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special position, or referred to surh special axes, as 
reduce the Senel a1 problem to a specially simple one. 

The speaker then drew the projectiolls of three 
conjugate diameters of a gener.~i ellipsoill upon the 
board. stating that tliis was the best metlio~l of tle-
fininq that body. He then proceeded to fincl the pro- 
jections of the envelopi~~g cylinders, arid the sli:~dow 
of the body; which lie showed coul(1 as easily be done 
for the general ellipsoi(l, in a perfectly genera[ posi- 
tion, a4 for ap~cia l  cases. I n  fact, it appeared that 
problems on tlii9 body gained nothing in simplic~ty 
by special methods and devices mliicli detract from 
the generality of tlie treatment. 

L i s t  of o t h e r  papers .  
The following additional papers were read in this 

section, some of them by title only : Tidal observa- 
tions on soundings distant from shore, by J. 111. 
Batchelder. Investigation of light variatior~s of 
Sawyer's variable, by S. C. Clta~tdler. Standard time- 
pnll~ter an11 a time longitude dial; Syhtem of alge- 
braic geometry, by Satlbuel Emerson. The calculus of 
direction and position, by E. W. Hyde. Ob3ervatio11s 
on the transit of Venus made a t  Columbia cc~llege; 
Description of the new observatory at  Columbia 
college, by J. E. Rees. The light variations of T. 
l\lonocrrotis, by E. F. Sato!/er. ,\lethod of ob3erving 
eclipses of Jupiter's satellites, by D. P. Todfl. 
Conic sections in descriptive geometry, by J. B. 
IP-ebl). Descriptive geometry applied to tlie general 
ellipsoid, by C. ,)I. LYoodtonrd. Some observations 
OII Uranus, by C. A. Young. 

PROCEEDINGS O F  SECTION B. -PHYSICS. 


PAPERS READ BEFORE SECTION B. 

i Conti?~ued.] 

The  t o r n a d o  at Racine, M a y  18, 1883. 

B Y  P. R. HOY O F  RACISE, WIS. 

A CURIOUS mistalie preceded the reading of this 
paper. There was eome confusion between the ab- 
stracts of this and another paper on a tornado, which 
wrre stibtuitted to the sectional committee; arid the 
other paper was entered on the daily programme, but 
was withdrawn. 

blr. Hoy's paper began by stating that the early 
Part of tlie day was pleasant, but about 6.43 in the 
evening two clouds of ominous appearance joined, 
from opposite quarters of the heavens, and at  once 
the cyclone begnn. I t s  general direction was to the 
north of east. There was no rain a t  Racine with the 
storm, but there was noticed a very strong odor of 
ozone while the cyclone was a t  its height. A t  the 
Start it was barely two rods wide, but when it reached 
Racine it had expanded to twenty rods. I t s  motion 
Was rotary and oscillatory, and all dibris was thrown 
to the centre of the track. When the cyclone crossed 
the lake i t  formed huge waterspouts, one central, and 
Wren to eight accessory, whirling about the main 
trunk. 

Prof. H. A. Rowland proceeded to discuss the paper 
follows: Most observers of tornadoes just perceive 

that there is a whirling motion of the air, and i t  
knocks down objects, and that is the principal thing 
they see. But  that is very ordinary observation. Of 
course, a column of air in such swift rotation will 
tear houses down, spurt water up, and do every thing 
of that sort. The particular point which I observed 
in this paper was the description of the formation of 
the tornado. The phenomenon which is to be ex- 
plained is the formation of the tornado, and very 
few have observed this. This description was very 
short; merely, that, over in the west or south-west, the 
clouds formed. Of course, to an  observer from the 
west, one would appear north, and the other south. 

The point I wish to bring out is, that  there n a s  
lichtning paspiup between the two clol~ds. 111 Mr. 
Finley's description of six hondred tornadoes, I do 
not see 'any similar account. Xany observers have 
seen lightning play around these clouds, but not pass- 
ing between the two clouds. Mr. Finley applied to nle 
to know whether there was any thing in the electrical 
theory of a tornado. Of course, any theory of the 
destruction being caused by electricity, houses being 
attracted, etc., -all that  ismere nonsense. TFe know 
that the attraction of electricity is only a mere frac- 
tion of ari ounce to the square inch. Before the 
force becomes st~fficient to raise a great weight, a 
spark passes, and adischarge of electricity takesplace. 
But in tliis case (these two clouds passing froin north 
to south, and boiling up, having flashes of lightnillg 
playing round them), I thought there might be some- 
thing in the electrical theory, as far as formation 
was concerned; and I calculated for the signal-service 
and Xr. Finley wliat amount of energy there was in 
two clouds approaching each other in this way. The 
rotation of the earth will cause them to come together, 
not in a straight line, but a little aside from each 
other, forming a spiral motion. The direction of the 
rotation of the tornado is a necessary consequence of 
the earth's rotation: so that i t  might be possible to 
have these electrified cloutls approacli each other by 
mutual attraction, and form a tornado a t  the point 
where they meet. I calculated the energy, and found 
there was sufficient for a rather small torl~ado in the 
case I took. I mould not be willing to say that is 
the theory of all tornadoes. I say that i t  is only 
possible. There is a great deal more energy in a mass 
of air heated up  to a considerable temperaturc and 
rising, by force of gravitation, -a  great many times 
more. If i t  were not for the electrical phenomena 
observed in the case, I should say there was very little 
probability of the electrical theory. I believe Mr. 
Finley will direct the signal-service observers to 
watch the direction of the wind. If it flows in from 
all directions a t  the point here the tornado is formed, 
we should determine i t  to be due to tlie rise of hot air  
a t  that point. When the ground .is very hot and the 
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air very sultry, we havc two causes; and it is only by 
observatio~l that we can find out its true manner. I 
do not lay very much stress up011 the electrical theory. 
But i t  is an interesting point, to me, to notice that 
flashes of lightning liave been observed between these 
two clouds, sliowing that they were differently elec- 
trified, and that t l~ere  was some plausibility for the 
theory which I sent to the signal-service. 

Prof. E.E. Nipher continued this discussion the 
next day, as follows: One matter connected with the 
effects of this tornado contailled a point, it seems to 
me, of sufficient iiiterest to call the attention of ob- 
servers to the matter, in case any one should have 
a n  opportunity to observe tlie effect of a tornado 
upon water. Xr .  Ferrel, I think, i n  his description 
of a tornado, states that we liave a rising of the water, 
f o r m i ~ ~ ga sort of cone in the centre of the tornado; 
the effect being, of course, ascribed to the din~inution 
of pressure which is known to be tliere. I n  the 
cyclone proper, where we 11ave a large area, x e  have 
a storm-wave as the  prirlcipal element in the case, 
and there is an  upheaval of the water in the area of 
low pressure. I n  the tornado it Eeems to me very 
questionable mlietl~er that occurs. I base that upon 
this observation: A smaller wind-wliirl which was 
obzerved hy myself in nortllern 3Ils*ouri, wh\ch was 
rather violelit though not destruc.tive, -a column of 
dust several hundred feet high hying raised,-passed 
out qpon a pond of water five or s i s  feet deep, and a 
deprrssioti was formed in t l ~ e  water, e s t e l id i~~g  to the 
bottom of the pond, -an immense cup. The water 
was revolving rapidly; and it was thrown into rota- 
tion with a centrifugal effect, -the same effect as 
when a vessel is  whirled. I t  seems to me that this 
is  an element which has not been considered as i t  

. should be. If tlie whirl is s~nall, and you liave not 
only a diminution of pressure in the centre, but of the 
whole body of the water, the friction produciug a 
rotation of the water, if the result is sufficier~tly 
small you might get a depression instead of an  ele- 
vation. I call attention to this, so that  those who 
may be fortunate enough to see a tornado on the 
water may not take i t  for granted that i t  is all 
known. 

As to the  remarks of Professor Rowland in  regard 
to the possible electrical origin of a tornado, I know 
that  he was very careful to say that he did 11ot think 
any of the destructive effects could be ascribed to the 
action of electricity. I gathered the idea that he  
thougtlt a tornado migllt originate in that way, -that 
two electritietl clouds will attract each other, and come 
together; and he calcu1:rtes the energy of the attrac- 
tion which bodies can have for each other in air. It 
seems to  me that the simple observation that was 
matte by Nr.  Hog, together with another fact wl~ich 
we know, -that wl~eri the discharge passes between 
electrified bodies they are almost wholly discharged, -
would show that  when that happens the cause for 
that motion has disappeared. When these two clouds 
approach, a spark passes, and the whole thing is 
gone. SO long as there is no spark passing, we know 
'very well that the attraction is very much less than 
the  maxi~nurn attraction of +"%of an ounce on the 

square inch. I think, perhaps, that is a matter Pro- 
fessor Rowland did not consider. I t  does not seem 
to me a t  all likely that any such origin can be as- 
cribed to tlie tornado. When i t  is developed, you 
may have a rarefied column which niay be very highly 
rarefied, connecting the earth with the upper regions, 
which is precisely the reason that the lightning which 
was observed in tlie case of the Racine tornado was 
not accompanied by thunder. 

Prof. J. T. Lovewell said it occurred to him, from 
his observation, that a good deal of care is necessary 
in order that the observer !nay know exactly what 
he sees. I t  was my fortune, said he, to witness a 
small whirl a t  a distance of three or four miles. I 
saw the furu~el-shaped cloud descend toward tlie 
earth, and i t  looked to me as though there were a 
column of water. Many people who saw i t  spoke of 
it as a waterspout. I t  might have been water, for 
aught that we could ha re  said fl om our point of sight. 
I immediately drove to the spot, and it appeared that 
not a drop of rain had fallen iri that  track. The 
whirl had been sufficient to overturn a few stacks of 
grain and hay, and a man was thrown about with his 
team in the road. I think, if i t  had struck a body of 
water, I should be slow to believe that i t  lifted any 
solid column of r a t e r  into the air one hundred feet. 
I t  would liave made a grand scattering of the water, 
and a great deal of i t  would have been thrown up 
into the air. I believe that a good deal of that which 
is commo~~ly  ascribed to columns of water rising up, 
and pouring down the sides in cataracts, is optical 
illusion. I should be slow to take the testimony of a 
person seeing them, unless he had his mind disabused 
of the common notions about these waterspouts. So 
far as their electrical origin is concerned, I quite 
agree with P~.ofessor Nipher that i t  is not by any 
means proven that electricity has any thing to do 
with them, except that i t  is a necessary adjunct, of 
course, to all such disturbances. 

A method for the calibration of a 
galvanometer .  

BY B. F. TIIO&lhS O F  COLUMBIA, MO. 

A BATTERY of any sort is joined in circuit with 
a sensitive galvanoscope 8,a galvanometer G ,  and 
any variable resistauce R. When the circuit is closed 
a t  E,the current is so adjusted by varying R, as to 
give the highest desirable deflection of the galvanom- 
eter needle. The needle of Z i  will be forced against 
the stops. By means of magnets m and m, the needle 
of H is brought back to zero. If these magnets and 
the galvanoscope be undisturbed, the original current 
strellgth will be indicated when the needle stands a t  
zero, whatever changes may have been made it1 the 
circuit. If  now the s h u ~ i t  S be connected a t  1, 2, 
and the resistance of the shunt is made equal to that 
of the galvanometer (positively determined), and the 
needle of H brought back to zero (by increasing R, 
as insertion of the shunts lowen the total resistance 
of the circuit, and therefore increases the current 
strength, deflecting H),a new deflection of the gal- 
vanometer needle will be produced, .the deflection 
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being that due to  a cmrent of one-half the strength 
of tlre original current. By giving to S values equal 
to CD, 3, 2, 1, 4,4, ',etc., tirrles the resistande of G, 
and bringing the neetlle of 13 to zero each time, 
deflection of G will result, due to currents whose 
s t r e ~ ~ g t l ~ s  The curve is are as l32, '!;, $~, :, +,:, etc. 
then lotted with deflections and cllrrent st~,c~rgtlrs as 
co-ordinates. Any desired nunlber of points in the 

cllr.ve inay l ~ e  obtainecl by giving 9 the proper values. 
Tire calibmtio~l may be checlced by malting a new 
acljnstn~entfor the ~inited current, so that the cleriec- 
tionof (> sllall be about two-t11ird.l the first deflection, 
ancl proceeding as above. Plottir~g the new values 
ohtainecl, the curves will coincide if the work is 
correct. If it be follncl desirable, the battery may be 
esclianged for another during the deterlni~~atiun. 

The utilization of the sun's rays for warnling 
and velltilatiilg apartments. 

BY E. S. JIORSE OF SALEII, Ihl.iSS. 

Mr. ~!I~I<SI<drew attention to this (levice a year 
ago, hefore the Sational academy of sciences. At 
that time 11e was able to offer only crutle eornpnta- 
tiuns as to t l ~ e  operations of the heater, derived from 
its use at  the museurn of Salerrl, Mass. 

'She device cor~sists rrlainly of a slaty snrface 
painted blaclc, s t n n d i ~ ~ g  vert.ic;tlly upon a wall, out- 
side the building, with flues to condnct m:trmecl air 
to the inside. The slates are inserted in a groove, 
1r1~1c1ras orle migl~t  place glass in a fl,a~ne. One 
inade wiihin the last year mas three feet wide and 
eight long. I t  was placed where it, received the surl's 
ra.ys as directly as practicable. I ts  service was to 
~v;trma room used for a library. 1)uring an entire 
winter the room was thus ruacle cornfortable, except 
or1 a few of the coiclesC days. The current of air 
passing throng11 it, when the snn's rays impinged 
clirectiy upon it, was raised about 30°; it discharged 
3.208 feet of warriled air i n  an l~our .  'I'his was in 
the rnor~~ing.  A t  11.46 the air of the apartment was 
raised 'LO0, wit113,326 cubic feet of air discllarged; at  
12.43, 2g0 and 4,110 feet; at  1.5.5, 24O and 3:002 feet; 
at  2.45, 2U0 a ~ r d  1,10!J feet. The room ineasured 
2 0 x  14, wtrd was ten feet high. 

The apparhtus works to nrost advantage in a room 
that is r e r~~ i l a t ed  by an open cllinlney. But sonre 
very good results have been obtained in closccl roonls. 

One mas cited, where the air in a public building 
was raised by such nleans t,o nearly 40° above the 
outsicle tetnperitturc. In general, a difference of 
30° t,o 3s0 can thus be secured during four or five 
working hours of the day. 

Professor &Iendenhall stated that lie had seen the 
worlcing of the appal,atus, and it proved very satis- 
factory. Professor Rogers gave similar tes  ti~rrony. 

New form of selenium cell, with some remark- 
able electrical discoveries made by its use. 

BY C. E. PRITTS.O F  NEW YORIC. 

PROFEF~~OIL~J~:XI)I~NIIAI,I .stated that  in the ab- 
sence of the author he  was able to give only a brief 
sumnlary of the paper. I n  the ordinary method of 
malting seleniuin cell$, they are constructed of a great 
nlarly portions put side by side; the resistances are 
~lecessarily very high in these cells, and the light 
is allo~ved to strilre in tlre direction of a right angle 
to the direction of the passage of the curre~lt .  Mr. 
Fritts seerns to have devised a different rrlorle of 
operating these cells by using a very large surface, 
and in t,l~;tt way has succeeded in dinlii~ishing the  
resistance very greatly, wl~ich is very desirable. I-Ie 
has resistance as lo\'i. as r~iire or ten ohms in tIre darli. 
The radici~l point of difference is, that in this case the 
light is allo\v?cl to strike upon tlle cell in the same 
direction as the current. He states that he has dis- 
covered nlarly re~narlrable properties by inearls of his 
ii~vestigationsrvitl~ the instrun~ent.  Whelk a cell of 
this ltintl breaks dowrl, it can easily be rernedied and 
repwiretl: in fact, there is 110 danger or difficulty of 
their breaking clown permaner~tly. 

A method of determining the centre of gravity 
of a mass. 

A BAR, L L, is bala~lcecl on a Icnife-cdge, F, so as to 
form a vtxry sensit i~ e balance. The body, I ] ,  of mass, 
Jf, is plnccd with a t~~arlierl point in contact n ~ i t l ~  a 
fine point, tl; and another body of mass, IV, is placed 

a t  A, so ns to nearly balance B. A sinall body of 
I I I ~ S S ,p ,  is placed at  S, to coinplete equilibrium. H 
is tlien rotated 180° horizontally, bringil~g its marked 
spot in cor~tact wit11 a aerontl fixed point, E. Eclui-
l i h ~ , i ~ ~ r i l  The equations is restored by placing 11 at R. 
of tnornents in the t ~ v o  positions are, respectively, -

1V X A F f  p X S F =  X ( F d  + tic); 
(c being centre of gravity) ; and 

TV X A F  + g X IZF = ill ( F e- dc); (ec = dc). 
Snbtracting the first equation from the second, -

p x IZS = ilf ( J e  - 2 cd);  

... cd = de - p X B S .  
2 2 211 ' 

cd is therefore the distance fro111 the marked spot 
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to a vertical plane containing the centre of gravity. 
Taking a second marked spot in the plane thus 
found, the operation is repeated, with the plane 
horizontal. This gives a second plane through the 
centre of gravity. A third operation, with the inter­
section of the two planes in the line de, locates the 
centre of gravity. 

The kinet ic theory of the specific heat of 
sol ids . 

BY II. T. EDDY OF CINCINNATI, OHIO. 

T H I S paper was hased upon the well-known views 
of its author respecting the use to be made of the 
different degrees of freedom of motion among the 
atoms of solid bodies, in deducing a theory that will 
explain their diverse powers of conducting heat, and 
of transmitting or causing the transmission of radi­
ant energy. The theory is based upon the concep­
tion that all bodies are constituted of equal ultimate 
atoms, whose combination, in different degrees of 
freedom, in different molecules, gives rise to the char­
acteristic differences of elementary substances. This 
paper shows that the same hypothesis would cause 
solids, which are kept in equilibrium by radiation, to 
be also in thermal equilibrium when brought into 
contact; the equilibrium depending upon collisions 
of the molecules. 

A kinetic theory of melting and boiling. 
BY H. T. EDDY OF CINCINNATI, OHIO. 

I N a solid in which the molecules are evidently 
held at nearly fixed mean distances by cohesive and 
elastic forces, there are two kinds of partially con­
strained freedom of motion possible for each mole­
cule as a whole: first, a motion of its centre in a 
small orbit of more or less irregular shape about a 
mean position; and, second, a more or less irregular 
pendular motion of oscillation about a mean direc­
tional position. Both of these motions can be treated 
as vibratory motions; and the laws of force under 
which the motions occur, though somewhat unlike, 
have a general resemblance. 

T w o forms of apparatus for Boyle's law. 
BY B. F . THOMAS OF COLUMBIA, MO. 

T H E S E pieces are intended to enable one to adjust 
with accuracy and ease the mass of air to be experi­
mented upon. 

V is an iron cistern into which the open or pressure 
tube O, the closed tube (7, and the reversible air-
syringe S are screwed air-tight, and the cistern nearly 
filled with mercury. The syringe being connected 
for exhausting, and operated, air is withdrawn from 
C, until the mercury sinks to the bottom of the open 
tube, when air escapes from it, and rises through the 
mercury. No more air can be withdrawn from G. 
The mass of air remaining in (7 will evidently depend 
on the difference in depth of immersion of G and O. 
Let d = this difference, and let it be required to find 
such a value of d as will permit just enough air to 
remain in G to fill it from the zero of the scale, 

when at atmospheric pressure II. Let L = length of 
G from top to zero, and let I' = the length from zero 
to the open end of (7. If now the mass of air which 
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will fill the length I at II be expanded to fill the length 
I', the pressure II' at the bottom of C by Boyle's law is 

The dif-
0 is that 

•H-d. 

Equating, II — d = 

The pressure at the open end of 0 — II. 
ference in pressure at the ends of G and 
due to a column (d) of mercury. Hence H' 

III . _ H J^ 
i + r "d~i + v 

On reversing the syringe, and forcing air in, the 
mercury will be found to rise and stand at zero in 
both tubes together. The demonstration is continued 
by forcing in more air. 

A second form consists of two glass tubes con­
nected by a strong rubber tube, and mounted on a 

stand with scales. The closed 
tube G is sealed into the screw-
cover of an iron cistern D. 
Mercury being poured in, it will 
expel the air in D, and rise in 
an open screw-hole S in the 
cover. The hole being sealed 
by insertion of the screw, and 
O lowered, the air in C ex­
pands, filling (7 and Z). On rais­
ing 0, the mercury rises, and 
cuts off communication between 
C and D, preventing the return 
of some of the air. By making 

D of proper volume, the desired mass of air will 
remain in C. Let the volume of G above the zero = 
V. Let the entire volume of C ~ V, and the volume 
of D above the open end of C— V". Following the 
above steps it will be seen that a volume V at H be­
comes a volume V + V" at II'; also that a volume 
V at H becomes a volume V at H\ Hence the 
proportions V : V : : V : V + V", .*. V" ~ 

V' 
(V' — V)~yr- The use of the rubber tube is not 

n e w : the method of adjusting the air-mass is be-
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lieved to be. This form is convenient because it 
answers for demonstrating the law a t  pressures above 
and below one atmospllere. Of coarse, for the latter, 
the air in D must be removed through S as at  first. 

N a t u r a l  snow-ba l l s  o r  snow-rollers.  

B Y  SAllfUEL IIART OF IrAR'rFORI), COITX. 

The autlior ca.refnlly described the productioli and 
appearance of sriolv-balls or snow-rollers, tlle result 
of natural citiises, of which a fine exaniplc v a s  pre- 
sented in Conllecticut and southern Illassacl~nsetts 
last February. Snow had falleii, and liacl been cov- 
ered with afl,ozen surface by a light snbse(~ueat rain. 
Upon this surface fresh srioxv fell, arid this ur~clcr the 
influence of wind v a s  colleclecl iri masses of dirfering 
shapes. Some xvere spherical, from one to nine inches 
i n  diameter; most mere rollers shaped lilie m~iffs, 
cylindrical, with a conical depressioii at each end 
reaching nearly to the ~niildle. The lz~rgesl, observed 
by the author xvas 18 inches long, and 12 illclles in 
diameter; but some wore reportetl rriucll larger. Tlie 
path of formation showed that the roller had siartccl 
with a small pellet, and, gaining bol.11 in lcllgth ancl 
diameter, 11ad rolled up.  n long isosceles triangle of 
snow from its vertex. Tlicse patlis were observed 
of a length of 25 to 30 feet, atid others Iverc: reported 
as of 60 feet. Tile paths of the ro~uid  balls were of 
nearly the same ~vidth  throngliont. Ir'one of these 
masses could he lifted without breakage. Such rollers 
were seen over an arra of 40 nliles in leiigtli: the 
author believed tliat they niust liave been niillions in 
number. 

R e m a r k s  o n  t h e  t rac ings  of self-registering in- 
s t rumen t s ,  a n d  t h e  va lue  of t h e  signal-service 
indica t ions  f o r  I o w a ,  i n  J u n e  a n d  Ju ly ,  1883. 

BY OUSTAVUS IIINCICIIS 0 1 7  IO\T*A CITY, 10. 

This paper was mainly a setere criticis111 on the 
~vorlc of thc signal-seivice bnrean. Tlie author 
claimed that tlie predictions of Ilie weather for Iowa 
in June  hacl been quite untrust~vorthy, only 50 per 
cent proving correct. His views as to the value of 
this service were vigorously coinhated in a discussion 
which followed the reading of his paper. 

A n e w  heliostat .  

B Y  B. I?. T I I O X A S  O F  COLU1\IBIB, MO. 

The instrument is intended to throw the reflected 
ray horizontally in the meridian. 

A polar axis A C, driven by cloclc~vo~~l;, is provided 
with a declination-arm $F, ~vitl i  arc, pivoted at  C, 
and pivoted to tlie longer axis of the nlirror at  15 and 
F. A ' horizontal axis ' U G IT, with the shaft por- 
tion B supported (by proper hearings in the sttlnclard 
not represented) in tlie sarne vertical plane ~vil l l  the 
polar axis, is pivoted to t,he mirror in its shorter axis 
at  G and H, the points I< C E" G I1 being always in 
one plane, ancl G and 11 so acljusted that a line 
through them will pass through C perpendicular to 
E C I;". Xoreover, tlie axis of the shaft portion 13, 
extended, is perpendicular to and bisects G C'TI at 

C. I n  orcler that the reflected ray be thrown hori- 
zontally in tlie meridian by our mirror, two condi- 
tions rnust be met: viz., lo.The longer axis of the 
mirror must nialie and iiiaintain the proper angle be- 
tween itself and a line froin C to the sun; or, what is 

the sarne thing, tllc angle 14 C I3 must equal latitude 
plus one-half the sun's altitude a t  noon. 20. The 
shorter axis must move in a vertical plane, pelpen- 
dicular to the meridian; or, in otlier ~vords, the prime 
vertical. Tlleie conditions are rigidly met by the 
above cornbination. 

T h e  s t a t i c  te lephone.  
UY P R O F ,  A. E. DO1,BEAIt  O F  COL1,EGE IXILI,, MASS. 

INthe static telephone, a ring of hard rubber is 
nsed, within ~vhich are t~voparallel metal-plates sepa- 
rated by a body of air (a non-conductor), one plate 
connected with tlie line carrying the current. Tlie 
elect~ifying of one plate theri causes attraction or 
repnlsion of the free plate, and thus a souiid in tlie 
receiver. This doe.; away witli ~nagiietism. This 
system therefore requires a very large electro-motive 
pov cr, and uses an induction coil of 2,000 ohms. A 
grotlnd or return circuit is not present here. The 
equivalent is the bocly itself. There is no passage of 
electiicity frorn plate to plate: tlie action is purely 
itiductive through space. The insulation is accom- 
plished by tlie interxenirig air-spacc, and by a coating 
of varnish, -an excellent di-electric. There is ;L de-
vice to discharge the incluction plate in connection 
with this instrument, wliich lreeps it constantly up to 
its full possibilities. When this ins t iu~nent  is fully 
cllargecl, and the electrical conditions are perfect, the 
receiver inay be entirely disconnected from tlie trans- 
inittrr, and sounds and conversation can still be heard, 
even across a room. 

I Ie  also called attention to the fact, that instru- 
ments that have beell in use worlc m ~ ~ c h  better than 
new ones, as each plate acts as a condenser. 

I n  the-discussion vhich followecl, Dr. Dolbear was 
asked if the state of the atmosphere, in any way, 
affects tlie operation of tlie instrument. I have used 
these i~istruments, said he, on an  actual line between 
Boslori ancl New Yorli, in a night when it rained over 
the whole length of the line, and tlie whole line was 
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as badly insulated as it well corrld be. I have also 
used it on the same line under the most favorable 
conditions for insnlatron, and could not really per- 
ceive much difference. I t  seemed to be as loud a t  
one time as a t  another. 

Pres. 11.A. BOWT,ANII.-Of course this is on a n  
entirely drffe~ent pr inciple from ortr tcleplione. What 
interested lrrc considerably was the fact, that  one 
could hear better wlren the plates were cl~arged. 
The evplanation theoretically is very sirnple, and it 
is the same as t h ~ t  the Tllornpson electrometer 1s 
Inore sensitive when tlle jar is charqed tlran when i t  
is rrot charged; the reason being, that tlre attraction 
is proport~olrate to the square of thr  (1iiferenr.e of 
the pote~ltials, rathi11 tlran the simple difference of the 
potentrals. Tlrercfore a srnall tliifcrerlce in the quan- 
tity, when i t  1s large, p1oducc.s a greater ellect than 
when it is snlall. So the explanation is exactly the 
same as that  the Tlrornpson electrorneter is ]nore 
sensitive when you have the jar charged than when 
you do not. So, the higbcr the charge one woultl get, 
the more serisitive the lnstrrrrnent woultl be. I was 
especially interested in it, because it was on srrch an  
entirely diflerent principle f ~ o r n  the Ikll  instrument. 
I don't wish to say any tlring about patent laws or 
decisions on this subject, for they have nothing to do 
with this; but, scientifically, this is a n  ent i~ely  differ-
ent instrument frorrr the Hell instrrrment, and I am 
especially interested on that  acconrit. 

Prof. T. C. &II~,XII~IV~LAI,L.-I profess not to have 
quite understood the statement made by Plofessor 
Dolbear. I should like to hear your o n n  (tlre presi- 
(lent's) opinion with reqard to that  charge which 
rcrnairls in spitc of tll? fact that  the two poles of the 
contlerlser are connccteti by contiuctors. I may have 
mrs~rnderstootl the statement; bnt if that  is corrcct, I 
shoultl lrlte to know ~ l h e t h e r  that can be cxplaineti 
or not. 

President RowT,AND. --Well, I suppose ~ + c  all know 
how retentive an  electroscope is of a charge. I snp-
posc the itfca is vcry sinnlar in this casc. I (lo not 
srrppose the plates havc a tlifferencc of potential. If 
you shonltl leave thctn for a momcnt, I shorrld suppose 
tlrcy woaltl soon have a liltlc leturn cllarqe. If t l ~ c  
two plates of thc contlcnscr were together, tlrcy would 
have thcx samc potential. I uncle1 stootl i t  as merely 
a rcturn cha~ge. I do not lrnow how rrofessor Dol- 
bear tultlcrstantls it. 

Proic.ssur I)OLJ:I? AIL. -The instrument itself is a 
[nost dclicatc clectronreter when tested rn this way; 
and whcn it is charged and really in gootl worhirlg 
order, tllc qentlcst tap upon the instrument scrvcs to 
show that it is in gootl working order, for one can 
apply thc instrrnrrcnt to his ear and Elcar himself tdlt. 
This is tlrc casc, even when the two plates of tlrc corr- 
denser are conncctctf with cacll otlrrr through tlie 
in(1uction coil; antl so, althorrqll they rnay lravc been 
tlicrc for hours, or cvcrr for (lays, - tlrc drffci%ncc be- 
twcerl an  instru~rler~t that  lias not been used and orlc 
that, has been charged is vcry appreciable 

President ROWLAND. -I suppose in lhat  case it 
worlld be sirnply from the cliargcx of the varnished 
surface ? 

Professor DOI,BJ;AR. -Yes: I think they retain 
their charge for a much longer time if the srrrface is 
varnished. I do think there is a diflerence between 
tlre behavior of this ancl tlre charged cable. If a 
cable he charged for half an  hour by battery, it will 
require half ail hour to run ant again, hrrt i t  will be 
a t  that time quite discharged. But  that is not the 
case with this instrr~ment. 

President Itowr,Awn. -I sllorrld suppose i t  was the 
charge in tlre varnished surface. 

l'rof. \V. A. ANTIIONY.-Profes9or Dolbear did 
not say any thing about one advantage that this tele- 
phone has over the other, that strnclr me when I reat1 
the descriptions of it earlier, -that, in consequence 
of using this electricity a t  such a Irigh potential, the 
ordinary tclrgrapll-lines or other instnlrnents woulil 
have very little effect upon i t :  tirerefore the tele-
phone is very free from indaction. 

Professor I ~ O ~ ~ I ~ E A R .-My experience has beer1 in 
accordance with that  theory. Electro-rnotive force 
from induction from telegraph-lines is ordinarily 
tolerably srnall, altllough there may be a t  times con- 
siderable stxength of current. .But, i.he electro-motive 
force being so strong in my c i r c~~ i t ,  it follows that  tile 
action of such indrrcetl currents is very slight, and 
tloes not interfere with worlr. 

Prof. C. A. YOUNG.--I would like to inquire 
whether yo11 have tried any experin~ents in patting 
the end of tlre wire to the ear to illustrate the sensi- 
tiveness of the ear ? 

Professor L)oI.EEAR. -Yes: I havc heartl simply 
by prrtting tlre end ol  a n  insrrlated wire to my ear, 
anti listening. I consider the instrument as sin'rply 
tlrc erllargctl tcrminal of a wire, anti that  you are 
actually li~tcnirlg a t  the entl of a wire. 

Mr. IC. GILAY.-I have made a gooti many cxpcri- 
ments in another line, which I may statc briefly, 
wllichmay throw somc light upon this, and yet I tE~inlr 
it is very wcll untlcrstootl. Porr renkcmber, some 
of yotr, rcatlirrg of snch cxpcrirtrents made in 1874, 
relating to the rcprotlucing of music on a plate by 
sirnply rapping with the finger or with somc animal 
tissue. Now, I niatlc this cxpel.irncnt, which seems 
to prove to my rnind tha t  the operation is as Profcs- 
sor Dolbear has explaiireti it. I set my revolving 
tlisc, which was a simple tlisc of zinc, revolving a t  
steady rate, giving i t  a prcssrrrc with the' fingers. 
Then I llad fifty cells of battery set up, as muclr 
as I corrltl bear, passing through them, and had 
somc one close the circuit with a Morse Iccy. At  tile 
same time tlrc key was Closeti, nly finger worrltl be 
jcrBctl forwartl in thc direction of the rotation of the 
disc; ant1 it would remain in that forward contiition, 
showirlg an increasc of friction, uiltil the Icoy wo~rld 
be openeti, and then if, wonlti tlrop back; showing 
that  from some calls(: there was an  increasc of friction, 
cithcr clue to molecrrlar tiisturbance, or, wliat is prob- 
ably the case, to attraction bctwcerl the finger and 
tllc plate. I t  is necessary, to protloce this experi-
ment, that tlic cuticle be perfcct,ly dry. You must 
rub it a long time, and have il perfectly polishctl ; allti 
thon the cubicle becomes a cfielcctric, a.ntl tho body is 
chargeti with one kind of electricity, and the wirc or 



the plate with another. Later I got some fairly good 
results in articulation by using a small diaphragm 
with all the conditions as nearly right as possible; 
and, having a current of sufficient electro-motive 
force, I could actually understand words produced on 
the end of my finger. 

President ROWLAND.-What is the difference be- 
tween that and Edison's motorphone ? 

Nr. GRAY.- In  Edison's motorphone, when the 
current was thrown on, there was a decrease of fric- 
tion; there was chemical action taking' place on the 
surface. In this case there is none, and there is an 
increase of friction when the current is on: perhaps 
'current' is a bad word to nse. 

President ROWLAND.-The principle is the same. 
Mr. GRAY.- One is a chemical action, which causes 

the friction to be less at the monlent of charge. In  
this case, however, this is purely static contact, and 
increases the friction in the same manner that the 
plates are thrown together when they are charged 
in this telephone. And the motion, of course, or 
sound, is produced by a letting-go of the finger from 
the plate, and not by actual vibration, in the same 

sense that it talres p1a;ce between the two plates in 
this receiver of Professor Dolbear. 

President BOWLAND.-You attribute it  to attrac- 
tion? 

Mr. GRAY.-Yes : my experiments seem to prove 
that; I presume, because there was adhesion, there 
was an increase of friction during the time of the 
charge and the letting-go, when the circuit was open. 
There was really no circuit except when the charge 
was taken off. 

Sec. I?. E. NIPHER. -111regard to the case of 
which Professor Dolbear spoke, when it  might be 
supposed that electriciQ does actually pass from the 
line into the ground, it seems to me that that fact, so 
far as it did exist, would be prejudicial to the action of 
the instruments; that what we want to bring about 
is not a current, but as great a difference of potential 
as possible, between the plates. 

List of other papers. 
The following additional paper was read in this 

section: -An extension of the theorem af the virial 
to rotary oscillation, by H. 1'. Eddy. 

PROCEEDINGS OF SECTION C. -CEIEMISTRY. 

Report of the committee on indexing the 
literature of chemical elements. 

THE undersigned, a committee appointed at the 
Montreal meeting of the American association for 
the advancement of science, "to devise and inau- 
gurate a plan for the proper indexing of the litera- 
ture of the chemical eleulellts," respectfully submit 
the following report. 

The members have conferred with each other orally 
and by correspondence. Several plans have been 
saggested, and their merits discussed. Three meth- 
ods of collecting inaterial for the indexes may be 
named :-

10, Revising the Catalogue of scientific papers 
published by the Royal Society (5  vols. 4to). 

2 O ,  lndexing special journals by different individ- 
uals, and collating the matter. 

30. The independent plan, whereby each chemist 
indexes all the journals available to him with refer- 
ence to a given element, in which he is presumably 
especially interested. 

Each of thesc schemes is open to objections, and 
has its difficulties. The first would necessitate an 
enormous amount of clerical labor, for which volun- 
teers would scarcely be secured; besides, data previ- 
ous to 1800 could not be obtained from this catalogue. 

The second iilvolves, also, securing a large num- 
ber of self-sacrificing volun$eers ; and both plans 
would require a vast amount of editorial worlr on the 
part of this committee. 

The third plan seenzs, to a majority of the commit- 
tee, the only feasible one at present. On the inde- 
pendent plan, seven indexes have already been com- 
piled. The best arrangement of material has also 

been considered; and here again a threefold prob- 
lem occurs :-

1. Chronologically. 
2. Alphabetically, by authors. 
3. Topically. 

The committee do not venture to dictate to inde- 
pendent worliers, but recommend the chronological 
arrangement, with the understanding that a topical 
index accompany each monograph. 

The best channel of publication has also been con- 
sidered by the committee. All the indexes hitherto 
published have been printed in the annals of the 
New-York academy of sciences; and the academy 
has generously offered, through its officers, to con-
tinue its good work. The Smithsonian institution 
further agrees to distribute, free of expense, all 
circulars and documents in furtherance of this un- 
dertaking; an offer which is of greatest importance, 
and for which this committee expresses sincere 
tllanks. 

Since the appointment of the committee, Mr. 
Webb's index to the literature of electrolysis has 
been published in the anrials of the New-Yorl~ 
academy of sciences; and several chemists have 
expressed it willingness to co-operate in the proposed 
undertalring. Prof. R. B. Warder of Cincinnati has 
proniised an index to the literature of the velocity 
of chemical reactions; and Dr. Henry Leffmann of 
Philadelphia proposes to index the important element 
arsenic. 

Your committee present to the association this 
brief report of progress, and respectfully desire to 
be contirlued. 

H. C. BOLTON, Clhnirrna?~;IRAREMSEN;F. W. 
CLARKE;A. R. LEEDS; A. A. JULIEN. 


