a mean electro-motive force of 1,000 or 2,000 
volts, whichever it may ltappen to be, me must c11-op the clisti~~ction 
between mean and maximum, or we must carry it into our prac-
tical work. Both these experiments are contradicted by the stnte-
ments of various people that they have talten alteriiating electro-
motive forces as  high a s  1,000 volts without inconvenience. Still, 
until these statements are more definite as  to the contiitions under 
which the shoclcs were taken, we map consicier that Lfr. Brown 
has the upper hand. 

But, whatever may be  thought of hlr. Bro\vn's experiments on 
dogs, they add to the evidence pointing to the fact that an alter-
nating current of 1,000 volts electro-motive force woultl be fatal. 
Such a pressure is far above the lirnit set by h l ,  tl'Arsonva1, and 
few fair-mintletl persons wtll doubt its danger. 'This being the 
case, the cjuestion arises, Should a system using such a pressure be 
allowed for house-to-house distribution in cro\vded cities? Untler 
certain circurnstaiices, this could be safely (lone; under others it 
could not. If the wires can he taken over lieati, and if the con- 
verters may be placed on poles in front of the liouses, the low- 
pressure secondary circuit alone entering the housr, then the 
system, if properly installed, is rc.asonably safe, antl should not be 
objected to on that score. If it is necessary, on the other hand, to 
put the wires uncier ground, and to brilig them into houses to sup- 
ply converters in the cellar, say, then the systern is not safe, nor 
will it be  econo~llical ; for the trouhle and expense of keeping a 
netlvorlt of high-poiential mains in order, leaving out the danger, 
will take from the economy and popularity of the system. 'The  
rational and safe way of using the system, in a city where overheat1 
wires are not allo\vecl, is to have a numbcr of sub-stations in the 
district to be lighted, to which the high-potential mains are taken, 
ancl from which current is distributetl to the houses at  a lonr 
potential. 0' this latter plan, there is no reason that  the system 
should not I;. used in New York or anywhere else. T h e  !iigh- 
potential conductors are less dangerous than the arc-light circuits ; 
for they are tapped at  fewer places, and tlie current is not taken 
into any house at  a pressure high enough to cause cleatll. I t  is, in 
fact, the only safe methotl of alternating-currel-it distri1)ution under 
ground. W e  hope that  it \\rill be tried, and that it will succeed. 

A Wlsw ~ I ~ E C ~ ~ R ~ - D Y N A ~ ~ O ~ I ~ ~ T E R .-M. Pellat has clevisetl an 

electro-dynamometer which seerns sensitive, ancl \ \~ l~ose  constant 

may be tletermined ivitli accuracy froin measurements. I t  consists 

of two cylindrical coils of \\.ire, one within the otlier. 'The axis of 

the longer and larger one is horizontal, that of the smaller is ver- 


tical, antl the two axes intersect a t  their middle goints. If, now, a 
current be sent through the coils,- the outer one being fixed, the 
inner movable, - the axis of the latter will tend to place itself 
parallel to that of the former. T h e  smaller coil is at  one end of 
a scale-bean], antl its tendency to move is balancetl by weights 
addetl to the pan a t  the other end. The  current is calculated from 
the weight in the pan and the d i rne~~sions  of the two coils, the latter 
being in the form of a constant. T h e  current is contlucted to the 
inner coil by two silver wires joining the support \vith terminals on 
the scale-heam, to \vhici~ the entls of the coil are taken. 'The two 
most difficult measurernents that have to be made are the diameter 
of the cylindrical coils anti the distance apart of the turns of wire. 
T h e  former, hl .  X'ellat states, can be made with an  accuracy of 
part in ;,ooo; the latter, within I in 3,000; and, as  \ire.measure the 
square of the current, the last error would only appear as  I in 6,000 
in the result. I n  discussing all the sources of error, hl. Pellat 
reaches the conclusion that the results of measurements are correct 
to at  least I part in 2,000. The  currents that can be  measured a re  
not greater than .6 or .8 of an ampPre, the difficulty lying in the 
fact t l ~ a t  in getting the current to the inner coil very fine wires 
must be used it) connecting the stationary with the rnovable parts, 
otherwise the sensitiveness will be decreased. T o  allow for the 
effect of the earth's magnetism, the current is sent first in one 
tlirection, then in the otlier. T h e  difference in the weighii~gs is 
due to the magnetism of the earth. In calculating the current 
from a weighing, we have very siriiply z'= A v'$, where d is a con- 
stant calculated from the dimensions of the instrument, and $ is 
the weight in the scale-pan. 'The sensitiveness of the instrument 
allows measure~nents to he talten within I in 10,000. hl. Pellat 
proposes to use tliis instru~nent for calibrating other current-
measuring apparatus, for measuring electro-motive force (using it 
in connection with a resistance), and for determining the horizontal 
coinponent of the earth's magnetism (employing it witii a tangent 

A I , I G I ~ T - ~ \ ~ T ~ ~ I G I I I ~  Pn~ar , i nvBA'YJ'EKI-.- In France M. Renard 
has experimeilted for some time past on a navigable halloon. In 
order to obtain the poner  necessary to direct it, he has attempted 
to f i ~ ~ d  elrctric battery that is very light for its output, the clues- an 

tion of economy not entering. Kone of the primary or secondary 
l~atteries in use would answer liis purpose, and a new one hat1 to 
be inventetl. Aftei- a number of experiments, he found that the 
best results were obtained by a cell in \vhich the metals were zinc 
and platiniaed silver, \vhile the liquid \vas a mixture of hydrochloric 
and chroniic acids. The  licjuid is not very stahle, but it can be 
lcept for sever;il days if it is not exposed to light. There is no 
local action in the cell if the chromic acid in the solution does not 
fall i~eloiv one-seventieth of the equivalent for the hydrochloric acid 
lxweent. The  cells ar.e inatle tube-shaped, the diameter being 
about one-tenth of the height. T h e  potential is 1.2 volts; and 
from cells wcighing thirty-three pountls, 200 toz5owatts perseco~id 
have been taken for tn.0 hours and a half. Fo r  a storage-battery 
of the same weight, the energy could not be taken out at  a rate of 
more tiiaii 7j or loo watts, and this at  a low efficiency. 

T h e  Effect of Practice upon Reading. 

Is.~sallJc11a s  all education is in essence mind-building recluced 
to an  art, the strictly psychological study of mental phenomena 
must in the end yield results of high practical import. I t  is this 
conviction that has brought the psychologist and the eclucator into 
such close sympathy, ant1 has brought the latter to eagerly await 
the results of the former's some-\vhat specialized and technical 
stuclies. T o  no topic is this more applical~lc than to the study of 
the times taken up by various simple psychic processes, and of the 
causes influencing such times. W e  here touch upon the very 
powers that  the teacher aiills to develop, ancl, if we  can acquire a 
method of testing these powers, we  are sure to learn more of their 
real nature. A very promising contribution in this direction has 
been recently pul~lisl~etl  Stu-by Dr.  G. 0. Berger (I'hiZoso$kische 
dz'efz, v. I),  an  account of which will probably be of interest to 
American stutlents. 
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SCIENCE. 

Dr. Berger measured the time needed by the boys of the cliffer- 

ent classes of a Gerinan Gymnasium to reacl a given Latin passage. 
I t  will be remembered that the Gymnasium consists of six classes, 
or, a s  the three highest classes are each diviclecl into two, of nine 
classes ; ancl that the study of Latin is begun upon entering the 
school, ancl is continued with great zeal tin-oughout the ninr-years' 
course. The  five scholars with the highest and the five with the 
lowest stancling were chosen from each class. The average ages 
of these groups of ten scholars from the nine classes were 10.7, 
~ 2 . 0 ,  12.9, 14.2, 15.2, 16.4, 18.0, 18.6, and 21.6 years. The class 
preparatory to the Gymnasium was also tested, the average age of 
the boys being nine years. These last boys had no Latin instruc- 
tion. Each Gymnasium scholar read (I)  the first hundred words 
from Tacitus' ' Agricola' (Chapter I.), a s  well as (2) the next five 
hundred words, a s  rapitlly as possible, with some sacrifice of 
distinctness, and (3) he again read the first hundred words with 
.normal rapidity. The  average number of seconds necessary to 
read a huncirecl words by the three tests for the boys of each class 
is as follows :-

Class. vII.I 

W e  see at  once that the higher the class, the less time does it take 
lor the boys to read Latin, and that this shortening of the time is 
in conformity with the general law of practice, -a t  first rapid, and 
then slower and slower. W e  see, too, that the most decided dif- 
ference is bet~veen the boys who have hacl no Latin instruction 
and those who have just been initiated into its mysteries. The  
numbers in the second line are larger than iil the first, indicating 
the difficulty of retaining this speed for a longer time. The differ- 
ences are less as the boys are older, showing that the older boys 
have greater facility at  protracted rapid reading. A similar test 
with Goethe's ' Egmont ' (v. 2) resulted a s  follows :-

-

Class. VII. V I ,  j V. IV. 

-.- -- . 
-- .-

'I'he comparison of this table with the foregoing shows ( I )  the 
gleat clifference in time due to the familiarity and coinprehens~on of 
the vernacular; (2) that the additional effort needed to read five 
hundred German words is less than in the case of Latin ; (3) that 
the great clifference between VI. ancl VII, disappears, because all 
the boys are acquainted with Gerrilan ; and (4) that the curve of 
practice is generically the same in the two cases. A point of great 
interest, applicable to both languages, is that the difference between 
(I)  and (3) is greatest with the older boys : in other words, when 
these read normally, they read for the sense, ahd thus slowly, 
while the younger boys reacl more n~echanically. The  familiarity 
of the passage, due to its being reacl a second time, even malies (gj  
shorter than (I) .  

T o  obviate the objection that this shortening of the time is clue to 
a general quickening of the intellectual activities, ancl not to a prac- 
tice in Latin, Dr .  Eergertested the boys by measuring the times neces- 

~ 

~ 

Class. 

(2) 10 CO~OTS.... .... .. 
. -~ - -- -- - --~ 

- -~ 

sary for them to name ( I )  any one of a group of five or (2) of ten 
colors, as the above table shows this exercise, in \vhich they 

have had no special practice, while exhibiting differences clue to 
age does not at  all correspond with the former clifferences. 

The  interesting point is to determine the nature of the psychic 
process by which this quickening of the process is brought about. 
If we divide the time consumecl in reading into ( I )  the time for the 
impression to reach the retina ancl the brain, (2 )  that for recogniz- 
ing it and calling up the appropriate sound-image, and (3) that for 
setting the vocal apparatus in working order, we recognize in (2) 
the important psychic factor. Previous experiments as well as or- 
dinary observation have shown that the unit in reading is not the 
letter, but the word (adults reading a word almost as fast a s  a 
letter) ; that, furthermore, all the three processes overlap in time, 
and that the eye goes aheacl of the voice. If the words are in con- 
struction, we can take in more of them at a glance, and so  read 
faster. In  the following table the first line, taken from the table 
above, gives the time for reading a hundred Gerinan words 
forming sense ; the second line, the tirne for reading a hundred 
words not rationally connected. 

The nature of the errors in reading, likewise points to a differ-
ence in the number of words grasped at one time. The  youngest 
boys of class VII,  misread letters or syllables, such as e i t m  for 
c i tm.  Class VI ,  were more apt to mistake one word for another, 
e s t a . ~for e las .  T h e  older boys misread sentences, but not so as 
to interfere with the sense. The shortening would thus be  due to 
reading more and more words a s  wholes, and not a s  combinations 
of syllables. This can be verified thus : taking the classes by 
groups of three, the average times needed to read a hundred 
words in construction is, from the last table, 45, 31.3, 24.6 seconds; 
for disconnected words, 53, 42.3, 35.6 seconds; and the ratios of 
these pairs of numbers are 1.18, 1.35, 1.45, an increasing series. 
This means that the older boys profit more by having the words in 
construction than the younger ones. The  same can be observed in 
the difference between the rapid and the normal reading of Latin, 
a s  noted above. The  effect would be more noticeable in the case 
of L.atin, for here at  first the words are almost all mere sound-signs 
without associations with one another. 

Dr. Berger then concludes (I)  that  the effect of practice is 
greatest upon the central psychic portion of the reading process ; 
and (2) that it acts by increasing the scope of the mind, enabling it 
to take in inore complex impressions as units, and enlarging the 
number of, as well as the associative links between, the impres- 
sions. 

T H E  EFFECT OF STIRTULANTS UPON THE RE-ACTION TIME. 
-- Dr. Dehio (IVez~roZqisches Ce~jtrnlbZaLt, Feb. I 5) injected a dose 
of coffee in the form of caffeine subcutaneously, and administered 
tea containing 1.5 per cent of theine, and with the subject under 
the influence of the drug measured his re-action time, ancl the 
times necessary for simple psychic processes. H e  found that the 
simple re-action time tended to become shorter in the drugged 
than in the normal condition ; the time necessary to choose between 
several modes of re-action (choice-time) was not affected one 
way or the other ; while the time needed to find an association 
for a ~vorcl or similar process was shortened and the variations 
in the times reduced under the influence of coffee, ancl was a t  
first shortened and then lengthened under tea. This double effect 
of shortening followed by lengthening is also shown under alcohol, 
but alcol~ol affects the choice-time, while tea does not. Again : in 
the apperceptive processes the shortened times under tea last for 
some time before the lengthening sets in, while the corresponding 
period is brief with alcohol. The  general effect of alcohol is to 
excite, while tea induces fatigue. 


