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A REACTION PROPELLER. 

ON the 16th of December, 1886, a fearful accident 
stirred up the population of Asnieres and its surround­
ings. The motor of a whale boat exploded on the 
Seine a little below the Clichy bridge, the frail boat was 
blown in pieces, and the three persons who were in it 
were thrown into the water. Two of these were imme­
diately killed, and the third, although wounded and 
badly burned in the face and hands, managed to reach 
the shore by swimming. 

During the course of the pleadings that a lawsuit 
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of which were to fuse in a closed vessel and produce a 
large quantity of gas without leaving any solid residu­
um. In the back of this receiver there was an orifice 
designed for the escape of the gases that produce the 
reaction, and the section of this orifice could be varied 
at will by meanl:! of a valve maneuvered by hand. As 
the pressure gauge on the receiver showed the internal 
pressure, the latter could be diminished or increased by 
maneuvering the valve, and consequently allowing more 
or less gas to escape. The gas, on escaping with force, 
produced a loud noise, and the boat shot forward in a 
direction contrary to that of the projection of the gas, 
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cedes. It is simply the direct propulsion effected 
through the reaction of gases at a high temdon escaping 
into the air from a vessel in which they are produced 
by the combustion of a fusible substance. 

Our starting point is to be referred to this principle 
of physics and mechanics : "A fluid inclosed in a vessel 
exerts upon the sides of the latter in every direction 
eq ual and contrary pressures. " 

Let us suppose that such fluid is a gas at a high ten­
sion. It is evident that as the pressures are equal and 
contrary they will mutually destroy each other, and 
this equilibrium of the forces causes the vessel to re­

main immovable. But if an 
aperture be made in one of 
the sides of the vessel, the gas 
will escape therefrom with 
force, and, as it will continue 
to exert the same pressure 
upon the internal surface op­
posite the aperture, sllch pres­
sure being no longer balanced, 
the vessel will be thrust in the 
direction opposite to the pro­
jection of the gas. If the ves­
sel is movable and the pres­
sure is strong enough to over­
come the resistances, the ves­
sel will recoil as long as the 
tension of the gas will per­
mit it. 

gave rise to, a little light was 
shed upon the affair. It was 
learned that the apparatus 
which had blown up was the 
fruit of an invention made by 
Messrs. J ust Buisson & A. 
Ciurcu, the subject of which 
was a new mode of locomo­
tion ; and, further, that the 
principle of the apparatus 
was based upon the recoil 
that occurs in firearms. B ut 
from there to knowing the 
details of the invention, the 
distance was great, so we have 
refrained from s peaking of it 
before ascertaining the exact 
cause of the accident. We 
thought that the best way to 
learn this would be to address 
Mr. Alexander Ciurcu, one of 
the inventors of the affair, 
and ask him for such details 
of the invention as he might 
conveniently be able to fur­
nish. But after his trial and 
acquittal, Mr. Ciurcu had left 
France momentarily to return 
to tlis native country, Rou­
mania. Having just returned 
from Bucharest and resumed 
the experiments at Asnieres 
that he was performing with 
his unfortunate friend, he has, 
in compliance with our re­
quest, given us a complete 
narrative, from w h i c h we 
glean the passages that follow. 

FIG. l.-BUISSON & CIURCU'S REACTION PROPELLER. 

Now that I have made 
known the physical and me­
chanical principle forming the 
basis and the starting point 
of 0111' invention, I desire to 
speak of the invention itself. 
The great number of experi­
ments and tentatives of all 
kinds made for several years 
with the object of applying 
the principle to a practical 
propeller I pass over in si­
lence. I shall only say that 
we discarded steam, com­
pressed air, and cOlllpressed 
powder for various reasons 
that I shall explain on an­
other occasion. The question 
with us was to obtain a sub­
stance which, under a rela­
tively sUlall volume, should 
be CaTJable, in burning, of fur­
nishing us with a considerable 
quantity of gas, and which, 
while being but slightly in­
flammable, should be capable 
of burning in a closed vessel 
without being fed by the oxy­
gen of the air, and should, on 
fusing, leave little or no solid 
residue. The rest did not in­
qniet us, for the studies that 
we had made, as well as com­
mon sense, assured us that, 
with such a substance, the 
propeller of our dreams would 
easily become a reality. Now, 
this combustible that we 
finally discovered is a mixture 
of several materials, and ful­
fills all the conditions that we 
required of  it. I t  i s  easily 
manufactured and does not 
cost much. 

Our propeller, !'lays Mr. Ci­
urcu, is based u pon the princi­
ple of reaction. Just Buisson 
first conceived the idea of 
utilizing it in propulsion, and 
I helped him put his idea in 
practice. It has been said 
that we utilize the principle 
of the recoil that occurs in 
firearms. 

FIG. 2.-SECOND ARRANGEMENT OF THE PROPELLER. 

That is true ; but the eoli­
pyle invented by Heron of 
Alexandria might just as well 
have been given as an ex­
ample, and for a still more 
striking one we have only to 
turn to the sky-rocket. The 
principle, which is as old as 
the world, is in all cases the 
same ; it is the application as 
well as the means that are 
new. 

When Mr. Maurouard, di­
rector of the division of pow· 
del' and saltpeter to the minis­
ter of war, spoke the first time 
of our invention to the minis­
ter, and gave an account of 
the experiment that he had 
witnessed, and that had fully 
succeeded, he gave about this 
description, which sufficiently 
well summarizes the principle 
of it : 

" Imagine a large rocket 
fixed horizontally in the rear 
of a vehicle, boat, or cal' of a 
balloon, in such a way that 
the gases produced by the 
slow combustion of the pow­
der may escape freely into 
the air from behind . Fur­
ther, snppose the rocket is 
inclosed in a cannon. When 
the Tocket is once lighted, the 
gases will escape with force 
from the mouth of the cannon 

FIG. 3. -EXPLOSION OF THE APPARATUS. 

After numerous experiments 
on land, having made our­
selves certain that we could 
regulate at will the pressure 
of the gases produced by the 
combustion of our fusing sub­
stance, and that we co uld at 
any moment reduce any pres­
sure to nothing, either by 
completely opening the orifice 
of reaction (whose total sec­
tion was pnrposely exagger­
ated) 01' by allowing the gases 
to escape th rough I a t e  r a 1 
tubes, we tried the experi­
ment upon water, and ma­
neuvered a boat on the Seine 
simply through the force of 
reaction of gases. 

Although our calculations, 
as well as the experiments 
made upon land by means of 
a dynamometer, left no doubt 

and produce in the interior 
of the latter a reaction that 
will tend to make the cannon 
recoil in a direction diametri-

A REACTION PROPELLER. 
as to the possibility of maneu­
vering a boat on the Seine 
with our apparatus, our emo-

cally opposite to the projection of the gases. As the can- in a regular and continuous manner . . . .  The invent­
non is, for example, fixed to a boat, the recoil is trans- ors thus ascended the current of the Seine with their 
mUted to the latter, and the boat will move forward on boat for twelve or fifteen min utes, that is to say, until· 
the water through the sole force of the reaction of the the combustible in the receiver was entirely consumed. " 
!rases. No purchase is taken u pon the water, the boat The reasoll that I have here introduced the person of 
having no wh eels, oars, or helix. Instead of a cannon, Mr. Maurouard is because his competency in this mat­
the inventors had on their boat a sort of receiver of tel' is very great, and because he was witness of an ex­
cylindrical form, in which they burned a composition periment that was a perfect success. 
that they said was of their in venting, and t.he properties _ 'rhe new lllethod may be understood from what pre-

. tion and joy were great when, 
on the morning of the third of August, 1886, we for the 
first time ascended the current of the Seine with our 
.. reaction propeller." We shot over the water, the 
shQre appeared to fly behind UR, lmd yet it seemed to 
us that we were indulging in a beautiful dream only. 

From August 3 to December 16-the day of the 
terrible accident-we did not cease to make experi­
ments on the water, and all of them demonstrated to 
us the value of our discovery. 
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In order to judge of these experiments, it is only 

necessary to glance at Figs. 1 and 2. The first of these 
shows us a six-oared boat, twenty-five feet in length, 
the sole motor of which is a small bronze pot of about 
three gallons capacity, and, 20 inches in height and 12 
in diameter. 'rhis pot is provided beneath with a 
pivot that turns in a wooden support. Handles fitted 
to each side of the support permit two men to lift the 
machine, in order to transfer it from one boat to 
another and to put it away after each trip. It is con­
sequently entirely independent of the boat that it is to 
propel. Before we had a boat of our own, we made 
our experiments with the first one that we came across, 
and that we hired for an hour or two. We introduced 
our combustible (from 33 to 44 lb. ) through the 
tublliure seen on the side near the en�ine man ; 
then we fired up, and closed the aperture WIth a cork. 
On the side opposite this aperture is the orifice through 
which the gases escape that are to produce the reac­
tion. We shall call this the reaction orifice. To this 
orifice is fitted a valve that permits of opening and 
closing it through a lever. As soon as the combustible 
was l ighted, just so soon could we !ltart, for it was 
merely necessary to reduce the reaction orifice in order 
to get up an internal pressure immediately-and when 
we say pressure we say force. The compressed gases 
escaped into the air with their characteristic noise, 
and produced on the inner side of the pot opposite 
their place of exit the reaction that shot ns forward. 
With a charge of 33 lb. of combustible, we moved for­
ward thus for a quarter of an hour under a pressure of 
between 10 and 15 atmospheres. To terminate the 
description of Fig. 1, I shalf add that there were two 
lateral tubes beneath the charging tubulure, and these 
were designed to allow of the escape of the gas when 
occasion required it. They were put in communication 
with the pot by means of a cock. On account of their 
length, the gas escaping from them could not discom­
mode the engine man. We called them discharge tubes. 
Our machine was provided also with a pressure gauge 
and safety valve. This was all. We made numerous 
trips on the Seine with this propeller. 

I now come to. Fig. 2. From the description of Fig. 1, 
it has been seen that with this apparatus it was possi­
ble to travel only as long as the combustion of the 
charge lasted. After the charge had been consumed, 
had it been desired to continue the experiment, it 
would have been necessary to stop and lose time in 
recharging the pot. So this first apparatus had no 
other end than to allow us to make a scientific demon­
stration of our discovery. For our final apparatus, 
desi!,"lled for making long tri ps upon land and water, 
and in the air-especial ly in the latter, since that was 
the real object of all our efforts-we devised So complete 
system, permitting of traveling for a long time without 
interruption. Fig. 2 shows us, though incompletely, 
one of the means of carrying out such an idea. But 
this apparatus was not the final one, either. It, 
too, was to serve merely as a scientific demonstration. 
With it, we desired to offer a proof-a proof on a small 
sClltle-that we could move forward uninterruptedly. 
Moreover, this apparatus was to afford two other ad­
vantages-th e  capability of running with greater speed, 
and making a charge last longer. 

As may be seen from the figure, we now had two 
cylinders. The larger of these, placed h orizontally, 
served as a generator, and the smaller and vertical one 
as a gas reservoir, or, if it be preferred, as a motor. 
This latter was nothing else than our bronze pot of 
Fig: 1. We had slightly modified it, however, and this 
modification was fatal to us, for it was one of the 
causes of the catastrophe of December 16. Instead 
of keeping the movable disk of the valve on the out­
side, and maneuvering it by means of an external 
lever, as we had done until then, we placed it inside. 
It terminated in a steel rod that traversed the pot and 
passed through a stuffing box set into the old charging 
tubulure. At its extremity the rod received a hand­
wheel, designed for actuating the valve. The latter 
was opened and closed by giving the wheel a quarter 
turn to the right or left. What happened will be seen 
further along. The generator was a simple steel plate 
cylinder, having a door that could be quickly opened. 
It was three feet in length and 16 inches in diameter. 
The thickness of the plate was 0'27 inch. In addition 
to a pressure gauge and safety valve, the generator 
was provided with two discharge tubes. A very strong 
tube, twice bent at right angles, established a commu­
nication between the generator and motor. The 
charges of combustible were prepared in advance in 
two reservoirs in the form of a half-cylinder that could 
be quickly and easily introduced into the generator by 
pushing them on slides within the latter. 

The maneuvering can be readily understood; it con­
sisted in i ntroducing the reservoir full of combustible 
i nto the generator, lighting the material, and closing 
the door. The gas that formed passed through the 
tube to the motor. The engine man actuated the valve 
and allowed the gas to escape at the desired pressure. 
Everything, then, was the same as in the first arrange­
ment, except that when one charge was consumed, 
another could at once be substituted for it, since the 
d u plicate reservoir was all ready. But in practice, 
there were two generators that were put alternately 
in communication with the motor; while one was in  
operation, the second was prepared, and so on. How­
ever, I cannot too often repeat that all these appa­
ratus were merely instruments of study, Itnd must not 
be considered definitive types, but far from it. 

It was with an apparatus like that shown in Fig. 2 
that, on the 16th of December, we were desirous of 
making a decisive experiment i n  the presence of Mr. 
Edward Blanc and Count D'Herisson. A few days pre­
vious, Mr. Blanc had witnessed a successful experiment 
made with the apparatus shown in Fig. 1, and was 
therefore perfectly willing to advance us the funds 
necessary for the conti nuation of our experiments on a 
large scal{'. On the day just mentioned, Messrs. 
Blanc and D'I{erisson were at the rendezvous on time, 
and illlmediately after their arrival on the bank of 
the Seine a little below the Clichy bridge, where our 
boat was in waiting, my friend and I, along with a lad 
as a steersman, went on board, w hile our guests were 
to watch our evolutions from the shore. Mv friend 
Buisson stood in front of the motor, and was to regu­
late the exit of the gas, while I stood in front of the 
generator, and the young pilot was seated near the 
bow of the boat and malleuvered the rudder through 
two ropes. Scarcely had I lighted the combustible and 
shut the.door when my friend closed the valve, so as to 

obtain an immediate pressure. In fact, the pressure either at th,e military or naval torpedo schools. As 
at once rose to 472' atmospheres. He then opened the American torpedoiFlts generally are known to have a 
valve and the gas escaped with force, but the pressure high opinion of the advantages accruing frolll the elll­
dropped to zero. He repeated the maneuver, and, as ployment of the controlled locomotive torpedo for the 
the pressure again fell to zero, he closed the valve for special purposes of harbor defense, it is  to be presumed 
a third time and,always completely. But when he tried that so far none of the American inventions has 
to open it again he could not do so, and the pressure q uite fulfilled all the conditions which they have laid

' 

therefore rapidly rose. On seeing the needle of my pres- down as essential to an effective torpedo of this. class. 
sure gauge approach the figure 10, I quickly opened the Other naval powers have also carried out experiment!! 
discharge cock and the gas escaped with noise through from time to time during the last ten years with con­
the two lateral tubes. I was not uneasy, since I now trolled locomotive torpedoes, submitted for trial by 
expected to see the pressure fall, as it always had before their respective inventors, but no adoption has fol­
whenever I had let out the gas through the tubes. lowed, though these trials have usually terminated suc­
But, instead of falling, the pressure kept on rising, and cessfully, in so far as proving them capable of fulfill­
I soon saw the gauge making 19 atmospheres. At ing all the advantages claimed for them . England mav 
the same time I hell.rd a d ull noise at the door. I under- therefore fairly claim the distinction, for w hat{'ver it 
stood the danger, for our generator had been tested may be worth,  of being the first country to definitely 
only to a pressure of 20 atmospheres, and, as I saw an introduce the controlled locomotive torpedo as a com­
explosion inevitable, I bound�d from the door with ponent part of the m aterial necessary for the effecti ve 
the intention of jumping overboard. At the same in- defense of harbors. The controlled locomotive to/'pedo 
stant, an explosion occurred. All that I have describ· that our military torpedo commission have recom­
ed took place in a few seconds. The door, thrown like mended the government to adopt is that one invented 
a bullet, struck me tangentially in the back, removed a in 1876 by a Mr. Brennan, of Melbourne, Austral ia, and 
skirt of my coat, and made me pi vot while I was lifted to for the exclusive right of the manufacture of which in  
a certain height by the pressure of  the gas. I was thrown this country the apparently excessive sum of 110,0001. 
into the Seine face upward, and it was in this position ($550,000) has been obtained. 
that I received upon the right side of the face and on The Brennan torpedo differs from all others of the 
the right hand a lot of infiamed com busti ble, while t!ame class in its mode of propulsion, which is effected 
at the moment at which the explosion was about to by the rapid unwinding of two wires from two drums 
occur I had my left side tu rned toward the generator. or reels carried in the interior of the torpedo, and con­
After grazing me, the door, followed by the reservoir nected respectively to the two propeller shaftfl, thereby 
and the 110 lb. of combustible that it contained, struck causing the two propellers to revolve at a high rate of 
the young pilot with such force as to knock him out o( speed, and consequently forcin g the torpedo through 
sight, and forever since, up to this (lay, it has been im- the water. The unwinding of these two wires is ef­
possible to find any trace of him, notwithstanding the fected by means of a powerful winding engine placed 
minute searches that I have several times made at the at the starting point on shore. 
bottom of the Seine. Buisson was crushed by the Considerable interest has been evinced in this inven­
bottom of the generator which struck the motor, while  tion since its first appearance, because of the apparent 
the door was flying in the opposite direction. His paradox involved in its mode of propulsion, in that the 
thigh was crushed, he received internal injuries in the harder this torpedo is pulled back the faster it will go 
abdomen, and was thrown into the water, from which ahead; but on consideration it will be seen that by 
he was at once fished out by the crew of a tOWboat hauling in the wires at a certain rate a corresponding 
that was passing at the time. I, bleeding, burned, and rate of revolution is imparted to the drums, which are 
blinded, reached the shore by swimming, scarcely able fixed to the propeller shafts in the torpedo, and so to the 
to realize what had just h appened. A few minutes two propellers, which are thereby capable of developing 
afterward, my unfortunate friend expired in  the arms a certain horse power, and if this horse power be suffi­
of Count D'Herisson and myl3elf, after murmuring a cient to overcome the retarding strain on the wires, and 
few words in a scarcely intelligible voice, in which we to leave a margin of thrust, then the torpedo must be 
distinguished the questioD .. Is my friend saved?" propelled through the water ; and the only l imit to the 

The cause of this terrible accident was, as I have speed of the torpedo is apparently the strength of the 
said, the valve, the movable disk of which was, through wires. 
the pressure of the gas, forced against the fixed one, so The other torpedoes of this class, with three excep­
that my poor friend had not the strength to move it tions, have util ized either steam, or com pressed air, or 
by revolving the hand wheel. But this circumstance compressed gas as their motive power. Of this class 
would not h ave sufficed to cause an explosion. This may be mentioned the Lay and Patrick, with cOtn­
day, my friend had considerably increased the quantity pressed carbonic acid gas ; the Ericsson, with com­
of priming that we were accustomed to strew over the pressed air. The three exceptions are the Berdan, with 
combustible in order to make it take fire u niformly at  the gas generated from the burnin g of rockets as its 
all points; and the gas suddenly produced by the rapid motive power ; the Sims-Edison, with electricity gener­
combustion of this priming, which was much more ated by a dynamo at the starting point as its motive 
infiammable than our ordinary combustible, was so power; and the Nordenfelt, also w ith electricity as its 
abundant that its discharge through the two auto- motive power, but generated within the torpedo itsel f. 
matic valves and the tubes that I had opened in time The Brennan method of steering is II.lSO effected in a 
could not produce a sufficient expansion. The sectors different manner from that of other torpedoes of its 
of a steel ring that held the eight !'teel levers of the class, being intimately connected with its mode of pro­
door in place were broken at one swoop, as were also pulsion, as it is effected by the varying of the speed of 
the hinges, and the door fiew as would a ball shot from revolution of one or other of the drums of the winding 
a cannon, p rojected by a pressure that must have ap- engine, and contlequently of the respective drum and 
proached (over the total surface of the door) 220,000 propeller shaft in the torpedo, which by an ingenious 
pounds. The force of reaction-precisely that force arrangement causes the movement of the rudder to 
upon which our invention is based-then caused the one side or the other. This ingenious device will be 
cylinder to recoil in the opposite directio�, and threw it fully explained in its proper place in the general de­
with an equal force against the motor, and the shock scription. 
was so violent that the bottom of the cylinder, in strik- The introduction of the Brennan torpedo into this 
ing the motor, was deeply indented, while the latter country is due to the favorable report of a committee 
broke close to the pivot and went overboard. Think of naval omcers appointed by Admiral Wilson, in com­
of the blow that my unfortunate friend must have reo mand of the Australian squadron at the time when it 
ceived as he was caught between the two cylinders. was first brought out ; on the strength of this report 
The reason that I know these details is because I suc- Mr. Brennan was ordered to bring his torpedo to 
ceeded in fishing from the Seine. at a depth of twenty England to be experimented with by the royal engi­
feet, the doorless generator with indented bottom, and I neers. From that time it became a veritable pet of 
have been enabled to reproduce the scene. theirs, and now after five years of experimental work 

I can not expatiate upon the value of this invention, they have advised, the government to adopt their chi ld.  
nor upon its  future, as the scope of this article is l im- The initial experiments at Chatham were so far success­
ited, and I fear even that I have gone too far beyond ful as to the promise of greater success with an improved 
bounds. I shall simply say that the value of the inven- torpedo, that Mr. Brennan was awarded the sum of 
tion is not at all affected by the accident, which cer- 5,0001. and an annual sum of 1,0001. for five years to 
tainly would not have happened if  an imprudence bad complete and perfect h is invention, and now that it has 
not been committed and if our means h ad allowed us been adjudged perfect, he reaps the reward of all h is 
to do things better. For, upon the whole, there was labor by obtaining no less than 110,0001. from our 
no explosion properly so called, but simply a breakage. government. Before proceeding to discuss the question 
The pressure exceeded the limit of the door's resistance, of the merits and demerits of  the Brennan as a par­
and the door gave way under a relatively feeble pres- ticular type of controlled locomotive torpedo. or of the 
sure. A fraction of an inch more in t.hickness, and price paid for it, and the manner in which this sl1m 
nothing would have h appened. The fact must not be was obtained, it will be necessary to describe its 
lost sight of that, although this experiment failed, the mechanism and· modus operandi. 
invention has had a great number of successes. I Fig. 1 shows a section of the torpedo ; Fig. 2 is a 
hope soon to perform other experiments, and with the vertical s!,!ction, looking from aft, through X Y ; Fig. 
greatest success, as in the construction of my new ap- 3 is a plan of the torpedo ; Fig. 4 is a general view of 
paratus I have taken an excess of precaution in order the winding engine; and Fig. 5 represents the mode of 
to prevent the occurrence of any accident.-.d. Ciurcu, using the torpedo. 
in La Nature. The dimensions of the present Brennan torpedo are 

25 ft. by 3 ft. by 272' ft. ; weight, fully equipped, 25 cwt.; 

THE " BRENNAN" TORPEDO. speed, about 20 miles per hour ; range, from 172' miles 
to 2 miles. 

A VERY decided impetus has been given to the de­
velopment of defensive torpedo warfare by 0111' govern­
ment by their decision to adopt a controlled loco­
motive torpedo as an auxiliary weapon of harbor 
defense, and by their selection of a particular type 
of this class of weapon after a great number of care­
ful experiments with it, extending over a period of 
some five years . 

The Russian government, some ten years since, 
certainly expended a large sum of money in the pur­
chase of all the necesssary plant for the manu­
facture of the " Lay" controlled locomotive torpedo in 
Russia, and ten of these weapons were actually con­
structed there ; but as, for reasons best known to the 
Russian torpedoists, no more of these weapons have 
been manufactured by them, Russia can hardly be 
said to have definitely adopted or to h ave shown any 
decided tendency toward the employment of this class 
of torpedo for the defense of their harbors. In America, 
the country that has given birth to the greater num­
ber of inventions of controlled locomotive torpedoes at 
present in existence, no decision has yet been COIUe to 
on  the question of adopting any particular type of this 
class of torpedo, though nearly all of these American 
inventions have been accorded exhaustive official trials, 

DESCRIPTION. 

I. Mode of Propulsion.-In Fig. 1, A and B show the 
two drUms, or reels, on which is wound the wire by the 
un winding of which the torpedo is caused to travel 
through the water ; the fore drum, A, is attached direct 
to the inner solid propeller shaft, S, and the after drum, 
B, is fast on to the outer hollow steel propeller shaft, 
S1 ; these two drums, by the unwinding of the wire, 
w wI, are revolved in the Mme direction, and theit re­
spective propeller sbafts also, but these only up to the 
point, D ;  at this point, D, by means of a combination 
of bevel gearing wheels. (a precisely similar arrange­
ment is adopted in the Whitehead-see Fig. 6), the 
outer hollo w shaft, S1, has its motion reversed for the 
purpose of revolvin g the two three-bladed propellers, 
P pI, in opposite d irections. At first sight this appears 
a m ost unn ecessary complication, as, if it be only re­
quired to effect the revolution of the two propellers in 
opposite directions, this work could be more simply 
performed by taking the wires off the two drums, 
A and B, in opposite ways � but for the purpose of 
steering, it is necessary to revolve the two propeller 
shafts in the same direction, while to enable the 
torpedo to maintain as straight a course 80S possible 
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without utilizing its rudder, it is required that the two 
propellers should be revolved in opposite directions. as 
was found 80 absolutely necessary in the case of the un­
controlled Wh itehead. '['he two wi res. w wI, are led 
from off t heir respective drums over the two s'heaves, 
a aI, respectively. through It hol� made just large 
enough to take the wires, but without any gland in 
the top of the torpedo, and th.en t.hrongh a brass eye in 
the fair l elld, b; this fair lead, b, is swiveled or. to the 
gual'd. g; the dru ms. A and B. are removed from the 
torpedo by withdrawi n g  the inner pro{leller sbaft, S, 
and tllki n g  out the fore dl'Um. A, through a man hole in  
the s ide of  the torpedo; the drum. B, is  theu withdrawn 
frolll its propel ler shaft and removed in the Same way. 

II, 1'he Method of Steering.-On the solid uropeller 
shaft, S, is  cut a screw thread, and immediately oppo­
site, in the hollow shaft, S" a slot is cut longitudinally. 
A n ut or collar, n. with an i n ternal thread fits in this 
slot, and on the hol low sh aft. This collar, n, is grooved 
on the oIltside, and in this groove work two studs 011 
the end of a forked lever, l. Fig. S ; this forked lever, 1, 
is carried by a bracket, m. on the side of the torpedo, 
and is con nected at K, its other end, to a second lever, 
ll, w hich is in turn connected to the quadrant of the 
ruclner shaft. 

From this it wi l l  be seen that any movement given in 
a longi tud inal dir'ection to that part of the forked lever, 
l, which fits in the groove of the nut, n, must transmis 
to the ruddel' a movement to one side or the other. 
This longitudinal movement of the forked arm of the 
lever, 1, is effected in the following manner. So long as 

FIG. 5. 

hole, hI, Fig 2, placed immediately above the case, h. 
The Brennan may be steered from 30 deg. to 40 deg. to 
port or starboard, but it  cannot be turned round; so 
that to bring it home it must be towed back by a steam 
launch, etc. 

IV. Ma intenance of Depth.-To steady the torpedo i n  
a submerged r u n ,  t h e  t w o  horizontal steel fins, F F ,  Fig. 
2, are provided. R R, Fig. 2, are two horizontal bow 
rudders, which by means of certain automatic arrange­
ments are caused to be deflected up or down according 
as the torpedo reaches below or rises above the depth 
i t  i s  set to run at, or when it attem pts to dive, or to 
rise. These bow rudders effect the same object in the 
Brennan that the stern rudders do in the celebrated 
Whiteh ead, and the only difference between the 
Whitehead and Brennan system of effecting the u p­
ward or downward motion as necessitated by the 
al tered position of t.he torpedo from its normal direc­
tion and depth is that in the forlller there is an interme­
diate compressed-air engine, which actuates the stern 
horizontal rudders, but in the latter the bow horizontal 
rudders are directly actuated by th e automatic ar­
rangement. This arrangement consists of a balance 
weight or pendulum and a hydrostatic valve; one form 
of this valve is  shown in the bow compartment. G. Fig. 
1. where also is pla"ed the balance weight. P is a piston 
exposed to the water on its lower face. and 8 8 are two 
springs, the tension of which latter can be set to equalize 
the pressure of water on the lower face of the piston, P, 
for any particular depth at which it may be desired to 
run the torpedo. The movement of this piston up or 

for winding the wires on the drums of the B rennan 
torpedo are as fol lows: 

1. The wire is first wound off the reel on which it is 
supplied by the makers on to a split drum, i. e., a reel 
or drum constructed to allow of the barrel being re­
moved after the drum has been filled with the wire. 

2. This coil of wire thus formed, having a hollo w  
core, i s  placed i n  a tank o f  l ime water, and carefully 
rinsed. If it be not required for immediate use it is left 
in thi s  tank for several hours, so as to maintain the 
wire i n  a good state of preservation. 

3. The coil of wire it! removed from the lime water 
tank and the wire wound on to a wooden swift-that 
is, a reel of the form of a cone placed on its base. 

4. From this wooden swift the wire is wound on to 
an ord inary drum, in a state of tension, preparatory to 
its final winding. 

5. Lastly, i t  is wound off this ordinary reel on to the 
torpedo drum. In this operation every care must be 
taken to insure the turns lying close together, so that 
the riding turns may not jam between any two of the 
underneath turns ; and to leEosen the chance of such 
a mishap, melted paraffin wax is poured into every 
opening. 

On starting the winding of the wire in thi!l final opera­
tion. the leading end is passed through a hole in one of 
the end plates, and fastened there; but on the winding 
being completed this end is cut free, with a view to 
prevent the wire bringing u p  suddenly on the whole 
length of it being run out ; in such a case the wire is 
pulled out of the torpedo altogether. If for any reason 

THE BRENNAN TORPEDO-ADOPTED BY THE BRITISH GOVERNMENT. 
the speeds of the two propeller shafts, s SI (which up to 
the poi nt, D. revol ve in the same direction), be eqnal, 
the nut. n, w ith its internal thread, and the th read on 
the outside of the sol id shaft at o. which engage, will 
rEwol ve round together without any motion of the n ut, 
n, along the shaft, 81; but t,he instant a difference of 
speed is i m parted to the two shafts, 881• then the n ut, n, 
will  be screwed along th e sh aft, s\ either forward or aft, 
depending upon whether the th read is a right or left 
handed one, and upon which of the two shafts is in­
creased or decreased in speed as com pared with the 
other one.  T h us port or starboard helm can at any 
moment be given to the torpedo during its run at the 
will of the officer di recting it, by altering the speed of 
one of the shore drums. 

I II. Fur Observing the Course -Several means have 
been tried to enable the operator at any moment to 
know the course the torpedo may be taking when 
runn ing b elow the surface, among which may be 
mentioned a float attached by a l i ne to the back of the 
torpedo, and a hollow mast with signal flag, but neith er 
of thes" methods has proved very satisfactory, the 
former provi ng a very erratic i ndicator, and the latter 
taking too m uch away from the speed of the torpedo. It 
has now been found necessary to trust entirely to the 
use of phosphorus or Holmes' light mixture. both of 
which when brought i nto contact with water emit  
flame and smoke in the track of the torpedo. the former 
being utilized for night, and the latter for day, runs. 
In Fig. I, h shows the case in which this phosphorus 
or Holmes' Clomposition is placed, and which is in con­
nection with the water during a run by means of the 

down, corresponding to an increase or decrease of depth 
of the torpedo, is transferred by mflans of a system of 
levers, L, to the rudders, R R, and causing them to be 
deflected up or down, thus bringing the torpedo back 
to its normal depth. The Brennan is arranged to be 
run either on the surface or from 8 ft. to 10 ft. below. 

Mi8cellaneous.- In the fore compartment. G, besides 
th e automatic arrangements just described, is placed 
an ordinary self-registeri n g  instrument for recording 
the course of the torpedo on its run. as regards its  
depth below the surface at certai n increments of time. 
Some of the records taken have registered great varia­
tions in the dflpth, very m uch more so than has ever 
been similarly registered by the Whiteh ead during the 
course of a run. This is only to be expected, as the 
longer and heavier Brennan would reqnire more time 
to recover its proper depth and pass over more ground 
i n  doing so when once displaced. In actual warfare the 
charge of 200 l b. of gun cotton would be placed in this 
fore com partment. G Gl are two steel fixed guards to 
prevent the vertical stern rudders and the propellers 
from being fouled during a run of the torpedo by haw­
sers, chain cables, nets, etc. 

V. The Wi1·e.-The steel wire principally used for the 
propulsion of the Brennan topedo IS No. 18 W. G., 
breaking strain 6 cwt. to 7 cwt. , weight per mile 33 lb. 
For any length of run three times the amount of wire 
is required to be wound on each drum; th us for a two­
mile run, six miles of wire for each drum is n eeded, or 
twelve miles in all, equal to a weight of 892 lb., or 196 
lb. of wire per drum. VI. Operation of Winding.-The various operations 

the torpedo is stopped before the whole length of the 
wires has been run out, the wires m ust then be cut, 
and the four parts returned to the maker for rejoint­
ing up.  

VI I. The Wiuding Engine (Fig. 4).-The drums, 3 ft. 
in diameter, are dri ven by a pair of direct-acting high 
pressure engines, running at a great speed. Each cyl­
inder is cast with the column u nder it, the latter being 
very stronS' and of such a form as to i nclose the main 
working parts of the engine. and to prevent the wires 
from becoming entangled with allY part of the engines 
in the event of either or both of them breaking. The 
engines are fitted with valve gear, which can be reversed 
or li nked up so as to work expansively. The steam is 
admitted by means of a val ve comlllon to both engines, 
besides which a governor is also fitted. The drums, 
running loose on the shafting, are conn ected by a 
"jack-in -the-box" arrangement; by which their respect­
ive speeds can be regulated by m eans of a foot-brake 
without altering the speed of the engines. This " jack­
in-the-box" is arranged as fol lows : Cast solid on or 
bolted to each drum is a miter wheel, and connecting 
these two miter wheels are two smaller on es, revol ving 
on their own centers, fixed on a carrier which is keyed 
to the main shaft. As soon as the main engine starts, 
the two small miter wheels, wh ich are in one with the 
shaft, are revol ved with it, and carry round with them 
the two larger miter wheels, and consequently the drums 
as well. Hence it will be seen that on the brake being 
applied to one of the drums, the small miter wheels will 
be thereby caused to revol ve round their own centers, 
the effect of which is to increase the speed of the other 
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drum. In proportion as the speed of the one decreases, 
the other increases. The columns are braced together 
under the cylinders by another casting, and the whole 
stands u pon a cast iron sole pl ate, thus lllaking a very 
rigid forlllation. The engine is capable of working up 
to 100 indicated horse power. 

VIII.  The Operation of Running -The torpedo is 
placed on a launching carriage, which is constructed in 
such a manner that the torpedo is automatically 
set free, and launched or pitched clear of it into the 
watel', on the carriage reaching the desi red position on 
the line of rails, which are laid on an incline to the 
water's edge ; the hydrostatic valve is  then set with the 
bow horizontal rudders at the proper deflection upward 
for the particular depth and speed it is intended to run 
the torpedo at, the speed being regulated by the num­
ber of revolutions given to the winding-in drums. The 
shore ends of the two wires are taken from the torpedo, 
secured to their respective winding drums, and one or 
t wo turns of the wires wound on. The carriage with 
the torpedo is then run duwn the incline, and the 
latter launched a utomatically i nto the water, the 
winding engine being at the same i nstant started. The 
torpedo then runs the req u i red course and distance, 
bei ng maintained in a straight direction for the object 
aimed at by the necessary movement of the stern verti­
cal rudders to port or starboard, its course being in­
dicated to the observer on shore by the smoke in day 
runs and light in night runs emitted by the contact of 
the water with the composition in the case, h (see 
Fig. 1). 

In the sketch, Fig. 5, the winding engine is shown 
in a subterranean gal lery in the fort, F, with the line 
of rai ls  laid from it to well beyond low-water mark. 
E is the engine, T a torpedo on its carriage ready for 
launching, Tl a torpedo running its course toward the 
enemy's ship attelllPting to pass this earthwork. 

This completes the description of the Brennan tor­
pedo and its modus operandi, and from this it will be 
evident to every one versed in torpedo matters that 
,nuch of the success of this torpedo as regards three 
most important poi nts, viz. , "speed, " " maintenance of 
depth , "  and " straightne8s of run, " is by no means due 
to any special features in the original invention, but 
rather to the fact of its having been perfected at Chat­
ham under the fostering care of scientific officers who 
are intimately acquainted with the details of the White­
head torpedo, with all its wonderful and clever mecha­
nism. 

1. Speed. -'l' he high speed of the Chatham-Brennan 
is d u e  not alone to the clever mode of its propulsion, 
but in a great measure to the form and shape of its 
hull and to the perfectness of the winding engine ; 
the former has been proved by Mr. Froude to be the 
most suitable form for obtaining high speeds with the 
least power for totally submerged vessels (it would be 
adopted for the Whitehead were it not for the necessi ty 
of a cylindrical compressed air chamber) ; the latter 
(the engine) has been specially designed at Chatham, 
and constructed by Messrs. Yarrow & Co. 

2. Straightness of Run. -Two screws revolving in 
opposite directions by which a wholly submerged ves� 
sel is more capable of maintain ing by itself a straight 
course belongs to the Whitehead invention, so also is 
the system of gearing (shown at D, Fig. 1) by which 
this effect is obtained an adaptation from the White­
head. '],he two screws of the Whitehead, and the gear­
ing used for the purpose of revol ving them in opposite 
d irections, are shown in Fig. 6, from which the similar­
ity setween the Whitehead and the Brennan in this 
respect will be at once seen. 

3. Maintenance of .Depth.-Horizontal bow rudders 
worked automatically br, It h ydrostatic valve and bal­
ance weight, together With fixed horizontal after fins, 
by the combination of which a wholly submerged ves­
sel may be main tained during its run at a fairly con­
stant depth, is  also an adaptation from the Whitehead 
in vention. 

In pointi ng out these facts it is by no means the in­
tention of the writel' to detract from the great ingenuity 
displayed by Mr. Brennan in devising and ,bringing to 
a successful i ssue his peculiar system of propulsion, but 
onl y to show how grievous has been the mistake of our 
legislators in voting the enormous sum of 110,0001. for the 
sole right of manufacture of the Brennan in this coun­
try, without first insisting on a more satisfactory and 
complete statement from the government than was 
vouchsafed by them at the time of this vote being 
taken, as to their reasons for asking for so large a grant 
of the public money for this particular invention. For, 
admitting the Chatham-Brennan torpedo in its pre­
sent state to Le perfect, and to be a valuable means of 
defense, it is but a com bination of other inventions and 
ideas, the greater and princi pal part of which have 
emanated from our m ilitary scientists, and on which 
the country has already expended vast sums of money. 
-Engineering. 

IMPROVED C OLLAPSIBLE BOAT. 
THE fine new steamers of the Manx line have very 

properly been fitted with an unusual number of life 
boats and life rafts. Among these are several collaps­
ible boats, the invention of Mr. S hepherd, manager of 
the ship building department of the Fairfield Ship 
Building and E ngineering Company, Limited. These 
boats are of the ordinary life or whale boat form, with 
a wide keelson attached to the wood keel piece. To 
this keelson are connected the frames, which are con­
structed, similarly to the longitudin al pieces, of gal ­
vanized steel angles, filled in with American elm. The 
frames are attached to the keelson at the middle line 
of the boat by a pivot, and are so arranged that they 
can be turned from the stowed position, which is nearly 
a fore and aft one, to the athwart ship position. When 
so turned and fixed, the boat acqu ires its proper form 
and strength. The thwarts are attached to the frames 
by a s wi vel pin at each end of the thwart, so that when 
the frames are in the stowed position the thwart hangs 
vertically. When the frames are turned ath wart, a 
portable clamp of steel an d wood is put on the thwarts, 
which are then swiveled on their pivot bolts to a hor­
izontal position, and there held in pl ace by a revol ving 
button attached to the thwart. The frame, thwart, 
and clamp are thus all held firmly in position, and 
when this is effected throughout the length of the boat 
it assu mes rigid ity almost as great as that of a boat 
built in the ordi nary way. 

Along the m iddle l ine of the boat, and over the top 
edge of the thwart, is fixed a runner of wood supported 

by stanchions or pillars from the keelson. On this run­
ner there is also a button attached to the point where 
it meets the thwart when turned up to the horizontal 
position. This button connects the runner to the 
thwart, and m aterially aids in stiffening the structure. 
The oars, masts, etc. , are placed along the runner, 
which is also of use in preventing the passengers from 
being tossed from one side of the boat to the other 
when at sea. 

The skin of the boat is made of canvas, coated both 
inside and out with a special tan, which has the effect 
of giving it the necessary pliancy. The canvas is made 
of very narrow cloths, and is in two thickne8ses. It is 
attached to the keelson stem and stern post by a fillet 
of wood, and at the gunwale, which is of 8teel and 
American elm, it is secured by being placed between 
the two m aterials, the steel being fastened to the wood 
by screws. The gunwale is  attached to the stem and 
stern POl;lt by a plate and pin bolt or nut and screw 
bolt, in order that the gunwal fl bar may be released 
when the boat is to be folded up. 

The gun wale bar is also connected to the frames by 
plates which hold both gun wale and frames in position. 
Pins or crutches pass through the gun wale bar, so that 
oars may be worked, and on the runner at the middle 
line of the boat a cl utch is fixed to receive a mast. 
Foot boards are fitted as in ordinary boat s. These 
stiffen the bottom, give footing for moving about, and 
afford roolll for stores. The bottom boards hinge and 
fol d up between the keelson and runner, and do not 
when so folded take up any space beyond their width. 

In the illustrations, Figs. 1,  2, and 3, the reference 
letters denote respectively-A, the frame, in one piece, 
from gunwale to gunwale ; B, the bottom boards ; C, 

naked limestone rock. A false work was then con­
IStructed directly over the line and entirely across the 
river. This false work was composed of about seventy 
trestles placed at i ntervals of twelve feet, or one trestle 
to each length of pipe. These trestles were connected 
together in such manner as to make a good working 
bridge from which to prosecute the work. The chief 
purpose of this false work was to serve as a tem porary 
bridge on which to put the line of main together, and 
from which to lower it to place in the bed of the river ; 
but it also served an excellent purpose as a base from 
which to conduct the trenching operations. This 
bridge was eight feet in height, and ordinarily pro­
jected from two to four feet above the water, although 
at times the water was up to the floor plan k. 

" The plan adopted for making the trench for th e 
main was, first, to clean off the sand and gravel, as al­
ready descri bed, thus exposing the naked rock, tht>n to 
drill holes at intervals of two feet on the center line of 
the proposed trench. These holes were carried to a 
depth of about thirty inches, and after bein g complet­
ed, were each charged with a half pound cartridge 
of Hercules powder. These charges were prepared in 
clusters of six, and exploded with electricity, a small 
dynamo being used for the purpose. Inserted in the 
upper end was an explodinl/: cap, attached to which 
were two insulated copper wires, of suffici ent length to 
reach above the water, where they were connected with 
wires leading to the dynamo. This dynamo was of suf­
ficient power to explode the six charges simultaneously, 
and could be easily moved from one point to another, 
as occasion req uired, and it was n ot necessary to sta­
tion it more than fifty feet from the blasts. It was not 
difficult to so adj ust the charges as to secure the desired 

I H' 

/C:�B c; , ' • • • �i't� / ... c 1==::::=::j F I=====l F I====:::f F I===l F B F�' 
� 0 0 0 G O O 0 <£':5'7 

¥ = o o u 

IMPROVED COLLAPSIBLE BOAT. 
the canvas covering ; D, the keel ; E, stanchions ; F, execution, without d i sturbin �  the false work. This 
thwarts ; G, the center runner ; H, the side runnel' ; very greatly facilitated operati'ons, as without the false 
and I, the gunwales. work for a working base, a very great amount of time 

We also s how a perspective view of th e boat when wou l d  have been lost in getting to and from the work. 
opened out and in use, as well as when closed up for The blasts did the best execution when the drill h oles 
stowing away. The hoat complete with oars. boat were slightly i n clined from the perpendicular. J n charg­
hook, mast, and sail weighs only 11� cwt. When ing the blasts the cartridges were inserted ill the drill 
folded up, it occupies only 12 in. in wid th. When ex- holes and forced to the bottom with a long rod. The 
panded, it has buoyancy sufficient to carry up ward of overlying water p roved to be sufficien t packing to se­
sixty persons. The time occupied in expandin� the cure the desired execution without sand tam pinl/:, an d 
boat is about three min utes, and two men sn ffice to at the same time leave the false work free from danger 
perform the neces:sary operations. The chief point in from flying rock, as the rock, though sufficien tly hroken 
.the arrangement IS the compactness of the mechanical up to permit of easy removal,  sti ll  remained in th e 
devices, �hich secure convenience of storage with ad- I trench, from which it was simply raked out upon the 
equate stiffness when expanded for use. sides until after the main was l aid, when it was raked 

The collapsi ble boat is an im portant addition to l ife- back again into the trench and over the pipe, heavv, 
saving apparatus, mainly because of its exceeding com - long-handled hoes being used for this purpose. The 
pactness, li fe rans and ordinary life boats being alike trench when finished was in most excel lent form to re­
open to the objection that they encroach upon valuable ceive the main. From each side of the river toward the 
space on the deck of a ship. The ample provision of center the bottom of the trench sloped gradually for 
snch life-saving appliances insures confidence in the 300 feet, the entire fall being only one foot, while the 
passengers, and is the most efficient preventive of middle section of 200 feet was a true level. It is very 
panic and consequent loss of life. -lndustries. rarely, indeed, that we can obtain such an even grade 

entirel y across so wide a river. 
CARRYING WATER MAINS ACROSS A RIVER. " After the trench was com plete and in readiness, the 

pipe was put in place u pon the false work and joined 
together, preparatory to lowerin g  to place i n  the bot­
tom of the river. The pipe was of cast iron, in 12-foo t  
lengths, each section weighing l , liOO pounds, a nd o f  the 
pattern known as socket and spigot joint pipe. The 
pipe was coated with Dr. Angns Smith's patent var­
nish, and the joints were made of hemp, gasket, and 
lead. I gave the joints the greatest depth of lead the 
socket would perm it, in order to secure the h ighest de­
gree of lateral stiffness. In putting the line together 
on the false work, it was so put together as to conform 

AT the recent meeting of the Michigan Society of 
Civil Engineers, Mr. W. R. Coates read a paper descri b­
ing the method used by him to carry the water mains 
for Grand Rapids across the Grand River, which we 
abstract as follows : 

" I  first removed, " he says, " the old wrought iron 
main, and then cleared away the slight accumulation 
of sand, gravel, and fragmentary rock for a space of 
about six feet in width on the line the new m ain was to 
occupy, and entirely across the river, thul; exposing the 
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to the shape .of the trench bottom, so that when low· 
ered to place the main would come to a bearing on the 
trench bottom simultaneously throughout its entire 
length. When the main was all in place on the false 
work, and the joints all made, chain slings were attached 
to it at intervals of twenty·four feet, or each alternate 
section of pipe, and to these chain slings were attached 
screw rods one and one· quarter inches in d iameter and 
nine  feet long. These screw rods were each pro vided 
with a double hook at the lower end, and to these the 
chain slings were attached. The rods, paRsing u p  
through a heavy, supporting cross tim ber, were held in 
place by nuts, with lever extensions for turning them. 
'1'h e8e chains and rods were of proof metal, and capIL· 
ble of carrying sixteen times the load that was placed 
upon them. I provided t.his very large safety factor in 
order to be prepared for every possible contingency. 
While it was not at all probable, yet it was possible 
we might not be able to secure equal duty along the 
entire line in lowering the main.  Of course if  one 
chain and screw, from any cause, failed to carry its 
proper load, its neighbor would be overloaded. 

" After the slings and screws were all attached, the 
two shore ends of the main were pl ugged and braced, 
and the main filled with water and subjected to a test 
pressure of 140 pounds to the square inch. The result 
of this test was satisfactory to all concerned. After 
this test the water was drawn from the pipe, as it was 
deemed best not to carry this extra load in lowering 
the main to place. 

" All was now in readiness for the grand climax of 
the entire work. In a few short hours we were to know, 
from actual, practical demonstration, whether our 
plans were to prove a success ; whether our theory and 
our practice would prove harmonious. The work had 
been observed with deep interest by the board of pub· 
l ic works and by the citizens of Grand Rapids, and 
very naturally there were many doubts and fears con· 
cerning its successfu l accomplishment. 

" The prevalent fear seemed to be that it was imprac· 
ticable to handle so lengthy and heavy a line of pipe 
all at once, and that even if this could be done, it would 

before, quietly flowing under it. While the trench in 
the · bottom of the river was in excellent shape, yet I 
left all the screws attached, and under partial tension, 
till the trench was partially refilled and the pipe firmly 
bedded, after which the screws and chains were re· 
moved, the refilling of the trench completed, and the 
false work taken out, and now nothing remained in 
sight to indi�ate the scene of our recent busy opera· 
t.ions .  The main was again tested after it was lowered 
to place, and found to have sustained no inj ury in the 
process of laying. The plan here outlined for crossing 
rivers with water mains is superior to any with which 
I am familiar, and if properly executed will always 
insure successful and satisfactory results. " 

TRACK LAYING BY STEAM. 

THE slow nature of the work and the enormous force 
required for laying track by hand or . .  by team" have 
led inventors to endeavor to perfect devices by which 
it could be facilitated. These devices have been chiefly 
notable for their half· way character. While providing 
mechanical means which were certainly an improve· 
ment, they have stopped short of really rapid work. 
On special occasions, with specially trained gangs of 
men, quick work has been done with them ; but in 
practice the claims of the inventors have not been 
really substantiated. 

It is certainly a great advantage in any 'Case to be 
able to take the ties and rails directly f!'Om the end of 
a train which advances as fast as the rails are laid for 
it to run u pon. In bad soil, in s wampy or hilly locali· 
ties, it is especially advantageous. �'he track· layers 
heretofore in use have been found to facilitate and 
cheapen the work, but have not made it nearly as 
rapid as is desirable. The chief difficulty has been 
to get the ties to the front as fast as needed. To over· 
corne this difficulty Colonel Moore, who has made many 
years' study of this subject, has recently perfected 
a steam track·laying device, which has been exhibited 
recently in operation in Chicago. The general plan is 
shown very well in our illustration. The rails are 

patiently investigates the causes of failure, profits by 
his discoveries, and finally succeeds. 

'1'he latter is. the true course for the scientist, who 
has learned from experience that failure to achieve cer· 
tain expected results leads to reflection, study, investi· 
gation, and discovery ; so that failure of an experiment 
in one sense is often the highest success in  some other 
sense, the incidental discoveries being often of vastly 
greater importance than the original object of the ex­
periment. 

Such was the writer's experience, some years ago, in 
his attempt to make a Leyden jar, and thIS experience 
during six weeks' persistent effort, and his final success, 
led to very important results, so that he has never re· 
gretted the expen diture of time and effort ; and it 
mi�ht perhaps be better to say to some amateur, .. Go 
thou and do likewise," than to describe the proper 
method of procedure ; but a few lines on this subject 
may save some one much valuable time, which can be 
profitably devoted to other important investigation. 

The first requisite for a Leyden jar is a glass jar or 
bottle with a wide mouth. Such an article is appa· 
rently very easily obtained, but in 91} cases in 100 is en· 
tirely worthless for the purpose, or of very inferior 
value ; and herein lies the chief cause of failure. 
N early all our American glass contains ingredients 
which so reduce its electric resistance thut it fails when 
used for electric storage or accumulation, as required 
in the Leyden jar. This is especially true of fruit jars, 
candy jars, tincture bottles, packing bottles, battery 
jars, and similar glass vessels, in the manufacture of 
which lead, sodium, and other conductors, or partial 
conductors, are extensively used, w hich greatly reduce 
the electric resistance of the glass. All the nice, clear 
glass, known as " American flint, " is of this variety, 
and must be avoided. 

Indeed, it is  better to reject all American glass, as 
very little. of it will  answer the purpose. The writer 
has tested a great number of samples of this glass, 
made at different factories and in different localities, 
but has never found any whose electric resistance was 
sufficient for a good accumulator, though some varieties 

MACHINE FOR LAYING RAILWAY TRACKS. 

be impossible to resist the force of the current when 
the line became fully exposed to it. From my own 
point of view, I had considered all serious obstacles 
overcome when the rock trench was completed, and 
that lowering the pipe to its place in the bottom of the 
river would be a mere play spell. And so it proved. 

" Of course, I had carefully calculated the require· 
ments of  the situation and the means requisite for 
handling the main and for resisting the force of the 
current, and had provided amply for any and all con· 
tingencies. And this was not a difficult matter at all. 
There were no unknown quantities involved ; every· 
thing could be mathematical ly demonstrated, almost 
as f'asy as two and two make four. If fifty feet of pipe 
could be handled safely all at once, five miles could be 
handled just as safely, if e verything was proportioned 
and timed correctly. As to the great bugbear, the 
current of the river. five minutes' ciphering clearl y 
demonstrated that gravity alone gave an ample factor 
of safety, the simple weight of our main being such 
that the current would not affect the line in the slight· 
est degree. These fears and doubts proved quite a dis· 
turbing element, however, with many who were very 
greatly interested in the success of the work and they 
were not allayed until the work was fully dompleted 
and they were shown to be entirely groundless. 

' 

" Forty men were now stationed along the line of 
main, one at each screw, and a signal man with a horn 
was placed in the center. At intervals of ten seconds 
the signal man gave one blast with his horn u pon 
which the lllen at the screws each gave one full t

'
urn at 

the scre w lever at which he was stationed. We first 
made a few turns to the right until the main was raised 
sufficientl y to permit of the removal of the temporary 
supports from under the pipe. 'Ve then reversed, and 
turned steadily and uniformly, til l  the main reached 
its final resting place i n  the bed of the river. T wo 
hours and a half only were occupied in accomplishing 
the ta�k, and our main now rests in its rocky trench at 
the bottom of the river, with the entire volume of the 
river quietly flowing over it, instead of, as a few hours 

handled on the forward cars. Two lengths at a time 
are strapped together and then quickly passed on roll· 
ers to the front and on to the ties. 

The principal improvement is in the method of han· 
dling the ties. These ar.e carried on an overhead car· 
riel', which is operated by an upright engine and boiler 
on the forward car. This carrier is made in sections  of 
about car lengths, mounted on posts, which are held 
by loops or stake pockets on the sides of the car. They 
consist of a series of rollers with concayed surfaces, 
operated by detachable link belts. The ties are placed 
on the rollers and pass upward and over the rail cars 
in a continuous stream, directly to the front. The rate 
of delivery depends only upon the speed with which 
the engine is run and the quickness with which the 
ties can be placed. When a tie car is unloaded, a 
section of the carrier is quickly removed and the next 
one dropped, ready to go on with the work. 

There is nothing complicated or hard to learn. A 
green gang of men can at once handle it, and should do 
very quick work. The inventor claims that three miles 
of track a day can be laid ; and this seems entirely pos­
sible, although it has not yet been tested in  actual work. 

Our illustration conveys so clear an i dea of the device 
that further description is hardly needed. F ull par· 
ticulars may be obt.ained by application to Mr. Ahner 
Price, room 7, Home Insurance building, Chicago.­
Railway Review. 

HOW TO MAKE A LEYDEN .JAR. 

ANY person of ordinary ingenuity and some electric 
knowledge who has carefully examined a Leyden jar 
is very apt to come to the conclusion that it is a very 
simple thing, and easily made, and if he wants one for 
amateur work. for his  own amusement, or to use in the 
class room, if he is a teacher, he is quite likely to under· 
take to make it, and after the expenditure of some 
money and a good deal of time and patience, and find· 
ing all his experiments utter failures, he either gives 
up disgusted, buys the article of some dealer. or 

of the green glass have sufficient resistance for an in· 
strument of low grade. Imported glass, on the other 
hand, has a much h igher resistance, and some of the 
best Leyden jars are made of the imported variety 
known as " hard flint.." 

English green glass, such as is used fot' jars and 
bottles in which pickles and other condiments are 
imported, makes the best Leyden jars, and unless 
some special size or shape is wanted, the shortest 
method is to purchase such a jar, which can be had at 
any large grocery, dispose of the contents, cleanse it 
thoroughly, and it is ready for use. 

The remai nder of the work is  easy ; and for this  
some light tinfoil and good flom: paste are the prin· 
cipal requisites. Cut the foil with shears into strips 
about two inches wide, and five inches, more or less, in 
length, according to the height of the vessel. Prepare 
a strip of wood of sufficient length to reach the bottom 
of the. vessel inside, while grasping the upper end as a 
handle ; make the lower end thin and flat, and about 
three·fourths of an inch wide, and wrap about two 
inches of it with soft cotton cloth, securely fastened ; 
and having pasted a strip of foil , apply it with this in· 
strument to the inside of the vessel, spreading it on 
smoothly. Cover the inside in  this way to within 
about three inches of the top, and the outside to the 
same height, and give the uncovered portion a light 
coat of shel lac, and the jar is practically complete. A 
cap of wood or hard rubber with cork attached, or a 
common cork, can be used for a stopper, though not 
absolutely necessary except for convenience. A brass 
rod through the center of the stopper, terminating 
about three inches above it in a ball, and below in  a 
light spring or chain .  in contact with the tinfoil, will 
be found cOIl venient for cha rging and discharging. 

Sheet brass or t.in can be used for the outside coat· 
ing, soldered to a circulate brass plate at the bottom, 
forming a cup. and closely fitted to the jar. If brass 
is nsed, it can be nickel plated. A jar made in this way 
is more durable and n eater in appearance than with an 
outer coating of tinfoil.- Western Electrician. 
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THE USE OF THE MAGNETIC NEEDLE IN 
E XPLORING l!'OR IRON ORE. * 

By Mr. BENNETT H. BROUGH. 

As a general rule, geological and mineralogical meth­
ods alone are used in exploring for ore deposits ; only 
in a few exceptional cases are physical methods possi­
ble. Thus, in exploring for magnetic iron ores, the 
compass lIIay afford val uable aid, and has, in fact. been 
employed for this purpose in S we1en and in the U nited 
States for many years. The theory of its use is based 
u pon the fact that certain m inerals deposited in the 
earth become magnetic by induction under the influence 
of the earth's magnetism, and that, consequen tly, the 
two poles are fixed in the direction of the magnetic me­
ridian, or, more exactly, in the direction of the magnetic 
inclination at the opposite ends of the deposit. It is 
well known that there are substances, such as steel and 
magnetite, exhibiting polar magnetism ; that is to say, 
they retain the magnetism once acquired, e ven if the 
inducing force ceases to act. Other substances, such at! 
soft iron and magnetic pyrites, exhibit simple magnet­
ism ; in other words, they are magnetic only so long as 
the induction remains. The intensity of the magnetism 
exh ibited by deposits of magnetite varies greatly, and 
is frequently so slight that only delicate instruments 
and practiced observers clm detect it ; in other cases 
the needle is affected at considerable distances. It 
must, of course, be remembered that a given magnetic 
force affects the needle to exactly the same degree 
through 100 feet of granite as through the same dis­
tance of air. If the magnetic north pole of the earth 
is regarded as negative, and the south pole as positive 
(in the northern hemisphere) the upper end of a verti­
cal mass of ore will be negative and the lower end 
positive. Consequl'ntly, if a magnetic needle is brought 
near the upper or negative pole of the deposit, the 
north-seeking or positive end of the needle wil l  be at­
tracted. When the poi nt of obser vation is very near 
the ore pole, the need le will dip downward. The lower 
or positive pole of the ore mass, being usually situated 
at a considerable depth, will not affect the observation. 
Other deposits, coursing in a more or less easterly 
and westerl y direction, are less affected by induc­
tion ; t h e  poles being situated in the long sides of the 
deposit. Frequently the deposits are faulted and 
broken .  In this case the separate portions behave like 
fragments of a broken bar magnet, the adj 'l,c.ent ends 
exhibiting opposite polarity. In exploring for ore, 
then, i f, on ad vancing from north to south, the free 
need le is first attracted and then repelled, a fault in the 
deposi t is i ndicated. 

'1'0 explore for ore, the ordinary miner's dial or sur­
veyor's circumferenter may be employed. If a straight 
line is followed with the instrument, the n eedle will 
remain directed toward the same point of the dial ; or, 
in other words, will remain in the magnetic meridian as 
long as it is kept sufficiently far away from iron and 
m agnetic ore masses ; but if these are approached, the 
need l e  will grad ually be deflected. The only case in 
which there will be no deflection is when the attracting 
deposit is approached along the meridian passing over 
its u pper pole. It follows that i n  magn etic surveys th e  
merid ian line must first be found,  and fixed in  the field 
or on the plan. For this purpose at least two straight 
l ines are set out in the magnetic east and west direc­
tion, from 30 to 50 yards apart. These li nes will at some 
point cross the meridian line. If the dial is set up at 
one end of a line of this kind, at a considerable distance 
from the magnetic mass, there will, of course, be no at­
t.racti6n. On approaching the meridian, the needle 
will be gradually attracted, and at a certain distance 
the maximnm attraction will be reached. On approach­
ing n earer it will become smal ler, unti l ,  at the ore me­
ridian itself, it will be inappreciable. The angles of 
deflection observed at the various stations are noted on 
pegs driven into the ground, and also in the field book 
or on the plan. Followin g the same straight line to 
the other side of the zero point-or, w hat is the same 
thing, to the other side of the ore meridian-the same 
attractions are exhibited, but in reversed order ; the 
need le turning back to the meridian. If similar obser­
vations are made along the secon d  east and west line, 
it is easy to fix the ore meridian by joining the two 
points where there is no deflection. These points are 
mid way between the two points of maxim u m  deflection. 
This passes over the upper pole of the deposit, and if 
the pole is approached along the meridian line, the dip 
of the north-seeking end of the needle will, as a rule, be 
greater the nearer it comes to the pole. This method 
is, howe ver, not adapted for fixing the position of the 
pole exactly. This m ay be done by determining the 
isogon ic lines-that is to say, by joining the points 
where the needle has the same deflection. In order to 
obtain one or more parallel isogonic lines on both sides 
of the ore meridian, it  is necessary to set out a number 
of lines parallel to the ore meridian, and from 10 to 30 
yards apart. At the points where these lines in­
tersect the east and west lines, the angles of deflec­
tion m ust be o bserved, and isogonic lines constructed 
by join ing the points of equal deflection. The needle 
being drawn so m uch out of its horizontal position 
that its free play is hindered, it m ust be weighted and 
balanced by a piece of wax. If now from some point 
of intersection in the network of squares made 
on the field of observation a line is drawn in the direc­
tion of the deflection of the magnetic needle, it will cut 
the isogonic curve at a second point, and, eventually, 
the ore meridian. The two points where the isogonic 
line is cut are joined, the joining .line is bisected , and 
at the point of bisection a perpendicular is  erected ; 
then, perpendicularly under the point where this cuts 
the meridian, is the u pper ore pole,  and at this  point it 
will eventually be found best to sink the shaft, so as to 
be certain of cutting the ore mass. The ore meridian, 
it must be noted, need not always be a straight line. 
In cases where a better instrument was not available, 
excellent results have, in this way, been obtained with 
the ordinary pocket box com pass, held in the hand. 

Fl)r preliminary magnetic surveys no instrUlmmt is 
better than the S wedish compass. In this instrument 
the needle, besides revol ving in a horizontal plane in 
the usual manner, can also turn in a vertical plane to 
an angle of about 60° with the horizon. The needle is 
horizontal ly suspended in a brass case on a long verti­
cal brass pin by means of a long glass cap. The brass 
termi nates above in a short steel point, on which the 

* Paper taken as read at the spring meeting (June, 1887) of the Iron aud 
Steel Institute.-Iron. 

glass cap rotates. At the bottom of this is a brass 
stirrup, provided with fine ho les, through which pass 
the horizontal pins su pporting the n eedle. 'l'o euable 
the needle to dip, there is a long slot cut along the 
middle of it. The compass box can be suspended by 
means of three strings passing through three sUlall 
rings fastened 120° apart on the outside of the box. It 
can thus be easily carried in the hand. Grad uat ion is 
not usual, and indeed unnecessary. Only the card inal 
points are marked, as in u sing it deviations from t h e  
horizontal position alone have t o  be noticed. This 
compass was invented in the last century by the cele­
brated S wedish miner Daniel Tilas, and is stil l  in 
general use. 

The dip of the needle is estimated merely  by the eye, 
and is not actual:; measured. The miner's or dip com­
pass was invented in the United States in 1886, and 
was adopted by the Geological Survey of New Jersey 
in the systematic explorations for llI agnetic iron ore in 
that State. In this i nstrument the magnetic needle is 
suspended so as to move readily in a vertical direction, 
the angle of inclination being llIeasured upon the 
divided rim of a small cOlllpass box. The needle can­
not move horizontally. When in use, the ring is held 
in  the hand, and the compass box. by its own weight, 
takes a vertical position. It must, of course, be held 
in the plane of the magnetic meridian, which can be 
determined by holding the instrument horizon tally. 
In this way it serves as an ordinary pocket compass. 
Messrs. W. & L. E. Gurley, of Troy, New York, lllake 
several different forms of this instru ment. One with a 
three-inch needle has the two sides of glass, and is pro­
vided when desired with a stop for the needle. Another 
form has a brass back and cover and a two and a half 
inch needle. An im proved compass by the same mak­
ers is a modification of the S wedish compass, and h&s 
a needle three or four inches long, resting u pon a verti­
cal pivot so as to move freely i n  a horizontal plane, and 
thus place itself in the magnetic meridian. While being 
attached to the needle cap by two delicate pivots, one 
on each side, it is free to dip. It is usually provided 
with brass covers on both sides. 

With the dip com pass, whether Swedish or Ameri­
can, perfectly trustworthy results can only be obtained 
when the observer is acquainted, by long experience, 
with the peculiarities of his instru ment. Compass ex­
plorations being in many cases the sole source of in­
come, it can easily be understood that a skillful 
operator will be inclined to keep his mode of proced ure 
secret. Consequently, the uninitiated are apt to be­
lieve that the operator must be specially gifted ; and 
frequently the supernatural properties formerly as­
cribed to the divining rod are transferred to the com­
pass. This excess of faith in some is accompanied by 
skepticism in others. For this, unfortunately, there 
are good grounds, the compass being so admirably 
adapted for dishonest purposes. Th us, Mr. T. B. 
Brooks mentions an American prospector whose com­
pass needle in the vicinity of an ore mass always 
showed a dip of 90° when facing west, and the true dip 
due to local attraction when facin g  east. The former 
position, it is said, was very successfu lly used i n  sell­
ing iron ore grounds, and the latter in buying them. 
Similarly, in S weden, a powerful magnet inserted in a 
walking stick has been successfully employed to give a 
large dip to the needle when it was thought desirable 
to mislead the purchaser. As a rule, surveyors assume 
that the most ore must occur where the dip com pass 
shows the greatest inclination, or is perpendicu lar. 
This assumption, however, is erroneous. The place 
where the needle is attracted most by a vertical ore 
bed is not directly above, but to the' north of, the 
south pole of the deposit ; for, if the magnetism of 
the earth is  powerful enough, there m ust be somewhere 
north of the ore pole a point at which the horizontal 
com ponents of the magnetism of the earth and- of the 
ore bed are equally powerful,  but acting in opposite 
directions. At this point the horizontal forces neutral­
ize each other, and then the vertical forces of the mag­
netism of the earth and of the ore bed tend to bring 
the needle into a vertical position. The evidences 
afforded by the needle often lead to error. An nnim­
portant pocket of ore near the surface may have as 
great an action on the instrument as a larger ore mass 
situated far below the surface. It is thus seen that in 
exploring for iron ore with the magnetic needle, a 
purely scientific method is necessary. The compass 
should be employed for preliminary work, in order to 
save time and labor ; but before a shaft is sunk, re­
course should be had to a more accurate method. 1m 
proved methods, ava.i1able for the purpose, have been 
devised by Brooks, Wrede, Thalen, and Tiberg. 

BROOKS' METHOD. 
Mr. T. B. Brooks, of the Geological Survey of Michi­

gan, in explorin g  for iron ore, determined with a pocket 
compass variations east or west ; the bearings of a 
standard line being taken as in ordinary surveys. The 
inclinations or dips were observed on the dip com pass 
held in the hand in the plane of the meri dian. Some­
times observations were made with the compass held 
at right angles to this position-that is, facing north 
and south. The instrument was always held in the 
hand, and leveled by its own weight. The intensity 
of the magnetic force for the th ree positions of the 
compass was measured by the num ber of oscill ations 
made by the needle in a unit of time, usually taken at 
a q uarter of a minute. No attempt was made to elim­
inate the earth's attraction by neutrali�ing it with a 
magnet while the observation was being made, nor by 
com putation ; and the great amount of fl'iction i n  the 
compass renders the number of oscillations only an ap­
proximation to the nu mber that would be obtained 
with a delicatel y mounted needle. Mr. Brooks has, 
however, done excellent work with this m ethod in the 
M arq uette region and in New York and New Jersey. 
He also describes another method of workin g, which 
be calls magnetic triangulation. The mode of proced­
dure is as follows : Remote from any magnetic rocks, 
n eutralize, by means of a bar magnet, the earth's influ­
ence on the needle of a solar com pas�. The needle will 
then stand indifferently in all directiolls. If the com­
pensated instrument is set ul' n ear the magnetic pole 
to be determined, the need l e  will point as nea.rly to­
ward the local pole as its mode of mou nting will per­
mit. '.rhe operation being repeated at two other 
points near the magnetic pole, the three lines must in­
tersect in one point, which will  be directly over the 
pole of which the position is sought. By using a dip 
compass in a similar manner, data to determine the 

depth would be obtained. The fact that several local 
poles often influence the needle at each station renders 
this method difficul t  in practice ; a place must be 
sought where but one strong pole exists. 

WREDE'S METHOD. 
The method proposed by the Baron F. Wrede, in 

1874, consists in exploring for two points, one east and 
the other west of the ore mass, at which the deflections 
of the needle from the magn etic meridian are eq ual, but 
to the west on one side and to the east on the other. 
The observations are made in  the ore field in the direc­
tion of the magnetic east and west line, the approximate 
position of which is assumed to be known . Midway 
between the two poi n ts there m ust be a third, where 
there is no decl ination. The position of the meridian 
passing over the ore body is thus determined It  is 
then necessary to determine the magnetic intensi ty 
and inclination, in order to calculate where the ore 
pole is situated. For this purpose it  is uecessary to 
find out the position of that point for which th e hori­
zontal component of the earth's magnetism is  zero, and 
where the angle of in clination due to the magnetism 
of the ore bed alone is 90°. 

THALEN'S METHOD. 
Professor R. Thalen, of the U niversity of· Upsala, em­

ploys a modification of Weber's portable  m agnetometer, 
or of Lamont's theodol ite. He can not be said to h ave 
i nvented the instrument, since its pri uciple has been 
known since Gauss' t ime (1830). Weber's magnetometer 
dates from 1836, and Lamont's theodolite from 1840. In 
its sim plest form, the instrument consists of a com pass 
box 3Yz inches in diameter, divided in to degrees or half 
degrees. At right angles to the d i a m e ter, passi ng 
through the zero poi n t  of the grad u atioIl , an arlIl ex­
tends horizon tally. This serves as a sight in setting 
out lines in the field, and receives the bar magnet 
for the deviation measurements. A deflection of the 
needle is  caused by m eans of t h i s  m a gnet, the lon gitu­
dinal direct ion of which is paral lel to the arm, and the 
distance of wh ich from the n eedle always rem ains u n al­
tered. On the other side of the compass box t h ere is a 
socket, into which a rod of soft i ron can be pl aced per­
pendicularly for inclination measurements. 'fhis i ro n  
rod, l ike the magnet, effects a deflection of the needle. 
The instrument rotates about a vertical axis, and is 
provided with a spirit level and leveling screws. I n  
ord er t o  simplify t h e  apparatus sti l l  furthel', the COIll­
pass box may be fastened to a rectangular board, the 
edges of which can be used as sights, while the board 
itself receives t.he bar magnet, which is fixed by screws 
01' springs into the position that is determined once 
for all. As support for the instrument, an ordinary 
surveyor's plane table may be employed. The observa­
tions with the magnetometer consist for the most. part 
of deviation measurements, for which two different 
methods may be em ployed. In one method the i n stru­
ment is placed so that the needle is directed to the zero 
point, the bar magnet having been removed from it.s 
place. Directly the magnet is  replaced , the needle wil l  
deviate from its  original position, the angle of  deviation 
being read from the graduated circle. In the second 
mpthod the i nstrument is turned, while the magnet is 
in its place, until the n eedle points to zero. The bar 
magnet is then removed,  and , w h en the needl e h as 
come t.o rest, the angle is read. In th is method , under 
simi lar conditions, the angle obtained will  be greater 
than in the former method. Of the two methods, the 
latter, or sine method , is the more del icate ; but it re·· 
quires more time than the former, !l.S the instrument 
has to be readj usted at every observation with the 
magnet and iron rod. This method has the d isadvan­
tage of not being applicable in the extreme north of the 
ore field, where the magnetism of the ore bed is  power-· 
ful. In the former, or tangent method, the im;tru­
ment remains unmoved during both measurements. 
The disadvantage, however, is that the so-called con­
stants of the instrument vary with the angle of d e via­
tion. This does not matter if the results are to be ar­
rived at geometrical ly, since it is then merely necessary 
to join the points where the same angle is obtained, q uite 
regardless of the magnitude of the angle and of i ts cor­
responding constant. If the position of the ore is to be 
determined by calculations, the sine method must be 
el1l£loyed. 

Where no ore is present, the needle is acted u pon by 
two forces, one of which is due to the fixed magnet, and 
the other to the horizQntal component of the earth 's mag­
netism. These two forces acti ng simultaneously, the 
needle takes up a position i n  the di rection of their result­
ant. Then, if a is the angle of deviation , and H the 
component of the earth's magnetism, the following 
formulre are obtained : 

For the tangen t  method : H tan a = K" 
For the sine method : H sin a = K., 

in which K, and K. are constants, 80 long as the size 
and position of the magnet remain unal tered. If these 
constants are known, the actual value of H may be 
found frolll the magnitude of the observed angle by 
either of the methods. If the constants are un known ,  
only the relative value of H m a y  be found . When ob­
servati ons are IlIade near an iron ore field, i n  both 
formulre H must be replaced by R, the resultant of the 
horizontal component of the earth 's magnetism and 
the magnetism of the deposit. The formulre then be­
come 

R tan a = K" and R sin = K •. 
When the deviations are caused by the soft i ron rod 
instead of by the magnet, tlomewhat sim ilar formulre 
are obtained ; but the magnetism of the iron rod being 
due to ind uction, its intensity is proportional to the 
variations of the vertical components of the earth's 
magnetism. It follows that the constant, K, of each 
formula in this case must be replaced by a magnitude 
that varies with the magnetism of the rod. Observa­
tions with the iron rod i n dicate the inclination of the 
earth's magnetism, whi le  observations with the bar 
magnet serve for determining the horizontal compo­
nents of the sam e terrestrial force. Consequently, by 
combin ing the two methods, it is  possible to find out 
the vertical components of th e m agnetic force. 

In order to survey an ore field, it Ul IlSt first be d i vided 
into sq uares, with sides 100, 50, 01' 25 feet i n  length. 
Then, at every angle of th ese squares, the deviation 
must be observed with the m agnet and iron rod. 
Similar observations m ust be made on ground free 
from iron, and so far distant from the ore field that 

he influence of the ore is not felt. It is also advisable 
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to determine. the magnetic declination for each point 
of observation. This may be done by di recting the 
sights along one of the lines that has been set out,  and 
reading the bearing, after the first magnet and i ron rod 
have been removed. O bser vations must also be made 
along the magnetic m eridian north of the supposed ore 
pole to determine where th e north-seeking end of the 
free needle changes its direction from north to south, 
or whether it i n variably points toward the north. 
Wh en these determinations of declination, horizontal 
intensity, and inclination have been carefully made 
and the angles obtained noted on paper divided into 
squares, lines are drawn for each of the three series of 
observations, exhi biting eq ual declination (isogonic 
lines), eq ual in tensity (isodynami c lines)! and tlqual 
incl i nation (isocl inic lines). This is done III each case 
by joining the points for which equal angles were ob­
tained. The curvatu re of the lines is drawn as natu­

. ral ly as possible, care bei ng taken to avoid sharp bends. 
'fhe cul'ves of  inclination and inten sity thus construct­
ed are closed, and have an approx i mately circular or 
ell iptical shape, provided that a single isolated ore 
mass is bein g  dealt with . They are grou ped roun d  
t w o  poi nts. 'fh e  o n e  a t  t h e  north is where the greatest 
angle of deviat ion was found,  while that at the south 
is where the smallest angle was obtained. Between 
these two groups of curves i s  an open curved line re o 
presenti ng the neutral angle. In this neutral line the 
intensity is the same as if no ore was present. The 
straight l ine joi ning the points where the greatest and 
smallest angles were obtained passes oVer the center of 
the ore mass, and . indicates the d i rection of the mag· 
netic meridian of the ore fiel d .  Directly beneath a 
point in this l i ne. in a vertical ore bed, the greatest 
mass of ore occurs. The rule that most general l y  holds 
good i n  search ing for iron ore is that the ore mass is to 
be found i lIl mediatel y beneath the point where the 
magnetic meridian cu ts the neutral line. The isogonic 
lines consist of concentric ovals placed, as a rule, sym­
metr ica l ly 011 both sides of the merid ian . From th e 
shape and position of these curves useful indications 
may be obtai ned regarding the position of the ore pole 
and the shape of the deposit. 

TIBERGr'S METHOD. 

The instruments employed by E. Tiberg consist of a new 
magnetic instrument for determining the in clination, 
a plane table, and a sighting instrument. The incl ina­
tion instrument consists of a round box 3X( i nches in  
dialIleter and % i nch deep , fi xed i n  t wo square brass 
frames with 3% i n ch side!'. At its circumferen ce it has 
a graduated ri n g, and in the middle a magnetic needle 
2 '36 inches in length. Its axis is at right angles to the 
plane of the box, and rests upon two agate supports. 
T h e  need le can thus move freely when the instrument 
is placed horizon tal ly or vertically. 

The i nstrument di ffers from other instruments for 
determining inclination in that the center of gravity 
of the magnetic n eedle is a little below its h orizontal 
axis when the instru lllent is in a vertIcal position. 'fhe 
need le is compensated for the vertical fOl'ce of the 
earth's magnetism by a piece of wax fastened to its 
sOllth-seekin� end. The instrumen t is  provided with a 
sp iri t l e vel for horizontal adjustment, and with a ring, 
by means of which it can be suspended vertica l ly. 
The sighting instrument is a brass plate about a foot 
in len gth , provid ed at one end with four sq uare flanges 
to receive the inclination instrument for horizontal 
mflasurements. At right angles to this square there is  
a groove i n  the plate w ith a sliding receptacle for the 
bar magnet req uired for horizontal measurements. 
Four  folding sigh ts are attached to the plate in such a 
way that their l ines of sight form a right angle . The 
i n stru ment, conseq uen tly, can be used as a crosshead. 
Two special sights are added for leveling operations, 
and the instru ment is provided with a. circular spirit 
leve l .  

T h e  plane table em ployed is of the usual form. The 
observations for vertical measuremeuts are made at the 
surface with the plane table or b y  hand. The incl i na­
tion instrument is fastened to the plane tab l e, leveled, 
and turned until  the needle points to 900• The instl'U­
ment is  then raised with the ring at th e top, and placed 
at right angles to the magnetic meridian, and the angle 
indicated by the needle oQserved. The same operation 
has to be done by hand if  the plane table is not avail­
able. When the ore appears to be deep, or when the 
horizontal i ntensi ty is powerful, recourse must be had 
to t he plan e table . 
. The formula for calculating the vertical i ntensity G 
IS-

G = K tan v, 

in which V is the angle given by the needle-that is, it!! 
devi ation from the horizon tal..,-and K a constant vary­
ing in different instruments from 0'75 to 1 '4 of the 
earth's horizontal magnetic force. Lines of equal \'erti­
cal i n ten si ty may thus b e  con structed. In magnetic 
plans i t  is usual to employ a blue col or for positive in­
tensity, and a red color for negative in ten si ty . The 
accuracy attainable with th i s m ethod is from 0 '2 to 0 ' 1  
p e r  cent. of the earth 's magnetic force in central Swed­
en. With the plan e tabl e 250 to 300 observati ons may 
be made per day, and 450 to 500 by hand. For each 
ore field s u rveyed the needle  must be compensated 
afresh, and a pre l im inary magn�tic survey made. The 
field is then d i vided i nto squares, with si des 40 feet in 
length .  The base line is as neal' as possible in the 
m i d d l e  of the field, ann. parallel to the direction of the 
I!trike of the deposi t. In making the survey observa­
tions are made every 10 feet, and in some cases every 5 
feet in the i m mediate vicin ity of the ore, and every 20 
to 40 feet or m ore when further d istant from the ore. 
The general rule is to make as many o bservations as may 
be req u i l'ed to indicate what the appearance of the 
curves will be. 

Heights are estimated by the eye, or by a preliminary 
level ing with the sigh ting i nstru ment, and the more 
im portant topographical details are noted . The maxi ­
m lUll of i n tens ity is �enerally presented by the point 
where the ore is neal'es t to the surface. It may also be 
situated between two adjacent deposit!!-in wh ich case 
the in temlity d ecreases, at first slowly, or not at all ,  
and then comparativel y rapid l y . The distance to th e  
center of a vertical ore bed l IIay b e  take n a s  a t  l east 0 '7  
of half the breadth of  the nort h polar attraction. This 
ru le is ,  ho wever, not very trust worth y. The vertical 
d istan ce of the plane of observation from the upper 
ore pole is equal to the h orizon tal di stance of the point 
where the needle deviated most from the horizontal 

from that where � of the greatest intensity was found. 
It is also equal to 1t  th e distance of the point where 
the needle dipped most from that where half the maxi· 
mum was found. The latter rule is  the best. 

Sometimes these calculations enable an opinion to be 
formed of the relative values of two si milar ore beds. 
For two deposits of a similar character, situated at 
least 30 feet beneath the· surface, it may be assum e d  
that the deposit for which the �roduct of the greatest 
intensity and the polar distance IS the greater contain s  
the larger quantity of ore for the same length of de­
posit. If the polar surfaces of the two beds are limit­
ed, this prod uct lll ust be replaced by the square of the 
polar distance. A good idea of a deposit may be form­
ed from the appearance of the curves of intensity. 
Regular, long extended, elliptical curves, inclosing a 
long but narrow district of greatest i ntensity, always 
indicate a regular lenticular mass. An asymmetrical 
bend in the cur\'es indicates parallel deposits. More 
circular curves may indicate a seggregation of ore if the 
intensity decreases regularly. Irregular curves indi­
cate more or less irregular deposits. In exploring for 
courses of ore in the mine, a base line is marked out in 
the level, and observations made e very ten feet at 
least. At each station three observations have to be 
made : 1. To determine the direction of the total hori­
zontal i ntensity by means of the sighting i nstrument, 
the deviation of the magnetic needle from the base line 
being observed. 2. To determine the magnitude of 
its force by means of the bar magnet. 3. To determine 
the vertical i ntensity by means of the inclination in­
stru ment. Vertical measurements must also be made 
at the top and floor of the level, and for this purpose 
the instrument m ay be held in the hand. On n eutral 
ground at the su rface, the horizontal force of the 
earth's magnetism and the direction of the earth's 
ma�netic meridian must be determined. The results 
of all the observations are represented on paper, along 
the base line. as arrows showing the horizontal forces 
of the magnetism of the ore at the points of observa­
tion. If al l or part of the arrows are directed toward 
the same point, there the ore may be assumed to be. 
The ore would be at the level at which the observations 
were ma,de, if the vertical intensity is negative. When 
the arrows approach i n  front or behind, the plane of 
observation is above or below the magnetic center of 
the ore. When the vertical intensity is positive, the 
ore may be above or below the plane of observation, 
always assu ming that a more or less vertical ore mass 
is being dealt with. 

CONCLUSION. 

From the sketch of the new methods given above, it 
wi l l  be seen how admira bly the principles of terrestrial 
magnetism have been applied in Sweden for the explo­
ration of iron ores. The results are not on Iv of scien­
tific interest, but also of great practical importance. 
To illustrate this, it may be mentioned that, by apply­
ing his method, Ti berg has discovered very important 
deposits of ore at the mines of Langban and Sikberg. 
Some interestin g results, too, have beeu obtained by 
Pro fessor Thalen. who has been able, with the mag 
netometer, to determine the various percentages of 
powdered iron ore and microscopic fragments of mag­
netic minerals occurri n g  in the various beds of clay 
at Upsala. In the same way the order of succession of 
beds of i I'on -bearing rocks can be determined. It ap­
pears, therefore, that acccurate m agnetic surveys 
would be of  great value to the geologist, as well as to 
the miner. The val ue of the improved methods in the ex­
ploration and development of jron ore districts cannot 
be overesti mated, and probably a great future is  in 
store for them in solving questions of stratigraphical 
geology in districts containing magnetic rocks. 

ON A NEW METHOD OF MEASURING MAG­
NE'!'IC SUSCE PTIBILITY AND MAGNETIC 
PERMEABILITY. 

By THOMAS T. P. liRUCE WARREN. 

THE following method of measuring magnetic forces 
opens up an important branch of chemical physics, 
and m akes magnetism itself an interesting adjunct to 
anal ytical research . 

Ord i nary German silver, when tested with a magnet 
in the ord i nary way, shows no attraction whatever, but 
if exam i ned i n  th is way is decidedly attracted by a 
magnet. It was, in fact, from examining the contacts 
of electrical apparatus, to determine what metal or 
alloy was used, that this method of procedure was 
developed. 

magnet to one of the ends of the beam, in place of the 
scale pan, as we are then independent of the magnetic 
influence due to the metal of the pan, and, having once 
balanced the magnet, we obviate the necessity of hav­
ing to weigh each substance operated on. 

We are indebted to Sir William Thomson for 
the terms magnetic " susceptibility " and magnetic 
" permeability, " and it is in p recisely the same sense 
as used by him that those terms are employed in this 
paper ; thus, .. susceptibility " implies that condition 
which ordinarily is  understood of becoming magnetic, 
and .. permeability " may be taken as meaning the 
power of conversely arresting the transmission of mag­
netic energy, or a k ind of porosity. 

In addition to these terms, we frequently u se the 
expressions " retentive power " and " residual magnet­
ism. " These terms express what are practically the 
extremes of t.he same idea. Many substances are mag­
nets when under the influence of another magnet, b ut 
as independent magnets return almost to their zero 
condition. The power of retaining magnetic polarity, 
per se, deserves a scientific recognition . It has now 
become a recognIzed fact that . the retentive power of 
steel can be increased by the addition of other metals ; 
although themselves feebly magnetic, it is generally 
considered that· their influence is due to tem pering or 
hardening iron. 

Residual magnetism may be roughly measured by 
noting first the force which draws the magnet to the 
substance experimented on, and, after magnetizing by 
any of the ordinary methods, replace the same and 
note the alteration in the attractive force. The same 
method may be used for measuring the rate of acquir­
ing. under a constant magneti c  force, the maximum of 
ind uced or permanent magnetism . 

In experim enting on the magnetic permeability of 
substances the arrangement of the magnet or magnetic 
field is the same as in the previous case- a plate of the 
metal or stratum of liquid is inserted between the mag­
net and some iron filings or magnet. 

When the plate is removed, the magnet is attracted 
to within a fixed distance of the filings, the weight re­
quired to produce equilibrium is noted ; the plate is 
then inserted , and the dimi nished attraction agai n 
noted . The difference in weight is due to the arrest of 
magnetic influence by the in terposed layer. 

The effect produced by differences in th ickness of 
the interposed layer does not appear to follow the la. w 
of variation for magnetic attraction as general ly ac· 
cepted. 

The magnetic permeability is known to be a function 
of susceptibility. A class of substances appear to ex ist 
which are almost magnetic insulators, but as a rule 
the higher the susceptibility of a substance is, the 
greater will be its permeability. This we might have 
expected. 

This method of experimenting on magnetic perme­
ability leads to the conclusion that we are not warran t­
ed in treating a vaccum as magnetic ; on the contrary, 
we have, simply by exhaustion , altered the perme­
ability of an interposed layer of air. W hen a magnetic 
substance is made to approach a balanced magnet, the 
force of attraction was as follows : 

At 41 '0 mm. distance 0 '026 grm. 
.. 20'5 " " 0 '520 . . 
" 14 '0 " " 1 '300 

so that at one-third the distance, in this experiment, the 
attraction is fifty times as great. 

The magnetic force is no doubt increased, partly by 
the diminished distance and partly by increasing the 
permeability of the i ntervening layer of air i n  conse­
quence of reducing the thickness of the stratum . 

In order to obtain comparative resu lts, the unit 
weight is less reliable than the u n it ,·olume. It seems 
to me that the unit adopted must. in the case of a sub· 
stance of definite chemical nature, be a function of its 
molecular weight. 

I am working on this matter with a view of ascer­
taining the magnetic equivalents of substances-that 
is, the weights of substances required to produce the 
unit force, at the unit distan ce, in  the unit field. 

A curious result of this inq uiry is that in delicate 
chemical operations where weighing m agnetic su b­
stances is concerned, we cannot disregard the i ntensi ty 
and horizontal force in the place where our weighings 
are made.-Chemical .News. 

PHOTOGRAPHY BY VITAL PHOSPHO­
RESCENCE. 

A delicate chem ical balance is placed on a firm table, By Dr. JNO. VANSANT. 
and in the magnetic meridian. A weight of the sub- SOME months ago there was published in several stance whose susceptibility is requ ired , either in powder scientific J'ou rnals * an article in wh ich I showed how or fine fi l ings, is placed evenly on the pan of the bal-
ance, and eqUilibrium carefully made ; a powerful excellent photographic positive prints, on glass or 
h h t ·  h i d d' tl d th paper, could be made from an ordinary ne�ative by orse-s oe magne IS t en p ace I rec y un er e means of the transformed or , .  stored up " radiant en-pan, which is prevented from approaching within a ergy-the phosphorescen t luminosity-of certain in­certain distance of the magnet. Care must be taken 
that, in every case, it should occupy the same position. organic substances, especially particular sulphides of 

calcium and strontium . Of course it w ould be more con venient to employ an 
electro.magnet, which could be fixed, and, after ad- Many organic SUbstances also, as is  well known, pos­
j usting the weights, the magnet could be excited by sess this property of storing up, so to speak, and after­
contact with a battery. When a very intense magnetic ward emitting, as more or less l u minous rays, the 
fi Id 

. . d ' 1  f 
. 

t d 'th d radiations to which they have been exposed. Crys-e IS reqlllre , a  cOl 0 WI re connec e WI a yna- tallized carbon, in form of the diamond , an d  wh ite mo is placed u nder the scale pan. paper may be cited as il lustrations of this  class. A If we are operating on a paramagnetic or positive photographic latent image on a bromide of silver sur­substan ce, the pan will be d rawn down by the a.ction 
of the magnet, and weights will  have to be added to 

face, capable of bei n g  developed , can easily be pro· 
restore equilibrium. The weight required to restore duced by bringing into contact, for an hour o� so, i n  
eq uilibrium is a measure o f  the susceptibility o f  the the dark, s u�h a sen.sit�ve surface! and an eng.l aving, 
substance in hand. or sOII�e ordma�y prmtmg, on white pap�r WhICh has 

If, however, we are working with a d iamagnetic or b�en J ust preViously exposed for some mmutes to the 
negative su bstance, we sh ould expect the pan to be dIrect rays of the sgn.  . . 
repelled. As these so.called substances are also at- But I haye n o w  �o call �ttentlOn to the c�rIous .fact 
tracted , we are driven to the conclu sion that diam ag- that the kmd ?f hgl�t gl ve� o� t by cer�am antmal 
netism as opposed to paramagnetism, i n  its  general organ�, a�d whIch eVldentl ! I� Its causat.lOn .has some 
acceptation, has no existence ; still, although a sub- I clo.se I elatIOn to the nervo�8 s) stem and VItalIty of the 
stance Illay have its poles, relatively to an exciting ammal, and belongs to a dIfferent class 

.
of phenomena 

m agnet, as im pl ied by these prefixes, no case of mag- fr�m the ph.os�h ?rescence abo y� lII e,ntlOned , .can 8.180 
netic repu lsion has yet been lUet w i th . �rmg abou t  IllClpI�nt decom posl.tlOn III a halOl d salt of 

A carefully balanced platinuIll crucible was found to SIlver. Moreover, It c�n do th iS through a s��et ?f 
be strongly attrB;cted. Bismuth was decidedJy attracted, glass .of the usual th lCkne�s used .for phot�,,! I �phlc 
but behaved With a curious sluggishness, which was negatn :es, and , cons�quentl) , there I� a P?s.slbllI t.y of 
very m uch reduced by dim in ishing the dis tance. Me- producmg by: such IIgh.t photog-r8;phlc POSItive prmts. 
tallic m anganese, although not affected by a magnet in T�e fol!o�mg experiment, copied from my notes, 
the ord inary way, has a decided influence bv this prOli es this . 
method of testing. 

• ---------.-------------

It is preferable in some Cafes 00 attach a powerful pk���cAtr��::y��. SUl'PLlIMIINT, Feb. 12, 1887 ;  PhUadelpkia 
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June 8, 1887.-This evening, just after dark, I took 
about a dozen fireflies (Lampyris corusca) , which had 
been captured a few minutes before on the lawn, and 
inclosed them in a wide-mouthed vial of some 3 oz. 
capacity, having a piece of fine white bobinet (sl1ch as 
is used for ladies' veils) stretched over its mouth in 
place of a stopper. Inclosed thus, they would fre· 
q uently emit the momentaty flashes of greenish tinted 
yellow light for which they are remarkable, though 
usually only one insect at the same time would flash. 
Every few seconds one or another would emit its light 
for a period which I estimated to average in each case 
about one half of a second, and the frequency of the 
emissions could be increased by gently shaking the 
vial. When not flashing, the under surface of the 
three posterior segments of the firefly's abdomen, from 
which the light came, was scarcely at all luminous, but 
was simply of a bright yellow color. The flashing was 
plainly under the control of the insect, like its muscu­
lar movements. These fireflies are rather less than 
three quarters of an inch long, and the segments which 
become luminous have, altogether, an area of only 
about one eighth of an inch square. The flash is, how­
ever, quite bright, so m uch so that fine print can be 
easily seen when held close to it. 

Repairing to my dark closet with the vial of fi reflies. 
I placed it to one side, under cover, while I arranged 
and clamped a very sensitive gelatino·bromide of silver 
dry plate beneath an ordinary negative picture of a 
landsC'.ape on glasS, as for contact printing. 

The vial of insects was then inverted over the back 
of the negative, so that only the fine meshes 
of the bobinet and the glass of the negative with 
its gelatine film intervened between the fireflies' 
light and the sensitive bromide plate. I count­
ed the flashes, occasicmally shaking tha vial and !'lid­
ing it over the negative, till fifty flashes had occurred. 

The vial wa& then removed, the sensitive plate sep­
arated from the negative, and an attempt made to 
develop the latent image, if any existed. Alkaline 
solution of pyrogallol was nsed, and in a few minntes 
I had the pleasure of seeing a well-marked positive 
image of the negative picture appear, the plate being 
somewhat yellow stained, as if from too long an ex­
posure. This was fixed in the usual way with sod. 
hyposulp. , and is now in my possession-probably 
the first picture ever produced by the light emitted 
from a living animal organism. 

U. S. Marine Hospital, St. Louis, Mo. , June 10, 1887. 
-St. Louis Photographer. 

FREEZING MIXTURES. 
TABLE I. -FREEZING MIXTURES. 

Reduction of Temperature 
Oomposition by Weight. In Degrees Fahr. 

deg. deg. deg. 

����.ni.�� �i�r��� . : : : : : : : : ::::: .. : : : : :  � p�rt } From H O to + 4 = 46 

Ammonium chloride . . . . .  . . . . . . . . . . . . . .  5 parts � 
Potassium nitrate. . . . .  . . . . . . . .  . . . . . . .  . .  5 . . From + 50 to + 10 = 40 
Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16 " 
Ammonium chloride . . . .  . . . .  . . . . . . . .  . . .  5 

, . 1 Pot�s"in)Il nitrate . . . .  . . .  . . . .  . . .  . .  . . . . . .  5 From + 50 to + 4 = 46 Sod 111m sulphate . . . .  . . . . . . . . . . . . . . . . .  . .  8 
Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 .. J 
Sodium nitrate . . . .  . . . .  . . . .  . . . . . . . . .  . . . .  )j " } From + 50 to _ 3 = 53 Nitric acid diluted . . . .  . . . . . . . . . . . . . . . . .  2 
Ammonium nitrate . . . . . . . . . . . . • .  . . . . . . . 1 u � 
Sodium carbonate . . . .  . . . .  . . . .  . . . . . . . . . .  1 .. From + 50 to - 7 = 67 
Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . .  
Sodium I!hosphate . . . . . . . . . . . . . . . . . . . . .  9

4 
:: } From + 50 to - 12 = 62 Nitric aCid diluted . . . . . . . . . . . . . . . . . . . .  . 

Sodium sulphate . . . .  . . . .  . . . . . . . . . . . . . . . 8
9 

:: } From + 50 to - 0 = 50 Hydrocblorlc acid . . . . . . . . . . . . . . . . . . . . .  . 
Sodium snlphate .  . . .  . . . .  . . . . . . . .  . . . . . . 5

4 
:: } From + 50 to + 3 = 47 Sulphuric acid diluted . . . . . . . . . . . . . . . . .  . 

����t:1�u:,�������: : : : : : : :  : : : : : : : : : : :  � :: From + 50 to - 10 = 60 
Sodium sulphate. . . .  . . . . . . . . . . . . .  . . . . . .  6 . .  } 
Nitric acid diluted . . . . . . . . . . . . . . . . . . .  . . .  4 H 
Sodium sulphate . . . . . . . . . . . . .  . . .  . . . . . . .  6 . .  � 
Ammonium nitrate. .  . . . . . . .  . . . . .  . .  . . . . . 5 . . From + 50 to - 40 = 90 
Nitric acid diluted . . . .  . .  . . . . . .  . . . . . . . . . 4 u 
Snow or pounded ice . . . .  . . . . . . . . . . .  . .  2 U } 
Sodium chloride . . . . . .  . . . . . . . . . . . . .  . . . . .  1 u 
Snow or pounded ice. . . . . . . . .  . . . . . .  . . . . 5 u � 
Sodium chloride . . . . . . .  . . . . .  . . . . . . . . . .  2 u 
Ammonium chloride. . . . . . . . . . . . . . . . . .  1 u 
Snow or pounded ice . . . . . . . . . . . . . . . . . . . 24 .. } 
Sodium chloride. . . . . . . .  . . . . .  . . . . . . . . . . . 10 . .  
Ammonium chloride. . . . . . . . . . . . . . . . . . .  5 u 
Potassium nitrate . . . . . . . .  . . . . . . . . . . . . . . 5 " 
Snow or pounded ice. . . .  . . .  . .  . .  . .  . .  . .  . .  12 . .  � 
Sodium chloride . . . . . . . . . . . . . . . . . . . . . . .  5 . .  
AmmoniUln nitrate. . . . . . . . . . . . . . . . . . . . .  5 " 

To - 5  

To - 12 

To - 18 

To - 25 

Snow . .  . .  . . .  . . . . . . . . . . .. . . . . . . . . . . . . . . . 3
2 

:: } From + 32 to - 23 = 55 Sulphuric acid diluted . . . . . . . . . . . . . . .  . 
Snow . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . 8

5 
:: } From + 32 to - 27 = 59 Hydrochloric acid . . . . . . . . . . . . . . . . . . . . .  . 

Snow . . .  ' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4
7 :: l From + 32 to - 30 = 62 Nitric acid diluted. . . . . . . . . . . . . . . . . . . . .  f 

Snow . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  4 u t 
Calcium chloride . . . . . . . . . . . . . . . . . . . . . . .  5 . . I From + 32 to - 40 = 72 

Snow . .  . .  . . . . . .  . .  . .  . .  . . . .  . . . . .
.
. . . . . . .  . . 2

3 
:: l From + 32 to - 50 = 82 Calcium chloride crystallized . . . . . . . . . .  f 

Snow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3
4 

:: t From + 32 to - 51 = 83 Potash . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f 
TABLE II.-EV APORATION OF LIQUIDS. 

Liquid or Gas. 

SpecifiC gravity of va­
por compared with 
air = 1 ·000. . . . . . . . . .  0 ' 622 0 ' 59 2 ' 24 1 61 2 ' 24 ------ 1 --- -- -- -- -- --

Boiling point at at· 
mospheric pressure, 
deg. Fahr . . . . . . . .  . .  

Latent heat of vapor­
ization at atmo' 
s p h e r  i c pressure. 
units . . . . . . . . . . . . . . . 

212 -87 ' 3  

966 900 

96 -10 ' 5  

165 

14 -2 ' 2  

182 ------ 1 -- -- -- -- -- --
deg. lb. lb. lb. 

Fahr. 
-40 
-00 

o 
+ 00  
+ 32 
+ 40 
+ 60 
+ 80 
100 
100 
140 
160 
180 200 
212 

0 ' 089 
0 ' 122 
0 ' 254 
0 ' 503  
0 ' 9<12 
1 ' 685 
2 879 
4 ' 731 
7 ' 511 

1 1 ' 526 
14'7  

ili:4 T5 30 '0 
47 ' 7 2 ' 6  
61 ' 5  3 ' 6  
73 ' 0  4 ' 5  

108 ' 0  7 ' 2  
152 4 10 " 9  
210 ' 6  16 ' 2  
283 ' 7  23 ' 5  

33 ' 5 
45 ' 6  
62 ' 0  
81 'S 96'0 

lb. 

ii :o 
18 ' 7  
28 ' 1  
36 ' 0  
42' 5  
61 ' 0  86 '] 

118 ' 0  

lb. lb. 

5 ' 7  
9 ' S  

16 ' 9  
22 ' 7  
27 ' 3  
41 ' 4  
60 2  
84 ' 5  

117 ' 5  

ii : i;  
15 ' 4  
22 ' 0  
27 '0 
31 ' 3  44'0 
60 0  
79 ' 1  00 ' 7  
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CAVERNS NEAR MANITOU, COLORADO. 

By H. C. HOVEY. 

EVERY explorer of Colorado must have noticed the 
fact that, while there are many canons, there are few 
caverns. This fact may be explained by observing the 
geological peculiarities of the region. The western 
banks of the Missouri river are only 700 feet above the 
level of the sea. The plains stretching thence west· 
ward to the foot of the Rocky Mountains have a gradual 
upward slope, reaching finally an altitude of 6,000 feet 
above the sea. The underlying rocks are broad sheets 
of sandstone, slate, shales, and limestone. The moun­
tain region was made by an upheaval of the lower 
rocks, causing them to appear at the surface, namely, 
granite, gneiss and trap. Along the border line be­
tween the plains and the mountains is a narrow but 
highly interesting region, lying nearly north and 
south, where the rocks of the plains appear to have 
been turned abruptly upward and then broken off. 
They ' must have formerly extended much farther up 
the mountain side than now, having since been worn 
away by the action of the elements. The width of 
this border region varies from one to twelve miles. It 
is a sort of geological paradise, where one may cross 
the edges of all the strata, from the Archrean to the 
Tertiary, and study to good advantage the history of 
their folding and erosion. 

I observed that, in many places, the sedimentary 
rocks seemed to have been modified by the former heat 
of the adjacent eruptive rocks sufficiently to acquire 
an obscure columnar structure. Perpendicular lines 
of weakness were thus opened, admitting the rain wa­
ter, the roots of plants and trees, and otherwise favor­
ing the formation of canons rather than of cavern s. 
But in certain localities the masses of homogeneous 
limestone were large enough to permit the excavation 
of grottoes of considerable size. 

The most n oted of the Colorado caverns are those 
found in the vicinity of Manitou Springs, and that add 

PLOT OF THE CAVE OF THE WINDS. 

Scale, 1 in. = 120 ft. By E. O. Hovey. 

The shaded portions were discovered by the Pickett 
Brothers, 1880. 

greatly to the attractions of that remarkably pictur­
esque region. It may not be generally realized that, 
within a radius of ten miles from those famous springs, 
are the Garden of the Gods, Glen Eyrie, Monument 
Park, Pike's Peak, and the Cheyenne, Queen's, Williams 
Canons and the Ute Pass, with its sparkling " Fonta.ine 
qui Bciuille, " and Rainbow Falls ; added to which now 
the wonderful caverns, which it is my object to describe 
in this article. 

I shall first mention " The Cave of the Winds. " This 
name was long given to an open cleft in the limestone 
wall of Williams' Canon. rather more than a mile dis­
tant from the soda springs of Manitou. It is under 
the cap of the mountain, and some distance above the 
roadway. Williams' Canon is very narrow, and its 
almost perpendicular walls vary in height from 200 to 
500 feet. Hence it is not remarkable that this rift 
should have remain{'d so long unexplored. It looks 
from below like the mere beginning of a new canon to 
intersect the main one. It is about ten feet wide 
and seventy feet high, and spanned by a double 
natural bridge. A small orifice was diRcovered within 
this rift, in 1880, by two boys named Picl<ett. This let 
them into three rooms, which they explored. This part 
of the cave is shaded on the map. The property be· 
longed to Mestlrs. Reinhart & Snider, of Manitou, who 
promptly took possession of the new discovery, In 
January, 1881, Mr. G. W. Snider, who seems to have 
a fondness for cave hunting, forced an 6ntranoo by 
drill and hammer through a seam in the limestone., 

that led to the discovery of perhaps thirty more rooms. 
The names of the various halls and chambers are not 
given on the map, owing to some confusion in the nam­
ing as furnished to me. They have, however. little 
scientific significance. The Cave of the Winds boasts 
an unusual growth of stalactites and stalagmites, be­
sides satin spar, helictites, oulopholites, Epsom salts, 
and various other minerals such as are commonly 
found in l imestone caverns. Extemoive beds of ocher, 
in certain avenues, show that the subterranean stream 
that once flowed here, brought down from the granite 
hills above, decomposed feldspathic materials for these 
ferruginous clays, which are now hard enough to take 
a fine polish. Beds of rounded pebbles also occur, 
often coated by staJagmitic deposit. These have been 
by some referred to the time when the ocean washed 
the foot of Pike's Peak. But there has been time 
enough since then for the running water to cut out the 
whole cave ; and the same agent probably rounded 
the fragments of granite into these pebbles. The cave 
in its present condition is very dry, with few standing 
pools. 

The accompanying map, drawn by my son, Mr. E. O. 
Hovey, from data supplied by Mr. G. W. Snider, iR as 
correct as anything to be had. It is on a scale of 120 
feet to the inch. Accordingly, the areal dimensions of 
the Cave of the Winds cannot well exceed 660 feet in 
its longer and 300 in its shorter axis. The visitor fol-

1. Entrance. 2. Vestibule. 3. Canopy Av. 4. Ala­
baster Hall. 5. Horseshoe Tunnel. 6. Narrows. 
7. Lake Basin. 8. Jumbo Tunnel. 9. Rotunda. 
10. Music Hall. 1 1 .  Lake. 12. Organ. 13. Lovers' 
Lane. 14. Bridal Chamber. 

PLOT OF MANITOU GRAND CAVERNS. 

Scale, 1 in. = 120 ft. Surveyed by J. Robinson. 

The solid line represents the contour of the floor ; the 
curved dotted lines � I � I � I � represent the 
horizontal sections of rooms wider above the floor ; 
the straight dotted lines are the surveyor's l ines. 

lowing the paths and rambling around through the 
galleries would no doubt walk a mile or two. Only 
about twenty rooms are really I:!xhibited, the remain­
der being d ifficult of access. 

We 8hall next visit the Manitou Grand Cavern. To 
do so we follow the well-worn road winding up the Ute 
Pass. On the right are granite cliffs, and on the left 
the gorge through which flow the waters of Fontaine 
qui Bouille. We pass the lower fal ls, or Baths of Ve· 
nus, and then shortly reach the famous Rainbow Falls, 
one of the most heautiful cascades in existence. 

At a point about 200 yards above the falls, the car­
rIage road leads up Cavern Canon, to Cavern Mountain 
-a mass of red and gray limestone, whose fossils show 
that. like the limestone of Williams' Canon, it belongs 
to the Silurian period. From the door of the cavern 
itself a magntficent prospect greets the eye1 including 
high cliffs and foot hill� while in the dIstance the 
snow-capped summit of J:"ike's Peak is visible. This 
opening was discovered by Mr. G. W. Snider, in 1881, 
but the caves were not exhibited to the public till 1885. 
There were 10,000 visitors in 1886, and a still larger 

© 1887 SCIENTIFIC AMERICAN, INC.



AUGUST 27, 1 887. SCIENTIFIC AMERICAN HUPPLEMENT, No. 608. 9711  

number will visit i t  this year. Every possible effort 
is made to keep the conten ts of the cave intact from 
such an army of tourists. and the proprietor boasts 
that thus far less than 200 pounds of specimens h ave 
been removed. It is his pride to keep the cave in its 
native loveliness. 

Three main branches of the cave lead out from the 
vestibule. Canopy Avenue leads north ward, amid fan­
tastic arches and alabaster pillars. This arm ends i n  
what is called " The Horseshoe T unnel, " near which 
are various object.s of interest, one of them being a 
bt'oken column eight feet long, the problem arising as 
to whether it was fractured by some conv ulsion of 
natu re or, like the prostrate columns in the Pillared 
Palace of Wyandot Cave. was felled by the Indians to 
obtain alabaster materials for charms and images. 

Returning to the vestibule, we enter the middle or 
northwest arm of the cave by " the narrows, " lead­
ing to the Rainbow Cascade, girt about with coral-like 
stalactites, some of them seeming as light as floating 
ribbons. The rotunda is adorned by crystal cones and 
sprouting stalagmites. To the right is the " Lovers' 
Lane. " a long aven u e  whose chief curiosities are the 
stalactite and stalagmite that have been joined to­
gether after the !ltyle of an old-fashioned churn and 
dasher, and a group of stal agmites res�llibling a flock 
of sheep with their little shepherd. .. Jumbo Tunnel " 
seems to be an extension of " Lovers' Lane " across the 
main cave, and ornamented by fine rows of stalac­
titic columns with three symmetrical arches. It ends 
in the largest stalactite in the cave. The probabilities 
are that the cave once extended much farther in this di­
rection , but has been filled up by dripstone. 

At the intersection of these two channels is the bed 
of what was once a lake. There is first the stalagmitic 
rim, the former margi n, then follow successive ridges, 
like stony waves, marking the gradual recession of the 
waters as the dimensions of the pool diminished. 
Around this old lake bed are mimic statues, silvery 
frost work, and alabaster cascades. The ceiling over­
head is about sixty feet h igh, and a natural gallery en­
circles the room. 

Beyond this is a still larger hall, whose extreme length 
may be 400 feet, and which has a num bel' of attractions. 
It is indeed a grand cathedral, where the imagination 
finds the galleries, belfry, chimes, pulpit, confession­
al ,  and organ. The latter is a splendid set of musical 
stalactites, resonant on percussion, and singularly 
enough arranged in the order of the notes of the scale, 
so that a skil lful performer can execute on them any 
simple melody. There is a similar phenomenon in 
Luray Cavern , but I do not remember to have seen it 
elsewhere, although musical stalactites are common 
enough. 

The southern arm of the cave is at first a wild jumble 
of rocky slabs, under which is a layer of red clay. 
Through this clay a walk three feet wide has been dug 
for the con venience of visitors. Soon the scene changes. 
Singularly colored domes are above us. We pass 
what looks like a vineyard in ful l  fruitage. The way 
grows labyrinthine. It seems like an underground 
canon, as it really is. The cavern expands into an im­
mense room, rather barren of ornament, but impressive 
by reason of its size ; and then it contracts to an arch­
way, with an alabaster cascad e  on one side and turtle­
shaped rock on the other. This romant.ic doorway 
conducts us to the Bridal Chamber-a room that every 
cave in America probably has ; and no two of them 
are alike. This is really an exquisite room. The sta­
l actitic drapery is very fine, and the walls and roof are 
decked -by many fanciful shapes. Here are some re­
markably fine helictites, or distorted stalactites, twist­
ed by the protrusion of crystal points diverting the 
growth of dripst.one, or perhaps in some cases by fungi, 
sllch as the mucor stalactites found in Luray Cavern . 

The main points of interest are indicated on the ac­
com panying map, prepared from an exact survey. 
The solid line represents the contour of the floor ; the 
curved dotted lines represent the horizontal sections of 
rooms wider than the floor ; the straigh t lines are the 
surveyor's lines and pathways through the avenues. 

Probably I should add that, while I had the gratifi­
cation of exploring this in teresting border region with 
some thoroughness a few years ago, and passed over 
the localities where these caves have since been dis­
covered and opened to the public, my materials for 
these articles have been obtained by correspondence 
with the proprietors, and not from personal explora­
tion. In reply to my inquiries, and at my suggestion, 
the temperature of both the Cave of the Winds and the 
Manitou Grand Caverns was carefully ascertained, 
and is reported to vary from 52° to 55° Fahr. , a fact 
very interesting, because that temperature agrees ex­
actly with the tem perature of W.;yandot, Mammoth.and 
Luray. caverns as ascertained by me, after repeated ob­
l!lervatlOns. 

measure, and the needless opposition it has encoun­
tered, the work it has already done is most praise­
worthy, and demands suitable recognition. A vote to 
that eff�ct finally prevailed, and it was also decided 
not to enl arge the committee at present. 

The address by Prof. Drummond, on " The Heart of 
Africa, " although geographical, and therefore coming 
under the limits of Section E, was delivered before the 
entire Association, and therefore need only be men­
tioned here. 

Very appropriately, the section gave prominence to 
papers concerning the geology of New York and its 
environs, recent field work in southeastern New York 
and northern New Jersey, the limestones of W estches­
ter County, and the eruptive rocks of the Archrean 
along the Hudson and elsewhere in the vicinity. After 
the adjournment a special party was led on an explor· 
ing tour through this interestin g  region, by Mr. G. F. 
Kunz, to enable the visitors to verify for themselves 
some of the I!ltatements previously made by Profs. 
Martin, Merrill, Britton, and Kemp. Many of the 
more striking facts m ay be found in the appendix 
prepared by Prof. D. S. Marti n for the new edition of 
Appleton's Dictionary of New York City. Opportu· 
nity was given for examining the extensi ve cabinets of 
the Columbia College, the American M useum,  and 
numerous private collections. Selected minerals were 
also exhibited in the section, and a geological map of 
the region aro und the city. 

Another paper of considerable local interest was by 
Prof. Dorem us, concerning the condition of the famous 
Egyptian obelisk in Central Park, and the successful 
protection of this monolith from the ravages of two 
winters by saturating its surface with melted paraffine 
wax. He exhibited large fragments of syenite that had 
already broken away, and stated that more than 700 
pounds had thus been removed, and that the entire 
mass would before this have crumbled to ruin had not 
effective measures been taken. 

Another class of papers showed the remarkable re­
sults obtained from a critical examination of the num· 
erous deep wells lately bored in search of natural gas. 
Though dug in the interests of speculation, they have 
served a val uable scientific end, by enabling us to de· 
termine the strata underlying localities long undeter­
mined by any surface outcrops. 

One of these wells was bored at Oxford, Ohio, at a 
point 900 ft. above the sea level. Prof. J. F. James, 
who read a paper about it, said that the drill passed 
throug h various strata to a depth of 1 ,365 ft. , or 465 ft. 
lower than the sea, when salt water was struck and the 
well abandoned. Samples had been taken of the rocks 
at 87 different depths, and th us a section prepared, 
which was exhibited, 'lhowing better than ever before 
the true geological formations of southwestern Ohio. 
'I'his was the first well that had ever passed complete­
ly through the 'rrenton limestone in that region. It 
was reached by boring through 40 ft. of drift, 360 ft. of 
blue l imestone and shale intel'stratified, clear blue 
shale for 380 ft. more. Then came the division be­
tween the Cincinnati group and the Trenton, 47 ft. 
thick, and a hard black limestone. A white limestone 
came next that was 445 ft. thick. At the depth of 
1 ,280 ft. the rock became coarser, and became arena­
ceous still further down. The entire thickness of the 
Trenton was about 500 ft. , with calciferous sandrock 
und erneath it. Prof. C. S.  Prosser described another 
well  that had been drilled this year. at Morrisville, 
New York. Natural gas was obtained at two horizons, 
and a bed of rock salt was found 10 ft. thick. This 
well was 1 , 889 ft. deep, and passed through the Hamil­
ton, Marcellus shale. Corniferous li mestone, Oriskany 
sandstone, Lower Helderberg. Salina, Niagara, and 
Upper Clinton. Prof. Prosser also described the Upper 
Hamilton group of Chen ango and Otsego counties. A 
deep well near Utica, New York, has particular inter­
est, because the section thus obtained will furnish for 
some time to come the standard for central New York. 
It was described by C. D. Walcott. Its depth was 
2,100 ft. It passp.s through the H udson River group, 
the Utica shale, the Trenton, the Calciferous, the Pots­
dam, Pre-Potsdam, and the A rchrean. 

The Berea grit, from which millions of grindstones, 
etc. , have been made, forIll s a persistent sandstone ho­
rizon through northern Ohio, and was described by H. 
B. Cushing, by the aid of five elaborately prepared sec· 
tions, each running from the base of the Sharon con­
glomerate down to the base of the Bedford shale. By 
this comparison he claimed to establish the relative po­
sition of t.his formation. 

A paper that was regarded as highly valuable by 
Prof. Marsh and other good judges was presented by 
Prof. R. T. Hill, of the U. S.  Geological Survey, show­
ing by stratigraphic and palreontological e vidence . that 
there is in Texas a deep marine group older than the 
base of either of those sections that include the 
Dakota sandstone of Meek and Hayden, and which 

GEOLOGY AND GEOGRAPHY. * was supposed to be the equivalent of the upper portion 
of the Middle Cretaceous of Europe. This entirely new 

IT may be doubted if any branches of science inter- group has great resemblance to the Lower Greensands 
est a larger number of person s  than those that are and Neocomian, thus dispelling the error that the 
grouped together in Section E of the American Asso- Lower Cretaceous was not represented in this country. 
ciation for the Advancement of Science. viz. , geology It was shown that Texas presents the most favorable 
and geograph y. Hence, we made arrangements tliis conditions for studying the Cretaceous, owing to the 
year to get abstracts of all the papers and notes of th e transitional position it occnpies between the Gulf and 
discussions coming before this section, with the original the Nebraskan sections ; both of which, except the 
intentioll of spreading them before our readers. But Lower Eutaw clays, extend into the State from their 
we find, to our surprise, that to do so with any sort of typical localities, and apparently blend together. Prof. 
justice to the distinguished authors, we should have to Hill also gave the charact,eristic fauna of the chief sub­
devote at least an entire issue to this single subject. divisions of the Texas Cretaceous, and showed the 
The mere titles of the papers read would fill two col- stratigraphic position and range of the numerous fos­
umns. We are under the necessity, therefore, of mak- sils heretofore described from that region without 10-
ing a selection, at the risk of disappointing some of cality or date. He said that no definite nomenclature 
those who had kindly aided our undert.aking. of the American Oretaceous should be attempted until 

The opening address of the President, Prof. G. K. Texas had been fully studied. 
Gilbert, has already been published in the SCI. AM. The geology of another Southern State, Florida, was 
SUPPLEMENT. It was made the special order for Fri- briefly explained b y  Prof. L. C. Johnson. Man y of the 
day, and elicited warmer controversy than seemed streams in the central country sink into great cavities, 
necessary. The work of an International Geological and do not reappear except as large sprin gs on the 
Congress is too impo rtant to be made an occasion for land or as fresh water springs in the sea. The peopl e  
personal a mbition o r  jealousy. The effort t o  enlarge get their water supply from borings, going down t o  the 
the American comm ittee was in the right. direction. Eocene. If the wells happen to go through this, then 
There are eminent nalIles that the public would l ike to the whole reservoi r may he lost in the underlying cav­
see added . The suggestion is good that as many of the ernous l imestone, e. g. , a well at St. Augustine, 
State geologists should be on the com mittee as can be which promised an abundant flow, and then suddenly 
admitted without making it un wieldy. And yet, re- went dry for the above reason. At Jacksonville, a well 
calling the ridicule that has been freely given to the nearly dry was continued till it reached the nummu­

litic limestone, at 600 ft. , when a strong flow of fine 
water was obtained. There is a valuable deposit of 
limonite in hummock land. There are phosphate beds 

* From papers read before the American Association, New York meet· 
ing Angust. 1887. 

containing numerous fossils in northeastern Florida. 
Great numbers of fossils are found at q uarries near 
Jacksonville, but not one that is not found in the wa­
ters of the present day. The conclusions reached are 
that the peninsula is based on Eocene rocks, the out­
l ines of which are indicated by the 100 fathom line of 
soundings. The backbone rises as we go south until 
we reach the highlands of Lake Apopka. Southward 
and westward of that point they form the water-bear­
ing stratum. Though th9 lake region spreads out 
more and more, so as to occupy large portions of the 
country, and furnish the fltatic pressure for artesian 
wells, no borings in the highlands will be successful, 
b ut onl y  in the lowlands. Miocene strata about 80 ft. 
thick overlie the Eocene in most parts of the State. 

Following this papel' came one by W. B. Scott, con­
cerning the Upper Eocene formations of the U nited 
States. 

" The Southern Drift " was the title of Prof. J. E.  
Willet's paper. South of the Ohio River there is no 
general occurrence of drift. But, beginning near the 
northern drift in New Jersey, a narrow belt of drift ex·· 
tends through the Atlantic and Gulf States, returning 
to the drift near Cairo, a sweep of nearly 1, 200 m iles. 
This is supposed to have been formed by the immense 
floods that flowed down from the melting glacier of 
the north. The great beds of rounded pebbles are 
unique, though the sands and clays are hard to dis­
tinguish from others. The pebbles are cherty, and 
often show sili cified fossils. The whole country tra­
versed by the glacial floods afforded iron, which 
cemented the sand into sandstones and the slIlaller 
pe9bles into conglomerates. 'l'hese rocks are usually 
found near the top of the drift. In Alabama blocks of 
this conglomerate are used for mill-stones. Nodules of 
limonite occur containing extremely bri lliant ochers, 
which may h ave been used as paint by the aborigines. 
This great belt of drift was the ancient shore line of a 
sea a thousand miles wide. 

Prof. J. W. S pencer, of the University of Missouri, 
read three papers, the first on the sub-aqueous origin 
of the drift in central Missouri , the second on glacier 
erosion in Norway, and the third on the theory of gla­
cial motion . Value was given to these papers from 
the fact that the author of them has just returned 
from an exploration of the snow fields of E urope. He 
found that many of the northern glaciers were rapidly 
ad vancing, a phenomenon not generally seen in the 
Alps. The ice reaches from rock to rock, thus forming 
caverns. It moulds itself about fragments so that the 
lower side is grooved while the stones are left behind 
w here stranded. Bowlders were rounded as they rolled 
along on th e ice, and not as they were torn off and 
shoved along by it. A loose pebble caused a tongue of 
ice to be pushed backward w ithout itself being pushed 
along. Scratched stones were rarely seen among those 
that had fallen out of the glaciers, but where the ice 
was full of sand, the subjacent rocks were ' polished. 
Upper layers of ice were seen bending and flowing over 
others that were lower, when the latter were illlpeded 
by barriers. A bowlder was being crushed, not by 
superincumbent ice, but by the component of the total 
height of the sloping glacier. It is only on the ice­
falls that rupture and regelation occur. Elsewhere 
they level, but do not dig up, the shingle. Th ese and 
other observations go to show, in Prof. Spencer's 
opinion, that the " fluidity theory " is correct. 

A valuable paper was read by W. T. McGee, of the 
U. S. Geological Survey, concerning what is called 
the " Columbia formation. " This con sists of a series 
of deltas laid down by the rivers of t.he middle Atlan­
tic slope during a period of submergence varying from 
100 to 500 feet, and of a series of terraced littoral de­
posits connecting these deltas. Its lower division is 
made up of bowlders, gravel, and sand ; its upper of 
brick clay or loam. It overlies unconformably the 
known Cretaceous and Tertiary, and is therefore Qua­
ternary. It represents a period of cold much earlier 
and longer and accompanied by greater submergence 
than the epoch represented by newer deposits. In 
other words. the Quaternary history of the United 
States had two epochs of cold separated by an interval 
of mild climate. 

Maps of two new caverns near Manitou, Col . ,  were 
exh ibited by Dr. H. C. Hovey, of Bridgeport, Conn.,  
who also described their h istory, contents, and geolo­
gical relations. One of these is in Williams' Canon. 
and was discovered in 1880. It is called the Cave of 
the Winds. The other, in Ute Pass, is named the Man­
itou Grand Cavern. It was opened to the public in 
1885. This account is published in full, with the 
maps, in another part of this journal. 

Profs. Joseph T. and U. P. James jointly presented 
a paper of considerable length on the corals of Cincin­
nati, w ith a revision of species. Descriptions of 73 
species of Monticuli poroidre are given by local authori­
ties, whose work depends on the internal and micro­
scopic structure of th ese fossils. It is now proposed to 
rearrange thelll according to externals alone. This 
family may be subdivided properly into six principal 
groups : the Massive, Discoid, Laminar, Encrusting, 
and those assuming forms of special n ature. Any 
student of the fossil corals will ,  we think, admire the 
simplicity of the above arrangement. 

Prof. C. Hitchcock. of Dartmouth College, has been 
visiting the Hawaiian Islands, and brought an interest­
ing report as to their geological features. The high 
islands are volcanic, while the low ones are coral islands. 
The ocean in the vicinity is from 16, 000 to 1 8,000 ft. 
deep. According to Wallace's theory, each island is 
built up as a sharp cone. The lava was poured out 
from the bottom of the sea and then piled up to the 
sea level, and thus continued until the supply of lava 
was exhausted. This is proved by the fau n a  and 
flora. The savages used to depend on the large logs 
that floated thither from America ; and those logs 
brought l i fe and seed. These islands were probably 
never connected with New Zealand, as suggested by 
Dutton. The buttes on which he depen ded for proof 
are evidently of volcanic, not sedimentary, origin. 
There is a series of steps or terraces made by the flow 
of lava over precipices. Vast quantities of sand and 
ashes have been blown out from the volcanoes and de­
posited on the adjacent plains, till they look like de­
posi ts of allu vium. 

Prof. J. S .  Newberry descri bed fifteen new ;;pecies of 
fossil fishes discovered by Mr. Terrell ill Ohio during 
the past year, besides twelve that have already been 
described elsewhere. 'rhey are al l from the Cleveland 
shale, which is the base of the Waverly group. The 
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paper was elaborate and ill ustrated by the fossils them­
selves as well as by figures. He also presented a paper 
on the Tt'iassic rocks of New .Tersey and Connecticut, 
showing that they represent only the u ppermost por­
tion of the E u ropean series, the equivalent of the 
Rhretic beds of Germany. 

When we say that au;ong the papers which we must 
rel uctantly refrain from mentioning were contribu­
tions by Professors Winchell,  O wen, Newberry, Wil­
l iams, Branner, Comstock, Walcott, Fontaine, and 
othilrs more or less widely kno wn, the reader can see 
what a rich feast was spread for the members of Sec­
tion E. 

If we might offer a suggestion, it would be that there 
are many highly important questions of geography 
that ought to have their share i n  the discussions of the 
Association, and that properly belong to this section 
as well as the geological matters that now receive al­
most excl usive attention. But the record of work 
actually done in the recent meeting is one to be proud 
of ; and we are gratified to have had the privilege of 
following it through in detail ,  step by step, and of 
meeting this noble bod y of students of the rocks and 
fossils, the minerals, metals, and soils, the caverns, 
mountains, and glaciers. 

[Con tinned from SUPPLEMENT, No. 60'7, page 9701.] 
W HAT AMERICAN ZOOLOGISTS H AVE DONE 

FOR EVOLUTION.* 

By EDWARD S .  MORSE. 

THE effect of mechanical strai ns as producing like 
morphological effects has been treated in a masterl y  
way by Dr . .Tohn A. Ry der. H e  cites t h e  vertebral 
axes of tu rtles and exti nct armadil los, also the sacra of 
bi rds and mammals, and says : .. These observed coin­
cidences, it is bel ie ved, are neither accidental nor 
designed by an active cause external to these organisms 
or their cosmic environment. I would rather believe 
that the structures, bO far as they have been evolved 
in parallel or similar ways, are the results of like forces 
conditioning growth and n utrition in defi n ite modes 
and determinate directions. The lIlanner of i ncidence 
of t h e  lIlodifying forces being in all cases determined 
by the vol untary actions of the organisms ; the actions Ji n turn are determined by the degree of intelligence of 
the ani mal mani festing them . "  

I n  considering the . .  Laws of Digital Reduction " 
D r. Ryder gives a concise p resentation of the vari­
ous groups of animals, showing in each the line of 
mechanical strain in the extre mities and its correlation 
with the increased development of t.hose digits bearing 
t.his strain, and the consequent reduction or atroph y 
of those digits out of this line. 'rhese c.onsiderations 
led h i m  to the fol lowing concl usions : 

I. . .  That the mechanical force used in locomotion 
d u ring the stru ggle for existence has determined the 
di gits which are now perform ing th e pedal function in 
such gro u ps as have undergone digital reduction. 

II. 'r hat wh ere the distribution of mechanical strains 
has b�en alike upon all the digits of the Illanus or pes , 
or both, they h(we remained in a state of approximate 
u n i formity of development. 

I I I .  It is  held that these views are Lamarkian and 
not Darwinian, that is, that they more especially take 
cognizance of mechanical force as a m utating factor i n  
e vol ution i n  accordance with t h e  doctrine of the corre­
lation of forces. " 

Hr. Ryder further says : . . It seems a most con­
vi ncing p roof of the doctrin e  of descent to find man an 
i nstance of the same kind of specialization determined 
by the manner of the distribution of strains as is so 
often found among the lower g roups, such as the horses, 
sloths, j u mping mice, and e ven-toed ungulates. " 

In another m emoir D r. Ryder considers the 
mechanical lllotion in formi n g  and modifying teeth. 
Considering first the simplest form of movement in the 
mam mal's jaw, opening and closing, without fore and 
aft or l ateral Illovement, he shows the successive 
changes goi n g  on coincident with the more complex 
movements of the j aw, and that the enamel foldings, 
ridges, crests, etc. , have apparentl y been modified in 

· confo l'Jui ty with the ways in which the force used in 
masticat.ion was exerted. 

P rof. A. Hyatt, in an exhaustive study of the plan ­
o rbis of Steinheirn,  shows among other things the effect 
of gravitation as accounting for the form of the mollusk 
shel l ,  cit ing examples from all the classes and even 
dmwing examples from other sub-kingdoms to support 
his  views. 

Prof. E. D. Cope in a memoi r on archresthetism 
considers the h ypothesis of use and effort, the office of 
consciousness, etc. He attempts to show that con­
Rciousness is  primitive and a cause of evolution. He 
sustains his thesis by a series of arguments which, if  
not beyond m y  gra8p, would be too extensi ve to present 
h �re. I can only repeat the regret I expressed in the 
Buffalo address. namely, that neither Professor Cope 
nor Professor H yatt has yet been induced to present 
to t h e  public an illustrated and simple o utline of their 
thilories. Such a demonstration, I am sure, would be 
acceptable not only to the public, but to Ill any scienti­
fic students as well. While these two eminent natu· 
ralists bel ieve fully in the deri vati ve theory, they insist 
that Darwin's theory is inadeq uate to explain many of 
the phenom ena and facts which they encounter in their 
studies. Darwin has distinctly said in his first edition 
of the .. Origin of Species. " .. I am convinced that 
natural selection has been the main but not the exclu­
sive means of  modification ;" and in his sixth edition of 
the same wvrk, i n  quoting these words, he laments that 
he is still misun derstood on this point. The theory of 
acceleration and retardation of these authors is, if I 
understand it rightly, a very plain case of n atural 
selection. It was inevitable that those ind ividuals 
that matured the quickest were better prepared to de­
fend themselves, were quicker in the field, were able to 
give their offspring an earlier start in the season, were 
in every way more fitted to survive, than those which 
matured later. It is  assumed that this is a law when , 
to m y  mind, it seems the simplest result of natural 
selection. Instead of overriding it, it is only a con­
spicuous result and proof of it. 

A parallel case IIlay be seen in the increase in size of 
the brain in the vertebrates, and conspicuously in the 

* Address of the retiring President of the American Association tor the 
Advancement of Science, New York, Angust 11, 1887. 

h igher vertebrates, since their first appearance in geo­
logical history. The individual brain clearly varies i n  
size, a n d  it does not req uire a great effort t o  perceive 
how, in the long run, the greater brain survivAs in the 
complex struggle for existence. Associated with the 
greater development, parts that w ere freely used for 
locomotion before, now are compelled to perform addi­
tional service, and through the law of use and effort, 
which all admit as an important factor, organs are 
modified in structure, the anterior portion of the body 
assumes a new aspect ; and it was on the character of 
these parts and aspects that Professor Dana was led to 
form ulate his comprehensive and ingenious ' principle 
of cephalization. It is a result and not a cause. And 
so I bel i e ve, though with great deference to Cope and 
H yatt, that the laws of acceleration and retardation, 
exact parallelisms, inexact parallelisms and still more 
inexact parallelisms, and many other laws and theories 
ad vanced by these gen tlemen, are not causes, but effects, 
to be explained by the doctrine of natural selection and 
survival of the fittest. 

The connecting links and intermediate forms which 
the skeptical public so hungrily demand are continually 
being discovered. Great gaps are being closed up 
rapidly, but the records of this work being published 
i n  the journals of our scientific societies are as hidden 
from the p ublic eye as m uch as if they had been 
published in CoptiC. So rapidly have these missing 
l i n k s  been established, that the general zoologist finds 
it difficult to keep up with the progress made in this 
direction. He can hardly real ize the completion of so 
many branches of the genealogical tree. 

Professor Cope, who has accomplished so much in this 
direction, says : . . Those who have, during the last ten 
y ears, devoted themselves to this study have been 
rewarded by the d iscovery of the course of d evelop­
ment of many lines of animals, so that it is now possi­
ble to show the kind of changes in structure which have 
resu lted in the species of animals with which we are 
familiar as living on the surface of the earth at the 
present time. Not that this continent has gi ven us the 
parentage of all forms of animal life, or all forms of 
animals with skeletons, or vertebrre, but it has given 
us many of them. To take the vertebrata, we have 
obtained the long-since extinct ancestor of the very 
lowest vertebrates. Then we have d iscovered the an­
cestor of the true fishes. We have the ancestor o f  all 
the reptiles, of the birds, and of the mammals. If 
we consider the mammals, or milk givers, separately, 
we have traced up a great man y  lines to their points 
of departure from very primitive things. Thus we 
have obtained the genealogical trees of the deer, the 
camels, the musk, the horse, the tapir, and the rhino­
ceros, of the cats and dogs, of the lemurs and mon keys, 
and have important evidence as to the origin of 
Inan. " 

In 1874 he predicted that the ancestor of al l the mam­
mals would be a five· toed, flat-footed walker with 
tubercular molar teeth, or in exact language a penta­
dactyle, plantigrade bunodont. Seven years after, he 
o btained evidencps that such a type of mammals 
abounded in North America during t.he early Eocene 
Tertiary period. Professor Cope in his phylogeny of 
the camels shows a remarkable parallel to that of the 
horse, both forms appearing in the lower Eocene. M r. 
Eugene N. S. Ringueberg believes he has found in a 
thin layer of li mestone at Ga�port, N. Y. , a deposit in 
w hich a number of forms of brachiopods seem to pre­
sent the intermediate stages betweAn certain brachio­
pods common to the Cl inton and the group of rocks 
i mmediately above. While the majority of species in 
this deposit belong to the Niagara, there are among the 
fossi ls  met with three species of brachiopods which 
were su pposed to h ave passed out of existence with the 
Cl inton. He finds in this bed thirty·two forms peculiar 
to the Niagara, eleven common to Niagara and Clinton, 
three belonging to the Clinton, and two characteristic 
forms of the transition group. Many of these show in­
termediate characters. 

Professor H. S. Wil liams in his paleontological studies 
of the life history of Spirifer lrevis. in which he traces 
the ancestral l ine of this creature , says : . . Whatever 
theoretical description we may give to species, here are 
in the first place an abundance of individual organ­
isms w hose remains are found in the upper Silurian 
rocks of E u rope, Great Britai n, and America, present­
ing a few clearly m arked, distinctive characters which 
are found variously developed in the individual form s, 
but so grading in the various varieties as to cause care­
ful n aturalists to associate them as varieties of a single 
species. " 

Dr. C. A. White, in his comparisons of the fresh­
water mussels and associated mollusks of the Mesozoic 
and Cenozoic periods with living species, expresses his 
belief that the present Vnios of North America, parti­
cularly those forms allied to Unio clavus, have come 
down i n  an unbroken line from the Jurassic and pos­
sibly from earlier times. H e  shows that thus far all 
the fossil Vnios have been obtained from lacustrine 
depositA, none of these beds being distinctly fluviatile. 
He furthermore call s  attention to the fact that . . these 
lacustrine formations are of very great exten t in west­
ern North America, and without doubt the lakes in 
which they were deposited were caused by encircling 
bands of rising land during the elevation of the con­
tinent. These great land-locked waters were at first 
brackish, but fi nal ly became and for a long tim e re­
mained fresh, continuing so until their final desicca­
t.ion . "  From this commingling of salt and fresh water 
he justly assumes that many modi fications arose in the 
forms of Vnios su bjected to these influences, and hence 
has resulted a variety of forms which have gone on 
continually widening to the present d ay. 

Prof. A. G. Wetherby, in a paper on the geographi­
cal d i stribution of certain fresh water moll usca and the 
possible cause of their variation, shows the paucity of 
forms of Vnionidre on the Pacific and Atlantic coasts as 
compared to the richness and profusion of those forms 
in the central portion of the continents. He remarks 
also on the absence of the family Strepotomidre east of 
the Alleghanies. He assumes that the first fresh-water 
forms were lacustrine. He p oints out the well-known 
geological fact of large inland inclosures and their sub­
sequent drainage, and shows the vicissitudes which 
must have been encountered by species in the variety 
of physical conditions i mplied by these changes. In 
this connection I llI ay be permitted to call attention to 
the fact that at a meeting of this association, at Hart­
ford. in 1874, I made a communication on the origin of 
the North American Vnionidre in which I urged some 

of the points made by Dr. Wh ite and Professor Weth­
erby.* 

Dr. Thomas H. Streets, in stUdying the i m mature 
plumage of the North American shrikes, was much 
struck with the close resemblance between the plumage 
of the young of Sula cyanops and the ad ult plumage 
of another species. Recall i n g  a general ization made by 
Darwin that " when the you ng di ffers in color from the 
adult, and the colors of the former are n ot. as far as we 
can see, of any special service, they llIay generally be 
attributed, like various elll bryological structures, to the 
retention by the young of the ch aracters of an early 
progenitor. "  He then shows the gradation between the 
several species of shrikes from this standpoin t, and 
traces their descent .from a COUl lllon ancestor. 

Prof. S.  A. Forbes, in a study of the " Blind Cave 
Fish and their Allies, " is led to review the c.on d u sions 
reached by Prof. F. W. Putnam in his interesti n g  papers 
on the subject. Professor Putnam brou ght forth a 
number of arguments which seellJed to h i m  to m i l itate 
against the views u rged by evolutioni sts t h at thei r pe­
culiar characters were adaptive and the resul t  of thei r  
cave life. He was led t o  t h e  conclusion that the ab­
sence of light had not brought about the atrophy of 
the eyes, the development of special sense organs, and 
the bleaching of the skin. I n  referri ng to another cave 
fish, Chologaster, with eyes fully developed, it was 
urged that the argument in regard to eyeless fishes 
could have no weight. In respon se to this it was an­
swered that possi bly Chologaster had not been su b­
jected to subterranean i n fluences long enough to be af­
fected, and this objection was anticipated by u rgi n g  
that we have no right to assume that C h ologaster is a 
more recent inhabitant of the caves, uuti l  proved. 

The d iscovery of another species of Chologa ster, 
taken from a spring at the baHe of a lim estone cl iff in 
I llinois,  has given Professor Forbes an opportunity to 
make careful com parisons with the cave Ch ologaster. 
He says with regarfl to it : " The most im portant and 
intere sting pecul iarity of this species ind icates a more 
advanced stage of adaptation to a su bterranean l i fe 
than that of its con geners. " Referring to Professor 
Putnam's arguments, Professor Forbes says that " the 
discovery of a species of Chologaster wh ich freq uents 
external waters of an immediate su bterranean origin 
supplies all needed proof that the geml s either has a 
shorter subterranean history than Amblyopsis, or, at 
any rate, has remained less closely con fined to su bter­
ranean situ ations ; and that in either case the occu r­
rence of eyes, partial absence of sensory papillre, an d 
persistence in color are thus accounted for consistently 
with the doctrine of ' descent with modification . ' "  In 
this conn ection it may be of interest to read the curie 
ous. fact. record ed b y  Mr. S. H. Trow bridge of the d i s­
covery in the Missouri river of a shovel-nosed sturgeon 
which h ad the Rkin growing over the eyes, completely 
inclosing them . Dr. S. H. Scu dder, in  a memoir read 
before the National Academy, brings forward evid en ce 
to show that ordi nal features among insects were n o t  
differentiated in Paleozoic times, b u t  that " all Paleo­
zoic insects belonged to a single order which, enlarging 
its !;cope as outlined by Golden berg, w e  may call Pal eo­
dictyoptera ; in other words, the  Paleozoic insect was 
a generalized Hexapod, or more particu l arl y a general · 
ized Heterometabolon . "  In a memoir on the earli est 
winged insects of Am erica, embraci ng a re·exam in ation 
of " Th e  Devonian Insects of New Brunswick, " pu b­
lished by the author, Dr. Scudder replies to some sh arp 
criticisms and objections made by Dr. Hagen , and per· 
tinently says that " th ere is no eviden ce-but the con­
trary-that Dr. Hagen in his investi gations uses the 
' theory of descent ' as a working h ypothesis, without 
which no one studying an y group of animals i n  the pe­
riod of its rise and most rapid evolution can expect to 
do otherwise than stumble and wander astray. To re­
fuse it is to merit fai lure. " 

Prof. J. S. Kingsley, in his study of Lim ulus, regards 
it as an Arachnid, but states that its an cestor takes us 
back to a time when the distinctions between the C rus­
tacea and Arachnida were far less marked than now. 

Dr. A. S. Packard, in  a paper on the " Genealogy of 
the Insects, " shows by means of a " genealogi cal tree " 
the descent of the class from the Thysan ura, with some 
hypothetical creature n ot unlike Scolopend rel la  as the 
probable stem form of the Hexapod s. It is  t hrough 
the resemblance the larvre of the different orders of in­
sects bear to various members of  the Thysan ura that 
this scheme is j ustified. It may not be out of place to 
say here that the use of the " genealogical tree, " in sug­
gesting the probable line of descent of various allied 
groups, has been severely condemned by some as lead­
ing to no practical good in classification. It  sepms to 
m e, however, the only clear scheme for the prop AI' 
working out of the ascertained or hypothetical rel a­
tionships of anim als ; It is thought-excitin g, its very 
attitude provokes studious inquiry and suggestive in·  
ferences. It may be called the modern tree of  know­
ledge. 

'rhe modern genealogical tree as used by the biologi­
cal s�udent (and as well by the ethnologist, philologi st, 
and others) is a graphic diagram of the relationships 
between groups as understood by the projector, and 
as such, is a m ost commendable and u seful method 
with which to il lustrate his  m eaning. With additional 
knowledge one can see, at a glance, the points that n eed 
strengthening, and he can pare, prune, or even graft 
new fruits on the old stock, or if it is  rotten at the 
trunk, cut it down altogeth er. These trees have al ways 
been in vogue with the older n aturalists, only, in t h e  
o l d  style of arboriculture. the trunk w a s  always kept 
stiffly vertical while the branches were bent down and,  
trained horizontally. being flimsi l y  attached to the 
main stem by printers' devices of long and short brack-

* The following is a brief abstract which was publ i shed i n  the Hartford Courant, Augnst, 1874 . . .  Mr. Morse. in explaining t h e  origin of the North 
American Unionidre, did not pretend to point out the absolu te line of de­
scent in these forms, but wished to can attention to some curious features in 
the possible derivation of the fresh-water famil ies of mollusks from cognate 
genera living in salt water. It is observed, first, that the few families of 
fresh·water mollusks are intimately related to those forms which live in 
the sea between high and low water mark and those which can withstand 
the influence of brackish water. He cited c" rtain fam ilies of fresh water 
mollusks whIch are so c1o'lely related to t idal  forms as hmdly to be dis­
tinguished from them. . . . In explaining the immense n umber of 
species of fresh-water mussels in America compnred to the Vt'ry few forms 
in Europe, we might look to an explanation of this feature in the past geo­
logical history of the two continents. 

.. In Europe there have been no great inland seas, while in A merica its 
past history shows the inclosin g of large tracts of water  in which fre.h·· 
ening from brack18h water went on, and while many forms fmccumbed to 
t.hese changed conditions, only those forms survived which reflem ble cer­
tain littoral species. And with the curious modifications that mu.t have 
taken place in these changed conditions, one gets a possible explanation of the great variety of mollusks in our Western rivers." 
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ets I n  this attitude i t  reminded o n e  o f  the dwarfed seem t o  b e  mechanical obstacles t o  any considerable 
and deformed trees of the Chinese, and very properly expansion ; but dorsally there is opportunity for com­
typified the dwarfed and deformed way of looking at paratively unlimited extension, and it is in t.his direc­
classification. tion that the hemispheres begin to develop in the 

Never was the provisional use of a genealogical tree Amphibia and attain such enormous growth i n  birds 
more completely j ustified than in a memoir by Dr. and mammals. " How far the small brain and presum­
Alexander Agassiz on the " Connection between Cre- ably stolid intellects brought about the extinction of 
taceous and Echinid Faunre." He certainly speaks in the h uge Tertiary mammals may be better understood 
no uncertain terllls when, in considering the Spatan- by the sug-gestions offered by Prof. A. E. Verrill in a 
goids of the chalk. he says, " They lead us directly lecture at Yale College entitled " Facts Il lustrative of 
through the Paleostolll inre and the Collyritidre to the the Darwinian Theory. " He shows what an important 
Ananchytidre which have persisted to the present factor parental instinct is in the evolution of species. 
day ;" and other relationships of the same nature are He regards the lack of parental care " as one of the 
repeatedly urged as would not only j ustify the use of probable causes, though usually overlooked, of the 
the g-enealogical diagram against wh ich he so strongly extinction of many of the large and powerful reptiles 
inveighed in his admirable address before this associa- of the Mesozoic age and of the large mammals of the 
tion at the Boston meeting, but h ad he adopted this Tertiary." He says : · ".rhe very small size of the brain 
method a much clearer vie w of the very points he and its low organization i n  these early animals are 
wished to emphasize would h ave been afforded his ' now wel l known, and we are justified in believing that 
readers. their intelligence or sagacity was correspondingly 

It was the strictures of Agassiz above referred to that low. They were dou btless stupid and sluggish in their 
led Prof. W. K. Brooks to write a paper on the subject habits, but probably h ad great powers of act.ive and 
of " Speculative Zoology, " in which he most earnestl y passive resistance against correspondingly stupid car­
and ably defends the use of genealogical diagrams and nivorous species. But unless the helple!>s young w ere 
justly says : " If phylogenetic speculations retard protected by their parents, they would quickly have 
science, speculations upon homology must do the same been destroyed ; and such species might, in  this way, 
thing, and the only way to avoid danger will be to have been rapidly exterminated whenever they came 
stick to facts, and, stripping our science of all that in contact with new forms of carni vorous animals, 
renders it worthy of thinking men, to become mere having the instinct to destroy the new- born young of 
observing machines." mammals and the eggs and young of oviparous rep-

Since 1876 Profe�sor Marsh and Professor Cope have tiles. Th us it would have come about that the more 
in various journals and government pu blications pre- intelligent forms, by the development of the parental 
sented the resu lts of their discoveries of the past verte- instinct for the active protection of their young against 
brate life of North America. The general government their enemies, would have survi ved longest, and there­
has published the two great monographs of Professor fore would have transmitted this instinct, with other 
Marsh on the Dinocerata, an exti nct order of gigantic correlated cerebral developments, to their descendants." 
mammals, and the Odontorni t.hes, an order of extinct Prof. John Fiske, i n  his Cosmic Phi losoph y, arrived 
toothed birds, as well as Professor Cope's great volume at a similar concl usion in regard to early man. He 
on t he Tertiary Vertebrata, besides other memoirs by showed that when variations in intelligence becam e 
the same authors. S pace will forbid more than a pass- mure im portant than variations in physical structure, 
ing allusion to the varied and remarkable additions to then they were seized upon to the relative exclusion of 
our knowledge of extinct vertebrate life made by these the latter. 
n aturalists. The derivat ive theory has not only clearly revealed 

Had a moiety of the work accomplished by these the fact that animals have been derived from pre-exist­
investigators been known to Geoffroy St. Hiliare, the ing forms, but it shows even m ore clearly that organs 
theory of descent would have been established long have been evol voo as well. It is difficult in a general 
before Darwin, though to Darwin and Wal lace belong review of this nature to clearly separate the two classes 
the full credit of defining the true cause. Leidy, Marsh, of facts. 
and Cope have not only brought to light a great num- Professor Cope has traced the genesis of the quadritu­
bel' of curious beasts, many of the I II of gigantic and bercular tooth in the mam lllals of the present day. He 
unique proportions, but forms reveali n g  in their struc- finds that the type of the su perior molar tooth of the 
ture the sol ution of many morphological puzzles and mam mals of the Puerco epoch was triangular or tri­
throwing light on the deri vation of man y obscure parts. tubercular, that is, with two external and one internal 

The discovery in the western Tertiaries of mul titudes tubercle. Of forty-one species of mammals of this 
of h uge and IIIOIlstl'OUS Illammals, and, earlier still ,  of epoch, all b ut four of them had this type of tooth . He 
gigantic and eq uaIly monstrous reptiles, naturally led finds that this tooth exists to-day only in the insectivo­
at once to an inq uiry as to the canse of thei r extinction. rous and carnivorous marsu pials. In brief, he shows 
" Nothing can be 1lI0re astonishing,"  says Prof. Joseph a gradual change taking place from the early prilllitive 
Le Conte, . .  than the abundance, variety and prodigious type of tooth in the gradual developm ent of anot.her 
size of reptiles in America up to the very close of the tu bercle. The same author, in defining the characters 
Cretaceous, and the com plete absence of all the grander of an ancient order of mammals, the AllI blypoda, says 
and 1lI0re ch aracteristic forms in the lowe�t Tertiary ; they are the most gen eral ized order of hoofed lIlam­
unless, indeed, it be the correlative fact of the cotnplete mals, being intermediate in the structure of their lim bs 
absence of mammal s in the C retaceous and their ap· and feet between the Probosci dia. the Perissodactyla, 
pearance in great numbers and variety in the lowest and Artiodactyla, which fact, together with the small 
Tertiary. . . . .  The wave of reptilian evolu· size of the brain, places them in antecedent relation to 
tion had j ust risen to its crest, and perhaps was ready the latter, in a systematic sense conn ecting them with 
to break, when it was met and overwhelmed by the the lower mammals with small and smooth brai n s  stil l 
rising wave of mamlllalian evolution . "  In this paper in existence ; and in a phylogenetic sense, since they 
of Le Conte's, which is entitled " On Critical Periods in pre�ede the other orders in time, they s t and in the rela­
the History of the Earth, and their Relation to Evolu- tion of ancestors. 

GERMANIUM. 

THIS new element, which is exciting considerable at­
tention alliong chemists, was discovered by Clemens 
Winkler, of Freiburg, in  the earl y part of the year 1886. 
The constan t error of about si x pel' cent. in the result 
of his analysis of a comparatively r::imple mineral 
led him to suspect the presence of one or m ore new ele­
m ents. 

Such a suspicion was well fou n ded, and,  as the result 
of an exceedingl y  careful and painstaking investiga­
tion, he succeeded in isolating a new 8u bstance, which 
con ducts itself in every way like an elem ent ; and, what 
is of still more general interest, a careful study of this 
new simple body and the compounds which it forllls 
with other elements sho ws, it can be said allllost con­
clusively, that it agrees in properties with the eka­
siliciuln of Mendelejeff. 

'rhe silver ore frolll which germanium is obtained, 
and which is now known i n  mineralogy as argyrodite, 
is fuund in the neigh borhood of Frei burg, and the 
analysis of the mineral has shown i t  to have the COIll­
position represented by the forlll ula 3A g.S, GeS.. Ac­
cording to this, it llIay be regarded as a sulpho salt for 
which m ineralogy furn ishes lIO analogues. 

In order to ex tract gerlllaniulll, t h e" m i neral in which 
it  occurs is fnsed with an eqnal weight of a lll ix ture of 
equal parts of flowers of sulphur and !'oda ash. The 
fused ll1 a ss it! then boiled with cau stic soda, and the so­
lution thus o btai ned is neu trali zed with di l ute sul­
phuric acid. This is then fil tered. To the filtrate di­
lute sulphuric acid is again added, when the snlphide 
of germ anium is  th ro wn down. T h i s  is  filtered off and 
wasned with dil ute acid con taining hydrogen 8 u lphide, 
and finall y, by t reati n g  the washed prec ip i tate with 
strong nitric aci d  and evaporating to d ry ness, gerrna­
n i ll lll oxide is obtained, which llIay be reduced ei ther 
by heating to redness in a curren t of hydrogen or by 
heati ng a m i xture of the oxide a n d  starch in a covered 
crucible. Ill- this way germani u lJl is obtai n ed in the 
form of a dal 'k gray powder, which llIelts llIiller borax 
glass at 9000 C. 

The element is found to be extraord i n arily brittle, 
and to h ave a strong tendency to cryst fdl ize in the regu­
lar system. It has a fine metal l ic  lu ster. In colol' it is 
grayish white, consid erab l y  w h i tm' t han zi rconi u lll . At 
20 '4° C. it h as been fou nd to have a specific gravity of  
5 '469. 

Germanium is not acted on by hyd rochloric acid, hi lt  
is  easily dissolved in aq ua regia. Nitric acid converts 
it into a wh ite oxide with li beration of the oxides of 
nitrogen. '.rreated with concentrated sulphuric acid,  
it yields a white, crystal line sul phate, !>nlphur dioxide 
bein g liberated in a constant stream d u ri n g  the action. 
It is not acted on by potassium hydroxide ill the 
cold.  

'1'he atomic weight of germaniulD h as been deter­
m ined by two enti l"ely different methods : 1st, volume­
trically, by determ i ning the all lount of chlorine ill the 
tetra-ch lori de, GeOl., accord i n g  to the method of Vol­
hard ; and, 2d, from calculations based on the wave 
lengths of certain l ines in the spark s pectrum. By the 
former method the atom ic weigh t has been fou n d  to be 
72 '32 ; by the latter 72 '28. The very close agreement of 
this  n umber 72'28, as representing the atomic weight of 
the new element, with that of the unknown element 
between gal liul11 and arsenic on the one hand and tita­
nium and zirconi u m  on the other, in the table of Men­
delejeff, h as naturally led to a very careful cOlll parison 
of the properties of germaniulll with those of eka-sil i ­
ci um, whose properties were predicted by Mendel ejeff 
as early as 1871. '.rhe results of the com parison will be 
best seen by preseu ting them in tabular form : 

Eka-Silicium, Es. Germanium, (Ie. 

t.ion ; and on the Quaternary as such a Period," may Professor Cope, in a paper read before this associ a­
be found an excellent rejoin der of Prof. Clarence tion on the " Cla�sification of the Ungulata.," gives 
King's lecture before the Sheffield Scientific School on special attention to the arrangelllent and character of 
the subject of catastrophism and evolution. the carpal and tarsal bones. He shows t h at " the 

Alllong the most interesting discoveries connected weaker structure of the carpus and tarsus appears first Atomic weight, about 72 
with these creatures is the determination by Professor in time ; that the stronger structure appeared first in 
Marsh that these early mammals, birds, and reptiles the posterior limbs, and that the interlocking structure 
had brains of diminutive proportions. He says in has greatl y m ultiplied, while the linear has dwindled 
regard to the order D i nocerata, a group of gigantic and mostly disappeared. HerA is a direct connection 
mammals whose relllains have been found in the Ter- between mechanical excellence and survival."  

Atomic weigh t, 72 32 and 

tiar), deposi t s  of the Rocky Mountain region, that they In the light of Mr. Caldwell's unquestionable deter­
are the most remarkable of the many remarkable forms mination of the ovi parous character of that curious 
brought to l ight. The brain of these creatu res was mammal, the duckbill mole, associated with its known 
remarkable for its dimin utive proportion. So small. reptilian bearings as deduced from its skeleton and 
indeed, was the brain of Dinocerre mirabile, that it other features, the deductions of Prof. Cope regard i n g  
could " apparently h a v e  been drawn through the the " Relations between the TheroulOrphous Reptiles 
neural canal of all the presacral vertp-brre." In alluding and the Monotreme Mammalia " are of great interest. 
to the successive disappearance of the large brutes, the In the Theromorpha are two divisions, one of which, 
cause is not difficult to find. " T he small brain, highly the Pelycosauria, is limited to the Permian, and of one 
specialized characters, and huge bulk, rendered them of this group he makes the following com parisons : 1. 
incapable of adapting themsel ve� to new conditions, "The relations and number of the bones of the posterior 
and a change of surroundings brought extinction. The foot are those of the mammalia much more than those 
existing Proboscidians must soon disappear for similar of the reptilia. 2. The relations of the astragalus and 
reasons. Smaller mammals, with larger brains and calcaneum to each other are as in the Monotreme Pla­
more plastic structure, readily adapt themselves to typus anatinus. 3. The articulation of the fibula with 
their environmeut, and survive, or even send off new both calcaneum and astragalus is as in the MOl1otreme 
and vigorous lines. The Dinocerata, with their very order of mammals. " 
diminutive brai n ,  fixed characters and mas8ive frames, In brief, he shows the affin ity of this reptile to be 
flourished as long as the condition s  were especially with the monotreme!!, and that the affinities are very 
favorable, but, with the first geological change, they i m portant in the light of M r. Caldwell's researches, 
perished. and left no descendants." Professor Marsh and the further fact that the development of the egg is  
says that the brain of Dinoceras was, in fact, the most meroblastic confirms, so to speak, the reptilian affini-
reptilian brain in any known mammal. ties of the Monotremes. 

Professor Cope, in describing the brain of Corypho- Here then are a series of observations by different 
don from the deposits of New M�xico, says " the large observers from different standpoints, al l telling the 
size of tlJe middle brain and olfactory lobes gives the same story. Osteologists have long a go pointed out 
brain as much the appearance of that of a lizard as of the reptilian affinities of  the m onot.remes from the 
a mammal. "  'l' his is  one of the lowest m am malian character of  the skeleton. The anatomists in like man-
brai ns known. '1'here are others frolll the lower Eocene ner h ave insisted upon certain reptilian characters as 
with equally low brains, as Arctocyon of Gervais and wel l as avian characters from its internal structure. A 
Uin tatherium of Marsh. Cope believes that the type trained zoologist now studies it on the ground and finds 
of brain of these early creatures is so distinct as to it laying true eggs -a fact that had been insisted upon 
necessitate the erection of a third su b-class of eq ual several times in the present century. More significant 

Density, 5 '5. 
Atomic volume, 13 nearly. 
Will form an oxide. GeO •. 

Sp. gr. , 4'7. 

Easily obtained by re­
duction with carbon or Sl)­
dium. 

A dirty gray metal, fusi­
ble with difficulty, forming 
the oxide when heated in 
air. 

Will form a chloride of 
the com posi tion EsCl., 
which will boil near 1000 C . ,  
probably lower. EsO. will 
form a h ydrate solu ble in 
acids. This sol ution wi l l  
probably decompose read­
ily, yielding an insolu ble 
hydrate. 

The sulphide will be i n­
soluble in water, but pro­
bably sol u ble in ammoni­
um sulphide. 

The m etal will decom­
pose steam very slowly, be 
scarcely acted on by acids. 
but easily by alkalies. 

rank with the groups Gyrencephala and Lycencephala, still, the study of these eggs shows that they go through I It will form volatile or 
which he would define as the Protencephala. He a reptilian mode of development. And now the pale- ano I letallic com 0 nd 

-
shows their approximation to reptiles. ontologist brings to light the remains of a reptile from �nd ��11 occur in ,Ein

u
erai' 

Cope refers to Gratiolet as s.howin g that a great the fermil'tn rocks, and again establishes the same containing titanium and 
development of the olfactory IS a character of an relatIOns. niobi 
inferior type ; in fact, the more we ascend into paleon- In this connection the examination by Dr. Henry C. um. 

tological antiquity, the l1Iore we find that the olfactory Chapman of a fretal kangaroo and its llIembranes is of According to L. Meyer, 
lobes displa.y a greater development in comparison interest. The fretus he examined was fourteen days this element will be : 
with the cerebral hemispheres. Dr. B. G. Wilder has old. He states that it had no true placenta, and says : Easily fusible, 
shown that in the lamprey the only part which can be " If the parts in question have been trnthfully described Volatile, 
regarded as a cerebral hemisphere lies lateral of the and correctly interpreted as partly bridging over the Electro-negati ve, 
olfactory lobe. In Dipnoi he finds that the cerebral gap between the placental and non-placental vel'te- Brittle. 

72'28. 
Density, 5 '469. 
Atomic vol ullle, 1 3 '25. 
Forms an oxide, GeO •. 

Sp. gr. , 4 '703. 

Easily obtained by reo 
duction with carbon 01' h y­
drogen.  

A gray white llIetal , fus 
ing at 9000 C. , and forll l i n g  
the oxide when heated i n  
air. 

Forms a chloride havi n g  
t h e  com position GeCI., 
which boils at 86° C. 

The sulphide is moder­
ately soluble in water, more 
readily 801u ble in ammo­
nium sulphide and the al­
kalies. 

Not acted on by hydro­
chloric acid. Soluble in 
aqua regia. N i tric acid 
converts it into the oxide. 
Sulph u ric acid gives the 
sulphate with l i beration of 
su l p h u r  dioxide. Not act­
ed on by a concen trated 
solution of potassium hy­
droxide, bnt  violently by 
the molten hydroxide. 

Occurs in a silver ore of 
composi tion 3Ag.S, GeS. 

l!'uses at 9000 C. ,  
Easily volatile, 
Probably electro-negative, 
Very brittle. 

outgrowth is ventral. In another paper he says : .. In brates, they supply exactly what the theory of eyolu­
either of these directions, in which what may be re- tion demands, and furnish, therefore, one more proof 
garded as the special organ of the mind is projected of the truth of that doctrine."  
I\Ulong these low or generalized forms, there would ( 10 be continued.) 

A comparison l ike this shows that we have here to 
deal with a case similar to that w hich presented itself 
when gallium and scandium were discovered, and 
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shown to be identical with aka-aluminum and eka­
boron respectively, and a careful consideration of the 
results aIt'eady obtained seems to show that, in all pro­
bability, the eka-silici u m  of Mendelejeff and the ger­
manium discovered by Winkler are the same elements. 
-Journal fur prak. Chemie, 34, 177 ; .Amer. Chem. 
Jour. , J. H. K 

A NEW LOCAL ANlESTHETIC. 
By J. HERBERT CLAIBORNE, Jr ..  M.D .. In structor in 

O phthalmology in the New York Polyclinic ; At­
tending Surgeon to the Northwestern Dispensary, 
Eye, Ear, and 'rhroat Department, New York, etc. 

DURING the past fall Mr. M. Goodman, V. S. , in 
travel ing through West Feliciana Parish, La. , had oc­
casion to apply a poultice to the fetlock of one of his 
horses. Having none of the customary means at hand 
with which to make it, he raked together a number of 
leaves from the ground, and having saturated them 
with hot water, applied the mass as a poultice to the 
iuflamed part. After the swelling had arrived at the 
proper condition, he made a free incision into the part 
without the horse giving any evidence of pain . It oc­
curred to him that the leaves might h ave anresthetic 
properties ; and a few weeks after, having occasion to 
open an inflamed bursa on the elbow of another 
horse, he made a similar poultice, applied it as before., 
and again made the incision without any pain to the 
animal. 

Dr. Allen M. Seward, of Bergen Point, N. J. , having 
obtained, through Mr. Goodman, some of the leaves, 
m ade an anal vsis of them. He found a number of con­
stituents, among them an alkaloid, and having ex­
cluded all others as the anresthetizing element, conclud­
ed that this virtue lay in the alkaloid. He made a two 
per cent. solution of the alkaloid, and settled the point 
by obtaining local anresthesia in a cat's eye with several 
drops. Mr. Goodman informs me that the tree is known 
in the locality mentioned as the tear blanket tree. 

It grows to the height of thirty-five to forty feet, with 
a diameter to the bole of about eighteen inches and a 
spread of foliage of about thirty to thirty-five feet. 
The leaves resemble those of an acacia. The bark is 
smooth. From the ground up the tree is furnished 
with clumps of forked spines or thorns, the pa rent 
spine springing at right angles from the bough or 
trunk. '.rho ugh Mr. Goodman is a native of the region, 
he has never seen the tree blossom. As fruit it bears 
pods eight or ten inches in length, flat and slightly 
curved, containing seeds and a viscid juice. 

The spines are very tough and highly polished, and 
the wood is extremely tough. It grows in clumps and 
singly, and is abundant in Louisiana. 

From the li keness of the tree to the Acacia stenocar­
po, Dr. Seward dubbed the new alkaloid stenocarpin. 
It would have been better, however, to withhold the 
naming of the alkaloid until the botanical nallle of 
the tree had been known. 

Through the kindness of Dr. Seward I was put into 
possession of two drachms of a. two per cent. solution 
of the alkaloid. 

[The deta ils of various successful applications of the 
drug to eyes, ears, and skin are then given.]  

I n  further proof of the anresthetic effect on the skin, 
I submit the following : 

An Irishman of fifty years p resented himself at the 
Northwestern Dispensary with otitis media catm'rh. 
acuta. I observed a sebaceous tumor on his forehead, 
Qetween the h air and the left eye. I suggested to him 
to have it removed, telling him that I thought it could 
bA taken away without any pain. He consented. A 
thin piece ' of cotton was sat urated with the solution 
and tucked over the tumor and its vicinity ; in twenty 
minutes the skin could be pricked without any pain. 
In ten minutes more I made a long h<>rizontal incision 
across the tumor, dissected the skin from around the 
sac down to the bone, and removed it in toto. The 
man sat perfectly still and said nothing during the 
whole operation, save at one point, where I made a 
deep sweep into the connective tissue ; he merel y ob­
served it scratched a little. Several drops of the solu­
tion were immediately instilled in the neighborhood, 
and in a fe w seconds I contin ued to the end without 
another word from him. When asked if it hurt, he 
said he had often been h u rt worse by the scratch of a 
pin. Passing of suture caused uo pain, and. the wound, 
d ressed antiseptically, healed by fi rst intention. The 
patient seemed very much surprised when I showed 
him thtl tumor, and expressed himself as dumfounded. 

I have made no experiments on the physiological 
effect of the drug when introduced into the general 
system. It should be borne in mind that only a limited 
quantity of a two per cent. solution was used in the 
ahove experiments. 

From analogy it would be reasonable to expect that 
the anresthetic effect would be increased by stronger 
solutions. In its effect u pon the eye it seems to stand 
midway between atropine and cocaine. Its anresthetic 
effect lasts about as long as that of cocaine ; its my­
driatic effect is greater than that of atropine, while its 
paralyzing effect upon the muscle of accommodation is 
perhaps as great as that of atropine, reaching its max­
imum effect in about six or seven hours, and disappear­
ing rapidly thereafter. It would seem to be indicated 
wherever cocaine is, so far as its anresthetic properties 
are concerned, and where atropine is, so far as its my­
d riatic properties are concerned. In fact, for irides ren­
dered sl uggish by inflammation, it seems to be superior 
to atropine. though the duration of its effects, as we 
have seen, is by no means as great. 

In Dr. Allis' case I was not able to detect any differ­
ence in tension, even when the pupil was dilated ad 
maximum. 

After examining a number of eyes at the same time, I 
may confidently say that in seven instances I have ob­
served a diminution in tension when the pupil was dilat­
ed ad maximum, though I have p.ot been able to detect 
it in all cases. If this property can be settled beyond a 
dou bt, it will truly possess a phenomenal characteristic, 
of peculiar interest with reference to glaucoma. The 
contraction of the opposite pupil, though it has not 
been observed in all cases, was marked in several, par­
ticularlv in D r. Allis'. 

From'the foregoing observations its therapeutic value 
in eye di�eases cannot be inconsiderable. 

'l'here is no reason to assume that it will not cause 
anresthesia of all mucous surfaces, as it has been shown 
to do in the eye and nose. In view of the results ob-

tained by myself, I fAel safe in predicting for it a wide 
field of usefulness in all departments of surgery where 
local anresthesia is desired, and it only remains for fur­
ther experiment to develop all its possibilities. 

It may fairly be reckoned as a rival of cocaine. 
Dr. Seward i nforms me that the winter leaves yield 

seven and a hal f grains of the alkaloid to every ten 
pounds, wb ile the summer ones yield only five grains 
to eyery ten pounds. The supply of the alkaloid is 
very small at present and the price very high. An 
ounce of a two per cent. solution COllts $6, which would 
give sixty cents as the cost per grain. These figures 
remind one strongly of the market value of cocaine 
soon after its introduction.-Medical Record. 

M:ILTON JOSIAH ROBERTS, M.D. 
B y  J. J. SULLIVAN, M.D.,  New York. 

THE professor of orthopedic surgery and mechani­
cal therapeutics at the New York Post- Graduate Medi­
cal School and Hospital, Dr. Milton Josiah Roberts, is 
distinguished not more for his innovations in the opera­
tive methods of bone surgery, which mark a distinct 
advance in that department of science, th�n for his 
numerous and valuable original contributions to the 
subject of mechanical therapeutics as applied to the 
relief of suffering, the cure of disease, and the preven­
tion of unsight.ly bodily deformities. Though he start­
ed late in life, handicapped with ill health, empty 
handt;, and restrictions in opportunities, he has, during 
his short professional career, won a reputation for 
practical scientific attainments which might well sat­
isfy the am bition of a much older man. 

The Hon. Andrew D. White, late president of the 
Cornell University, and former United States Minister 
to Berlin ,  in introducing by letter the subject of this 
sketch to a distinguished university president, wrote 
September 22, 1885 : ., The bearer of this, Dr. M. J. Rob­
erts, is a genius. He proved this at Cornell, by his fer­
tili ty in resources, as regards scientific investigations, 
and he h as proved it in a more striking degree since. " 

Prof. Roberts was born in Norwalk, Huron County, 

Al 

went to Florida. During his six month s' stay in 
Florida, he made an interesting collection of natural 
history obj�cts, including birds, their nests and eggs, 
mammals, fishes, reptiles, insects, and some flowers and 
plants. After returning home, he worked on h is fath­
er's farm, and became expert in the use of all agricul­
tural machinery. In repairing machine!! of this class, 
which he was freq u ently called upon to do, he developed 
considerable mech anical skill. 

While at college he contributed materially to his 
support by working at rough carpentry on President 
White's house, then being b uilt, putting in five hours' 
work five days in the week, and ten hours on Satur­
day. 

In 1871, he entered Cornell. In 1872. he was obliged 
to leave college, on account of the ill h ealth of his  
father. In Decem bel' of  the same year he was again 
obliged to leave college, and to take his father, who suf­
fered from asth ma, to Florida. On this trip he visited 
th e uninhab ited parts of Florida, and collected natu­
ral hist.ory specimens. 

In September, 1873, he re-entered college, though in 
poor health and suffering continually from malarial 
symptoms. 

Now he began to assume for the first time the respon­
sibility of shaping his course of study to his own lik­
ing. From civil en gin eering his mind was ever revert­
ing to his fi rst love. He desired to become a naturalist, 
but saw no opening in that field of knowledge that 
would insure him a comfortable subsistence. He, 
therefore, decided to study medicine. He spent much 
time in the anatomical laboratory, working under the 
direct supervision of Prof. Burt G_ Wilder, the distin­
guished comparative anatomist. For a time he contri­
buted to his support by making tiles, house painting, 
paper hanging, an d other work which he could get to 
do. His first publication was an article entitled, 
" Among the Florida Keys, " which appeared in the 
Jan uary number of the Cornell Revie w for 1874. 

At college he took a special course in veterinary 
science, u nder Prof. James Law, and frequentl y as­
sisted that distinguished v�terinarian in major surgical 
operations upon domesticated animals. 

MILTON JOSIAH ROBERTS, M. D. 

Ohio, August 30, 1851. His parents and grandparents He was appointed taxidermist to the u niversity, a 
were farmers, and .all of them were characterized by vacancy having occurred in that department. Here 
their industry, frugal habits, integrity of chc,l'acter, he found congenial exercise for his natural tastes, and 
and great physical strength. During the early years of the knowledge he had already acquired in this direc­
his  life, h is parents lived in a. log cabin built on a small tion now came in good stead. The increased wages 
clearing in the midst of a dense forest. When about which he was able to earn by doing skilled work 
seven years old, he was stricken dow�with a severe and afforded h im more time for study. He mou nted a 
almost fatal illness, the result of imprudent exposure in large number of birds an d mammals, ranging in size 
midwinter. For more than seven years thereafter he from a h u mming bird to a dromedary. At his instiga­
was so delicat.e in health that he was necessarily de- tion, and with the co-operation of President White, 
prived of all educational advantages. Professor Law, and Professor Wilder. rooms were fit-

When ten years of age he was taken by his father to ted up by the university authorities for the prepara­
Ann Arbor, Mich igan, to be treated by a cousin who tion of skeletons. He acqui red wonderful skill in the 
was then practicing medicine in that place. While use of the scalpel, and could make what is technically 
under treatment, he served as an office boy to his called It " skin " of a small bird in the short space of a 
cousin. Here he first came in contact with patients. m inute and a half. At one time he was employed on 
He soon became practically familiar with much of the the Weekly Ithacan, to write locals and special articles. 
routine work of the office. and evinced a special inter- With the idea of further increasing his ability to con­
est in the progress which patients made toward re- tribute, under varying circumstances, to his support. 
covery. he took up the art of wood engraving, and resumed 

After a number of months, he returned to his home the systematic study of short hand, in addition to his 
on the farm, where he attended school winters, and regular studies and uniyersity work. 
worked on t.he farm summers. In October, 1875, he read an original paper before 

In 1869, he took up the independent study of short- the Natural History Societ.y of Cornell University, en · 
h and, copying from a borrowed book the principles of titled " The Anatomy of a Feather : having two mil·  
Ben . Pitman's system i n  a single night. From this lion two hundred and fifty-one thousand four hundred 
time he became a persistent note taker of things ob- and one parts. " 
served and work done, which practice he has ever since Prior to leaving the university, he donated to that 
continued. His fondne8s for the study of natural his- institution his entire collection of mounted and un­
tory objects was always marked. Whenever an oppor- mounted birds, mammals. reptiles, etc. , made by him, 
tunity offered, he would go into the flelds and woods. together with an herbarium of pl ants and sea algre, 
He was fond of fishing and of hunting wild birds and which had been made by his mother while she was in 
animals. He made an extensive collection of butter- Cali fornia. The plan for the construction of the museum 
fl ies and other insects, and began to practice the art cases which contain the Green Smith collection of birds 
of taxidermy, getting the first bints from an Iowa I at Cornell, as well as his own zoological collection, was 
agricultural report. He made his fi rst scalpel by I'mggested by him.  . 
grinding down a large and thick old-fashioned razor. On September 13, 1876, Mr. Roberts entered the 
With this he afterward skinned and dissected m any 

I 

medical department of the University of the City of New 
hundreds of birds and other animals. H e  collected York, with Prof. Burt G. Wilder. of Cornell Uni versity, 
and mounted nearly all the species of birds, mammals. and Prof. William H. Thomson, of New Yorl{, as pre­
reptiles and fishes indigenous to the section of country ceptors. 
in which he lived. He compiled a manuscript work on I He made phonographic report.s of lectures for the 
the art of taxidermy, trapping, shooting and hunting university professors upon which he afterward was 
wild birds and animals, with an appendix on the train- obliged to pass examination. These he wrote out on 
ing and care of game dogs. I the type writer. This work served the double purpose 

In January. 1870, hit! health again failed him, and he ! of increasing his medical knowledge and materially 
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contributing to his support. While prosecuting his conjunction with the imperative demands o f  a n  exten­
medical studies, he made and published an original sive and rapidly increasing practice. As a result of his 
contribution to phonography. He also compiled a clinical studies and observations, he hal:' elaborated a 
manuscript work on medical short hand. In company complete system for the mechanical treatment of chroni­
with Prof. William H. Thomson, his preceptor, he cally inflamed joints. In carrying out this work he 
walked the wards of Bellevue and Roosevelt Hospitals, has not been content with introducing his innovations 
making notes of important cases, and conducting qual- to the profession, backed only by the assertion that 
itative and quantitative chemical examinations for they would be found to possess marked advantages 
Prof. Thomson, when necessary. While a student in over those that had preceded them. He has gone 
1877, he took three courses of physical diltgnosis, and further than this, and supported his therapeutic ideas 
attended n umerous cases of confinement. by a rational course of reasoning, based upon physico -

He selected for the subject of his graduation thesis, physiological data, clinical observations, pathological 
.. Museums as Educational Adjuncts to Medical Col- findings, and what is known of the laws of growth and 
leges," which was one of two essays that received honor- repair. 
able mention out of a class of 154 graduates. As his  clinical observations, together with his other 

February 14, 1878, he passed his medical examination, studies, led him into therapeutic paths widely sepa­
and on the same day accepted the invitation of Dr. C. rated from those generally accepted by the profession, 
E. Billington to become his assistant at the out�door it has been necessary for him to invent instrumen ts for 
department of the Demilt Dispensary. all of the principal joints of the body, which would en-

In 1879, he assisted Dr. John S. Warren, of the d e- able him to practically carry out these ideas. No one 
parement of diseases of women at the Demilt Dispen- who is not thoroughly familiar with the difficulty of 
sary, and took charge of the work in this department procuring competent workmen to carry out novel me­
during Dr. Warren's vacation. chanical ideas can appreciate the extent of th is under-

In Jannary, 1880, he was appointed a subordinate as- taking, to say nothing of the great expense involved in 
sistant at the surgical clinic of Professor J. Williston it, which he has independently borne. 
W right. At this clinic most of the orthopedic cases Not only has he added largely to t.he resources of me­
were turned over to his charge. He was thus afforded chanical therapeutics, but it is believed that he is the 
abundant opportunity of studying the class of cases in first to introduce the use of instruments of precision in 
which he was so much interested. operative bone surgery, thereby eliminating at once a 

In the fall of 1881, he was appointed professor of sur- large number of sources of error which continually em­
gical pathology in the American Veterinary College, barrass the surgeon. 
and delivered the inaugural address at that institution His paper on the " Exploration, Excavation, and Il­
October 3, selecting as his subj ect, " The Art of Scien- lumination of the Interior of Bones in Any Part of the 
tific Discovery in Medicine. " Body" is full of suggestiveness for the operative sur-

His first medical contribution was a paper read be- geon, and has attracted a great deal of attention and 
fore the New York County Medical Society, Jan. 22, favorable comment. 
1881, entitled, Elastic tension and articular motion as He was the first to apply to bone surgery the teach­
therapeutic agents in mechanical treatment of chronic ings of Dr. J. Leonard Corning regarding the prolonga­
inflammations of joints, with a description of new tion and intensification of the local anoosthetic effect of 
apparatus for the knee and wrist joints. This was fol- cocaine. 
lowed, during the same year by the following contri- Among his inventions there are two that have been 
bution s : Elastic tension therapeutically utilized in the result of long and persistent efforts on his part, and 
adhesive and medicated plasters ; Elastic tension appa- have nvolved the expenditure of a great deal of time, 
ratus for dislocation of the humerus; Elastic tension ap- money, and experimental work. These are the electro 
paratus for anchylosis of the knee joint ; Remarks on osteotome and his woven wire spinal corset. Recogniz­
carotid compression as a means of euthanasia ;  Elastic ing the necessity for an instrument that would divide 
tension in Pott's disease ; Non-uniformity in the prin- bone with as much ease as the Boft parts are divided 
ciples of treating Pott's disease, as taught by Professor with a sharp scalpel, and at the same time do away with 
Sayre ; Elastic tension and articular motion in Pott's the tearing and laceration incident to the use of the 
disease ; and The mechanical treatment of caries of the ordinary appliances for cutting bone, he has invented 
lumbar vertebroo. and perfected the electro osteotome. This invention 

On June 15, 188t ,  he was appointed instructor in was originall y  brought to the notice of the profession 
orthopedic surgery and m echanical therapeutics in in October, 1883. with the successive improvements 
the new Post-Graduate Medical Sehool, and was sub- made during a period of three years, it has been so 
seqnently made assistant secretary of the faculty. elaborated and perfected that it is to-day undoubtedly 

In October, 1882, he was appointed visiting ortho- the most complete, effective, and manageable bone-cut­
pedic su rgeon to the city hospitals on Randall's Island, ting i nstrument in existence. Not only this, but an 
furni�hing recommendatory testimonials from Profes- entirely new line of operations in bone s urgery and 
SOl' Wm. A. Hamm ond, Professor D. B. St . .John im proved methods of performing old operations are 
Roosa, and other distinguished members of the medical made feasible by the invention of the f'lectro osteotome. 
profession. Prof. Roberts' woven wire spinal corset is also an in-

From this time onward his contributions to medic.al vention which merits special mention in this sketch. 
l iterature have been many and important. His medi- It is original in conception, effective in practice, and 
cal inventions have been numerous and valuable. elegant in appearance. It is the result of fi ve years' ex-

Of these inventions the following may be mentioned : perimental work in the construction of spinal supports. 
ehtstic tension knee splint, with tibial rotating me- It is made directly over a cast of the body, and when 
chanism ; elastic tension knee splint without tibial removed from the cast retains its exact form. The use 
rotating mechanism ; radio-carpal elastic tension splint; of this corset in the treatment of diseases, deformities, 
elastic tension adhesive and medicated plasters ; elas- and weaknesses of the spine has yielded m ost satisfac­
tic tension apparatus for dislocation of the humerus ;  tory results. Being composed of an open wire mesh, it 
elastic-tension apparatus for anchylosis of the knee- permits of the th orough ventilation of the body. The 
j oint, with and without posterior extension mechan ism ; respirations are unimpeded by it, while its comfort, in­
elastic tension device for attachment to plaster of Paris conspicuousness, elegance, and durability all combine 
or other spinal jackets, to overcome lateral tilt ; elastic to make it a great favorite with all those who have a 
tension spinal traction bars, with brackets for sectionized personal know ledge of its merits. 
spinal jackets ; improved form of inconspicuous elastic Recently, Professor Roberts has fitted up and 
tension head rest ; elastic tension apparatus for cervi- thoroughly equipped, at his own expense, an experi­
cal caries ; improved elastic spinal traction bars ; short mental surgical laboratory, in whieh he is conductin g  
bilateral elastic tension hip splin t ; t h e  electro osteo- a series of experiments i n  bonll surgery upon t h e  lower 
tome ; a protecting retractor ; two new forms of silver animals, with the ultimate view of adding to our re­
wire suture instruments ; elastic tension knock knee sources for the alleviation of human suffering, the cor­
splint ; long bilateral elastic tension, or self-acting, rection of unsightly deformities, and the more rapid 
non-traumatic hip splint ; long bilateral self-acting hip termination of chronic bone diseases. 
splint, with elastic rotating, abducting and adducting He has, during his nine years of active professional 
mechanism ; inside elastic tension, or non-traumatic life, collected a vast amount of clinical data and 
hip splint ; outside elastic tension, or non-traumatic other m aterial, which it has been im possible for him 
hip splint ; a new i nconspicuo us head rest, whereby all up to the present time to elaborate in such a manner 
the movements of the head are regulated by elastic as to permit of its bein g  brought to the attention of 
force;  i mproved " jury mast ;" short bilateral non-trau- the profession. But with his rapidly increasing re­
matic or elastic tension ankle splint ; long bilateral sources and un chilled devotion to the advancemen t  of 
non-traumatic an kle splint ; elastic tension apparatus medical science, the profession will not have to wait long 
for elbow joint disease ; elastic tension apparatus for for further contributions. 
anchylosis of the elbow joint, with supinating and pro- Prof. Roberts is a man of medium height. He is 
nating mechanism ; a new spinal corset woven out of quick in his movements, and possesses the rare qual­
wire to fit. the contour of the bod y ; combination appa- ities of untiring energy and indomitable perseverance. 
ratus for the support of the head and the supination All his writings are characterized by ori�inality and in­
of the hands ; swinging crane for elastic suspension ; dependence of thought, combined with simplicity of 
moditied tricycle, with foot pads, for exercising lower arrangement and lucidity of exposition. Believing 
extremities ; apparatus for inversion of the feet ; com- that advancement in medical knowledge depends 
bination apparatus for the snpport of the head, trunk, largely upon the avoidance of self-deception, he has 
and upper and lower extremities ; the articular goni- disciplined himself to be a severer critic of his own 
ometer ; the adjustable protractor ; the epipedometer ; 

I 
work than is his most formidable professional ad ver­

improved electro osteotome ; measuring staff. with sary. 
goniometric attachment ; the electric celioscope for the Toward those departments of inquiry which have 
illumination of the interior of bones and cavities in for their end the relief of human misery and the cure 
general ; elastic tension apparatus for shoulder joint of deformity, his  mind is ever tending. His unremit­
disease ; tape measu re attach ment. enabling the ob- ting exertion in this direction is sufficient to have un­
server to make u niform traction upon the tape ; cir- dermined a constitution set in an ordinary muuld ; 
cum ferential outline tape for obtaining circumferential but his strong body, his unstinted zeal, cheerful dis­
outline of cross section of any part of the body ; instru- position, and overflowing enthusiasm carry h i m  tri­
ment for recording surface cUl'ves ; coiled spring box u mphantly over every obstacle that l ies in his path. 
joint ; torsion spring box joint ; improved protecting re- This is one of the most remarkable elements of h i s  
tractor ; spinal suspension tricycle ; spinal suspension character, and the o n e  that has. more than anything 
gym nasiUln for attachment to the ceiling ; wire pad else, enabled him to tide over the difficulties that pre­
for attachment to spinal corset, to improve t.he appear- sented during his first years of professional life in New 
ance of the hopelessly deformed ; combined spinal sus- York. Though still a young man, he has won a reputa­
pension balance and dynamometer ; speculum for dilat- tion in the domain of mechanical and operative bone 
ing abscess cavities ; improved portable storage battery ; surgery that cannot any longer be confined within the 
the sphenometer ; adjustable suspension crane for the narrow limits of a State or country. - Va. Med. Mor.thly. 
electro osteotome ;  straight saw head piece for the 
electro osteotome ; sectional saw head piece for the 
electro osteotome ; splint for infanti le spinal paralysis ; 
com bination appar8,tus for spinal caries and hip disease; 
improved trep hine, with adjustable protecting sleeve ; 
i mproved bone calipers ; improved primary battery 
for the electro osteotome ; improved club foot shoe. 

From the foregoing, it will be read ily understood 
that Prof. Roberts has led an intensely active profes­
s ional life, fOI' his contri butions to medical literaturA 
and to mechanical therapeutics have been carried on in 

HARVARD'S NEW OBSERVATORY. 

THE munificent beq uest to the trustees of Harvard 
College observatory by the will of the late Uriah A. 
Boyden, am ounting to $230,000 or a little Illore by accu­
mulation of interest, was made for the purposes of 
science in the department of astronomy, and definite 
application as then determined is mainly to he in the 
line of stellar photography. Preparations had been 
entered upon for the establishment of an observatory 

in some degree experimental at some point of high 
altitude i n  the State of Colorado. 

The enterprise thus proj ected being a part of the 
work of the H arvard College observatory, is under the 
general direction of Professor E. C. Pickeri n g. the 
head of that institution, but as a departmen t or sub­
division of the observatory work is pla ced in immedi­
ate charge of Mr. W. H. Pickering, the professor's 
brother, who becomes one of the official corps of the 
observatory. 

These preparations are now completed and the work 
is entered upon. Mr. W. H. Pickering started for 
Colorado recently, taking with him fourteen cases, 
about a ton's weight altogether, of the most per­
fect apparatus known to science. A ccompanying him 
were his two assistants. Messrs. D. P. Bartlett and H. 
E. H. Clifford, who hav

'
e recently been in the service 

of the I nstitute of Technology, and who were grad u­
ates of that institution of the class of 1886. Professor 
Pickering has gone to Colorallo, and will  remain there 
some months until the proposed mountain observatory 
shall be located and organized. 

This beginning is in itself an event in the progress of 
astronomical science, for the rea.son that the al"t of 
stellar photography, which has recently been making 
great ad vances, has never yet had opened to it  so favor­
able a field for its exercise as that here at command, 
and for the reason that no eq uipment of apparatus, 
both in respect to quality and amount, comparable 
with that now to be put into use, is  possessed by any 
other institution in the world. A considerable share of 
this apparatus is of the original device of the Messrs. 
Pi,sJkering, and the product of t hese few months of 
preparation, aml therefore unique. 

Nor are the m erits of the case properly indicated 
without saying that, in the skill and experience of the 
director of the observatory as a practical astronomer and 
observer by the photographic method, and in the quali­
fications of the younger Mr. Pickering as a specialist in 
the photographic art in its scientific applications, the 
expedition has an equipment which gi ves peculiar and 
enhanced value to its material resources. 

The significance of this undertaking is well under­
stood among scientists, both in this country and others, 
near or distant. Professor Pickering has received let­
ters from such resident in d ifferent mountain regions 
of Europe, at the Cape of Good Hope, and near the 
ranges of the Himalayas and the Andes, urging him to 
select a position in their respective neighborhoods for 
this important u n dertaking. 

But it was some time ago resolved that the western 
continent shall be the scene of operation s. The work 
to be done in Colorado is experimental in this particu­
lar, that by means of it the exigencies of such work in 
high altitudes will be ascertained, and ItIl instrumental 
and other adaptations necessary can be made where the 
resources of Yankee civilization are close at hand. All 
being duly tested, the ultimate step will be taken in 
establishing a permanent observatory where those re­
sources are not at command south of the equator in 
the Andes range. 

Great interest has already been manifested among 
leading citizens of Colorado, and proffers of assistance 
of various kinds have been made. The head qua rters 
of the expedition will be for the present at Colorado 
Springs, a town of im portance, commercially and oth­
erwise, on the main line of railroad extending from 
Denver to Pueblo. Its prosperity is in good part ow­
ing to the fame of its mineral springs, making it a social 
center of considerable dignity. Among the institutions 
is the Colorado College. Professor Loud, whose depart­
ment in the college includes instruction in meteorology, 
has volunteered his assistance and advice in the pend­
ing enterprise. which will be of special value from his 
personal fam iliarity and exact k nowledge of the region 
in desirable particulars. He is president of the Mete­
orological Society of that place. 

The town has an elevation of about 6,000 feet above 
the sea. Positions of greater altitude are n umerous at 
no great distance from the center, and the several haigh ts 
increase as they become more remote, and find their 
maximum in the well-known Pike's Peak. wh ich is 
several lll i les distant. At the peak is a station of the 
national signal service, which is in COllllllUnication with 
the town of Colorado Springs. General Greely, the 
chief of that service, has proffered co-operation in the 
new enterprise, and will give it the ad vantage also of 
meteorological information derived from more distant 
points, but valuable for purposes of comparison. 

The immediate search will  be for cond itions of at­
mosphere most favorable for photographic work i n  
respect t o  clearness, steadiness, a n d  equability o f  tem­
perature. A considerable height is also essential. The 
peak is about 1 4. 000 feet above the sea. Between the 
elevation of 6,000 an d 14. 000 the desired position will 
doubtless be found . The im portance of height is i n  
getting rid o f  the denser atmosphere which i s  product­
ive of the red rays in sunlight. The more rarefied at­
mosphere abounds in the blue rays, which are the 
workin g  elements of the photographer. 

It lllay prove to be advanta geous to locate the ob ­
sen-atory near Lead ville, which is 100 miles distan t 
from the Springs. and has a railroad which ascends for 
mining purposes to a height of 11 ,000 feet. Th i s  will 
be of great service in con veying the heavy instruments. 
At the Springs the expedition wi l l  have to depend on 
mules for carriage. Whatever experiments are m ade 
neltr the Springs will, however, be of practical value 
at Leadville, as the atmospheric conditions are not ma­
terially different. 

The instruments taken by Mr. W. H. Pickering com­
prise a new telescope of 12 inch apertu re, made by 
Clark, of Cambridge, about a half dozen telescopes of 
smaller apertures, that is, of four inches or less, 
numerous appliances of new design, m ostly for photo­
graphic work, and self recording barometers and ther­
mometers. 

At the establishment of Clark there is in process of 
manufacture a telescope of 13 inch and another of 10 
inch dimensions, both being provided with photo­
graphic lenses. The 12 inch instrument already for­
warded is for visual use. One of the unique appliances 
of the expedition is in the 13  inch telescope. The re­
sult of numerous con ferences between the users and the 
makers of the instrument is that a modified or reversi­
ble lens has been i ntroduced, so that the same instru­
ment can be used alternately for visual and for photo­
graphic purposes. This in itself Illay bll reckontld a 
triumph already achieverl, which in the record mu/ilt go 
to the credit of this expedition. 
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Though the Colorado observatorv is for the moment 
to be cl assed as an experi mental on e-, the real " objective 
point , " as th e m i litary men say, being a permanent es­
tablishmen t south of the equator, there are reasons 
to h o pe that it  wi l l  be taken up by th e  Colorado peo­
ple in the interest of science and made a fixture in 
that State. '1'h e  position, geographica lly, i s  an im­
portant one. There is no first-class observatory m uch 
n earer than 1 ,OCO miles. The region is mid way nearly 
between the Lick observatory on the Pacific and those 
of St. Louis and A nn Arbor. 

The photographic plates will be returned to Cam­
bridge to be worked up for results and for publica­
tion in the an nals of the Harvard College observatory. 
It is not probable that observations will be continued 
in Colorado after cold weather begins, but the building 
and apparatus will be so secured against the weather 
as to be available in the early spring, and a long season 
for practical work will be assured for the next year.­
Boston Adveltise1'. 

A MATHEMATICAL GAME. 
THE TAKING OF THE BASTILE. 

'1'HERE was recently sold i n the streets of Paris a 
small cardboard box in which was pictured the figure 
shown in the annexed cnt, and which contained seven 
black and seven red counters, along with a mathema-

FIG. 1.-A MATHEMATICAL GAME. 

tical eon undrum. This q uestion, called the taki ng of 
the Bastile, consists of the four fol lowing problems : 
(1) To pass into the fort to th e  l eft the seven black 
counte rs (in follo w i ng the dotted l ines) th rough the 
door, P \Fig. 2), in such a way as to man the seven 
towers numbered from 1 to 7. and to leave the door free. 
(2) '1'0 pass the seven black coun ters from the fort to 
the left into the one to the right (i n fol lowing the 
diagon al lines), and by en tering through the door, P', 
in such a way as to lIlan the seven towers n u mbered 
from 1 to 7, and to l eave the door free. (3) To pass 
seven red counters into the fort, as in the first problem. 
(4)  '1'0 reIllove one of the counters an d make an ex­
change of th e other counters that man the two forts, 
in making them pass alternately from one of the forts 
to the other, and always over the dotted lines. 

, Ei G' l '  

FIG. 2.-EXPLANATORY FIGURE. 

It is to be understood that two counters cannot be 
simultan eously in the same tower, nor upon the same 
spot. 'rhe game is easil y  played by drawing the fig­
ures upon a sheet of cardboard , and using- the red and 
white counters em ployed in t he game of checkers. We 
shal l  observe in the first place that the third problem 
d oes not d i ft'er fro lll the first, and the second differs 
only in direction, for the figure consists of two symme­
trical parts. 

I n  order to solve the fi rst problem , we introduce a 
counter at 3 i n  fol lowing the route P 1 2 3, th en an­
other at 2 in fol lo wing the route P 1 2, and finally a 
t.hird at 1 by the route P 1 ; in all 1+2+3 = 6  moves. 
We afterward introduce a counter at 4, through the 
route P 7 6 5 4, the n one at 5. through the route P 7 6 5, 
on e  at 6 through the route P 7 6, and the  seventh at 7, 
th rough the ro.ute P 7 ; in al l l+2+3+4 = 1 0 moves. We 
have therefore filled the fort in 16 moves. 

, 2 3 4 5 S , .:�--- -.--.--,,-o-=----- �.->. 
---..-----�-
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FIG. 3.-FIGURE OF T HE SOLUTION. 

We m igh t have fi l led the towers 2, 1 first , and then, 
in the opposite direction , towers 3, 4, 5, 6,  7. This 
would have given a number of moves equal to 

1 + 2 +  1 + 2 + 3 + 4 + 5  = 18. 
I f  the figure embraced a large n umber of  towers, we 

woul d  divide the coun ters into two equal parts , accord­
i n g as the n umber was odd or even . One of these parts 
we wou l d introduce in the direction P 1 2, and the 
other in the opposite direction. We should thus have 
the min im u m  n u mber of moves. 

In order to sol ve th e fou rth problem , we can al ways 
suppose that the counter removed was on tower 7', for 
were it otherwi se it would be only necessary to m ake a 
few coun ters of fort P' to go back one row in order to 
free tower 7' . (a) This granted, we place upon 7' the 
counter that is on 1 ,  and afterward move all the count­
ers of fort P back one row, so as to free tower 7. (b) 
We place on 7 the counter of tower l' and m ove all the 
counters of fort P' back one row, in erder to free tower 

7. (c) Fin al ly, we repeat in succession maneuvers (a) 
and (b) u n til  the exchange of coun ters has been made 
in the two forts. 

The number of m oves is 85, and if the polygon has n 
towers more than the door P, the number of moves 
will be 2n (n-l ) +1. 

These rules are evident if  we remark that it is pos�ible 
to replace the figure given by the one shown in Fig, 3. 
-La Nature. 

FROM LA N ATURE. 
THE articles we give th is week, entitled " The Princi­

pl e of Inertia, " . .  Soap B ubbles, "  " Physics without 
Apparat us, " are from La Nature. 

SOAP BUBBLES. 
IN my lectures on physics, I h ave often repeated th e 

experiment of sending up into the air small  soap 

FIG. 1. 

ing a lighted candle into contact with the ascending 
spheres, and making them burn. 

The following is another experiment none the l ess 
intere�ting and much si mpl er for producin g true h ot-ai l' 
balloons. Take a gla�s tn be %: in.  in diameter by 8 
inches in length , or, if that can not be h ad, m ake a tube 
out of writing paper, which will  permit of easily obtain­
ing bubbles as large as a man's head. D ; p  the ex­
tremity of the tube into a sol ution of Castile or other 
soap, and blow downward strongly and rapidly. Th e 
b ubble will  quickly increase in size, and the b ot ai r 
injected from the lungs will  soon cause it to r ise . 
Without letting go of the bubble, fol low i t s  ascensional 
motion , gradual ly turn i ng the extremity of the  tu be 
upward until the d rop suspended from the bottom is 
reached. The last portion of the liqu id w i l l  th us be 
m ade to flow over the sid es, and the fully i nflated bal­
loon will only wait for the word " go, " even i f, as h as 
often happened with me, it does not detach itself. 

FIG. 2. 

SOAP BU BBLES AND MODE OF AFFIXING A PAPER AERONAUT THERETO. 

bubbles filled with hydrogen. As well known. it is 
only necessary to give these bubbles a diameter of two 
or three inche::; to see them rise rapidl y  to the ceiling. 

o e 

F 

FIG. a.-THE PAPER AERONAUT (ACTUAL 
SIZE). 

This amusing experiment furnishes an analogue of bal­
loons inflated with hydrogen or illuminating gas. I 
render it more instructive and more varied by bring-

FIG. 1. 

If the surrounding temperature is !lomewhat low, the 
b ubble will burst at the ceiling. If the contrary is the 
case, it will slowly descend as soon as it has cooled a 
littl e. 

On using tubes of d ifferent diameters, I h ave sent up 
much smaller bub bles ; but the experiment becomes 
difficult with those of small dimensions. The paper 
tubes should be replaced by others when they have 
become soaked and soft. Glass tubes should be used if 
possible. 

These experiments in sending up large soap bubbles 
by warm air decided me to attempt to affix to them a 
little figure of an aeronaut. I have succeeded in thi s  
several times, n o t  without difficulty I confess, an d I 
can affirm that the experiment succeeds when it is well 
executed . 

A figure of a man is C11t out of very th i n pa per, 
and is attached to a thread which is affixed by its other 
extremity to a small paper disk that is made to adh ere 
to the soap bubble by simple contact, as sh own in Fig. 
1. On giving the glass tube a sl ight  oscil lation the 
bubble becomes detached and, after the manner of hot­
air bal loons, rises with its aeronaut (Fi g. 2). In Fig. 3 
I give the aspect and size of thl' paper image that I 
have succeeded in sending up with a large soap bubble. 
D is the upper disk of the paper, and F is the fine thread 
termin ating in two knots that serve to bold it at the 
top and bottom . -Prof. Escriche. 

THE PRINCIPLE OF INERTIA. 
EXPE RIMENTS upon the principle of i n ertia are very 

numerous, and we have already deseribed a large num­
ber. We now revert to the subject apropos of a com­
lIlu uication that has been addressed to us by a 
correspondent, who writes as follows :  

FIG. 2. 

EXPERIMENTS UPON THE PRINCIPLE OF INERTIA. 
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Pile up a dozen d i fferent coins on a plate and propose 
to the persons roun d  you to deposit them in the  same 
order upon the table  at one swoop. The uninitiated 
will try in vai n. In order to succeed in doing this, lift 
the plate 12  i nches above the table, lower it quickly t:l 
i nches, and p u l l  i t  toward you, and the coins, losiug 
their su pport, will fall upon the table in their original 
position . 

This expel' i ment recalls another of the same kind 
that 'Ne perforllled i ll our youth.  It consists in bending 
the arm as shown in Fig. 2 and placing a pile of coins 
u pon the el bow, and then q uickly throwi ng the arm 
forward and catching the coins i n  the hand. With a 
l i ttle practice and ski l l  a person can thus catch with his 
hand a dozen superposed coins without a single one of 
them dropping to the floor. 

PHYSICS WITHOUT APPARATUS. 

The Boornerang. -E very one knows the Australian 
boomerang. It i s  a curved weapon made out of  a piece 
of hard and compact wood which the Australian sav­
ages dexterous ly  throw at any given object-ellemy or 
game.  A fter the boomeI"ang has struck the object, it 
returns of itsel f toward the person who threw it. 

Some · fifteen years /l,go, M r. Marey, of the Institute, 
p u blished an interesti ng article upon this � u bject. The 
l earned professor at that ti me wrote, without  k nowi ng 
it,  a short chapter on ph ysics without apparatus. We 
shall reprod uce the su bstance of i t. 

A piece of card board cut into the shape of a crescent, 
with rounded horns, is laid u pon the end of the finger, 
01', better, is held between the nail and the finger 
(Fig. 1) in such a way that its plane is slightly inclined 
on the horizon, at 4.'io, for exam ple ; then a smart fillip, 
gi ven to one extremity, sends the crescent i nto the  air, 
and at the salll e time i lllparts to it a rapid rotary mo­
tion .  As the crescent stat·ts, it has the appearance of 
a l i ttle revol vin� wheel . It llIakes i ts way forward in 
an ob l ique ascending posi tion, then stops, and, wi thout 
turning over, returns u pon the same trajectory, if  the 
experiment is  a success, but oftenest fal ls  back of, in 
front of, or at the sides of its starting point, and always 
in retrograding. 

" Why, "  says Mr. Marey, ., does the object preserve 
the inclination of its plaue with respect to the horizon ? 
Here intervene  the notions that Foucault has given us 
concerning the preservation of the plane of oscillation 

height, the branch diameter of a 50 feet high specimen 
standing alone being usual ly but 12 feet at the widest 
part. They are placed at right angles to the stem, or 
nearl y so, very flexible, frondose, and with up·curved 
tips, and thickly covered with scale-like, finely pointed 
leaves, which are of a bright glossy green on the upper 
side, an:! distinctly glaucous beneath.  Usually , the 
cones, which are fully half an inch long, and resem­
bling those · of the common American arbor· vitro, are 
produced in great abundance on the upper half of the 
tree, and when fully ripe impart, from their great 
quantity and tawny brown color, a by no means unin­
teresting feature to the tree. J udging from several 
hundreds of this tree planted over the estate, I should 
say that a deep, sand y, but moist loam suits thi s  tree 
best ; but yet it  is far from particular as regards choice 
of soi l ,  for we have numerous grand, rapid-growing, 
well-furnished specimens on deep, well-d ecayed vege­
table matter, rough sandy soil, rocky debris, and in 
loam of a rather clayey nature. 

P rofessor Macoun,  of Ottawa, tells me that he has 
found this tree of largest size where growing in rather 
damp alluvial deposit ; indeed, that it  is almost un­
known in the dry central platean, but plentiful along 
the coast and lower parts of the rivers in its Canadian 
wilds. As to exposure, this 'l'huja is l ikewise to a great 
extent indifferent, although we m u st admit that even 
in a warm maritime coun try there is certainly a mark 
ed difference betwflen trees growing in sheltered, sunny 
corners and such as are fully exposed to cold, keen­
blowing winds, but even in the latter si tuation and 
when at a Illoderate elevation above sea level this tree 
does fai rly well-better indeed than mallY other kinds 
that have been brought from the American coast. 
Even during the memorable Tay Bridge gale, when al­
Illost every tree suffered in some way or other, this 
Thuja remained unharmed, and I can safely say that 
durin g  my ten years' sojourn at Penrhyn I have never 
seen a single specimen uprooted or a leader broken over 
by the wind. This latter is not to be wondered at, for 
I have more than once tied a knot on the leading shoot, 
so pliable and tough is the wood, and which, when re­
leased, springs back to its origi nal position in a man­
ner t hat is quite surprising. 

The ti lllber of this tree, as every one m ust know who 
had the privi lege to behold th e huge l ogs and nicel y 
dressed smaller boards i n  the Canadian court of the 
late colonial exhibition, is of excellent quality, and 

filled up with larch Itnd several species of hard wood 
for removal at an 'early date. The soil bein g  rather 
cold and damp,  though artificially drained, was not 
well suited to the perfect development of this fast­
growing tree, and, moreover, it was of a stiffh;h natu re, 
in some places rapidly irwlining to clay. To obviato 
the evil as Illuch as possi ble the ground was well turned 
up at the time of planting, and th8 soil exposed for a 
short period to the ameliorating infl uences of a winter's 
frost. The plants have now become quite  established 
and are growing rapidly ; indeed, an examination of 
several specimens made to·day clearl y shows that they 
will ultimately surpass both in height and stem bul k 
any of the other trees with which they are associated. 
It is evi dent from the narrow sprea.d of the bran ches of 
this Thuja that it is eminently adapted for forest plant­
ing-at least that it will succeed better when gro wn 
thickly together than the majority of conifers, wh ose 
spread of branches is wide in proportion to their 
height. As it  Illay be transplanted when of large size, 
this Thuja is of great val ue for fi l l ing up gaps in young 
plantations. aud as its hardihood i n  this country is ! lOW 
quite an established fact, it  bids fai r to out rival wal.y 
others for planting in even the coldest parts of the 
B ritish Isles. 

As a substitute for the larch, in conjunctiQn with 
the Corsican pine and Douglas fir, this giant arbor­
vitro is well worthy of atten tion ; indeed, it possesses 
qualitiEls of which both th ese species are deficien t, viz. , 
in its being readily transplan ted at all sizes u p  to 6 feet 
(want of this is the Corsican's greatest draw back) ; 
w hile its leading shoot never gets inj u red on risin g  
above i t s  neighbors, a fault to  which we have found 
the Douglas fir parti cularly suscepti ble. 'fhe n u rserJ' 
management of this Thuja is alw of the s im plest de 
scri ption, it being very readi ly  raised frOIll seed, per 
fectly hardy i n  its you n ger sta ges, and at al l t i lll er 
bushy, well rooted, and consequently su re-footed. I t  
may, however, b e  weB to say that ample space shou l d  
a t  a l l  times b e  allowed i t  while i n  th e nursery bord en' 
and oft transplanting, as with other trees, induces I I  
formation of numerous rootl ets ; therefore, to have I I  i t  
bushy specimens t h e  two req uisites alone a re plenty \., .  
room and freq uent removals. A s  a n  ornalllenta l  t n'!) 
Thuja gigantea h olds a high place, its cOlIlpact b u t  
easy contour, . beautiful vivid green foliage, and w e l l  
furnished appearance even when plan ted u n d er w hat 
might be considered as disad vantageous circuUlstances 

FIG. t .-EXPE RIM ENT WI'I'H T H E  BOOMERAN G. FIG. 2.-REVOLUTION OF A COIN BETWEEN PINS. 

of a pendulum and the plane of rotation of  a gyro­
scope. Therefore. it  seems to me that we should un­
derstand. the phenomenon in this  wise : The boom­
eran g recei ves a double motion from the hunter-a 
rapid rotation ana a general i m pulsion. The rotation 
obliges the apparatus to keep its plane, and it there­
fore makes its way obliq uely in the air until the 
forward motion is exhausted. At a given moment, th e 
boomerang revolves fixedly i n  a point of space, and 
then gravity causes it to fal l .  B ut since the projecti le ,  
continu ing to revolve, keeps i ts incl in.cd pl ane, the 
resi�tance of the air tends to make it  fall  paj'allel with 
the said plane ; that is  to say, to bring it back to its 
stal·ting point. " 

Revoliltion of a Coin bet ween Pins.-We shall termi� 
nate th is  article by describing another experiment, 
that has been sent to us by Mr. H. Gilly, Licentiate 
in Sciences. 

Lay a coin flat u pon a table, and seize it wi th two 
pins held at the two extremities of t h e  sallle diameter. 
It may thus be lifted without trou ble, and if the upper 
part be then blown against, it wil l revol ve with great 
rapidity between the two pin s  as an axis. The annexed 
engraving (Fig. 2) shows the modus operandi. 

THE GIANT ARBOR-VITlE. 
(THUJA GIGANTEA. ) 

THAT the climate of Bri tain is pecul iarly well suited 
for the development of this stately, fast-growing tree is 
certainly beyond. a doubt, for although i ntroduced 
onl y thirty-fi ve years, lllany specimens of 70 feet and 
upward are to be met with. On this estate the annual 
rate of growth exceeds that of lllost other trees of 
which I have kept a record, twenty-four trees of this 
Thuja growing under ord inary conditions in the park 
having mad!' an average ann ual growth of 22 inches ; 
but even this is far surpassed by young trees of 8 feet 
or 10 feet growing in the home nursery. Unl ike many 
of its American relatives-such as the Wellington ia 
and Seq lloia··-t.his tree is never seen with a carrot­
shaped stem, but gradual l y  tapering throughout,  and 
terminating i n  a lead i ng shoot that is as thin and pl i ­
able as a whip handle. As an il lustration of  what is 
meant, we lII ay say that the usual stem girth of a spe­
cimen 60 feet in height is 4 feet at a yard from the 
ground ; whereas a t r'ee of the Wel lingtonia of simi­
lar height wou l d  in most instances be double that 
girth, and with a fast taper from base to tip. The 
branches are nn :uerous, very irregularly arranged 
along tbe stem, anu. short ill proportion to the tree's 

highly prized by our American cousins. It is of a I rendering it a general favorite with the lover of h a rd ;' 
desi rable yel low color, fine in the grain, easily worked, trees. Plan ted either singly or i n  lIlasses of say Ii \" · 
remarkab ly  durable, an d, what is especial ly valuable I or seven together on 1 he greensward and in close ("0 1 '  
in any wood, l ight i n  proportion to  i ts  bul k. It  m ust tiguity to clumps of the more stiff-growing p ines, it  
be understood, however, that we are now referring to never fai ls  to attract attention and prod !l ce the 11Iost 
timber prod uced in Canada ; for as few speci mens of pleasing effect. Again, as a single specimen for plant­
this tree in  Britain have reached a greater age than ing at irregular intervals around the luargi n s  of plan­
fi v e  and thirty years, the tim ber cannot be said to tations that are visi ble from park dri ves and walks, i t  
have attained t o  anythi ng l ike maturity. From a is well suited, and q u ickly fornls a n eat tree of very 
specimen preserved here, and which was gro wn on the pleasing appearance, and in such positions is  of great 
estate, it appears l ittle different ei t her in color or tex- value for l ighting up our deciduous woodlands d urin g 
t ure from that produced i n  i ts native country. The  the winter m onths. 'fhis handsome, fast-growi n g  tree 
large butt of this tree referred to above, and which was sent to this country by Jeffrey, in 1 851 .-A.  D. 
attracted a great allJount of attention at the colonial Webster, the (Ja1·den. 
exhibition, was no less than 2 1  feet in girth,  and was 
taken from a tree 250 feet in height. Professor Macoun 
mentioned that this speci lllen might be considered as 
abont the largest, bu t that, under favorable I'ircu ltl­
stances, the average dimensions reached by thi s  stately, 
fast-growing tree are but l i tt le  less. 

In maIlY instances the largest trees are hollow, and he 
likewise told me that it was not at all unCOlIl lllon for 
several stems to issue frolIl one crown, and that, like 
the spruce fir i n  this  country, the outer branches of 
large specimens growing along the margins or open 
portions of the wood when they come in contact with 
the ground, take root and send up stout stems, thus 
imparting a curious appearance to such portions of the 
woodlands. 

The northwest coast of the United States may be 
con sidered a s  the headq uarters of this giant arbor­
vitro, and where it may be seen of al l sizes from 40 feet 
or 50 feet to about 250 feet in height, and with stems 
girthing from 12 feet to sometimes as much as fully 40 
feet, these bei ng  clean, straight, and of gradual ta,per 
throughout. Not only for its tim ber, but bark as well ,  
is this  tree highly val ued in its native country, this  
being converted into mats, ropes, clothing, and other 
articles of domestic economy. As the timber works 
read ily and takes a good polish, it is much sought  
after by the  Ameri�a n cabinet m aker, while most of the 
canoes made on Vancouver's IsllllUd are cut out of it, 
as also boats and ships ; whi le  for lasting qual ities it 
surpasses most of the native tim bers, for we were told 
that in repairing an old fort the only log found sound 
after twenty-one years' trial of those used for under­
pinning was that of an arbor-vitro. 

Some five years ago we planted experimen tal l y  a 
small piece of ground near sea level with fine, healthy 
4 feet high plants of Thuja gigantea. These were 
planted at 16 feet apart, and the intervening spa.ces 

T.HE ANNATTO BUSH. 

THE fol lowing i n formation respect ing the plant from 
which annatto is deri ved (Bixa OTellana) has re�ently 
been furnished at the request of the United States 
Govern ment by the consuls of various districts in 
South Alllerica : 

Para, Brazil (Con sul Clayton).-The name " bixa, " 
which has been given to a gen us comprising four species 
of tropical shrubs or small trees belongi ng to natural 
order Flacourtiacero, is the native nallle of the Indians 
of Darien for one of the species, Bfxa OTellana. 

The Brazilian naIlle of the plant is .. urucuara, " or 
plant bearing " urucu," the latter bei n g  the Brazilian 
name of the pigment known as annatto. 

The spe cies usually considered as producing annatto 
is Bixa Orella.na. The species is a smal l t ree or large 
shrub gro wing from 15 to 25 feet in height, bushy frolU 
the root or forming a simple stem. The leaves a re 
broad, heart shaped, and pointed. The flowers, whi <' h  
are rose-colored or whi te, and somewhat reselll b le  ap  
p Ie  blossolll s, are produced in large bunches on t i t ,· 
ends of the young bran ches. The fruit is h eart sh a ped.  
about an inch long,  red or green ish yellow. accol"< l i l l g  
t o  the variety, and i s  covered with stiff prickles. W 1H'1J 
dry it spl i ts i n  two, showing t h e  seeds in a per pen 
dicular row an each side. 'l'hese seeds, wh ich are very 
numerous, are em bedded in a red, waxy p u l p. I ha\·"e 
never known the plant to he m et with growing w i l d ,  
though one often finds i t  many miles frolU any habi ta­
tion, but it always marks the site of a forlller house or 
plantation. 

'fhe two species, or perhaps only varieties grown i n  
Brazil, only differ in the color o f  the flower a n d  fruit, 
which in the one are pink and red, respecti vely, while 
the other has white flowers and greenish yellow fruit. 
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The coloring matter seems to be of the same shade in j udicious trimming and pruning its condition and 
both, and I have never seen any appreciable difference growth would be m uch improved, and its producing 
between the two kinds in the quanti ty produced. capacity would be greatly increased. 

The tree is cultivated in the whole Amazon valley, A very small quantity of annatto is exportell from 
and is always seen around the houses of the Indians. , this province, either to Spain or the United States, but 
It appears to attain a great age, but never becomes no other preparation is given to the article than 
very large j the trunks of the largest I remember to merely drying the pods i n  a current of air under 
have seen measured about eighteen i nches ill diameter I shelter from the sun, and then packing them in bags 
at the base. The wood is light and considered of no or barrels. 
value. The tree is subject to no diseases, is not at- There are two kinds of annatto known to commerce, 
tacked by insects, and birds do not eat the seeds. It the " flag " and the " roll. "  The former is more abun­
grows freely i n  allY soil ,  and no cultivation iK n eees- dant and more generally used, the second is scarce, and 
sary, except to shade and keep dow n  the weeds around demands the h igher price. Both are preparations from 
the young plants until they become well established. the same raw material. 
The trees must be grown in full sunshine, for if grown The current value of the article in the crude state i n  
in t h e  shade they d o  not bloom. Propagation i s  in which it i s  shipped is about four cents per pound. 
Brazil effected only by seeds, and the trees begin to As this plant is scat tered and grows wild all over the 
bloom when they reach the height of about 10 feet, entire island without any care being given to its cul­
which is in about three years from the time of sowing. ture, no true estimate can be given as to the cost of its 
In a cooler and drier climate, where growth would production. It is gathered mostl y by women and chil­
not be continuous, a far longer time would be neces- dren, and disposed of in small quantities at the shops 
sary. in exchange for provisions and groceries. 

There seems to be noth ing in the nature of the tree 
to prevent its being propagated by cuttings, which 
would prouably root readily in bottom heat, and plants 
so obtained, following the general rule, would flower 
and fruit m uch earlier than seedlings. 'rhe plants also 
sometimes form many suckers around the parent, 
making a dense brush with many stems ; when this 
occurs increase could be had by separation, and, as 
the roots are n umerous, fine and fibrous, transplanting 
woU'ld probably be easy. In Brazil the fruit matures 
rapidly after flowering, and is ready to gather in about 
two months ; if gathered as soon as matured, the tree 
at once makes fresh grow th, and flowers and fruits 
anew. The practice, however, is to allow the fruit  to 
remain on the tree until wanted for use ; it dries, and 
as the capsule does not readily burst, the seeds remain 
long in good condition. Within a few months the tree 
is agai n  in bloom, and usually one sees flowers and 
both immature and dry fruit on the tree at the same 
time. With the most careless culture two full crops 
can be gathered every year. 

The preparation of the pigment is very simple. The 
seeds are macerated in water until the pulp, which is 
readily separated, is removed. The water is then passed 
through a strainer made of strands of pal m to remove 
the seeds and fiber, and is then evaporated in the sun 
until the mass becomes thick, This mass is then rolled 
in leaves, producing roll annatto, or it is evaporated to 
dryness and made into cakes, producing mass annatto. 
Sometimes the seed, as taken from the pod, is simply 
dried for market, and forms what is known as " Urucu 

A DELICATE TEST FO R BISMUTH. 

THIS test d epends on the fact that a strong solution 
of potassium iodide added to a very dilute solution of 
bismuth sulphate produces a bright yellow color if only 
a small quantity of free sulphuric acid is present. By 
this  process one part of bismuth oxide hi 1,000,000 may 
he detected. Traces of bismuth in copper may be very 
convenientl:;- estimated by this method. For this'pur­
pose the precipitated carbonate is washed with dilute 
ammonia and ammonium carbonate till free from cop­
per, dissol ved in a small quantity of dilute sulphuric 
acid, a few drops of potassiu m  iodide solution added, 
and then a small excess of sulphurous acid to destroy 
the yellow color due to iodine which is liberated by the 
ferric sul phate present ; the whole is then made up to 
10 c. c. with water. For comparison a standard solution 
of bismuth sulphate (1 c. c. = 0 '0001 gr. Bi.O.) is made 
by dissolving the requisite quantity of oxide in as lit­
tle sulph uric acid as possible. About 2 c. c. or 3 c. c. of 
this solution are run off from a burette, 1 c. c. of a 2 per 
cent. Rolution of sulphuric acid added, and the whole 
diluted to 10 c. c. with water. A few drops of iodide of 
potassium solution are now added, and the color thus 
obtained compared with that of the mixture in the first 
tube.-F. B. Stone, -in Indust1'ies. 

em grao. " 
The pigment is extensively used by the Indians i n  Sc', ent,'f ,' c  dyeing the threads of hammocks and by the wild Indi­

ans for painting their bodies, they mixing it  with turtle 
oil or the fat of the peixe-bois (manatee). In Para it is 
sometimes used to gi ve color to cooked rice, but I have 
never heard of its being so used on the Amazon. An 
infusion of the leaves drunk hot is considered by the 

Amer ican Supplement . 
I ndians a remedy for .jaundice. 

An A merican gentleman who has explored the Ama­
zon valley from Para to Iquitos, Peru, informed me 
that he had never seen in any of his travels any sys­
tematic culture of the urucu, and very little of the said 
article comes to this market from the territory through 
which he has passed. He noticed that each house or 
village had enough trees for the use of its inhabitants, 
but as far as he observed there was .no disposition to 

Jnake the urucu an article of trade. There .is a small 
annual export from Para, which, I learn, comes from 
the Igaripe-Meri, d istant about a day's voyage from 
this city, wliere there were formerly some plantations, 
but at present there is very little attention paid to the 
cul t.ure, and the plantations are neglected. 

The quantity of annatto exported to the United 
States from this consular district during the last two 
years amounted to 27,435 pou nds, and val ued at $6,816. 

Barranquilla (Consul V ifq uain).-The annatto, cal led 
by the natives achiote, grows spontaneously around 
here, but none is raised for exportation from this con­
sular district. It has no marketable val ue here. 
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I have a cluster of seeds before me. Many clusters 
are found on the bush, and each cluster has some 
twelve pods, and each pod contains about twenty-four 
seeds. It is not as heavy as wheat, but heavier than 
barley. I should say it weighs some 54 pounds to the 
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cockle b urrs. It has the same color, bllt, unlike this 
pestiferous b urr, it is not persi stent in its adherence. 

The annatto grows in a dry climate as well as in a 
wet climate. At least, it looks as well now in the dry 
season (we have not had a drop of rain for four months) 
as it does in the rainy season, when it rains every day 
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