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THE LOSS OF THE CHANNEL STEAMER 
VICTORIA. 

ON April 12 the London and Brighton Railway Com­
pany's steamer Victoria left Newhaven for Dieppe at 
11:30 P. M.,  with about ninety passengers on board. 
All went well until about four in the morning, when, a 
thick fog havin g  come on, the captain was unable to 
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filling with water, gallantly rushed into it and turned 
off all the cocks to prevent any explosion. The incom­
ing tide rapidly swept over the vessel, until in a few 
hours nothing but her funnels were visible. On land­
ing, the passengers were treated with much kindness 
and sent on to Dieppe, where subsequently they were 
joined by the occupants of the other two boats, who 
had been landed at Fecamp. They had been perceiv-
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but had never suspected the cause. Twenty-six of the 
passengers and crew are thought to have been lost by 
the capsizing of the first boat, but the exact number 
has not been ascertained. One lady and two of her child­
ren were drowned-one little boy being saved. A few 
of the bodies have been recovered and claimed by their 
friends, but the greater number are still missing, and 
it is thought that the bodies of some third class pas­

sengers who had no time 
to escape may be found by 
the divers. O ur illustra­
tions show the engine 
room of the steam fog 
horn building and its ma­
chinery ; also the exterior 
of the building.-London 
Graphic. 

BUSINESS PROFITS. 
GEN. FRANCIS A. W ALK­

ER, of the Massachusetts 
Institute of Teehnology, 
lately delivered a lecture 
before the Society of Arts, 
Boston, his subject being 
" The Source of Business 
Profits. " The s p e a  k e I' 
stated and explained his 
theory of the origin of 
business profits, brought 
forward in 1883 in his 
treatise o n  p o l i t i c al 
economy. Gen. Walker 
said in brief: It is not to 
be disputed that, if this 
theory be a correct one, it 
supplies j ust what was 
lacking, and yields, in con­
j unction w i t h w e  11 ap­
proved theories of rent, 
interest, and wages, a com­
plete and consistent body 
of doctrine regarding the 
distribution of wealth. 

see the land, and sent the 
second mate to the engine 
room to ascertain the num­
ber of revolutions the en­
gines had made. From 
these he concluded that 
the vessel must be off the 
land, and then, suddenly 
seeing the cliffs ahead, re­
versed his engines. Not 
hearing the fog horn which 
is usually sounded in thick 
weather off the Pointe 
d'Ailly-a headland some 
nine miles west of Dieppe, 
beneath which stretches 
far out i nto the sea a dan­
gerous line of rocks-the 
captain concluded that he 
was eastward of Dieppe 
harbor, and accordingly, 
after having backed his 
vessel for SOUle distance, 
ported his helm and pro­
ceeded ahead_ In reality 
the vessel was off the Ailly 
rocks, and in a few minutes 
she struck with a tremen­
dous crash, her bows being 
ripped open and the water 
flowing rapidly into the 
fore cabins. Fortunately 
most of the passengers 
were dressed, as the chief 
mate had j ust gone round 
with the landing tickets, 
and had informed them 
that they were nearing the 
harbor. A wild p a n  i c 
seems to have ensued upon 
the vessel striking, despite 
the attempt of Captain 
Clarke and his officers. The 

ENGINE ROOM OF THE FOG H ORN OR STEAM SIREN, POINTE D'AILLY. 

We shall best approach 
our present subject by in­
quiring what would be the 
share of the produce going 
to the employer, as such, 

captain at once ordered the boats to be lowered, but, 
owing to the rush and the jamming of the pulleys by a 
lady's shawl, the first boat-the port quarter boat­
was capsized, and all its occupants thrown into the 
water, some of them being rescued by the second boat 
which was lowered. The second and third boats were 
then filled and dispatched to find the nearest land, and 
then the second mate, Mr. Pope, took as many as he 
safely could on board the fourth boat, and rowed as 
near to the beach as possible. He then ordered the men 
to j ump into the water and to wade ashore, the women 
being carried through the water in the men's arms. 
Returning to the ship, he took off another boatload 
until all were rescued, Captain Clarke cOldng off in 
the fifth and last journey. The passengers testify 
highly to the conduct of the captain and his officers, 
and state that had there been no panic, very little loss 
of life would have occurred. The chief engineer, Mr. 
Moneypenny, also, when the engine room was rapidly 

ed when off St. Valery en Caux, but were warned by 
the fishermp.n on shore not to attempt to enter the har­
bor, as the sea was running too high. Their appear­
ance, however, was at once telegraphed to Fecamp, 
whence the lifeboat was dispatched to their relief. As 
soon as the lifeboat reached them they were taken on 
board, and being subsequently transferred to a tug 
were brought to Fecamp. The reason why the fog 
horn did not sound appears from the account of the 
head lighthouse keeper to be due to the extraordinary 
neglect of the man on watch. He himself had been 
awakened by his wife, who had perceived the fog at 
ten minutes past four ; but as the horn is blown by 
steam the fire had to be lighted, and an hour elapsed 
before it could be brought into action. Had he been 
able to blow the horn without delay, the disaster would 
in all probability have been averted. The wreck was 
not perceived until six o'clock, but the keepers state 
they had heard the cries of the people at half past four, 

irrespective of the proper 
interest on capital, in case the body of employers con­
stituted a distinct class, either naturally or artifically 
defined, all of whose members were equal among 
themselves in the point of business abilities and oppor­
tunities. We assume that in a certain community there 
are a number of employers who alone are permitted to 
do the business of that community, or else who are so 
exceptionally gifted and endowed by nature for per­
forming this ind ustrial function that no one not of that 
class would aspire thereto, or would be conceded any 
credit or patronage should he so aspire. Secondly, we 
assume that, neither in point of ability, nor of op­
portunity, has any one member of this class an advan­
tage as against another. What, would be true of busi­
ness profits, the remuneratioll of the employing class? 
I anlSwer that, if the members of this class were few, 
they might conceivably effect a combination among 
themselves ; and through possessing a natural or an 
artificial monopoly of a force absolutely indispensable 

THE STEAM FOG HORN OR SIREN, POINTE D'AILLY, FRANCE. 
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to the conduct of industry, they might fix a standard for 
their own remuneration, which should be the price for 
which they would consent to carry on the business of 
that community. If, however, the community were a 
large one, and this business class numerous, such a 
combination to determine profits would be impractic­
able. 

Competition would set in, and would find no natul"al 
stopping place until it had reduced profits to that 
minimum which, for present purposes, we call nil. 'l'he 
ultimate minim um would be the amount of profits 
necessal"Y to keep alive a sufficient number of the eIIl­
ploying class to transact the necessary business of the 
community. We have supposed that laborers could 
not become employers, but it does not follow that em­
ployers might not become laborers, and earn the wages 
of laborers, in case their remuneration as employers 
should be reduced by competition below the current rate 
of wages. In this case the minimum of profits would be 
determined by the current rate of wages. In the case 
assumed, the remuneration of the employing class 
would infallibly be reduced through the normal effect 
of competition to a level with the remuneration of 
the laboring class. There would be no profits as dis­
tinguished from or preferred to wages. Do we actually 
find employers of labor earning profits which are no 
greater than the wages of labor ? I answer that in 
every large community there are many such employers, 
and in every branch of business in a large community 
there are some such employers-men who by their con­
duct of the industrial enterprises of which they have 
come into control , real ize no remuneration greater than 
that received by the laboring class. 

We may take a step beyond, and say that there are 
some whose conduct of business results only in loss . 
.Just above this class are those employers who realize, 
at best, but very moderate profits, which may, for the 
purposes of this discussion, be taken as nil, amounting, 
that is, to little if anything more than the same persons 
might hope to receive in the employ of others, and that 
too, with much less of mental pressure and nervous 
wear and tear. Taking our stand on this line, we see 
the body of employes viewed with respect to the re­
muneration received for the conduct of business, rising 
upward by insensible graduations, but through long 
distances, until we come to those rarely gifted masters 
of industry who are capable of managing the largest en­
terprises with uniform success, and who seem to turn 
everything they touch into gold. We note that these 
employers, as a rule, pay wages equal tu those paid by 
those who realize no profits, or even sustain a loss, and 
they pay as high prices for materials and as high rates 
of interest for the use of capital if the scale of their trans­
actions and greater security of payment be taken, as it 
should,  into account. Whence, then, comes this surplus" 
which is left in the hands of the higher grades of em­
ployers after the payment of wage,?, the purchase of 
materials and supplies, and the repair and renewal of 
machinery and plant ? I answer that this surplus re­
presents, in the case of the employer, that which he is 
able to produce over and above what an employer of 
the lowest industrial grade can produce with equal 
amounts of labor and capital. It is his own creation, 
produced by that business abil ity which raises him 
above employers of what may be called the no profit 
class. Well approved principles of political economy 
will not allow us to q uestion that, i n  this view, profits 
do not enter at all i nto the price of produce. '1'he 
normal price of any kind of goods is determined by the 
cost of that last considerable portion of the supply 
which is produced at the greatest disadvantage. The 
cost of maintaining employers of the lowest industrial 
grade necessarily enters into the normal price. The 
cost of that portion of the necessary supply which is 
produced under the direction of this class fixes the price 
of the whole supply, and those who prod uce at a rela­
tive advantage have left in  their hands a surplus, after 
paying wages, interest, and rent at rates equal to those 
which are paid by empluyers who real ize no gain. That 
profits are not obtained by deduction from wages is 
equally clear, when we consider that the most success­
full  employers pa,y as high wages as the employers who 
realize no profit. 

If the view here presented be a correct one, it will 
appear that it is for the interest of the community, par­
ticularly of the wages class, that the conduct of indus­
trial enterprises should be restricted to lIIen of distinct, 
decided business ability. If thi� be correct, we see how 
mistaken is that opinion, too often entertained by the 
wages class, which regards the successful employers of 
labor, men who realize large fortunes in man ufactures 
or trade, as having in some way i njured or robbed them, 
while extending to the less successful employers of 
labor a considerable degree of sympathy. Economically 
this is mistaken and mischievous. The men who do 
business at the cost of the working classes are the men 
who do business poorly. Ignorance, inertness, and im­
providence on the part of the working classes greatly 
increase the opportunities for incompetent men to 
crowd themselves into the control of labor and capital 
and to conduct industrial enterprises at the cost of the 
general comIIlunity. 

After the three succesive deductions from the pro­
duce of industry-rent, interest, and profits-there re­
main wages. In this, profits, the remuneration of the 
employing class is determined by principles closely 
analogous to those which determine rent. In this view 
they constitute a part of the price of goods, and are ob­
tained through no deduction from the wages of labor. 

Wages is the residual share of the product of in­
dustry-residual in this sense, that it is enhanced by 
every cause which increases the product of industry, 
without gi ving to any one of the other three parties 
to production a claim to an increased remuneration; 
residual in the sense that, even if any one or all of the 
other parties to production become so engaged in any 
given increase of the prodnct as to become entitled to 
an enhanced share in its distribution, their shares still 
remain subject to determination by positive reasons, 
while wages receive the benefit of all that is left over, 
atter the other claimants are satisfied. It is demon­
!'trated that the product of industry may be increased 
without enhanci n g  the share of all or of any of the other 
parties to distribution. 

The wages class then receive a benefit from any 
increase of the product of industry corresponding to 
that derived by the residuary legatee whenever the 
total value of the estate concerned is ascertained to 
have been, or by some unanticipated cause becomes, 
larier than was in contemplation of the testator when 

the 3.mounts of the several specific bequests were de­
termined upon. 

The theory here offered accounts, I bel ieve, for the 
actual facts of business profits, about as nearly as the 
Ricardian doctrine accounts for the actual facts of 
rent. This is all that is claimed for it. If so much be 
conceded, it must, I think, be seen that we h ave for 
the first time since the wage fund theory was exploded, 
a complete and consistent theoretical determination of 
the several principal shares into which the product of 
industry is divided. If profits are not divided as here 
stated, will not some one undertake to show whence 
they do come, and by what forces they are determined 
and limited as to amount ? 

THE PROBLEM OF THE MATCHES. 
ONE of our contributors, who wishes his name with­

held from p ublication, sends us a description of an 
amusing experiment which he designates as a " rejoic­
ing over matches that refuse to take fire." 

Four chemical safety matches are taken from a box, 
and two of them are inserted in the space between the 
box and the partially open slide, while the third is 
placed between the other two, as shown in the figure. 
This latter match must be held very firmly between 
the other two, which are bent back from their initial 
position for this purpost". 

THE PROBLEM OF THE MATCHES. 

number of spots beneath is 9, but he tal.es care not to 
show them. While quickly turning his hand over to 
the position shown in Fig. 3, he gives the dice a quarter 
turn by a twist of his fingers, as shown in Fig. 2. He 
then shows the spectat:)rs a n umber of spots. say 8, for 
example, that they will think are those of the bottom, 
but which are really those of one of the l ateral faces. 
He calls strict attention to the number, and then 
quickly brings the dice back to the first position by re­
versing the former action of the thumb and forefinger 
(Fig. 4). A person can very easily acquire the faculty 
of making these motions very rapid l y, and of rendering 
them almost imperceptible while the hand is passing 
from one position to the other. 

The operator now says : "I h ave just shown you that 
the number of spots beneath is 8. Well,  I am going to 
change that number by adding one to i t ; "  and he ask .. 
one of the spectators to strike the under surface of the 
d ice with his forefinger, as if  to fasten the supplement­
ary spot to it. Upon laying the dice on the table (Fig. 
5), he calls  attention to the fact that he is doing n o­
thing that could disturb them, and that the n umuer of 
spots on top is the same as it was i n  t h e  beginning. 
He then invites some one to turn the dice over, when it 
is observed with astonishment that there are 9 spots 
instead of 8. 

It is clear that, in certain cases, instead of adding 
Olle or more spots, it will be necessary to su btract 

HOUDIN'S MAGIC BALL. 

The horizontal match is then set on fire in the middle some. If, for example, we have 12 in the beginning, 
by means of the fourth one. The spectators have been and the false spots that are ShOWll are 9, since we I.now 
previously asked, Which is the first m atch whose head I that the true spots beneath a

.
re 2, we shall have to ask 

will take fire ? Is it the one to the right or the one to the person called upon as an assistant to efface 7 spots 
the left ? with his finger, instead of adding any. 

Answer : Neither. As soon as the match is carbon- Finally, there are certain positions of the dice with 
ized, the two lateral ones will spring back and throw which the trick cannot be played, and this is when the 
it out with considerable force, so that it will be ex- false spots and the true spots beneath are equal. Thus, 
tingnished. Our figure so well shows how things are when the spots beneath are 10, through 6 ano 4, so that 
arranged for the experiment, that it is useless to enter the lateral faces against the thumb carry fi ves, it is 
into further detail. In case the matches do not read- found that we have 4 for false spots (by two twos), and 
ily enter the free space between the box and slide, they the same number for true spots beneath (by th ree and 
may be beveled off at the lower end. one). In such a case it becomes necessary to have re­

A TRICK WITH DICE. 

THIS trick, which always greatly astonishes those 
before whom it is performed for the first time, is based 
upon a very simple calculation. 'l'here are but few 
persons who understand how the spots are arranged 
upon the six faces of a die, and many imagine that 
they are placed at hazard. But such is not the case, 
for they are disposed according to a certain method, 
and their arrangement is such that upon adding the 
number of spots on any two opposite faces the total is 

course to one of those many subterfuges employed by 
the prestidigitators when they are embarrassed. '],here 
is a very simple one, and that is to let the dice fall as if 
through clumsiness, and then to begin again with 
other numbers. 

HOUDIN'S MAGIC BALL. 
THIS ball, which we recently saw in a toy shop, has 

the aspect, externally, of th e one used in the familiar 
toy known as the ., cup and ball." Extending through 

A TRICK WITH DICE. 

always 7. This is the starting point of our trick, which 
is played with two dice, whose opposite faces when 
added will of course give a total of 14 spots. 

The trick is as follows: After throwing the dice and 
ascertaining the number of spots obtained, say 5, for 
example, they are grasped between the thumb and 
forefinger, as shown in Fig 1. The operator, through 
a simple mental calculation, alr'eady knows that the 

its center there is a straight cylindrical aperture, and 
when a cord is passed through the latter, the ball easily 
slides along it. 

If a person who is in the secret holds the cord by its 
two extremities, things change, since the ball ,  far from 
falling, descends very slowly along the string, or even 
remains stationary, and does not move again until the 
operator allows it to. This trick, which was formerly 
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performed by Robert Houdin with a ball of large size, 
very much surprised spectators. 

How does the affair work ? That is explained in the 
section of the magic ball shown in the figure. In 
addition to the central aperture, there is another and 
curved one, which euds near the extremities of the axial 
perforation, aud a person in the secret, while making 
believe pass the cord through the straight aperture, 
actually passes it through the curved one. It will now 
be apparent that it is only necessary to tauten the cord 
more or less in order to retard or stop the descent of 
the ball. 

To the left of the engraving is seen the magic ball 
thus suspended between the operator's hands. 

The above, together with .. The Problem of the 
Matches " and " A  Trick with Dice," are from La 
Nature. 

THE NEW UNIFORM FOR THE FRENCH 
INFANTRY. 

IT is known that the first action of the war depart­
ment was to order a new uniforlll, which had been tried 
in a few regiments, and the description of which had 
been sent to all the chiefs of division. The opinions 
of these latter were submitted to the war department, 
which decided-after a long examination, and after 
having ascertained the opi nion of the Committee on 
Infantry-to submit to Parliament a project for a new 
uniform for the infantry. 

The following is the project referred to : 
1st. The adoption of a " t unique-vareuse" for full 

dress and fatigue uniforms. The vest i s  given up. 
The new tunic is loose, and facilitates the soldier's 

a conventional standard, the expressions a half, a 
q uarter, or whatevel' be the measure, of acuteness of 
hearing would be permissible, if in such cases the same 
tuning fork were always applied, and it was always 
struck with the same intensity. To come to an under­
standing 011 this point was the business of practical 
aurists. 

During the animated discussion which followed this 
address, Prof. Du Bois-Reymond produced an appara­
tus in which equal am plitude of vibration in a tuning 
fork was obtained by placing between the prongs of 
the fork a revolving elliptical disk of such dimensions 
that the small axis left the prongs in their natural 
position, while the large axis forced them apart from 
one another .. The large axis having been put in, and 
the disk rapidly turned through \JO°, the fork com­
menced to vibrate, and with each impulse the ampli­
tude was the same. 

THE SIMILARITY OF THE PHENOMENA OF 
THE NERVOUS SLEEP, HYPNOT ISM, 
SPIRITUALISM, TO THE PHYSIOLOGICAL 
ACTION OF CANNABIS INDICA OR HAS­
HISH. 

By A. L. HODGDON, M.D. , Farmwell, Va. 
THE hashish has long been employed by the Malays 

as a means of producing a peculiar kind of intoxication, 
and the ecstatic state produced by the same undoubt­
edly bears, in many ways, a close resemblance to the 
results manifested by inducing the so-called con lition, 
hypnotism. It has been variously classed among the 

perfect quack face produced by tIle eight.eenth century. 
There he s its, and seraphically languishes with this 
epigraph : 

'De l'ami des humains reconaissez les traits. 
Tous ses jours Bont marques par de nou veaux bien· 

faits. 
II prolonge la vie, il secourt l'indigence ; 
Le plaisir d'etre utile est seul sa recompense. ' " 

Yet there are people to-day, in this enlightened age, 
who look u pon the phenomena of clairvoyance and im­
plicitly believe that spiritual manifestations are pro­
d uced through the same ; the reason they believe it is 
hard to explain, unless it is,  as .Dr. Maudsley * says : 
. .  In like manner, at the so-called spiritual seances, the 
idea of an event being about to happen will produce in 
some persons a conviction that they actually see or feel 
it happen. 

" A person of a certain sort of nervous temperament, 
sittiug in the dark for some time in complete silence, 
having the feeling of some mysterious agency at work, 
and eagerly expectant, gets into such a state of mind 
that he is ready to perceive what he is confidently 
assured will occur, and perceive it accordingly when 
what really occurs was perhaps something q nite differ­
ent. The rule of sound observation is that the mind 
should be free from a preconceived idea ; the rule of 
those who call spirits frOID the vasty deep is that the 
mind should be possessed by the preconceived idea. " 

There are some phases connected with the nervous 
sleep that seem at IDost unexplainable, but in leger­
demain as well there are things that puzzle the IllOSt 
acute of observers ; for example, in a somnaIllbule who 
came under my imIllediate obsen'ation, while in the 

THE NEW UNIFORM OF THE FRENCH ARMY-NO CARTRIDGE BOXES. 
movements of respiration. It contains inside pockets 
for the book containing his credentials, and outside 
pockets for cartridges. The cartridge boxes are no 
longer used. 

The belt is worn underneath, and it and the sword 
holder are stil l  of black leather. The outer garments 
are sufficiently loose to permit of wearing woolen 
under-garments. 

The epaulets of the infantry are to be retained 
temporarily, or until the present supply, which is quite 
large, is exhausted.-Le Monde fllust1·e. 

ACUTEN ESS OF HEARING. 
AT a recent meeting of the Physiological Society. 

Berlin, Prof. Du Bois-Reymond in the chair, Dr. 
Konig spoke on acuteness of hearing and its estimation 
by means of tuning forks, the sound of which gradual­
ly died away. He laid stress on the distinction be­
tween acuteness of seeing and acuteness of hearing, 
the latter of which was represented by the time from 
the beginning of hearing a tuning fork struck till no 
sound from it was any longer perceived. 

It was now cl1stomary to say when one person could 
hear a certain tuning fork for 100 seconds after it h ad 
been struck, and another could hear the same tuning 
fork, struck at the same intensity, for only 50 seconds, 
that the second had only half the acuteness of hearing 
possessed by the first. In point of fact, such a state­
ment was not accurate, seeing that the amplitudes of a 
vibrating tuning fork declined in geometrical progres­
sion. It was only in very special circumstances that 
the specification of the amoun t of acu teness of hearing, 
as commonly employed, could be correct. 

As an empirical method of measurement according to 

narcotics, etc .. by different writers, -but the classifica­
tion made by Fonsllagrives * seems to indicate its char­
acter very . clearly, viz. , primarily classed among the 
" delirants ;" secondarily among the " cannabiques. " 
The beautifully written description by Professor Wood t 
of the effect produced by a full  dose taken by himself 
seems to.indicate its general action, although of course 
there are many exceptions to the action produced in  
indi vidual cases. 

Hypnotism,:!: or the somIDeil nerveux of Demarquay 
(the last term appearing to be the preferable one), with 
its long line of allied states and synonyms, i. e., cata­
lepsy, mesmerism, and the so-called spiritualistic mani­
festations made manifest by clairvoyance through the 
mediu m of the nervous sleep, which attracted con­
siderable attention when announced by Mesmer about 
the year 1772. 

Alexander Dumas § gives a glowing account of the 
doings of one Balsamo or Count Cagliostro, whose 
preceptor was Althotas, while Carlyle II in describing an 
effigy of him writes thus : " Fittest of visages ; worthy to 
be worn by the quack of quacks! A most portentous 
face of scoundrelism-a fat, snub. abominable face ; dew 
lapped, flat nosed, greasy, full of greediness, sensuality, 
ox like obstinacy; a forehead impudent, refusing to be 
ashamed ; and then two �yes turned up seraphically 
languishing, as in divine contem plation and adoration; 
a touch of quiz, too ; on the whole, perhaps the most 

* Principes de Therapeutique Generale. Second edition. Par J. B. 
Fonssagrives. 

t Therapeutics and Materia Medica. Wood. 
t Recherche snr l'Hypnotisme ou sommeil nerveux Demarquay et 

Giraud Teulon. 
§ Memoirs of a Physician, by Alexander Dumae. 
II Critical and Miscellaneous Essays. by Thomas Carlyle. 

mesmeric sleep (having the eyes closed), upon being 
II.sked the hour (although there was at the time a ClOCK 
in the room and a watch in the pocket of the subject), 
gave in response the time that was between the time 
indicated by the clock and that of the watch, it being 
afterward ascertained that the clock was a few minutes 
too fast and the watch a few min utes too slow. But 
upon questioning the suhject, who was a very intelli­
gent person, and was not prone to give way to super­
stition, it was found that he was very good at a guess 
in reference to the time. Dr. 'I.'uke,t however. gives so 
many instances in his most elaborate work of the influ­
ence of the mind upon the body, that it is scarcely to 
be wondered at that a party having a firm conviction 
that he will sep, something, would after a whi le have a 
hal.lucination ; and ever afterward have it engraved up­
OIl his mind that he had seen what he had been looking 
for. But for all who are inclined to look upon the sub­
ject in a natural l ight, and not to gaze at the same 
th rough the dim vista of the supernatural , they could 
not do better than read Dr. Carpenter's :j: admirable 
little work. 

Now, taking hypnotism as a scientific phenomena, 
you have in it  something more tangible to compare 
with the action of hemp. We know in the first place 
that both hypnotism and hemp produce a sense of 
double consciousness in the person who comes under 
their influence, both have an anagelsic action, and 
both, in some degree, an anresthetic one ; both are 
characterized by a tendency to produce hilarity, and at 

* Physiology of Mind, Maud.ley. 
t Tuke's Influence of the Mind upon the Body. 
t Mesmerism. Spiritualism, etc.; m.torically nnd Scientifically con­

sidered, by William B. Carpenter, C.B., M.D., LL.D., etc. 
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times pugnacity, while a sense of bien etre is noticed to 
be prod uced by both ; a sensation as of an electric cur­
rent passing through different portions of the body is 
noticeable in both. The party under the influence of 
either is largely influenced by his surroundings ; and, 
finally, the action of the hashish corresponds to that of 
the nervous sleep by leaving no malaise in its wake like 
one notices so often to follow a dose of opium. Both 
greatly tend toward the production of catalepsy, one 
of the phases of the mesmeric state. 

Hypnotism has been largely given over to clairvoy­
ants, instead of being scientifically investigated to any 
great extent, while the investigation of the action of 
hashish has not received the attention it has merited in 
comparison with other drugs. ·-Maryland Medical 
Journal. 

[Continued from SUPPLEMENT, No. 595, page 9506.] 
CLIMATE IN ITS RELATION TO HEALTH.* 

By G. V. POORE, M.D. 
LECTURE III.-CONTINUED. 

PHTHISIS. 

THERE is no disease with which we are more familiar 
than tubercular disease of the lungs-consumption, or 
phthisis, as it has been called. It is a disease which has 
been the opprobrium of medicine, and which, when 
well established, is rarely recovered from. The views 
as to the nature of the changes which take place in 
the lungs have been almost as varied as the writers 
have been numerous. And it is only within the last 
few years that we have arri ved at anything like a fixed 
opinion as to the nature of the disease. This advance 
has been due to Koch, the eminent physician and 
sanitarian of Berlin, who seems to have proved that 
there is always to be found in association with tuber­
cular disease a micro-organism which he has called 
the bacillus tuberculosis. There is no doubt about the 
bacill us. Koch having shown the way, we none of us 
have any difficulty in finding it. It is not present in 
those forms of lung disease which are not tubercular, 
but it is invariably as�ociated with tubercle wherever 
found, and it is easily detected in the matter coughed 
up by consumptive patients. 

It has long been known that tubercular disease is 
infecti ve, i. e., that a localized focus of the disease in 
any part of the body might infect the whole body ; and 
it has been lately shown that the disease is definitely 
inoculable, and that the bacillus tuberculosis is pro­
bably its true cause. 

Is the bacillus tubercnlosis a fact or a fancy ? The 
importance of settling this question cannot be over­
estimated, for if it be proved that the bacillus is the 
actual caUEe of tubercular disease, that consumption is, 
so to say, a zymotic, our attitude toward the disease in 
the future will be very different from what it was in 
the past. 

The arguments in favor of the bacillary cause of 
tubercle seem to me to be as strong as they can well be, 
and it is a noteworthy fact that the acceptance of the 
theory by physicians and pathologists in this country 
becomes daily more and more general. 

I think it will be conceded also that many of the well 
known facts regarding phthisis are more in accord 
with its being an infective than a local inflammatory 
disorder. 

That a local tubercular deposit will infect the whole 
body much in the way that a foul wound will some­
times infect the whole body is well known ; and argu­
ing by analogy, this is a strong reason in favor of 
phthisis being an infective disease, dependent on the 
growth of au organism. 

When once tubercular disease is established, it is not 
often recovered from, A man contracts phthisis from 
working in an ill-ventilated, crowded workshop. After 
the disease is fully established the chance of stopping 
it is small, notwithstanding that he be removed from 
thfl conditions which caused his trouble. If  the case 
were due to the chemical or mechanical foulness of the 
air starting inflammatory action, then the disease 
should stop when the cause is removed. If, on the 
other hand, bacilli have found a home in the lungs, 
they would probably continue to grow after their 
growth had been once started. The persistence of the 
disease when once it gets a hold seems to be an argu­
lllent in favor of its being caused by the growth of an 
infecting organism. 

We are still in doubt as to whether tubercle is infec­
tious in the ordinary sense, and cases of the disease 
having passed from person to person by " infection " 
are so rare as to leave us in doubt whether some error 
may not have vitiated. the recorded case. On the 
other hand, it must be borne in mind that the onset 
of tuberculosis is very insidious and gradual , and is 
not attended with any striking phenomena like the 
onset of the eruptive fevers, so that the time of onset 
can never be determined, And, again, th e disease is 
so common that when tubercle makes its appearance 
we can never say that the individual infected by it has 
not been exposed to infection. 

Its undoubted relationship to overcrowding and bad 
ventilation seems to me a very strong argument in 
favor of its infective nature. Phthisis causes rather 
more than 10 per cellt, of deaths in this country, and is 
by far the commonest of any cause · of death. In any 
workshop where a considerable number of artisans are 
working together, it is highly improbable that there 
are not some who are in a state to infect others ; and 
if the cubic space be small and the ventilation bad, .the 
risks of infection are greatly increased. 

'I'be bacillus tuberculosis is one of those which readily 
form spores, which are to the bacillus itself very much 
what the seed of a plant is  to a cutting. We know 
that seeds may be kept for very long periods without 
losing their power of germinating. In this the spore 
of the bacilln.� tube1'!JUlosis resembles a seed. It may 
be dried and lie dormant for a long time, but being 
raised with the dust of the room, and being inhaled 
into the lungs, we have every reason to think that 
such a spore is  capable of infecting the individual who 
is unfortunate enough to inhale it. The bacilli can be 
cultivated outside the body, but they require a high 
temperature, equal to that of the blood (i. e. , 980 and 
upward to about 1030 Fah.) ,  so that we cannot assume 
that in this country there is any spontaneous growth 
of tubercle bacilli outside the body. 

----��----�� 
.. Three lectures before the SOCiety of Arts, London. From the Jour· nal of the Societ,)'. 

Dr. George Buchanan has shown that the death rate 
from tubercular disease has sensibly decreased in cer­
tain localities, where effectual sewerage works have 
been carried out. Why there should be this connec­
tion between sewerage and pulmonary consumption is 
not clear. The sewerage works, by removing filth 
from the neighborhood of dwellings, would be likely 
to improve the health of the dwellers and increase their 
power of resisting infection. 

Again, a certain amount of definitely dangerous and 
infective matter coughed up from diseased lungs would 
find its way into the sewers, and thus be carried clean 
away from the neighborhood of the dwelling. The 
soil being made drier, and the air as a consequence 
of this drier also, the bacilli  would be more likely to 
lose their vitality, although the spores would not be 
affected. 

A putrid soil or a putrefying cesspool, although they 
would not probably serve as a cultivation medium for 
the bacillus tuberculosis, may serve to maintain their 
vitality and virulence, 

Whatever may be the true explanation of the fact 
which has been pointed out by Dr. Buchanan, we shall 
all readily admit that tuberculosis does not stand alone 
as an instance of an infecti ve disilase, the deadliness of 
which is enhanced by fil thy surroundings. 

There is one fact in connection with tuberculosis 
which is difficult to explain by the theory of infection, 
and that is its undoubted hereditariness, for that it is a 
disease which runs in families in a remarkable way 
there can be no doubt. There is, it must be remember­
ed, more than one infective disease which is com­
municated by the parent to the offspring, but that 
this is often the case in tuberculosis is rendered un­
likely by the fact that the disease does not often show 
itself till some years after birth. 

When dealing with Raulin's experiment, at the close 
of the last lecture, the experiment which showed the i m­
portance of almost infinitesimal ingredients in cultivat­
ing media, I took occasion to remark that a constitution­
al predisposition to this or that disease, such as scarla­
tina or tuberculosis, might mean that the blood and 
tissues contain some infinitesimal ingredient necessary 
for the growth of the organism which gave rise to the 
disease. 

Again, may not the predisposition to consumption 
consist in the inheritance of a long, narrow chest, which 
is the typical characteristic of a consumptive race ? 
The coughing power, and the power of the lung to ex­
pel catarrhal products, is below par in such persons, 
and this is especially the case at the apex, which is the 
seat of election for the commencement of tubercular 
disease. The secretions of the lung lodging at this 
point would serve as a fitting nidus for the growth of 
the bacillus. Given a person whose family history 
points to a predisposition to consumption, it has 
always seemed to me, speaking as the medical officer of 
a life insurance office, that in estimating the probabil· 
ity of the individual suffering from consumption, the 
point of most importance to look to is the s.hape of the 
chest. 

I have gone rather fully into some of these details, 
because of the general belief that phthisis is a disease 
inseparable from certain climates, especially climates 
like our own, which are coW and damp. It will ap­
pear, however, that it is rather an accident, so to say, 
attendant upon living in such a climate-a climate 
which induces us to live in overcrowded dwellings, and 
to neglect the important considerations of cubic space 
and ventilation. 

The following facts, culled from the works of Dr, 
Parkes and Professor De Chaumont, are not without 
interest. 

The large death rate in the country from diseases of 
the respiratory organs Professor De Chaumont believes 
to be due to the breathing of impure air, a cause which 
affects all classes of the community-high, low, rich, or 
poor ; and he gives an interesting diagram of the death 
rate from these diseases in the registration districts north 
of the 'fhalnes, which shows tolerably conclusively that 
the death rate is proportionate to the crowding, and 
also to the population gathered round any particular 
spot. That is to say, that overcrowding under all 
circumstances is a cause of respiratory dIsease, but that 
overcrowding in a large to wn is more harmful than in a 
comparatively small one. 

D uring the years 1830-46, thp. mean mortality from 
phthisis in the army on home service amounted to 7 '86 
per 1, 000 of strength, the highest mortality being 
among the Foot Guards, with whom it reached 11 '35 
per 1, 000 of strength. This state of things attracted 
the attention of Sir Alexander Tulloch and Dr. Balfour, 
who pointed out that, in the Equitable Assurance 
Company at that time, the average mortality between 
the ages of 30 and 40, from all diseases of the lungs, 
amounted to 3 '4 per 1,000. The army mortality from 
phthisis was, therefore, three times greater than 
necessary. 

. 

The large m ortality from pht.hisis among this picked 
class of the population, a class picked for their high 
physical qualities, and leading a life which at first 
sight would seem typically healthy, naturally roused 
inquiry as to the cause. 

That it was not due to climatic conditions seemed 
tolerably plain, for the mortality of our troops from 
the same cause appeared to be equally great at some 
foreign stations, Thus at Gibraltar, 41 per cent. of the 
total deaths among the troops were caused by phthIsis 
in the years 1837-46, while in t.he year 1875, only 23 per 
cent. of the deaths were due to this caUBe. At Malta, 
we are told that in former Yflars phthisis was the cause 
of 39 per cent. of the deaths, or nearly the same as at 
Gibraltar. Latterly, there have been fewer deaths at 
Malta. In the island of Jamaica, the deaths from 
phthisis in the years 1817-36 amounted to 7 '5 per 1,000 
of strength ; while in 1859-66 the mortality from this 
cause had fallen to 1 '42 per 1,000 of strength. In Trini­
dad, lung disease killed on an average 1 1 '5 per 1 ,000 of 
strength between 1817 and 1836, while the mortality from 
this cause has now greatly diminished. 

Turning from the warm stations of the Mediterranean, 
and the warm, equable climates of the West Indies, to 
the extremely severe climate of Canada, we notice in 
the first instance that Canada is reckoned to be excep­
tionally healthy ; and further, we are told that-

.. The amount of phthisis has always been smaller 
than in some stations, and regiILents of the Guards 
proceeding from London to Canada have had on two 
occasions a marked diminution of phthisical disease . 
The comparatively small amount of phthisis is remark-

able, as the troops have at times been very much 
crowded in barracks. They have now the same allow­
ance of space (600 cubic feet). " 

In the twenty years 1817-36, the deaths from phthisis 
were 4 '22 per 1, 000 of strength, whereas in 1859-65 they 
were but 1 '67 per 1 ,000. This im provement in Canada 
has been coincident with a similar im provement at home. 
The reporters call attention to the fact that these 
Canadian returns show how little the tendency to 
phthisis is increased by extremes or sudden changes 
of temperature, 

PHTHISIS IN INDIA, PER 1,000 OF STRENGTH. 
Bengal-

Died. 

1863-66 . . . . . . . . . . .  '" . . . . . . . . . . . . . . 1 '707 
1867-70 . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 '752 

Bombay-

Iuvalided. 
2 '729 
3 '636 

1 863-66 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 '526 3 '280 
1867-70 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 '238 3 '576 

Madras-
1863-66 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 '458 3 '656 
1867-70 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 '336 4 '737 

ARMY AT HOME. 1864-70. 
Died. 

Household Cavalry . . . . . . . . . . . . . .  3 '763 
Cavalry of Line . . . . . . . . . . . . . . . . . .  1 '416 
Foot Guards . . . . . . . . . . . . . . . . . . . . .  2 '300 
Infantry of Line . . . . . . . . . .  ' . . . . . . 2 ' 120 

Invalided. 
8 '234 
4 '025 
9 '491 
5 '510 

How regularly the cause of phthisis must be acting 
in India is seen, says Parkes ("  Practical Hygiene, " p. 
683), in thfl fact that in the four years 1863-66, 74 U1en 
died from phthisis in the Bombay Presidency and 73 
in the Madras Presidency, the mean n umuer of troops 
being in each case almost precisely the same (12, 1 1 9  and 
12,512). For the next four years, with a smal ler num bel' 
of troops, 53 and 55 died in the two presidencies. 

The table seems to me to show clearly that the im­
mense range and variation of climates in which the 
troops serve in India have no effect whatever on the 
production of phthisis ; and this inference is again 
strengthened by the fact that the mortality in Bengal 
from p hthisis is almost precisely the same as in Canada. 

A reference to the table will show that there is l ess 
phthisis in India than at home. There can be no 
doubt that the causes of phthisis are less active in 
India ; and if  these causes are not climatic, must the 
difference not be found in the larger breathing space 
and greater latera.l separations men have in India ? 

Among the causes of phthisis the most potent seems 
to be overcrowding in dwellings and the breathing of 
an impure air. 

In Parkes' " Hygiene " mention is made (p. 123) of 
two Austrian prisons. 

(a. ) Prison in the Leopoldstadt, in Vienna, in wh ich 
in the years 1843-47 there died 378 prisoners out of a 
total of 4,280, dond of these 220, or 51 '4 per 1 ,000, died of 
phthisis. 

(b. ) In the well-ventilated House of Correction in the 
same city, in the years 1850-54, 43 prisoners died out of 
a total of 3,037, and of these 24, or 7 '9 per 1 , 000, died of 
phthisis. 

" The well-known fact of the great prevalence of 
phthisi E in most of the European armies (French, Prus­
sian, Russian, Belgian, English) can :scarcely be ac­
counted for in any other way than by su pposing the 
vitiated atmosphere of the barrack room to be chiefly at 
fault." This was the conclusion arrived at by the sani­
tary commissioners for the army. This view is strength­
ened by the fact that the British soldier has suffered from 
phthiSiS in the most beautiful climates, and every 
variety of station, i. e. , Gibraltar, Malta, West Indies, 
etc. 

The deaths frolli phthisis in the Royal Navy averaged 
(3 years) 2 '6  per 1 ,000 of strength, and the invaliding to 
3 '9 per 1 ,000. This is attributed to the foulness of the 
air on board ship. The degree of overcrowding met 
with on board ship is often excessive, and,  if we are to 
accept the figures and statements published by Dr. 
Rattray in the Proceedings of the Medico-Chirurgical 
Society, in 1 872, it is a matter for surprise that health 
on board ship is ever possible. 

Dr. Rattray's observations (which are q uoted by 
Parkes) were made on board H . M. S. Bristol, used for 
training cadets. 

The cubic space for the crew to sleep in varied from 
105 to 222 cubic feet, and that for the cadets from 242 
to 506 cubic feet, and as the result of 150 analyses of the 
air, the carbonic acid was found to vary between 4'2 to 
33 '71 volumes per 1 ,000. 

From what we have been saying, it will be gathered 
that much of the disease which is usually attributed to 
the effflct of tropical climate may be avoided. If muni­
cipal, domestic, and personal hygiene demand our care­
ful attention in temperate climates, this necessity is in­
creased a hundredfold as we ad vance into the tropics. 
We have seen how health may be maintained in Arctic 
regions in spite of the necessary neglect of what in this 
country we have come to regard as t he indispensable 
rules of health. When the dweller in northern cli mates, 
who has learned the art of living in spite of cold, turns 
toward the tropics, he  is apt to forget that to live in 
warm latitudes requi res scarcely any art at all, and he 
often finds to his cost that the dwellings, the clothing, 
and the diet with which he has comforted himself in 
the north are hinderances to health and comfort in the 
tropics. 

If the diet be moderated, if the clothing be adapted to 
the climate, if very ample cubic space be given in the 
houses, and, above all, if towns and dwellings be kept 
absolutely clean and sweet and free from every kind of 
decomposing filth, then we find that most of the 
diseases inherent to a tropical climate vanish. 

MALARIA. 

There is one great class of. diseases, however, which 
are practically unavoidable, and which demand our at­
tention. 

These are the various ailments which are attributed 
to malaria, and which include the various forms of in­
termittent and remittent fevers, and some forms of 
dysentery. Malarious diseases are due to peculiar con­
ditions of the soil, and in order to understand the 
question, a few observations on .. soil " in general 
become necessary. We have previously alluded to the 
effect of soil on temperature, and to the power it has 
of absorbing and radiating the sun's heat. Soils are of 
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all degrees o f  porosity, betwe�n the solid rocks on the 
one hand and the loose sands and gravels on the 
other. 

There is a general op'inion that dry soils are more 
healthy than damp soIls. Dryness or dampness of 
soil depend--{l) upon the amount of moisture brought 
to it ; (2) upon the power of the soil to allow the wet to 
percolate ; and (3) the configuration of the surface and 
the provisions for drainage. 

All soils contain more or less organic matter, both 
animal and vegetable, as must be evident if we con­
sider the constant additions to the surface, of dead 
leaves and vegetable debris, of animal excrement and 
animal remai ns. These may be washed into the soil 
by rains, or may be brought to it by rivers. Soils 
which, to the unaided eye, seem to be composed entire­
ly of mineral matter contain, in reality, considerable 
quantities of organic matter. This is the case in sandy 
plains, at the mouths of great rivers, as in Holland 
and the Landes, and it is also the case in some rocks 
which are much weathered and fissured, and which 
allow water to soak into them. 

There is always active life in soil, or the potentiality 
of active life under favorable circumstances. Not only 
are there such animals as earth worms, but even in 
the driest soils there are found bacteria, which only re­
q uire a certain amount of moisture and heat to start 
them growing. . 

The soil of towns, especially such a town as Munich, 
whose sandy soil is riddled with cesspools, is often 
sodden with sewage, and has its pores stuffed with ex­
cremental deb1'is, and often, no doubt, contains the 
germs of specific diseases, such as typhoid, cholera, or 
phthisis. The pores of the soil are full of air, and this 
air always contains a large proportion of carbonic acid, 
a sure sign that fermentative, putrefactive, or respira­
tory processes are going on in it. 

The gases in the soil may be drawn into neighboring 
houses by the heat of the fires, and, in fact, coal gas 
escaping from a pipe in the street has, in this way, 
been drawn into a house with fatal results. 

In like way unwholesome gases, generated by the 
putrefaction of an impure soil, may find their way into 
houses, and with the gases doubtless the micro-organ­
isms upon which the putrefaction depends, and possibly 
specific micro-organisms as well. 

Malaria is sometimes developed in other ways. The 
first turning up of a rich virg:in soil is al ways a danger­
ous process in the tropics, and is very apt to be fol­
lowed by '.tn outbreak of malarious disease. It would 
seem as though the free admission of air to the inter­
stices of the soil had the effect of starting that form of 
life on which malaria depends. Decaying vegetable 
matter, on a comparatively small scale, has occasional­
ly given rise to malaria, and instances are recorded of 
the generation of malarious fevers from heaps of indigo 
plants being allowed to rot and decompose, and from 
heaps of decaying vegetables. Malarious fevers have 
also broken out on board ship from similar causes. 
Given the conditions of soil which giTe rise to malaria, 
its virulence seems to increase with increase of tem­
perature. 

The only way of combating malaria seems to be the 
drainage and cultivation of the soil. The more pro­
ductive the land can be made, the less are the risks of 
malaria. In England malarious troubles have become 
rare, but if from any cause the land should go .. out of 
cultivation, "  the political economist will have to take 
malaria into conSIderation in dealing with the results. 

The cultivation of the land seems always to do good. 
The planting of the eucalyptus has been productive of 
good results in lIome places, and, at Sierra Leone, the 
growing of grass in the streets has been beneficial. In  
the course of centuries, possibly, many of the most 
deadly of the tropical foci of malaria may be subdued 
by the husbandman, but practically we have to regard 
malaria, at the present, as an unavoidable evil inherent 
to certain localities. 

Occasionally malaria will develop in a place which 
has been previously healthy. This occurred in the 
island of Mauritius, some sixteen years ago, and a 
glance at the table showing the health of our troops in 
foreign stations at two different periods will  give some 
idea of the effect of this scourge on the British soldier. 

The Mauritian fever seems to have been caused by 
the clearing of forests, the upturning of virgin soil, 
the increased defilement of the ground by increase of 
population, and the constant draining down of both 
animal and vegetable filth into a loose soil of slight 
depth. Then, in 1866, canie deficient rainfall w ith a 
fall in the subsoil water and the free admission of air 
to the interstices of  the soil. The conditions being 
given, malaria broke out and still continues. Before 
1866 there was no malarious disease in the island. 
Since then it has raged more or less continuously, and 
when the fever was at its height in 1867, q uinine fetched 
as much as £40 per ounce. 

MOUNTAIN CLIMATES. 

There are many micro-organisms which only flourish 
under certain conditions. Not only must there be or­
ganic matter for them to prey upon, and moisture and 
warm th to allow of their manifesting vitality, but the 
access of air is also necessary. If the soil be complete­
ly permeated by water, or if it be actually dry, then 
many forms of bacterial life languish ; but when soil 
water which has been high subsides, leaving the soil 
moist, and allowing full access of air, then bacterial A few words may be said as to the peculiarities of 
life reaches a maximum, and we run great risk of mountain climates, but this need not detain us long, 
zymotic disease. At least, so says Pettenkofer, who since what has been previously said will have enabled 
asserts that at Munich epidemics of typhoid and cholera us to anticipate what these peculiarities are. We will 
occur with the recession of the SUbSOIl water. take, as an example, that dIstrict which is j ust now 

Of course, as the subsoil  water gets low, the surface m uch visited by the British tourist and the British 
wells draw more and more upon the neighboring cess- traveler, and which is doubtless well known to many 
pools, and the state of the soil need only act indirectly here present-I mean Davos and the Engadin, in the 
through the water supply, canton of Grisons, Switzerland. 

The close connection between subsoil water and The health resorts in this district are between 5,000 
zymotic disease has not been observed to any great ex- and 6,000 feet above sea level. The barometer stands 
tent in this country. The fact that phthisis diminishes at about 25 inches instead of the average 30, which 
as the soil becomes drier and less sewage sodden, a fact means that the atmosphere exerts a pressure of 12% lb. 
pointed out by Dr. George Buchanan, has a new inter- on each square inch of the body, instead of 15 lb. , which 
est now that tubercular disease has been found to be is the normal at sea level. As a consequence of this 
inseparabl y  connected with a bacillus, and we seem to the blood vessels of the skin dilate, and the inhabitants 
be brought within sight of a possible explanation of are singularly ruddy and healthy looking. It is from 
the connection between town drainage and a diminished the same cause, probably, that the capacity of the 
death rate from phthisis. thorax increases, and the dwellers in this region are, as 

The best and, in fact, the only way to purify the a rule, full chested. 
soil is to cultivate it ; and while we ought to be most The weight of the oxygen in a given volume of a.ir is 
careful that the soil round our houses (and beneath less than in the plains, and to this, as well as to the 
them) does not get overcharged .with organic matter, diminution of pressure, is due the fact that the new 
we ought at · the same time, by judicious planting, to comer to this district feels short of breath, and the 
take care that such organic matter as there is is turned action of the heart and the respiration are both quick­
to its right use. ened at first. The body soon accommodates itself to 

With regard to the production of malaria in a soil, altered circumstances, and in a few days the shortness 
all writers seem to be agreed that . three things are of breath disappears, and pulse and respiration fall to 
necessary, viz. , sufficient organic matter in the soil to their normal state. The temperature of the air is less 
undergo a fermentative or putrefactive change, and than in the plains, the fall in temperature as we 
sufficient warmth and moisture to foster the process. ascend being, on an average, about 10 Fahr. for each 

If the moisture be in excess (as wh.m a marsh during 300 feet. 
winter is submerged), malaria ceases ; and if the mal- The moisture in the air is slight, both absolutely and 
arious soil be com pletely drained and dried, malaria relatively, and the drying power of the air consider­
ceases. It would seem t,o be necessary for the produc- able. In consequence of the rarefaction of the air and 
tion of malaria that water should not be present in the slight amount of moisture, the sun's rays penetrate 
quantity too great to allow the access of air to the in- it easily, and have a remarkable power of heating 
terstices of the soil. solid bodies exposed to them. T hus the temperature in 

Many marshy soils contain a very large amount of the sun may be scorching, while the shade temperature 
organic matter, and many other kinds of malarious is freezing or far below freezing. 
soils, such as sandy deltas, contain more organic matter The power of the sun's rays is often increased in these 
than at first sight appears likely, and many sandy mal- regions by being reflected off rocks and snow, so that it 
arious districts which appear dry have, in reality, a often happens, in the d�pth of winter, that even in­
layer of water not far below the surface. In spite of valids can saunter in the sunshine without discomfort 
facts which appeared at one time adverse to such a or danger. The middle of the day is hot, but before 
conclusion, the opinion is now generally held that for and after sunset the cold is very great. The cold at 
the production of malaria we must have a soil contain- night, however, is often not so great on the hillside as 
ing organic matter apt for decay and putrefaction, and it is in the valley ; for the cold air, chilled by the icy 
a certain amount of warmth and moisture. These are mountain top, falls, by gravitation, to the lowest point, 
the conditions essential for that bacterial growth upon and settles in the valley. 
which putrefactive, fermentative, and similar disorgan- The alt.erations of temperature are sudden, and the 
izing processes depend. What is the nature of this effect of the sun on the thin, mobile atmosphere of these 
malarial poison ? In the first place, it may be carried mountain districts is remarkable. There are few sights 
by air or by water ; secondly, it may be carried con- more astonishing or more beautiful than to see the 
siderable distances, and may be wafted along a valley, sun rise in these districts, or to see him make his first 
up a ravi ne, or across a plain in the direction of the appearance after a period of cloudy, rainy weather. 
wind. This fact makes it unlikely that the poison can The somber valley, choked with woolly clouds, is 
be a gas, for the law of diffusion and dispersion would cleared almost in an instant by the first ray of sunshine 
soon render any gas practically harmless. Again, the that falls into it. Solid masses of cloud are apparently 
behavior of the poison, and the history and symptoms licked up by the darting sunbeams, and peal( and crag, 
of malarious disease, make it unlikely that the poison glacier and tranquil lake, verdant alps and picturesque 
is gaseous, for our knowledge of gaseous poisons almost chalets, on the instant stand out clear and distinct, 
forbids us to believe that any gas could give rise to ex- while the observer is as suddenly swathed in genial 
acerbations and remissions lasting for months, or even warmth, and is soon made to forget the cold and dis­
years. There are certain other facts, such as the power comfort wh ich characterize these regions when the sun 
of a belt of trees to filter the poison out of the air, and forgets to shine. 
the difficulty which it apparently has of rising far The amount of rainfall and wind varies in accord­
above the level of the ground in still weather, which ance with aspect and local considerations. At great 
make it likely that the poison is particulate. Krebs elevations there is a good chance of getting a pure air 
and Crudeli assert that they have discovered the mal- to breathe. If a town or village be perched on a 
arial poison in the form of a bacil lus, the bacillus mal- mountain side, the filth and impurity will obey the 
arice, which is found in the soi l of the Roman Cam- laws of gravity, and flow away down the mountains to 
pagna. Althou�h we can hardly believe that the I annoy those who live below, instead of breeding sick­
poison can be anything but a microbe of some kind, ness at the spot where the filth is formed. It is, 
the observations of these two savants, nevertheless, I doubtless, the purity of the air which constitutes one 
need confirmation. of the most valuable elements of mountain climates. 

The effects of these climates are seen in an increase 
of animal spirits, increase of appetite, increase of 
energy and power of muscular exertion. To enjoy a 
climate of this kind a fairly good constitution is ueces­
sary, and some power of taking physical exercise and 
withstanding cold. 

A word of caution seems necessary, and it is this­
that directly a health resort becomes the fashion, it is 
within measurable distance of ruin. Density of popu· 
lation brings with it i ts attendant evils, difficulties of 
water supply and drainage, accumulations  of fi lth, and 
an atmosphere stuffed with microbes. The authorities 
at these places cannot be too careful to prevent the 
close packing of houses and the erection of barrack­
like hotels without adequate curtilage. 

For healthy tourists, who are constantly on the 
mo,'e, and who are out of doors all day, and who are 
strong enough to tolerate fresh air even in their bed­
rooms, the question of hotels is, after all, a minor mat­
ter. But to send a consumptive patient to spend 
twenty or twenty-two hours out of every twenty-four 
hours during the winter in a barrack filled with con­
sumptives like himself is a proceeding which is more 
likely to do harm than good. 'l'he one thing a con­
sum ptive patient needs more than anything else is 
fresh air to breathe. An overcrowded hotel which 
smells of drains, dinners, and humanity is  not an ideal 
spot in which the consumptive should seek health. 

The fllcts which I have brought before you must 
lead to the conclusion that a large proportion of the 
disease, which is loosely attributed to .. climate, " is, in 
reality, d ue to a wanton neglect of sanitary rules. 

Sanitary rules with regard to venti lation, cubic space, 
and the disposal of filth, rules which we fi n d  it so ne­
cessary to observe even in a temperature like ours, de­
mand far m ore scrupulous observance in the tropics. 
The majori ty of diseases which are fatal to us in the 
tropics are in fact filth diseases, and, with the excep­
tion of malaria, there can be no doubt that much of 
the sickness and mortality of t.ropical countries is dis­
tinctly avoidable. 

In order to give point to this assertion, I cannot do 
better than call attention to the West Coast of Africa, 
a district with a most evil reputation as regards 
health. 

It will be profitable to glance at the causes of mor­
tality in this dreaded region, and ascertain to what ex­
t,ent that mortality is inevitable. Sierra Leone has at 
present a population of about 37, 000 and a garrison of 
some 500 black troops. There are mangrove swamps 
north and south of the town. The water supply is 
good. From 1817 to 1837 the mortality among the 
whole white population was about 17 per cent. , and 
among the troops the army returns show that there 
were annually 2, 978 admissions to hospital and 483 
deaths per 1 ,000 strength. It thus appears that the 
military death rate at that period was not far from 
being three times as great as the civil death rate. 

If we turn to the causes of this terri ble sickness and 
mortality among the troops, we find that malaria was 
a great cause of sickness, but not a great cause of 
death, and that yellow fever and dysenteric disease 
were among the most fatal complaints. Yellow fever 
is an acute infective disease, which occurs especial ly  in 
climates where the temperature ranges above 700 F. , 
although it lllay drag on a languishing existence even 
in temperate climates like this. Recent researches show 
that yellow fever is not in any way connected with 
malaria, but that it is a tropical filth disease, and that 
the great causes of its localization are (according to 
Parkes) overcrowding and the accumulation of ex­
cremental matters round buildings : 

. .  And here we find the explanation of its localization 
in the West Indian barracks in the olden times. 
Round every barracks there were cesspits, often open 
to sun and air. Grant that yellow fever was somehow 
or other introduced, and let us assume twhich is highly 
probable) that the vomited and frecal matters spread 
the disease, and it is evident why, ill St. James' bar­
racks, at Trinidad, and St. Ann's barracks, at Barba­
dos, men were dying by dozens, while at a little dis­
tance there was no disease. " 

Again, with regard to dysentery, we find the opinion 
very strongly expressed that its chief causes are impure 
water and impure air, brought about by overcrowdi ng 
and frecal emanation. To these causes must be added 
injudicious feeding and drinking. The errors of diet 
which seem to predispose to dysentery are mainly the 
taking of food in an early stage of decomposition, and 
a diet of imperfect construction, and such as leads to a 
scorbutic habit. The dysentery which was so fatal to 
the troops on the West Coast of Africa was, we are 
told, chiefly scorbutic. 

" The causes of this great mortality were simple 
enough. The station was looked upon as a place of 
punishment, and disorderly men, men sentenced for 
crimes, or whQm it was wished to get rid of, were 
drafted to Sierra Leone. They were very much over­
crowded in barracks, which were placed in the lower 
part of the town. They were fed l argely on salt meat ; 
and being, for the most part, men of desperate charac­
ter, and without hope, they were highly intemperate, 
and led in all ways lives of utmost disorder. They 
considered themselves, in fact, under sentence of death, 
and did their best to rapidly carry out the senten ce. " 

So frightful was the mortality on this dreaded West 
Coast, that the white troops were ultimately replaced 
by black troops from the West Indies, and it is esti­
mated that the total white population of Sierra Leone, 
of late vears, has not exceeded 200. 

From what has been said, it is evident that much of 
the sickness on this coast is preventable, and, indeed, 
of late years the health of Europeans at this station 
has been much improved. 

The housing and feeding of the troops has under­
gone marked improvement, and the growing of 
Bahama grass in the streets and round the houses is 
supposed to have ameliorated some of the climatic 
conditions. 

In the four years 1863-66, we are told that eight non­
commissioned officers ( white) died on the West Coast, 
and of these eight, three died of l iver disease, two from 
delirium t1'emens, two from fevers, and one from dys· 
entery. It would be difficult to say which of these 
eight died from unavoidable climatic conditions. 

Among the black troops serving at Sierra Leone and 
the adjacent stations, phthisis and lung diseases ap­
pear to be the most fatal disorders. 

In the ten years 1861-70, the deaths were 22'49 per 
1,000 of strength, and of these phthisis caused 7'05 per 
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1,000 of strength. In some years the deaths from phth­
isis were in greater proportion. 

In 1862, phthisis killed 1 2 '6 per 1 ,000, and pneumonia 
9 '46 per 1 , 000. In 1 863, phthisis killed 9 '3 per 1,000, and 
in 1867 tubercular disease killed per 1,000 of strength-
17 '71 in Sierra Leone, 15 '87 at the Gambia, 12 '58 at the 
Gold Coast and Lagos. In 1862, we are told, there were 
only five cases of interm ittent and ] 8  of remittent fever 
(23 cases of malarious disease) among 317 negroes. 

At Gambia, as at Sierra Leone, phthisis and lung 
diseases were the chief causes of death among the black 
troops, and the reason for this is to be found, probably, 
in the ill constru.:Jtion and bad ventilation of the 
barracks. Speaking of the \Vest Coast generally, Dr. 
Parkes says : 

" There is no doubt that attention to hygienic rules 
will do much to lessen the sickness and mortal ity of this 
dreaded climate. In fact, here, as elsewhere, men have 
been contented to lay their own misdeeds to the climate. 
Malaria has, of course, to be met by the constant use of 
q uinine. " 

The other rules are summed up in the following 
quotation from Dr. Robert Clarke, who is a most com­
petent judge of the climate of this coast : 

" Good health may generally be enjoyed by judicious 
attention to a few simple rules. In the foremost rank 
should be put temperance, with regular and industrious 
habits. European residents are too often satisfied with 
wearing apparel suited to the climate, while they over­
look the fact that exercise in the open air is as necessary 
for health here as elsewhere. Many of them like wise 
entertain an impression that the sun's rays are hurtful, 
whereas, in nine cases out of ten, the mischief is done, 
not by the sun's rays, but by personal habits. 

" Feeling sadly the wearisome sameness of life on 
this part of the coast, recourse is too frequently had to 
stimulants, instead of resortin g  to inexhausting employ­
ments, the ollly safe and effective remedy against an 
evil fraught with such lamentable consequences. 
Europeans also bestow too little attention on ventila­
tion, far more harm being done by close and impure air 
during the evening and night than is ever brought 
about by exposure to the night air. Much of the suffer­
ing is occasioned by overfeeding. " 

Nothing can show more conclusi vely the value of the 
labors of the sanitarians both at home and abroad than 
the subjoined table showing the sickness and mortality 
of British troops per 1 ,000 of strength, on home and 
foreign stations, and for two periods in 1861 and the 
decade 1871-80. 

It will be observed that the mortality has been 
lessened at all stations save two, the Cape and Mauritius. 
The increased mortality of the Cape is accounted for 
by the Zulu campaigns, and that of the Mauritius by 
the appearance of malaria in the island. 

HEALTH OF BRITISH TROOPS AT HOME AND ABROAD. 

Per 1,000 of strength. 

1861.* 1871 to 1880. t 

India . . . . . . . . . . . . . . . . . . . . .  . 
China . . . . . . . . . . . . . . . . . . . . . 
Ceylon . . . . . . . . . . . . . . . . . .  . . 
Bermuda . . . . . . . . . . . . . . . . .  . . 
West Indies . . . . . . . . . . . . . .  . . 
Cape and St. Helena . . . . . . . 
Mauritius • . . . . . . . . . . . . . . . . .  

Malta . . . . . . . . . . . . . . . . . . .  . 

Canada . . . . . . . . . . . . . . . . . .  . 
Gibral tar .. . . . . . . . . . . . . . .  . . 
United Kingdom . . . . . . . . .  . 
On board ship . . . . . . . . . . .  . . 

'" 

.� oj .� 
� ;=: 

� '" 0 
Ol .d 

J .B 

1,768 
1,492 
1,440 

461 1,002 
950 
608 
772 
644 
927 

1 ,025 

37 
28 
20 
14 
13'5 11'0 
12 
11 

8'2 9'0 9 

1.454'3 
1,196'3 

971'3 
6032 7 
913'6 
899'2 

1,834'7 
8Y.' 1 
667'9 
675"9 
817'5 
571'5 

19'37 
13'8 
15'26 

8'72 
11'02 
39'96� 
17"13 

9'77 
6'64 
6'67 
7'95 
7'64 

The facts which we have been considering in these 
three lectures, and the reflections which we have made, 
will, I hope, prevent us from being hasty i ll condemning 
the climate of any country or locality as " unhealthy." 
Healthiness and unhealthiness are to a great extent in 
our own keeping all the world over. " Th e  pestilence 
which stalketh in darkness " does so mainly because 
our eyes are shut, and we have long been in the habit 
of blaspheming the unseen powers for " sending " us 
diseases which are clearly of hOllle manufacture. 
Ignorance and filthiness have in times past turned 
many an earthly paradise into a plague spot. Let us 
hope that the dawn of better things is at hand, and that 
when those who plume themselves on being the en­
lightened sons of civilization take possession of some 
island of the tropics, the lines of Bishop Heber 
may be in no ways applicable, in which he tells us 
that-

" Every prospect pleases, 
And only man is vile." 

ALIMENTARY VALUE OF ALBUMINOUS 
SUBSTANCES. 

AT a recent meeting of the Physiological Society, 
Berlin, Prof. Zuntz reported the results of the ex­
periments, partly instituted in conj unction with Herr 
Potthast, respecting the alimentary values of various 
albuminous substances. 

As a most important principle in conducting these 
experiments, the speaker laid down the maxim that the 
albuminous substance to be examined should not be ad· 
ministered in too large quantities. It was only with very 
small doses that the alimentary value of the different 
albuminous substances beside the same nourishment 
free of nitrogen could be determined. The dog was 
used for the purpose of the experiment. The proteine 
substances compared were : the albumen of lentils, 
that of lupines, that of gluten, and caseine. In the 
normal feeding, which regularly alternated with that 
of the albumen to be tested, the proteine of nourish­
ment was imparted in the form of flesh meal. The 

• Army Medical Report, quoted by Dr. Aitken (" Science and Practice 
.t Medicme," second edition). 

t Army Medical Report, 1881. 
:I: Campaljpl. 

result of the long and laborious experiments was that 
the alimentary value of the albumen of lentils and that 
of gluten were each found to be equivalent to that of 
flesh meal. That is to say, when to the food (which, 
apart from the additions to be specified, was the same 
in all the different cases) there were added equal quan­
tities of albuminous nitrogen-in one case in the form 
of flesh meal, in another in the form of gluten,  and in a 
third in the form of lentils-in each such case a quan­
tity of nitrogen was developed, and therefore a quantity 
of albumen withdrawn from the nourishment, which 
was equal in all three. The albumen of lupines had a 
lower alimentary value than the albumen of flesh meal, 
seeing that from the lupines more albumen was decom­
posed than from the flesh meal. Finally, from caseine, 
le"s albumen was decomposed, and therefore more was 
absorbed by the body and utilized than in the case of 
any of the other al buminons classes. 

By the means of this investigation two facts of gen· 
eral importance were established : First, it was ascer­
tained that by changing the species of albumen em­
ployed by way of nourishment, a better uti lization of 
the nutritive albumen was obtained, i.  e. , less albumen 
was decomposed than if one and the same species of 
albumen were given for a long period ; second, the 
paradoxical observation was made that during lacta­
tion, when the animal made use of a large quantity of 
albumen for the formation of mill., more of the al bu­
men administered in the food passed away in waste than 
would have been the case in the same circumstances at 
a time of non-lactation. 

The following explanation of these phenomena was 
given by the speaker. During lactation the animal 
used a certain q uantity of albumen for the milk. The 
alblllnen of milk, as was known, was caseine. This 
caseine was not, however, ad ministered in the food, 
but had first to be produced from the nutritivtl albumen 
(th e  various species of albumen being chemically differ­
ent). Now, from the nutritive albumen only certain 
groups of molecules could be utilized for the formation 
of caseine. Far more albumen must therefore be de­
composed than corresponded with the quantity of nitro­
gen in the caseine. Hence, therefore, the greater 
decomposition and the less utilization of the albumen 
of the nourishment. Nor was the albumen which 
the animal needed for incorporation with the body 
offered to it in the albumen of the nourishment, but the 
albumen taken by the body was bnilt up from the con­
stituents of the albumen of the nourishment. If only 
one kind of albumen was given to the ani mal, it re­
quired to decompose a large quantity in order to obtain 
sufficient constituents for the albumen appropriated 
by the body. If, on the other hand, different sorts of 
albumen were given in the food, then the animal decom­
posed on the whole a less percentage, seeing that in the 
differently composed albuminous substances it sooner 
found the different molecular groups which it needed 
for the building up of the albumen of the body. 

THE ARCHIMEDEAN SCREW PUMP. 
THESE pumps, although frequently used for lifting 

water from drains for the purpORe of cleaning them 
out, and other similar purposes, have seldom been 
applied in this country for the permanent drainage of 
land. They derive their name from Archimedes, the 
Syracusan. who lived 287 B .C . ,  and invented this ma­
chine, during his stay in Egypt, for draining and irri-

DUTCH SCREW PUMP 
gating land. They were subsequently used by the Ro­
mans. The Dutch have used them very extensively in 
Holland for raising water for the drainage of the 
Polders. 

The screw pump consists of three parts : A solid 
cylinder in the center, called the core, to which is 
attached one or more spiral screws, and ><ometimes an 
external case. The number of screws running round 
the core varies from one in the si mplest machine to 
three or four in those of larger character. The ends 
of the core terminate in gudgeons which revolve in 
bearings, the lower one fixed under the water, and the 
upper on a beam spanning the delivery opening. As 
the efficiency of this machine is not affected by the 
speed at which it runs, it is  suitable for being driven 
by stearn, wind, or hand power. In small pumps a 
crank handle is attached to the upper part of the core, 
and on this a pole with an eye through the center, 
bushed with metal, is attached, the pole having cross 
handles at each end. One man works at the handle on 
the core, and one or more at each of the handles on the 
pole. It is reckoned that one man can raise in an hour 
at the rate of 1,738 cubic Ieet of water one foot high, 

the pump making 40 revolutions a minute. If worked 
by machinery, the purpp is d riven by a spur wheel at 
the top geared into a bevel wheel and shaft. 

The water level on the inlet side may vary without 
affecting the efficiency of the pump, except so far as 
the increased weight is concerned, d u e  to the greater 
length required to meet the variation. But any change 
in the level on the delivery s ide immediatel v affec Ls the 
efficiency. These pu mps are not therefore 'adapted for 
use where there is much change ill the level of the 
water into which they discharge. The angle which the 
pump forms with the horizon when fixed varies accord­
ing to the ideas of different constructors, but generally 
it may be taken that the most efficient position for the 
pump is when the angle of tilt is rather less than the 
spiral angle. Thus, for a machine h aving a spiral 
angle of 40 deg. the angle of t i l t  for the pump should 
be 30 deg. The spiral angle is the form which the screw 
assumes with reference to the core, and is the angle 
made by a tangent drawn to the spiral on the cylindri­
cal core and a vertical line paral lel to the axis of the 
cylinder. This angle varies from 30 deg. to 60 deg. 
The Romans usually made it 45 deg-. In the most 
effective machines it varies oetweeu 30 deg. and 40 deg. 

The dischargin g  power of the�e pumps varies so 
much with the di fferent circumstances under which 
they are worked, depending on the number of threads, 
the angle at which they are p laced, the angle at which 
the pump works, and oth er matters, that it is di fficult 
to give any precise formula for the quantity discharged. 
Upon pumps working under nearl y 8imi lar conditions 
the discharge is as the cube of the diameter, and 
approximately it may be taken that, under favorable 
conditions, a pump 1 ft. in diameter will discharge 0 '32 
cubic foot of water for every revolution.  The number 
of revolutions varies according to the kind of power 
applied and the size of the pump. Small pumps of 
about 1 ft. in diallleter may be run at sixty revolutions 
a minute, the larger not reach ing more than twenty. 
For drainage purposes it may be taken that these 
pumps can be run at from twenty to forty revolutions 
a m inute. They have been used in Holland to lift the 
water 15 ft. Mr. Korevaer, a Dutch engineer, who has 
investigated the m atter, places th e l im it  of height at 
14 ft. , and the limit of discharge at 3, 500 (98% tons) 
cubic feet per minute. The ten screws erected at 
Katatbeh, in Egypt, discharged 137'5 tons a minute 
each, making five to six revol utions a minute. The 
screws were inclosed in iron cases, but were found u n­
equal to the weight of water they had to carry, and 
were consequently removed. Where the amount of 
water to be lifted much exceeds the useful capacity of 
these pumps, it is customary to couple several together, 
all worked by the same engine. The useful effect of 
these pumps is about the same as scoop wheels, and 
varies, according to construction, from 50 to 85 per 
cent. of the power applied. 

The Dutch screw pumps are constructed to work 
without an external casing, the wheel revolving in a 
semi-cylindrical trough of masonry. The weight of 
the water is thus borne on the masonry, and the screw 
is relieved of the strain. An example of one of these 
pumps is given.-The Engineer. 

THE MODERN MARINE ENGINE AND BOILER. 
AT a recent meeting of the London Association of 

Foremen Engineers and Draughtsmen, London, a, 

FOR DRAINAGE WORK. 

paper was read on " The Modern Marine Em:dne and 
Boiler, " by Mr. Walter Swanson, a chief engineer in 
the merchant service. Mr. Swanson stated that there 
was no better way of proving the immense improve­
ments made in marine engines than a comparison of 
the fuel consumption in the early engines with that of 
the latest tri ple cylinder expansion engines, This re­
sult was very largely due to our better knowledge of 
boiler making, for although the advantages of high 
pressures and large expansion had long been known, it 
was only recently that reliable boilers could be pro­
duced to carry 150 lb. at sea. The present  arrangement 
was considervd very good, but he thought, with the 
improved appliances now in use, both for producing 
the material and working it into shape, we would soon 
hear of boilers capable of workin g at 400 lb. or 500 lb. , 
and we would then require a differen t type of engine 
to utilize such a pressure. He considered in detail 
various types of m arine boi lers in use, giving the pre­
ference to the ordinary cyl indrical wet bottomed boiler 
with smooth flues. He said corrugated furnaces were 
very good when new and clean, but when in regular 
work the corrugations filled up with selale, and he had 
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seen some that had been a considerable time at sea 
with very little scale on the high parts, but the hollows 
filled up so that the top surface was nearly straight. 
He said the marine engine had more trying duties to 
perform than any other, as it m ust be readily and 
easily started and reversed, whatever the weight or 
horse power, and also be able to work continuously for 
very long periods without stoppage. He mentioned 
different types of engines, but preferred the triple cyl­
inder three .. crank engine, as combining these qualities 
with economy in cost of working better than any other. 
He considered in detail the principal parts of the 
engine, and mentioned some of the difficulties en­
countered by sea-going engineers, with suggestions for 
their removal. He gave a graphic description of the 
breaking of a screw shaft in stormy weather, and how 
they repaired it so as to be able to steam slowly to a 
port about 400 miles distant, and suggested that all 
shafts, before being put in, should be tested with a 
t wisting strain at least twice as great as the maximum 
power of  the engine, and should be retested after any 
serious acciden t. In speaking of condensers, he urged 
the adoption of a simpler way of securing the doors, as 
in the event of a leak at sea-no uncommon occur­
rence-it was no easy taRk to unscrew seventy or eighty 
bolts and secure the doors in heavy weather. The 
same remarks might apply to the ai r pump, which in 
many cases has no provision made for removing the 
valves or examining them without removing all the 
gear immediately above the cover of the pump. After 
describing different sorts of ai r pump valves, he eulo­
gized Thompson's patent metallic val ves as a boon to 
sea going engineers. He mentioned the necessity of a 
good, reliable reversing apparatus, as a ship ought to 
be stopped and made to move full speed astern in  
thirt,y seconds, and he had seen it done in  fifteen sec­
onds from the ti me of the engineer commencing to per­
form the evolution, by the use of patent reversing gear. 
Several of the members, in eluding Messrs. Douglas, 
Coates, Stokes, Reid, and Heath, commented on the 
paper favorably. Mr. Douglas stated that his firm- l 
'l'horneycroft & Co.-had lately been perfecting a 
steam generator-he could not call it a boiler-which 
he thought would soon be heard of. They had put one 
in a torpeuo boat, which kept steam up easily without 
forced draught, and some of the representatives of 
foreign governments present at the trials were so well 
satisfied that they had ordered several similar. 

NEW TUN NEL UNDER THE THAMES RIVER, 
LONDON. 

THE route extends from the city to the Swan at Stock­
wel l.  This distance is 3� miles, and for the first half 
of it parliamentary powers have already been obtain­
ed. A bill for the remainder has passed the House of 
Commons, and unless something unforeseen should 
happen in the Lords, will become law this session. 
�'he up and down lines of the subway are absolutely 
distinct, each being carried in an iron tunnel. These 
two tun nels do not necessarily run side by side ; they 
cOlllmence together at the terminal station in King 
William Street, but the down line falls more rapidly 
than the other, and before Swan Lane is reached, it has 
taken up a position exactly below the upper tunnel, 
and removed from it by some 5 feet. This arrange­
ment is adopted because S wan Lane is too narrow to 
allow the two tunnels to run down it side by side without 
encroaching on the adjacent private property. At the 
bottom of Swan Lane the tunnels enter the river bed, 
the u pper one 15 feet below the surface, and tllen the 
lower deviates a little to the right until the two are 
side by side. At the opposite bank of the river 
there is no convenient road for the subway to follow, 
and it therefore crosses under Hibernia Wharf into 
Borough High Street, after which the tunnels main­
tain their relative positions. In plan they are side by 
side, with about 5 feet intervening between them, but 
in section one is at a lower level than the other, in or­
der to reduce the standing expenses at the station, by 
rendering it possible to work them entirely from one 
side. The passengers from the lower platform will 
pass under the other, and will ascend by a short ramp 
to the waiting room from which the lifts and staircases 
start, Thus the entire premises will be confined to 
one s ide of the street. 

Each tunnel is 10 feet in diameter inside, and is 
formed of rings of segments bolted together by inter­
nal flanges. Each ring is 1 foot 7 inches long, and is 
com posed of six equal segments and a short key seg­
men t with parallel ends (Fig. 6). The flanges are 372' 
inches deep by 1)4 inches thick, and are bolted togeth­
er by %: inch bolts. The circumferential joints are 
made by tarred rope and cement, and the longit udinal 
joints by pine strips. The method of erection is almost 
a� simple as the tunnel itself. At the head of the sub­
way, supposing a short length of tl,mnel to be already 
in pl ace in the clay which underlies the River Thames, 
there is a steel shield consis ting of a cyl inder 6 feet 
long and of sufficient diameter to slide easily over the 
portion of the subway already bolted together. The 
forward end of this cylinder has a cutting edge, while 
about mid way of its length there ilS  a bulkhead having 
a door in it. Through this aperture the workmen re­
move a part of the clay in front, cutting out a small 
chamber considerably less in diameter than the shield. 
\Vhen this has been done, the shield is forced forward 
by six h ydraulie rams fed by two hand pumps. The 
hydraul ic cylinders are bolted to the shield, while the 
ram heads abut against the last ring of the completed 
tunnel. The cutting edge clears out an exact circle in 
the clay, forcing the material into the space prepared 
for its reception, from which it is d ug out and loaded 
through the door into skeps for removal. As the shield 
moves forward it leaves at its rear an annular space, of 
about an inch, between the iron and the surrounding 
clay, and this is i mmediately filled with grouting to pre­
vent any subsidence either of the tunnel or of the 
ground. The method by which this is  accom plished is 
very ingenious, and is due to Mr. J. H.  Greathead, the 
engineer in chief to the undertaking. The grouting, 
made of blue lias lime and water, is mixed in a 
wrought iron vessel (Fig. 5), provided with paddles 
which can be worked from the outside. The vessel is 
closed and compressed air, at a pressure of 30 Ill, to 40 
lb per square inch, is admitted to it, while the paddles 
are kept at work. By means of a hose pipe ending in 
a nozzle. the grouting is forced through holes left in the 
iron lining into the space between it and the clay, until 

the entire cavity is filled with a shell of cement which 
fits it  exactly, and forms an impermettble coat round 
the su bway, protecting it from moisture and oxidation. 
After the shield has been moved forward a ring of seg­
ments is bolted in, the rate of progress being about 10 
feet in twenty-four hOll rs. 

The works are being actively pushed on, and already 
one tunnel is completed from the north to the south 
side of the Thames, and the second is following it. The 
plan of operations shows the same economy and re­
spect for public convenience which marks the entire 
scheme. No street surface has been taken to form a 
contractor's yard, but in place of this a stage has, by 
the permission of the 'l'hames Conservancy, been erect­
ed in the river behind the Old S wan Pier, and from 
this a shaft has been sunk through the river bed to the 
requisite depth. On the stage there is erected a crane 
which lifts the skeps of clay, and delivers them on to a 
small tramway, along which they run to deliver their 
contents into barges ; there is also a fan and an air COlIl­
pressor driven by a small engine, and a wooden office, 
this constitu ting the entire present overhead plant of 
this great undertaking, The shaft is 13  ft. in  diallleter, 
and is made of cast iron rings, each cast in one piece. 
The thickness of metal is 1 Va in . ,  except at the bottolJJ , 
where it is thickened on the inside, contrary to usual 
practice, to form a cutting edge. This shaft was erected 
in the usual manner by removing the material from in­
side it with a grab, and descends nearly to the crown of 
the upper tunnel. From this point it is carried down in 
brickwork, mouthings for the t w o  subways being made 
in it of the same material. There is no water to be 
dealt with, the tunnels being absolutely tight, and the 
work of extension goes IllOst smoot hly. Indeed, it is 
impossible to realize, except by personal inspection, 
what a simple matter tun neling in clay has become by 
the method employed by MI'. Greathead. This plan, 
however, i s  by no means restricted to c lay, but can be 
modified to suit mud, sand, gravel, and rock. 

H 

difficulty could be met, and the process of pumping 
would suffice to remove the whole of the debris and de­
posit it in the tank. As sand or gravel accumulated it 
would displace an equal quantity of water from the 
tank, which must have an outlet to permit the shield 
to move forwaru. For this purpose, the pipe, H, i s  
carried backward a n d  up the shaft, a n d  through this 
the surplus will escape. When the tank is  to be em pti­
ed, the valves, e e e,  are closed to cut off all external 
pressure , and tubs, K K, filled with water are brought 
under the outlcto, f, f. These dip into the tubs, and 
when they are opened an interchange of the conten ts 
of the vessels, F and K, takes placE'. The sand de­
scends into the tubs while the water rises to take its 
place, the arrangement being exceedingly neat and 
ingenious. To clear out the pipes, the entire current 
can be sent from the p:1pe, D, direct to the pipe, E, 
through the connection, P. 

Clay, mud, san d, gravel, and bowlders do not exhaust, 
howe ver, the list of substances to be met with in tun­
neling. There still remains rock to be dealt with, and 
for this 1\fr. Greathead had designed the appliance 
shown in Figs. 3 and 4. Through the face of the shielu,  
A, there projects a shaft carrying a two armed tool 
holder, 0, fitted with steel tools. 'The shaft is driven 
by a .com pressed ai r motor, and as long as the tools are 
in a satisfactory condition, it i s  protru ded so far 
through the shield that the holder stands in the posi­
tion sh own in dotted lines in Fig. 4, and bores i ts way 
through the rock. When the tools become l lunted 
and require renewal, the holder is set horizontally (Fig. 
3) and is drawn back under the hood, 1\1. It is then set 
vertically, and the space under the hood is filled with 
compressed ai r to permit of a manhole being opened 
in the shield, and a man entering the chamber. After 
the tools 011 one arm of the ho lder have been re­
moved, the  shaft is rotated through 1�' l° ,  and the other 
set are renewed. The man then retires, closes the man­
hole, the shaft is pushed out again, and the work pro-

THE NEW TUNNEL UNDER THE THAMES RIVER, LONDON. 

When the ground is so soft that it can be washed 
away, the method of removal by pick and spade is 
abandoned, and in place of this a constant circulation 
of water is maintained at the outer face of the shield by 
means of a pump. In the first instance, before the 
distance from the shaft becomes too great, a very sirn­
pIe plant will suffice. Two pipes, one bent over to dip 
i nto the river, are led down the shaft and alollg the 
tunnel to the shield, through which they pass, the one 
near the top and the other n ear the bottom. Water 
is drawn by a circulating pump from the river and 
forced out through the upper pipe against the bank of 
mud or sand which presses against the face of th e bulk­
head in the shield. The pressure thus created finds an 
outlet at the lower pi pe, along which the current flows 
back to the shaft, carrying the solid material with it 
into the river or barge moored alongside the shaft. 
The two columns of water balance each other, and all 
the work required of the pump is to overcome the fric­
tion in the pi pes and at the working face. As the 
work proceeds, the friction, however, becomes a very 
important item, and other arrangements h ave to be 
adopted. One form of these is i l lustrated in Fig. 2. In 
this the entire circulation takes place between the face 
and a closed tank,  F, which is maintained under a 
pressure equal to that existing at the face. In the firRt 
instance this tank is  filled with water which is forced 
through the bulkhead of the shield, B, in several streams 
at d (Z d. The action of the jets is aided by the bars, 
a a, which are worked by hand or mechanical power 
to attack the ban k, and to cause the debris to flow with 
the current through the receptacle, L, and along the 
pipe, E, into the tan k at the rear end, S hould there 
be any bowlders in the ground,  they will become lodged 
at L, and can be broken, by means of the bars, t t, into 
pieces capable of passing along the pipe. If a bowlder 
should prove refractory to this treatment, an air lock 
would be erected in the shield or tunnel , and the for­
ward end filled with compressed air until the cover of 
the receptacle could be removed safely and the bowl­
der extracted bodily. In many cases, however, no such 

ceeds, the fragments of rock being swept back by the 
current. 

In their bill the company disclaim thE' use of steam 
locomotives on their lines, reserving the right to em­
ploy any other method of haulage. It is  their inten­
tion to use rope traction, a method of haulage which 
is peculiarly well suited to a subway, as it is practi­
cally  independent of gradients, and enables a uniform 
speed to be mai ntained at all parts of the line. The 
trains will  be drawn by endless wire ropes running 
u p  one tunnel and down the other from a central mo­
tive power station near the E lephant and Castle. 
There will be two wire ropes ; one will start from the 
engine house, proceed to the City along' the " up " and 
return along the " down " line, while the other will 
make a similar circuit in the opposite direction to and 
from Stockwell . The leading car riage of each train 
will be COl1 lH'cted to the rope by a gripper, that is, 
by a jaw which can be closed u pon the rope by a screw 
or lever when it is desired to start, and can be re­
laxed as a statiou is approached. We have already 
ill ustrated many such grippers among the plants for 
cable traction described in the articles on cable tralIl­
ways which have appeared in our columns from the 
pen of Mr. Bucknall Smith. The rope will travel 
in the first instance at the rate of ten m iles an hour, 
and the average speed of the trains will be about 
nine miles per hour, including stoppages at four inter­
mediate stations. The vehicles will resem ble tram cars, 
but will  have considerably more head room, while 
theil' width, which will exceed by 18 inches that of 
the second clli;�s carriages on the Metropolitan Rail­
way, will  render them very comfortable and conve­
nient for entrance and exit. Figs. 7, 8, and 9 show the 
relative sizes of the subway cars, the General Omnibus 
Company's vehicles, and the second class carriages of 
the Metropolitan aod London, Chatham, and Dover 
Railways. They will  carry a double set of brakes to 
give perfect security. There is, however, only one 
spot in which the gradients are steep enough to be of 
importance ; that is between the City station and the 
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river, where the up line rises at 1 in 30, and the down line 
falls  at 1 in 15. At other parts the line is practically 
level. As the stations are approached, the ropes will 
be released from the grippers and the brakes applied, 
the oTJeration being very rapid, owing to the light 
weight of the vehicles as compared with railway stock. 
A train will weigh about 20 tons gross, against 165 on 
the Metropolitan Railway, and of this 7 tons, or 35 
per cent . ,  will be passengers, against 15  per cent. on 
the railway. After the passengers have alighted, an 
operation not requiring more than twenty seconds, 
every carriage having separate inlet and outlet doors, 
the train will get away very rapidly, as the motive 
power will not have to start from a state of rest, and 
will be capable of exerting a greater tractive power, 
in proportion to the weight of the train, than ordina­
ry locomotives. At the terminal stations both l ines will 
converge on to a single track, and the trains will scarcely 
be detained longer than at the int.ermediate stations. 
The driver will merely move from one end of the train 
to the other, and will engage the leading gripper with 
the return rope. He will then be ready to start out 
again without the delay which would be entailed if 
a locomotive had to be moved out of a siding and 
coupled to the train,  and without causing a block to 
the two-minute service it is intended to run during the 
busy parts of the day. 

The ventilation of the subway is a matter which may 
be safely left to take care of itself without misgiving, 
and without any fear of " blowholes " being opened in 
the streets. As there are to be no locomotives, the 
greatest cause of foul air, particularly of sulphurous 
acid, will be absent, while the constant direction of the 
traffic in each tunnel, will convert the trains into a 
series of pistons which will maintain an active circula­
tion of air. Even in the large tunnels of the district 
railway a train pushes an immense quantity of air be­
fore it, and produces a partial vacuum behind it. Un­
fortunately, the opposite services greatly neutralize 
each other's good effects. 

The cost of the new subway is estimated at £550,000, 
including land, buildings, stations, and rolling stock ; 
not a great sum for a railway, but yet many tim as 
larger than would be required for an equivalent length 
of tramway. To pay 5 per cent. on the capital, there 
will be req uired , after al l expenses have been paid, 
the sum of £27, 000 per annum, raised by fares of Id. 
and 2d. , according to the distance traveled. Already 
a part of the route traversed by the subway is covered 
with an extensive system of tram l ines, and from their 
published accounts we find that the average annual 
earnings per mile are about £14,000. Consequently, if 
the subway is  no more successful than its com petitors 
overhead, it will take £46, 500 per annum, which would 
provide £19, 000 for working expenses and £27, 000 for 
dividend-a very fair division. One need not be very 
sanguine, however, to indulge the belief that the 
underground traffic will greatly exceed that of the 
tram cars, as on the north side of the river. In the 
first place, the vehicles will run at double the speed, 
and will make fewer stoppages ; they can be grouped 
together in trains to increase their carrying capacity. 
But apart from these comparisons, which are intrin­
sic to the two systems, the tramway in South London 
has special disabilities from the fact that it terminates 
three-quarters of a mile short of the city. Here the 
passengers are obliged to alight, and to make the rest 
of their way on foot in a miscellaneous thra.ng along 
the most crowded thoroughfare in the world. If the 
weather be bad, there is no other choice than walking 
or taking a cab, for the omnibuses are full long before 
this point is reached, and even if they were not, their 
progress is quite as slow as that of a pedestrian. :There 
is, of course, the alternative of taking an omnibus the 
whole distance, but often it is impossible to find room. 
When the snbway is finished, a resident in Clapham 
Road will have the choice of traveling by tram for half 
an hour, and then walking a considerable distance into 
the City, or of descending to the subway, and of being 
transported right into King William Street in twenty 
minutes for the same outlay of 2d. At present there is 
practically no means of traveling in this district besides 
omnibuses and trams. 

If the present undertaking proves a success, there is 
no doubt that projects of the same kind will be rapidly 
set on foot for other parts of London, and that there 
will result a great improvement in our means of com­
munication.  This would prove a boon to the shop­
keepers, as it would enable people who cannot afford 
cabs to make the journey to Oxford Street and Totten­
ham Court Road without enduring the purgat.ory of 
half an hour's ride in an omnibus. If ladies-for it is 
they who do the greater part of the shopping-could 
be carried rapidly from shop to shop, it would do more 
to arrest the growing supremacy of co-operative stores 
than any agitation the retailers can raise. 

In conclusion, we may state that the engineer in 
chief to the undertaking is Mr. J. H. Greathead, of 8 
Victoria Chambers, Westminster ; the resident engi­
neer, Mr. W. J. McCleary ; while the contractor is Mr. 
Edmund Gabbutt, of Liverpool.-Engineel'ing. 

[Continued from SUPPLEMENT, No. 588, page 9392.] 
IMPROVED METHODS OF HEATING RAILWAY 

TRAINS. 
By C. POWELL KARR, C . E . ,  Consulting Architect, 

New York. 
II. 

THE TWOFOLD METHOD-CONTINUOUS OR 
INDEPENDENT. 

THE practicability of heating a train by steam from 
the locomotive or from a separate car is now generally 
admitted. The rapid growth of ideas in this respect is 
nowhere better shown than in the two reports issued 
by the New York Railroad Commission. In the former 
grave doubts were cast upon the feasibility of heating 
a train from the locomotive, while the latter report 
took decided ground in favor of steam heating. 

It reached the conclusion that all the improvements 
thus far proposed in the car stove to a greater or less 
extent simply reduce the percentage of risk, but not its 
elimination ; that there seemed to be no way absolutely 
to get rid of the dangers incident to the car stove. 

The safety heaters cost from $200 to $300 per car, 
and it appeared to the board that the rapid strides 
now being made toward heating from the locomotive 

will soon force the substitution of that method as the 
safest and cheapest, and a large expenditure incurred 
in a mistaken direction averted. 

Since the tendency of invention and of experiments 
by railroads seems to be toward heating from the loco­
motive, and since that method promises greater se­
curity to the traveling public, it was thought best to 
urge all efforts to that end, and to d iscountenance 
independent methods of steam or hot air heating. 

Having determined, therefore, that i t  is best to 
endeavor to abolish car stoves and heaters, and to re­
quire that steam or hot air shall be used from the loco­
motive, or from an independent car, the question of 
how far legislation ought to go at the present time 
natnrally occurred to them. The art of steam locomo­
tive heating has been practically tested to an extent 
that warranted them in saying that under all ordinary 
circumstances it can be adopted by railroads upon 
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trains of from three to seven cars without serious 
apprehensions of failure from the following causes : 

1. The inability of the engine to furnish steam 
enough. 

2. The danger of freezing at the couplings between 
the cars on account of the collection of water where 
the pipes settle below a level, and also in the traps 
which are necessary on any system of steam heating. 
It was dubious on the latter point. 

The board also gravely shook its head as to the pos­
sibility of heating ten to fourteen cars satisfactorily, 
and it put the question to numbers of engineers and 
master mechanics : " With a train of twelve or fonrteen 
ca,rs and the engine working her ful l  power, could you, 
without detriment to your engine or loss of time, heat 
your train with steam from your boilers ? "  The answer 
was a modest one. 

In our first article on the subject we proved that at 
least fourteen cars could be heated satisfactoril y  from 
the locomotive, and while that reply was going to press 
the test of heating twelve cars satisfactorily had been 
made in two different localities, and one of them under 
highl y unfavorable conditions. 

In the Emerson system eight cars have been success ­
fully heated, and while we have no record of a greater 
number, still , from a study of the system with refer­
ence to the relation of its parts, the writer has no doubt 
that even fourteen cars can be successfullv and satis-
factorily h eated. -

It should be borne in mind that in the calculations 
establishing the heating requirements for a standard 
large size passenger coach, one of the conditions was 
the amount of air required for ventilation, and this is 
an element which must enter into a practical considera-

results by measurement, with coal at $2 per ton, 
bring the cost up to nine tenths of a cent per car per 
hour. Our calculations showed a cost of one cent per 
car per hour in exceedingly cold weather. 

In regard to the ti llle req uired to heat a train having 
within the temperature of the surrounding air has 
been variously and erroneously estilllated. MI'. E mer­
son has kindly permitted the writer to pllbli�h a test 
made with eight ordinary passenger cars. 

Starting at the locomotive with forty pounds pres­
sure, it took but eight minutes to pass five pounds of 
steam through eight cars. At another time a perfectly 
cold car, one that had not been heated for three weeks, 
was taken on to a train on the Connecticut River R R. 
Steam was let in immediately upon start ing, and thre", 
different parties timing the test. It was satisfactorily 
proved that it occupied the steam but nine and one 
half minutes, from the time of entrance, to put the car 
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in a comfortable condition. The weather was ordinary 
wintry weather, below freezing point, and the radiat­
ing pipes only one and a quarter inches diameter. 

THE EMERSON SYSTEM 
is a continuous and an independent method of heat­
ing trains, that is, each car can be heated continuously 
or separately. 

This system upon the continuous method is also an 
open circuit or one pipe system, and it has now been 
in use on the Connecticut River road during the last 
five years. Mr. James Emerson, tIle inventor, began 
the study of the car heating problem as early as 1854, and 
the description of his system will form the subject mat­
ter of this paper. 

It is a duplex system, inasmuch as it provides for 
heating a train directly from the locomotive and also 
by means of an auxil iary boiler. Its interesting 
features are its system of piping, its auxiliary device, 
and its steam coupler. 

SYS'rEM OF PIPING. 
Steam is received from the locomotive and enters the 

car, after passing through the coupling, by means of a 
joint of flexible hose, a (see drawings, Figs. 1 and 2), 
which runs un der the platform, w, and up .Into the car, 
entering one side of the door (Fig. 1) ,  m', then to the 
corner of the car, and connects with the main conduct­
ing pipe, b, which is wrapped with n on-conducting 
coverings and inclosed in  a box, J, built in  the corner 
formed by the junction of the side, E, and floor, D. of 
the car, as shown in Fig. 3. This is a very su perior method 
of passing the main supply pipe through the car, as it 
avoids a great loss of heat by convection, the air in the 
box being so confined that motion of its particles 
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tion of the subject. Were the air to be changed in a among themselves is impossible. The conducting pipe, 
car but once an hour, instead of four times an hour, it b, runs from one end of the car to th� other, an� each 
would make a difference of nearly ten per cent. in the end is provided with suitable connectiOns for takmg or 
condensation per car per hour. delivering steam. The pipes, a' , are provided with s.top 

Again most of the cars upon which the various sys- cocks, so as to regulate the supply of steam to the pIpe, 
tems of �team heating have been tried are the ordinary b. The circulating pipes are indic�ted by c. They run 
fifty-six foot passenger coaches, with about 290 cubic along the side <;Jf. the car above pIpe, b, and lo�ps are 
feet of space less to heat than the standard car, and a arranged in pOSItiOn under the seats for local traII!S ; for 
much smaller area of glass surface, so that taking these through long trains their use has been abandon.ed, the 
changes into consideration, and under the same tem- frictional resistances offered by the elbows bemg too 
peratures, the Emerson system ought to approximate great to overcome by low-pressure steam. 
closely to five gallons of water condensed per cal' per The drawings show the pipe and coils, c, conn�cted 
hour, for a short train of five to eight cars, but with wi th the pipe, b, at one end b� a brancJ;1, z, ha,:mg a 
the train increased to fourteen cars the condensation stop valve, 6. A stop valve, 4, IS placed III the pIpe, c, 
would run up appreciably close to our first calculations. between valve,6, and the loops and pipes beyond valve, 
Indeed, so close have these figures come to actual 4. At the other end of the car the pipe. c, is .connected 
results, that a reliable steam heating engineer who has directly with the pipe, b, a stop valve, 5, bemg placed 
been devotinl? his time for the last five years to the in a pipe, c, near the latter. The difference III the 
problem of car heating, informed the writer that his methods pursued in connecting the pipes, b and c, at 
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the two ends i s  caused b y  the additional pipe connec­
tion, e, which carries steam over the car door, m'; to the 
pipes, a', on the opposite side of the car. The two sec­
tions of pipes, e e, one each side of the door, m', in Fig. 
1, are about on lines, a; x, Fig. 2. 

The drip pipe, d, conducts the hot water of conden­
sation from pipes, a, to the boiler. The connections of 
the pipe, e, are shown iu the drawings ; h is also a 
drip or return pipe which conducts the water of con­
densation which accumulates in the pipes and coils, a', 
into the boiler, A. To accomplish this purpose, the 
pipe, h, passes through the head of the boiler, A, and 
extends nearly to the bottom, so that its lower end may 
be submerged constantly in water ; see Fig. 2. 

The pipe!!>, b, are the supply mains, in which steam is 
maintained at a certain temperature. The condensed 
steam which may collect in the mains can be drawn 
from them by opening the cocks, 5 and d', when it will 
pass through pipe, d, to the boiler, and keep the latter 
filled with hot water ready for emergencies, in which 
it may be required to keep the train warm independent 
of the supply of steam from the locomotive. 

In first heating up the pipes and loops, a, which are 
connected with the pipe, b, valve 2 is opened, also 
valves 5 and 4, when the steam will flow into the pipes 
and loops, and any water of condensation formed will 
escape through the pipe, d, to the boiler upon opening 
the valve, d'. In cold weather, when it is necessary to 
heat a car q u i0kly or to maintain a higher temperature 
in the car, condensation will increase more rapidly. 
Valve 4 should be closed, valve 6 opened, thus sending 
the steam over the door through the pipe, e, and into 
the pipes and loops, a. The water of condensation 
then enters the boiler, A, through the pipe, h. To 
keep the water in the boiler at a certain level, and to 

FI G • .  6. 
dispose of its surpl us, the overflow cock, 7, is kept 
partly open . 

THE AUXILIARY BOILER 
is designed to supply the means of heating each car 
separately, and maintaining a comfortable temperature 
within the car when the supply of steam for some 
reason happens to be shut off from the locomotive. 

The boi ler, A, is of sheet iron, riveted in the usual 
way, and suspended under the car floor. It is provided 
with a heating d evice, B, shown in the drawings in the 
form of a circu lar lamp, provided with a suitable sup­
ply of wick tubes, so as to quickly convert the water 
in the boi ler into steam. The reservoir, K, is attached 
to the end of It vertical pipe, and a stop cock connec­
tion perm i t s  of discharging the hot water of the reser­
voir into the boiler, thus shortening the time of getting 
up steam . 

When i t  is known that a car is to be detached from 
a trai n which it is desired to keep warm, the pipes, a 
and a' ,  and the boiler, A, are filled with live steam from 
the locomoti ve at any pressure desired. The fire under 
the boiler is l ighted until the return of the locomotive, 
and then it is ext.inguished, in order that there may be 
no fire on the car while the train is in motion. When 
only a moderate temperature is required in the car, 
valves 6 and 4 are closed and the steam circulation 
from the boiler through the pipe, i, into the pipes, a', 
is confined to the latter, and the condensation is re­
turned to the boiler through the pipe, h, and but a 
moderate waste of water occurs, and that is replaced 
by drawing an equal amount from reservoir, K. When 
more heat is required, the steam from the boiler is per­
mitted to pass through the pipe, e, and upon opening 
the valve, 6, the steam passes into pipe, b, and through 
valve 5. As valve 3 is shut the condensation escapes 
through d to the boiler. 

THE COUPLER. 
As will be seen from the drawings Figs. 4 and 5, tl:e 

coupler is a self-connecting and disconnecting device. 
The end of one car is provided with a receiving connec­
tion, and the end of an adjoining car is provided with 
an entering connection. The two connections are 
shown locked together in Figs. 4 and 5, and in a posi­
tion to allow steam to pass through them. The re­
ceiving connection is constructed with a large open 
mouth, A, having a tubular extension, y, to which is 
screw-connected a back pressure valve case, C. Between 
the inner end of the case and a shoulder around the in­
terior of the part, y, is placed a series of elastic packing 
rings, F, with metallic rings between them as indicated 
in the drawing, Fig. 5, by three black bands in section. 
The inner edges of these elastic rings project into the 
passage in the tubular part, y, into which the valve 
case, m, is forced. This valve case, m, extends in tubu­
lar form beyond the baIl joint into the valve case, C, and 

has a plug screwed into its end with perforations, 22-22, 
and a central valve stem passage. The valve, d'l, with 
its stem, d, is adjusted so as to seat itself in the end of 
the case, m. The spindle, d, of the val ve, d', has a 
head outside of the plug, through which it passes, 
which serves to govern the movement of the valve from 
its seat, and passes through a supporting cross bar, 23, 
by which the valve is supported in a central position 
and is permitted with its stem to have a swaying motion. 
The entering connection of the parts of the val ve is 
supported in the yoke, 8, with which the arm, h', is 
connected. Through this yoke a rod, 9, passes with 
one of its ends secured to a tripping ring, 7, on pi pe, H, 
and the other is provided with a nut, 10, adj ustable on 
the rod, 9. D is a back pressure valve, with a spindle, 
e, and supported in the case, C, by a perforated disk, I, 
which has a hub th rough which the spindle passes ; 
the valve is seated against the shoulder, s, in the case, 
C, and can be moved from its seat by the entering con­
nection ; see Fig. 5. 

The sprin�, B, is bolted at one end to the part, y, and 
extends into a slot in the mouth, A, with a handle, 21, 
upon its free end. This handle reaches above the slot, 
and consists of two reversely curved parts, 19 and 20, 
and a catch block, 1'. 

The steam pipe, E, is connected to the valve case, 
C, and conveys the steam from the latter to the pipes 
in the car. The yoke, 8, is fitted on to the exterior of 
the case, a, and is connected with the arm, hI, and rod, 
i2, by which the receiving head is supported. 

The male half of the cou pler is secured to the end of 
the steam pipe, 6. The latter conveys steam from the 
pipes in the car to which it is attached by the coupling, 
5, and this is made with an expansion telescopic joint, 
consisting of the pipes, H and I. The latter is screw 

threaded for some distAnce on the end which screws 
into the coupling, and a stop nut, K, and a set nut, Kl, 
are placed upon it. 

The end of pipe, I, within pipe, H, is provided with 
a collar and its usual packing. J is a stuffing box, 
secured to the end of the pipe, H. The packing is shown 
at 4, Fig. 5. 

By the nut, k, the movement of the end of pipe, 
H, toward the latter is regulated ; and when the cars 
move toward and from each other the pipe, I, telescopes 
into the pipe, H, and this movement receives and com­
pensat.es for the jar and plunging of the train. 

At the end of the pipe, H, entering the mouth, A, the 
ball joint, m'l, is secured. 'fhe ball shaped end of the 
valve case, m, is fitted i nto the ring, 0, and ground to 
make a steam tight ball joint by which a free lateral 
motion is obtained. The rings, 3, and an elastic washer, 
2, are inserted in the case, m', between the end of pipe, 
H, and the ball shaped part of case, m, the washer 
bearing against the ball and keeping the latter to its 
bearing in the receptacle, m'. 

THE ACTION OF COUPLING. 

When the cars meet, the two halves of the coupler 
are brought to the positions shown in Figs. 4 al}d 5, the 
spring, B, is caught by the ring, 0, upon the catch 
block, r, by which the parts are held together. The 
motion of the car carries the entering half in and causes 
the voke, 8, to move against the end of the arm, 11, on 
the ring, 7, Fig. 4, and takes it under the curved arm of 
spring, B. 

When the h ead of the valve spindle, d, strikes valve, 
D, the latter is driven away from its seat against the 
perforated disk, I, and by it the spindle, d, and valve, 
d', are moved in opposite directions, and both valves, 
d'l and D, are moved away from their seats, letting 
steam flow in the direction indicated by the arrow in 
Fig. 5, directl y through the valve cases, m and C, into 
pipe, E, and to the next car. 

When the cars are separated, the pipe, H, is drawn 
through its yoke, 8, until the latter is brought against 
the nut, 10, when the ring, 7, is drawn back, lifting .the 
spring, B, and disengaging the catch, r, from the rmg, 
0, and permitting the two parts of the coupler to be 
drawn apart. The valve, dO, is then closed by steam 
pressure, and the valve, D, by back steam pressure 
from the car with which the pipe, E, is connected. 
The packing rings, F, serve to make the case, m, enter 
tightly into the part, y, and prevent the steam from 
blowing backward. 

This automatic arrangement for closing the valves is 
so simple in its mechanism as to not easily get out of 
order, and so admirable in its purpose as to be worthy 
of more than a passing description. Most of the steam 
heating devices are arran ged to blow off the back pres­
sure at the couplers, but in this system no possible 

scalding of the brakeman's hands is attainable. Ap­
parently the real division in Fig. 1 ,  between the t.wo 
parts of the coupler, is at the edge of the ring 01' col lar, 
O. Its real line of division however follows anjrl'pgular 
line about the ball bearing, and seen more accurately 
in Fig. 5, in cross section. Fig. 6 shows a d etail 
view of the yoke, 8, and the ring, 7. The rod, I", con· 
nected with the yoke, 8, secures the coupler, each re­
spectively to its end of the car. By unscrewing the 
nut, 10, the coupler can be reversed, so as to do away 
with the necessity of having two sets at each end, the 
sets being separated and chan ged end for end. 

In regard to the management of the couplE-rs, the 
rule is to leave the couplings and valves open at 
the end of each trip, so that when steam from the lo­
co motive enters the heating pi pes it continues through 
until it issues from the drip at the bottom of the aux­
iliary boiler. The val ve is then closed, the open pet cock 
at the top furnishing vent for circulation, while tllfl 
condensation fills the boiler with h ot water ready to 
be converted into steam by simply lighting the prepar­
ed fuel in the fire box of the boiler. In this way forty 
pounds of steam have been raised in ten min utes 
after lighting the fire. The inlet valve from the suppl y 
pipe is closed when heating in th is way, and also the pet 
cock at the top of the boiler. '1'he heating by the con­
tinuous circulation system thus renders that car inde­
pendent of the locomotive. At the same time, steam from 
the locomotive may be sent past that car to another in 
the rear. While heating from the auxiliary boiler the fire 
must be kept up, consequently the car often becomes too 
hot, unless the steam is shut from the pipe lead ing to the 
heating circulation. Then, as the pressure in the boiler 
would become so great as to blow off, causing a loss of 
water, a valve is opened in a pipe leading from the small 
boiler to the lef';, as shown, which connects with the pip­
ing on top of the car, where the steam condenses and 
returns as water to the boiler. Inch and a q uarter, 
inch and a half, and two i nch pi pes are used in the 
Emerson system, but the inch and a quarter pipe is pre­
ferred, and supplies sufficient heating surface for ordi­
nary emergencies, and Mr. Emerson considers 1 1 2  square 
feet of heating surface sufficient, which is equivalent 
to about 258 linear feet of inch and It quarter piping. 
The system is now in use on more than twenty trains 
daily. All of the cars pi ped have 55 feet sills. The trains 
run five, eight, seventeen, and thirty-six miles and re­
turn. The temperature may be kept at any degree of 
heat desired. A cold car ad ded to a train can be made 
comfortable in ten minutes. Rights to use the 
system, at moderate rates, can now be obtained by 
other railroads. The method of carrying the main sup­
ply pipe is superior to anything we know of, and the 
system is one of the few that have gradu ated from the 
experimental stage to that of an assured success. 

NOTES ON THE PANAMA CANAL.* 

By R. NELSON BOYD, M. Inst. C. E. 

THE following paper does not purpose to be an ex­
haustive . description of the Panama Canal. I only 
submit a few notes, gathered on the spot, which there­
fore may have some importance at the present time, 
when any trustworthy information regarding the pro­
gress of the canal has especial interest. 

Before entering on the description of the works, it 
may not be out of place to remind the meeting of the 
origin of this great undertaking. The Panama Canal 
-or, to give it the official title, " La Compagnie Un i­
verselle du Canal Interoceanique "-was consti tuted in 
March, 1881, with a capital of 1,200,000,OOOf. , or say 
£48,000,000 sterling, and the works were at once com­
menced, and have been carried on without cessation 
up to the present time. The idea, h owever, of piercing 
the Isthmus of Panama is  by no means a recent one. 
The early Spanish discoverers proposed to cut through 
the narrow tongue of land which separatfls the two 
oceans ; and Cortez had the subject investigated, and 
proposed to make a canal at Tehuantepec. This was 
about the year 1525. Many years afterward, 1 780, 
King Charles III. of Spain had the ground explored, 
with a view to making a canal. In 1804 Baron Hum­
boldt advocated piercing the Isthmus ; and iu 1825 a 
concession was actually granted to Baron Thierry, 
who, however, did not bring it to any practical result. 
In 1830 a report on the possibility of constructing the 
canal was made by Messrs. Lloyd, an English engineer, 
and Fallmare, a Swede, and published by the Royal 
Society of London. This report was, however, not as 
detailed as it might have been ; and, moreover, it was 
asserted that a difference of level existed between the 
two oceans of over nine feet, which has since been 
found to be fallacious. The error was no doubt caused 
by the difference in the rise and fall of the tides, which 
is a great deal morfl than nine feet. 

Some years after this report was published-namely, 
in 1843--44-a French engineer, Napoleon Garella, m ade 
an exact survey of the isthmus, with the view of con­
structing either a railway or a canal. But his labors 
had no practical result." By this time the idea of cut­
ting through the isthmus, or of constructing a railway, 
had been taken up by a number of people. Prince 
Louis Napoleon Bonaparte, then a prisoner in the 
fortress of Ham, beguiled hill time with the study of a 
canal through Lake Nicaragua and the river San Juan. 
This project was, however, never brought to a practi­
cal iSSUfl. In fact, although the French engineers and 
capitalists had been turning their attention for some 
years to the question of constructing a canal or railway 
across the isthmus, their projects came to nothing ; 
and eventually an American company got a concession 
and started the present Panama Railroad. The ques­
tion of a canal then fell aside until the Suez Canal had 
been successfully opened. Th'e United StateR Govern­
ment were the first to take the matter up, and in 1871 
sent a strong staff of engineers to Panama to survey 
and report. However, no serious attempt to grapple 
with the subject was made until the meeting of the 
Geographical Congress of 1871, held at Antwerp, when 
the possibility of constructing a canal across the 
isthmus was much discussed. The q uestion was agai n 
considered at the next congress in 1875.  The imllJedi­
ate consequence of these important discussions was the 
formation, in 1876, of a French committee for the study 
of a canal across the isthmus, with M. De Lesseps at the 
head of it. About this time Mr.  Napoleon Wyse 
formed a company to defray the expenses of an explora-

* Read before the Civil and Mechanical Enl::lneers' SOCiety, 1II11l1)h 80, 1887 .-I'M IiJngineer. 
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tion and survey of the ground, and went out at the 
head of an expedition for this purpose, and ended by 
obtaining a concession from the Colombian Govern­
ment. This concession was then submitted to the 
French committee, who called together a congress for 
the special consideration of the different projects and 
schemes for constructing a canal. The congress was 
composed of 136 members, of different nationalities, 
and their labors were considerable, for they had no less 
than fourteen different projects submitted to them for 
consideration. After much deliberation, this congress 
selected the project of Mr. Wyse for a canal, with­
out  locks, from Colon to Panama, esti mated to cost 
1 ,070,000,000f. , or, allowing interest on money during 
construction, 1 , 200, 000, 000f. 

M. De Lesseps u n dertook to form a company, and the 
works were commenced in 1881. The ground was 
accurately sUl"\'eyed,. and the general plan and sections 
definitely fixed. The canal is to be 74 kilos. long from 
end to end, including 5 kilos. of dredging through the i 
shallow estuary at the Panama end. The width of the I canal at bottom is 22 meters, at top water 40 meters, 
and the depth of water is 9 meters. The slopes are 
nominal ly 1 t.o 1. From the Colon end it follows the 
valley of the Chagres River almost to the watershed at 
Culevra, a distance of over 50 kilom. But in order to 
do so, the river Chagres has to be deviated over a 
length of about 30 Idiom. This is one of the great dif­
ficulties of the cana\. 'rhe ri ver Chagres drains a very 
large area, and during the rainy season is eubject to 
sud den and considerable floods. This is natural with 
a rainfal l of 3 meters per annum. It is on record that 
in one day of t wenty-four hours, in November, the 
rainfall was 165 mm., or 675 English inches. With 
such a rainfall over the great drainage area of the Cha­
gres River, it is not surprising that the river at times 
rises 8 meters in the course of a few hours. The usual 
flow of the Chagres is 13 meters per second in dry 
weather ; but during the rainy season it rises up to 134 
meters, even during storms to 600 meters. 

The deviation of the Chagres is a difficulty appa­
rently not foreseen, and an expense not provided for 
by the early surveyors. It is in reality a necessity for 
the preservation of the canal, as the new bed will act 
like a huge ditch, and receive the surface drainage 
during the rains, which otherwise would rush into the 
canal-to say nothing of the trees, rocks, and silt 
brought down by these floods. The new bed of the 
river is to be 40 meters wide by 5 meters deep. In 
order to deal more effectually with these excessive 
floods, it had been proposed to dam up the valley at 
the head of the Chagres, and thus form an immense 
reservoir. This project is for the time abandoned. It 
would involve a dam about 1,445 meters long by 45 
meters in height, with a cube of about 10,000,000 me­
ters ; and this would have to be constructed in the face 
of the floods rushing down the upper valley of the 
Chagres, unless the whole dam were constructed dur­
ing one dry season, which is scarcely possible. At this 
poi nt, known as Gamboa, the canal leaves the valley 
of the C hagres and crosses the watershed at Culevra. 
From the C u levra on to the Pacific Ocean no special 
difficulties have to be overcome. On this side of the 
watershed the river Obisbo and its confluents are regu­
lated ann. deviated to form a ditch, j ust as the river 
Chagres is on the Atlantic slope. In fact, the devia­
tions of these and other rivers and their tributaries are 
so arranged as to form two continuous smaller canals 
on each side of the main ship canal, and this may be 
con sidered as indispensable for its safety. 

For SOllle kilometers before reaching the Pacific 
Ocean the canal runs through swampy ground very 
little above sea level, and eventually joins the sea at La 
Boca or mouth of the river Grande. Unfortunately 
the water is very shallow here, and the last five kilo­
meters have to be dredged through a bed of sand forIll­
ing a wide bar at the mouth of the river Grande. 
Although the work has been commenced all along the 
line, not one length of the canal is anything like near 
completion. I had the opportunity of visiting most of 
the sections, and with the exception of the Colon end 
and a short length at Gorgona, where the canal follows 
the present bed of the river Chagres, not one of the 
cuttings is down even to water level, and many have 
merely had the surface removed. At Colon the en­
trance to the canal has .been constructed by making an 
embankment which protects it from the north winds, 
and has reclaimed ground, formerly a swamp, on which 
the pleasant little settlement called " Cristophe Co­
lomb " has been built. From the entrance the canal 
has been dredged to a depth of 6 meters for a length of 
475 kilom., and is open for small steamers. Three very 
powerful steam dredges are now at work deepening the 
canal down to 9 meters. After this comes a length of 
ground almost untouched, owing to disput.es with the 
contractors. Then comes a length of 6 kilom. on the old 
bed of the Chagres, where dredges are at work deepen­
ing. These dredges have a power of 180 horse power, 
and raise about 3,000 cubic meters in the twenty-four 
hours. This seemed to me to be the best conducted 
work on the canal. 

From this on, all the earth in the cuttings is moved 
by hand labor, with the narrow gauge railway known 
as the " Decauville, " or by the steam navvy or excava­
tor, with full sized railway wagons. The engineers 
advocate the latter, because they can get more work 
done ; but some of the contractors prefer the former 
method. The steam navvy Osgood at work on the 
Tavernilla section moves 300 to 360 cubic meters in ten 
hours. This section is  almost level. At Soldado a hill of 
about 65 meters in height is being removed by immense 
blasts of dynamite. 

After Tavernilla comes San Pablo, where the canal 
crosses the railway, and a turning bridge will have to 
be constructed. A few kilometers beyond this point 
comes Gamboa, where the proposed reservoir was to 
be,  and then the immense cutting of Culevra acrObS 
the watershed. This is the most important work to be 
done on the canal. The length of the cutting is 1 ,800 
meters, and the deepest point of the cutting 140 meters. 
The average for the total length is 88 meters. The 
height of 140 meters is not that of the center line, but 
the height of the summit of one of the slopes. The Decauville railway and the steam navvy. Of the latter 
latter are 1 to 1, and the width at top of cuttin g  will be they had seventeen at work. Up to date about one­
from 200 to 300 meters. The quantity of earth to be twentieth of the q uantity has been moved, so that 
moved is 20, 000,000 cubic meters. At the time of Ill y about 16,000,000 cubic meters remained to be excavated. 
visit little work was being done, because a new firm of This has been the work of six years . Of course much 
contractors had j ust taken over the cutting, and were had to be done , in preparatory work, such as laying 
making arrangements to suit their views. 'l'he previous roads for tippin g  and getting the material together. 
contractors worked in steps, and used the small gauge However, as it now stands, it is estimated that it will 
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require at the very least six years to finish it. The 
difficulties of this immense cutting are greatly enhanced 
by the nature of the ground, which is  in  great part 
composed of basalt rocks-dolomite-with bands of 
san d int.ervening. Several sl ips have occurred an d oc­
casioned much trouble. This poi nt is the watershed 
between the Atlant.ic and Paeific Oceans, and from 
this on to Panama the canal is cut through compara-
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tively easy ground. The only difficulties are the devia­
tion of the Panama Railroad and of the river Grande. 

When the canal was commenced, the necessity of 
locks and gat !'!' was suggested, owing to the difference 
of tide between the two oceans. The Atlantic tide at 
Colon rises 2 ft. , whereas the Pacific at Panama rises 
20 ft. , and it has been ascertained that at low water the 
level of the Pacific Ocean is 3 '25 meters-l0Yz ft.-below 
the Atlantic. The last proposal to obviate the ebb and 
flow of the Pacific tide was to construct a basin near 
the Pacific end 4,000 meters long by 500 meters wide, 
lined with strollg quay walls and gates on the Colon 
side, which would be opened at high water. The cost of 
this work was estimated at 50,000,000f. This, as well as 
all other projects of a similar kind, have been shelved 
for the time, and the present intention is to construct 
an open canal from end to end. The canal ends at or 
near the mouth of the river Grltnde, and a channel has 
to be dredged for a distance of 5 kilos. into deep water 
through a beJ of sand. This is proceeding at presen t, 
and three powerful dredges are at work. These are of 
the Gouro model, and able to raise 150 tons per 
hour. I was informed that it was intended to use 
Gwynne's Invincible elevator on other parts of the 
canal, mixing two-thirds water to one-third earth, and 
forcing to a distance of 80 meters. 

The work done on the canal is not in proportion to 
the time spent. Up to the end of 1886 the total cube 
extracted , according to the figures of the company, was 
under 30. 000, 000 cubic meters. This gives an average 
of 6,000,000 per year. At present the work is progress 
ing more rapidly, and in the year 1886 the quantity 
moved was 11 , 727,000 cubic meters, or about 1 , 000,000 a 
month . During the early years of course much pre­
liminary work had to be and was done. 

Three large fitting aud repairing shops have been 
erected, one at Colon, a second at Matachin, about the 
center of the canal, and a third at Boca, on the Pacific. 
These shops are amply fitted for repairing locomotives, 
dredges, engines of all kinds, and,  in fact, all the 
machinery employed on the work. At La Boca iron 
barges are built as well as repaired. A good idea of 
the importance of these establishments may be formed 
from the cost, namely, over 20, 000, OOOf. , or nearly 
£1,000, 000 sterl ing. These shops were intended to re­
pair the immense q uantity of machinery accumulated 
by the company along the railroad and the canal. In 
this department more waste has occnrred than in any 
other. It is i mpossible to get at the value of all the 
machinery imported, but it  has been far in excess of the 
requirements. Numbers of machi nes of all kinds are 
to be seen rust ing along the l ine, and the loss is some­
thing abominable. 'fhe locomotive engines alone have 
been estimated at someth ing over 57, 000 horse power. 
I have seen a dozen locomotives, apparently in good 
order, shunted on a siding and left to rust away in the 
hot, damp c l imate. The rich tropical vegetation had 
settled on them, and green leaves were growing out of 
the fire doors and funnels. The waste in material is a 
matter of COlIllllon, I may say pu blic, comment. 
Thousands of barrows, wagons of all kinds and sizes, 
rai ls, and e ven locomotives have been tipped over the 
banks and buried. Lots of new and expen�ive machin­
ery from Europe has been left lying along the railroad, 
and may sti l l  be seen gradnally rusting away into value­
less dross. A good deal of this material was fou nd un­
suitable when it reached the lRthmus, but it had all to 
be paid for. 

I t  was soon found that in such an unhealthy climate 
sO lIle provision had t.o be made for the many cases of 
sickness. Accordingly two hospitals have been erected, 
one at Colon and the other at Panama. The Jormer 
has 100 and the latter 500 beds, and this hospital con­
sists of twenty-seven isolated wooden . buildings, con' 
structed on brick pillars rising about 10 ft. from the 
ground. In these hospitals the company's employes 
are gratuitously cared for. Those of the contractors are 
admi tted on payment of $1 per day. In addition to 
these hospi tals, a sanatorium has been erected on the 
island of Taboga, in the Bay of Panama, about ten 
miles from the shore. 

Again,as there are no towns or villages on the Isthmus, 
and,  in fact, no inhabitants except a few black men, 
who live in  miserable huts, provision had to be made 
for housing the thousands of workmen employed. By 
a rough calculation made on the gro und I estimate the 
number of houses and barracks for employes and men 
at over three thousand. These houses are all of wood, 
and were imported straight from the United States 
ready to put up. Lastly, the Panama Railroad had to 
he bought up to secure the lIleans of transport, and 
nine-tenths of the shares were purchased by the com­
pany, who thus have the control of the working. The 
railroad remains, however, an independent American 
company, in order to comply with the terms of the con­
cession. All the works are under the management of a 
director at Panama-invariably a French Government 
engineer. A large number of clerks are employed at 
the central office in Panama ; the canal is divided into 
five sections under the control of two chief engineers, 
and each section has a resident, or chef de section, and 
the necessary complement of technical and office assist­
ants ; then come about 1 0,000 workmen collected from 
different parts of the world. I have a list of the differ­
ent nationalities employed in 1885, as follows : 

From Jamaica. . . . . . . . . . . . . . . . . . . . . . . . . . 9,006 " Carthagena . . . . . . . . . . . . . . . .  . . . . . . .  141 
., Barbados . . . . . . • • • . . . . . . . . . . . . . .  , . 1,344 

Saint Lucia . . .  . • . . . . .  . . . . . . . . . . .  495 
Venezuela . . . . . . . . . . . . . . . . . . . . .  , . . .  272 

6, C ltba . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  275 
New Orleans . . .  . . .  . . . . . . . . . . . . . . .  542 

" Martinique . . . . . . . . . .  0. . . . .  800 

12,875 
These proportions are fairl y accurate up to the 

present time. It will be noticed that the great majority 
of the workpeople corne from Jamaica an(l other English 
islands. Of course they are all black lIlen or mulattoes. 
No white men can stand the climate of the isthmus and 
work in the cuttings of the canal . The ten or twel ve 
thousand men employed along the forty-five miles of 
cuttings make a very small show, yet they are moving 
earth at the rate of a million cubic meters per 
month. 

N ow comes the q uestion as to how long it will take to 
complete the canal at that rate. It will certainly take 
longer than the three years allotted. The quantities 
estimated and admitted as correct for the main ship 

canal are 120,000,000 cubic meters. To this must be add- A 100 HORSE POWER SECONDARY BA'fTERY. ed for deviating and other works at least 30,000, 000 
cubic meters, which gives a total of 150, 000,000 cubic FOR a short time past, the City Hall of Paris has 
meters. The quantity already moved is about 30, 000,000, possessed a secondary battery that exceeds in power 
so that 120, 000,000 cubic meters remain to be excavated. any that has h itherto been constructed u pon the COIl­
Taking the present rate, namely, 12, 000, 000 per an num, tinent. It i ncl udes 165 gigantic element�, lU inches in 
it will take ten years to complete the work. During the diameter and 31 i nches i n  height, each of which is capa­
first few years litt le  excavation was done ; not only had ble of dischargi ng a 240 al l lpere current at a tensioll of 
the buildings, hospitals, houses, work�hop�, etc. , etc. , 1 '9 volt. The power of the battery i s  about 80, 000 wattf; 
to be erected, but miles of rails had to be got on the say a little more than that of 100 horses. Its object i ::;  
ground and laid for  ti pping. 'fhe latter q uestion, to  regulate the 2, 200 Edison lamps that light the Hall 
though a m inor one, is in many cases a serious difficulty, of l!'etes and the adjacent salons. Twenty thousand 
as the cutting is made at the bottoll! of a narrow valley, people had an opportunity of admiring the steadiness 
where the only tip room is  a swamp l ying above the of these lamps at t,wo brilliant receptions given by the 
level of the canal. All this prel i minary work is  now lllunicipality on the 2d and 1 1th of A pril. 
complete, or at any rate is supposed to be so, and the The apparatus for producing the electricity of this 
engineers consider that one-third of the actual work of portion alone of the illumination com prises three large 
the canal is accomplished. But if it has taken £ive Gramme dynamos and four portable steam engines, of a 
years to do this, it will take another ten to complete total power of 130 horses, located provisionally in the 
the remaining two-thirds. The sanguine calculators court of the annex, Lobau Street. The necessarily 
reckon on a much larger excavation during the next irregular operation of these temporary works well  
few years, estimating 24, 000, 600 for this  year and j u stifies the addition of a regulating battery. 
36,000, 000 for 1888, and so on. I do not think this will  This latter is placed in a neighboring cellar. Com­
OI' can be realized. E ven assuming the preparatory munication with the illuminated apartments is had 
arrangementlS to be all that can be desired, an unavoid- through six subterranean cables. A switch board, de­
able delay will occur at the Culevra cutting. This im- vised by MI'. Chretien, chief of the electric l ight service, 
mense and difficult work cannot be accom plished under permits of rapidly effecting all the connections neces­
six years, as estimated by men acq uainted with the sary between the lamps, dynamos, and accumulators. 
circumstance8 and competent to j udge. 'fhe secondary battery was constrncted by Mr. E. 

Then, again, taking the first or present rate of exca- Reynier. It weighs 11 tons, and con tains 975 gal lons of 
vation, we are not allowing for the greater difficulties of liquid. The elements of wh ich it is com posed are of 
the work as the depth increases. Up to the present the Plante spiral type ; but the deta i l s  o f  construction 
time all earth moved has been close to the surface, and had to be su bordinated to the dimensions and destina·  
most of it has been IlIoved by level roads. Later it will  tion of the apparat us. 
be necessary to raise the earth 29)i ft. , and the ti ps will The two electrodes of each element Me strengthened 
be further away, so that as tillie goes on we ought to with orlets. One of them is  fl u ted, in order to give 
reckon on a smaller and not a larger rate of excavation. st.iffness to the whole and assure of the d i sengagement 
It  appears clearly impossible to com plete the canal un- of the gas. '1.'he connt'ct i l lg p ieces are greatly 
del' six years from 1st January, 1887 ; and j Udging from strengthened , and are prot ected agai n�t electro cheJui­
all I have seen and heard, I am incl i n ed to t h i n k  t h at cal and mech an ical causes of destruction. An efficient 
it  will take nearer twel ve than s ix years. and durable insulation of t h e  plates is  secured th rough 

With regard to the cost, some figures wi l l  be interest- I a continuous and perlll eable tri ple partition, made of 
ing. First as to wages. These vary for laborers. from cotton, hemp, and wool superposed. 

100 HORSE POWER BATTERY AT THE CITY HALL, PARIS. 
$1.50 to $2, say 68. to 8s. , and for artisans from $3 to 
$4, or 12s. to 16s. , so that work of any kind is most ex­
pensive. The cost of blasting and moving a cubic meter 
of rock may be fairly taken at 16s. , and a cubic meter 
of earth at 8s. Now, t.aking the remaining 120, 000, 000 
cubic meters to excavated at one-third rock and two­
thirds earth, the total cost of moving this wil l COIlle to 
1,280, 000,OOOf. To this must be added the office and 
general expenses of Paris and Pnnama, th e cost of re­
pairs, and the interest on capital rl uring construction, 
and these cannot be taken at less than 1 , 000, OOO, 000f. for 
ten years ; so that the money stil l required, roughly 
calculated, will amount to about 2, 200, OOO,OOOf. This 
estimate, founded on data indepenrlen t l y  collected , is 
corroborated by others, and some even put the alIlount 
above this. 

The money already spent can only be surmised, but 
it must be very considerable It  i s  generally believed 
that more than the original cap i tal has been already 
spent. Assuming that 1 , 000, OOO,000f. have been ab­
sorbed by the existing works, i n terest on capital, etc. , 
the alnount of capital eventllally req uired will be over 
3,000, 000, OOOf. , say £ 1 20, 000. 000 sterl ing. 

Of course it is quite possible that in less time and at 
less cost a d itch from end to end with water flowing 
from the Pacific to the Atlantic may be made, but not 
the canal as designed, 29)i ft. deep . The i m pression 
made on the m ind by a visit  to the canal i s  a sad one. 
It  seems as i f  the success of, S uez was to he tarnished 
by the failure of Panama, and th e brilliant reputation 
earned in the East lost in the West. 

The Suez Canal has been fol lowed too closel y for 
a work constructed under d ifferent circUlllshinces. 
The engineers at the head of Panama have been those 
of the Suez Canal. The section is mnch the same, 
and a great deal of the early macbinery was si m ilar to 
t.hat used at Suez, though quite useless at Panama. 
The d ifficulties were u n derrated by the earl y surveyors, 
and the rate of wages miscal culated. Now there is un­
certainty and h esitation about the plans to be adopted, 
and an eager but tard y straining after economy. 

It is quite evident that more capital than had ever 
been contemplated will be required, and i f  this  is not 
subscribed by the share h olders, it is  very possible that 
this great work, organized by the master mind of Suez, 
will be completed by other hands. 

The gl ass vessel is protected against internal and ex­
ternal shock by fenders formed of felt, and is Fur­
mounted by a eover that shuts in the whole and 
moderates the  evaporation of  the liquid. Strong bol ts 
of an alloy of lead and antimony assemble the elements 
in three equal and distinct series. 

The power of regulation of a secondary element de­
pends upon its internal resistance, which should be as 
slight as possible. Mr. Reynier therefore gave the 
electrodes a wide surface-one of 76 square inch es. 
As for the " formation, "  that was prepared by the 
Plante chemical treatment. So these vessels wil l ,  a 
little later on, merit the nam e  of accumulators ; pro­
v isionally, they are called vol tameters. Their electro­
chemical capacity might reach a million coulombs. The 
contract calls for but 300, 000 coulombs, which are su f­
ficient to keep up the l ight  for from 20 to 30 minutes i ll 
case of an accidental stoppage of the machines. A 
certain number of voltameters, mounted in supercharge, 
would then be interposed in the lighting circuits in  
order to compensate for the diminution in electromotive 
force suddenly produced by the fail ure of the works. 

On account of the dampness of the cellar in which 
they are placed, certain precautions have been taken 
for the insulation of the elements. Dangers of explosion, 
too, had to be looked out for. The battery operating 
under supercharge disengages from 210 to 280 cubic feet 
of explosive gas per hour, and this is carried off by an 
air exhauster actuated by a small Gramme machine 
supplied by a derivation from the main circuit. 

'fhis  exhauster sucks in the gases at the upper part 
of the cellar and forces them into the court. It dis­
charges 4, 200 cubic feet per hour, with an expenditure 
of power equal to 21% foot pounds 

The introduction of this battery into the illuminating 
plant of the City Hall is  due to the late Mr. Bartet, 
assistant direllt6r of the pu blic works of Paris. whose 
recent death has caused unanimous regret. The fi rst 
project of this d istin guished engineer included a battery 
of accll lIlulators capable of keeping u p, of them selves, 
a brill iant illumination of the Hall of Fetes for an 
entire night. The ch argi ng would· have been effected, 
in advance and at leisure, by the ord inary electric 
plant of the premises, and there would thus have been 
obtai ned a perfectly steady l ight and absolute security. 

This project having been abandoned for financial 
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reasons, Mr. Reynier submitted a mixed solution of the ! IOgists are much divided as to the possibility of the 
ques.tion to Mr. Bartet-the addition of a relatively latter. But it is certain that the amount of sheet 
cheap zinc-lead regulating battery. But certain ob- I lightning is out of all proportion to the frequency of 
jections m ade by the municipal committee caused the actual thunderstorms. 
zinc-lead voltameters to be replaced by the ones just Is it possible that we may find in this perpetual 
described, and which are, in Mr. Reynier's opinion, less lightning some clew to the origin of earth currents 
efficient as regulators than the zinc elements. On the everywhere ? and in the diurnal variation in the dis­
contrary, Plante elements are more apt to be ., formed " charge, some probable reason for the hourly variation 
as true accumulators. If it be decided, as we hope it of the aurora and of some magnetic elements ? No 
will, to give them a sufficient formation, there will  be no doubt it is at present difficult to connect the electricity 
longer anything to be regretted, since the battery will of lightning with the electro-magnetic effects of terres­
become capable of rendering important services in trial magnetism or the aurora. And though Edlung's 
every day l ighting, independently of its role in excep- theory is defective in this respect, I cannot help think­
tional circumstances. ing that he is right in collati ng thunderstorms on the 

However this may be, the City Hall battery may be equator with the glow discharge of electricity on the 
cJnsidered as a remarkable example of the use of accu- Arctic circle ; and it is in the hope that the discovery 
Ill ulators in lighting. of the constancy of electrical discharge in the " dol-

In the near future, one hundred horse secondary piles drums " may perhaps assist in the evolution of a true 
will become quite common ; but at present, we know of theory of the aurora that I have penned this short 
no other than the one under consideration, either in notice. RALPH ABERCROMBY. 
France or elsewhere. 21 Chapel street, London, March 15. 

The municipal battery might, moreover, prove of 
service to p hysics by rendering experiments possible 
that are performed with difficulty by other means. 

Through different couplings, the 100 electric horse 
power might be used in a large number of forms, from 
the maximum potential of 330 volts, with an intensity 
of 240 amperes, to the minimum potential of 1 '9 volt, 
with a discharge of 40,000 amperes. 

'j'he directorship of the public works of Paris, which 
is endowed with a liberal spirit, would doubtless put 
the battery at the disposal of physicists who are desir­
ous of making it contrib ute to some fine experiment on 
a large scale.-La Natu1'e. 

ZIGANG'S ELECTRIC TRUMPET. 
DESPITE the low price of the ordinary electric bell, 

it may be asked whether it is not possible to substitute 
for the latter a still simpler apparatus, and one less 
costly and of a more general application than the 
classical vibrating bell. 

It is an apparatus of this kind that is presented in 
Ml" Zigang's electric trumpet, figured herewith . The 
apparatus consists of a brass tube 2� in. in length and 
1 � in. i ll diameter, in the interior of which is fixed a 
small electro-magnet. An armature is placed opposite 
the poles of this latter, and a regulating screw termi­
nating in a platinum point serves as an automatic 
interrnpter. The mounting and operation of the ap­
paratus may be understood from a simple inspection of 
the figure. It takes but two Leclanche elements of the 
usual electric bell variety to cause it to produce an 
agreeable IIlusical lSound, of which the pitch and in­
temity may be varied by regulating the screw or 
tightening up the vibrating plate in its setting. 

ZIGANG'S ELECTRIC TRUMPET. 

This characteristic musical sound permits of the ap­
paratus being used for domestic and telegraphic pur­
poses, where there is need of dist.inguishing different 
calls without havi ng recourse to indicators. It might 
also render service upon railways, tramways, boats, 
etc. , in all those cases where there is need of a signal 
insensible to the more or less abrupt motions of the 
object under way. Finally, the possibi lity of trans­
mitting the Morse alphabet and certain conventional 
signals by sound permits of the electric trumpet being 
applied for the transm ission of signals to an engine 
room, in cases where noise prevents the use of a tele­
phone. -L' Elect1·icien. 

(NATURE.] 

AN EQUATORIAL ZONE OF ALMOST PERPET­
UAL ELECTRICAL DISCHARGE. 

THE recent reference in your columns to Edlung's 
theory of the aurora boreali� recalls a very curious ob­
servation that I have made in my travels of a zone of 
almost perpetual electrical discharge in the belt of the 
" doldrums " all round the world. 

Anywhere in that belt, a more or less intermittent 
display of sheet lightning commences the moment the 
twilight of sunset has sufficiently faded away, and con­
tinues with varying intensity till the light of morning 
prevents further observation. 

The localization of this belt of lightning is very 
obvious as we run a section across the equator on board 
ship. There is very little electrical discharge in the 
high pressure belt of anticyclones which encircle the 
earth approximately under the lines of the tropics. 
But as we approach the low pressure band of the 
.. doldrums, " where the two trade winds, or the t wo 
monsoons, meet, then the display of lightning is of 
nightly occurrence, even if there are no actual thunder­
storms. 

This electric discharge has a diurnal period like every 
other meteorological element. For night after night, 
as I have slept on deck ill Malaysia d uring the change 
of the monsoons, I have noticed a very marked dim­
inution of the lightning after 1 or 2 A. M, If a total 
eclipse of the snn could last for twelve hours, I have no 
doubt that we should see more or less lightning all the 
time, with a regular set of diurnal variations. 

Edl ung and others have noticed the gradual decrease 
in the frequency of thunderstorms as we recede from 
the equator. But I wish to show now, not only that 
the discharge is of nightly occurrence, but that the 
locality of maximum effect is  not so much on the 
equator as in the " doldrums. " ThE' sheet lightning 
may be the reflection of distant thunderstorms, or it 
may be the silent discharge of electricity. Meteoro-

APPARATUS FOR 'j'ESTING LIGHTNING 
CONDUCTORS. 

IN a pamphlet recently issued by Messrs. Siemens 
Brothers & Co . .  of London, England, a new form of 
apparatus for testing lightning conductors is described, 
with the improvements such that even those not skill­
ed in electrical work can use them to advantage. 

A view of the apparatus is shown in Fig. 1. The gal-

FIGs. 1 AND 3.-TESTING LIGHTNING 
CONDUCTORS. 

vanometer is represented as removed from the compart­
ment provided for it in the bottolll of the case contain­
ing the magneto-generator, and is i ll connection with 
the terminals of the latter. Fig. 2 is a general plan, 
and Fig. 3 a diagram of the connections between the 
magneto bridge-board, two earth connect.ions. and the 
lightning rod. The apparatus consists of a magneto, 
M, inclosed in a wooden case, and bridge-board, B. On 
the latter are fixed a ring of German sil\'er wire (forIll­
ing the A and B branches of a resistance bridge) ; a 
contact lever, p, which can be moved over the ring 
and used as a battery key ; a small horizontal galvano­
meter, G ; a brass sliding piece, s, for putting the 
galvanometer needle in and out of action ; four termi­
nals, b, bt, e, l ;  and R (see Fig. 2), the comparison resist-

FIG. 2. 

ance of the bridge. A small key, K, is flxed to termi­
nal, 1, and the resistance, R, is underneath the bridge­
board. A leather bag, A, at the side of the wooden 
case, Fig. 3, serves to hold the double conductor lead­
ing wire, which is used for connecting the magneto 
terminals with the bridge-board. The weight of the 
complete apparatus is 9 lb. , and the dimensions are 
about 6" X 6" X 9". By means of this testing instru­
ment the low electrical resistance of lightning conduct­
ors, earth connections, and leading wires of electric 
light installations, as well as the higher resistances of 
line wires for telegraphic and telephonic circuits, con­
nection wires in telegraph stations, etc. , can be meas­
ured, the range of the instrument being from 0 ' 1  ohm 
to 500 ohms. The measurement of a resistance is read 
off direct without the trouble of making any calcula­
tion. 

The connections for testing are made as follows : 
Terminal, 1, Fig. 3, is joined to the apex of the light­
ning conductor by means of a length of leading wire, 
which may be either bare or insulated. If  bare wire 
be used, precautions m ust be taken that no part of it, 
throughout its entire length, makes contact with any 
object, so as to short circuit the current. 'j'erminal, e, 
is put to earth, that is, a connection is made by means 
of a stout piece of copper wire between this terminal 
and a gas and water pipe, and, should not these be at 
hand, anv metallic body in intimate contact with wet 
earth llJay be used in place of the pipes. When no 
such earth connection is available, a special copper 
plate (E') must be employed, and put underground at 
snch a depth as will insure all parts of the plate being 
in good contact with moist earth . 

Terminals, b bt ,  are joined to D' D2 of the magneto, 
Fig. 3, by means of the double conductor leading wire, 
in the bag, A. The bridge board, B, must stand as far 
away from t.he magneto, M, as the leading wire will 
permit, so that the galvanometer, G, may remain as 
much as possible out of range of the magnetic and in­
d uctive influence of the permanent magnets and 
revolving armature of the magneto. 

After the slide, s, has been withdrawn and the 
galvanometer needle set free, the bridge board must be 
so placed that the needle plays freely over the scale, 
and finally points to zero when at rest. The bridge 
board is then fixed by means of brass weights or clamps 
in the position thus found, but no iron must be used 
for this purpose. All connections m ust be firmly made, 
and the attachments of the earth wire to a water pipe, 
gas pipe, etc. , should be well soldered. 

The tests are taken by two persons, one at the mag­
neto and the other at the bridge board. The magneto 
switch, C, is moved so that the arrow points to the 
positive sign, + ; the handle of the magneto is  then 
turned so as to keep the speed at a uniform rate. 
While the latter is being turned, the key, K, of bridge 
board is depressed with one hand and the pointer, P, 
with the other. The current from the magneto then 
traverses the bridge, and a deflection of the galvano­
meter needle is produced ; the key, K, is still held 
down and the pointer, P, kept depressed and moved a 
little to the right and left, observing at the same time 
which of these movements causes a decrease of the de­
flection. As soon as this is ascertained, the pointer is 
kept moving slowly around the German silver ring 
until a point is  foun d  wh ich brings the gal vanometer 
needle back to zero. The figure over which the pointer, 
P, now rests is recorded on a piece of paper. It gi ves 
in ohms the total electrical resistance of the lightning 
conductor and its earth connection, leading wire be­
tween the apex of conductor, and terminal, 1, and 
earth plate, E2. 

The switch, C, is now moved so that the arrow points 

FIG. 4. 

to the negative sign, -, and the handle of the ma­
chine turned as before. A slight deflection on the 
galvanometer will be observed, and the pointer, P, 
must be moved to one side or the other of i ts fi l'st posi­
tion until the needle again points to zero. The figure 
now under the pointer must be read off and also noted 
down. It gives the total resistance in ohms, when the 
test is taken with a negative current, the previous one 
having been made with a positive current. 

A number of these reversal tests Illay be ta.ken, and 
the mean of all tests will give the correct resistance of 
the conductor, leading wire and two earth connections. 
The resistance of the leading wire, L, and the earth 
plate, E�, is so low that it may be neglected ; the mean 
of the tests, therefore, can, in practice, be taken as the 
actual resistance of the lightning conductor and its 
earth connections. EI. A resistance of more than 20 
ohms shows the conductor to be in snch a state as to 
have become a positive danger to the b uilding to which 
it is fixed. 

While the tests are being taken, the bridge board, B, 
must be kept in its norlllal position, that is, with the 
galvanometer needle pointing to zero, so long as the 
key, K, and pointer, P, are not depressed, and the 
screw marked f��' Fig. 3, must be well secured between 
the terminals, e and x. 

At the time a Jightning conductor is erected, one end 
of a length of copper wire should be firmly soldered to 
the apex of the conductor. This wire is carried do wn 
loosely by the side of the conductor and remains perrna­
nently in position, so as to be available for connection 
with the testing instrument whenever the entire 
length of the conductor has to be tested. By this 
means the trouble and expense of attaching a fresh 
leading 'wire for e\'ery test are avoided. 

A fault in a conductor is usually due to a bad earth 
connection, arising from partial or entire fracture of 
the conductor just above or below the ground line. In 
some cases the lower end of the conductor is in dry 
ground, and in others the earth plate is either too 

J 

FIGS. 5 AND 6. 
small or is oxidized and broken. The earth connection 
should, therefore, be tested first of all, and for this pur­
pose a strong brass clamp with terminal screw, T, Fig. 
3, should be secured to the conductor just above the 
ground line and well soldered. A separate short length 
of leading wire is then used for connecting terminal, l, 
of the bridge board with terminal screw, T, on the 
lightning conductor. 

Double rod conductors of the same sectional area as 
a single one can be erected. The testing Qf conductors 
of this kind is very readily carried out. The upper 
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end of each rod, Fig. 4 ,  is well soldered to a point com­
mon to both rods, and at the base the two ends termi­
nate just above the ground line. To the earth plate, 
E', are soldered two rods which terminate close to the 
upper ones and are joined thereto by means of connec­
tion screws, TI T·. Either of these screws can be con­
nected to the testing instrument by a leading wire. 

To test such a twin conductor, first one rod at TI is 
disconnected, Fig. 5, and one end of the leading wire 
joined thereto, the other end being connected to termi­
nal, 1, of bridge board, as in Fig. 3. The test is then 
made as described in the case of single conductors-and 
the continuity of the right hand rod tried. The left 
hand rod is tested in the same way, after the connec­
tions have been made, as shown in Fig 6. In erect­
ing a double cond uctor, the two rods must be kept 
some distance apart throughout their entire length, 
and not touch any piece of metal forming part of the 
building, so as to obviate all risk of the two rods being 
short circuited. After the tests have been taken, the 
connections must of course be remade, as in Fig. 4. 

The testing of l ightning conductors should be carried 
out in dry weather, as better and more concordant re­
sults are obtained than in a damp state of the atmo­
sphere, when buildings are covered with moisture. 

FIG. 7. 

When the earth connection, EI, is connected to 
terminal, I, and earth plate, E2, to terminal, e, Fig. 3, 
a weak current, due to the difference of potential of 
the two earth plates, passes th rough the galvanometer 
and deflects the needl e, which, under these conditions, 
cannot be maintained in its normal position at zero. 
This difficulty is, however, overcome by the introduc­
tion of the key, K, which prevents any current from 
travers ing the gal vanometer until the key be pressed 
down. When adj usting the bridge board, the key, K, 
is open and the needle can readily be brough t to zero, 
as it remains free from the distnrbing influence of the 
cnrrent set up between the two earth plates. As soon 
as the key, K, is depressed, the circnit formed by the 
two earth plates, EI E2, lightning conductor, leading 
wire, L, key, K, f, galvan ometer', G, c, R, and bl, Fig. 2, 
is com pleted and the needle deflected. When accurate 
tests are required, this deflection, which is clearly due 
to a current between the earth plates, must be elimi­
nated by taking a few tests alternately with positive 
<+) and negative (-) currents. The figures obtained 
in the one case will be too high and in the other too low, 
but by taking the mean of the results, the resistance 
of the lightning conductor is obtained with sufficient 
accuracy for all practical purposes. 

The continuous current from the maglleto has an 
electromotive force of about 5 volts, which i8 sufficient 
to polarize the t wo earth plates, EI E', and thereby 
increase the resistance to be measured. This effect 
impairs the correctness of the tests in direct propor­
tion to the time occupied in taking each test. The 
necessary measurements should therefore be made 
with as great rapidity as possible. By means of the 
switch, C, Fig. 3, the tests are taken with reversed cur 
rents, in order to neutralize the polarization of the 
earth plates. 

For testing telegraph and telephone lines, as well as 
other resistances higher than those of lightning conduc-
tors, the brass screw marked f;�d' Fig. 3, which connects 
e and x, must be removed. The readings now obtained 

FIG. 8. 

by means of the pointer, P, must be multiplied by 10 
in order to give the tJ'ue resistance of any line, etc. , 
under measurement. The range of the instrument when 
the � screw is in its place is 0 '1  to 50 ohms, and with­
out this screw, 1 to 500 oh ms, thus enabling the opera­
tor to measure small resistances as well as comparative­
ly high ones without m aking any alteration in the 
connections. The tenfold screw when removed from 
its usual place is put into the h ole, y, provided for it. 

In order that resistance tests may be taken by means 
of the telephone in conj unction with the magneto and 
bridge board, as proposed by Captain Addison, R. E . .  
secretary o f  the Royal Engineer Committee, Messrs. 
Siemens Brothers & Co. have introduced another form 
of the apparatus, sho,wn in Figs. 7 and 8. 

In this arrangement a telephone is connected to the 
terminals, T Tl, the center of the bridge being occupied 
hy an ind uction bobbin, the primary coil, SI, of which 
is attached to terminals, f c, Fig. 7, and the secondary 
coil ,  S', to the terminals, T Tl. The magneto is ar­
ranged to give alternate currents, which produce a 
continnons sound in the telephone. The magneto 
switch used in the other testing apparatus for revers­
ing the continuous current is not required in this in­
strUllJent, and, as there is no galvanometer needle, the 

key, K, is di�pensed with. In other respects, the test­
ing hridge is similar to that first described. 

When a test is being taken, the handle of the mag­
neto generator is turned by one operator, while the 
other holds the telephone to his ear, depresses pointer, 
P, and moves it over the hranch resistance ring, until 
a point is found at which the sound is either reduced 
to a minimum or is altogether absent. The figure 
marked by the pointer then gives the actual resistance 
of the lightning conductor or line under measurement, 
without the necessity of taking the mean of several 
tests, as iR the case when the tests are taken with co,n­
tinuous positive and negative currents. The polariza­
tion of the earth plates is also neutralized by employ­
ing alternate cnrrents. As the noise caused by the 
revolving armature of the magneto might interfere 
with the test, it is advisable to use longer leading wires 
than those required with the other apparatus, in order 
to keep the telephone as far away from the magneto as 
possible. 

M. JOUANNE'S DOUBI�E PROJECTION 
PHOTOMETER. 

AMONG the numerous difficulties ann causes of error 
which photometrical observations generally present to 
those who are not in the habit of conducting them, per­
haps the principal one is the different appreciation 
which operators have of the identity of illumina­
tion when the two sides of the screen receive rays 
of different shades. The gas flame produces a color­
atiun quite unlike that given by the flame of a candle 
or of a Carcel lamp ; an d this variation often gives rise 
to discrepancies and inaccuracies when it is necessary to 
estimate exactly the intensity of two differently colored 
lights. 

The new arrangement of photometer devised by M. 
Jouanne, and shown in the acco,mpanying illustration, 

is intended to give a greater precision to photometrical 
observations, by rendering them independent of the in­
fluence which the difference in the color of the two 
luminous sources exercises u pon the eyes of the observ­
ers. The essential principle of the arrangement con­
sists in the combination of the two methods of obser­
vation employed up to the present tillie, viz . ,  that of 
the eq uality of luminous tints (the princi ple of the 
Foucault photometer) and that of the equality of 
shadows (the princIple of the Rumford photometer). In 
this apparatus the two projections of the lights and 
shadows are produced simultaneously on the sallie 
screen, and consequently furnish a double element of 
appreciation, which renders photometric operations 
easier and more certain, even for those who are the 
least experienced in conducting these observations. 

In the general form of the apparatus, represented 
in the illustration (which, with the following descrip­
tion, is taken from a recent n umber of Le (Jaz, of 
which M. Jouanne is the technical editor), the candle is 
adopted as the standard of light and is placed at a 
variable distance from the screen ; but the apparatus 
may also, be arranged with a Carcel lalll p, whieh would 
be located at a definite distance, while the position of 
the candle would be variable. In order to render the 
appliance in its entirety as simple as possible, the box 
of the photometer is mounted directly upon the experi­
mental meter. Consequently, the operator has before 
him, visible at a glance, the dial of the meter, the 
minute clock, and the sight hole through which he ob­
serves the appearance of the screen. The gas on leav­
ing the meter passes into the vertical pillar supporti ng 
the photometer ; the current of gas being regulated by 
a graduated screw tap. 

Fro,m the vertical pillar branches the horizontal bar 
whereby the gas is conducted to the burner, which is 
placed at a fixed distance from the screen, and sup­
ported upon a sliding rod, which allows the position of 

the flame to be so regulated as to keep the two lights 
always on the same horizontal line passing th rough the 
axis of the instrument. 'rhe candle is placed at the ex­
tremity of a two branched slide, by means of which the 
candle may be brought to any req uired distance to ob­
tain the desired equality of shadows and luminous tints 
projected upon the screen. A series of g-raduations 
marked upon the front bar of the slide will show at a 
glance the proportionate value in candles of the two 
lights when the equality of lighting of the screen has 
been ascertained. 

The photometer box, of quadrangular form, presents 
to the two lights (placed right and left) its two lateral 
openings, by which the lumi nous rays are enabled to  
fall upon two mirrors crosHing each other at  an ang-le of 
450,  and each occupying hal f  the height of the cen tral 
portion of the box. One of the m irrors (the lower one, 
for exam ple) receives the light of the candle ; the other 
placed above it, that of the gas jet-each reflecting the 
luminous rays upon the corresponding halves of the 
screen, which is fixed in the box on a vertical plane 
parallel with the axial line of the l ights. At the same 
time two slllall vertical rods, interposed between the 
mirrors and the screen, project their shadows u pon 
the latter in  such a way that the shadows are divided 
into two vertical zones, each of which corresponds to 
one of the mirrors and to one of the halves of the 
height of the screen.  When it is desired to em ploy as a 
standard of light the Carcel lamp instead of the 
candle, the lamp is placed at a fixed distance from the 
screen, and the gas jet is mounted at the extremity of 
the movable branch. In this case it is supplied with 
gas through an India rubber pi pe, wh ich, of course, can 
be shortened or lengthened as req uired. 

This photometer is con structed in various forms, to 
suit all requirements ; but the fundamental idea in 
them all  is  the simultaneons projection of luminous 
tints and shadows upon the same screen,  t.herflby afford­
ing two means-the one a check Oil the other-of esti­
mating the val ue of the light. This is t h e  characteristic 
feature of M. Jo,uanne's photometer, which is  claill led 
to be a more simple and economical inst ru lll ent than 
that of Dumas and Regnault, w h il e  the results obtai ned 
w ith it are equally reliable.-Journat of (Jail Lighting. 

PERRON'S PHOTOGRAPHIC APPARAT U S. 
THE Perron photographic apparatus and process, 

which we are about to describe, are entirely new. 
The process consists in the use of sheets of gelati no­
bromide of si lver emubion, with a view of obtai ning 
ordirtary negatives without the intervention of gl ass, 
which is always heavy, fragile, and cum bersome. The 
process is completed by a special frame, which permits 
of using these em ulsions for a large n u m ber of ex­
posures, without recourse to the special light of a 
laboratory to effect the substitution of them. 

The emulsions are com po,sed sulely of the usual sub­
stance spread upon those gelatino-brolu ide pl ates 
which are so universal ly  employed, thus perlll itting 
of the use of every known kind of develo,Pl l l f'Il t with­
out any chan ge in formulas, and securing an absol ute 
transparency in the negatives. CHasR or supports of 
varying transparency are ent i rely suppresl;ed , and one 
has no longer to bother with those special baths that 
are used to give certain of these supports the necessary 
transparency. Finally, the  apparatus that permits of 
the use of these plates in the open air for the various 
exposures has been so studied as  to make it adaptable 
to all existing cameras withont exception, thus causing 
merely an eXl'ense for a slight change, and allo wing 
every one to use all his own materiel. 

'l'he emulsions come packed' in cardboard boxes that 
contain a package of black paper in folds. (Fig. 1 . )  
Between t h e  folds o f  t h i s  paper are inclosed t h e  sheets 
of emulsion, which are glued to it  by their lower en ge, 
and are thus protected on both faces. The frame con­
sists of a sort of box sufficiently deep to hold one pack­
age of elllulsions, which a movable board with a regu­
lating screw, permits of hold ing agai nst a very clear 
piece of glass 8et into the back of the flap door of the 
apparatus, and corresponding exactly to the plane of 
the focus (Fig. 2). 

After the package of elllulsions has been put into th e 
box, the first sheet of black paper is passed through It 
sl it and made to engage with a groove in the axis of a 
winch, that perlllits of unwinding it frolll the exterior 
(Figs. 2, 3, and 6). Each sheet of black paper is pro­
vided with a hole, through which runs a vertical rod 
(ind icator), whose head is visi ble on the outside. When 
the paper is rolled up ,  so that a sheet of emulsion is  in 
place , and ready for exposure, the rod falls into the 
hole and shows that the winch has been turned suffi­
ciently. 

When, after an exposure, i t  is a q uestion of removing 
the plate that has been exposed and of su bsti tuting 
another for it, it is only necessary to raise the indicator 

PERRON'S PHOTOGRAPHIC APPARATUS. 
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80 as to free it from the hole, and then to turn the 
winch nntil the indicator falls into the succeeding 
aperture. This brings the next plate into position. 
This process goes on until the exhaustion of the pack­
age, which contains 12, 24, or 36 plates, that permit of 
taking on the same excursion just as man y  negati ves, 
with one frame and without having recourse to a 
laboratory. 

Upon returning home, the emulsions that have been 
exposed are taken out through the back of the fram e 
by unrolling them ; and it i s  possible either to continue 
with those that remain ,  if the package has not been 
exhausted, or to put in another package if the first has 
been all u sed up. 

After all the usual operations of developing and fix­
ing, the n egatives are immersed in a peculiar solution 
of gelatine, which, after they are dry, gives them 
strength and extreme flexibility. They are then spread 
out upon very clean glass to dry. The plates after 
this have the appearance of absolutely transparent 
paper, and possess the flexibility and strength of taffeta, 
and can be sorted out without any danger of their 
being torn. The negatives can thus be placed bet ween 
the pages of an indexed register, and be stored with 
numerous works within an extremely limited space.­
La Nat'U1·e. 

THE AUTOGRAPHOMETER. 
How long, laborious, difficult, and delicate the ope­

rations g-enerally are that are necessitated by the topo­
graphical survey and leveling of a place is well known 
to every one. Not to speak of the office work, which 
is by no means the least arduous part, the field opera­
tions are often apt to be i nterrupted by fog, rain, wind, 
or simply by n ightfall. 

The apparatus which we are about to describe, and 

riage along with regularity and without jerks. The 
sole fatigue is that which results from the traction of 
the vehicle, which weighs less than 200 pounds-a 
weigh t  that might be much diminished. The paper 
used for obtaining the diagrams is covered with zinc 
white. The styles are simple copper wires with a 
b l unt point. These styles do not, like lead pencils, 
h a ve to be sharpened, but always give a fine and uni­
form black l ine. 

If cel luloid in thin sheets be substituted for paper, 
the apparatus can be operated under water. This is a 
feat me of whieh sOlIle appli cation may be made. It 
is well  to relIlark that it is possi ble to work at night 
also, provided the operator can see well  enough to 
follow the route that it is desired to survey. As the 
apparatus is entirely i nclosed, an accidental rain can­
not interfere with operations, and the drawings and 
mechanism are in all  cases protected against accidental 
sb0cks an d the observation of the curious. 

We shall raise the eover of the box, in order to allow 
our readers to examine at lei sure the operation of the 
different pieces of mechanism.  

The elevation (No. 1 ,  Fig. 2 )  and plan (No. 2) suffi­
ciently show the relative position of the different 
pieces. The ex planation that we shall give may be 
very easil y  fol lowed with the aid of the figures. One 
portion of the apparatus is designed to register the 
plan of the route, that is to say, the elements of the 
route and the angles they make with each other ; the 
other portion registers the profil e  lengthways, that is 
to say, the length ana level of the route. 

The plan is reg-istered as follows : When the carriage 
is drawn along in a straight line upon the earth, the 
three wheels, R, R', R", placed at the apices of an 
isosceles triangle, move in parallel planes and describe 
equal lines. The wheels, R", through gear wheels, H 
and H' ,  connected by the pitch chain , g, revolve the 

FIG. 1 . -THE AUTO GRAPHOMETER. 

which was invented by Messrs. Panon & Floran de Vil­
lepigue, engineers, is designed for very quickly obtain­
ing the topography and level of any place whatever, 
and for simultaneously drawing it to a known scale. It 
is called the autographometer, from avroS', " one's 
self, " 'Ypa rpEzr, " to write, " and jl s rpor, " measure. "  As 
shown in Fig. 1, it consists of a small carriage mounted 
upon three wheels. It suffices to draw this vehicle 
(which is about 2Yz feet long by 2Yz wide) in any g-iven 
direction, in order to obtain the topography and level 
automatically. 

The apparatus operates as follows : The wheels serve 
as a motor to an arrangement which is inclosed and 
hidden, and which dra ws two diagrams to a given 
scale-one of which gives the bearings and elements of 
the road, and the other the elevations of the land. 
Here and there, at every half mile, for exam ple, an 
electric bell or other signal n otifies the person who is 
drawing the vehicle that the paper is full and that 
it is  necessary to put in other sheets. 

The operation of the apparatus while in motion is 
very curious. We had an opportunity of being pre­
sent at a public experiment recently performed at 
Courbevoie, in the presence of a few engineers and 
civil and military authorities. It  took but one opera­
tor to obtain the topography and level of a given line. 
The only care that must be taken is to draw the car-

screw, 0, through the intermedium of the helicoidal 
wheels, Y H", and the bevel wheels, X X'. The wheels, 
X' and H",  are connected and revolve loosely upon 
the vertical axle, V, of the wheel, R" . The axle, 
V, revol ves in the piece, D, of the swan's neck of 
the frame, C, and is connected with the traction 
bar, W. The screw, 0, on the olle hand, actuates 
the cylinder, V (which we shall speak of further along), 
and, on the other, engages with a nut , 0", which is 
held in a slide, 0'. This nut can revolve only when 
the shaft. 0, does, and will then have a longitudinal 
motion on the screw. It carries a style, T, which draws 
a continuous line upon a piece of paper placed upon a 
horizontal disk, S. This latter remains stationary as 
long as the carriage is following a straight l ine, but as 
soon as it t.urns, the difference in velocity acquired 
by the wheels, R and R', acts upon the disk and makes 
it  revolve by an angle eq ual to that which has been 
described by th e carriage. In order to obtain such a 
result, the wh eels, R and R', are made independent. 
One of them is keyed to a threaded shaft, E, which it 
carries along, and the other (R'), which is loose upon 
the shaft, carries along with the same velocity, but in 
fin opposite d irection , a threaded shaft, E', parallel 
with the first. Between the two shafts, E and E',  there 
is a helicoidal wheel. I ,  fixed upon a horizontal slider, 
J, which, through the bearings, Q, slides upon the two 

THE AUTOGRAPHOMETER. 

shafts, E and E'. This wheel forms a nut which is 
movable with respect to the shafts, E and E'. These 
latter have the same velocity as the wheels, R and R'. 
If one of these wheels revolves faster than the other, 
the corresponding shaft, turning faster likewise, will 
carry the nut wheel, I, along with i t. This side Illotion 
is converted in the rotating disk. S, into a rotary one 
through the intermediuIll of the double sector, K, and 
directing cycloid, U. This sector is movable around 
the  same vertical axis as  the wheel , I ,  and gears with a 
pinion, P, keyed to the center of the disk, S, which, 
therefore, revolves by a certain angle as soon as the 
wheels, R and R', acquire different velocities, that is to 
say, as soon as the vehicle is turned . 

The style, T, which traces a radius, 0 a., upon the 
disk, S, will trace an arc of a circle, a b, every time the 

FIG. 2.-DETAILS OF THE MECHANISM. 

disk revolves, and the angle of this arc at the center 
measures the angle of rotation of the disk, and, conse­
quently, tpat of the carriage. If, afterward , the car­

riage be drawn along in a straight line, the style will 
trace another radius, such as b c, and so on, giving a 
series of straight lines and arcs, or the re8ultant of the 
two motions (e f), of w hich the entirety, 0 a b c  d if g 
h i j  k (Fig. 3), will be a diagram from whence we shall 
be able, quickly and accurately, to draw all the ele­
ments of the plan of the route that has been passed 
over. Let us now see how the profile lengthways is 
reg-istered. 

We have seen that the wheel, R", causes the cylinder, 
V, to revolve through a thread of the screw of the 
shaft, 0, and a helicoidal wheel carried by t.he cylinder 
itself. If we suppose that the style, T', is bearing 
against this cylinder, it will trace a continuous, hori-

FIG. 3. --DIAGRAM OF A PLAN. 

zontal straig-ht line, whose length will be in a determi­
nate ratio to the line passed over. 

Supposing the style rises and descends with respect 
to the horizon that it would trace were it fixed, and 
that, too, according to the ineq ualities of the ground 
over which the apparatus is drawn ,  and we shall have 
a continuous line, a b c  d e f g h i j k (Fig. 4), wit.h 
gradients equal in ordinates to those of the land. It 
only remains to unwind the paper from the cylinder, 
V, to find the profile of the route passed over drawn to 
a definite scale. 

The intelligent part of the style-its brain, so to 
speak-consists of a cast iron box, i, fixed to the side of 
the carriage frame. This box (Fig. 2, No. 3) contains a 
thin sheet iron drum capable of revolving around an 
axle, 00, and provided at its upper part with a piece of 
wood, m. In a lateral groove, and between several 
small rollers which are designed to diminish friction, 
and which are so arranged as to diminish the play in 
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FIG. 4.-DIAGRAM OF A PROFILE. 

every d irection, slides a rod, 1', which carries the style, 
T', of the cylinder, V. This rod is connected with the 
drum by two thin pieces of steel , which cross eaeh other 
and are attached at 0 and n' and p and n to the drum 
!lond rod. These pieces are submitted to a tensif)T) , and 
there is  thus obtained an elastic conn ect.ion, without 
play, between the drum and style. The i nterior is 
then filled with mercury. The drum, t, and the wooden 
piece, m, form as a whole a body floating on a l i quid, 
and capable of revolving around an axis, which is the 
center of thrust. The result is that the center of gravity 
of the whole must always be on the vertical that passes 
through the axis, 00. If, then, the carriage inclines in 
one direction or the other, the internal drum will  at 
the same time revolve by the same angle, and in an 
opposite direction, in order that its center of gravity 
shall always be upon the vertical passing through the 
axis, 00. This circular motion of the drum ii3 trans­
mit,ted integrally, in becoming a rectilinear vertieal 
ODe, to the drum, T', which lowers when the vehicle is 
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ascending an elevation, and rises when it is descending 
a slope. 

Upon bringing together the two diagrams furnished 
by the apparatus, we can very quickly obtain the plan 
and profile of the ground passed over on any scale what­
ever. It  would be only necessary, moreover, to vary 
the ratios of the gearings, X and X', in order to o btain 
the profi le directly on a scale fixed in advance. In this 
case, we have noth i ng to do but translate the diagram 
representing the plan . 

This apparatus reqnires to be constructed with great 
care ; but, seeing the progress that has been made in 
the minor branches of mechanics, there is no difficulty 
about this. 

Although the public experiments at Courbevoie 
showed a fe w slight i mperfections in the construction 
and operation of the disk, S, we think that an appa­
ratus of the nature of the autographometer will be 
called upon to render genuine services in special cases. 
-La Nature. 

A GRIST MILL OF 18 1 9. 

THE old 1 \  bragh , "  as it was cal led, now adorns the 
m useum of the Canadi an Institute i n  this city, having 
been recently presented to that institution by its fOt·­
mer owner. From a m anuscript which accompanied 
the gift, we extract the following particulars in the 
history of the old mill : 

" The want of a more effectual means of grinding the 
grain was sorely felt, and wh en, late in 1818 or in the 
beginning of 1819, a stone mason named Menzies came 
to the l ittle settlement, bringing wit h  h im a complete 
set of tools of his trade , Peter McKellar, my father, 
who, as I have already said, possessed great mechanical 
talents, thought he saw the way to supply the need. 
There was no steam in those days, and no water mill or 
water power convenient to run one, therefore my father 
undertook to make a hand mil l, or • bragh, ' as it is 
more correctly and enphoniously called in the original 
as spoken by Adam and Eve. A large granite bowlder 
was found on lot A,  No. 1 , in the township of Ald­
borough, at the top of the fi fty -two lll ile creek, close to 
the county line of Elgin and Kent. From this bowlder 

my father and Menzies made the ' bragh ' stones, the 
former fitting thelll into the frame early in 1 819, just 
as it appeared when shi pped to the Colonial Exhibi­
tion in England in March, 1886. The mill, when com­

pleted, was set up in my father's house, and there was 
in constant use for some years by the whole settlement. 
I can well remember seeing the big, strong H ighlan d­
men coming in at even ing after their day's wor k in the 
clearings. Each would corne with his li ttle sack of 
grist, which, in his turn, he would grind, and then re­
turn to his home, often two or three miles distant. "­
Dominion Milling Ne ws. 

ALASKA GOLD. 
THE following extracts are taklln from a letter of Dr. 

Willis E. Everette, being from his report to the War 
Department, taken while Oil his reconnaissance of the 
entire Yukon river in the summer of 1884 : 

The few years of m i ning experience which I have had 
in the camps of the Black Hil ls, Montana, and Mexico 
have enabled me to come to a fair sort of conclusion as to 
what the upper Yukon river is real ly .  worth as a m in­
eral country, and the fol lowing information is taken 
from a carefu l personal observation of the Yukon 
country : 

Not one 1 \ mother vein " or " horne lead " has yet been 
discovered on the Yukon river. Th ere have been many 
su rfaee veins and infiltrated seaIIlS of quartz, together 
with chimneys and blowouts of mixed hematite, galena, 
iron and copper pyrites and magnetic pyrites ; some 
carrying free gold and native (malleable) copper have 
been found by the Indians an d fur traders on the 
Yukon, the head of White river, and off toward the 
heads of the Copper and Tanana ri vers. Small pieces 
of these ores fi nd thei r way to the sea coast adjacent 
to these rivers, and exci te a bel ief i n  th e minds of the 
m iners that the interior of Alaska is fil led with seams 
and leads of rich quartz, when in fact there are only , 
after several years of careful exploration, three known 
seams of quartz on the e n t i re Yukon river-th e first at 
the Lava Cl iffs, near old Fort Sel kirk ; the second at a 
s lllal l point eight miles above Fort Rel iance ; and the 
third about  20 m iles up the Novi kaket river. All three 
are only chim neys or blowouts. Not a well defined 
foot or hangi ng wall has been found in any of them. 
The one at or near Fort Reliance has been slig-htly 
worked by the fur traders at that post. Some of the 

ore, which is hematite, galenite, and copper pyrites, 
has been taken to San Francisco, and a careful assay 
made of it, and although paying ore, if  in  a large 
enough body and near a mill, was valueless on account 
of the small  lead and great distance from the coast, 
Fort Reliance being nearly 1 , 700 miles inland from the 
Behring sea coast, or nearly 4, 000 m iles from San Fran­
cisco_ 'I.'hus, it certainly seellis as if the Yukon interior 
of Alaska will never be a quartz mining country_ 

But of placers-ah ! the very strange anomaly exists 
of gold being found on nearly every preglacial bench 
or bar, and no real gold q uartz yet found in the 
country ! 

I wi ll assure, from actual experience, any miner who 
understands the first rudiments of. rock in g and groun d 
sluicing, that he can make fair wages on n ear l y  any 
preglacial bar on the Yukon river above Fort Selkirk, 
though there is gold still below on the main river_ The 
water is too deep and the yearl y  detritus increases too 
fast to allow very much success in bar washing. The 
chief obstacle to placer mining, however, is the great 
difficulty in procuring provisions and entering the 
country. This, coupled with the exceeding short inter­
val between the leaving and the appearing of the ice i n  
the river, makes i t  very difficult for a n y  placer work. 
Hardly has a miner prospected a bar or gu lch and got 
thoroughly to work, when the short season is at an end. 
and his water supply frozen up, and the intense cold 
d uring the wi nter months (70' below Fahrenheit zero, 
and by a U. S. signal service thermolll eter at that), and 
the dread of that Arctic scourge, scurvy, with a possi ble 
short supply of provisions, compels the poor Argonaut 
to either return back up the river and th rough the lake 
svstem cross the mountains to Sitka and Junllau via 
Chilcaht, or else descend the river to the first trading 
post and drag out the long, monotonous winter of ful ly 
eight months in absolute idleness, in company with the 
fur traders. If a steady supply of provisions could be 
depended on at these fur trading posts, it would be 
very different, but as they onl y  have enough civilized 
food-beans, flour, bacon, etc.-for themselves, the 
miners must either bring in enough provisions of their 
own or else return to Chilcaht in disgust. This is, with­
out any exaggeration, the cold drawn facts in regard 
to the mining resources of the valley of the Alaskan or 
Yukon mterior. This part of the river freezes about 
the middle of Septem ber, and thaws and opens about 
the middle of May. 

Hotelinko river is the first actual tributary to the 
Yukon river. This river enters the Yukon about a 
mile below the mouth of the canyon and on the right 
or northeast bank. Sixty m iles below is the second 
tributary, but there are several minor streams or creeks 
that intervene. The mosquitoes are actually abom­

inable ! Running along the current and by many 
islands and bowlder bars, we arrive at the Bald peak. 
Far to the west is Lookout bluff. According to the 
Indian reports, it is equidistant from the head of the 
east fork (the main branch) of White river and the 
Yukon. A wide chain of very rough and broken up 
hil ly country, heavily timbered, separates it from the 
Yukon river. The scenery now is many long, crookfld 
bends, islands, snags, and drift rafts, banked in by high 
sand bluffs. Running by a series of sand bluffs and 
scrub timber, we arrive at the Boswell gold bar. Here 
is the only m i ning camp on the entire 2, 500 miles of 
the Yukon river ! I have named the great preglacial 
bar after the discoverer (Boswell, of Juneau, A laska), 
whom I fou n d  working on the bar, with a series of 
rockers and the assistance of two white companions, 
Fran klin and Madison, both of Juneau. He was wait­
ing for the h igh water to go down so that they could 
get at the fine pay silt on the edge of the lower rim 
rock of the bar. The silt would then be run through 
the rockers and the resul ting black :;,and and gold dust 
would be washed out in gol d pans over a llI ass of 

I 
quicksil ver, the latter absorbing the dust and allowing 
the black sand to be washed out. Boswell showed me 
some very fine flour d ll �t, which h e  had in a baking 
powder can-about t wo ounces-and in  six weeks from 
that time the party had taken out  over $2, 000 worth of 
dust. Of course, it. was an exceedi ngl y rich pay streak, 
which they m ight never find again on the Yukon, 
and they exhausted the strip of �i lt  to dee p water, 
which renders the bar of no lU ore value. The Boswell 
bar is situated on the east bank of the Upper Yukon 
ri ver, about 75 miles above the Old Fort Selkirk and 
560 miles frolll C hilcah t.. The nearest fur traders are at 
Fort Reliance, nearly  300 IlI i les further down the river. 
'1'he bar is surrounded by a d ense growth of larch, birch; 
and poplar. Considerable game, such as bear, moose, 
and caribou , and llJ an y  val uable fur-bearing animals, 
black and silver foxes, lynxes, etc. , abound all th rongh 
these upper valleys . The bar consists of slllall  bowl­
ders and a fine gravel wash, in the concavity of a nar­
row horseshoe bend of about a mile in length . Its 
shape is li ke the segment of a circle whose radius is 
about 200 yards . It is out of the direct current of the 
river and slightly above the mean level . 

Only by carrying the pay silt from a work ing streak 
to a series of rockers can placflr m i n i n g  e ver be made a 
success on the Tanana river, and even then,  for ni ne 
months out  of the year, the .IIl i ner would have to rel i n ­
quish his  rocker and tu rn fu r trader ; and as  the United 
States treasury laws do not allow any white man to 
trap or ki l l ,  for sale, any of the fur-bearin g  ani mals i n  
Alaska, and as there are j ust enough fur traders o n  the 
river that the Indians req uire for the f Ul' trade, it 
would not be a very paying in vestm ent for any band of 
able-bodied l llen to leave fair  daily wages and come up 
to prospect these frozen regions. 

Certainly, they m ight make $ 1 0  or $20 per day to 
the man during this workin g season,  and then again, 
they might not make 10 cents. But in the l lleantime, 
during the working season, first, they would have to be 
wi thout half of the COIlllllon necessaries of life ; second, 
constantly in danger from the Tanan a Ind ians, who 
would be sure to be very jealous of thmn, and in all 
l i kelihood cause them m uch trouble ; third, they could 
only work for three months out of the twelve, and the 
remaining nine months be compelled to do something 
else for a l iving ; fourth, and somethi n g  else in this 
b leak in terior for a miner would mean nothing else ; 
fifth, the profit thus made during the short working 
season would be more than swallowed up d ur ing the 
long non -working season ; sixth, and lastly, t h e  very 
great d i fficnlty in getting self, tools, and provisions 
into the coun try, and their extreme high cost, makes 
this Alaskan interior a very unfortunate mining 
country. 

The Tanana river is distant from the head of canoe 
navigation on the Yukon river about 1 ,400 miles, and 
about 1 . 550 miles froIll Chilcaht, Alaska ; alld from the 
mouth of the Apkun channel, or northeast of the 
Yukon delta at the Behrin g sea, near l y  1 . 000 m i les. 
T hus for a l ittle over 1 , 000 miles, or to t he l o wer ralll­
part.s. the Yukon river can saldy be l I aYigated by any 
�ized vessel that can enter the del ta. Above this point 
it is not safe for a steamer to ascen d  this river any 
h igher, although it is often done. 

GOING INTO THE POULTRY BUSINESS 
By P. H. JACOBS, Hammonton, N. J. 

WHAT causes the failures in the poultry business, 
and what is the rea�on that we find but few large 
poultry farms in this country, yet thousand s  of smal l 
flocks are kept profitably in every section ? Sim ply 
because the business is underrated , an d some experi­
ence is required. With slllall flocks, there is more or 
less involuntary care bestowed upon them. Every 
member of the fami ly takes an interest i n  the care of 
the flock, and the work , though but a small matter, i s  so 
divided among several as to real l y  alllount to nothing. 
But when the keeping of large numbers is attempted, 
it means work, and plen ty of it. 

It is a curious fact that while a man who has in­
vested his capital in the dairy business never considers 
it a hardship to rise at four 0 clock in the morning, 
milk a dozen cows, with the thermometer down below 
zero, clean out that nuUJ bel' of stal l s, handle the 
manure, feed the cows and water th em,  cool and ship 
his milk, or sit and ch urn it, and mi lk again at night, 
ending his work after dark-every day, and Sunday 
too-he will turn up his nose at the th ought of getti ng 
out of bed at four o'clock for the hens, or of clean i ng 
out the hen house every day. Yet such a lllan is wi ll­
ing to invest $100 in each co w (including shelter, etc.), 
and be satisfied with a clear profit, after deducting all 
expenses, of $20 from each cow. But should he invest 
$100 in poultry, he would ask for $200 profit, 01'­
" poultry don't pay. " Reader, how many such people 
do you know ? Their name is " Legion." 

Then, again,  there is a belief tbat, because a hen is 
small, and can be found in every barnyard, " anybody 
can keep chickens. " 

That there is more knowledge requ ired tban Illay be 
supposed, I will demonstrate, by inviting the reader to 
visit any farm in his neighborhood, and he wil l  be as. 
tonished to find how little the farmer knows about 
poultry. Althou gh, when the good housekee per pur­
chases a fowl for the table, she forgives lack of 
quality, because she purchased i t " from an old farmer, " 
yet-I say it " more in sorrow than in anger " -not one 
" old farmer ,., (or young one either) in  a hundred can 
tell a Plymouth Rock from a DOUJinique, or a Brah ma 
from a Cochin. 

They know literally nothing about the breeds. And 
yet , to infer to one of them that he did not " know all 
about farming " (which in cl udes raisin g poul try) would 
insult him. Therefore, before venturing into the poultry 
business,one must know all about it, and be able to select 
the breeds that lay early, the hardy breeds, the market 
breeds, and the ornamental breeds, so as to have sOllie 
purpose in view, and not trust, in the usual haphazard 
way, to anything and everything " that is covered with 
feathers."  

The feeding of the fowls is also a very important 
matte.r. You cannot feed for eggs and feed for market 
with the same food and the same flock. The food that 
enables the hens to put on flesh rapidly is not the k i n d  
that assists them to lay eggs. '1'here is as m uch differ­
ence in a laying hen and a fat hen ready for market as 
between a cow in full flow of milk and one that is 
ready for the b utcher. Feeding the hens means some­
thing else than throwing down corn before them, and 
that !>ornething else m ust be acquired by practice. It 
cannot be easily im parted, as 11 0  two flocks are alike, 
and the actual condition of the fowls at the time of 
feeding must be understood. 

You must also do furious battle with persistent 
enemies, who steal upon you unawares and blast your 
hopes just when success is smiling upon you. The 
cholera laughs at your efforts, and the roup mocks at 
your struggles, while countless myriads of l ice pour i n  
aud capture your strongholds in unguard.ed moments. 
Th ere is no disease, however, that can do one half the 
d a lllage that is annual ly  done by lice. When the hens 
have cholera or roup, you may n otice it. But the lice 
wi l l  take possession , your birds droop and die, yet YOIl 
wi l l  be hunting all through the pages of the po ultry 
bool{s for remedies, instead of suspecting lice. Some 
people do not wish to find the l ice. It is disgraceful to 
have lice on the fowls. And yet the lice will appear in 
the cleanest of houses and in well kept flocks. 

There is much to learn in the poultry business, Even 
experienced poultrymen make mistakes, for it takes 
them several seasons to learn that turkeys, ducks, 
geese, guineas, and ch ickflns m ust be separated, " each 
after its kind;" that young chicks cannot be kept with 
old fowls ; that too IIlany hens wi l l  not thrive in one 
flock ; that two cocks "in one flock are equal to none at 
all ; that fat hens do not lay well ; that the pUllets 
should be hatched early ; that the early IIlou lting hen 
makes the best winter layer ; that top ventilation is 
d isastrous ; that it does not pay to " break " a setting 
hen ; that tall combs will freeze ill winter ; that a hen 
cannot lay unless she is provided with plenty of fresh 
water ; that hens should be made to work and scratch 
for a l iving ; that the lIlarkets should be watched ; 
that fowls should be sheltered on stormy days ; that the 
poultry house should be cleaned daily ; that-stop . 
The num ber of " thats " could be extended, but they 
mean plenty of w()rk, and h ard work too. 

And do not expect too m uch. You can no more 
1 \  make a living " on a few hundred dollars in the poul­
try busi n ess than you can in th e dairy or grocery busi­
ness. True, a few h undred dollars will pay wel l in the 
poultry business. But the •. old hen " is not infall i ble. 
What is claimed is th.at, if  you give her a fair chance, 
as good a chance as you give the cow, she wi l l  
d iscount the cow every time, and will d o  i t  on 
le8s proportionate capital. The man Who gets up 
at four o'clock i n  the morning, and works · for the 
hen s as  he is compelled to do in  the da.iry, will not 
find fault with the change of occupation, so far as the 
profits are concerned, if a comparison be made. But 
1\ there's no million in it, "  though there is in it a fair 
recompense for all the labor and ��pital that may be 
bestowed. 
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I know nothing about the pleasure of keeping poul­
try, other than the pleasure derived when profitably 
employed, as those who venture on poultry for pleasure 
and profit usually get a surfeit of the former and but a 
small share of the latter. Yet there is n othing dis­
tasteful or repugnant in the poultry business. The 
work is not laborious, but constant, requiring the 
closest attention and most watchful care. 

But I am making this article too long. Every month 
I endeavor to tell the readers how best to manage, to 
the limit of my ability, and propose, during the year, 
to still further endeavor to assist them. What they 
should do, to engage in raising poultry in large num­
bers, is  to begin with a small flock and gradually in­
crease. Discard the mongrels, and repel the claim that 
a barnyard fowl will do as well as a thoroughbred with 
the same attention. This can be disproved in the fact 
that you can, in advance-even before the chicks are 
out of the shell-by selecting the special breeds you 
desire, have prolific layers or persistent setters. You 
can describe your market fowl before it is hatched, or 
you may know it is a non-setter. You will know 
whether to build high fences or low. The very name 
of the breed will inform you of its characteristics. 

But, with the barnyard fowl, you will have " ring­
streaked and speckled, " large and small, no uniformity, 
and you will know nothing about their qualities until 
you have raised them to maturity, the season gone, 
and you have sat down, pondered, and decided, the 
next season, to l{eep pure breeds. or their crosses, and 
know what you are doing.-Farm and Garden. 

[AGRICULTURAL SCIENCE.] 
SOIL TEMPERAT URES. 

By D. P. PENHALLOW. 
WITH a general ad vance in our knowledge respecting 

the physiology of plants, it is not improbable that the 
temperature of the soil in its relation to plant growth 
may eventually prove to be of much greater signifi­
cance than is realized even at the present time. Stu­
dies in this direction are properly to be regarded as of 
very considerable interest and importance, but their 
prosecution is al ways attended with certain difficulties 
which render any direct application of the results ob­
tained not so easy as might at first appear to be the 
case. And to render the results of the greatest value in 
the deduction of general laws, it is probable that many 
years must be devoted to the accum ulation of accurate 
data, as deri ved from special and remote localities. 

It is well kno wn that seeds require a certain tem­
perature for germination ; that some seeds req uire a 
much higher temperature than others ; that while a 
given seed may germinate at a relatively low tempera­
ture, still that germination will be weak and the result­
ing plant correspondingly imperfect if the temperature 
fall below certain well defined limits-the inferior limit 
for normal growth. 

Similarly, a certain temperature is requisite for the 
normal activity of roots in the absorption of water from 
the soil ; and the inferior limit for normal activity in 
this direction is as variable for different species, but 
still as well defined, as for germination. In the third 
place, it must also be considered that, since plants have 
little or no temperature of their own, as dm'ived from 
internal chemical changes, and since well defined tem­
perature is essential to all the vital functions, this tem­
perature must be derived from the medium in which 
the plant grows. 

The temperature generated during germination may 
produce a sensible influence during that process, but it 
soon ceases, continuing to be prominent only so long 
as the reserve material is unexhausted. The tempera­
ture likewi ,e evolved by some plants at the period of 
inflorescence is  also fugitive, and cannot be regarded 
as producing an y sensible effect upon the general tem­
perature of the system ;  while such heat as is gener­
ated in the general processes of growth and respiration 
is so small in quantity as to be quickly conducted 
away, and thus produces no sensible effect. 

All the plants with which the agriculturist is con­
cerned grow in intimate contact with the soil and air, 
�.nd from what has already been said respecting the 
relation of temperature to root activity, it is apparent 
that the influence of the soil is  hardly, if at all, inferior 
to that of the air in affecting growth. A case cited by 
Dr. Hooker * appears to give emphasis to this view, 
although the conditions noted are by no means to be 
wholly attri buted to the soil. Observations were made 
upon a species of calotropis to determine the relation 
of its temperature to that of the soil and air. 'fhe 
juice of the plant was found to have a temperature of 
72° F. The soil gave the following temperature : 

Surface . . . . . . . . 104'5° F. 3%, inches . . . . • . . . .  85° 
1 inch . . . . . . . . . .  102° 8 " . . . . . . . .  73° 
2 inches . . . . . . . .  94° 15 " 

. • • • . . . .  72° 
2%, " . . . . . . . .  90° 

It was thus found that the in ternal temperature of 
the plant was maintained at a degree equal to that of 
the soil at a depth of fifteen inches. This result was 
in large part due to the effect of transpiration, but we 
can hardly doubt that it must also have been due in 
part to the tem perature of the �oil itself, since all 
fluids at the moment of absorption must have a tem­
perature equal to that of the soil from which they are 
derived ; and as they ascend, although their tempera­
ture is gradually changed, they must produce a sen­
sible effect upon the internal temperature of the whole 
system. 

Within a few year!!, efforts have been made in this 
country to institute a series of observations upon 
soil temperature. The first attempt was made by the 
writer, at the Houghton Farm Experiment Station, 
the results obtained and the instruments then devised 
and used being given in the publications of that in­
stitution.t Following somewhat upon the plan there 
laid out, Dr. Sturtevant instituted a Beries of similar 
observations at the N ew York Experi lllent Station at 
Geneva, the results of which are stated in the annual 
rep_()rts of that institution . t  

Without attempting to deduce any laws-since that 

• Himalayan Journal, I. 
t Agl. Physics. Houghtou Farm. Ser. I., Nos. 1-4. 
� I am indebted to the Director of the New York Experiment Station tor many valuable datli used in the preparation of this paper. 

would be impossible upon the basis of present obser­
vations in this country-it is our pre8ent purpose to di­
rect attention to one or two of the more important 
facts thus far observed, as indications of the direction 
in which we may look for future results, and of the 
possible bearing such researches are likely to have 
upon our knowledge of plant life. The observations 
thus far available embraced two years in succession 
at Houghton Farm-during the last year determinations 
were made in two distinct localities-and four conse­
cutive years at Geneva, the record extending from the 
first of April to the last of October. 

Goppert states that .. daily variations extend to a 
depth of 1 '5 feet, rarely 3 feet ; monthly variations to 5 
feet. " This, however, must depend upon various con­
ditions, e. g. , character of the soil and time of year, 
since our own observations show that hourly variations 
may extend to a depth of t welve inches, daily varia­
tions to a depth of eight feet, and monthly variations 
to a depth exceeding this. But below a certain depth 
these changes become slight, and are doubtless to be 
referred in part to other call ses than the direct absorp­
tion of solar heat. Thus the hourly and daily varia­
tions are less than one degree for depths greater than 
three and nine inches respectively ; while the mont.hly 
variations show several degrees at the greatest depth 
taken. As plants, however, feed chiefly within a very 
few feet of the surface, and as many herbacAouB plants 
feed within a few inch es of the fmrface, it is apparen t  
that changes within t h e  first three o r  four feet of soil 
are those which chiefly interest the agriculturist. 

If from the results so far obtained we construct a 
curve based upon the mean temperature of each month 
for all the years over which our observations have ex­
tended, so that the curve for each month from May to 
September shall be represented, the co-ordinates being 
depth and temperature, some interesting facts are ob­
tained. Thus, proceeding from the surface downward, 
in May, the curve is found to fall som ewhat rapidly to 
a depth of two inches, from which point to three 
inches there is an abrupt and sensible elevation. 
From this latter depth to nine inches, the curve 
descends more gradually, though with certain varia­
tions, after which, to a depth of two feet, the descent 
is quite uniform and gradual. 

These facts are in general true of all the summer 
months, with, of course, the difference that in August, 
as conditions become more favorable to a higher sur­
face temperature, the descent in the curve from surface 
to two inches is much more abrupt, or in other words, 
the difference in temperature between those two levels 
is more marked. In September, however, since radia­
tion from the earth's surface is more rapid than absorp­
tion of solar heat on account of the diminishing altitude 
of the sun, the effect of internal heat becomes manifest 
in the deeper layers of the soil, and causes a percept­
ible variation in the direction of our curve. Thus from 
nine inches, the descent is somewhat gradual and uni­
form to a rlepth of eigh teen inches, when from this 
depth to twenty four inches the curve rises, showing 
an increase of tem perature in the lower stratum of 
nearly one degree Fahrenheit oyer the superimposed 
layer. And as the season advances, with consequent 
excess of radiation from the surface layers, this upward 
tendency of the curve extends toward the more super­
ficial layers of the soil, which are thus seen to have a 
mean temperature ultimately lower than the layers 
below. 

From this statellJ ent of facts it appears that during 
the summer months, at a depth of three inches, the 
soil maintains a tem perature which is constantly higher 
than that of the layers i mmediately superimposed ; or 
in other words, for all layers of the soil above three 
inches, there is a temperature which depends not 
merely upon absorption of solar heat, but u pon this as 
modified by certain conditions. These conditions are 
radiation and evaporation, the latter being the more 
importantJactor. The extent to which these influences 
operate to depress the temperature of these superficial 
layers below what they would otherwise have is 
marked, and at the surface the mean depression from 
this cause for all the months considered amounts to 
about eight degrees Centigrade. During certain months, 
of course, when evaporation is excesssive, the depres­
sion m ust be even more than this. This means that 
during hot days, vegetation is afforded a certain meas­
ure of protection to just the extent of this depression. 
But it must also be kept in Illind that the mechanical 
condition of the soil has much to do with the extent to 
which these inituences operate. 

Thus a loose, porous soil evaporates its moisture 
much more rapidly than a com pact one. Hence its tem­
perature must be lower. Our own observations in this 
respect show that the tem perature between compact 
and porous soils !lIay vary from 0'1°  C. in the mornin g 
to 6 '2° C. in the afternoon, a d i fference of very great 
importance where the growth of plants is concerned. 

If we are to derive any lesson from the facts thus 
stated, at this earl y stage of our observations-and we 
may state them provisionally-it would be to the follow­
ing effect : 

A proper knowledge of the temperature of the soil 
must serve to guide us in reference to the time of plant­
ing particular seeds. and the depth at which they 
should be pl anted as determined by the condition and 
character of the soil. W hen the farmer gently packs 
the earth over the new l y  planted seed, he de\'ives a 
measure of benefit in the higher temperature of the 
soil at that place, whpre by germination is accelerated. 
Sim ilarly, we can u n d e rHtand that cultivation during 
periods of excessi ve h pat must tend to avert some of 
the evil results otherwise following from an excess of 
tem perature. 

Moreover, an appl ication of the principles stated 
m nst lead us to realize that, in seasons of great or 
even ordinary dryness, a j udicious system of irrigation 
must be of the greatest advantage, not only as supply­
ing needed fluids for the general functions of growth, 
but as red ucing the otherwise high temperature of 
the soil to a degree which is well within the danger 
limit and consistent with normal growth. 

McGill University, Canada, March 26, 1887. 

MODELING wax, such as sculptors sometimes use 
for modeling very small figures, etc. , is made of white 
wax melted and mixed with lard to make it workable . 
In working it, the tools used, the board or stone, are 
moistened with water, t.o prevent its adhering; it may 
be colored to any desirable tint with a dry color. 
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