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A NEW TORPEDO BOAT. 
THIS boat is the last completed of an order for 

twenty-three given to Messrs. Yarrow by the Admiral­
ty during one of our recent." Russian scares." No. 79, 
as she is called, is 125 ft. long by 13 ft. wide. She is 
propelled by triple expansion engines, having piston 
valve.s to all cylinders, with ordinary link motion and 
bar links, all parts being adjustable. The condenser 
in this boat is supplied with refrigerating water auto­
mati cally ; that is to say, the water is taken on board 
and forced through the condenser entirely by the pas­
sage of the boat through the water. 

'1'he arrangement of air pump is very good, and af­
fords several advantages. It is worked, together with 
the feed pumps, direct from a prolongation forward of 
the engine crankshaft. The air pump is sunk below 
the engine room floor, and has a stroke of 3% in. The 
cover is secured by nuts screwed on in the usual way, 
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leaving the reversing wheel. In this matter of lubrica- pendence of precedent sometimes displayed by the 
tion great improvements have been made since the rudders of torpedo boats . The rudder is, so far as we 
early days of torpedo boats. We have frequently al- are aware, altogether novel in shape and arrangement. 
luded to the excellence of the work put into these en- Out of water, it has exactly the appearance of the rud­
gines ; and, indeed, had we not done so, it would hard- del' of a New England cat-boat, a large square piece 
ly be necessary to lay any stress on it here, for nothing showing above the surface. In spite of this, when the 
but the perfection of workmanship and material could helm is put hard over and the boat is going full speed, 
go through the test of running an extended trial such the water pours over the top, we were about to say 
as that to which torpedo boats are subject. "like a sluice." bu.t this would be a quite inadequate 

We are not aware that the boiler possesses any fea- j simile. As a matter of fact, it would be impracticable 
tures of novel ty in general design, and we have already to carry the rudder area high enough· to stop all the 
illustrated the loco-marine type of boiler used by water, for the /Stream rises solidly above the boat's 
Messrs. Yarrow. The grate surface is about 30 sq. ft. , deck when at broad angles of helm and with top speed. 
and the firebox of this boiler, when the boat is travel- ,Below the water line the width of the rudder is  carried 
ing at speed, is a sight to see and remember. It is well down, and, so far, it does not differ in general 
estimated that about 950 to 1 , 000 indicated horse power principle from an ordinary rudder. The lower part, 
is given off by the engines when working at their best I however, is carried forward of the stern post, thus 
and running 400 revolutions. Briquettes are used for I hanging below the extreme after part of the boat, and 
fuel, not because they give more steam than Nixon's forming a partially balanced rudder. The dead wood 

THE NEW BRITISH TORPEDO BOAT No. 79. 

but the whole is made sufficiently rigid to form a 
foundation plate for the pedestals which carry the 
bearing in which the journals of the air pump crank­
shaft work ; in. fact, these pedestals are cast in one with 
the cover. The air pump crankshaft is attached to 
the prolongation of the main crankshaft by a slot 
coupling, so that by simply removing the top bearings 
the crankshaft can be taken out ; or by removing the 
nuts that hold down the air pump cover, the latter cap 
be lifted off, together with crankshaft, etc. , all at­
tached, thus allowing the valves to be examined. The 
operation can easily  be performed in ten minutes by a 
couple of men .  In order to be accurate, however, it 
should he stated that in No. 79 the feed pumps are for­
ward of the ai r pump, and thi s  necessitates four more 
bolts being loosened ; but in most of these boats the 
feed pumps are, we understand, n ext the engine. so 
that they need not be disturbed. In addition to the 
ad vantage of accessibility, the arrangement allows of 
the ail' pu mp being very low down, a point all en­
�ineel'� will appreciate. It is also well out of harm's 
way ill case of shot flying about, and does not take up 
valuable room at the side, as when. worked by side 
levers. 

In the engine room there are also two air-compress­
ing" engines of the usual type, a fresh water condenser 
for making up in boi ler and drinking purposes, the 
mmal fire engine, and a steam steering engine. The 
thrust beari ng is made with adjustable collars with 
water circulation; the thrust plates are separate, and 
can be remover1 without stopping the engines. The 
l ubricating arrangements have betn well devised, so 
that all points are under control of one map without 

navigation, but because
. 
they are easier to hand

.
l

. 

e. At ! is entirely removed, the propeller shaft emerging fl'. om 
ordinary full speed, %; cwt. wi ll be burned . per square the boat's bottom-several feet forward, and being sup­
foot of grate per hour. On the official trial th is  hoat ported close up to the propeller by a two-arm bracket. 
made a speed of 23 knots (almost 26. � miles) per hOllr as I The aft

.
er part of the boat may thus be roughly com­

a maximum, the mean of the two hours' run being pared to the very much immersed counters that have 
22'39 knots. This was with a boiler pressure of 1401h. occasionally been put on some extreme types of racing 
and 400 revolutions. The speed going astern was fS yachts; but on deck the appearance is that of an ordi­
knots. The trial displacement was about 70 tons. nary torpedo boat. So far as constructive purposes are 
. We belie.ve ind icator diagrams were taken on the concerned, however, the stern-post is in the usual posi-

trial , but Messrs. Yarrow's engineering statl' do not, ap- tion at the extreme end of the vessel, and it is to this 
parently, place implicit reliance on this mode of arriv- the rudder is hung in a novel manner. The rudder, 
lUg at the power of very quick running engines : an it should be stated, is made in one solid piece. It has 
opinion in which they by no means stand alone. From n o  pintle or gudgeons, the stern-post itself acting in 
what could be learned from the diagrams, however, the former capacity, while two blocks are attached to 
coupled with previouR knowledge of these boats, it is the rudder in place of the gudgeons. The rudder stock 
estimated that not less than the power we have stated, is formed by a swelling on that part of the rudder 
i. e., 950 to 1,000 indicated horse power. was given off which lies parallel . with the stern-post of the vessel. 
when running at top speed. To get this from a single The rudder, as before stated, extends below the rudder 
locomotive boiler, under the restrictions as to weight, post, so that the rudder stock is not carried down the 
etc. , necessary in torpedo boat practice, speaks much whole depth of the rudder, but only as deep as the 
for the advances m ade within the last few years in the stern-post. To the bottom of the rudder stock is solid­
science of boi ler construction. Jy attached one of the blocks referred to, and this ex-

Remarkable, however, as is the speed of this boat, it tends forward, so that the keel of the stern-post fits 
is for her turning and maneuvering powers that she into a recess made in it, and it thus forms what may be 
will be chiefly admired. We understand that on her l ikened to a footstep bearing, supposing the stern-post 
official trial the mean of all the eircle turning trials- were a vertical shaft. The top block, which fits over 
i. e., one each to port and sta,rboard both ahead and the top of the stern-post, is in one with the tiller, being 
astern-gave a circle with a rad ius  of rather less than immediately forward of that part of the latter which fits 
the boat's length, the lIJean tillJe of turning being on to the top of the rudder stock, and its position is 
under one minute. This result is  the more remarkable thus immediately forward of the rudder head. It will 
as the boat has but one rudder. This i s  hung in  the be thus 8Mn that the axis of the rudder coincides with 
usual position at the stern , a piece of infOl�nmtion pe1'- the axis of the stern-post, and the rudder stock, when 
haps not altogether superfluous, considering the inde- the helm is put over, Illakes a partial revolution round 
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the stern-post. The action appears strange and some­
what un mechanical at first, but it is, in reality, quite 
sound. It will also be seen that there is no stern frame, 
in the ordinary acceptation of the term, to this boat. 
There is only one stern-post, the place of the forward 
post being'taken by the two·armed depending hrackets 
before mentioned. An incidental, but still important, 
ad vantage of this a.rrangement that must be mentioned 
is the great ease with which the rudder may be un­
shipped. By simply taking off one nut and removing 
the til l er, the whole can be lowered clear. 

The whole construction must be one of extraordinary 
strength. During the run on which we recently had 
the opportunity of being present, several circles were 
made at full speed, or, at any rate, what must have 
been very little short of it. The helm was put over at 
once, as fast as the powerful steam gear would work 
it, either to port or starboard. The result was remark­
able, not to say startling. 'fhe enormOllS rudder area 
would at once throw the stern round, and the great 
column of water we have described would rise up aft, 
the boat would heel inward somewhat, and the circle 
was completed in a marvelously short space of time. 
The ltIost extraordinary thing, however, was to stand 
right aft and look at the surface of the water near the 
boat's side. Looking mward toward the circle, there 
was, immediately against the boat's skin, a narrow 
stream of water running aft with immense rapidity. 
The outer edge of this stream was clearly defined, and 
beyond it the water could be seen, following the stern 
as it swung round, in stream linelS at right angles to the 
stream of water that was running aft. This vessel, in 
turning ahead, appears to pivot more toward the bow 
than anv craft we remember to have seen. The heel­
ing inward, we understand, will be able to be remedied 
before the boat is put in commission, although it seems 
hardly reasonable to expect that any craft can turn at 
such a speed and in such small circles without a cpn­
siderable heeling effect being set up. 

In going astern the action was not so remarkable 
in appearance, although it was, perhaps, more so in 
effect. Mr. Yarrow seellled to have no hesitation in 
jamming the helm hard over when steaming full speed 
astern, and the circles made were certainly smaller than 
those formed with headway on the boat. In this case, 
however, although there was a fine spume at the rud­
der, the water did not present the same remarkable ap­
pearance at the side as that which we have attempted 
to describe. Going a"tern, the boat seemed to pivot 
about the center, so that neither the bow nor stern was 
swung so violently round. 

The vibration of No. 79, when running at full speed 
was slight, and, no doubt, this may largely be at­
tributed to the three-crank engine. Messrs. Yarrow 
have devised an ingenious apparatus for automatically 
recording the number and amplitude of vibrations 
made by a vessel running at speed ; but before the re­
cords of this instrument can be of use, except to Messrs. 
Yarrow themselves for trial among their own craft, a 
universal standard of comparison would have to be 
formed. The arrangement consists of a revolving drum 
worked by clockwork, and round this is wound a contin­
uous paper. Against the paper a pencil is pressed, the 
latter being attached to a weight suspended by India 
rubber springs, and free to reciprocate vertically as it 
would be actuated by the vibmtions set up. 

Altogether, there is no doubt that Messrs. Yarrow & 
Co. have produced a very successful boat. They have 
combined speed and steering power in Ii very remark­
able degree, to say nothing of the strength of construc­
tion that enables the stern to stand the heavy strains 
that must be put upon it by the very large rudder. 
The eJ)sence of dead wood is, of course, by no means I), 
novelty ; in fact, this same firm built some boats pos­
sessin g  this feature about six years ago, and, as our 
readers are a ware, another firm engaged in the con­
struction of small fast vessels have made this a special 
feature in their design. 

The boat we have described will be naturally com­
pared with the two Austrian boats, Falke and Adler, 
bnt these were larger craft, and naturally got a higher 
speed, viz. , 2272' knots with 17 tons on board, and 24 
knots with 8 tons. Messrs. Yarrow have recently re­
ceived a copy of the official report of the officer who 
was in charge of the' Falke during the voyage from 
London to Pola. In view of the attention attracted by 
the unprecedentedly large loco-marine boiler of that 
vessel, it may be interesting to state that there was no 
trouble from priming or otherwise during the voyage, 
and that the total amount of fresh water required for 
"make up " was one ton.-Engineering. 

SIBLEY COLLEGE LECTURES.-1886-87. 

BY THE CORNELL UNIVERSITY NON-RESIDENT LEC­
TURERS IN MECHANICAL ENGINEERING. 

. IV.-STEAM BOILER EXPLOSIONS. 

By J. M. ALLEN, of Hartford, Conn. 
IT was my privilege nearly one year ago to speak in 

this hall on the subject of steam boilers, their construc­
tio n  and management, with a view to safety and 
economy. 'I'he importance of proper construction and 
managemen t  is forced upon us almost daily, by the ac­
counts of steam boiler explosions, often attended with 
great loss of property and life. During the six years 
ending January 1, 1886, there were 992 boiler explo­
sions in this country, by which more than 1 , 500 persons 
were killed, and many more injured. A large amount 
of property was destroyed and damaged, besides the 
loss resulting from delays in rebuilding and replacing 
boilers and machinery destroyed or rendered useless. 
T hese figures are taken froUl a record which has been 
kept for many years in the office of the company with 
which I am connected. They are gathered through our 
agents in all parts of the country, also from the dai ly  
papers. The list may not contain every case of a rup­
tured or exploded boiler, but it is perhaps as near cor­
rect as any such l i st could be made. The loss or 
damage to the owners of these mills or works can he 
only roughly eRtimated. In some cases it has amounted 
to $10,000 and even $20,000, while in others it would be 
covered by a few h undred dollars. 

If we assume an averal!'e of $3,000 in each case, it 
gives a grand total of about $3,000,000. These facts al'e 
of sufficient importance to lead to earnest inquiry and 
investigation into the cause of these frightful accidents. 
The importance of such investigations was recognized 

more than fifty years ago. ThE! whole subject was hot iron is decomposed; that is, the hydrogen is set free, 
shrouded in mystery, and some of the theories put forth which, uniting with a certain portion of oxygen, forms 
were laughable. One of the earliest was that all boilers an explosive gas, which is sufficient to account for 
were exploded by electricity. This theory is said to many of the destructive explosions. 
have become popular in this country more than fifty The experiments of the commission extended over 
years ago, from the explosion of a locomotive on the several days, and in one or two instances they succeed­
Baltimore and Ohio Railroad during a thunder storm. ed in producing a combustible gas. But other experi­
It was asserted that it was struck by lightning. Sub- ments proved that this result. was due to the packing 
sequently, another exploded on a clear day, but as the of the handholes at each end of the experimental 
subject of boiler explosions had at that time been l ittle boiler. This packing, consisting of cloth and putty, 
studied, and as there seellled to be no ready explanation, was highly heated, and the cloth mainly disappeared. 
it was assigned to the same cause. About this time, at They further showed, at least satisfied themselves, that 
the request of the Trea�ury Department of the United when the bottom of the boiler was heated to redness, 
State, the Franklin Institute, of Philadelphia, insti- no hydrogen was liberated by the decomposition of the 
tuted a series of experiments to test the truth or falsity water injected. Their conclusions were that " water in 
of the various causes assigned for the explosion of contact with heated iron in a st.eam boiler, the surface 
steam boilers. Before speaking of the experiments of the being in its ordinary state, clean, but not bright, is not 
Franklin Institute, I wil l  say a word about the theory decomposed by the metal. " 
of explosions from electricity. Some forty years ago, in At a meeting of the American Academy of Sciences,in 
England, a locomotive at rest was found to emit bril- lR77, i t  was shown that steam could be decomposed by 
l iant sparks while the safety val ve was blowing. This simple heat into the constituent gases of water, viz. , 
was thought by sOllie to be conclusive evidence that hydrogen and oxygen. The apparatus consisted of a 
electricity was stored up in a boiler under pressure, and flask in which water was heated,  a tube conveying the 
that, under certain conditions, it might act with explo- steam to a closed platinum crucible, where it was again 
sive results. This led to a careful investigation of the heated by a spirit lamp, and a tu be which carrIed 
subject by men of high scientific attainments. The re- thence the superheated steam and the liberated gases 
suIt was that the presence of electricity in a jet of stearn to an ordinary pneumatic trough, where the mixed 
issuing from an orifice was not due to free electricity gases were collected in a test tube whi le  the stearn was 
within the boiler, but to the friction of the escaping absorbed. The gases thus collected were exploded by 
steam u pon the inner surfaces of the discharging chan- a lighted match. But the question arises, Could this 
nel . or a similar condition of things take place in a steam 

If electricity should be developed in a steam boiler boiler ? In order to produce an explosive gas in a 
by ebullition, or in steam when coniined under pressure steam boiler, a large portion of the plates inclosing the 
in an iron boiler in perfect electric communication with steam space must be raised to a bright red heat, then 
the earth, it  could not be collected, but would be im- tl'le steam must be condensed by the injection of cold 
mediately conveyed away. Prof. Faraday investigated water, which must not come in contact with the red­
this matter, and his conclusions were : hot plates, for if the plates are cooled down, how is the 

1st. "The production of electricity is not d ue to any explosive gas to be ignited? These conditions are hard­
change in the state of the liquid contained in the ly supposable in a steam boiler. 
boiler. " The injection of feed water into a red-hot boiler 

2d. "A current of dry stearn produces no develop- would weaken the plates and joints and very likely 
men t of electricity. The production of electricity is produce I'I1pture. This theory has few ad vocates now 
due to the friction in the nozzle of  the drops of  water among those who have made the subject a �tudy. The 
formed by the partial condensation of the steam. "  opinions of Professors Faraday, Taylor, and Brande go 

3d. " Increasing the pressure of the steam increased to show that the cause of boiler explosions by the de­
the development of electricity by increasing the fric composition of steam is without any support whatever. 
tion of the issuing jets of steam and water." Another theory, which has some advocates, is that 

4th. "The same results were obtained from com- known as the de aerated and superheated water theory. 
pressed air, discharged through the boxwood nozzles, It is sometimes known as the Donny theory, because 
as from steam discharged under the same circumstances. advanced by M. Donny, in 1770. It is this: That water 
When the air was perfectly dry, there was no develop- completely deprived of air may be raised to a very h igh 
ment of electricity ; when the air was humid, and con- temperature without ebullition, and that under these 
tained, besides, a very little pulverulent matter, the conditions it has explosive tendencies. 
friction of· discharge produced electricity in the same Superheated water would be water heated above the 
manner as when steam was employed in the experi- boiling point, due to the pressure on the water at the 
ments." t ime, without giving off vapor. If this were possi ble in 

The boiler which was used in these experiments was .a steam boiler, it would be a source of great danger. 
insulated on glass supports or legs, and yet the experi- Many persons have attributed violent and destructive 
ments u nder these most favorable conditions conclu- steam boiler explosions to this cause. But we have no 
sively shQwed that electricity could not be counted evidence whatever that these conditions ever exist in a 
among the causes of boiler explosions. . boiler. The conditions absolutely necessary for the 

'fo return tothe experiments of the Franklin Institute. production of superheated water, according to the ex­
Among the causes of boiler explosions to be investi- periments of Prof. Donny, were : " No portion of the 
gated were the following: 1 st. That injecting water in- surface of the water can be exposed to the atmosphere 
to a boiler in which there was no water, but only hot, or any other vapor or gas. " Again, the contact of a 
unsaturated steam. This would be a case of extreme solid body or the smallest particle of air or gas is fatal 
" low water " or no water at all. The theory was, that to the success of the experiment ; and again, if steam 
when water was thus injected into a boiler containing once begins to form, it goes on, and cannot be stopped 
hot and unsaturated steam, the water would immedi- unti l  the water is  all evaporated. These conditions 
ate�y flash into steam of lower temperature, but of could not exist in a steam boiler. The experiments of 
sufficient pressure to rend the boiler in pieces. With- Mr. A. Guthrie, formerly United States Supervising 
out going through with this experiment in detail, I will Inspector of Steam Boilers, were conclusive in showing 
simply give their conclusions, which are as follows : * that this theorv had little or no foundation as a cause 

" We see that in no case was an increase of elasticity of boiler explosions. The results of his experiments 
produced by injecting water into hot and unsaturated were published originally in the .Lime1"ican.Li1'tisan, 
steam, but the reverse; and in general that the greater and can be found in the August Locomotive, 1 882. I 
the quantity of water thus introduced, the more con- have spent some time in tel l ing you what, in my judg­
siderable was the diminution in the elasticity of the ment, are not causes of boiler explosions, and you are 
steam. "  There is a very prevalent opinion that inject- no doubt impatient  to learn by this time what are 
ing water into a hot boiler in which the water has been some of the causes of these frightful accidents. 
al lowed to get very low is a fruitful cause of boiler ex- A well constructed steam boiler of good material 
plosions. cannot be exploded except by great force. Knowing 

This is called the" low water theory." It is maintain- the quality of the material, the type of boiler, and as· 
ed that the water, coming in contact with hot plates, suming that it is well constructed, we can easily calcu­
suddenly flasheR into steam of great pressure. Assuru- late the force or pressure of steam which it is capable 
ing that the severe overheating of the plates has taken of resisting, and the pressure which would burst such 
place, and water is suddenly thrown upon them, there a boiler asunder would be llIuch h igher than any pres­
is reason to believe from the foregoing that the steam sure which would ever be allowed on such a boi ler 
disengaged would not be sufficient to greatly increase under the ordinary conditions of use. A boiler explo­
the pressure already, in the boiler. We know that sion under such circumstances would be called an 
plunging a mass of red hot iron into three or fonr times. explosion from oyer-pressure, and such accidents do not 
its weight of cold water disengages comparatively little occur except from careles8ness or oversight in their 
steam, and there is no good reason for believing that management. A stop valve may be closed or the safety 
any' more steam would be disengaged if the i ron were valve may be inoperative from corrosion or other cause, 
disposed of in the form of a boiler, and heated to the rendering- relief impossible. 
sallie tem perature. But there are other arguments The fol lowing i llustrated cases will show that through 
against this theory. If I remember correctly, a govern- carelessness a boiler may be exploded by over-pressure. 
ment commission was appointed i n  1878 to make some In a Southern city, the fire sheets: of a boiler became 
experiments with a view to ascertain the cause of weakened, and repairs were necessary. The boiler was 
boiler explosions Among those experiments was one connected with another boiler, but a stop valve 'in the 
bearing u pon this theory. They injected water into an mair: steam pi pe between this boiler and its com panion 
overheated or hot boiler. The result was, contorted allowed it to be shnt off and put out of use for repairs.· 
plates, leaky seams, and a general demoralization of the 'l'he boiler was 48 inches in diameter and 31 feet long, 
boiler. but no explosion. t It must not be in ferred from with two fiues, each 16 inches in diameter and 27 feet 
this that no damage arises to a boiler that has been long. EReh boiler was provided with a �afety yalye 
overheated from low wat.er, nor that after such an ex- attached to the nozzle on cast i ron head of dome. 'l'he 
perience a boilet· is suitable for use. On the contrary, main steam pipe was also connected with this nozzle. 
i t  IIlay have been so strained and weakened as to be While the IIlen llIaking repairs were at work in the 
totally unfit for use at any pressure. I have no doubt boiler, hot water frolll the condensed steam that leaked 
that this has been the indirect cause of many boiler ex- through the stop val ve trickled down npGn them and 
plosions. The engineer or fireman allows the water to greatly annoyed them. To prE-vent this, one of the 
get low-very low; the plates are overheated and men llIade a pine plug to fit the hole in the nozzle., and 
weakened, the strength of the iron is greatly reduced, drove it in from the inside. When the repairs were 
but instead of drawing the fires and ascertaining what completed, the men gathered up their tools and gat out 
damage is done, he immediately starts the pump, and of the boi ler, entirely forgetting the pine plug. The 
thin ks to cover his carelessness by filling the boiler manhole was put in place, the boiler filled to a proper 
with water. His fires are. urged to keO<lp up stearn, ' but height with water, and the fire started.  'fhe boiler i s  
the  boiler has been so  weakened that it is utterly un- said to  have behaved very strangely. No steam could  
able to  sustain the pressure, and it  " gi:ves out " or  be  raised. But  after an  hour  or two, the top of the 
" lets go, " with more or less destructive results. An- dome was raised several h undred feet, and was found 
other cause which had many advocates was investi- a long d istance away the following day. Fig. 1 gives 
gated by this Franklin Institute Commission, viz. , a cOl'I'ect view of it when it was found. 
"decomposed steam. "  This is often called the ., gas This was a case of explosion from over-pressure. 
theory. " It is this : The steam coming in contact with The boilel' was abundantly strong for the ordinary 

pressure required, but the only outlet for the steam 
was securely closed, and the safety valve rendere\;f 
useless. Another case of explosion from over-pl'essur" 
occurred in a Western town. There were two boilers 
set and connected together as shown in the following, 
Fig. 2. . 

* See Journ.al Franklin I'fUltUute, volume for 1836. 
of' Prof. Thurston informs me that the commission that made the 

experiments at Sandy Hook did Aucceed in exploding a boiler hy inject­
ing water into it when the plates were red hot. But very little energy was 
developed, and it cowld not he considered as among the causes of destruc­
tive boiler explosions, See SCIENTIFIC AMERICAN. 1875. 
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It will be seen that there are stop valves between stopping the steam leak. So a long piece of pipe was 
the domes and the steam drum, on which the safety secured and slipped over the bandle of the wrench, 
valve for the two boilers was located. This arrange- and with this increased leverage these two men ex­
ment was made so that one or both boilers could be erted their whole force to bring the manhole plate into 
1i/led. The owner was warned of the danger of such an place. The frame of the manhole, which was cast iron 

FIG. 1. 

arrangement, and advised to put a satety valve on each 
of the boilers, as shown in Fig. 3. 

But he neglected to do so. And one day, after shut­
ting off one boiler, he built a fire under it, forgetting to 
open the stop valve. There being no escape for the 
accumulating steam, the boiler WitS blown in pieces, as 
shown by the following Figs. 4, 5, and 6. There are 
no doubt many explosions from over-pressure through 
carelessness, similar to these cases. 

Mr. Fail'bairn was of the opinion that all boilers 
exploded from over-pressure, that is, that the pressure 
used or allowed was greater than the ability of the 
boiler to withstand. The element of carelessness 

FIG. 2. 

pntered into his calculations, but his opinion was that 
no boiler exploded except from excessive pressure. His 
experiments were made many years ago, since which 
time the use of steam power has vastly increased, and 
with its increase, boiler explosions have increased as 
well. We have indisputable evidence that boilers, 
even those which appear to be good boilers, explode 
with great violence, at ordinary pressures and at com­
paratively low pressures. When we examine the 
fragments of such exploded - boilers, we rarely fai l to 
find some hidden weakness from corrosion or from 
some defect in material or in construction. The care­
less use of the drift pin in the construction of boilers 
has no doubt been the cause of many accidents. I 
have been in boiler shops where this  instrument was 
wickedly used. The rivet holes failing to come fair 
when the plates were brought together, one riding 
over the other, the drift pin was used to so adjust t hem 
that a rivet could be inserted. Tbe drift pin under the 
blows of an 8 or 10 pound sledge halIllller, with a 
handle four feet long, causes great distress of the 
material, and if it does not fracture under the treat­
ment it is fair to assullle t.hat a strain is brought to 
beM' 

'which under ordinary steam pressure wi ll be 
aggravated. u ntil from weakness and utter inability to 
"hold on " longer, rupture occurs. 

Another case of explosion from carelessness is i llus­
trated by the annexed figures. 

Fig. 7 shows the boilers as they appeared just before 
the explosion . The boilers were nearly new, each 54 
inches in diameter and 17 feet long. After using them 
for some months, some changes were made in the 
stealll drum connections. which being completed the 
boilers were put in use. The manhole plate of one did 
not fit tightly ' probably from some small portions of 
the old gasket' adhering to the seat. Steam issued 
from the joint, and instead of waiting until the work 
of t.he day was over, so that the cause of the leak could 
be aseert'ained, two men secured a wrench with a 
10nO' handle. and endeavored to force the manhole 
plate on to its seat by screwing down the nut of tl?-e 
bolt that held it in place. They were not successfulln 

and sufficiently strong for the purposes intended, was 
fractured by this careless and violent usage. The 
rupture extended into the sheet, and a very destructive 
explosion followed. The pressure of steam on the 
boilers at the. titue was about 80 lh. This shows how 
important  it is to secure men of intelligence and good 
sense to properly care for boilers under steam. 

Another defect is grooving, which arises from a 
channeling of the plate. This is caused by I!ome 
strain, generally brought to bear from the uneasy rest­
ing of the boiler in its setting. It may arise from strains 
caused in construction. But it generally appears 
along the edge of the lap of both horizontal and girth 

SElams. The continued bending back and forth of the 
metal loosens up the fiber, and opens it to the attack of 
any impurities tbat Illay be in the water. The chan­
nels or grooves extend sometimes nearly through the 
plate ; fracture occurs, and disaster is very liable to 
follow. A boiler originally well constructed and strong 
may become weak fl'om low water-I mean by this, 
overheating from low water-and be in a condition in­
viting rupture 01' explosion when used under ordinary 
working steam pressure. The deposits from bad boiler 
water work great mischief. Their accumulation in the 
form of scale of greater or less thickness on the plates 
of boilers is a source of much trouble and danger. 

FIG. 4. 

Plates become overheated and burned, and have little 
ability left to withstand the pressure within. These 
are some of the ponditions attending the use of boilers; 
and when I remember how many of these cases there 
are, the wonder is tbat more boilers do not rupture 
and explode. In a horizontal tubular boiler 60 inches 
diameter and Hi feet long, ready for use, there would 
be 1,135'91 gallons, or 9,465 '8 pounds, of water. When 
we start the fires under the boiler, the heat is communi­
cated to tbe water, which rises in temperature until at 
212 degrees Fahr. it begins to emit steam from its 
surface. The steam, however, is formed at the heating 
surface of the boiler, and forces its way up through the 
water to its surface. As the fires are continued, this pro­
cess goes on with great energy. and violent ebullition is 
the result. If there is no outlet for the steam thus gen­
erated, and the safety valve is weighted to say 80 lb. , the 
steam will accumulate in the steam room above the 
surface of the water, until it reaches a pressure of 80 
lb. to the square inch, when it will begin to issue from 
the safety valve. The temperature of the steam and 
water at thif! pressure is 324 degrees Fahr. , or 112  de­
grees above the temperature of steam at atmospheric 
pressure. The velocity of discharge of steam at tbis 
pressure is about 1,450 feet per second, or at the rate of 
16 miles a minute, or 960 miles an hour. The pounds 
of steam discharged per minute per square inch of 
opening at this pressu re would be about 82 pounds, 
which multiplied by 4'56, the volume of one pound of 
steam at 80 pounds pressure, will give us 373 '92 cubic 
feet. I gi ve these figures in order to give some ade­
quate idea of tbe velocity of steam under pressure of 
80 pounds. At 100 pounds pressure, its actual velocity 
of effiux would be not less tban 1. 600 feet per second. 
But from invest.igation, we have good ground for be­
lieving that steam alone at this pressure would not be 
sufficient to cause a disastrous explosion, even if rup­
ture were to occnr. Steam cylinders of engines some­
times fail. The steam is nearly at boiler pressure, and 
the cylinder is usually of cast iron, but the pieces are 
not thrown violently away. The pressure is im­
mediately released and its force is gone. We must look, 
then, for some other cause than steam alone for de­
structive boiler explosions. 

To refer again to the boiler with a steam pressure of 
80 lb., what are the conditions ? We have a boiler 60 
inches in diameter under 80 lb. pressure of steam. The 
quantity of wat.er is 1 68'17 cubic feet, or 1 ,135'91 gallons, 
or 9,465'8 pounds. Tbis water is heated up to a tem­
perature due to the pressure of steam, or .324 degrees 
Fahr. All this contained heat in excess of 212. degrees 
is ready to flash into steam if it had the opportunity 

FIG. 3. 

but the superincumbent pressure of steam on the sur­
face of the water holds it in subjection, as a reservoir 
of power from which to draw as the steam above is 
used. If we now suppose a rupture to occur above or 
neal' the water line, the steam already formed would 
rush out at a velocity, at first, of at least 1,450 feet per 
second. The steam space of the boiler would be nearly 
emptied before the heat contained in the water could 
so far overcome the inertia of the water as to disengage 
additional steam. The steam which would rise from 
the water, c!l-rrying a great quantity of water with it, 
would strike with great velocity upon the upper part 
of the boiler, and in Illy j udgment be sufficient to rend 

FIG. 5. 

FIG. 6. 
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the boiler in pieces and project the broken parts to a races from the boiler of higher pressure to that of 
great distance. I have always found that the most de- lower pressure with a velocit.y and force d ue to the 
structive boiler explosions were those where there was difference of pressure and volume of water so d is­
evidence of the usual supply of water. In discussing turbed. Very destructive explosions have resulted 
one of the experiments at Sandy Hook in 1871, Prof. R. fl'om carelessness of this nature. Photographs of 
H. Thurston presented the following calculations of the · boilers exploded from this cause were also shown. I 

FIG. 7. -Showing the relative position of the boilers 2 and 3, the two that exploded, breaking first at the man­
hole of No. 3. B F, A E, and 0 G, secondary l ines of rupture. K L, dotted lines showing location of brick 
piers built for the support of the steam drum, upon the mid walls of the setting. . 

FIG. S.-Rear view of the part of No. 3 boiler which is shown in Fig. 7. 

FIG. 9. 

desire now to call your attention to a case that is of 
special interest as bearing  upon the lllany theories of 
boi ler explosions which have been advanced frolll time 
to time. The drawing (Fig. 10) ill ustrates the explo­
sion of a rotary bleacher, such as are used in paper 
mills. It was 20 feet long and about 5 feet in diameter. 

the pressure of steam which suppl ied it. The pressure 
of steam was about 50 lb. Here we have a case which 
wil l be difficult of explanation by any of the " m yste­
rious agency " theories. It certainly was not electricity, 
nor deaerated water. There were no over-beated 
plateB, hence no place for decom posed steam. But 
there was an explosion that caused fearful destruction. 
The heat in this large amount of water became de­
structively energetic as soon as an opportunity was 
given it to act. What weakness might have existed in 
the material I am unable to say, but there was a rup­
tUre sufficiently large to change its potential energies 
into terribly destructive activities. I will add that up  
to  this time we have the  record of  SODle thirty e:xplo­
sions of similar vessels. 'l'hey are always destructive, 
because the contained water at a high temperature is 
a reservoir of power which nothing can re�ist when it 
is once l iberated. Is there any remedy for these terri­
ble accidents? Yes, within certain lilll its. I say within 
certain limits, because certain conditions are invol ved, 
and first, if the material of which the boiler is con­
structed is of i,uferior quality, it cau never be con�idered 
as safe at the pressures at which boilers in these days 
are used. A ditference of a cent or a cent and a half 
per pou nd in the· material often decides as to what 
material shall be used ; for the boiler IIJ Utlt be bui lt  for 
a certain price. Th us very inferior material often finds  
its way into boilers. Then there are defects in  con­
struction . ·  'l'he  drift pin is wickedly used. The work 
is not properly la,d out, and undue strains are brought 
to bear in different parts of the boiler, which are 
greatly aggravated when the boiler is subjected to the 
conditions of use. These defects cannot be detected 
by visual examination. The boiler is subjected to a 
cold water test 50 per cent. greater than the pressure 
required when the boiler is  to be put in use. It shows 
no leaks. But this does not reveal any of the defects 
which llJay exist, and which could only \Je detected by 
cutting the hoiler in pieces. Another source of danger 
is the tendency to em ploy cheap and ignorant men to 
have the care of boilers. SOllie steam users utterly fai l  
to comprehend the  re�pollsible position of an engineer 
who has charge of the steam plant of a large m il l .  
Some of the cases of explosions wh ich I have ci ted go 
to show the ignorance and carelessne ss of men who are 
intrusted . with these responsi bl e  duties, alld in t h is 
con llectiort I desire to say a word for the competellt 
stationary engineer. He sta n ds before h is  engine alld 
boi lers day after day, watching with care every detail. 
and upon his efficiency depends to a certain extent the  
successful operation of the whole plant. The economi­
cal use of fuel is, in a great measure, in h is  hands, 
provided the boilers are properly constructed, �et. and 
connectpd. It is economy to employ inte l l igent lI l en 
for such responsible d uties, and pay them adequately 
for it. There has been of late an effort made on the 
part of stationary engineers to organize thelll s<,hes 
into associlltions for the purpose of mutual illlp rove­
ment. It is a movement in the rigl l t  d i rection, and so 
long as such associations are kept free frOlll pol i t ics and 
other disturbing influences, they �hou l d  be en couraged. 
Another means by which boiler explosions can be 
greatly reduced in num ber is by thorough inspections. 
These will not prevent carelessness nor some other of 
the causes which lead to boiler explosions. As I have 
alread y said, it is next to impossible to detect theinfe­
rior q ual ity of the material when once the boi ler  is 
cOlIlpleted anu set. But a careft;1l inspection does 
detect the defects and weakness of such a boiler after 
it has been put in nse, and I have no he�itation ill say­
ing that many very destructive explosions have been 
prevented by careful inspections. '1'0 sum up, then, I 
will repeat what I have often said. Boiler explosions 
are mainly due to inferior qual i ty of material, fau l ts in 
type, poor construction, and igl10rance and carelessness 
in management. We lIlust be honest in whate\'er we 
do. Money llIaking is the ambition of all or n early al l, 
but if  it iS llmde at the expense of honesty, it bri ngs 
little comfort. A person once detected in a dishonest 
trick will find it difficult to gain the confidence of the 
public afterward. . . 

[The lecture was illustrated by large drawingt:J aud 
numerous photographs.] 

======= 
ASPHALT MASONRY FOR ENGINE BEDS. 
THREE years ago we described to the Society of Oivil 

Engineers a system of bituminous masonry beds, de­
signed to deaden the shocks and annul the vibrations 
produced by steam engines and other apparatus that are 
Iwcompanied with a jarring motion. The communica· 
tiou was accepted with a certain amount of curiosity, 

energy stored up in the boiler and of the work done by 
the liberated forces. The steam boiler referred to 
weighed 40,000 pounds, and contained about 30,000 
pounds of water and 150 pounds of steam in the steam 
space, all of which had a temperature of 30 l degrees 
Fahr. , when, at the moment before the explosion, the 
steam pressure was 53;i pounds above that of the atmo­
sphere. Prof. Thurston says : " When the explosion took 
place, the whole mass at once liberated its heat until it 
had cooled down to the temperature of vapor under the 
pressure of the atmosphere. " I will not follow Prof. 
Thurston's calculations through, but he concludes that 
the maximum possible effect by these l iberated forces 
was sufficient, had it acted in one direction. to have 
thrown the boiler more than five mi les high. As it was. 
with the liberated forces acting in all directions, portions 
of the boiler were projected from 200 to 400 feet high. 
You can find this discussion in full in the Journal of 
the Franklin Institute for March, 1872.* I quote this  
with great satisfaction because it  so fully corroborates 
the views which I have al ways maintained from the  ex­
amination of many boilers which have exploded under 
the conditions common to boilers in use. The q uestion 
now arises, Why do not all boilers that rupture explode 
with such violence ? It depends upon the locality of 
the rupture, and its dimensions. If a crack or fracture 
occurs on the bottom of a boiler and does not extend to 
any great length, the water will run out no faster 
than the steam is liberated into the steam space ; but 
a lar2'e rupture at or near the bottom of the boiler, 
sufficiently large to suddenly discharge a large quantity 
of water, would be followed alike with destructive re­
sults. For by this great disturbance in the steam 
space of the boiler, the disengaging steam from the 
water, together with the water, would act upon the 
shell with great force and destructive results. 

[The lecturer here displayed photographs of exploded 
boilers under these conditions.l 

FIG. 10. 

Another cause of boiler explosions is the effort to 
connect boilers under different pressures of steam by 
opening the stop valve between them. The water 

. • See e'pecially Trans. Am. Soc. Mech. Eng...  1884, and Jrmffl. Frank. [nst., Dec . •  1894, for Professor Thurston's latest paper on this 
lubject, giviug the amount of this stored energy. 

The plate ruptured at the manhole or stock door, aua 
i nstead of quietly d.roppi ng  its load, it exploded with 
gr'eat force, entirely demol ish ing the mi l l  and doi ng 
great destrnction to l i fe and property. This vessel was 
1 1)0 feet from the boiler which supplied it with steam. 
There was no fire near it, and no heat save that due to 

min�ded with a sl ight incredulity which was sympa­
thetical ly diFguised. 

Every one expressed himself as m uch interested in  the 
novelty of the  pl'Ocess ; but there was i n st inctively a 
dif.trust of it, j ust as t here is of everythi n g  that clashes 
with ideas that have been accepted for a long time. 
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The owner of a prin ting establishment on one of the 
principltl streets of Paris, being threlttened with a law· 
Buit 0 1 1  account of the noise at night, decided, however, 
to have recourse to it, and is now at peace with his 
neighbors, whose sleep he has ceased to trouble. As 
far as we know, this is the only service t hat our system 
has had an opportunity of rendering to any one since 
our COl ll lllunication of Oct. 6, 1 883, to the Society of 
Ci vil Engineers. 

Such distrust explains itself perfectly, and we cannot 
think of being astoni shed at it. We scarcely know, 
even in public technics, any other appl ication of aspha.lt 
than those into which the heels of gaiters and the legs 
of chairs sink, provided the sun be a litt le hot,. It is 
allowable to those who, unlike ourselves, have not l ived 
many a year in familiarity with it, to doubt that this 
soft substance, so easily affected by heat., can , under 
certain conditions that we shal l preHently point out, 
becOi lle  one of the most tenacious awl non·distortable 
of building  materials. 

We have j ust tried a new experiment, the most con­
clusive and important of aU that we might ci te. We 
had to set up a 100 horse power condensing engine, 
that had a normal velocity of 75 revolutions per 
minute. 'l'he nature of the place did not allow of the 
condensing chamber being put wholly underground. So 
it becalllfl necessary to establish the apparatus upon a 
bed, 1 1 �  feet in height, and we had no hesitation in  
employing bituminons lllasonry for the purpose. 

It was hard to meet the difficulty in a better way. 
The fly wheel shaft, forming a pulley, bears, on the 
one hand, against the engine frame, and on the 
other against a solid mass of bituminous masonry of 
less size. Provided that one of the two blocks should 
get out of shape (and, as their bulk i s  very different, the 
distri bution would be very uneq ual), disturbances of the 
points of the apparatus would ensue t.hat would render 
its operation impossi hle. As may be seen, there were 
great risks to be taken. 

The engine has now been running for four months, 
and has not ceased to opt-rate with unexceptionable reg· 
ulari ty. These four mouths of trial suffice to assure of 
absol ute success ; for, if the least distortion had oc· 
cu rred , it would have shown itself at the outset, 
especially since the tillle  at which things were set in 
operation was lll idsuIll lller. 

We bel ieve that it wi l l  prove interesting to the reader 
if we give a few data in regard to th is  work, which will 
certainly be found to be less strange and rash when the 
circulllstances are better known. But before we do 
this, it appears to us to be prudent to recall, in a 
few words, the origin and nature of the substance of 
which it is composed. Although asphaltum has been 
em ployed for forty years in road making and building, 
it seems to be still as unknown to those who use it as i f  
it had been discovered only last week. · Even those who 
daily make use of it scarcely  know whence it is de­
rived, how it is prepared, and what are its properties 
an(l various uses. The engineers who, with their own 
eyes, have seen an asphaltu m mine  may be counted 
upon one's fingers. It will not appear superfluous, then, 
if  we gi ve here a few words of explanation in regard to 
th is  unknown substance. 

Asphaltum is It mineral whose q uite rare deposits are 
necessarily found in calcareous soil. The most import­
ant of t hese are in France that of Seyssel ,  in Switzer­
land that of Val de Travers, and in I taly that of 
Ragusa (Sici ly). 'l'he substance is a soft carbonate of 
li l lie, perfectly pure, impregnated with bitumen 
through a geological phenomenon which as yet has not 
been well explained. The uses of asphaltum are twofold. 
In its natural state, it is used without any other prepara· 
tion tball that of being pulverized when cold and then 
being moderately heated for the constmction of com· 
pressed asphaltum road ways. Such a practice has no 
analogy with the subject under consideration. Yet we 
have employed it with  success in a forge in the basin of 
the Loire, where we placed a layer of this com pressed 
asphaltu lll under the an vii bed of two power hammers, 
whose blows shook the edifice. A layer of asphaltum, 
10 i nches thick, compressed into an iron frame, suf· 
ficed to render the blows harmless. 

It is in the state of a fusible cement that asphaltulIl 
has been used in the constr uction that forms the sub· 
ject of th is  article. This cement is made as follows : If, 
after the mineral has been powdered in a cold state, it 
be thrown in small quantities at a time into a bath of 
bitumen, kept constantly stirred up, until the mixture 
represents a proportion of from 7 to 8 of bitumen to 92 
or 93 of asphaltum, we obtain, at the end of about six 
hours of boiling at 225°,  a paste which, when run into 
moulds, forms what is called asphaltulll cement. This 
cement, remelted with the addition of i ts own weight of 
gravel and four or five per cent.. of bitumen, gives the 
ma.terial of which sidewalks are made. 

It is this substance, too. that we use for constructing 
the bed blocks under consideration. If, in a mould of. 
say, 25 cubic feet, we build up masonry formed of 
ashlar arranged with irregular joints, and pour this 
asphaltu m  cement into the crevices, we shall, after the 
cement has cooled, obtain a block of absolute so· 
lidity and tenacity .  When exposeq t o  no  matter what 
climatic tem perature, this block wil l not become dis· 
torted the least particle ; and if it be desi red to destroy 
it, it will be necessary to employ the most powerful 
explosives. At the same tillle, the block will possess a 
slight elasticity which will permit it to absorb vibra­
tions to such a point that the jarring of one of its sur· 
faces will be imperceptible at the other 

It  was after having experimented several times on a 
large scale on these unexpected properties that we de­
cided to construct the large foundation whose gen­
eral arrangement is shown in vertical section in Fig. 2. 
The following are a few brief data as to the mode of 
const.ructing this monolith, the bulk of which exceeds 
600 cubic feet. 

After making the necessary excavations in the rock, 
we constructed a plank mould, which was strongly 
braced and st.rengthened all around, to prevent any 
distortion during the running in of the cement. The 
internal surfaces of this were lined with common eoarse 
paper, in order to prevent the asphaltum from adhering 
to them. For the passa�e of the foundation bolts, 
apertures were secured by llIeans of slightly conical 
wooden cores placed in the Illass and Hu pported by 
planks, as shown in Fi�. 3. These cores also were 
cove l'ed with paper. After the cool in� of the mass, 
they were Illerely d J'i ven through the small cham ber 
heneath reserved for the collars. 

Tbe !Jop.densing p&rts were fixed by means of bolts to 

dressed stones einbedded in the asphalt block, which 
were held firmly in place by the simple adhesion of the 
cement (�'igs 4 and 5). 

The mould having been set up, the cores put in 
place, and the dressed stones arranged in the places 
that they were to definitely occupy, we proceeded to 
rUll in the cement. 

. 

mitted to the ground by engines seems t.o us, then. 
definitely solved. 

We Illlist, however, in the installation j ust described. 
point out two slight inconvelliences. whiCh are easil y 
avoided, and which engineers who propose adopting 
this system must look out for, and we shall, at the 
same time, give the means of remedying them. 

We have stated that the heat of the atmosphere. no 
matter how great, has no influence upon asphaltulll 
masonry of a eertain bulk. The same is  not the case 
with the heat of a flame, which, if applied to it pel' llJa­
nently, Illay soften the surface of contact, although it 
may not distort the mass. For example, let us suppose 
the frame of an:engine to be placed directly upon a layer 
of asphal tum.  The steam, at a pressure of fifteen 
pounds, enters the cylinder at a temperature exceeding 
150°, and the frame, heated thereby, renders the sur­
face upon which it rests pasty to a depth of a few frac­
tions of an ipch. This may suffice to bring about a 
subsidence and a change of level that shall interfere 
with the proper running of the engine. 'rhe way to 
avoid such a trouble is to simply interpose between the 
i ron and asphalt a substance insensible to heat. Upon 
the bed of the engine that we have just set up we 
placed a cap of celllent, one inch thiel" and this has 
sufficed to prevent any distortion .  We l ikewise, a s  a 
measure of precaution, isolated the cylinder by means 
of brick and cement masonry and a metallic covering. 

The second inconvenience al luded to above is the fol· 
lowing : Lubricating oils are solvents of bitumen, and 
especially so are the mineral oils that are now so ex­
tensively used . .N ow, in the long run, such oils, either 
when poured carelessly on the surfa.ce or filtering 
through the parts of the apparatus, spread over the 
asphaltum, dissolve its bitumen, and slightly soften 
the surfaces, the effect being exactly the same as that FIG. 1 .-ASPHALT MASONRY BED OF 100 H. P. produced by heat. To point out the trouble is to 

ENGINE. teach the remedy : Force the stokers to observe strict 
cleanliness, and provide the places situated under the 
parts to be lubricated with tin or zinc drip pans. This 

We began by spreading over t.he bottom of the will  prove a benefit to the owner of the engine. mo?ld a la):er of very hot (about 200°) liquid cemen!, in In order to render this study complete, we ought to 
�hICh was Immersed a b�d of broken stones of varIOUS add a few words as to the cost. of the system whose SIzes, that had been preyIOusly h eated, and that were so technical economy we have just. set forth ; but we shall arranged as to leave as ht.tl� space bet�een them a� ?os-' not do 80, since in this respect the question appears to Sible. Smal l  peb.bles were mtroduced m�o all the Jomts us to be too complex as yet. The expense will vary th.a� were too WIde, s.o as to reduce the m�erspMes to a considerably, according to the size of the block to be IIlmunum. �hen t�JlS first course w�s finished (!,tn.d we constructed, to the degree of complication of its form, Illay remark m passmg that every Irregul�rly Jomted and to the distance from the place where the as­course must be so ,Prepared as �o en.gage WIth �he ones phaltulIl is  produced. Moreover, a large enough above and below It, as shown m FIg. 1), we laId a sec- num ber of experiments have not been made to allow 

us to deduce fixed rules from them on the subject. 
Un til more applications have been made of the sy"tem, 
it will, therefore, be necessary to make a special study 
for each piece of work, as well as an estimate calcu­
lated according to the peculiar circumstances. The 
rules for such an estimate will soon gradually be estab­
lished. What is now beyond a doubt is that the sys­
telll has entered definitely into tp.e domain of indus­
trial practice, and that it has satisfactorily disposed of 
a problem whose solution, we think, has hitherto been 
sought without success-that is, the problem of stop­
ping the jarring produced by high·speed engines, and 
thus preventing its transmission to neighboring build-
�� . 

The slight elasticity of the asphaltum is very advan­
tageous as regards the perfect running of engines, and 
to this peculiar property of bituminous masonry we 
attribute the exceptional state of preservation of the 
various apparatus that we have for several years 
past been mount.ing upon this sort of foundation. 

We shall not terminate this article without info:rming 
those who would like to employ the system j ust de­
scribed that it  has never been patented, and any one is 
welcome to use it. The preceding explanations  have 
been given with no other object in view than to faci li­
tate the application of it.-L. Malo, in Le Gr:nie Civil. 

ELECTRICAL AND MECHANICAL UNITS. 
AT a recent meeting of the Engineers' Club of Phila· 

delphia, Mr. Carl Hering read a paper upon analogies 
between electrical and mechanical units and phe· 
nomena. 

After explaining why electrical quantities cannot be 
expressed in the ordinary mechanical units, he stated 
that the only units which were al ike, or interchange­
able, in the two SjYstems were those of time and ene1'UY. 
The others, although not interchangeable, are quite 
similar, in their nature and their effect, to certain me­
chanical units. Electrical quantity expressed in cou­

F I G. 2.-TRANSVERSE SECTION OF MASONRY. lombs has no equivalent, but quantity flowing per 

ond one in the same way, that is to sa,y, after covering 
the first with a new layer of liq uid asphaltum. The 
operation was continued in this way until the block 
was finished. 

As the eonstruction of the masonry under considera­
tion took several days, it was effected through suc­
cessive runnings in of cement of 140 or 1 75 cubic feet 
each. Care was taken every evening to leave 
projecting a certain num bel' of stones that were em­
hedded beneath in the cement, and which served to 
connect the course of one day with that of the next. 

FIG. t .. l'Ja. , .. 

second, or current, expressed in amperes, is analogous, 
in most respects, to a current of water, and it follows 
most of the laws governing the latter. Electrical pres­
sure, or electromotive force, is analogous to mechani­
cal pressure, or to water motive force, as it might be 
called when referring to water. In both it is that 
which causes a current to flow, and without which no 
current can flow. A great pressure exists similarly in 
a friction electric machine and a fired pistol ; in both 
it will overcome great resistances. In either case, if 
it readily overcomes the high resistance of the human 
bod y. it becomes dangerous. 

The zero level of pressure of electricity is taken as 
that of the infinitely large quantity of electricity in 
the earth, j ust as the zero level of the water is that of 
the ocean, or the normal pressure of air is that of one 
atlllosphere. The terms positive and negative pres­
sures, or currents, may be applied similarly to all these 
three cases, assuming the zero or normal levels as ex­
plained. It is not known whether electricity flows at 
all, but for all practical purposes it may be supposed to 
do so. The " earth return " circuit used in telegraphy, 
in which the two ends of a wire are connected to the 
earth. was compared to a single pneumatic tube, the 
two ends of which communicated with the open air, or 
an .. air return circui t ," thus showing that the elec· 
tricity does not necessarily flow back through the earth. 

Resistance is similar in both. Self·induction Illay be 
compared to inertia, being the apparent resistance to 
a sudden stopping or starting of a current,. The in · 

The junction of these various daily courses was effected creased electrical pressure at breaking a circuit is  
in  an unexceptional manner. It required twelve days analogous to that in the hydraulic ram. Electrical 
for t he mass to cool sufficiently to keep in shape after work, which is pressure lIlultiplied by quantity, is 
the mould should be removed. Immediately after the equivalent to foot pounds, as of a quantit.y of air at a 
monld was removed, we began settin� up i,he  engine, certain pressu re. In  both cases, if the pressure is high, 
which,  as we have said above, has ever since been run· the q uality of the work or the effect will be analogous ;  
ning perfectly. similarly, if the quantity is great. The discharge of a 

The problem as to suppressing the vibrations trans- . pistol is analogous to that of a Leyden jar, and an air 
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blast or a wind, analogous to incandescent lighting 
currents. Similar analogies exist with power, as in a 
watch and a telegraph aUt·rent. An Edison telephone 
consumes ahout one thousandth of the Dower in a 
watch. 'fhe power of a bolt of l ightning i" said to be 
equivalent, in some cases, to the work of a 100 horlSe 
power engine for 10 hours. The discharge of a small 
Leyden jar is IJ,bout one two-thousandth of that of a 
smal l pistol. A · series of arc lamps i s  represented 
qua,ntitatively by a series of waterfalls, each 50 ft. 
h igh , discharging 45 gallons per minute. A set of in­
candeRcent lamps, by a single faU of 100 ft. , divided 
into small falls, each of 4 gallons per miuute. 

Generators of electricity, or dynamos, do not produce 
electrici ty. They are analogous to a pUlllP or an air­
blower, in which pressure is generated, but not quan­
tity of electricity, water, or air. Similarly, a storage 
battery uoes not store electricity, but pressure. The 
current, passing through them, stores its pressure, sinli­
larly to the storing, in the steam, of the heat of the 
gases in a boiler. 

PLOTTING NATURAL OURVES. 
To the Edit01' of the Scientific A merican : 

When Nicodemus invented his method of flnding 
two mean proportionals , he called the curve by which 
this was done a conchoid or shell-shaped curve, from 
its fancied resem blanca to a sea shell. 

Being interested to know what the equations of the 
whorls on some univalve shel l s  were, I took several of 
the commoner Gastropoda and projected their spirals 
upon a plane perpendicular to the axes of the shells_ 

'fhe projection of the whorl of  the Crepidula f01'ni­
cata, a common shell on our coasts, was a logarithmic 
spiral, the locus of the equation l' = 2 (�) , where l' 

equals the radius at the successive values of the an­
gle 9.  

The Fulgur canaliculatus, also a common Atlantic 
sheU, Dolium pe1'dix, and Phyllonatus regis increased 

. according to r =2 (�) . 
In Cassio cameo the spiral was rather more irregular, 

but evidently followed the law r =a (�) ,  where a = 

a3 - 1, or 1 '3258 very nearly . 

. 
In Tn1'bo sa1'maticus the equation was r = a (�) ,  

where a = a' - 1, or 1 '61803 very nearly. 
In all of these shells and i n  others which I examined 

the curves were regular and correspondin� in different 
specimens, and followed some simple law by varying 

the value of a in the equation l' = a (�) . 
HENRY W. BLAKE. 

. 

New Haven. Oonn., December 31, 1886. 

OOPYING DRAWINGS BY OHEMIOAL 
PROOESS. 

By ROBERT MARSHALL. 

THERE are so many methods of copying drawings or 
tracings on sensitized paper by exposure to light, that 
to describe them all would require a good deal more 
space than is usnally at the disposal of correspondents. 
I will therefore only give a description of those most 
usually employed. 

There are two processes, of which t.he others are mere 
modifications or developments, They are, 1, that in 
which the drawing appears in white lines upon a blue 
ground : and 2, that in which the drawing appears in 
blue lines on a white ground. The first is called the 
cyanotype or ferro-prussiate process ; the second, ·the 
cyano-ferric process. 

THE FERRO-PRUSSIATE PROCESS. 

The tracing to be copied is made from the drawing 
in the usual manner, care being taken that as clear and 
transparent a tracing paper or linen as possible be 
selected, and to have the Indian ink as thick and 
as opaque as it can be used. The sensitized paper is 
prepared as follows : 10 oz. of red prussiate of potash 
(K,FeOy.) is dissolved in 32 oz. of water ; then 15 oz. 

of ammonio-citrate of iron (��: } O.H.O,) are dis-

. solved in 32 oz. of water. The two solutions thu s  sep­
arately made are mixed together in a dark room and 
filtered. (The dark room used here and in subsequent 
operations n eed not be dark, for if yel low paper be care­
fully pasted over the glass windows admitting the light, 

. or if the glass itself be stained yellow, the light passing 
is innocuous so far as the sensi tized paper is concerned, 
as the actinic or chemical l'I\,ys are cut off, ) The solu ­
tion thus prepared is applied to the surface of ordinal'y 
web drawing paper, either by d rawin g evenly across it 
a soft sponge saturated with the solution, or, better, by 
pouring the sol tltion into a large shal low bath and 
floating the paper in it, having first turned up the 
edges of the sheet all round to prevent the solution 
getting on the bttek. Two or three min utes' floati ng 
will suffice. The paper is then hung up to dry. All 
these operations are . conducted in the dark room, care 
being taken to prevent the actinic light getting at the 
solution or the prepared paper. A woodell frame con­
taining a sheet of plate glass, and furnished with a sheet 
of soft thick felt and a removable wooden back-prac­
tically similar to the printing frame of the photo­
grapher-is required. The wooden back and felt pad 
are removed, and the traCing to be copied is laid face 
downward on the glass. The sensitized paper is then 
placed with the sensitized face u pon the tracing, and 
upon the top of these the sheet of felt. The wooden 
back is then fixed in place, and the pressure exerted by 
this acting on the soft and elastic felt presses the trac­
ing closely and smoothly without wrinkles against the 
glass. The frame thus arranged is exposed to the 
direct rays of light, the time of exposure varying with 
the intensity of the light . It is usual to arrange test 
slips of the sensitized paper in the frame with their 
ends projecting, so that they can be withdrawn and 
washed from time to time to mark the progress. Over­
exposure is preferable to under-exposure, as extra flush­
ing with water will bring out a dark copy ; but there is 
no remedy for under-exposure. The washing is con-

ducted in the dark room in a shallow wooden bath. 
When the white lines and blue ground are seen to be 
fully developed, the copy is hung up to dry. 

The baths and frame are usually constructed of a size 
to admit of the largest drawings that may require to 
be copied. 

The chemical reaction in this process appears to be 
as follows : When the actinic rays penetrate through 
the transparent tracing paper, the ferric citrate is part­
ly reduced to a ferrous salt, which i m mediately unites 
with the red prussiate of potash (K.FeOy.) to form a 
compound, which, in the actiou of washing, forms 

Prussian blue l ��. } (FeOy.)., which deeply sta.ins the 

paper. The parts where the opaque Indian ink lines 
have obstructed the action of light remain unchanged 
and are perfectly soluble, and in the process of washing 
are entirely removed, leaving the surfa(,le of the paper 
quite white. 

This process is by far . the simplest, but it has two 
very serious disadvantages : Alterations in the copies 
thus, produced are with difficulty made - Ohinese white 
being usually employed for this purpose, but with by 
no means satisfactory results. And, a.gain, when these 
copies are sent to the shops for the gnidance of work­
men as working drawings, dirty hands soon effectually 
remove all traces of the white lines, with the result 
that . the copy becomes useless. 

To overcome these difficulties or objections, a process 
has been devised whereby a copy can be obtained in 
blue liues on a white ground. This is called the 

CYANO-FERRIC PROCESS. 

The sensitized paper for this process is prepared by 
float.ing ,the common web drawing pappr in a liquid 
mixture composed as follows : 1. Dissol ve 2% oz. of 
perchloride of iron (Fe.Ol.) in twice its weight of water. 
2. Dissolve 6 oz. of gum arabic in 28 oz. of water. 3. 
Dissolve 4 oz. of ammonio-citrate of iron in water. 
Mix the three solutions thus separately made together 
in the dark room : float the paper in the bath as before, 
and hang up to dry. The · solution should be used at 

FIG. 1. 

THE JORDAN FINISHER, AND THE MANUFAO­
TURE OF PAPER. 

IN the ml\.nufacture of paper, the comminuting of the 
rags, wh ich is su�pended at a given moment in order to 
permit of bleaching. or a mixture of different pulps, is 
resumed and finished by a beating engine or finisher. 

'1'he pulp enKine, which is rendering great service in 
the manufacture of paper from straw and other mate­
rials, and which is very useful in the grinding down of 
paper trimllJings, seeills to have been the starting point 
of cone finishers, such as that of Brightman, and espe­
cially that of Jordan, which, since the latest improve­
ments made in it, has been introduced into nearly 
every paper mill on the American continent. 

The pulp engine, as well as the finishers that derive 
froLU it, does not operate like the old beating engine. It 
has some analogy with a flour mill, and consists of a 
single metallic grinder revolving around a horizontal 
axis. The two slufaces of this bear against the inner 
surfaces of a tight cast iron jacket, which gives passage 
to the shaft of the cOlliminutor and to the stream of 
PUNt the Brightman finisher, this

· 
straight grinding 

cylinder becomes conical and double, that is to say, 
the two relatively short, hollow cones are united by 
their bases, and a solid double cone fills the cavity. 
These solid and hollow cones are provided with corre­
sponding blades and sharp edges, similar to those that 
we find i n  the Jordan apparatus. This latter now con­
sists of but a single hollow cone (and a very long one), 
in which revolves a solid cone of the same length (Figs. 
1 and 2) . . 

The recent improvements made in this Iilachine are 
I;uch as to allow of the easy renewal or change of the 
blades on the solid cone. In the old style of machine 
these were fixed, and lasted much longer, but it caused 
much trouble and loss of time to renew them . A hand 
wheel at the wide end of the cone (Fig. 1) permits of 
regulating the fineness of the pulp by varying the in­
terval between the blades of the solid cone and those 
of the hollow one, In this way the machine is adapted 
for the treatment of all pulps designed for the manu-

THE JORDAN FINISHER. 

once, as it soon alters. The sensitized paper will keep 
for almost any length of time if, after d rying, it be 
rolled up and kept in a dry and dark place. 

The method of exposure is the same as before. only, 
the paper being milch more sensitive, less exposure 
suffices ; but the processes of developing and washing 
are different. Th ree baths are requi l'ed, and the copy 
is i mmersed in them consecutively in the order in which 
they are here described : 1, a bath of a sa turated solu­
tion of yellow prussiate of potMI i  ( K.FeOy.) ; 2, a 
water bath ; 3, a bath of di lu ted hydrochloric acid 
(HOl)-about twelve of water to olle of acid, 

The action is explained as fol lows : Where the light 
penetrates through the tracing paper, the perchloride 
of i ron (Fe.OI. )  is  red uced to the protochloride (FeOl.) ;  
and at the sallle time t,he gum arabic appears to be so 
altered as not to be readi !y soluble in the yellow prus­
t:iiate bath in which the copy is first i mmersed. Where, 
however, the Indian ink lines of the tracing have ob­
structed the passage of the light, the gum is unaltered 
and readily dissolves. The ferric salt in the line and 
the ferrous salt in the bath immediately combine to 
form Prussian blue. 'fhe copy is kept in this bath un­
tH the lines are strongly developed ; it i!< then removed 
to the water bath, which arrests the action and re­
moves nearly all the chemical mixture unacted upon ; 
but this cannot be entirely removed by the water, 
owing to the gum ; it is therefore immersed in the third 
bath-the hydrochloric acid-which immediately re­
moves the gum and all it contains, leaving · the copy 
quite white. It is washed again in the water bath, 
and then allowed to ury_ 

The copy thu� obtained is free from the objections to 
those produced by the former process. Erasures of the 
blue lines m!!,y be effected by the application of a weak 
solution of carbonate of soda or potash ; and blue lines 
can be added by means of blue ink or paint ; and the 
copy can be colored, like an ordinary drawing_ 

There are other processes by which black lines may 
be produced on a white ground, but they are chiefly 
developments of the last described process, and the 
results obtained hardly compensate for the extra trou'ble 
and expense.- Watchmaker, J., and S. 

facture of paper for journals, books. writing, en­
velopes, cardboard, packing, blotting, etc. The stream 
of pulp is admitted at the top of the apparatus and 
makes its ex it at the bottom, near the sllJall end of 
the cones. 'fhe machine is capable of producing from 
2,500 to 17, 500 lb. of refined pulp per twenty-four hours 
of work. It is preferable, however, to place one on each 
paper machine. At the rate of 250 revolutions per min­
ute, the power absorbed is that of fifteen horses, but 
the work can be i ncreased up to thirtv horses with a 
velocity of 350 revolutions. 

. 

Analogous apparatus are employed in Germany ; and 
must we not look for the cause of the con tinuous decrease 
in the business of our French paper mills in the use of 
superannuated machines ? Despite pretty high inter­
nal and external imposts, German papers, often all 
printed, reach our own market at prices less than those 
of our own production. Germany, moreover, as results 
from the following statiRtics, possesses more paper mills 
and paper machi nes than any other coun try in Europe, 
for she has 809 of the former. and 891 of the latter. 
France has but 420 paper mills, wi th 525 machines ; 
Great Britain, 364 mil ls  and 1i41 machines ; Italy, 228 
mills, of which 70 have no machines : Russia, 133 mi l ls  
and 137 machin es ; and Austria .and Hungary, 220 mil ls  
and 270 mach ines . A ustral ia already has 4 m ills with 6 
machines, whi le  1n Egypt we find but a single mill .  and 
here the paper is lIIade by hand . . The United States 
occupy the first rank, with 884 m i ll& and 1 , 103 machines. 
The entire world, thEm. possesses a total of 3,419 paper 
mills, with 3,952 l IIachines. 

None of these AllIerican paper mills is destitute of 
finishers, while in France it is rarely that one of these 
machines is met with. Our paper industry, far from 
progressing, remains stationary. and that, too, at a 
moment when paper is tending to become more and 
more an essential factor in th e  �pread of civilization. 

Let us su ppose for a l Iloment that paper had not 
been invented . .  or that the spcret of i ts manufacture 
happened to get lost. and we at onCle return to the en­
graving of chamcters on stolle or to the tracing of 
them on papyrus by a few privileged persons. It is 
possiQle to conceive of the operatioD of our modern 
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society without the rail way, telegraph, telephone, and the construction o f  the ills haM originated i n  St. Joseph added, and then 1 drop o f  pure oil of  peppermint., there 
even the steam engine, bu.t it is difficult to conceive of County, Michigan, and it would be of great interest to wi l l  be produced, within about half an hour, a ·blue or 
such operation after the disappearance of paper. mark the further development of these i m provements bluish-gl'een c6lor, which will remain perUlanent  for a 

Mr . .  De Boutare!, in a communication made to the . to their present high state of perfection, but the limits long time. O i l  of pennyroyal and Mentha aT'Oensis pro­
Academy of Moral and Political Sciences a few months of this raper render it impossible. Ou some other oc- duce no coloration . A much more intense coloration 
ago, gave the following figures : casion lJlay have the honor to give some practical and will be produccd when 1 drop of nitric acid, of the 

In Europe, the annual production of paper reaches technical infol'lliation relating to the methods of erect- strength as stated , is mixed with 50 or 60 drops of the 
a million tons. In the United States, where it was nil ing the more perfect plants of distilleries. /1ssential oi l .  without alcohol. Some specimens of oi l  
at the beginning of this century, it  exceetied 500,OOO tons Briefiy as to the cultivation of the plants. In  early lIf pepQerlllint im ported from GerIIiany and Englaud 
in 1883. It has become necessary to look for new raw spring the ground, having been plowed, is marked showed by th is test a mixture with Mentha a1"vensis. To 
material, and to util ize an extraordinary number of out in furrows 2� ft. apart. In these furrows are make this test valuable, however, to chemists and 
substances. from second-hand paper up to straw and plaeed the roots and runners which have multiplied pharmacisiis, they should first operate upon samples of 
wood, and from moss up to the Algerian alfa, of which from the setting the preceding year. One acre of good known purity, and notice the depth of coloration 
the English consume more than twenty million dollars' roots usually furnishes sufficient to set from 5 to 10 requireti . 
worth, while we do not know what to do with it. acres of new ground. These roots and runners are from Another test for the detection of pennyroyal, which 
. The first elaboration of all these raw materials is one-eighth to one-fourth of an inch in diameter, and also indicates Mlmtha aT'Oensis when in sufficient quan­

capable of giving 1 , 500, 000 tons of paper, whose net from 1 to 3 feet in length when in  the healthy state. In tity, is the fol lowing : Take 1 d rachm each chloral 
. val ue is two hundred million dollars. Of these 1,500, 000 setting, they are carried in large sacks, strung over the hydrate and pure sulphuric acid, adding 12 drops of 

tons of paper, writing paper represents about 120.000, shoulders of the workmen, who place them in the rows alcohol. When this solution is mixed with a like q uan­
of an approximate value of thirty-two million dollars. so that there shall be one or two living roots or runners tity of pure oil of peppel'mint, a dark cherry color i s  
As for the consumption o f  paper in printing, that at every point in  the row. While placing t h e  roots guickly produced and maintained for a long time. 
reaches fabulous figures : 800,000 tons for book printing ; with their hands, they at the lIame time cover them l'-ennyroyal (or oil of peppermint heavi ly adulterated 
300,000 tons per day for periodicals ; and 120, 000 tons with their feet. It is q uite an interesting sight, owing with this oil) gives no such color, being more of a yel­
for printed matter for public and private administra- to the queer motions of the workmen, to see these roots lowh;h cast, and changing to an olive green. With 
tive services. planted. A good, experienced workman, in mellow Mentha a1'vensis a yellowish-brown color is prodneed, 

Including work and the second elahoration due to ground, with good roots, can set about one acre per which is maintained for ten or twel ve hours, and,  
pri nting, this makes something like three hundred and day. New plants appear above the ground about two thirtY-l>ix hours  later has a sl ight tendency to as .. ume 
fifty million dollars. . weeks after setting, and are carefully hoed and culti- a cherry color or one intermediate between the cherry 

Let us add 60,000 tons of cardboard, 60,000 tons of vated until July or August, when, if the season is fair, and the brown. It was noticed that, when the true oil 
wall paper, 60,000 tons of papers of secondary i m por- the plants h ave thrown out such a quantity of runners of peppermint was m ixed in equal proportions with 
tance, such as blotting, tissue, filtering, tracing, and as to render further cultivation very difficult, and in- that of the Mentha a1'vensis, a deficiency in the inten­
cigarette, and finally 700,000 tons of wrappi ng paper- deed unnecessary. sity of the cherry color was . plain ly  observable. 
say one hundred and twenty million dollars, which, The proper time for distillation is when the plants Whether the significance which I have discovered i n  
with t h e  value of the writing paper and o f  the products are in full bloom in the case o f  the n e w  crop, that is, these tests, showing similar reactions in  pennyroyal 
of the second elaboration coming from printing offices, the crop which has been set the _J>receding spring. and Mentha a1'veTlsis, has a bearing on the chemical 
gives a total of five h undred million dollars, to which This usual ly occurs in September. What is known as relationship of the oi l s  of these plants, which are 
may be added three h undred million more ,  represent. the " second crop ,. (which has sprung up spontaneous- related botanically, is a question of interest. 
ing the work of the freight and retai l industries. ly, from being the second year's gro wth) matures usual- I will now refer · to the two physical tests, those of 

It is not an exaggeration, says Mr. De Boutarel, to Iy in August. For disti llation, the plants are cut down specific gravity and boil ing point., in w h ich the results 
suppose, in the absence of authentic documents, that and allowed to dry for a while in the sun before being of my experience vary greatly from the tests published 
the production of pa.per in Asia reaches half the above drawn to the distilleries. Many growers, however, be- in official and standard works. 
figures. It would then be a value of about one thou- lieving that a loss of the oil is  sUBtained by diffusion in The difficulty which scientific men !leem to have 
sand million dollars that human industl'y annually ex- the atmosphere if the plants are fairly dried, bring experienced in establishing accurate tests for the 
tracts from a pile of debris, straw, shavings. and rags, them to the still in the green state. As distillation can purity of essential oils has been that they coul d  not 
which, without that, would be good for nothing. be effected with much greater rapidity from dry plants, cOIlveniently obtain the plants froUl which they them-

But these are merely the ordinary uses of paper. In this question of thorough drying is one in which the selves could distill the specimens used in their investi­
addition, it  is now being made into collars and cuffs , owners of distilleries and the producers in general have gations ; and while undoubtedly every possible pre­
and we shall  soon make of it sheets, Chinese napkins, long been greatly interested. For, if the plants are caution was taken, t.he result shows that they h ave 
etc. It is even being converted into sugar. There are worked in the gl'een state, i t  will require, ordinari ly, in Hlany instances operated u pon i m pure samples ; and 
also being manufactured from it shoes, boats, barrels, about n inety minutes for distil lation, with a yield of although pure specimens undoubtedly were, i n  some 
gas pipes, bottles, fiooring, doors, ceilings, roofs, and perhaps 5 to 7 pounds of oil to the charge, whereas, if instances, received, yet they had, in many cases, no 
archItectural ornaments, and at Breslau there is a spin- thorough ly  dried, d istil lat io ll can be effected in abou t positive knowledge, pel· se, which were pure and which 
ning mill which has a paper chimney fifty feet in thirty-five miuutes, with a yield of from eight to nine were i mpure ; hence too gl'eat a range of differences 
height. pouuds, since the dried plants will pank much more has been allowed in physical characteristics and chem-

Paper has the ad vantage over wood of not warping closely in the vats than the green ones. Each owner of a ical reactions. In correspondence with some well-known 
or splitting. St,rongly compressed, it can be polished distil lery on the average distills the crops of ten other chemists, they give it as their opinion that a wide 
l ike ivory, and will resist fire better than any other ma- growers with his own, charging therefor twenty-five range of specific gravity, etc. , might resu lt  from varia­
terial. It is also capable of heing used as a substitute cents for each pound of oil obtained, whereas in England tions in soil and cli mate. On account  of this  we took 
for metal , and it is already being used for making the charge is made for each vat of plants, whatever the greater pains to verify our determinations by testing 
guns, locomotive wheels, and rails.-Le Genie Civil. amount, of oil produced. samples grown under much varying condition!.' of soil 

The former method is m uch more equitable for the and climate, both in Europe and Allierica. Forty ·three 
OIL OF PEPPERMINT. * grower, since, if his crop is poor, he is not obliged to samples were examined, includ ing oils produced i n  St. 

pay an exorbitant rate per pound, and the latter method Joseph, Wayne, Ionia, Hillside, and Kalkaska Counties, 
By ALBERT M. TODD. is more equitable for the distiller, since it requires as Michigan, Wayne County, New York, and vicinity lall 

IN the paper which I have the honor to present you, mueh labor to ditltill a charge of poor plants as green of which were produced from American roots long 
the history of the plant will be briefiy noticed, and at- and productive ones, and, as stated, much more when acclimated), also one specimen growl! in America from 
tention directed to some characteristics of the essential the plants are green. roots imported from England, and oue specimen grown 
oil as observed in the practical manufacture, some being To test the question as to whether a loss of essential and distilled in  England.  The specific gravity has been 
of such phenomenal nature as to invite further investi- oil occurred by diffusion in the atmosphere when the variously stated in the dispensatories and other 
gation. 

. 
plants were thoroughly dried, I made a careful experi- standard works at froUl 0 '840 to 0 '950 at 60° F. But 

Mentha piperita, from which the true oil of pepper- ment, the results of which may be found in the Sep- there were none of the samples which were pure which 
miPt is derived , was first introduced or noticed 1Il Hert- tember number of the American D1'Uggist ,.  the dried had a specific gravity below 0 '910 at 60° F., except the 
fordshire, England, and given the name "pepper-mint" plants used having been exposed to atmospheric action two last mentioned , grown froUl English roots ; t he 
by Ray in his " Historia Plantarum,"  published in  1704, for six months, and having been reduced by such ex- one grown in America being 0 ·9085, the one disti l l ed in  
Its  cO lllmercial history dates from about the year 1750, posure 49 '4 per cent. in weight. As  there are about 15,003 England being 0 ·90�8. Nor were any specimens of pure 
when i ts cuHivation was commenced in a very small way tons of the plants produced annually in America, the oil found having the specific gravity above 0 ·91 7 which 
at Mitcham, in Surrey, England. Fifty years later the settlement of this question i s  of material interest to were in a perfectly sol uble condition . One sample d is­
amount under cultivation was about 100 acres, but the owners of distil leries and growers ; saving the former tilled by mysel f in 1875, and consequently eleven years 
growers having had, as yet, no distilleries built, still greatly in manufacturing and the latter in transport- old. had, on account  of its age, a specifi c gravity of 
continued to convey the plant to London for the distil- ation. 0 ·924 ; one sample from New York 0 ·933, and from the 
lation of the oil. The avelage yield of essential oil varies greatly, same district \ r9�0 for another. However, those three . 

'fhe industry in England reached its zenith ahout, according to the quality of the plants, depending samples were found to be not readily soluble ; the 
1850, just one hundred years after its introduction, mostly on the fact whether they are fine and well latter sam ple, when submitted to recti fication, being 
when the area cultivated was about 500 acres, but, covered with leaves and blossoms (in which the essen- found to contain 9 per cent. of insoluble resin .  Of five 
owing to successful American competition, it was re o tial oil is entirely contained). The difference in quality samples im ported from Europe, but one was found 
d uced during the next fifteen years to about 250 acres. of plants is so great that, while from 2,000 pounds of pure ; t wo from Germany w ere found to contain 
From personal observation when visiting the pepper- well-leave:! plants I have distilled 18 pounds of essen- dementholized Mentha, a1·vensis " one from London, 
mint· districts of England in 1875, I attribute the success tial oil, but 1 and 1� pounds have been obtained in which bore a fraudulent and forged label (as Michigan 
of American competition to a more perfect system of some instances from a l ike quantity of coarse p lants oil of peppermint, manu factured at Evart, Michigan 
d isti l lation and apparatus therefor (which J will again devoid of leaves. The average yield ,  however; is about County, U. S.), had the specific gravity 0 '899. This oil, 
refer to), and the more heathful growth of the plants in one-third of 1 pel' cent. from green plants. when I>ubmitted to fractional distil lation, was foun d  to 
· our country. . There are now in Amel'ica about 1 75 small qistilleries, contain 50 per cent. o i l  turpentine and no Michigan 

Distillation of oil of peppermint was first accompl ish- where the natural oi l  is distilled. The average annual peppermint whate ver. The sample  imported from 
ad in America by a Mr. Burnett, in the year 1816, i n  the prod uct iou in America for the last ten years has been London as German oi l  of pepperlu int consisted chiefly 

, county of Wayne, State of New York, who collected on about 1 00, 000 pounds  of oil. The average yield per acre of pennyroyal and Menth a a1"vensis. Allowing a 

the banks of a l i ttle stream sufficient wild plants to pro- of the crops of the first and second year is about 11 slightly wider range of d ifference than was really 
duce about 40 pounds of the oil .  In the year 183;'), the pounds ; t.his would show an annual area under culti- intended, it is evident that whether from English or 
industry was established in Michigan, in St. Joseph vation of about 9,000 acres. American plants, pure oil of pepperm int is  never 
County, on White Pigeon Prairie, about t wo mi les As to the nature of th e  essential oil : regarding this below 0 '908 specific gravity, nor. when fresh and solu­
north of a vil lage of that name, a disti llery being erect- there are many tests, which are so general ly  known as ble, above 0 9 1 7  spedfic gravity, so that the difference 
ed the followi ng year. Up to this time, and for ten not to req u i re notice at this ti me. Some of them may. formerly allowable, that is, from 0 '840 to 0 '950, is 
years later, the disti l l ing appltratus used was very crude, however, be briefiy stated. Oi l  of peppel'm int, when reduced to one-tenth. 
being the sallie as has been used in England, with but freshly distil l ed, or when t wo or three years of age, i f  As to the boi l ing poi nt : thi s  is stated in the dispen­
sl ight ll1odifications, consisting of a. copper kettle in kept in well-fil led vessels, should d issol ve read ily in satories at 365° F. and 374° F.  By placing the oi l of 
which the plants were placed. immersed in water, to alcohol in all proportions, making a clear sol ution with- peppermin t  in a d i�til l ing fiask, the body of which was 
which direct heat was applied by a furnace from out need of filtration. When a few drops of t.he oil are immersed in a mercury bath ,  and attached to the con­
beneath, a condemdng worm of the usual character placed upon white paper and held ovel' a lam p or gas den�er, the following times and temperatures were 
bein g  connected with the kettle by a pipe from its Jet" it should volati l ize q uickly and perfectly withou t noticed , the d istilling being divided into eight fractions. 
apex. . undel'going change or leaving any residue. When 3 Applying the heat slowlY, the  slightest possible ebulli-

The year 1846 marks a new and important era in the drop� of peppermint are placed u pon 4 grains  of resub- tion was noticed at a63° F. , but so slight as to be almost 
evolution of a more perfect system of distillation and l imed iodine (or such quantity as will thoronghl y  satur- im perceptible. Ten minutes later the tem perature had 
the apparatus therefol', viz . ,  that of distillation by the ate, but not d rown,  the iodine), there shou ld  be but a risen to 401 ·5° F. , at which time but 2 drachms of fiuid 
diffusion of steam through the plants, which were' now, slight reaction , and what little vapor is produced should were collected, one-half of which was found to be water . .  
for the first time, placed i n  lal'ge wooden vats, to wh ich be almost inv isi bl e, becoming entirely so after having It will hence be observed that the true boi l ing point  of 
stearn was con veyed by a long pipe entering at the arisen about twelve inches above the mixture, the color the oil could hardly be placed below 400° F. Ten 
bottom ; the kettle which had been used heretofore as of the vapor assuming a bluish cast. The color of the min utes later the temperature had risen to 406 '9° F. ,  
the still being now used for the generation of. steam. mixture in this test should be carefully noticed, which, with d istillation progressing at the rate of but 6 drops 
Distillation was now effected in a much more perfect in the case of pure peppermint, is of a brown or per minute, and it was found, upon reducing t.he tem­
manner, as the scorching of plants and the consequent brownish-black color, the iodine dissolving slowly and perature to 406°,  that the speed of distil lation was re­
formation of empyreu matic prod ucts was rendered irn- imperfectly. If oil of turpentine, erigeron, fireweed, duced to 1 drop in forty-two seconds ; so that the first 
pO!;lsible. Furthermore, distillation could now be con- ragweed, or other terebinthina.te oils are present, there fraction cou ld  not be recovered easily, except at a tem­
ducted with much greater rapidity and economy. The will be quite a violent reaction (according to the quan- perature higher than this. Counting from the time 
primitive stil ls had a capacity of about 15 pounds of tity of the adulterant), with the evolution of considera- when the oil commenced to drop i nto the receiver, t he 
essential oi l  i l l  the twenty-four hours, the new form a ble heat, and a red or reddish· yellow vapor will be disti llation of the first fraction of 1 ounce occupied fi fty 
capacity of 75 to 100 ponnds. This system of steam dis- prod uced, of a rank odor; partaking considerably of minutes, being concluded at a temperature of 4 12 ·8  F. 
tiUation origin ateci in St. Joseph County, Michigan, and the nature of the adu lterant, and the mixture will It would seem, then, that the true boiling point should 
was soon i ntroduced into New York. change to a bright violet. If  the color of the mixture not be placed below 400° F. 

I might state here that n early  every improvement in is most carefully  noted, a very �!!ght quantity of such I would here call the attention of the association to 
adulterants can be detected. When to 25 drops of the need of a more definite and complete method for re-

• Read at a meeting of the American Pharmaceutical Association. alcohol 1 drop of nitric acid, specific gra.vity 1 '2, is cording experiments in fractional distillation, in which 
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not only the form of apparatus and method of applying 
the heat should oe noticed, and the temperatures of 
each fraction, but also the speed at which it is affected 
in its various stagp�, 'fhis matter would form a very 
intel'esting mat ter for discussion , I wi ll now call at­
teution to onEl p:leuomenal characteristic observed in 
fractional distillation, and which I briefly alluded to 
one year ago, that is, the changes of direction from the 
ascending to the desceuding scale in the specific gravity 
of the different fractions It had formerly been sup· 
posed that the specific gravities increased constantly 
after the first until the last fraction was obtained, The 
law discovered is that when the distillate is divided 
into a number of fractions, the specific gravities con­
tinue to rise only until about half the oi l is recovered, 
they then strangely COlllmence to descend u ntil 80 per 
cent, or 90 per cent, is obtained, and the point is 
reached of the specific gravity about as low as that of 
the third fraction, The direction now again changes 
to an ascending Rcale, i ncreasing with great rapidity, 
To illustrate this, I will give you the specific gravities 
obtained in the distillation of 300 pounds oil of pepper­
mint by the diffusion of steam. The times and tem­
peratures and other conditions will be reftlrred to in 
some future paper. ' 

The specific gravities were as follows : 
Number of Specific 

fraction. gravity. 

1 . . . . . . . . . . . . 0 '89423 
2 . . . . . . . . . . .  0 '90650 
3 . . . . . . . . . . . 0 '91000 
4 . . . . . . . . . . . 0 ' 9 1 275 
5 . . . •  , 0'91375 
6 . , . . . . . . . .  0 '91400 
7 . . . . . . . . . . . 0 '91425 

Number of Specific 
fraction. gravity. 

8 • • . . . . •  0'91275 
9 . . . . . . . . . . . .  0 '91175 

10 . . . . . . . . . . . .  0'91100 
11 . . . . . . . . . . . .  0 '91075 
12 . . . . . . . . . . .  0 '91065 
13 . . . . . . . . . . .  0 91050 
14 . . . . . . .  . .  0 91265 

There now remains in the still one full fraction of 20 
pounds not yet recovered ; subdividing this fraction, 
the following specific gravities are found : The first 5 
pounds is G '925 ; the next 2 pounds 0 '955, and the dis­
tillation being con tinued as far as possible, the last por­
tion obtai ned is 4 ounces specific gravity 0 '970. There 
now l'emain in the still 1 2  pounds 1 4  ounces of resin, 
which,  if m i xed wit,h 7 pounds 4 ounces last obtained, 
would raise the specific gravity of the last full  fraction 
to about 0 '980. ' 

In cal l i ng the attention of Professor Fl uckiger, of 
Strassburg, to the subject, he attributes it to the 
spl i tting up of the component parts. This, however, 
seellls hard ly possible when the aroma and chemical 
reactions of the fractions are investigated. 

There are other tests and characteristics of interest 
which I would gladly notice if time permitted, but 
which will  better form the subject of a future article . 
BORACIC ACID, BORAX, AND THEIR USES, 

FOR neal'iy forty years I have been engaged more or 
less in promoting the i ntroduction and useful applica 
tion of borax. I have also visited many of the districts 
where i t  is found in  its crude state, and have gained 
much information respecting its valuable properties 
and impol·tant uses-an almost inexhaustible subject, 
into which it woul d  take too long to attempt to enter 
fu lly . I wi l l  therefore try, as briefly as possible, to 
give an out l i ne of its mode of OCCUl'l'enCe in the natural 
state, describe how it i8 col lected and manufactured, 
and exp lai n as briefly as possib le  its uses. Borax is no 
new arti�le of COlll ll1erCe, but was known to and used 
by the ancients from ti llle i l ll luemorial. Nero used 
it. Pausa regretted that he was not sufficiently rich 
to buy borax to cover the arena aftel' the death of the 
combltfltnts at the time of the com bat between the 
gladiators Lydon and 'fetrides. Doubtless its use on 
the arena was ,to deodorize the blood. At this time 
there is ll O  recOl'd of borax being found in its crude 
state i n  any part of Europe, but  it  was known to  the 
Arabians, who cal led i t. baurach . Hence its name. 
They used it to assist in reducing the oxides of metals. 

The conc l usion at which I h9.ve arrived is that the 
bomx Ilsed by Gebel', who lived in the eighth century, 
was made frolll tineal, or crude borax, wnich is found 
in IIlany lakes in Thibet. 

I II some of these lakes are numerous hot springs, the 
vapor of which contains boron, and the surface water 
is impregnated by it . E vapol'ation taking place, the 
tin cal it' found crystallized at the sides of the lakes. In 
addition to this, solid borax is found in some form or 
othel' in the soil around this district, and there is ample 
proof that u n l i mited supplies can be obtained. Tincal 
has been obtained fro l ll Yandok Cho from time im­
memorial .  It is expol'ted in small qual l t. ities hence to 
Lassa, where it is used by various workers in metal. Af­
te l' the tinca l has been collected it is bal'tered for COWrie 
shel ls, Sheffield cutlery, and Birmingham ware. It is 
thbn sold to the Kassawitris and Khampos traders, who 
arrange for its transpo l't to India on sheeps' backs. 
Each sheep carries froll1 40 to 60 lb. 'fhe transport across 
the Himalayas takes about nine weeks. Each :lriver car­
ries a distaff, which they use to spin wool d ragged 
from the sheeps' back, to lllake bags in which to pack 
the tineal. Should a sheep die on the way, its flesh is 
e!tten by the drivers, and the wool taken off and spun 
as descdbed. On the way vegetation is sometimes. so 
scarce that boughs of tl'pes have to be cut down and the 
leaves stripped , to feed the sheep. 

From Moradabad aud other parts of the foot-hills of 

the Himalayas the t.j' _AI is sent to Calcutta, and shipped 
from thence to Live. yOol, where it is refined into borax, 
and used in making the glaze for chiua and earthen ware. 
I may mention that tincal was the onl y  form in which 
borax was known in Europe until the year 1742, when 
a Tuscan traveler and geologist paid a visit to Monte 
Cerboli, Ca8tel N uovo, where he discovered a large 
number of hot springs, and uoticed dense vapors 
arising from them ; but it was not till the year 1777 
that Hoeffer found out that the stearn contained borac­
ic acid at Monto Rotondo and Castel Nuovo In 1816 
Hoeffer and Mas(',agni proposed to make borax from 
them , but the latter was too much engaged with other 
scientific labors, although he had obtained a patent 
d uring Napoleon 's rule in Italy to make boracic acid 
from the fumeroles. This right he ceded to Fossi, who 
was the first to make it in any quantities. Gazzeri and 
Browret worked some of the lagoons at Monte Ro­
tondo, but made only about 3 �  tons in twelve months 
-a most unfortunate speCUlation for them. 

In 1 818 Laderet, a Frenchman, who was staying in 
Italy, hit upon the brilliant idea of utilizing the nat­
ural steam jets oozing up so plentifully from the soil, 
to evaporate t.he water, and so increase t,he supply of 
borax at a much cheaper rate, as the gl'eat cost h itherto 
had been the wood for fuel. I must now try and de­
scribe the very simple mode of preparing this boracic 
acid , and when I first visited Italy I was never more 
astonished in my life. I made my headquarters Cast.el 
Nuovo, which is the very ceu ter of these curious steam 
puffs or fumeroles, ant.! visi ted the most important 
placeE of production , Sasso, Lustignano, Ladarello, 
Lago, and San Federigo. Scarcely any one- could 
give me any idea why the steam puffs contained the 
boracic acid, and, as I am neither a scientific nor a 
learned man, I can b ut gi ve you what I thi n k  may be 
the cause, though I Illay be al together mistaken in illY' 
supposit ion . 

My exaet meaning will be best understood from the 
accompanying diagram-al l that is seen below the sur­
face being, of course, imaginary, but, I believe, COI-rect. 
The subterranean lake, A, is supposed to be surrounded 
with crude borax vapor generated from the lake by 
deep-seated heat or fire ;  the vapor rises through t.he 
crevices, B, of the rocks ; C are artificial lakes on the 
surface of the earth ; D is  a tank wherein any i lll ­
purities fall t o  the botton, boracic acid sti l l  remaining 
in solution ;  F is the evaporating house ; E is a soffione 
vaulted over with stone and firmly bound with 
wrought iron bars ; and G are the crystallizing tubs or 
casks. N o w, it appears to me that for many miles 
round this district there exist subtel'l'anean lakes a u d  
seas-the sides containing borax in  some solid forlU  ; 
and that the internal heat of the earth affects the 
water, dissolving the borax. The steam forces its way 
through crevices and fissures , 80metimtls puffing up to 
a h eight, of eight or ten feet . 

To uti l ize the steam jets, a wooden chimney is con­
structed round those selected, which conducts the steam 
high up in the air, in order to protect the workmen 
while preparing the lagoon 01' lake. Around this is 
dug an al'tificial lagoon, about six feet in  depth and 
twenty feet iu diameter, 'fhis lagooll i8 faced with 
bl'icks 01' t i les. The wooden chimney is then removed, 
and clear water run into the lake from an adjacent 
stream. 'When it is full the water i8  turn ed off, and the 
steam whieh comes up in the c<mter of the I :�goon soon 
heats t ire water, which q uickly boi ls, the vapor !'is ing 
with such force as to cause it to bubble  up to a height 
of three or four feet. 

This is al lowed to continue for about th irtv hours, 
during which time the water gives off 11 perfume l ike 
that arising from rotten eggs. It is t.hen conducted from 
the lagoon by a wooden t rough into a l arge i t'on tank, 
placed near t.o, but slightly below, the l evel of the lake, 
when any impurities sin k  to the bottom, while the 
boracic acid remains in solution.  Frolll the tank the 
solution is conveyed th rough pipes to a series of leaden 
pans or evapo l'ators standing i l l  a large bui lding open 
at the ends and sides, but having a roof to keep out 
rain. These evaporators are placed over a brick built  
chamber, into which sttlam from another fumerole is  
conducted by a pipe at one end of the  builJing, and 
after travtlrsing the entire leugth of the buildin g, es·  
capes through a pipe at the other end.  By this means 
the leaden pan8 become heated , and drive off a good 
deal of the superfluous water, the solution thul'! becolll­
ing more dense, and while in this cond ition iUs run off 
through wooden pipes into large casks. When cool, 
the boracic acid forlll s on the sides of the casks in a 
thickness of about fi ve inches. The liq uor being 
dl'awn off, the boracic acid is remo ved and put into 
wicker baskets. After a short time it is carried to the 
drying chal llber and placed on a brick floor, which is 
heated by one of the steam jets. When dry, it  is pack­
ed in casks and conveyed to Leghorn for shipment to 
Engl and , and refined i nto borax . 

About 3,000 tons of boracic acid are produced an­
nual ly in Ital y. Besides the d istricts I have already 
mentioned in Italy. there are other,., but they are insig­
nificant. 

Chili is the next important district where borax i s  
found in  a crude state. I t i s  also found in Peru and 
Bolivia, bllt the largest deposits are in Chil i .  There 
exist largtl lI umbers of dried-up l akes contain i ng great 
quantities of borate of l i l li e  The most important i s  
kllown as  the  Laguna de  Maricunga, which , besides 

BORAX : ITS OCCURRENCE AND PREPARATION. 

borate of Hme, contains solid lJ lasselS of salt. It Is 
situated between the two h ighest ridges of the An· 
des at an elevation of 1 ,300 ft. In SOUle parts of 
the lake there are deposits of borah> of l i l lie twenty feet 
deep, so that when the business gets thoroughly es 
tab l ished , borate of lime may be collected and sold 
com paratively cheap ; and when the uses of borax are 
better known, and more demand for' it created, th i"  
crude borax will  be sent hOlJle in thousands of  tons. 
The cost of collecting it is trifling, but the carriage 
from the place of prod uct.ion to the sea coast is ex­
pensive. In my next I will  fully refer to the wonderful 
deposits of borate of soda and borate of lime existing 
in Nevada and Califol'llia, United St.ates of America. 

I believe I am correct in stating that, no case of 
cholera was ever known to have taken place in any of 
the villages where the boracic acid is made, the vapors 
arising from the lagunas acting as It charm against 
this terrible epidemic .-.A1 ·thul' Robotlom, Industrial 
Review. 

APPARA'rUS FOR OBTAINING THE DENSITY 
OF SOLIDS. 

THE specific weight of a body, which is usually con­
founded in physics with density, is the  ratio of the 
weight Of such body to the weight of an equal bulk of 
'water, or, what amounts to the same thing, the specific 
weight of a body is the weight of the unit of volume of 
such body. The following classical formula, 

P D = V' 
which is well known, shows that, in order to obtam D, 
it is necessary to know P, that is to say, the weight of 
the body, and V, its vol ume. The lllethods ordinarily 
used for such determinations are those of the hydro­
static balance, the bottle, and aero meters of constant 
volume. All such methods take time, and require a 
certain amount of dexterity on the part of the operator. 

Messrs. Brasse & Vlasto have devised a very simple 
l ittle apparatus for rapidly estimating the density of 
solid  bodies. With this, it requires but a single wtligh­
ing, which may be effected up to within a decigraul lue. 
A reading once Illade, the vol ume is known. 

'l'he apparatus is constructed as follows : A burette, 
B, graduated to tenths of a cubic centimeter, and the 

APPARATUS FOR OBTAINING THE DENSIT Y 
OF SOLIDS. 

upper extremity of which is ovoid, while the lower one 
is provided with a cock, R, is connected by a rubber 
tube, C, with a bal loon, A, having the sha pe of the 
bottles u sed for taking densities. The aperture is  
ground and fitted with a hol l � w stopper surmounted 
by a capi llary t ube provided with a datum mark. The 
lower part of the balloon terminates in a slel)der tube 
to which the ru bber t u be is affixed. The burette and 
bal loon are supported by clam ps that are m ovabl e  
around the rod ,  D. 

The mode of using the apparatus is as follows : 
It js first filled with water, whose temperature should be 
as near 15° C. as possible. Then the balloon is raised hy 
causing its clamp to sl ide along the supporting rod, and 
things are so arranged that when the level of the water 
reaches the datu lll lllal'k , the water shall enter frolll the 
other side at  the base of  the burette Then the 
division at which it stops is read. Let us 8uppose that 
we find it to be 5 cubic centi llleters. We then weigh 
the body whose density we wish to take. For the 
sake of example, we shall take statuary marble. We 
put on a scale several fragments of t.his, that are sUlall 
enough to enter the neck of the bal loon, and we find it 
to weigh 25 '4 grammes. 

We raise the bal loon, and the water then lowers 
therein, and rises in the burette, filling a port,ion of 
the bulb as it does so. We then open the balloon, in­
trod uce the fragments of marble, insert the stoppel', 
and l ower the bal loon again until the water ret.urn8 to 
the datum Illark of the capil lary tube. The body has 
d isplaced ' a vol ume of liquid equal to its own, and the 
water has therefore risen in the burette, and has 
reached a second level . A new reading is now Illade, 
and we find 14 '4 cubic centimeters. Upon obtaining 
the d ifference between the two figures read, we have 
the vol ume of the body, wh ich, in the exam ple above 
selected, is 14 '4 - 4 5 = 9 4  cubic centimeters. 

Applying the iormula, 

we have 

P D = V' 

25 '4 D = TI = 2 '702. 

By the bottle method, we find 2 '709, say an error of 
<0'0 1 .  

With b odies soluble in water, o r  upon which water 
exerts an action (such as cements, for example), sOllie 
other l iquid (kerosene, for example) is !;lubstituted. 

The apparatus is simple, and easily and quickly 
ma.n�uve:red,-,..Le Genie Civil. 
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SOFT STEEL-A NEW TYPE OF FIXED 
CONVERTER. * 

By GEORGE HATTON, Bilston. 
THE development of the manufacture of steel has, 

until recently, been almost entirely in the direction of 
large outputs, entailing increasingly large and costly 
plants. Consequently, thll revolution from iron in favor 
of steel has been very severely felt by iron manufac­
turers, inasmuch as their existing works and plant 
have not been adaptable to the new order of things. 

Some method of making soft steel of the highest 
quality in moderate but, at the same time, rapid and 
continuous quantities, and with comparatively inex­
pensive plant, has, therefore, long been desirable, and 
for this purpose the fixed converter offers many ad­
vantages. The fi xed converter is not a new invention. 
Sir H enry Bessemer conducted his early experiments 
in one, and it has been used somewhat extensively in 
S weden for many years, making steel of very high 
quality. 

. 
In using the old type of fixed converter, a great diffi­

culty experienced has been the necessity for keeping 
the full pressure of blast on during the tapping out of 
the metal after the process of conversion was completed, 
with the risk of more or less oxidation of the bath of 
metal, which oxidation would, of necessity, be con­
tinued til l  the last of the steel ran from the converter, 
owing to tuyeres being fixed on a level with the con­
verter bottom. 

M. Wittnofftt, of Bochum, Westphalia, in a paper 
read before the Cleveland Institute of Engineers, pro·  
posed, as a remedy for this undesirable after-blow, the 
em ployment of an auxiliary blast engine of consider­
ably smaller dimensions than the engine used in blow­
ing the charge, but which could be made to maintain 
the full pressure of blast, but with reduced volume. 
This smaller engine was to be started at the completion 
of the blow, and at the moment of tapping the con­
verter, the large engine being stopped, or the blast 

. from it shut off, as soon as the smaller one was in mo­
tion. Whether this suggestion was ever put into 
practice or not I am unable to say. 

The Clapp & Griffiths converter (a South Wales in­
vention) was special ly intended to meet this difficulty, 
by stopping up the tuyeres at the termination of the 
blow, and thus preventing further oxidation of the 
bath ; the risk of oxidation being further minimized 
by fixing the tuyeres in a position about half way be­
tween the converter bottom and the surface of the 
metal, so that, by the time about half the metal had 
left the converter, the tuyeres were free and oxidation 
was at an end. 

The essential feature of this converter was a very in­
genious arrangement for actuating the stoppers to the 
tuyeres. It consisted of two pistons, of unequal areas, 
attached to the spindle or rod carrying the stopper. 
The smaller piston was under the pressure of the blast 
during the operation of blowing, and served the pur­
pose of holding back the stopper from the tuyere, the 
larger piston during that time being under atmospheric 
pressure only;  but on the admission of the blast behind 
the larger piston at the end of the blow, which was 
done by simply opening a hand cock, the pressure on 
the larger area overcame the pressure on the smaller 
area, and the stopper was at once driven against the 
back of the tuyere, closing it with the exception of a 
very small hole provided through the center of the 
stopper, which was necessary to admit sufficient blast 
to keep the metal from coming back through the 
tuyere. 

A Clapp & Griffiths converter was erected- and start­
ed at the writer's works at Bilston early in 1884, but 
several practical difficulties were met with, due to the 
construction of the converter. The position of the dif­
ferential piston and stopper appliance, immediately 
beh ind the tuyere, and on a lower level than the metal 
JilIe (a position of danger), was very objectionable, 
owing to the delay in, and costliness of, replacing them 
if damaged. The exposure of the back end of the 
tuyere, and of a large area of lining material, to the full 
pressure of blast in the blast box, added considerably 
to this danger, it being difficult to keep the lining tight, 
the blast hav.ing a tendency to penetrate the j oirits and 
prod uce outbreaks of metal into the blast box. These 
faults, and the general inaccessibility and immovable 
character of the converter lining and bottom, causing 
great difficulty and delay when repairs were needed. 
led t h e  writer, after a short experience, to design a fixed 
con verter upon en1Jirely different lines, with a view to 
overcoming these difficulties. 

converter, a hydraulic ram-which is  actuated by a pair 
of manual pumps fixed any convenient distance away­
then passes up through the center of the bogie, taking 
the weight of the lower section, and after the cotters 
are removed from the bolts and the tuyere pipes dis­
connected, gently lowers it on to the bogie, by which 
means it is then removed to the repairing shed. The 
new lower section can now be brought into position 
under the center of the con vert er, and raisfld by the 
ram and cottered to the middle section, the joi nt being 
made with a little plastic ganister, placed on the edge 
of the lower sect.ion, j ust before raising it into position. 
When the converter is blowing, the hydraulic ram is at 
rest, and entirely below the floor level, covered with a 
plate, and further protected by a bed of sand, sOllie ten 
or twelve inches thick, from any possible dalllage from 
hot steel 01' cinder. 

The blast connections to the tuyeres are so arranged 
that no costly valves or blast boxes are exposed to 
danger behind or on a level with the tuyeres, the blast 
being conveyed separately an d directl y  from the 
blast chamber to the center of each tuyere, passing 
thr�mgh the valve and down the cast i ron pipe, 
WhiCh latter has a ball and socket connection to the 
valve, and is held in position by a bri dle and set pin. 
The lower end of the pipe is faced and bolted to the 
cast iron tuyere block, which is also faced. and at this 
p�int a thin asbestos millboard ring forms' an air tight 
JOIllt. 

When changing a lower section, it is not necessary to 
remove the connecting pipes. Thev are unbolted 
the set pins in the bridles are slackened, the pi pes the� 
swing back into an oblique position, and are there 
!Ield 1?y the !:>�idle8 by retightening the set pins, and 
III thIS posltlon are out of the way of the lower 
section. 

The valves are of the ordinary baffier type, are all 
connected together by levers, and can all be closed or 
opened by the movement of one handle. 

Each valve has a hole � inch diameter, through which 
sufficient blast passes while the valve is closed to sup­
port the weight of metal in the converter, and keep it 
out of the tuyeres during the process of tapping. The 
nose of the converter is accessible from an upper plat­
form, and a movable spout is provided for the purpose 
of charging scrap during the blow. 

The charge is run direct from a cupola, and consists 
of about 46 cwt. of hematite iron, the blast being put 
on at the convel·ter at the moment the cupola is tapped. 
The blow usually lasts about fifteen to eighteen min­
utes, and j ust as the carbon blow is commencing, most 
of the silicon being by then eliminated, a greater por­
tion of the slag is allowed to boil out at the slag hole ' 
this lasts about one to two minutes, when the hole i� 
st.opped up for the remainder of the blow. The charge 
is blown right down-that is, till the carbon flame has 
di�appeared-when the signal is given to tap out ; at 
thIS moment the valves are closed, and the steel instant­
ly begins to run from the tapping spout. Ferro-man­
ganese, finely crushed, is added in the ladle while the 
steel is running from the converter, in about the pro­
portion of 20 lb. per ton (for 80 per cent. manganese). 
The quantity of steel produced per blow is about 2 tons. 

The pressure of blast used may be from 5 to 8 lb. per 
square inch ; in no case need it ever exceed about half 
that required in the ordinary Bessemer process, or say 
10 lb. as a maximum. 

The rapidity with which the converter can be worked 
depends very much upon the facilities at hand for deal­
ing with the steel produced. 

At the writer's works, twenty blows per shift of twelve 
h?urs have been don�, but, with more efficient casting­
PIt arrangements, thlS output could be very consider­
abl y increased. 

The usual numbers of Bessemer hematite pig iron 
are use<;l, the percentage of silicon preferred in the mix­
tur� belllg ::tbout 13:( to 2 per cent. When working 
rapIdly, WIth surplus heat, a considerable quantity 
of scrap is added through the nose during the blow. 

The steel produced by this process is of the highest 
qual�ty, r�mar�ably soft, aI?-d particularly adapted for 
weJdmg. It bemg largely III demand for lap-welded 
!>OIler tubes and other similar purposes ; it is also made 
mto boiler J?lates, and is �argely made i nto stamping 
sheets and tm plates for dIfficult work. Samples of .it 
are to be seen at the Bingley Hall Exhibition. 

The carbon is exceedingly low, averaging from 
0'05 to 0'10 per cent. , and seldom exceeding 0 '15 per 
cent. 

The silicon seems to be morfl thoroughly removed 
than in the Bessemer process, which is a great advan­
tage, and is probably d ue to the less acid character of 
the slag at the end of the blow, resulting from the re­
moval of the greater portion of the siJiciou8 slag at the 
end of the silicon blow as already described, the follow 
ing being the analysis of the slag at the termination of 
the blow : 

FeO. 
41 '90 

Sf 0 •. 
46 '22 

MnO. 
6 97 

Al.O •. 
4 89 

The tensile strength of the steel is about 24 to 26 tons 
per square inch, with elongations averaging 25 per cent. 
Some analyses are as follows : 

c. SI. s. 
0 ' 04 trace 0 ' 07 
0 ' 07 0 ' 009 0 ' 02 

trace 0'008 Q ' 05 

P. 
0 ' 06 
0 ' 05 

Mn. 
0 ' 30 
0 ' ll7 
0 ' 30 

A 8ectional elevation of this new converter is exhibit­
ed, from which its general construction will be readily 
understood. The whole is rigidly supported on four 
strong cast iron columns, and for convenience Of con­
struction is attached to them by the blast chambers 
which form part of the middle section of the converte; 
shell. The lower section is readily detachable, and 
is secured in position by cotter bolts passing through 
the flanges, or by other suitable means. This lower 
section is made sufficiently deep to enable the por­
tion of the lining liable to the greatest wear, togeth­
er with the tuyeres, to be removed with it, so that, by 
simply changing a lower section, in a very short space 
of time a converter can be completely renovated, and 
in this way can be kept at work night and day, almost 
continuously. The lining of the middle and lower sec­
tions consists principally of ganister, rammed hard, ac­
cording to the usual method of lining Bessemer con-
verters. T!J.e advantage claimed for the process over th e 

It has been found more convenient to line the nose ordmary Bessemer process. apart from the q uestion of 
or upper section, with silica bricks, and a course of cost C?f ou�lay, is that a better quality is produced-one 
silica bricks is used as a support to the ganister lining that IS umformly softer and more reliable ' the reason 
of the middle section, making it safe and independent for this being that the action in the conv'erter is less 
when the lower section is removed. violent. The charge can always be blown right down 

The tuyeres are of fire brick, and preferably of square with less risk of oxidation, owing to the fact that th� 
outer section, with a single round taper hole through final changes take place less rapidly ; this is due to the 
the center of each, 1% in. diameter at the inner end. low pressure of the blast and to the fact that instead 
'fhese tuyeres are so placed as to be about 6 in. below of ��e whole �harge being c�>nstantly penetrated and 
the surface of the molten metal, and about 10 in. above ?xIdlZed b.y dIrect contact WIth the blast, as is the case 
the bottom. The bQttom of the lower section is made -m the ordI!la ry bottom-blown Bessemer converter, only 
with silica bricks, set in ganister upon a bed of loam a!Jout a thIrd of .the charge is �ubject to direct oxida­
sand. One or more dupli.ate lower sections are provid- t�on at any one tllI,le, a fu.rther lll�lTect process of oxida­
ed, and as they are removed, with their linings worn tlOn at t1;le same tIme be.m.g ca.rried <:m by circulation 
out, they are repaired and placed in a stove to dry and and !l'dmiXture of the OXIdIzed Iron WIth the remaining 
keep warm till wanted. portIOn of the bath: 

The JDethod of changing a lower section is simple. A Further, �y tappmg the steel from the bottom of the 
bogie l'unning on rails is placed under the center of the charge, all Tlsk of taking up particles of partially con­

verted metal, which may adhere in and around the 
• Read belore the British A!sociation, Birmingham meeting, Section B. nose, and contain more or less silicon, is avoided, as is 

also all unnecessary contact with slag, which remains 
on the top of the bath, and only runs from the con­
verter after the steel is in the ladle. 

.Some advautagQs of this process, compared with the 
SIemens process, are that-where only a moderate out­
put of steel is req uired-the constant and regular pro­
duction of ingot.s enables soaking pits to be economi­
�all� used, instead of the more cost�y method of heat­
mg m furnaces. Also, softer matenal (lower in carbon) 
can be made with r�gularity and certainty ; also, 
Welsh or other h ematItes mad e from Spanish ore con­
taining a larger percentage of manganese than 'west 
Coast brands, can be used with great advantage-in 
fact, are preferred-and wll l n n ot used alone, are al­
most al ways used as a mixture with West Coast iron. 
. This con verter is well adapted for making steel cast­
mgs. Though the plant at the writer's works has not 
been designed with that view, castings weighing from 
a few pou nds to upward of one ton each have been 
�epeatedl y  made, and always with success. The follow­
mg .are analyses of some of them, which, though rather 
val'lable, the castings were all sound and satisfactory : 

c. SI. S. Mn. 
0 ' 16 0 ' 113 0 ' 18 
0 ' 50 0 ' 30 0 ' 027 0 ' 99 
o 42 0 ' 046 ' 0 ' 04 0 '46 
0 ' 66 0 ' 50 
0 ' 28 0 ' 181 

ACTION OF MANGANESE ON THE PHOS­
PHORESC ENT POWER OF CALCIUM CAR­
BONAT E. 

By EDMOND BECQUERKL 
ICELAND spar is one of the fi rst substances \I l1ich pre­

sented to the author a luminous appearance in the 
phosphoroscope after the previous action of lumin­
ous rays. The color of the phosphorescent light i s  
orange, but there are very great d ifferences in t h e  in­
tensit.y of the light emitted by different specimens. The 
presence of foreign m atter can very much modify the 
phosphorescent power of certain bodies, and it was there­
fore im portant to examine if  the differences of lumin­
ous effects given by various specimens of calc spar 
might not be due to the presence of a m inute trace of 
foreign matter mixed or combined with the spathic 
calcium carbonate. The most I uminous crystals of 
spar, orange in the phosphoroscope, con tain a moder­
ately high proportion of m angan ese, probabl y in the 
�tate of carbonate ; there were scarcely any traces of 
Iron. carbonate. Fragments of calc spar, sti l l  very 
lummous, contained manganese in less proportiolis 
and less brill iant specimens contained only ,'ery little: 
or none at all if examined by ordinary analytical 
methods. 

Synthetic experiments lead to the same concl usion as 
the analysis of the natural crystals. These results show 
distinctly the action of manganese. Calciu m  carbon­
!lte obtained by di�solv�ng fragments of Iceland spar 
III pure hydrochlorIC aCId, even after several successive 
precipitations with ammonium carbonate, always led to 
the preparation of sulphides having an orange phos­
phorescence, while when the raw material used is arra­
gOl!ite the phosphorescence is al ways of a bright green. 
It IS probable that the orange phosphorescence is either 
due to a double manganese-calcium carbonate or to 
the fact that the presence of manganese gives to the 
calcareous com'pound a peculiar molecular arrange­
ment, whence results a phosphorescent power more or 
less energetic and a luminous emission of a given color. 
This substance would then merely exalt the intensity 
of the light eIllitted by the spar. 

The author has shown that the crystalline form mar 
interfere in thes� luminC?us �eactions, since all the speCi­
mens of arragomte stud Ied m the phosphoroscope emit 
a green instead of an orange light. Other bodies be­
sides manganese can produce, in calcium sulphides pro­
found modifications m the intensity and the quality of 
the light emitted ; such are lithium carbonate, bismuth 
antimony, various sulphides, etc.- ahem. Dews. ' 

CHLORINE IN RAIN WATER. 

By EDWARD KINCH, Royal Agricultural College, 
Cirencester. 

DETERMINATIONS of chlorine in the rain water col­
lected in a sme II five inch rain gauge, at the Royal 
Agricultural College, 443 feet above the mean sea level 
have been made continuously since 1870. The rain col: 
looted during the six months April to September is 
kept apart from that of the six winter months October 
to March. The chlorine is determined in the mixed 
waters of each six months. 

'fhe amount of chlorides in the rain is nearly always 
greater in the winter months than in the summer 
months. An abnormal amount of chlorides can gener­
ally be traced to storms from the southwest bringing 
salt spray from the Bristol Channel, about thirty-five 
m iles distant. Crystals of common salt have been 
found

. 
after such storms on the windows of the College 

facing west. On one occasion, in September 18G9 
Prof. Church found chlorine equivalent to 6 '71 'grains 
of common salt per gallon in storm water. _ 

The rain collected during the winter six months 
1872-73, cont.ained an abnormally large amount of cblo! 
rine. Excluding this period, the yearly averages for 16 
years, 1870-1885, for the 12 years 1874-85-86 also 
the .means of the last 12 summer periods and 12 �nter 
perIOds are : 

Rainfall in 
inches. 

Mean of 12 summer periods to 1885. . . . . . . .  . . . . . . .  . . . .  17'04 
Mean of 12 winter periods to 1� . . . . . . . . . . . . . . . . . . . . . . 17'65 

Chlorine 
p'er 

mIllion. 

3'14 
3'58 

3'25 

Equivalent 
to NaCl per 

acre. 

19'91 
28'58 
40'38 

Averall'e for 16 years (excluding 
wmter) 1872'-73. . . .  . . .  . . . . .  38'31 

Average for 12 years to March. 1886 . . . . . . . . . . . . . . . . . . . . . . . . . 84'69 3'36 43'47 
�awes, Gilbert, and Warington have found in the 

ram collected at Rothamsted, as a mean of six xears' 
monthly determinations, 1 '99 of chlorine per mIllion 
with a mean rainfall of 33 '15 inches, equivalent to 24'59 
lb. of common salt per acre. They found the amount 
of chlorides in the summer months to be les8 than one­
half that of the winter months. 
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- WATER, IN SOME OF �TS PHYSICAL AND 
CHEMICAL ASPEC'l'S, * 

bulk. When, however, we reach 40°,  or thereabout, on I Wherever we fi�d animal or veget;Rble life, t�epe we 
the Fahrenheit scale, water begins to prove an ex<:ep- have hydrog�n III a stat.e of combmatlOn. 'I he la�e 
tion to the general rule of expansion and contractlOn. Mr. Pepper, III one of his lectures at the Polytechmc 

By THOMAS NEWBIGGING, M. Inst. C. E. Instead of continuing to become less in bulk by the Institution in London, said that it had been calculated 
application of further cold, It immediately 'begins t� that if a man �eighinl: 10 stones were squeezed flat WHEN it first occurred to me to give a lecture on this expand, until, when it reaches a temperature of 32 under a hydraultc press, 731 stoneFl ;01 water WOUld. be subject, my intenti<;>o wa� to have tre!tted of .water Fahr. and freezes, the frozen mass is found to occupy produced, and 272' stones of ory resIdue wo.uld remam ; from the point of vIew, not so much of Its c�nstituent more space than the liquid from which it was formed, and he facetiously remarked that a man IS, th�refore, elements as of its physical effects, and also of Its effects, The force of this expansion is so great as to he irresist- chelll ically speaking, 35 lb. Ot carbon and mtrogen uses and drawbacks in relation to gas manufacture. ible. . This can be shown to some extent in the next diffused through 572' pailfuls of water. This gas, as, On �econd thoughts, however, I determined to begin experiment. [Expel'iment.-An iron bottle was bur!lt of course! you know, can .b� pr<?d u ced in many ways. with the A B C  of the subject ; making an introductory by the expansive po wer of a few drops of water III The readiest way of obtalll lIlg It for our present pur­lecture of this, and at a future time, as opportunity freezing.] . pose ls by the actio� of :pleces of zin� or iro11 on water, offers, pursuing the su bject in its more extended and There is scarcely anything more remarkable than assisted by sulphurIc aCId . [Expel'w!,€.nt.-Hydrogen practical applications in 0!1e or two further lectures, this beneficent provision of nature. .Were the w�ter gas was <?htamed by t� e d�coH?posltlOn of water.] if I do not weary your patience, Although, therefore, to fol low the ordinary law of contraction, by the tune Thol?gh hIghly COl,n bustlble, It wil l  not SUP,P0!'t C?lll­I must needs be somewhat elementary on this occasion, it was turned into ice it would. be 80 reduced in size as bustlOn, as you WIll  see when 1 pl unge thiS Igmted it  will do none of us any harm to rub up our early to be much heavier bulk fOI' bulk, than water in the taper into a jar of the gas. The gas i tsel f is ignited on knowledge of and experiences in chemistry ;. indeed, I liquid state. The �on8equence of this, if it were pos- contact . whh . the flame in . the I?rese�ce o� the oxygen sometimes think that by occasionally revertmg to �rst sible to occur, would be simply disastrous. Layer after of the alr, while the taper I tself IS e;xtmgUlshed. . principles, we smooth our way to the understandmg layer of the frozen ice (say of a river or lake, or of the The. lecturer �han pr�ceeded �o give a number of m­and the elucidation of the more difficult problems that sea) would sink to t.he bottom, and, in the course of only terestmg experIments, IllustratIve of the nature and engage our attention. a brief winter, the myriad forms of life existing in our properties of tbe two gases ; and concluded as fol-In the wide range of subjects for study outspread waters would be extinguished ; and al l the heat o� ,a lows : . before us each of them full of so much that is useful long summer would he in'sufficient to restore the Im- We have thus got to the end of our task ; and If we and inte�esting I cannot conceive of one that is so well mense body of ice to the liguid form. rightly apply the moral it conveys, we shall.have learnt calculated to a�rest our attention, and satisfy our thirst Water is never found in nature in It pure state. that it is not necessary to travel to Japan m search .of for knowled<Ye as the study of the science of chemistry. Many earthy and metall ic su bstances are found dis- wonders. They lie a� each of our doors ; ' th.ey rise To an asselllbl�ge of gas engineers and managers, it is solved in it, giving it its various objectionable or around us on .every Side . . The thoug�tful mmd can superfluous to say t�lat tl;1is knowl�dge of . c.he�istry is medicinal qualities. as the case may be, ·Of these lat- always appreCiate the sentIment of our Immortal bard indispensable to their takmg a leadmg posl tlOn 1Il their ter are the waters found in the neighborhood of Harro- when he speaks of profession ; but even to outsiders who are almost .en- gate and elsewhere. The character of hardness or " Tongue!! in trees, books in the running brooks, tirely ignorant of the subject, aud who are apt t� thmk softness in wate:r also, as you well know, is due to the Sermons in stones, and good in everything." that it concerns only those who have to do With th,e matter it holds in solution. Even water as it descends cure or amelioration of disease, or those whose busI- in rain from the clouds of heaven-nature's grand rns.- The commonest objects under the eye of patient in­ness it is to extract the lovely color from the crude and tillery-is not perfectly pure. In i ts downward passage vestigation and research assume such shapes of beauty unsightly substances which exist in nature-even to to the earth, it becomes impregnated. Illore or less, as i magination dreams not of. From " the daisy's outsiders. with certain gases existing in the atmosphere. Water shadow on the stone," if we view it in the light of a I say a knowledge ot the principles of chemistry in a state of purity can on ly be obtained by d i st i l lation wise and genial philosophy, we may gather lore not would be of the truest use in their  various occu pations ; by artificial means ; and so obtained it is found to con· l ess ennob l i n g  in its influence than the lessons taught nay, to all of us, even in Illany of our . alllusel�ents. sist of the two simple gases oxygen and h ydrogen, and ll S by the ph enomena of the gravitation of worlds. To And why should not we all, whatever our profeSSIOn or these are combined in the proport.ion, by weight, of understand the ronnding of a bubble involves the ap­employment, dive into the secrets of nature, and by one part of hydrogen to eight parts of oxygen-that is p l ication of the deepest principles of mathematics. unraveling or endeavoring to unravel them, reap the to say, 1 gr" or 1 oz. , or l Ib. of hydrogen chemical !y The willfully ignorant lIIan enjoys but a moiety of life : , reward of expanded intellect and the rich blessi,!g that, joined to 8 grs . ,  or ti oz. , or 8 Ib, of oxygen produce m " A  pri m rose by a river's brim, awal·ts the discovery of truth?  We have not, mdeed, t t f 't 9 s or 9 oz or 9 lb as the ca�e a s a e 0 purl y gr . ,  

" .
. ,  0 A yellow primrose is to h im, · arrI· vnd at a true conception of our responsi bilities un- · b f th b t ce hl'ch we call water c· 

I mav e, o e su 8 an w . And it is nothing Illore. " ti l we are convinced that it is a part of our duty in ife It is curious and wonderful, when we come to think to make ourselves acquainted with the marvelous of it-and we are here for the purpose of thinking of it  Studying nature. we find the true philosopher's stone, works of God-to study and investigate, so far as we to day-that the two gases, oxygen and hydrogen, of we dive into the depths of w i sdom. Nay, we grasp the have time, means, and ability, the laws which control which water is  composed, in their separate and uncolI�- very essence and source of all wisdom; for, in the quaint our existence and the existence of all created nature ; bined state, are quite impalpable to the senses . In theIr and beautiful language of Cowley-one of England's and by disseminating correct views among our �ess effect.s they certainly speak a most wonderful language. sweetest poets of a bygone age-privileged fel low cre!1tu�es, win them !rom de,gra?mg' Now, .it al ways strikes me as something ve!'y rem�rk- " If we would open and intend our eye, pursuits to the cultn'atlOn of the 10ftI�st aspll'atlOns, able indeed that two gases, impalpable to eIther SIght We all .  like Moses, miO'ht espy, and so increase the SUUl of- human happmess, f I '  h Id when chellll'cal ly cOltlbl'ned go to ,., or ee mg, s on , ' Even in a bush,. the radiant Deity." , At the outset I woul d  have it fully understood, as I form that beautiful liquid which l inks continent to 

CRYSTALS IN WHISKY. 

have alreadv explained, that, under the circumstauces, continent carries our ships u pon its bosom to distant the present 'lect ure is elementary in character. My ex- lands tu;ns our water-wheels and drives our steam­periment.s wi l l  be �imple  and easy to be understood ; engin'es, refreshes us when we are thirsty, and,  in the YOIl will therefore bear with me if I should seem t? bath i mparts vigor to our frame. It would be easy To the Edit01' of the Chemical News : trifle wi t h  the gravity of your years and larger experl- also to dilate on the poetical side of water, as it sheds A closely felted mass of fine silky needles was ence, At the same time, well known though the facts fertility over our otherwise .barren fields in. the �hape brought to me . some time since as hadng been dis­may be that I shall try to elucidate, let it be remem· of rain and dew-that beautIful dew of WhICh Milton, covered in a bottle of whisky. Analysis proved them bered that onl y about a century ago some of them speaking of Morning in Paradise, makes one of his to be Epsom salts, hut in a form which was new to . were l !Iyste ries'to the wisest philosophers. loveliest pictures : me. The constirn tion of water was at that time unknown. 
" N  ow Morn, her rolSY steps in  the eastern clime, I find that such a mass may be produced by mixing As yet no ad venturous spirit had explored that un-

Advancing sow'd the earth with orient-pearl. " a solution of the salt with a proper proportion of alco-traveled territory, or described its hidden wonders. It hoI showing that the salt had been added to the whisky had been for a period of many thousands of years a But I forbear. in �queous solution. constant associate of mankind-whether as the mighty It is remarkable, in connection with this branch of A very pretty experiment on crystallization may be ocean enci rcl ing  the land, the broad river sweeping on- our subject that the elements of which water is com- made by adding methyla;ted alcohol to. IL m�derately W'aTd to the sea, the gentle streamlet bringing glad · posed bear 'a marked and striking contrast, i� tb�ir strong solution of magnesl Um sul phate till a shght per­ness in its track ,  the dewdrop sparkling in the lily's properties and effects, to the effects and propertIes dlS- manent turbidity appears, and immersing the vessel in bosom, or , the tear on some fair lady's che.ek. As all played by the same elements when in a state of chemical cold water Stellate tufts of crYEtals soon separate, these, and more, it was, as now, the compamon of l !Ian; combi nation. Instead of extinguishing flame, as water having about the same specific gravity as the liq uid, in ana yet i ts wealth of h idden poetry was unknown and does, the oxygen gas o� which eig�t-ninths by w!'light which they remain suspended, and rapid ly  grow till unrevealed. of every drop of water IS compos�d IS a� extraordInary the whole l iquid has become a l tIass uf matted needles. You will not therefore deem it trifling to witness the su pporter of Clombustion. BurnIng bodieS of every de- If the turbid solution, before crystallization commences, experiments which will  be performed, though �hey scri pt ion, when i mltler.,ed in an atmo,sphere of o.xyg.en is poured into a watClh glass al1d examined under the may already be familiar to you. In truth , there IS so , gas, burn wUh ,
g'reat l,y ,

increased rapidity and WIth } n- ! microscope through an inch objective, the effect is re­much of . mystery yet le�t about thellt , that, t.o t�e tense and dazzlwg bl'llhancy. Hydrogen �as, of Wh ICh ltIarkably beautiful. thoughtful mind, they Will bear to be repeated agal!l the remaining one-ninth part of all 'Water Is .composed, I have determined the water in the fine, light silky and again. Beside,., in one lecture I can only, as It is  one of the most combustible substances 1Il nature ; needles and find them to be MgSO •. 7H.0. were " touch the hem " of this wonderful . garment of .and if, when h�drogen gas is be�ng c�)Ilsumed, a stream ' PRACTICAL CHEMIST. natu�e. of oxygen gas IS made to flOW ' lIltO ItS flame, the most 
Water, as you well know, at the ordi!1ary temperature intense heat ever yet attained .can. be produced, II?-­

and pressure of the atmosphere" eXIsts as. a colorless deed so extreme is the heat whICh IS developed by thIS 
liquid ; having no tast�, and bemg de':,old of <?dor, lIlea�s, that no instrument has yet been invented to 
When its temperature IS reduced to 32 Fahr. , It as- measure its intensity. ' 
sumes the solid state, as ice. If its temperature be Let us now speak separately of the two constituent 
raised to 2 12° Fahr. ,  by the application or heat, water gases of which water is com pos,ed .. We will turn our 
begins to boil, and it is vaporized into steam. 'Ya;ter, attention first to oxygen. ThiS IS by far the most 
therefore. exists in three different states or conditions widely distributed sn bstance in nature. It constitutes, 
-the solld, the liquid, and the vaporou�. . By the as I have said, eight-ninths of all the water on the sur­
application of heat we can convert the Ice mt.o the face of the globe and floating in th.e atmosphere. One­
liquid state, and by the agency of c�l� we c�n �lso con- fifth part of the air we breathe is composed �f t�is  gas. 
vert the vapor or steam to the orlgmal lIq UId state. ; Most anim;tl and vegetable substances conta;m It ; and 
and, as we well know, it is by takin� advantage of th.ls it is computed that. one-third of the total welg�t of t�le 
latter circumstance that we are enabled to obt!tm crust of the earth i s made up of oxygen .  Annllal lIfe 
economy in motive power by means of the condensmg could not exist without it. It is  that which, diluted 
steam engine. with nitrogen, we take into our lungs, and .which 

The late Professor Faraday had a favorite experi- oxidizes, or burns up, the carbon sU8pe�ded I� our 
ment bv which he i llustrated the condensation of steam blood, thus support.ing the heat of our bodl�s. ThiS gas 
into water, and its effects, which I will reproduce. was d iscovered in the year 1774 by Dr. PrIestley, and 
[Experiment.-The steam produced by �e�ns o! water was named by him " dephlogisticated air. " Lavoisier 
raised to boiling point was condensed wlthm a tm tube afterward gave it th� name of . . .  o�ygen," fro I,! its pro-
9 inches long and 3 inches in diameter, provided with perty of forming aCIds. It IS slIghtly J.!.eavler than 
a' stop cock at one end, the effect being to cause the atmospheric air ; its specific gravity bemg 1 · ] 056 .as 
tube to collapse. 1 Incidentally, we are here taught the compared with ai l' as 1 '000. Oxygen gas can be obtalIl­
lesson that on the condensation of the steam within ed from many of the substances which contain it-from 
the tube, a partial vacuum was form�d ; an<tas the tu�e water, among others-by decomposition ; but the 
was not of sufficient strength to resist the atmospheriC process is expensive when. attem pted on a large sc�le. 
pressure of . about 15 lb. to the sq uare inch, it col- The red oxide of mercury IS the substance from whtch 
lapsed. it was first attracted, by heating which in a small 

When water is converted into steam by the agency of glass tube or flask oxygen is readily obtained . . When 
heat, 1 volume is expand,ed into 1 ,700 volumes-that !s it is desired to have it pure, chlorate of potash IS used ; 
to say, 1 cubic inch of water can produce about 1 cub�c an d it is from this substance, mixed with a lit.tle binox­
foot of steam. It follows, therefore, that the cubIC ide of manganese, that I will produce it on the present 
foot of steam is, by the application of cold, cond<;nsed occasion. LExperiment -The production of oxygen. ] 
to its original space of 1 cubic inch at the ordmary Hydrogen gas is the li�htest known substance th3:t 
temperature of our atmo�phere, or (say) about 6110 Fahr. can be weighed. It is nearly 15 times lighter than ordI­
If we apply a still lower temperature to the water (say, nary atmospheric air ; its specific gravity being 0 '0691 as 
down to 40° Fahr.), we shall find that a further contrac- compared with air as 1 '000. Fifty cubic inches, or a 
tion in its bulk will take place. measure of about 3 gills, of air weigh 1472' grains. Fifty 

So far as we have gone, water fol lows the ordinary cubic inches of water weigh, in round numbers, 14,000 
rule which we apply to other substances. If they a:e grains ; 50 cubic inches of mercury wei�h 200, 000 gr;Rins ; 
heated, they expand ; if cooled down, they contract m while 50 cubic inches of hydrogen Welg� l:)Ot a slU�le 

grain-so light is thi,s gas. Hydrogen IS an essential .. A lect.ure. with experiments, delivered before the Manchester Dis-
CO'llstituent of animal and vegetable substances. trict Institutio.n of Gas Engineers, Saturday, Nov. 27, 1886. 

NEW SPEC'.rROSCOPE. 

A NEW form of f'pectroscope has been devised by G. 
Kri1ss which is well adapted for the work of the chem­
ical l�boratory, both qualitative and quantitative. * 
Its fundamental form is that of the Bunsen and Kirch­
hoff instrument ; but a variety of m?difica;tions and 
additions have been . made, .to render It avatlable as a 
universal spectroscope .  An . uprig,ht pil!ar sUPI?orts a 
table on which rests the prIsm, and WhICh carries the 
observing, collimating, and scale telescopes. :rhe 
collimating telescope has no dra;w tube.. It IS  pro�'Ided 
with two slit plates, one of whIch carrIes the ordmary 
single slit for qualitative I?�rI?oses, the other the ?-ouble 
slit of Vierordt fOl' quantItative work. These silts are 
strictly parallel to the axis of the prism and are opened 
and closed symmetrically on the two s!des of this axi�, 
by micrometer screws, whereby the Width of the slIt 
may be determinfld. The knife edges of these slits are 
made of platinum, and are so accurately worked t.hat 
no horizontal lines appear in the spectrum even when 
the slit is open by only one or two divi8ion� of the 
micrometer head (0'002 to 0 '004 mm.) . Two pnsms are 
provided ; one a single flint prism of 60° of a dispersion 
of 4' 1 8' between A and H2, the other a so-called Ruth­
erfurd prism, having a dispe�sion �f 8' 2' be�we�n the 
same limits. By an automatIC deVICe the pnsm IS kept 
at the angle of minimuni deviation for the part of the 
spectrum under ohservation, The scale is fixed in its 
telescope so that it is in the principal focus of the ob­
ject glass and so that its 100th division comes midway 
between the D lines. The observing telescope magnifies 
about seven diameters, By means of a micrometer 
screw with a divided head, it is moved in a horizontal 
plane  about the vertical axis of the instr,nment, the 
amount of motion being measured by an mdex mov­
ing over a graduated arc u pon the end of tl;1e. �xed 
arm carrying the telescope: The value of the d lvls�ons 
on the micrometer head III terms of the graduatIOns 
upon the arc, and the ,value of �hese in terms of t�e 
scale divisions, are easily determmed. Moreover, thiS 
telescope has a micrometer eyepiece ; so that spectrum 

"Constructed by A. Kr11Bs of Hamburi. 
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measurements may be made between two colors whose 
wave lengths differ by only 0'000,000,000,015  millimeter. 
The slide which carries the cross wires of this micro­
meter carries also the Vierordt slit, whose width is ad­
justable by the same screw that woves these cross 
wirer;. The author thinks that the results obtained by 
this instrument when used as a tlpectrophotometer are 
fully equal to those obtai nable with polarizing instru­
ments.-Ber. Bert. Chem. (les.; Amer. Journ. 

THE STANLEY EXPEDITION FOR THE RELI EF 
OF EMIN PASHA. 

. EVERYBODY seems agreed that Dr. Schnitzler, better 
known as Emin Bey, but  recently crell-ted Emin Pasha, 
ought to be relieved ; for he does not want to be res­
cued. For ten years he has been in the Egyptian ser­
vice, most of that ti me as Governor of the Eq uatorial 
Province, which, in spite of the Mahdi  and h is  hordes, 
the death of Gordon, and the collapse of the Egyptian 
Soudan, he continues to administer with success, and to 
the comfort and satisfaction ()f all but slavers. What 
Emin Pasha has done for science in the little leisure 
left him by his arduous duties, the readers of Pete?'­
mann's Mittheilungtn and the Proceedings of the Zoolo­
gical Society know. He is a good type of the kind of 
explorer that is wanted now that Illere pioneering work 
has been pretty wel l exhausted ; a man well qualified 
by his scientific training to remain in a particular region 
for years if necessary, and st.udy it in all its aspects. We 
have had such men ill the past. SOllle of the greatest 
names in science could be mentioned as examples. We 
do not insist in these pages on the great services which 
Emin Pasha has rendered to civilization during his resi­
dence in the Soudan, first as the noble-minded Gordon's 
lieutenant, and latterly as o[Je w ho, in the spirit of 
Gordon, resolved to stick to what he conceived to be 
the post of duty at all hazards. Our own government 
has virtually  admitted i ts  responsibi lity for the present 
position of EUli l l  Pasha, but has weakly attempted to 
shirk its  d n ty by devolving the business of relief on 
private individuals. Should disaster happen, however, 

o 100 200 300 400 !;OO E,!GL I  SH MllE.�. 

to Etnin Pasha or to any expedition sent to his relief, 
we may be sure that public opinion will not b lame any 
private individuals. Government, however, has gone 
so far as to promise every assistance short of contribut­
ing money. 

Wadelai, where Emin Pasha is stationed, is only f!l20 
miles, and thus is the shortest of all the routes. Mr. 
Thomson has traversed this route to within 300 miles 
of Wadelai, and these 300 miles a.re as yet unexplored. 
The most formidable difficulty here would be the belli­
cose Masai, but these, Mr. 'l'holl!son has shown, can, 
after all, be managed. . By keeping wel l  to the east, 
there would be li ttle danger of the cruel young potent­
ate of Uganda hearing of the expedition, and so the 
l ives of Iili�sionaries and native Christians would not 
be endangered. Next is the Uganda route, which is 
u nderstood to be favored by M r. Stanley, and which is 
1,050 miles in length, and all previously traversed. 
Most tempting of all the routes, if exploration were the 
only object in view, would be the Congo-Mobangi 
route. 'fhe Mob angi is one of the greatest of the 
tributaries 'of the Congo, and has been navigated for 
about 250 miles by Mr. Grenfell. On the other hand, 
Dr. Junker has been down the Welle·Makua to 22" E. ,  
within about 200 miles of Grenfell's farthest. Now, if 
we were certain that the two rivers were one, in spite 
of the rapids on the Makua, this is a route we 
should be strongly inclined to support. But no risks 
should be run, and no experiments tried in a matter so 
critical. By all means send an expedition by this route, 
and solve OIle of the few remainitlg hydrographical 
problems in African geography. We must say, how­
ever, that those best acquainted with the levels in this 
region still maintain that the Welle does not come 
down to the Congo at all, or, if it does, not by the 
Mobangi. This route is 1, 900 miles in length. The 
Abyssinian route, in our opinion • .  does not desel've any 
consideration so far as the relief of Emin Pasha is con­
cerned, though there is some exploring work to' be done 
in this directiou. The total length froUl Massowah . to 
Wadelai is 1 ,400 miles-Massowah to Fashoda 700 miles, 
of which at least one-half is unexplored, and from 
Fashoda to Wadelai by the Nile about 700 m iles. III 
the same category as the Abyssinian route is the Shoa 
route-l,050 miles, froll! Assab to Wadelai , 300 miles 
being unexplored. There is also a rumor that the 
King of the Belgians intends to send Mr. Stanley up 

the Nile, but this is a rumor that can scarcely be 
credited. 

Altogether, it seems evident that, if Emin Pasha is to 
be reached with the least possible delay and with sub­
stantial relief, the Masai Land route is the one to take. 
There is one important consideration that must be 
mentioned. With a caravan consisting solely of ' men 
they could take only what they themselves would con­
sume, and it is difficult tQ see how a supply of ammu­
nition and other necessaries couln be conveyed. Now, 
by Masai Land it is a ll but  certain that camels could be 
utilized, and these animals could find their own prov­
ender. , With thirty or fort.y camels and sixty donkeys, 
very substantial relief could be taken to Emin Pasha. 
Indeed, the whole route, at least to the borders of Emin 
Pasha's province, is  so comparatively level that Cape 
wagons could be taken, though in such an expedit.ion 
it would not be ad"isable to try the experiment. The 
important thing is that there should be no further de­
lay in starting at least one expedition, whoever the 
leader is to be .. -Nature. 

SOURCE OF THE MISSISSIPPI RIVER. 

It is unfortunate that already there has been a delay 
of several months since first we knew of Emin Pasha'S 
critical position, and since first the Intel ligence Depart 
meut began to make inquiries as to the best route for a 
reli ef expedition. Even now, when an expedition 
h as been decided upon, there seems little prospect of a 
speedy start. Surel y, if those to whose hands the 
10,000l. contributed by the Egyptian Government have 
been intrusted had the interests of Emin Pasha solely 
at heart, a competent leader would have by this  time 
been withi n hail of Zanzi bar. A better leader, under 
the conditions, than Mr. Stanley could probably not 
be found : but surel y there has been unnecessary delay 
in deciding to send him The idea of more than one 
expedition is entertained by many ; and, as our Illap 
will  show, the most direct and safest route is by Masai 
Land, about which we now know so much through the 
journeys of Mr. ThomsoIl and the late Dr. Fischer. 
Dr. J n nker telegraphs from Zanzibar t.hat a relief expe­
dition is urgently necessary, and that as fighting is in- MESSRS. IVISON, BLAKEMAN, TAYLOR & Co. , school 
evitabl a, Mr: Stanley ought to be sent. By the Masai book publishers of this cit.y, lately employed Mr. Hope­
Land route. as  shown on the map, avoiding Dnyoro well Clarke, an experienced engineer, explorer, and Bur­
and Uganda, and skirting Lake Baring'o and Turkau, veyor, to visit. the Itasca Lake region, Minnesota. the 
we tloubt if any fi ghting wouln be necessary. We have source of the Mississippi, and report upon the same. 
reason to believe that the King of the Belgians will not This was done last fall ,  and his interesting report has 
object to Mr Stanley undertaking an expedition, and lately been made public in Science, and is as follows : 
that Mr. Stanley wil l choose the East Coast route ; but Gentlemen . I herewith sublJlit my report of the trip 
whether through Masai Land, or by the west side to the head waters of the MissiSSIppi, undertaken in 
of Lake Victoria Nyanza, and so on to Albert Nyanza, your interpst in the month of October last. Among 
rellJai ns to be seen. What geographers would l ike the causes of delay in forwarding this paper were Illy 
m ost of all wou ld be an expedition by the Congo and sickness immediately after my returIi from Itasca ; the 
Mobangi rivers. In this way, not onl y  would fl'esh great q uantit.y of facts coritained in my fiela notes. 
d iscoveries be combined with the rel ief of Emin Pasha, which I desired to condense as much as possible : lSome 
but, . by sendinlr out two independent expedi tions, the mishaps which always enter more or less into such �n­
latter would almost certainly be accomplished. dertakings : ann a great preFsure of regular worJt in 

Our map is intendea to show the various routes that the l ine of my daily duties consequent upon my absence 
llave been proposed. There i s, first. t h e  l\fasai Land awl illnes�. 
route described above, the total length of w.bich, to I '1'he route which I selected for my trip was by N. P. 

, 
R R  to Morley ; thence by stage to Park Rapids ; and 
the balance of the way by wagon conveyance to the 
southeastern arm of Lake Itasca. 

The compan.y consisted of three persons-one a­
trained land explorer, a second to serve as driver and 
general assistant, aIid Iuyself as the leader of the party. 
I had originally planned taking others with me ; . but I 
am satisfied that, with the alllount of work we had to 
do, it would have taken twice as long with help not 'ac­
customed to the woods, and I alll afraid we would have 
killed a green man, traveling and working as we did. 
So, though at first I was disappointed at the loss of 
one or two whom I had expect.ed to have with me, I 
am satisfied that the party- would not have been bett.er 
made up than as it was. 

I n  the matter of equipment for measurement.s an d 
for observations, we had the following : Pocket sextant, 
aneroid barometer, drainage level, Locke'!,; hand level, 
thermometers, surveyor's compass and chain, leveling 
rod, pocket compasses. 

We arrived at the southeastern arm of Lake Ita:<ca at 
noon on the 13th of October. 1886, and after taking 
dinner embarked at once for the southwestern arm.  
which we proposed to make the center of oUr opera­
tions. We approached this portion of the lake with 
considerable curiosity,and as we drew. near our journey's 
end we stopped a few moments to admire the scene be-
fore us. . 

Directly in front, a small ,  bare, mound li ke elevation 
or knoll rises from the edge of Lake I l asca near the 
center of an open space of about ten acres between it 
and Elk Lake. The.inlet of the principal strealll flow­
ing into Lake Itasca is seen on the right, and the .  outlet 
of Elk  Lake comes in at the left of the knoll .  We ' are 
100king southward ; and to the right the sbore of the 
lake is l ined 'with pine, while the left shore and all the 
upper (southern) end is bordered with tamarack. except 
the open space in front, which ' i s  bare except 
for a few bushes and some rice grass. The Height of 
Land is in plain view two miles and a half to the south ; 
and between these hills and the knoll there is a pecul iar 
l ight familiar to woodsmen, which indicates an opening 
or wat.er beyond. It is a striking scene. There is 
nothing like it anywhere else on the shores pf Itasca. 
And while looking at it. our thoughts went back to the 
time Nicollet was there ; and we could not but reflect 
that Francis Brunet, or Kegwedzissag, his Indian guide, 
would call his attention to it, and no doubt they 
landed and exploren Elk Lake before they went in any 
other direction. The moment we saw this open 
countr·y between the lakes, we were flatisfied that no 
man accustomed to the wilderness, certainl y no ex­
plorer of Nicollet 's experience, no guide as trained as 
his Indian was, could go there on the business on which 
they were engaged and llI iss seeing Elk Lake, unless he 
were blind . 

. As night was rapidly approaching, we landed, and 
selected a place for calllp in the open space between 
the two lakes ; and while one of m y  assistants was busy 
pitching camp, and the other prepared supper, I em­
ployed the time till dark unpacking and adjusting my 
Instruments, and planning the work for the following 
aa.ys. In all , we spent five days exploring and survey­
ing the basin of Itasca. Wherever there was especial care 
and detail requ ired; we gave our best and most diligent 
efforts to the work, and I believe there is no material 
point regarding the sources of the feeders' of Lake 
Itasca which is not covered by this report. 

In presenting the results of our work during our 
stay at Lake Itasca, I shall not attempt to report the 
operations of each day, but rather state the general 
conclusions and facts 'obtained from the thorough ex­
ploration of e,-ery part of the basin of the lake. 

In following ' th e  heights of land which form the 
southern boundary of the basin of Lake Itasca, the 
general trend of the crest is from northwest to south­
east ; but it - takes a course almost directly ' east after 
striking the northeast quarter of section 33, as shown 
on the m ap. It also sends out spurs, one striking 
northward from section 35, and another, also north­
wa.rd, from section 31, in the eastern of the two tOWIl­
ships shown. The spur striking north from section 3(; 
divides the Itasca basin into two parts, the western 
furniflhing the feeders of the southwp.stern arm of the 
lake, and the eastern furnishing the single feeder of the 
southeastern arm. It is not an unbroken ridge of hills, 
nor are these spurs perfectly defined ; but they are, 
rather, groups and successions of hills with the general 
direction given above. There is also a marked differ­
ence in the character of the springs of -these two parts 
of the Itasca basin. The western bowl furnishes the 
feeders that are steady and constant during the year, 
and the largest feeder lies at the extreme western edge 
of this bowl. The eastern bowl furnishes a single 
feeder, which is probably nearly dry part of the year. It 
is thus evident that the western streams are fed mainly 
by living springs, artesian in their character, bei ng 
supplied by water wh ich comes through the strata of 
the earth from ponds to the west and south, some of 
them, perhaps, miles away. The single stream of the 
southeastern arm simply drains the bowl in which it 
flows, and while in the rainy season it may be quite a 
torrent, part of the year it is comparatively dry. I re­
gard this as important in determining the ultimat.e 
sources of the waters of the upper Mississippi,  it being 
evident that all the water which flows into the river 
from Lake Itasca is either surface drainage or COUles 
from reservoirs and ponds which lie between the head 
waters of the Mississippi and the head waters of the 
Red River� To the north the elevation of the crest of 
the Height of Land varies from 150 to 250 feet abo,'e the 
level of Lake Itasca. In the western half of section 21 
the height is about 200 feet ; in  sections 28 and 33 it  
rises to 225 and 250 feet ; in section 34 it is  250 feet in 
the west part of the section, and 200 feet in the eastem ; 
175 feet in section 26. In se�tion 23 the heigh t  is 1 UO 
feet. sloping gradually to 75 feet in section 14. The 
�noll in the western part of section 22 is 150 feet aboye 
the level of the lake. To the north. along the border 
of Elk Lake. the ridge is 90 feet high_ Just south of 
the lake lI1arked D the elevation is 120 feet. and j ust 
north of the lake lIlarked E it is 100 feet. These data 
are sufficient to show the irregular and br(l� charac­
ter of the land in this region. 

One of the most interesting parts of our work was 
the survey alld examinat.ion of the narrow strip of land 
between Lake Itasca and Elk Lake. We. found it to be 
350 feet wide at the narrowest point between the lakes, 
and 520 feet llleasllrng' along the crooked trai l at the 
base of the knoll. The lakes run nearly parallel for 1,020 
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feet, a.nd the strip of land contains in all  about 10 
a,c·res. 

The portion shown as hilly on the plat is a small 
mound-like elevation, nearly devoid of all t im ber, which 
rises with a gradual slope south from Lake Ita�ca to a 
height of 33 feet, and descendt; ahruptly to the shore of 
Elk Lake. Its direction between the lakes is nearly 
east and west. Its heigh t above Lake Itasca at its 
western base is 10  feet, where it is less than 100 feet 
wide; and thus, if each lake were a little higher ill ele­
vation, they would at this point be within 100 feet of 
each other. '.rhe highest point on the trail bet ween 
the two lakes is 12 feet. The ridge extends to the out­
let of Elk Lake, from which point  Lake Itasca is in full 
view. Another hill rises to the east of the outlet, leav­
ing an opening 1 2  feet wide, through which the stream 
flows with a rapid current, in a channel 6 feet wide and 
6 i nches deep. The balance of the land between the 
t wo lakes on either side of the creek is a tamarack 
swamp. The outlet of Elk Lake flows nearly northeast 
1;0 feet, and enters the tamarack swamp, where its gen­
e ral di t'ection is north for 6uO feet, until it reaches a 
point within 110 feet of Lake I tasca. It then curves 
back toward E l k  Lake, and finally enters Lake Itasca, 
jt,� whole courlSe from E l k  Lake measuring 1 , 084 feet. 
'Vhere it debouches into Lake Itasca, it is 7 feet wide and 
8 inches deep. We noted its width at nu merous places 
iu its course, and found it to vary from 6 to 12 feet, and 
HIS depth from 2 t,o 8 inches. It gains nothing from 
along its route, and its i ncreased width and depth are 
caused by back water from Lake Itasca. It is a very 
pl'etty little stream, and has ' been cleared out - _  by the 
I ndiam , wh o go there annually and ph<ie fish traps to 
catch the fish that run between the two lakes. '.rhe 
difference -in elevation betw een the two lakes is 1 foot 
and 1 inch. The strealn between the two lakes falls 6 

sion that Nicol let's three lakes were those marked on 
the map as A, B, and C. At first sight, it would seem, 
from N icol le£'s descri ption, that these could not be the 
ones he referred to ; and I have given m uch stu dy to 
thtl points invol ved, endeavori ng to reconcile his de­
scriptiQns with sOllie other theory. We followed the 
stream to the fil"llt lake at the edge of the. hills and 
through the swamps ; and the course of the brook is 
two miles in length, and seemed like four. DistaIlces 
on the ground double up very fast when one follows 
crooked streams, as you will remem ber when you com­
pare the length of the stream between Elk Lake aud 
Lake Itasca (1,040 feet) with the actual distance be­
tween the two lakes (350 feet). If we add to the actual 
length of the course of the stream from the lake A to 
its outlet at d, which is in reality 2 miles, the difficulties 
that Nicollet encountered in wading through the tam ­
arack - m arsh, we can easily believe that this is the 
course which · he describes as " two or three miles " in 
length. His report makes the distance between the 
first and second lakes com paratively short, and that 
between the second and third lakes still shorter, so 
that there is no other lake which answers the descrip­
tion for the third or higher lake but the one marked C. 
'I' his, however, is not the source, at the present time at 
least" from which Nicollet',s stream draws its principal 
supply of  water ; and to tind- that sou rce, after consid­
erable exploration, we were obliged to go to a lake 
which has its head in the northwestern quarter of 
section 34. This is the utmost source and fou ntai n 
h ead of the water flowing north into Lake Itasca. 
The lake itself is fed by n umerous springs along itb 
borders, and its surface is · 92 feet above the level of 
Lake Itasca. The small inlet from the lake marked I 
was d ry when we visited it, but water runs through it 
in the wet season. The hills south rise from 2J to 160 
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inches between Elk Lake and a point where it enters feet · h igh, and water has never flowed over them 
the tamarack swamp, in the first hund red feet of its north ward . It. might be interesting to know how far 
conrse ; the balance, 7 inches, measures the fal l  in its it flows under thelll .  It is certain that it does, but 
course through the tamarack swamp of nearl y 1 ,000 feet. there is  no way to trace its course or distance. All the 

has no surface outlet, amI, from the formation of the 
land about i t, apparen tly h as never been any largel 
than it n o w  i s ; but, wit h the large yolu lJl e of water 
flowi ng into it, we perceive that it m ust, of course. 
have a steady and sufficient outlet undergruu u d _  Th i s  
we found t o  b e  toward the west, wh ere it bursts fOloth 
in an imlilellse spring or pool, marked 2, in the extre l l l e 
southeastern q uarter of section 21. The lowest poiut 
on the hi l l  between the pond and the spring i lS  1 � fept 
above the level of the pond ; and the water, droppi l l g  
underground,  bu b bles up i n  the swalll P 200 fed 
away aud 33 feet bdlow that level. You w i l l  1 I 0 t i ce 
that the stream thus passes underground froll! section 
22 into section 21, and is therefore invisible to one fol· 
lowing up the COllrse of the section l ine, a fact w h ich 
will be referred to again in a latter portion of this rl'­
port. Proceeding from th e spring marked 2. the water 
flows in a north westerly direction, and em pties into 
the lake marked B, the second one of Nicollet's chain 
of lakes. The outlet of this lake is  on the west side, a 
stream 3 feet wide and a foot deep, which is joined at a 
short distance by another from the south. Foll owi ng 
up the stream, which joins the main one on section 21, 
we find it rises on section 28, at a spring marl,ed 3, 
evidently fed by an underground pas8age fwm 1 h e  
pond F .  These streams are re-enforced througho u t  
their course b y  springs which ooze from the bases o f  
the hills that line the tamarack swamps ; s o  th at, 
when the creek leaves lake A, it flows with a bribk 
current 12 feet wide and 1 foot deep, which is furth er 
re-enforced by numerous springs all the way to Lake 
Itasca. At the point of its d ischarge into the lake, i t  
is a broad, well-defined stream, 16 feet wide, a n d  2� feet 
deep at its deepest point. Lake A is ten feet above t h e  
level o f  Lake Itasca. 

Recurring to the subject of Nicollet's three lakes, r 
recall the fact that Nicollet states that, at a sllJall 
d istance from the heights where the head waters origi­
nate, they unite to form a small lake, from which t h e  
Mississippi issues with a breadt h  o f  1 �  feet a u d  a 
depth of 1 foot. " At no great distance, ho wever, " �o 
N i col let says, . .  this rivulet, ttniting with othel' stream­
lets, liupplies a second minot· lake. " So we were obl iged 
to look for the u pper of the three lakes at a rl'asonably 
short distance from the lake B. If the spring 1I 1 1 1l1-
bered 2 would fill the bill as a lakelet, it would l I I eet 
all the other requirements of the case perfectly. 'l' h e  
o n l y  alt ernative seellled t o  m e  t o  b e  t h E'  lake llIarl,ed C.  
At present t h e  outlet of t h i s  lake is obstructed by t wo 
beaver dams, and no water flows from it except what 
l ittle may percolate under these obstructions. Its 
prinl'ipal feeder, marked m, rises i n  a sp l"ing i n  section 
27, and is also nearly dry, but there is a sllI al l alll oll n t  
o f  water flowing' through its chan nel. I leaye i t  t o  
you, o r  t o  futu re explorers, t o  settle the question a� 
between the "pring 2 and the pon d C. 

T here are four small streams flowi ng into Elk Lak e. 
The first one rises in a spring, the outlet of wh ich flows 
into a small  pond 50 feet i n  diameter i n  the northwe�t­
ern q u a rter of section 34. I t  leaves this pon d, a brook­
let 6 i n ches wide and 2 inches d eep, and flows with a 
rapid current to the center of section 37, where it is 
joined by another and larger branch com ing from a 
tamarack swam p in the southea stern q nartel' of sec­
tion 27. At the point where it flows into Elk Lake it  
is :'>' feet wide and 6 inches deep. The el evat ion of the 
source of this stream at the spring m a rked 10  is  88 feet 
above Elk Lake and 89 feet abo ve Lakfl Itasca. '.rh e  
larg!lst strealll flowing i nto E l k  Lake · rises i n  t h e  
northwestern quarter o f  sflction 26, in a spri n g  U1 arked 
13. '.rhis  is j oined, at a short distance frolll its sou rce, 
by another branch, which is suppl ied by a sUlall la ke 
in  section 26, llI arked N. The outlet. of this la ke is by 
an underground current, it bein g dosed by a beaver 
dam ; but water has flo wed out by a su rface outlet at 
sOlile  period, perhaps at the time of Nicol let 's visit. 
Wh ere the m ain stream en ters Elk La ke it is  3 feet 
wide and a foot deep. This lakelet N, in ",ection 26, 
and it.s outlet, were to llI e among the most interesting 
things found in this region. To Illy m i n d  they provfl 
conclusi vely that Nicollet not only explored Elk Lake, 
but also its feed ers. Referring to the copy of his larg!lr 
map, which you sent lIle, I find just such a lake 
laid down at the head of a small strealll flowing into 
Elk Lake fro III the south east. This  is the m ost i m ­
pOl·taut feeder of E l k  Lake, j ust a s  Nicollet i n dicates i t  
t o  be. 'I'he oth er two streams fiowin g  into E l k  Lake 
are quite small, and originate as shown on the l I l a.p. 
We found a dry channel between the lake M and Elk 
Lake. No water was flowiug from this lake, although 
it probabl y does discharge sOUle water in the spri ng 
and when the water is  high.  In measuring the a\ l lou n t  
o f  water supplied b y  the various tributaries of Lake 
Itasca, we found the three stream s discharging at b ,  d, 
and e furnishing p ractically all the perennial wat.er 
supply of the southwestern arm of the l ake ; and of 
this I would estimate that Nicollet's creek furnishes %, 
and the other two each about %. 

Leaving this interesting part of the lake for a time, I streams i n  this part of the basin rise in springs in talll­
will give some details in regard to the other feeders of arack swam ps. which undoubtedly are fed by water 
the lake. The stream entering the southeast arm, as percdating under the hills from lakes and swamps be­
above remarked, is evidently quite variable in its char- yond ; and no doubt the group . of lake�, U, V, W, and 
acter. At times, apparently, it is very shallo w ; but X, in the sout.hern part of sections 33, 34, and 35, which THE WORK OF THE GOVERNMENT SURVEY. 
after - heavy rains it is quite a tortent, and drai ns the spread out to a considerable extent in sections 3, 4, and It was an important part of our task to observe the 
lake!! which form during the wet season, . marked Q, R, 5 of the townshi ps n ext south, are the reservoirs which posts and hlazings left by the government su rveyors, and 
and S. When the stream is at its best, it is fully 6 feet feed a nUluber of these springs. Beginning with the. we carefully ran the main lines with the yiew of de­
wide and a foot deep. The 'stream entering Lake Itasca lake m arked H, it 8preads northward nearl y half a tecting any errors that they might have made. In this 
at a is m erely a sluggish creek, draining t h e  marsh to the mi le. At its n orthern end the water -flows out of this part of their work, and also. in meandering of the two 
north ward i n  sections 23 and 10. The stream entering lake in a stream 1� feet wide and 1 foot d eep, and, lakes, our examination proved their work to \',)e correct 
at b rises in a. swamp on section 16, and is joined by a running west about 200 feet, e m pties into a small lake in every material point. A singular mistake, however, 
branch in section 15, which rises in section 10. There about 2 acres in extent, marked G. This lake connects on the government plat, is easily accounted for. The 
are -numerous springs along its course, and it  i" 8 feet with another of the same size about 20 feet to the west course of the stroom from lake H until it crosses the 
wide and a foot deep, at its niouth discharging as much of it. south l ine of section 22 is substantially correct as. laid 
water into Lake Itasca as the o lltlet of Elk Lake does. At the time we were there, both ponds were full rf dowll' on the government map ;  but, w hen they ran the 
The inlet at c is a smaH brook, two feet wide and a foot moss and bogs, and apparently almost dried up, the line between sections 21 and 22, this stream was not 
d eep, that rises in a swamp less than a quarter of a abundant inflow of water running out by und erground crossed agoain,  and they naturally supposed it ran due 
mile from the lake. passages as fast as it came in ; but both lakes show that north through the western ed ge of section 22, a.nd that 

This brings me to the largest feeder of the lake, the at Rome seasons of the Yflar they contain 4 feet m ore of the stream flowing out of section 21 into 22 wa,s a 
one en tering at d. 1t is 16 feet wide and �% feet deep water, caused by the i ncreased flow in the spring time branch running into the main stream ; whereas th is is  
at · the place where it enters into Itasca, and is the and in the rainy season. At this time the underground the main stream, which, passing westward under their 
stream mentioned by Nieollet, i n  his report of his passages are not large enough to carry the water off, feet i nto section 21 by an outlet wb ich they did .not see 
explorations in 1836, as ' "  the one remarkable above the and so it accumulates and the ponds fill  up. Appar- because it was undergroud, takes its course th rough 
others, inaslnuch as its course is longer and its waters ently they once had a surface outlet which is now the eastern part of section 21 , and crosses into section 2 1  
more abundant ; so that, i n  obedience to the geogra- closed by a beaver dalli . The water flowi ng from the again at the point where the government surveyors 
phieal rul e  that the sources of a river are those that are two lakes feeds the two springs numbered 3 and 5, had indicated a feeder to the main stream. The two 
llIost distant from its mouth, this creek is trnly the Pr,?ceeding to the spring m arked 5, we 'find the water small lakes C and D on section 22, and the two, A an d 
infant Mississippi ; the others below, its feeders and bubbling up and flowi ng away in a rapid, lively B, on section 21, would not be crossed by a section l in e ;  
tributaries. " The exploration o f  this stream was t h e  stream, i n  a direction generally northward. It is fed hence they were not indicated by t h e  surveyor8. At 
most complicated and d ifficult of our undertakings, I by spri ngs along its colli'se until it reaches the extrem e a point wh ere the section l ine between i!!ect ions 21 an d 
and it was with considerable difficulty thmt we were south western cornel' of section 22, wh ere it is 2% feet .28 crosses th e branch of the spring flo w i n g  out of sec­
able to identify the th ree lakes which Nicoll et d e- wide and 8 inches d eep, and discharges into a slllal l tion 28, the eourse of the strea.m is through a boggy 
scribes ; but while on the ground, ItIld after the nlost j pond of about, 5 acres in extent. T h is pond is the. swanip . and it  would hardly be noticed as the streal l J  
cateful study of the problem, we came to the eonclu- most remarkable one in the course of the stream. It without goi ng a cOlll:liderable distance north Q r  south 
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of the section line; hence it is not shown on the gov­
ernment maps, but in place .of it is shown a marsh. In 
'111 other respects the work of  the government survey­
ors is well done. Their busineBs was to establiHh sec­
tion corners, blaze lines bet ween the sections, note al l 
lakes intercepted by the section lines, meander lakes 
of more than 40 acres in extent, note streams crossed 
and indicate their apparent direction, etc. Trifling 
errors wUl creep into their work ; but, when we take 
into consIderation the difficulties they have to con­
ten<1 with, it is not to be wondered at. 

Another part of the duty of the government sur­
veyors is to indicate the names of streams and bodies 
of water, and, in case no illodern name has been given 
to them, to retain the Indian name or its Engl ish trans­
lation. Following this rule, the name of Lake Itasca, 
-being generally accepted, was retained. 

With regard to the name of Elk Lake, MI'. Hall,  who 
was the chief of the surveying party of 1875, recently 
told me that when he was surveying township 143 N.,  
range 36,  h e  met an Indian trapper at Lake Itasca, who 
had mane this region h is trapping ground for years. 
He asked him the Indian name of Lake Itasca and Elk 
Lake, and the Indian gave him the name of " Omush­
kos, " or " Elk," for the lake in  section 22, and another 
name, which Mr. Hall has forgotten, for Itasca. As 
Lake Itasca had a name already, he simply recoUl ­
Hlended to the surveyor-general the name " Elk Lake " 
for the other body. But the Indians are by no IIleans 
agreed upon the designation for these lakes. They 
certainly gave Mr. Schoolcraft the name " Omushkos " 
for Lake Itasca, and to Mr. Gilfillan, " Gabukegumag " 
for Elk Lake. The latter term signifies " water that 
j uts off to one side " of another lake ; that is, branches 
or projects out from it like the fingers from the hand. 

Other travelers have found stil l  other designations 
appl ied by the Indians to these lakes. Surveyor-gen­
eral Baker, in fixing the name finally to be applied to 
the lake, considered that, whether 4. Omushkos " was 
the original designation of Elk  Lake or of Lake Itasca, 
i t  was worth while, in the absence of any other fitting 
name, to retain that designation for the lake which 
was not yet named. I am certain ly of the opinion 
that the nallle should stand. 

NICOLLET'S MAP, ETC. 
It is fitting to say a few words in regard to Nicollet's 

map and possible changes, past and future, in the Itas-

ITASCA LAKE AND VICINITY. 
Facsimi le Copy of Nicollet's Map deposited in the 

Office of Engineers, U. S. A. , 1836-37. 

can region. Careful investigation along the shores of 
Lake Itasca shows plainly that some time iu the past 
it has been nine inches higher than it is at the present 
This rise would be sufficient to overflow all that portion 
of the land shown as tamarack on the plat of land be­
tween Elk Lake and Lake Itasca, and back the water 
up to the narrow strip of high land on the outskirt of 
Elk  Lake, thus bringing tile lakes within eighty feet of 
each other. Whether this was the case when Nicollet 
was there, I will not attempt to answer. His map 
would seem to indicate that it was, by the fact that he 
shows the two lakes so clusely connected, Elk Lake so 
much larger than it is, and the two arms of Lake Itas­
ca so m uch out of proportion with their present outline. 
But this can readily be accounted for on other grounds. 
The shores of the southeastern arm are abrupt and 
bluffy, while the shores of the southwestern arm are low 
and swampy. This makes the southwestern arm look 
wider than it i£:l, and the southeastern arm narrower 
than it is. The shores of Elk Lake are also a.brupt and 
lined with bluffs, and to one looking south across it, it 
does not look half as large as it does to one standing on 
the hills south of it and looking north. Distances 
across water are always deceiving. The view from dif­
fel'ent points of Lake Itasca might be ' sketch ed by a 
dozen different parties, and no two sketches would look 
ali ke. My impression is that Nicollet sketched the 
�outheastern arm of Lake Itasca from some point on its 
western shore and Elk Lake, and the south western arm 
of  Itasca from the knoll between the lakes ; and w hen 
we take into consideration how insignifican t is the d is­
tance between the two lakes, compared to the total 
length of both, it can readily be understood why he  
has shown them as  though Elk'Lake were a bay instead 
of a separate body of water. From the nature of the 
springs which feed the principal stream emptying into 

. Lake · Itasca, it is evident that very few changes have 
taken place in that part of the basin since Nicollet was 
there, and very few will take place in the next fifty 
yeal·s. The springs that feed it are supplied by under­
gl'O l I n <l currents and reservoirs from the lakes and 
1 1 1e  Height of Land, and, as they cannot be d ra ined, no 
n l l lOnnt of settlement or clearing will change thelll . 
They are &.illong the permanent features of the country� 

Lake Itasca of to-day is the same in its mai u features 
t hat it was when Nieollet was there, and for a h undred 
years before. Its level may have been a little higher, 
the surface of Elk Lake may have been a I itt.le lower, 
Itasca lIIay h ave spread out over some acres more of 
marsh, Elk Lake may have baen somewhat smaller in 
i ts �urface extent ; thus they may have come more 
uearly together, and nearer to being one contin uous 
body of water. But the main features of this  remark­
able basin will remain the same for generations to 
come, and Lake Itasca will be then, as it is now, the 
first im portant reservoir of all the springs that feed the 
head waters of the Mississippi River. 

Our meteorological observations were taken with an 
effort at system ; . but it is sufficient, perhaps, to say 
that the atmospheric temperature varied from 20 to 70 
degrees during the five days that we were at Lake Itas­
ca, and that we had .the extremes of clear weather and 
invigorating atl llosphere and of desolate, soaking rain. 
The severest storm overtook us when we were within 
fi ve miles of Lake Itasca, and we passed a most unen­
viable night in an improvised camp, We took the 
temperature of the water in Elk Lake and Laklol Itasca 
when the temperature of the atmosphere was 51 ° F. , 
the temperature of the water being 46°. The tempera­
ture of the water in the second lake on Nicollet's Creek 
was 42°. 

Among the mishaps which invariably attend such ex­
plorations were two that are worthy of note-the loss 
of my revol vel' and the leaving behind,  unaccountably, 
of my copy of the Nautical Almanac. I had intended 
taking the latitude of the northern end of Elk Lake, 
and also establishing a meridian and noting th� exact 
variation between the true and magnetic meridian ; 
but when I got on the ground, of course this was impos­
sible without my tables. Still worse luck followed the 
observations with the barometer. I had arranged with 
Sergeant Lyon, of the U. S. signal service at St. Paul, 
to take simultaneous readings of the barometer. The 
instruments were adj usted together when we set out 
for Itasca. but when we got back to St. Paul mine read 
200 feet higher than his. As there was no way of de­
termining when this change occurred, all that work 
was of no account. As our. first observations were 
taken at 6 A.M.,  and the last at 10 P M. ,  they involyed 
considerable sacrifice of rest, which I am sorry yielded 
so little result. 

The figures given in the first part of this report for 
the elevation of the crest of the Height of I,and are, 
therefore, necessarily only approximate, as the varia­
tion in my aneroid barometer destroyed the value of 
my observations, on which rlargely depended for this 
part of my work. The heights noted for elevations 
between the lakes and for the springs and streams were 
obtained by the drainage Jevel, and these may be 
relied u pon a.s practically correct. 

I considered it vel'y fo\'tunate that our trip was made 
j ust at the end of a long spell of dry weathe.r, such as 
has hardly been known in Minnesota for years. This 
enabled us to judge of the sources of water supply that 
are perennial in their flow, as distinguished from the 
surface drainage in the spring and in the rainy seasons. 
The rain of the night before we reached the lake was 
not enough materially to disturb these conditiolls. 

The last thing we did befot;e leaving our camp be­
tween the lakes was to erect on the top of the little 
knoll, in  plain view from both lakes, and from School­
craft Isl:md 0 11 the north, a monument to the memory 
of Nicollet, on which was inscri bed t,he fol lowillg : 
" ·To the memory of .T. N. Nicollet, who discovered the 
source of the MiSSissippi River, ·August 29, 1836. " This 
was done after fully exploring the country for miles 
around ; and our little party of. three was fully satisfied 
that fifty years ago Nicollet had discovered all there 
was to discover of the sources of the Mississippi ; and 
that if he had lived to conmlete his I'eport on " the 
sources of the Mississippi alld the North Red rivers, " 
and to give to the world his unpublished map, there 
would have been no chance for any Glazier to confuse 
the geographical world, or to play tricks upon toe 
learned societies of two continents.· We found our 
work difficult enough, though we were only a day's ride 
from civilization and the railroad, and though the 
whole township had been marked off and blazed at 
every turn by the government surveyorS'. What, then, 
must have been the heroism Of the invalid devotee of 
science, who buried himself for months in the un broken 
wilderness, and gave his life to the exploration of the 
frontiers of his adopted country ? 

I have done my work wIthout any prejudice or bias, 
and determined only upon finding out and stating the 
truth in regard to the sources of the great river of our 
continent, whose exploration has commanded the ser­
vice of so many worthy men · in every period of our 
history. 

As a 'preparation for the survey, I had read every­
thing I was able to gather Qn the subject, and I took 
with me tracings of all the maps of the region, either 
publishe9. or to be found in the 'government depart­
ments. The work has been done by actual survey, and 
in such a way that I believe it will bear investigation 
by any surveyor who wishes to check it. 

HOPEWELL CLARKE. 
Minneapolis, Minn. , Dec. 7, 1886. 

HOW TO MAKE COLORLESS SPEClMENS OF 
PLAN'rS TO BE PRESERVED IN ALCOHOL. 

MANY plants assume a brown color when placed in 
alcohol for preservation. The coloring matter is partly 
soluble in the alcohol, partly not, and is the product 
of the oxidation of colorless substances of the cell sap. 
This unpleasant change Illay be prevented in a very 
easy manner by using acid alcohol. To 100 parts of 
common strong alcohol add 2 parts of the ordinary 
concentrated solution of hydrochloric acid of the shops. 
Parts of plants brought into this liquid while yet living 
will become absolutely colorless, or nearly so, after the 
alcohol has been sufficiently often renewed. Such parts 
as already had a brown color before, being brought in­
to the mixture, usually  retain this character. 

By this method colorless specimens may be made of 
such ·plants as Orobanche and Monotl'opa, which when 
treated in the ordinary manner always become of 
a dark brown tint. There are only some species with 
cOI'iaceous leaves that cannot be treated with success 
w i t h  t h e  acid alcohol ;. colorleBs specimens of these 
lll llHt he l I Iade hy plunging them into boi ling alcohol. 
The acidity of the mixture here recolllmended is nearly 

0'2 Aeq . A greater quantity of acid is neither noxious 
nor does it i mprove the effect. A lesser quantity was 
in l tlallY cases found not to be sufficiently efficacious. 
The specimens may remain for months, perhaps for­
ever, in the acid alcohol without any injury. 

If the alcohol, after having been used, is to .be de­
colorized by distillation, the acid should be neutralized 
by a previously determined quantity of ammonia · or 
carbonate of soda. 

Old specimens, which have become brown in conse­
q uence of being treated in the ordinary manner, cannot, 
as a rule, be decolorized by using the acid alcohol. This, 
however, maY 'often be done by adding to the alcohol 
some chlorate of potas�a and some sulphuric acid. 

University of Amsterdam, December 1. 
-Hugo de V1'ies, in Natu1·e. 

ASTRONOMICAL TELESCOPES : THEIR OBJECT 
GLASSES AND REFLECTORS. 

By G. D. HISCOX, 

I. 

IN view of the rapid growth of a desire for astronomical 
knowledge, as well as the increasi ng 'efforts of amateurs 
to construct telescopes that will be the means of grati­
fyi ng their th i rst for · a  llIore practical understanding of 
this /i:'1'andly majest ic  subject, we give in a series of 
articles the lead ing  features of the progress of the arts 
as pertaining to the making of telescopes ; as, also, the 
details of the grinding, polishing, and figuring of 
object glasses and "pecula, with methods for correcting 
chromic and sphel'ic aberration as far as possible, with­
ont practical lessons. 

It is suppoHed that all persons interested in the con­
struction of the telescope have obtained some general 
knowledge of . their various forlIlS and mechanical 
mounting, such as the Galilean, the type of the com­
ilion opera glass, showing objects erect ; the Keplerian, 
or type · of the earliest telescopes, consisting of two 
convex lenses showing the object inverted-famous in 
their day for their extravagant focal lengths ; as well 
also the various forms of reflecting telescopes-Grego­
rian, Cassegrainian, Newtonian, and Herschelian. ' 

Descriptions and i l lustrations of all these forms may 
be obtained from va.rious back num bers of the SCIEN­
TIFIC AMERICAN ·SUPPLEMENT. See " Telescope " in 
catalogue, and index of each year since 1883. 

Dol land, about the middle of the eigh teenth century, 
discovered the method of achromatism, which opened a 
new field in the researches npon the properties of light, 
and which also 'gave'a 'new i m pulse to stellar discovery. 
He made some excellent telescopes, and would doubt­
less have accomplished the work of later men but for 
being hampered' by the then backward condition of 
the glass industry ; for, previous to the present century, 
foul' to five inch fliut  disks were the largest that could 
be made that were suitable for an achromatic telescope. 

A bout the close of the eighteenth century, Herschel, 
by his' a.ctivity and amazing manual dexterity in the 
figuring of reflecting surfaces, gave an impulse to tele­
scopic progress that has made the nineteenth century 
the age of progress in astronomy-he having made and 
used Ina.ny refiecto� ranging from 7 inches to 4 feet in 
diameter, the latter being completed in 1799. 

In the struggle to enlarge the optical .power of the 
refracting telescope, the dialyte came into use in its 
various forms, and is still somewhat in vogue among 
amateurs; . 

Fluid lenses for object glasses, and also for correctors 
in the dialytic form, have been tried with varying suc­
cess, but found impracticable from the unstable condi­
tion of their fluid element. 

Guinand and Fraunhofer, in their time, led to the 
realization of these large objectives by the progress d ue 
to their genius in persistent experimentation in the 
manufacture of optical . gla�s ; but it was left for 
Chance, in England, and Fiel, in France,. to produce 
the wonderful disks which, under the skillful manipu­
lation of the Clarks, of Cambridge, . have brought to 
such nerfection our present great telescopes. 

Following closely along with the great advance in 
the perfect ing of refractors, the metallic specula of 
Lord Rosse, in Ireland, the largest of which is 6 feet in 
diameter, and Lassell, in England, of 3 feet and 4 feet 
in diameter. were wonderful advances in their time, 
and with which splendid results have been achieved. 

Continuing in rapid review of the progress of tele­
scope building, we can safely say that the silver on 
glass reflectors, first suggested by M, Foucault, in 
France, are . advancing rapidly to the front for their 
light-grasping power, their i ightness. and cheapness, 
Their prospective dimensions seem not to be hampered 
by the costliness of the great refracting disks or the 
great weight and liabilities attending the casting of 
large metallic specula. 

The work of the late Dr. Draper .-in celestial photo­
graphy is largely known and appreciated in the appli­
cation of silver on glass specula to celflstial photo­
graphic work, making this the basis of rapid strides in 
astronomical record, as continued in the work of COIn­
mon and Huggins, in England, with silver on glass 
specula of three feet and more in dia!lleter. 

The records plainly show that each kind of telescope 
has its special merit in its special fiflld of work. The 
refractor as an instrument of precision in measurement 
of position and facility of handling has no rival ; while 
the metallic reflector has the sharp definition, freedoIn 
from color, large limit as to size, and withal cheapness. 
It is not an instrument of precision, from the nature of 
its construction, yet it has given ample fruits of its 
value by standing in the fore rank of discovery. 

The silver on glass reflector, embodying, as it does, 
the acme of l ight-grasping power, lightness of materi­
al, fine definition for micrometric and photometric 
work, has only one serious defect-its reflecting surface 
is perishable. The silver surface, having a thickness 
of from I1H!lf1i1f to nlfl7f1i1f of an inch, has a strong affinity 
for sulphur and its compounds, and must be preserved 
from the action of deleterious gases, such as sulphur­
eted hydrogen, marsh gas, and sewer gas ; even the 
foul air of a dwelling q uickly affects them. They at 
best require to be frequently repolished. This soon 
destroys the silver smface, which must then be entirely 
removed, the glass surface resilvered and repol ished, 
so that the owner of snch a telescope should be an 
expert in the manipulation required to preserve his 
instrument. 
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SOME OF THE GREAT GUNS OF CELESTIAL CONQUEST. 

Refractors. 

Lick Observatory . . • •  - . . . . . . . .  , . .  " . . . . . 
Pulkowa " 

. . : . . . . . . • • • • . . . .  , . . . . . " Nice . . . . . . . . . . . . . . . . . . . . . . .  

" Vienna . . . . . . . . . . . . . . . . . . . . . . . 
Washington Observatory . . . . . . . . . . • . . . .  

University of Virginia . . .  " . ,  . . • . ; . .  - . . 
Gateshead Observatory . . . . .  _ . . . . . . . . . • . 

Wansworth Common . . . . . . . . . . . . . . . . . . .  
Princeton _ College Observatory . . . . .  . . . . 
Strassburg Observatory . . . .  . . . . .  

Milan " . . . . . . . . . . . . . . .  . . . .  

Dearborn " 
. . . . . . . . . . . . . . . .  

Van der Zee . .  
. . . . . . . . . . . . . . . . 

Warner " 
. . . . . . . .  . . . . . . .  

Madison . . 
. . . . . . . . . . . . . . . . 

DUll Echt . . . . . . , . . . . • • . . . . . . . . . . . . . . . .. . .  
Royal Society . . . . . . . . . � . . . . . . . . . . • . . . . . .  
Pulkowa (first). _ .  _ . . . . . . . . . , . . . . . . . . . . .  

Cambridge O bservatory. . . . . . _ . . . . . . .  
Lisbon " . . . . . . • . . • . . . . . 

Clinton . .  
. . . . . . . . . . . . . . . .  

Dorpat . .  . . . . . . . . . . . . . . .  

Kensington . .  
. . . .. . . . . . . . . . . . .  

Alleghany " . . . . . . . . . . . . . . . . 
Dudley . .  . . . . . . . . . . . . . . . 

Ann Arbor . . 
. . . . . . . . . . . . . . .  

Greenwich - . . _ . . . . . . . . • . . . . . . _ . . . . . . . . . .  

S. V. White Observatory . . . . . . . . • . . . . . .  

Cincinnati " 
Paris . .  
Cambridge " 
D ublin . .  
Oxford " 
Bothcamp " 
Munich " 
Copenhagen " 
Madrid " 
Moscow " 
West Point " 

" 

. . . . .  . . . . . . . . .  

. . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . 
Parkhurst 
Columbia College . . . .  " • • : . : : : :  : :  : :  : : : : : 
Cordoba Observatory . . . . . . . . . . . . . .  : . . • •  

Metallic Reflectors. 
Parsonstown. _ . . • . . . . • . • . . • • . • • • • • . . • • . .  

LasseU Observatory • . . . . . . . • • . •  " • . • . . . .  
Melbourne " 

• . • • • . • • . • • • • • • • • . • • .  

Lassell " 
. . . . . . . . . . . . . . . . . . . . .  

8il'Der on GlaaB Reflectors. 
Paris Observatory . . . . . . • . . . • . • • • • . • • • . .  

Salisbury ' - . . . . . . . . . . . . . . . . . . . . .  
Marseillelil " 

. . . . .. . . . . . . . . . . . . . . . . .  

. .  A�d' 
. 

���y . �th�;� . �f . i���� . 
si��: • fu. 

Europe and the United States, doing 
excellent educational work. 

Where situated. Diameter. Focal length. Maker. 

------- -- -- -- - -- --
IncllPB_ Ft. In. 

California. 36 57 A. Clark & Sons. 
Russia. gO 44 10 A. Clark & Sons. 
France. 29� 58 Henry Bro. 
Austria. 26)14 32 Grubb. 
United States. 26 31 6 A. Clark. 
United States. 26 33 A. Clark. 
England. 25 29 Cook & Son . 
England. 24 76 (?) Craig & Cravitt. 
United States. 23 30 A. Clark & Sons. 
Germany . 19 Merz & Mahler. 
Italy . 19 Merz. 
United States. 183i 23 Alvan Clark. 
Buffalo, N . . Y . 1 8  Fitz. 
Rochester, N. Y. 16 20 -A_  Clark & Sons. 
United States. 153i 20 Alvan Clark. 
England. 153i 15 Grubb. 
England. 11% 15 Grubb. 
Russia. 1 53i 23 Merz & Mahler. 
United States. - 153i 23 Merz & Mahler. ( ?) �ain.  1 4lo-

nited States . 133i Spencer. 
Russia. - 13 
England . 13 
United States. 13 
United States . 13 15 Fitz. 
United States . 12%, 17 Fitz. 

England. 12%, 1 8  
Brooldyn, N .  Y. 12 18 Alvan Clark: 
United States. 12 17 
France. 12 15 Secretan Jj;ichens. 
England. 12 20 Cauchoix. 
Ireland. 12 20 " 
England. 12 20 _ .  

Sweden. 11 16 Schroeder. 
Germany. 11 16 Merz; 
Denmark. 11 16 . .  
Spain. 10� 16 . .  
Russia. 10� 16 " 
United States. 9� 14 
Brooklyn, N. Y. 9 9 4 Fitz. 
New York. 13 18 Fitz. 
South America. 5 35 Tolles. 

Ireland. '72 55 Earl of Rosse. 
England. 48 37 Lassell. 
Australia. 48 30 6 Cassegranian. 
England. 86 80 LasseU. 

France. 48 22 6 Martine. 
England. 37� 20 Common. 
France. 80 15 3 Foucault & Eichens. 
England. 80 Calver. 

Date. 

1886 
1885 
1884 
1881 
1873 
1879 
1879 

1881 
1879 
1881 
1863 

1880 -
1879 
1875 

1 840 
1844 

1842-46 

The metallic specula have a much better record in line very near to it, by others, numbered by its wav� 
retaining their luster, with the ordinary care of cover- length, 5,614. 
ing them closely when not in use ; or, removing them ---------;;-----;----;-----;---­
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from: the tube and inclosing in a tin box gives them a 
long and satisfactory life. The writer has. a ten inch 
metallic speculum that has not been repolished in 
thirty years, and another that was repolished after 
twentycflve years' use, with but little gain in luster, 
both having the black flnish. ! It may be desirable to consider the weights of some 
of the noted telescopes. The first 6 foot speculum of • 
Lord Rosse weighed 6,000 pounds ; the second 6 foot 
speCUlum, 8,000 pounds ' the 48 inch Melbourne specu- Flel's Crown. , • • • . . • . .  2 ' 482 
lum. 3,500 pounds ; the 4s inch silver on glass speculum 

A� 
1 ' 51245 ;t-
1 ' 51929 0 ' 02200 0 ' 4286 · 
1 ' 53445 
1 ' 51175 of the Paris Observatory, 1,300 pounds ; weight of tele · 

scope and mounting, 9 tons. The telescope and mount- Chance's Orown • • • • • . .  2 ' 4857 
ing of the Princeton achromatic weighs 7 tons. 

1 ' 5 1 711 0 ' 0213 0 ' 04066 
1 ' 53278 
1 ' 5096 A list of some of the noted telescopes, their diameters 510 of object glasses, focal lengths, and names of makers, Chance's Crown . . . • • •  2 '  1 ' 5166 0 - 0227 0 ' 04393 
1 ' 5823 as far as known to us, is given above, which will be 1 ' 50895 found of use for reference. 

The selection of the proper quality and density of Chance's Crown • • • • • • . 2 ' 5503 
glass for object glasses is of vital importance in their F' l' C 2 563 

1 : 51458 0 ' 02245 0 ' 04324 
1 ' 53141 

future value. Ie s rown. . • • • • . . . .  

. l '  5241 mean { 1 ' 6035 
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sness, or FieI's Flint . . . .  .- . • • • . . .  3 '497 u as near e su ace, IS on :y SUI -a ,Ie an recom-

mended for silver on glass specula. Such glass has Fiel's Flint . . . . . . . . . . . . 3 ' 516 

1 ' 61 63 0 ' 0435 0 ' 07058 
1 ' 6470 

been used for small achromatic objectives, and we have 
seen some excellent samples obtained from the central 
portions of large plates that have been accidentally 
broken, with a density as high as 2'81. This glass, 
when combined with flint of 8 -85 density, has given 
most excellent results. 

Optical glass, and no other, can, with safety, be 
trusted for satisfactory deflnition. 

The optical faults- of bad glass are very puzzling to 
the amateur, and may cost him much labor in en­
deavoring to correct tliem by altering the curves. 

The UE'ual density of crown optical �lass is found to 
vary from 2 '48 to 2 '60, and flint optICal from 3 '15 to 
3 "85. The light flint of density 3 '30 and under is not 
recommended for object glasses. . 

Crown of 2 '50 to 2'60, and flint of 3 '50 to 3 '75 give the 
best results, although hundreds of telescopes are in use 
with flint glass of from 8'15 to 3 '30 density. 

The indices of refraction for given densities are 
found to vary too much for the computation of exact 
radii from the measure of the density, or specific grav­
ity alone; yet the specific gravity, being easily obtain­
ed, is the most ready means of selection in the pur­
chase of optical glass. 

The fol lowing table of specific graVities with corre­
sponding indices of refraction for the extreme and mean 
rays of optical glass of the leading makers will be 
found convenient for reference ; the dispersion being 
tbe difference of the extreme indices, while the . re­
lative- dispersive power is the measure of dispersion 
divided by the wean index of refraction minus 1 .  

The mean index of refraction is the point of most 
luminous power in the chroma.tic spectrum, and is in­
dicated by the spectral line D by some observers, or a 

1 ' 6176 mean { 1 ' 6 152 
Fiel's Flint . . . . . . . . . . . .  8 ' 554 1 ' 6280 0 0445 0 ' 07086 

1 ' 6597 
Chance's Flint . . . . . . . .  3 ' 6586 1 ' 62241 mean { \ ' 63914 
Chance's Flint . . . . . . . .  3 ' 8894 1 ' 65037 0 ' 04945 0 ' 07603 - .  1 ' 68859 
Dense Flint . . . . . . . . . . .  4 ' 4216 1 ' 71022 0 ' 06125 0 '08624 

The price of optical glass in New York varies much 
with size, quality, and guarantee as to purity and in­
dices of refraetion ; some disks coming from the makers 
with polished faces prepa.red for examination, and to 
which the indices are affixed. 

Small, rough d isks, 3 in. in diameter, or less, may be 
purchased - -for $2 per lb. ; 4 in. disks or squares, not 
guaranteed, but polished on opposite edges for exami­
nation, at $2.50 per lb. , or about $5 per pair; 5 in. disks 
at about $7 per pair, a.nd first quality disks, 5 in. diam­
eter, . with polished faces, whicli have been tested, with 
guarantee and attached index, are held at $50 per pair; 
4 in. disks-, as above, at $40 per pair. 

As the focal lengths of the crown and flint lenses 
have to be in proportion to their dispersive powers 
their radial curves must be so adjusted that the fo;;! 
lengths shall meet the requirements for achromatism,  
and also so  proportioned to  each o ther that.., the 
spherical aberration shall be eliminated coinCIdent 
with the unequal dispersion. This is the most dilHcult 
problem that the mathematician and optician has to 
deal with. To the mathematician the mechanical 
element is a stumbling block ; while the pra.ctical opti­
cian generally works by the rule . _  of thumb, or cut aud 
try. 

We give a few of the empirical formulas for object­
ives derived from English sources ; but as they all lack 
the namjng of an essential feature, viz. , denSity, _re­

I fractive \ndex, 'and dispersive power, they may serve as 
a partial guide to the amateur when these qualities of 
their glass are unknown. 

The figures are for radii ; all in decimal parts of the 
I required focal length of the proposed telescope. 

From Kinlde's formula, Fig. 1, we have three curves 
exactly alike, and the last curve of the flint lenlil slight­
ly concave, as in Fig 1. 

- - - ..... .-... _ ... .... .- ..... 
- -- -- - � .... 

fi�. � 
ri:JCU8;= --L 

- - -
.., - - - _ '1 " ... . ....- - - - -- -- . 

Simply multiplying the proposed length of the tele­
scope by the n umbers representing the curves gives 
the radius for each side of the lenses. 

Another formula by Boscovich, Fig. 2, shows the di-

- .  - -.. . _ - - ---- .... .... ... 
.... _ - .... . 

F}:o-. 2. 
. FOcus;; 1. 

...... - - - . - -, �  
- - - - - -- - - �  

rection in which the radii  mar be varied to eliminate 
both the chrom atic and spherICal aberration. 

A formula, Fig. 3, much in use by the London opti­
cians for -unoomented glasses have their inner curves 

- - - ... - .. _ - ... · ... lIIiIr illoi" .... .. _ ..., - .... _ -

00·. 8. 
/Qcu..s = L.-

., --- _ .. - - - - - - - -- - _. - _  .. .  -
unlike, so that the flint glass curve shall be slightly 
deeper than the convex crown. 

This form requires four pairs of laps, giving additional 
facility for varying any one of the curves- for final cor­
rection. 

The writer has obtained some excellent results w ith 
glass of known high specific gravity

h
Viz. , crown 2 '81� flint 3 '85, with the last surface of t e flint plane, ana 

three middle curves alike, as in Fig. 4. 

- - - - � - =- - - - - -- -

Eo. � .. 

_./'bcus = f. -

- -- - - ,... 
_ ... - - - --.. 

.. - ... .. � -

This requires three pairs of laps ; the final correction 
being made by varying the middle cu rves. _ -

With crown glass of about 2 '50 and flint glass of about 

---.... -
--..---- ..-.... ... ..... .... ----.--

fiG-. J'. 
rocua - 2. 

... - _ .. ...,.,- - -
-

-- ... -- - -... -_ .... 

8 '50 speciflc gravity, we recommend the amateur to 
make the three curves equal, and the last surface flat, 
as in Filr. 5. 
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Finish the three curves of radii NlJ of the proposed 
tocal length of the telescope ; then partially polish the 
last surface flat, and make a trial. Then, if required, 
concave or convex the last surface slightly, to correct. 
See SCIENTIFIC AMERICAN, Nov. 14, 1885, Notes and 
QUt'ries, No. 1, for i llustrations of the Washington, 
Princeton, and Hastings object glasses. 

The methods of observation for correction will be 
given further on. 

The proportion of focal length to diameter of object 
glasses will  be found, by an examination of the list of 
refractors already given, to be anything but empirical, 
and ranging in focal lengths as widely as from 11 to 23 
diameters. 

We find the larger number to be about 14 diameters 
in focal length ; the disposition being of late years to 
shorten the proportional lengths as the proper qualities 
and densities. of glass have become better understood 
and 1 I I0re readily obtained ; the late Mr. Tolles having 
reduced the proportion to 1 to 10 and 1 to 8 in a 7 ft. 
and 5 ft. object glass, with greatly increased effect in 
reducing the apparent size of the image of a star, and 
by their sharp definition making visible those of lower 
magnitude than can be seen in telescopes of much 
larger size. This decreased size of image or disk con­
centrates the light of the star, and thus enables the use 

' of powers of 120 or more to the inch of diameter, or a 
power of 600 with a 5 in. objective ; while in most 
telescopes a power of from 60 to 80 per inch of diameter 
is the limit of satisfactory performance. 

A telescope of 5 in. aperture of still shorter propor­
tions, 1 to 7, was made by Mr. Tolles for the observa­
tory at Cordoba, S. A. , which is described as magnificent 
in rendering the smaller stars of clusters and the Milky 
Way. 

There ' is an optical formula for objectives of equal 
curves or radii of the first three surfaces, when the in­
dices of refraction and. derived dispersions are known, 
of which for a single lens F = focus for parallel rays, 
R and R' = radii for first and second surfaces, u = mean 
index of refraction. Then for the focal distance from 

R R' 
the center of the lens, F = -----

(u - l) (R + R') 
And by inverting the terms, 

1. 

2. 

1 (u - 1) (R + R') 

F 
'----; or 

R R' 

1 (u - 1) (1' + 1" )  
- = 
f 1' 1"  

In expanding the formula to meet the reqnir�ments 
of a combination of a convex crown lens and a concave 
flint lens for corrected achromatism, we require two 
sets of terms, not only for the radii of both the lenses. 
but also for the measure of the extreme indices of ' both 
kinds of glass. 

Now let 12 represent the ray of greatest refraction for 
,.,rown glass (violet). 

12' the ray of greatest refraction for flint glass 
(violet). 

m the ray of least refraction for crown glass (red). 
m' the ray of least refraction for flint glass (red). 
Also let F = focus for the ray n of crown (violet). 

F' = focus for the ray m of crown (red). 
f = focus for the ray n' of flint (violet). 
f' = focus for the ray m' of flint (red). 

By the terms in formulas 1 and 2, 
1 (n - 1) (R + R') 

1. - � for the crown violet. 
F :a R' 
1 (n' - 1) (1' + 1" ) 

2 . ..,. = for the flint violet. 
f 1' r' 

1 (m - 1) (R + R') 
3. - = -- - -- --- for the crown red. 

F' R R' 

1 (m'- 1) (1' + 1" )  
4. = --. for the flint red. 

f'  1' 1" 
1 1 1 1 

Since - + - = - + -, or the· sum of the foci of the 
F f F' f' 

violet rays for both lenses equals the sum of the foci of 
the red rays for both lenses. ' 

1 1 1 1 
Also - - - = - - -, or the difference of the foci of 

F F' f f' 
' 

the violet and red rays of the crown lens is equal to 
the difference of the violet and red rays of the flint 
lens. 

'.rhen n - m  = the dispersion of the crown lens, and 
n'- m'= the dispersion of the flint Jens. Substituting 
the dispersion in place of the index of refraction in the 
equations 1 and 2 for each lens, the positive and nega­
tive dispersive powers with their relative curves wil l be 
compensated, For 

(n - m) (R + R') (n'-m') (1' + 1") 
+ ---- = 

R R' 1' 1" 
And consequently, dividing the equation for the crown 
lens by that for the flint lens, we have 

n - 1n R R' (1' + 1" )  

n'-m' (R + R') l' 1" 
Substituting the unit notation for the known radii R 

1 X I X 1' + l  
R' and 1" ,we ha\·e --· -- which by rt;lduction be-

1 + l x r X 1  
1' + 1 

comes --, 1  being the radius of the'three equal curveH. 
Z r  

n - m  1' + R 
Then for any given radius --- = --

n - m  
n:- - m' 2 l' 

When -.-- is greate1' than �, the last surface is 
n�- 'm' 

convex . .  
n - m  

When ---- . = �, the last surface is plane. 
n'- m' 

n - m  
When ---- is less than �, the last surface is con­

n'-m' 
cave. 

By substituting in the above equation the value of 
t.he dispersion in the foregoing tahle of FiePs crown 
glass of specific gravity 2 '482 and flint glass of specific 
gravity 3 '497, we shall have for dispersion, 

United States is the tulip tree so lofty and of so great 
a diameter. 

The southern extremity of Lake Champlain, in lati­
tude forty-five degrees, may be considered its northern 
limit, and the Connecticut River, in the longitude of 
seventy-two degrees, as its eastern l imit. Its expan�ion 
is repressed in Vermont, and in the upper part of the 
continent, by the excessive cold and by a mountainous 
surface unfavorable to its growth. 

Thill tree has what is termed an artificial geography, 
which may be said to embrace the m iddle region of 
Europe, from Berlin an!1 Warsaw on the north to the 

By multiplying the first numerator by the denomi- shores of the Mediterranean and Naples on the south, 
Ireland on the we�t. and the Crimea on the east. 

n - m  0'0220 
---- = --- = --
n'- m' 0'0435 2 1' 

nator of the second term, and transposing, we have, Although not much known as an introduced tree in 
0 '0440 l' = 0'0435 l' + 0'0435 R. 

Subtracting the first term from the I:lecond, we have, 

0'0435 l' 
0 '0440 l' 

- 0'0005 l' 

Great Britain, it has gained a remarkable footing i n  
Central Europe. The first notice Wf' have of the tulip 
tree on the Continent is in the " Catalogue of the Ley­
den Gal'den, " published in 173 1 .  From the number of 
trees existing in France, the south of Germany, and 
Italy, there can be little doubt that it spread rapidly in 
those countries. Public avenues are planted with it  in 
Italy, and as far north as Strassburg and Metz. It 
stands the open air and attains a large size in Vienna. Dividing the last term by the negative difference of The uses of the tulip tree in Europe are limited the first and second term, we have almost entirely to those of ornament ; for though there 

+ 0'0435 R 

- 0 ·0005 1' 
- 87 R, 

or the last curve must be convex and 87 times the radius 
of the first or crown surface. 

Again, substituting the flip.t of specific gravity 3 '554 
in the foregoing table with the dispersive index of 
0 '0445 in place of the above flint, we have 

fI, - m  0 '0220 r+R ---- = -- =--
n'- m' 0 '0445 2 1'  

Again, multiplying' the first numerator by the second 
denominator, and transposing, we have 

0 '0440 1'=0'0445 1'+0 0445 R. 
Subtracting first from second term, 

+0 ·0445 1' 
0 '0-140 r 

Then 
+0'0445 R 

+ 89 R, 
+ 0 '0005 l' 

or the last curve must be concave, and have a radius 
of 89 times the radius of the first or crown surface. 

For the mathematical inquirer in the more complex 
formulas we refer the reader to " Littrow on Double 
Object Glasses, " Vol. III. ,  Transactions of the Royal 
Astronomical Society. " The Dialyte Telescope," same 
volume. " Hastings on Object Glasses, " .American 
Journal of S.cience, April, 1878. " Curves of Gaul" and 
Herschel, " Proceedings of the American Academy of 
Science, Vol. VI. Potter's Optics. . 

For an elaborate investigation of the indices of re­
fraction and curves of the Washington telescope, see 
Vol. XXIV., 1877, Washington Observatory Reports. 

(To be continued.) 

are numerous trees wh ich would produce excellent tim- ' 
ber if cut down, we have never heard of any having 
been felled for this purpose, or, indeed, for any other. 
Every possessor of a tulip tree in Europe values it far 
higher for its beauty in a living state than for its . 
products. 

Considering the rapid growth of the tree, and. the 
valuable character of the wood, it i s  somewhat strange 
that it is not propSlgated for its ti III bel', to the d isplace­
ment of other and less valued trees. Loudon informs 
us that he "aw at Syon, in the environs of London, a 
tree which in about seventy years attained a height, of 
seventy-six feet, the trnnk at one foot from the ground 
being two feet s ix  inches in  d iameter ; another at 
Mount Grove, Hampstead, eighty years planted, was 
seventy feet high, with a diameter of trun k  three feet 
ten inches ; another in the arboretum at Kew, sixt.y 
yea�8 planted, was sevent.y feet high, with a d iameter 
of the trunk of two feet eight inches ; a tree at Kinlet, 
Worcestershire, fifty years planted, sixty feet high and 
two feet seven inches dia.meter of trunk ; at Oroome, 
in the same county, seventy years planted, seventy-five 
feet' high, and two feet six i nches diameter of trunk ; 
at Hopetoun House, Scotland, eighty-six years planted, 
sixty feet high,  and two feet four inches diameter of 
trunk ; at Tyningham, seventy-two years planted, 
thirty-four feet high, and two feet three .inches diame­
ter of trunk. Other statistics cou l·d be given in Ireland,  
France, Prussia, Austria, etc . .  which would prove that 
it thrives iii its adopted home of Europe. 

This tree. in  its native w{)ods, il:l often seen from 
seventy to one hundred feet in height.' with a trunk 
the diameter of which varies from eigh,teen inches to 
three feet. Inf'tances are recorded of their beiug found 
fifteen feet or sixteen feet in' circumference, one near 
Louisville being twenty-two feet six inches in circum­
ference at five feet from the ground, the height of the  
tree being from one hundred and twenty to  one hun-
dred and forty feet. . 

Of all the deciduous trees of North America, the 
tulip tree, next to. the buttonwood, attains the amplest 
dimensions ; while the perfect straightness and uniform 
diameter of its trunk for upward of forty feet entitle 

it to be considered one of the most magnificent trees of 
THE ' TULIP TREE, WHITEWOOD, AMERICAN the temperate zone. 

OR YELLOW POPLAR. The bark, till the trunk exceeds seven inches or eight 
inches in diameter, is  smooth and even ; it  afterward 

This is the Li1'iodendron tUlipife1'a of Linnreus, the begins to crack, and the depth of the furrow and the 
tulip-bearing liriodendr6n, tUlip tree, saddle tree, or thickness of the bark aJ·e proportioned to the size and 
tulip-bearing lily tree of the arboriculturists, which to the age of the tree. The heart or perfed wood of 
produces the wood known in commerce J::>y the variant the tulip tree is yellow, approaching to the lemon color, 
name of poplar, Virginian poplar, white poplar, yellow and its sap or alburnum is white. . 
poplar, whitewood, canary whitewood, canary wood, In Europe, though not attaining the same magnitude 
or canoe wood. The French l.'ulipiel' de Vil'ginie and that it does in situations favorable to it in i ts native 
the German Vi1'ginische1' Tulipeerbaum are literal country, it stil l  forms a magnificent tree. in  some cllses 
translations of tpe word Virginian tulip tree. , reaching the, height of ninety feet or one h undred feet. 

This tree is called Li1'iodend1'on from lei1'ion, a l1Jy, The timber, though classed among light woods, IS 
aud dendron, a tree, from the flowers' resembling those much heavier than that of the common poplar ; its 
of a lily, though more correctly those of a tulip, as the grain is equally fine, but more compact, and the wood 
specific name implies. It is called poplar from its gen- is .easily wrought and polished. It is found strong and 
eral resemblance to trees of that genus ; whitewood, stiff enough for uses that requ ire great sol idity. ' 
and canary wood, from the white or yellow color of . The heartwood, when separated froIll the sap and 
the wood, the wood varying in color when grown under perfectly seasoned, long resist.s the influence of the air, 
different circumstances ; canoe wood, from the use to and is said to be rarely attacked by insects. I t� 
which it is applied by the native Indians ; saddle tree, greatest defect, when employed in wide boards and 
from the cut or scalloped form of the leaves bearing exposed to the weathllr, is  that it is  liable to shrink and 
some resemblance to a saddle. There is only one warp by the alternations (If dryness and moisture ; but 
species of this tree, and it is of the first rank. The this defect is in a great measure compensated for by its 
flowers are yellowish, variegated with green, red , and other pr6perties, and may be, in part, owing to its 
orange ; the corolla is composed of six petals, and it not being allowed sufficient time to be properly 
assumes a tulip or bell-shaped form. . 

seasoned. 
The tree has no relation to the poplar ; it represents The nature of the soil has so stri ldng an influence · 

one of three genera, cOlllPosing the order Magnoliacere, upon the color and upon the quali ty of the wood, 
the genus Magr101ia being considered the type of this that the consumers distinguish it by the nallles of the 
order. white poplar and the yellow poplar. Tne trees show 

The tulip tree is a native of North America. It no outw.ard signs of the special character of the wood 
abounds in the Middle States, in the llpper part of the they contain ,  and it  i s  oniy made manifest by cutting 
Carolinas and of Georgia, and · is  found still  more it.  The white variety is  looked upon as inferior, the 
abundantly in the W estern country, particularly in yellow being used for 'all the better purposes. 
KentuckY. Its comparative rareness in the maritime At New York and Philadelphia, and in the adjacent 
parts of the' Carolinas and of Georgia, in the Floridas, country, it is often employed in the construction of 
and in' lower Louisiana is owing less to the . heat of houses for rafters, and for the joists of upper stories. 
sumIller than to the nature of _the soil, which, in some In the Middle States and in the Western States, it is 
parts, is too dry, as in the pine barrens, and in others more generally used in building, and is considered as the 
too . wet, as in the swam ps which border the rivers. best substitute for the pine, the red cedar, and the 
Even in the Middle aud Western States the tulip tree cypress. Wherever it abounds, it serves for the interior 
is less abundant than the oaks, the walnuts, the ashes, work of houses, and sometimes for the exterior cover­
and the beeches, because it delights only in deep, ing, the panels of doors and ·of wainscots, and the 
loamy, and extreIilely fertile soils. such as are found in mOUldings of chimney pieces. 
the rich bottoms that lie along the rivers, and. on the Shingles about fifteen inches long are made of. this 
borders of the great swamps that are inclosed in the tulip wood ; for this purpose the wood is  very suitable, 
forests. as it is fonnd to be proof against splitting by extreme 

In the Atlantic States, especially at a considerable heat or frost. 
distance from the sea" tulip trees are often seen seventy In all the large towns of the Un ited Sta t.r's, tulip or 
feet, eighty feet, and one hundred feet in height, with poplar boards are used in wid ths of two feet to three 
trunks from eighteen inches to three feet in diameter ; feet. When dry, it takes the paint or pol ish remark­
but the Western States seem to be . he natural . soil of ably well. The seats of the American W i n dsor ehairs 
thi� magnificent tree, and there it displays its most are invariably made of this wood. It i� al�o used for 
powerful  vegetation. It is co�mo�ly found mingled trunk and box making, for furn iture, Il gricu i t u ral 
with other trees, such as the hlCkorIes, the black wal- implements, turnery, broom heads, etc. Th e farmers 
nut and butternut. th� Kentu,?ky coffee �ree, and the nse it for troughs, which are h e w n  from the sol Id  log. 
wild cherry tree_ ;  but It sometunes constItutes. alone. The Indians who inhabited t.he Midd le  Stat es, and 
pretty large tracts of the forest, as on the road from i those who stil l remain ill the Western countr'y, prefer 
Beardstone to Louisville. In no other part of the this tree for their canoes, which, consisting of a single 
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trUnk, are very light and strong, and sometimes carry 
twenty persons. 

In the lumber yards of New York, Philadelphia, and 
Baltimore, a great quantity of this wood is found in 
converted sizes, and compared with black walnut, 
curly birch, etc. , it is sold very cheap . 

In the country watered by the River MOllongahAla, 
between thirty degrees and forty degrees of latitude, 
the tulip tree is so abundant that large rafts composed 
wholly of its logs are Illade to float do wn the strealll . 

Of late years a growing trade has been done in 
England in what is called American whitewood, or 
canary whitewood, for in the field of commerce we do 
not hear of  i t  as  tulip wood. . This adoption of  a popu­
lar trade name, merely descriptive of the wood itself, 
offers a real difficulty where the botanical name or 
character of the tree producing it if' required . The 
writer, who is  well acquainted with th e imported 
wood, made in quiries among the ) Liverpool mer­
chants, with the result that it was. considered the 
produce of an American poplar, a statement negatived 
by the curator of museu ms at Kew and the botanical 
secretary attached to the Canadian section of the 
Indian and Colonial Exhibition, London, who class it 
as tulip wood. 

The imported wood reaches thi� country, principally 
from New York , in  waney logs, prepared after the 
manner of Quebec waney pine, associated with sawn 
planks of very fine dimellsions. 

The wood is remarkably clean and sound, and in the 
case of planks they are mostly cut clear of heart or 
fault, in which state they command a price ful ly  equal 
to that of first quality Quebec yel low pine. The yel­
low or lemon-colored wood is the best, and it is only 
occasionally that the white variety, or real poplar, is 
shipped, 

getters, transmitting thei r good qual i t ies with a re- reich , of Heidelberg, had a patient who belched up in­
llIal'kable degree of certainty. The S h l'op� h i re is the flamnHt b i e  gases. 
object of m uch inquiry in th is pal·t of the coun try . The writer refers also to the case related by Ewald in 
The rallls a re picked up so closely as lam bs that there his work on indigestion. The analysis of the expired 
is practically no supply of older t;heep. , gas was as fol lows : Carbonic acid, 20'57 : h yd rogen , 

.. I ha,"e written concern ing the grades, because the 20 '57 ; carbureted hyd l"Ogen, 1 0 '75 ; oxygen, 6 72 :  
question that is raised by flof"lk masters th roughout I ll i trollen, 41 38 :  sulph ureted hydrogen , trace. 
the country is : How will the �hropshir"'s cross On the I .  " 'l'he explanll.tion, as given by Drs. Beatson Il.I Hl  
sheep that we already have .? From my experi- Saunby, is ,  no doubt, the correct one. The gas proba· 
ence, I thi n k  they can safely be depended upon to bly arises fro III th e food remain ing too long in the 
produce a good m utton sheep, wel l ' covered with a stomach , as in cases of d ilatation, undergoing d ecollJ ' 
fleece of med i um wool ; in ' short, a sheep that has the posi tion and gellerat,ing gases such as car bureted hy· 
abil ity to yield a greater profit than the common sheep drogen and free hydrogen, both of. which are inflam· 
of our country now do. "-Rural New- Yo1·ker. mabIe. . . . Pl"Ofesser Mu ller (Deutsche Medi(Jini�(;!t e 

Wochenschrijt), who has investigated the formation of 
INFLAMMABLE BREATH. 

THE note of Dr. F. E. Quimby, in the Medical Rec­
ord of November 27, 1886, concerning the case of a man 
wh o, as he was blowing out a match, had an eructation 
from the stomach of gas, which igni ted and bnrned 
his face, has called forth a number of commnnications 
from correspondents referring to reports of similar 
cases. 

A gentleman of th is city writes that Lauder Brun­
ton, in his work on " Disorders of Digestion ,"  quotes a 
case reported by C. Anton Ewald. The patient was 
surprised to find inflammable gas issuing from the 
mouth. Ewald collected the gas and analyzed it, find­
ing it cOIlJPosed largely of m arsh gas, though i t  was by 
no mean s identical in cOIllPosition and physical charac­
ters with th is gas. The sou rce of the gas is chemical 
change in the food and mucus occurring in the i ntes­
tinal tract in some forms of imperfect digest.ion, whence 
it passes thl'qugh the open pyloric and cardiac orifices 
of the stoma0h. 

gases, ascribes their generation in the stomach and in­
testines to the action of certain fOfms of bacteria upon 
the carbohydrates of the food. . 

.. For the relief of this condition, Ewald advises lav­
age of the stomach after Kussmaul's method. Heyn­
sius says that chlorinated water gives more rel ief than 
anything else. Waldenburg obtained the best results 
fl'om half-ounce doses of glycerine three times a (lay. 
Saunby suggests that these patients should take small 
quanti ties of solid food, without vegetables, every two 
or thr.ee hours. " -Medical Reco1·d. ' .  . 

A CA'l'ALOGTJR contai n i ng brief notices of many im­
portant scientific papers heretofore published in the 
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The uses to which this fine wood is appl ied are 
legion, and it is rapidly becoming It factor ill the wood 
trade of this country. • 

It is freely used by the cabinet maker, the shop fitter, 
and the builder, or house fitter, the easy manner i n  
which i t  is  wrought o r  worked, its firm character when 
fully dried, and its suitabil ity for staining or polishing 
rendering it a special favorite, 

It is Ii favorite wood with coach and carriage build­
ers, who have not been slow to discover its merits, and 
it is highly spoken of by agricultural implement 
makers and other consumers of wood.-The Timber 
Trades JO'lu·nal. 

SHROPSHIRE SHEEP. 
WE show two beautiful Shropshi res. These are the 

ewe Flossie ( 1 019) and her ewe la lll b Hazle (1 791 ). 
T h ese sheep are to be fou nd in the Glynholm flock, 
owned by J. D Stannard,  White water, Wisconsin. 
Mr. Stannard writes abont the sheep as follows :  " I  
have been interested in Shropshires for three years, 
first crossing a Shropshire ram on common merino 
ewes, and thHn usi ng a Shropshire on the half-blood 
ewes. The half-blood bucks I have either sold as 
lal lJbs or as yearling wethers. This year I sold in  
August" April lambs that averaged 6 3  pounds , I could 
have h ad them heavier but for the drought, whi ch so 
COl li pletely burned up the pastures dn ring the sunllner. 

" The first cross produced ewes of large size, strong, 
hardy, always in good condition, and excellent mothers. 
They shear a fleece averaging about five pounds of 
washed wool, in which the good qual ities of both 
bre.eds are combined, yielding a g-rade of wool which 
our local dealers think IS the best in the market. The 
result of the second crOSR is a sheep lIIore nearly 
approaching the pure Shropshire in style, IIl A,rk ings, 
and cha.racter of fleece. Man v individuals of this cross 
are very difficult to distinguish from pure breds . . The 
rams of this cross are proving to be excellent stock · 

Dr. P. C Cl arl< ,  of Still water, Minn. , suggests that the 
gas was si lll ilar in compo!'i t i on to that . which escapes 
from the rectn rn ,  and wh ich,. as is well known, is in­
flalllmable. The phenomenon is due to the presence in 
small quanti t,ies, of h ydrogen sulph ide, which is pro­
duced by the decolllPosition of organic matters contain­
ing sulphur. 

Dr. F. C. Shattuck, of Boston, mentions Ewald's 
case, and also one I'elaten by Senat or, in which large 
quantities of sulph llret"d h ydrogen were belched 
from the stomach. Lauder Brunton gives the details 
of these caseR in an article p ublished in the P1'acti­
tioner for 1 880, vol. i i . ,  p 267. Al'cording to the Medi­
cal Times and Gazette for 1875, Ewald's (',a�e was the 
third that had beel l  reported up to that date. 
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PATENTS. 

Dr. Wil l iam Grah a m .  of B russel s, Canad a. refers to 
the reports of a n ll lnbAr of cases of t.his  nature. One 
case is relat,ed by Dr.  Bpatson , in  the B1"iti.�h MerUeal 
Jo urnal of Febrnar:v 1 3. 188"6. The patient had been 
troubled with eructations having a very disagreeable 
odor, and one n ight, wh prJ blowin g  ont a match , his 
breath caught fire, with a crack like the report of a 
pistol, which was so loud as to awaken his wife. D r. 
Scott Orr reports, in the �allie journal, under date of 
February 27, a similar ca�e, oCl'url'ing in a man seventy 
years of age. The patient had been troubled for two 
Years with dyspeptic sym ptolllR, and had eructations I t' 'th tb S I tl tl A I �n Mess s ... � .. I ff ·  d t k n connec lOn WI " . c en c rn er c_ , r . •  uu" .. .. of gas which had suc 1 an 0 ensI Ve 0 or as 0 mil. e Co. are solicitors of American and ForeIgn Patents, have had 42 years' 
him miserable when i n  any one's compan y. One even· exnerience. and now have the largest establishlnent in the world. PatenUl 
inA' while he was l ighting h is  pipe one of those in- are obtai?ed on. th� best te�ms. . 

I , t t t '  t I ' · I '
d th b A specIal notIce IS mad� m the St"le!.tlf!fl Amc>'rlcan, of all mven-

yo !I n  ,ary erl�c ,a , 1C?ns .00 { P ace, an . e gas . ecame tions patented through thIS Agency, "' l Ih the !.Rme and reSIdence o� the 
Igmted, burTl ing Il lS m ust.ache and !lpS, and frighten· 

I 
Patentee. By th� immense circulat,lOll t.hus leiyen, PUb�lC attent!on IS dl­

ing him greatlv . The gas went off With a " puff," snch rec�ed to the merIts of the new patent, and sales or mtroductlOn often 
h . t h . r d t . h f _ easIly effected. , .  as occnrs w en :t ma. c IS app Ie ,0 a [lInC 0 �un 

I Any person who has made a new dIscovery or mvertion can ascertam, 
powder. The same thmg has happen ed to the patIent free of charge whether a patent can probably be oot�lDed, by writing to 
fi ve or six till)AA. Walden burg', in 1 8fl4, publish ed a MTlNN &l eo. ' .. 
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