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FOUNDATIONS OF THE GREAT TOWER AT 
PARIS. 

SOMF. very interesting details upon the construction 
of tile \)84 foot towel' have re.;ently been cOlllmllllicated 
to the Society of Civil Engineers by Mr. Eiffel. We 
herewith reproduce the latter's des(',ription, along with 
a few complementary details collected on a visit  to the 
work�, made on the Idud invitation of the great 
engineer. 

'17te Subsoil.-It results from numerous borings 
made in the Champ de Mars 
that the lower stratum of the 
subsoil consists of a bed of 
plastic clay, about fifty feet 
in thickne�s, resting upon 
chalk. This clay is  dry and 
quite cOlllpact, and capable 
of supporting a weight of 
over fifty p o  h n d s t o t h e 
square inch. The stratum 
slopes slightly from the Mili­
tary School to the Sei ne, and 
is surlllounted by a bank of 
sand and Clompact gravel, well 
adapted for supporting foun­
dations. As far as to the 
vicin i ty of the fence that sep­
arated the Champ de Mars 
properly so Clalled , belonging 
to the state, from the square 
belonging to the city, that is 
to say, nearly to the height 
of G-renelle street, this stra­
tum of sand and gravel has a 
nearly constant thickness of 
from 20 to 23 feet. Beyond, 
we seem to enter the old bed 
of the Seine, and the action 
of water has reduced the 
thickness of the stratum, 
which continnally diminishes 
to almost nothing when we 
reach the actual bed. 

The sol id  bed of sand and 
gravel is itself surlIlounted by 
a variable thickness of tine 
sand, Ill uudy saud, and filling­
in of all kinds, not fit to snp­
port foundations. 

As certain administrative 
conSIderations forbade the 
erection of the tower in the 
states portion of the Champ 
de Mars, where the founda­
tions  presented no difficulty, 
it was afterward decided to 
locate it on the Seine quay, 
in order that it should be as 
far as possible from the exhi­
bition buildings; but a know­
ledge of the subsoil delllon­
strated that this would be 
impossible, si nce the direct 
fOllnding of so large a stmct­
ure on clay could not be 
thought of. 

At Illy instance, it was there­
fore decided to place it at the 
extreme limit. of the square, 
w here i t  is now bUilding. 1'he 
foundations of each of its four 
columns are tit us separated 
from the clay by a sufficient 
thickness of gravel. 
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composition of the ground. In th is way, we ascertained 1 solution that responded to every contingency. More­
that as far as to the clay we would meet under the! o ver, the use of compressed air is accompanied. with 
sand and gravel with nothi ng but pure sand, ferrugi- such security, either as regards work or the certainty of 
nous loam, and a bank of cbloritic limestone, that had the result  obtained, that, by reason of the great inter­
formed at the bottom of the depression made by tbe est that we had in proceeding as qll ickly as possible 
water i n  the plastic clay. 'Ve had thus an incompress- and in establishing fc undations for which there should 
ible stratum of a thickness of 1II0re than 10 feet 'l.t pier be absolutely no fear in the future, w e  did not hpsitate 
4 (G-renelle side) and of nearly 20 feet at pier 1 (Paris to employ this costly but sure an d quick cOIllpre�sed 
side). 'Ve therefore h ad every security, and the more air process. We have to congratulate ourselves for 
so in that the, foun dations had been so calculated that it so much the more in that we are now meeting in the 
the maximum pressure upon the earth, even includ- caissons of pier 1 large quantities of masonry that 

probably date from some pre­
ceding exhibit ion , and that 
would have proved a serious 
obstacle to the prompt con­
struction of our foundations 
had not the resources of COIIl­
pressed ai r been at our dis­
posal. This llIaterial we break 
up with chisels and remove 
through the air chamber in 
the sallie manner that we do 
the ordinary rubbish. 

FoundaUon Masonry and 
External Walls.-Each of the 
four columns will, as well 
known, consist of a large 
framework of 49 X 49 feet sec­
tion, whose corners will trans­
mit the pressu res to the earth 
throug-h the intermeuiu m  of 
masonry piers placed under 
them. There are therefore 
four masonry piers for each 
column. 1'he upper part of 
these, wh ich receives the bed 
plate, is  at right angles with 
the dil'ection of the corners, 
and the pier itself has the 
form of a pyramid with a ver­
tical face in front and a slop­
ing OIl e behind, the dimen­
sions of which are such that 
they will bring the obJique 
resultant of the pressures to 
a point very near the center 
of the foundation. 

This oblique reaction of the 
pressures amountR on its en­
trance into the masonry, at 
the level + 36, to 565 tons 
without the wind an d to 875 
tons with it. Upon the foun­
dation soi l of the two piers 
near the Seine, which is at a 
depth of 46 feet, the vertical 
pressure upon the earth is 
3,320 tons with the wind,  and 
this distributed over a surface 
of 967'5 square feet give� a 
load 0 f a b o  u t fifty-seven 
pounds to the square i nch. 

Upon the two piers toward 
PariR, the pressure upon the 
earth at a depth of 29'5 feet is 
1,970 tons, which distributed 
over a surface of 645 �quare 
feet gives a pressure of about 
fifty-seven pounds to the 
squ'ire inch. 

Foundation.-Th(Stwo back 
piers, which are numbered 2 
and 3, are placed on each side 
of the line of the old fence_ 
The natural soi l at this point 
is at the level + 84, the filling­
in of all kind� is 23 feet deep, 
and we meet at the level + 27, 
which is the normal level of 
the Seine, the stratulll of sand 
and. gravel, the thickness of 
which is  here about nineteen 
feet. It has thns been possi­
ble to obtain very easily a 
perfect foundation for these 
two piers, the lower portion 
of which consists of a stratulll 
of beton 6� feet in thick­
ness. FIG.2.-THE GREAT TOWER AT PARIS-SECTION OF ONE OF THE CAISSONS. 

The masses of beton that 
afford such surface are 32'S 
feet in length by 19 6 in width. 
All the beton work is arranged 
according to the horizontal 
projection of the corners, that 
is to say, at 45° with respect 
to the axis of the Champ de 
Mars. The masonry is of 
Sou ppes stone laid in cement. 
The use of this latter was ne­
cessitated by the desire to ob­
tain a very rapid setting and 
to prevent any settling. Into 
the center of each pier are 
inserted two large anchorage 
bolts, 22 feet in length and 
4 inches in diameter, which, 
through the intermedi uUl of 
iron bed plates and I-irons, 
will con nect the superstruct­
ure with the masonry. Such 
anchorage, which is not neces­
sary for the stability of the 
tower (which is secured by its The two front piers, which 

are nlllnber�d 1 an d 4, were 
differently constructed. The stratulll of sand and 
gravel was met only a� the level + 22, that is  to say, 16 
feet un der water, and , III order to reach it, it  was neces­
sary to pass through muddy and marly earth derived 
from the recent all uviums of the Seine. In order to 
obtain precise data. free from the uncertai nties that. 
accompany the ordinary processes of boring, we lIIade 
a bore hole i n  the center of each of the pier places by 
means of compressed air  and an i ron plate cylinder 5 
feet in diameter, surmounted by a hoist. 'Ve cannot 
too greatly recommend this process, which. on the 
whole, is  not very expensive when compressed air ap­
paratus is at one's disposal, and which gives absolute­Iv sure information as to the consistency and actual 

ing the effect of the wind, would not exceed about 
fifty-seven pou n ds to the square inch. 

In  the constrnct.ion of these two piers, i ron caisson s 
had to be used. These are four in number for each 
pier, and are 49� feet long by 19� fpet wide, and are 
sunk to a depth of 16 feet below water. It would 
have been pos�ible, perhaps, to use a different method, 
and to have filled in an excavated space with beton ; 
but, on the one hand, despite all the previous boring�, 
we were not sure enough of the ground in th is much 
disturbpd part of the Champ de Mars at all points of 
the surface embraced by the COIUlllllS, and which is 
nearly 11,000 square feet per column . Under such 
circumstanccs, it was therefore neces�ary to adopt a 

own weight), neverth eless af­
fords an exress of security against overturning and, 
moreover, will be utilized when the erection of the 
superstructure takes place. 1'he masonry will be 
capped with two courses of Chateau-Landon dressed 
stone, of which the resi�tance to crushing is, according 
to experirnents, about fifteen thousand pounds to the 
square inch. The pressure under the bed plates will 
be but 4(j2 pounds to the square inch, and the stone 
will be tax\c'd to but a fortieth of its resistance. 

It results from all the figures and data that precede 
that these foundations are established under conditions 
of very great Fecurity, and that, either as regards se­
l ection of materials or dimension s, they h ave been 
treated very broadiy, so as to insure their solidity. 
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Yet, in order to be entirely sUI'e that, whatever hap- i de Mars, this is the one that is most actively pushing 
pens, the columns of the tower shall remain in a per- I forward, and t.he one whose state of advancement is 
fectly horizontal plane, we have formed a space in the the most curious to study. So Messrs. Alphaud and 
bed plates for the reception of an 800 ton hydraulic Eiffel recently invited a number of engineers and 
press, by means of which the column could be l ifted to builders to examine the fOllndations of the structure. 
the necessary height and wedged up with steel. These We were presellt on the occasion, and are in a position 
presses will, then, at any moment (if it ever becomes, to gh'e the readers of this journal some accurate data 
necessary) effect an accurate leveling of all the bearing \ as to what has thl18 far been accomplished. 
points, after the mannAr of an adjusting screw. ' As well known, the tower is  to be supported by four 

Besides the piers, we have projActed a masonry wall metallic arches that will rest upon four masonry 
which will bear no load, but is designed to receive the piers. 
finials of the metallic mouldings that are to go on the The soil of the Cham p de Mars, which has been so 
base of the columns. many times disturbed for the last hundred years, con-

These walls are supported by pillars and arches ar- !lists of a superficial stratum, about twenty-four feet i n  
ranged with their faces parallel o r  a t  right angles with t.hickness, composed o f  a filling-in o f  diversified ma­
the axis of the Champ de Mars, and fOrtll around each terial. Underueath lies a stratum of sand and gravel 
base a structure 26 feet sq uare. of the same thickness, and, finally, a stratuIll of clay 

All this i nfrastructnre will be buried up to the level that constitutes the first layer of the geological forma­
of the soii, except pier 3, where a cellar w ill be left for 
the reception of the engines and generators for running 
the elevators. The engines will be of 500 horse-power. 
Atmospheric electricity will be carried off through the 
earth by two cast-iron pipes, 18 inches in  diameter, for 
each pier, sunk beneath the level of the aquiferous 
stratum, and having a length of 59 feet. At th eir ex­
tremity these pipes are bent vertically and run to the 
level of the eart.h, where they will be put in direct com­
mun ication with t.he llIetallic part of the tower. 

State a/the Work.-'fhe excavating was begun with 
a ditch 1l�� feet square for each of the piers. These 
were dug to a depth of 19;� feet for piers 2 and 3, and 
to 23 feet for piers 1 and 4. About 4,236,000 cubic feet 
of material has been carried to the public d ump heap, 
while the rest has been spread upon the square and 
will be used for filling in the excavationR after the 
masonry is  all finbhed , 'fhe first st.roke of the pick 
was given on the 28th of January. Since then we have 
finished the masonr'y of piers 2 and 3. Nothing remains 
but to g i ve a few finishing touches, which will not be 
possible until  after the tilling in, which is now under 
way. PierR 1 and 4 are in the following state of ad­
vancement : At pier 4 three of the caissons have been 
sunk to the level +22. and th e foundation masonry that 
they support is nearly finished; the fOIll·ttl caisson is 
stil l  sinking. In eight days this pier will be finished. 
At pier 1 two of the caissons are sinki ng, and the other 
t wo have been sunk to 20 inches beneath the surface of 
the water. In about fifteen or t wenty days the sink­
ing will have been finished, and the construction of the 
masonry will have been begun _ 

In our progralmne we reckon that the foundations, 
a.s a whole, and the putting of the earth in order wi l l  
b e  completed on the 4th o f  next. June, s o  a s  t o  perlllit 
us to begin at that tillle the mounting of the metallic 
parts. 

Note on the Abo'Ve.-On the 5th of May, 1887, Mr. 
Eiffel, whose repo rt ha� just been read, did us the honor 
to receive us at his field of operations. We first visited 
the four foundations of the tower, and Mr. Albert 
Londe, our collabomtor, who accompanied us, took the 
photograph that we reproduce in Fig. 1. Mr. Eiffel 
afterward took us down into one of the iron caiswns_ 
Fig. 2 very clearly shows the arrangement adopted. A 
descent into one of these caissons is a very curious ex­
pedition for an outsider_ Vve enter the upper metallic 
chamber, which is bolated from the caisson by an air 
val ve, and then, after the door is  closed, the air is COIll­
pressed, and the visitor feels a peculiar sensation in the 
tympanum_ But a silllple deglutition suffices to re­
move this. Then the trap leading to the cais�on is 
opened, and we descend by an iron ladder fixed to one 
of the vertical cyl inders that serves likewise for the 
passage of the bu!'kets of rubbish. Once in the caisson, 
we see the workmen picking away the earth by the 
light of their electric lamps, and putting it int.o buckets 
that are raised and emptied outside in measure as they 
are filled. 'file caisson, loaded with beton, thus gradu­
ally sinks until it reaches finn earth. After this it is 
entirely filled with beton,  and forms an enormous bed 
of immovable solidity.-La .Natnre. 

THE NINE HUNDRED AND EIGHTY-FOUR 

FOO'f TOWER AT PARIS. 

THE famous Eiffel tower is n o w  in course of construc­
tion. Of all the structures that are to cover the Champ 

FIG. 3.-SECTION OF THE TOWER CAISSON. 

tion. The stratum of sand possesses the proper features 
of resistance for the foun dations, and It is u pon this 
that will rest all the masonry work of the tower. But, 
as piers 1 and 4 are very near the Seine, and are even 
located on an old arm of that river that has been filled 
in for about a century, a solid bed for them was not 
reached until an excavation had been made to a great 
depth, and after traversing aquiferous sand that ren­
dered the use of compressed air necessary. 

The four piers form a square with sides 328 feet in 
length. When one stands in the center of the field of 
operations, he is truly astonished at the area occupied 
by the basA of the tower, and begins to get an idea of 
the colossal p roportions that the arches will possess. 
As a point of comparison we have the Trocadero, 
whose towers rise about 328 feet above the surface of 
the Champ de Mars. Mr_ Eiffel's structurA will rise 
three times h igher. To tell the truth, it is not so m uch 
the total height that strikes one, as the immense span 
of the m etallic arches, and their gigantic proportions. 
The tower wil l  be neither beautiful nor useful, as 
everyone knows, but it will be interesting froUl the 
standpoint of the bui.Ider's art, and, since the construc­
tion of it is i rrevocable, we shall take care to follow all 
the phases of it  and to study the solution of all the 
d ifficulties which are to be overcome, and which are to 
presen t  themselves for the first time to engineers_ 

Each pier is 91·8 feet square in section, but is n ot, as 
might be supposed, composed of a single mass of ma­
sonry. This, in fact, was not necessary. It was only 
n ecessary to offer a '  point of support to each of the four 
corners of the columns of the arches_ 

As for the pillars, they are about t wenty-five feet in 
height, and their base is such that the earth nowhere 
has to u ndergo a pressure of more than fifty-seven 
pounds to the square inch. 

'fhe foundations of piers presented no d ifficulty. 
T h e  excavating waco; done in dry ground, and the pil­
lars of pier:.l are now entire;! finished. It will be seen 
that thAir surface is not horizontal, but oblique, so as 
to oppose:.1 normal resistance to the pressure of the 
metallic arches. They urc coursed like a vault, so that 
the curve of the pressures shall always meet the plane 
of the joints normally. Tht'se pillars are built of 
SOllppes rubble laid in Portland cement, thus permit-

FIG. 1 . -MASONRY FOUNDA'l'lON FOR ONE OF THE COLUMNS OF THE EIFFEL TOWER. 

ting of the setting taking place in less than a month-­
a very important consideration for a work that is to be 
finished in two years. 

In each pillar are embedded two iron bolts six inches 
in  diameter that project more than six feet from the 
masonry. These are situated in the same vertical 
plane, and slant in the direction of the arch butments 
of the t.ower. for the erection of which they are to 
serve. 'fhey are designed solely for the mounting of 
the arches, and when once this operation has been 
effected they will no longer play any part in the resist­
ance of the structure, which will be stable of itself and 
will need no anchoring. 

Pier 3 wil l  support the elevator. Consequen tly, its 
central pillar i s  hollowed out in such a way as to make 
rooUl for the base of the elevating apparatus. It is in 
this pier, too, that will be located all the apparatus 
necessary for operating the elevator. 

'1'hA construction of piers 1 and 4 was accompanied 
with more difficulty. As we have stated, it became 
necessary t.o have recourse to the use of compressed air. 
The stratu lII of gravel was not met with, in fact, until 
a depth of 35 feet was reacbed, and aquiferous earth 
hlld been traversed. In each trench, therefore, there 
were placed four caissons upon which the piIIal's were 
to be mounted. Each caisson (Fig_ 3) is 49X9'5 feet, 
and is more t.han 13 feet in height. 'foward its center, 
a horizontal partition, held by a 27Yz inch wide girder, 
supports a thick layer of ueton upon which the mason­
ry will  rest. Beneath, is the wo rking chamber, which, 
inclusive of t.he cutti ng edge, is about 6Yz feet in height. 
The edge, which is always buried to a depth of 20 
inches in the earth, It'aves bnt a sl ight heigh t for the 
worklllen, who are unable to stand upright_ 'l'he sides 
of this challlber al'e provided with consoles, between 
which a.re t'stabli,.hed oblique lillings of masonry. 
Each caisson is provided w ith two air chambers. Dur­
ing our 'visit, twent.y-four of us were enabled to enter 
the caisson at the very moment that ·a sinking was 
about being effected. 

Although the pre�sul'e was scarcely half an atmo­
sphere, the passage through the lock seemed to be quite 
distressing to most. of the visitors. It must bt' stated 
that there were twel ve of us in the challlber all squeezed 
up together, at a temperature of 40°, and this  did not 
contribute to ren der the passage agreeable. But, 
when once in the working challlber, we became cool 
again, and the pressure, to which we had got accus­
tomed, was no longer felt. 

While we were present, the caisson was sunk eight 
inches, which was above the average in the present 
foundations of the tower. Two or three sinkings per 
day llIay be effected_ 

It is needless to Eay that the interior of the caissons is  
lighted with electricity. 

Much debris has been met with in the excavations. 
We saw a quantity of oyster shells, bones, and the 
entire skull of a horse taken out. But, from a minera­
logical or geolo�ical point of view, nothing of in terest 
has as yet been found in these relatively contempora­
neous grounds. 

It remains for us to say a few words copcerning the 
precautions to be taken against ntllJOspheric electricity, 
which might put the future visitors to the tower in 
jeopardy. In each pier are placed two cast iron pipes, 
TT, twenty inches in diallleter, which are laid hori­
zontally in the aquiferous strata of the earth, and 
which join one another in front of one of the pillars, 
and then run vertically to the level of the ground. At 
this point, they will  be conn ected with the metallic 
framework of the tower. It is to be hopt'd that these 
precautions will suffice to ward off all danger. It is 
reckoned, in fact, that, should the communication with 
the earth be well t'stahlished, the tower may be struck 
by lightning with il llpunity, an d without any of the 
persons who chance to be in it  feeling the least shock. 
This metallic structure will operate, it is  thought, like 
Faraday's cage, wh ich receives the heaviest static dis­
charges without affecting an electrometer placed with­
in it. Let us hope that such will be the case, and that, 
in event of new discoveries i n  electric phenomena, no 
experiments will be lIIade that shall prove fatal to visi­
tors, even thongh the latter be Cook's tourists.-La 
Construction Model'ne. 

ENGLISH SALOON RAILWAY CARRIAGE. 

THE Lancashire and Yorkshire Rai lway Company 
show at the Manchester Exh ibition an invalid saloon 
railway carriage, which we illustrate on opposite page. 
The body of the carriage is 32 ft. long, and consists of 
a saloon for the use of an invalid, a servan t's compart­
ment, with lavatory and luggage cOlIlpartmen ts. The 
saloon is h ighly finished, the cabinet work being of 
walnut and sycamore, which with the aid of gilt lines 
produces a very pleasing effect. The upholstering is 
of claret-colored morocco, and is very tastt'fully ar­
ranged.  Double doors are provided at each side, with 
a view to the easy entry of an invalid on a chair or 
otherwise; care haVing been taken that when the 
doors are closed no draught wi l l  be felt. 

A bed is i ntroduced, and is so hung (by springs 
being i nserted in each pillar, and attached to the franie 
of the bed) that when the carriage is in illotion the 
amount of vibration is reduced to a luini lllUlll. The 
bed is provided with a spring mattress, etc_. and over 
the bed is placed a table which is movable logitudi­
nally; also a book rest. which can be placed in any 
convenient position_ Immediately O\'er the bed, and 
reces8ed into the pl;trtition, is a bmcket, which holds 
a water bottle and tUIlIbler; a bed pul l is suspt'nded 
from the roof to enable the invalid  to alter his position 
if desired. By the side of the bed is a small chair for 
the use of the attendant. A curtain is  hung from a 
bracket fixed to the partition, to pre\·ent any dl'aught 
from the sliding door leading into the servant's com· 
partment. 

Four chairs are also provided, also a table with fall­
ing leaf for the use of allY rela.tives or friend s traveling 
with the inval id .  'l'he floor i s  covered with a rich 
velvet p ile carpet, bordered, of special design; also 
two Daghestan rugs, one by the side of the bed, and 
the other between the two double doors. 

A sliding door in the partition n earest the bed leads 
to the servant's compartment, the cabinet work i n  
which i s  o f  sycamore a n d  walnut. Th is  compartment 
contains two couches, upholstered in plum-colored 
cloth, the shorter one being covered, when not in use, 
by a loose table, which servlls as a dumb waiter ill the 
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saloon when required. 'l'he compartment is paneled 
with papier mache, painted brown, and relieved with 
dark brown and gold. An u mbrella stand is also I>ro· 
vided. The floor is covered with a similar carpet to 
the saloon. 

At the other end of the saloon, and in the center of 
the partiti0n, is a sliding door, l eading to the closet 
and lavatory cOlllpartment. This com partment is 
finished with lincrusta-walton of a tint of Ii�h t green, 
and the cabinet work is com posed of sycamore and 
walnut. Imlllediately opposite the door is a large 
luirror, with a bracket underneath to hold a vase. At 
one side of the lavatory is a cupboard, which contains 
a " slipper" commode. T he floor is covered with l iu­
oleulll of a Illosaic pattern. Next to the lavatory is 
a compartlllent for passenger's l uggage. 

The coach is lighted by means of Pope's system of 

gas lighting, a controlling valve being placed in the 
servant's compartment to control the lights. 

The lower exterior  of the carriage is painted a rich 
lake, while the upper part is brown, relieved with gold 
and \!la,ck lines. The carriage is s upported on three 
pairs of wheels, which have a total wheel base of 20 ft. 
It  is also fitted with the automatic vacuum brake .­
Engineeriltg. 

THE PRESERVATION OF RAILWAY TIES AND 
TIMBER BY THE USE OF ANTISEPTICS. 

By JOSEPH P. CARD, Member of the Western Society 
of Engineers. 

THE antiseptics that have been used up to the present 
time to any considerable extent in the preservation of 
railway ties and t.imber are : Corrosive SUbl imate, 
kvanizing ; SUlphate of Clopper, Roucherie ; chloride of 
zinc, burnettizing ; and dead oil, creosoting. 

Many others, however, have been tried in the past 
fifty or In.ore years, and abandoned for one cause and 
another, which I will not attempt to explain, but will 
confine my remarks to those now in use. 

Corrosive sublimate is the most powerful poison of 
them all, and i ts antiseptic propert.ies are some fifty or 
more times greater than sulphate of copper or chloride 
of zinc ; that is, a solution of one part corrosive subli­
mate in 1 0,000 parts of water would, according to the 
best authorities, be more than an eq u i  valent to suI phate 
of copper diluted one part in 400, or chloride of zinc 
one part i n  200 of water, which is about the minimum 
at which they will preserve. 

In  treating timber with corrosive sublimate, it is 
generally placed in  large wooden vats for one day for 
each inch in thickness, not counting the day it is pnt 
in or taken out, or say ten days for an 8 in. X 8 in.  
square stick. 

The handling of the timber after treatment has to be 
done with care, or serious consequences may follow. 
The solution used has generally been olle part in 100 
of water. 

The treatment with sulphate of copper has generally  
been done by the Boucherie process, or  i n  copper cylin­
ders, on account of its corrosive properties, while the 
treatment with !'hlOl'ide of zinc is done in  iron cylindflrs, 
which cost say ten times less than copper. All three 
of these salts being more or less liable to be chemically 
changed or washed out of the wood, and as the chloride 
of z inc has, under most conditions, when injected in 
proper quantities, answered equally as well, and being 
cheaper and more economically handled, has come 
1Il0re generall y  into use than either of the others. In 
fact, comparatively speaking, corrosive sublimate and 
SUlphate of copper have practically gone out of nse. 

Ch loride of zinc has served a good purpose in the 
p reservation of railway ties in Germany, while in Eng­
land the treatment has not been satisfactory; i n  fact, 
has been abandoned. Now, why this great difference 
ill results? The roadbeds are, so I understand it, alike 
(rock- ballasted), consequently the d rainage is the same. 
It. Inl\�t be on account of the impurities absorbed into the 
tie� from Eng-land's moist clilIlate, which change!! gra­
uually thfil chloride into a non-antiseptic; for rainfall, 

as a rule, will not, so far as my observations go, wash water surrounding the ties, or in rainfall, that would 
it out. It takes more than rain; in fact, it means sub- combine with the chloride or any salt and transform it 
merging it in water; and this would hardly occur on into a non-antiseptic, as oxide of zinc, the change would 
a rock-ballasted roadbed. If a tie was reasonably dry be more or less rupid, and it  is in this way that I account 
and in rock ballast, and it should rain,  it would absorb for the bad results with chloride of zinc in �ngland, 
Illoisture slowly as it rained ; the flow would be inward, and frolll rainfall ,  i f  ties are on rock ballast. 
taking more or less of the salt with i t, for any of the I I know of bu rnettized gum wood ties th at were placed 
soluble salts mentioned will. to a certain extent, Illove in cinder and slack coal ballast in 1880 (the cinderR and 
around through the wood in whatever d irection the slack came from a coal lu ine dump that had been 
moisture goes. When it rains, iigoes in ward or toward burned over), that were worthless in twelve llIon ths 
the center ; when the moisture evaporates, to the point after being placed in the track, while ties treated at 
of evaporation. I have had this tested by analysis to sallie tiIlle that were placed in sand are sound to-day, 
my entire satisfaction. or were when I exalllIned them last year. 

If ties were suhmerged, or partially so, in water for I I don't l1lean to say that all cinders and slack will 
any considerable time, the chloride, being of greatel' produce th is result, but these did ; neither do I wish 
specific gravity than water, the tendency would be to to convey the idea that the changes mentioned hereto­
go out of the ties rather than inward, or to equalize I fore occur in a day. Some of them may in a month, or, 

ILJ.. J. 

ENGLISH SALOON RAILWAY CARRIAGE AT THlj/ MANCHESTER EXHIBITION. 

with the water surroundin g  them. Again, if the ties 
were in sand (like the Rock Island ties, which I will  
mention later on), the result would be, w hen your sand 
was moist or wet they would absorb moisture where 
they come i n  cor, tact with it ,  and as it gradually moved 
to the point of evaporation, which would be the top or 
exposed portion of the ties. it wonld cal'l'y with it more 
or less of the chloride. This constant, or at certain 
seasons of the year long-continued evaporation, weakens, 
in my opinion, the strength of the chloride at point of 
contact with the gronnd or moisture below the mini· 
mum of its preserving properties; and in  the case of the 
Rock Island ties, which were in clean sand, they gradn­
ally decayed where they came in contact with the 
ground, but remained sound on top, as a general 
thing. 

Again, should there be impurities in the ground or 

as in the case of the Rock Island ties, their average 
life was over fifteen years. 

-
There is a section of some twenty miles of the Union 

Pacific Railroad where the ties have been pre�en'ed 
since the road was first built, by the soil in which they 
lie. 

With reference to c1'eosoting, 01' the 11se of dead oil in 
wood preserving, if you inject a sufficient quantity of 
oil (of proper q uality after steaming and vacuum) into 
ties or timber, they wil l  remain sound so longas the oil 
remains undisturbed, if it enters the wood but one-half 
inch, or even less, on the sides of say a 10 in. X 10 in. 
stick of timber, notwithstanding the oil remains practi­
cally where it is pl aced at. t.illJe of treatment, anll does 
not diffuse through the wood, l ike chloride of ziuc, and 
for the fol lowing reasons : 

Dead oil contains carbolic and other aci(js, whic4 
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are more or less soluble in water, and enough of these 
acids combine with the moisture in the wood at time 
of treatment to destroy the fermentable or other mat­
ter then in the wood, that tends to decay, and any im­
purities or germs of decay thereafter coming from the 
outside will have to pass through the dead oil, and in 
doing so are destroyed or rendered i nert. 

The trouble with creosoting is to get the dead oil 
where you want it (it will stay where you put i t) and 
the cost. The trouble with a mineral salt, or chloride 
of zinc, is to keep it where you put it, or where it places 
itself shortly after treatment, if the work on your part 
is properly done. 

Having given you my experience as well as ideas as 
to the benefits to be expected from the proper use of 
mineral salts and dead oil when used by  themselves, I 
will now submit for your consideration and discussion 
before this society the process known as the " zinc 
creosote " process, which consists in the use of both 
dead oil and chloride of z inc in combination, for the  
preseJ;vation of  railway ties and t imber from decay, as 
well as protection against the attacks of the teredo 
where timber is placed in the sea. 

For railway ties, bridge timber, and the like, or 
where timber is subjected to no considerable moisture, 
as when placed on or in the ground, the process is as 
follows : 

After preparing the timber in the usual way by 
steaming and vaCUUlll, the dead oil  is run i nto the 
cylinder, and such quantity as may be desired is forced 
into the wood. 

For railway ties or timber I would recommend say 
one ·half gallon to the cubic foot, or l�  gallons to the 
tie. A less alllount may be found to ans wer. After 
the timber has been treated with oil,  the oil is removed 
and cylinder charged with chloride of zin0, when by 
pressure it can be made to enter the wood, pass through 
and beyond the oil, and i mpregnate by diffusion that 
portion of the wood that the oil will not penetrate, 
especially where timber is not well seasoned or dflnse 
like oak. The aim of this process is to get the benefit 
of the dead oil treatment, where ties or timber come 
in contact with the ground or moisture, with one-hal f 
or less oil ,  besides having those portions of the wood 
not penetrated by the oil impregnated with the zinc 
chloride. The zinc chloride, surrounded as i t  is  by oil, 
should be protected for a long time in railway ties or 
bridge timber against moisture. I find that less than 
one-half the quantity of oil used in ordinary creosot­
i ng can be distri buted by th is  process through every 
portion of the wood penetrated by the greater quantity 
injected in the usual way, 

Creosoting, as practiced abroad, unless a lUuch larger 
quantity of oil is used on railway ties than is used in 
England (6 to 10 pounds to the cubic foot), is of little 
value in my opinion, unless a chair is used under the 
rail to take the wear, for t.he following reasons : 

Where dense woods are used-in fact it is tht caSfl 
with many of those considered porous-the heartwood 
will take the oil but skin deep, consequently the oil is i n  
time worn off by the rail ,  decay commences and a t  the 
worst possible place, the spike becomes loose and the 
tie valueless. 

This is probabl y  the reason there were so few Ameri­
can creosoted ties exhibited at the Exhibition of Rail­
way Appliances in 1 88�, and the few there were had 
been treated to at least two gallons of oil to the cubic 
foot. If I am not correct, I woul d  ask what has be­
come of the thousands that have been treated in the 
past thirty years in this country, where we use no 
chair ? 

I have here one of a lot of ties treated by a Mr. 
Pelton some years since for the Chicago, Rock Island 
& Pacific Railway Company, and placed in their tracks 
near Englewood. It was taken up in May, 18'33, for 
exhi bit at Chicago exposition of that year. These t.ies 
were treated by what is known as the Seely process, in 
1872, and notwithstanding they contained b ut l ittle 
oil (less than four pounds to the cubic foot), were 
sound, so far as examined by me, where they came i n  
contact with the ground, but commenced t o  deClay (SO . I was told) under the rail as soon as the oil wore off, 
and not before. 

If a sufficient quantity of oil is used to impregnate 
the ties to a considerable depth at point of contact 
with the rail (which means for oil say fifty cents or  
six gallons to the tie, and this  applies only to soft 
woods and not to oak), a good result would be ob­
tained ; otherwise, a chair must be used. 

If you will show me one tie that has served a good pur­
pose, I will convince you that it was treated to at least 
six gal lons of oil, or a chair had been used. Not but  what 
a much less quantity would preserve it from decay if 
placed in the ground as a post and undisturbed ; but 
Ilhould you remove the oil  at the ground line, it mattel's 
not to what extent, so the untreated timber is exposed, 
you will find your creosoting of little value, and this is  
the experience of al l .  

Mr .  J. W. Putnam, of New Orleans, in &. letter of 
June 20,  1885, to the Chairman of the Committee on 
Preservation of Timber of the American Society of 
Civil Eng'ineers (I presume many of you know him), 
says : " With reference to creosoting, wherever the 
coating is broken and the air with its dust allowed to 
come in  contact with the untreated wood, decay fol­
lows, and extends in each direction from the opening; " 
and he is but one of the many who make this or simi­
lar statements. 

The burnettized ties on the Chicago, Rock Island & 
Pacific Railway, near Englewood, and so far as I have 
examined those from other roads (where work was wel l 
done), were sound under the rai l ,  but decayed where 
they came in contact with the ground. 

Mr. AI.exander, in  his report of March 23,  1 882, to Mr. 
Hugh Riddle .  then president of the Rock Island road, 
says : ." I made a careful examination of the burnett­
ized hemlock ties we laid in main track j ust west of 
Englewood in November, 1866, last summer, and found 
at least seventy-five per cent. of them still  in the track, 
and in my opinion in such a state of preservation that 
they will be serviceable for two or th ree years longer. 
Some five or six of these ties were taken out of track 
and found to be sound and solid in the center and only 
decayed to the depth of one-half to three quarters of 
an inch on the surface and sides. The rail has not 
worn into these hemlock ties to any greater extent than 
would have occurred with oak, and they hold a spike 
tul ly as well as the oak tie. The pine and cedar ties 
that were burnettized at the same time have worn out in the fifteen years' service, a.nd have disappeared. 

The tamarack have held out about the same as the air, and, therefore, when said body is introduced i nto 
hemlock." Continuing, he says : " My experience is the liquid, an additional weight Ill Ust be used. For 1n­
that untreated hemlock ties decay first in the center or stance, witl� a certain liquid which is hea vier than 
heart, when the spike becom�s loose and the tie crum- water, the weight, A or A "  must be placed in the notch 
bles ; but these treated ties are sound in the center, j 6, which shows that the load at m equals 0 '6 time the re­
which shows that where the chloride of zinc is not spective weight, A, AI,  or A., and consequentl y the 
washed out, the wood is in a perfect state of preserva- weight of the l iqu id d isplaced equals l '6A or 1 '6 t imes 
tion." ! the weight of a n  equal volume of water at 60' In order 

I saw these ties a short time after they were taken up, ' that the specffic gravi ty m ay be obtained to within a 
and examined those remaining i n  the track in J une, hundredth or thousandth, the  rider, B, is made to equal 
1883 (they had then been down over seventeen years), r\;' and the rider, C, Ilia of A or AI and A.. When test­
and found them t.o be sound under the rail with hardly mg liquids the specific gravity of which is less than 
an exception. I also had the sOllnd wood from several that of water, the weight, A2, i s  removed and the count 
of these ties analyzed, and found them to contain from begins with " 0. " As it may be necessary to use two 
0 '05 to 0 '14 of one per cent. of chloride of zinc to or three riders i n  one notch, said riders are  provided 
weight of the wooden when dry. with hooks, so that one can be hung on another. 

Again, in the same report (March 23, 1882), Mr. Alex­
ander says : " In 1872 we laid in second track east of 
WaRhington Heights about 5, 000 hemlock ties that were 
subjected to the creosoting process. 'fhese ties I do 
not believe were thoroughly treated. They seeIUed to 
be tolerably sound at the bottom, but are badly de· 
cayed on the surface, and the rail wears i nto them to a 
much greater extent than it does into those that were 
treated with chloride of zinc. There is probaoly not 
more than from 30 to 50 per cent. of these creosoted ties 
now in track, and these will no doubt all be taken out 
this summer." 

I examined these ties, or what there was left of them, 
in June, 1883, finding few then in the track, but was 
fortunate, however, in finding several hundred that 
had j ust been taken up and piled along the track. 
Nearly all of them showed results of which the creo­
soted tie exhibited here, which was one of them, i� a 
fair sample. 

If I am correct, what can be expected of creosoted 
ties with but 6 to 10 pounds of oi l to the cubic foot if  
used as they are in this country in direct contact with 
the rail, and what must we do to get best results in the 
preservation of our ties ? Use a chair as in England, or 
open porous woods and inject 50 to 75 cents' worth of 
oil into each tie, or will a double treatment first with 
dead oil and then with chloride of zinc answer the pur­
pose ?-the dead oil to preserve the outer or exposed 
parts, which it will do, and the zinc chloride the central 
portions, which the oil does not penetrate to any con­
siderable extent in our most desitable woods. So far 
as my observations and experiments go, I am satisfied 
that time will demonstrate that dead oil and ch loride 
of zinc injected into ties and timber as proposed wi l l  
give the best results for money invested, and where 
dense woods are used, especially for ties, the best re­
sult, without regard to cost. 

You may say that the old way of creosoting closed 
the pores, thereby keeping' out moisture. Dead oil 
will not keep moisture in or out of wood like paint, tar, 
or pitch for any considerable time. Moisture will not 
enter a creosoted tie above the surface of the water 
surrounding it, or without pressure ; neither wil l  it 
enter except under sallle conditions where the fiber is 
oiled. This being the case, your ties, under most con­
d itions, will remain dry, and the zinc chloride should 
be protected. 

Again ,  you seldom see decay in wood the fiber of 
which has once been covered with dead oil, to such an 
extent as to be seen by the eye. The zinc creosote pro­
cess will, as I said before, distribute one-half or less oil 
in every part penetrated by the greater quantity when 
injected in the old way, and in such quantities as can 
be readily seen. 

You may say, Would it not be better to first inject 
the chloride and then the dead oil ? If the treatment 
were reversed, you would have to remove a portion of 
the moisture before the oil could be injected. Wood be­
ing one of pur best non-conductors of heat, the procpss 
would be tedious, and timber or ties would be more or 
less inj ured by the long-continued application of the 
heat required to evaporate sufficient moisture. In fact, 
the only cheap and practical way would be to air, dry, 
or stack the timber until sufficient moisture has 
evaporated, and then apply the oil. I do not believe 
there would be anything gained by so doing, and it 
would add greatly to the cost. 

With reference to the treatment of piling with dead 
oil as protection against the teredo : The old way is to 
inject all the oil the timber will take (which depends 
on the piles being more or less dry and the kind of 
wood operated on), from one to three gallons to the 
cubic foot. The object of the zinc creosote process is to 
economize in the quantity of oil used and nothing more, 
and consists in first injecting say two-thirds (one-half 
may be found to answer) of the quantity used in  the old 
way, and then by substituting some other fluid for the 
oil, as chloride of zinc, air or water by pressure, com­
press or force the two- thirds previously injected solidly 
to the center, which leaves the two ends, the one in 
the mud or ground, the other above water, with 
their fibers virtually painted with the dead oil, while the 
center of the pile or that portion in the water is  as 
well treated and contains as much oil as would be the 
case if the whole quantity used had been oil. I would 
prefer an antiseptic for the second injection, as it  
would help to preserve that portion above water from 
decay. 

Thanking you, gentlemen, for your kind attention, 
I WOUld, in concluding, say that we have at ollr works, 
Fifteen th and Clark Streets, a small experimental 
cylinder, which is at the t!ervice of this society, or any 
of its members, should they desire at any time to 
make experiments in this line.-Jour . .A ssn. of Eng. 
Societies. 

APPARATUS FOR TESTING BEER AND OTHER 
LIQUIDS. 

THERE are many devices for obtaining the specific 
gravi t y  of fluids, but one of the best of these is West­
phal's specific gravity balance, which is i l l ustrated in  
Fig. 1, and which works on the old principle that 
when a body is introduced into a l iquid,  said body suf­
fers a loss of weight equal to the weight of the l iqu id  
displaced. In the use of  th i s  apparatus counterweights 
are hung on the scale beam, and a thermometer is the 
body sunk in the l iquid.  The temperatu re of the 
l iquid experimented with must be about 60' . When 
liqnids are tested which have a greater specific gravity 
than water, the weight, At,  is  hung on the forward end 
of the beam, which is di vided by notches into ten equal 
parts, as shown. The baam is in equil ibrium when the 
body to be inserted in the liquid is suspended in the 

J 

p 
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FIG. l .-T H E  WESTPHAL BALANCE. 

In Fig. 2 we show the Geissler vaporimeter used in 
determining the amount  of alcohol in  a liquid. This 
apparatus consists of the brass receptacle, A, which i s  
half filled with water, and the  bent tube, B, fastened 
to a brass plate provided with a scale. A cylindrical 
vessel ,  0, is fil led partly with the liquid to be tested 
and partly with quicksilver, and a thermometer is in­
troduced i nto the casing', D. The vessel, 0, i s  first 
filled to the m ark, a, with quicks i lver, the remaining 
space to the mark , b,  serving for the reception of the 
alcohol ic l iquid ; then the tube, B, is  inserted in the 
vessel ,  0, and the whole appa.ratus is turned over and 
secured to the vessel ,  A ,  and finally the casing, D, i s  
placed over it. The steam from the vessel , A ,  warms 
the vessel , 0, and its contents, and a portion of the 
latter is converted i nto vapor, which presses the column 
of l iquid in the tube, E, up the scale on the brass plate 
a distan ce corresponding to the amount of alcohol in 
the liquid n nder consideration. The steam in the ves-

FIG. 2.-GEISSLER'S VAPORIMETER. 

sel, A, passes through openings in the casing, D, is con­
densed, and then drops down again to the recepta­
cle. A. 

The apparatus shown in Fig. 3 is designed for the 
determ ination of the alllount of carbonic  acid in a 
l iquid ,  and is used as fol lows : A certain amount of the 
liquid to be . testt"d is weighed and then heated in the 
vessel, A. The carbonic  aci d escapes th rough the tube, 
b, thfl condenser, B, the chloride of calci um tube, C, 
the absorption bulbs, D, which contain concentrated 
sulphuric acid ,  the potash bul bs, E, the little tube, F, 
containing stick potash, and the guard tube, G. The 
vessel, A, is connected with an absorptioll bottle, T, 
containing soda lime, which bottle can be cut off froll,!. 
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the vessel , A, by a cock . W'hen there is no more pres- � in runn i ng i n  one direction, it is the wheel. D, that I have met with the most conflicting evidence, some 
sure of carbonic acid, the l iquid is heated aud llOi l ed m o \-es the drawing forward, it will suffice to throw experimenters posit ively asserting that they are slow, 
until bubbles are no longer formed in the potash ap - the  wheel, E, into gear in return ing, in order to move others lhat they; are much more rapid than any other 
parat.us. Then the tube, G, is connected w ith t h e  the d rawing in the contrary direction.  form of gelatino-bromide. Now, my irnpre&lsion is that 
aspirator. H, by me'LllS o f the p i pe, g, a nd the ail' which Owing to the facili ty with which both wheels lIIay be with a given emulsion rapidity is favored by spreading 
has been freed frolll its carbonic acid i ll the soda l ime freed from contact with the endless screw, it ilS possi ble, i t  u pon paper, for three reasons :  (1) That in drying 
bottle  is drawn i n t o  t h e  aspirator. Final l y  the pota;;h through a screw, to regulate the position of the draw- em ulsion upon paper no Cl'l1shing of particles takes 
apparat ulS i H  \lceighed aga in-it was we i g-li ed be fore the i u g  so as to make the starting point exactly coincide p lace on the lower strata ; (2) th at no blurring of light 
operation was begun-and the incl'eaoe in its weight with the index, into shadow takes place ; and (3) that the developer, 

attacking the l i ght-affected parts on both sides, brings 
about a more complete red uction of the h aloids. B ut 
a great secret lies in development, and I shall endeavor 
to show you how this can be accomplished with 
success. 

Two golden rules : Do not overexpose. Push the 
development further than iieems necessary. 

Without troubling you with experimental form ulre, I 
will give you at once the developer I now use and 

I swear by, but if any member will show me a better, 
I wi l l  abandon my pet at once upon conviction. My 
formulre stand thus : 

No. 1 .  
Sodic sulphi te, pure . . . . . . . .  , . . .  8 ounces. 
Hot dietilled water . . . . . . . . . . . 40 " (fluid). 

Let cool to 60° Fahr. , and render just acia with citric. 
Test with litm us. Pour on to 1 ounce (437% grains) 
pyro. 

No. 2. 
Sodic carbonate, pure . . . . . . . . . . . . 4 ounces. 
Potassic " pure. . . . . . . . . . . . . .  1 ounce. 
Distilled water . . . . .  . . . . . . . . . • •  . , 40 ounces (fluid). 

Mix equal parts No. 1 and No. 2 for normal exposures. 
Always have a ten per cent . solution of bromide at 

hand for elllergencies, and use if great opacity is de­
sired, but as a rule no restrainer seems necessary. 

It is sometimes desired to proceed with caution, and 
add a portion only of the No. 2 solution at the outset, 
and when time is not of much im portance I prefer 
further to di lute the m ixed developer with one-third to 
one-half its bulk of water. 

FIG. 3. -APPARATUS FOR THE DETERMINA TION OF CARBONIC ACID. 

With the above developer and plenty of time­
always given a reasonable amount of brains , as Colonel 
Stuart Wortley once remarked-uniformly excellent 
negatives can be produced w ith almost absol ute eel" 
tainty, and upon any of the leading films now in the 
market ; but I m ust frankly admit. that I have seen 
negatives pmduced by one of our m uch respected 
members with an am monia developer fuJly equal in 
qual ity and pluck to the best by Illy method, uut then 
it is the lI!an, not the developer. In my hands 

equale the amollnt of carbonic acid contained 
liqu id bei ng tested .  

We are i n debted fo r  the accompltnying cuts  
1llust1'irte Zeitung. 

THE LOCOGRAPH. 

ill the 

to the 

THE obj ect of the appamtus called the " locograph , " 
which we represent herewith ,  is to unwind before the 
eyes of a locollloti ve euginelnan a drawing which re­
presents, on a propel' l y selected scale, the direction 
line and profile of t h e  road on wh ich h i s  train is run­
ning. 

The apparatus consists  of a toothed wheel, C, which 
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FIG. 1 . -THE LOCO GRA PH. 

actuates two cyli nders, A and B, by m ean s of toothed 
wheel s phwe(j at their  extremity . Two other toothed 
wheeb, D and E. engage with the wheel , C, and are 
connected w i th i ts axle by an i n variable piece that 
per m i ts of putti n g  e ither of these two wheels in contact 
with all end less scre w 01' of severing contact therewith . 

This  endless screw is set. i n  l a ot.ion t.h rough a geari ng 
by meR,ns o f a free wheel  o f  the locolllotive.  This 
wheel , ill revolving. act.n ates the SCI;ew, and accord i ng 
as it acts u pon the wheel , D, or the w heel, K causes the 
drawing of the road way to  llIove in one d i rection or 
the other. 'J'he d ra w i ng, wh ich is first. wouno round 
the cyl i n der, p, passes o v e l' a second frefl cyl indel', then 
over the cyl inders, A and B, w h i ch calTY it al ong, an d 
finally wind� rou n d  t h (, c�' l i l l d er, G. wh ich the cyli n der, 
F, acts u pon th ro llgh f6ct.iol l  A s imple calcu lation 
permits of ascel·tai n i ng t il "  rel at ion between the road 
passed over on the I 'ai l  : tll (� t ile  u n w i n d i n g  of the draw ­
i ng. An index C()nsta l l � iy  sho w� t h e  engineman j nst ex­
actly where he is. 

ammonia fal ls far short of the fixed alkalies in uniform -
Mr. Clepkens, the inventor, bel ives that this appara- ity of resul ts. 

tus is capable of furnishing useful i ndications to the It is  not within the scope of this paper to give detailed 
enginelllan in al l cases where it is d ifficult to see objects I instruction in finish ing either paper or film negatives, 
in front of or around the locomotive. It especially I nor is it m y  intention to recommend any particular 
presents the ad vltntage of allowing of the employment brand, or special roller slide, but I will tell any mew­
of any engineman whatever, in a l l  'Countries, and on bel' who wishes to know-quite privately of course­
any lines whatever of a system of railroads ; and such where l ies Illy love. And if my remarks lllay induce 

FIGS. 2 AND 3.-DETAILS OF MECHANISM. 

an advantage may prove of i l llportance in cases of the 
quick transfer or mobilization of troops.-Le Genie 
(N·('il. 

FORMULA FOR THE DEVELOPMENT OF 
PAPER NEGATIVES. 

B UCHANAN WOLLASTON, in  a paper read before the 
Bri t ish photogmphers' convention, gives the following 
useful h ints for the developmen t of paper n egati ves : 
I n  my own practice I have found films, creteris parib wJ, 
more rapid than glass p lates, but upon this point I 

any gentleman to try filmography and he gets into 
difficulties, let him write to me and I will try and help 
h im over the stile. 

N EW PROCESS OF METAL WORKING OF 
MESSRS. N. DE BENARDOS AND S. OLS­
ZEWSKI. 

THE pieces of Illetal to be treated are connected with 
one pole. general ly the negative one, of an electric gen­
erator. A rod of carbon is connected to the other one 
by a flexible  conductor. If, for an instant , the carbon 
is pressed against the metal and then immediately 
drawn back, a voltaic arc is formed between the metal 
and carbon. The evolution of heat that follows is 
utilized at once fol' the work that is to be done. Thin 
sheets of metal are thus perforated ;  holes are sunk in 
larger pieces of me tal ; by means of soldering, pieces of 
different forms are united. 

The apparatus shown in Fig. 1 is designed to be 

FIG. 1. 
held in the hand. It consists of a carbon holder, G, 
supplied with a handle, A. The set screw, E, admits 
of 10ngitudiIJal adj ustment of the carbon, K. The 
arrangement shown in Fig. 2 is somewhat more compli­
cated. It is adjustabl e  by means of the plates, r r' ; a 
and b are connected by suitable couductors with the 
electric generator. Th e carbon is brought in contact 
with the piece to be treated by pressure upon the lever, 
J .  A spring, H, acts in opposition to the lever, J, and 
raises up the carbon when the lever, J, is relieved from 

pressure. The apparatus shown in Fig. 2 is specially 
designed to execute lon g rectilinear soldering. 

Other similar dispositions have been devised by 
Messrs . Benardos and Olszewski, for moving the appa­
ratus along the metal so that the arc w ill only act at 
intervals previously determined. So that the work· 
mau's eyes wil l not suffer from the reiterated appear­
ance and extinction of the voltaic arc, the inventors 
supply the apparatus with a screen of colored glass. 
The arrangements of the parts as described do not 
seem altogether satisfactory. It is enough to note 
that in the apparatus of Fig. 2 no arrangement is pro· 
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vided for the automatic feeding of the carbon as it  
burns. The i�ea, however, upon wh ich these appara­
tus are based IS well worthy of consideration . I n  Ger­
many exper.iments are being conducted in m any large 
metal-workmg establ ishments to determine its practi­
cal value. The French patent has been acquired by 
Baron RothschiId.-L'lndustria. 

were £1,  787, 264 ; and at the close of this year they wil l  
probably reach £1, 9nO, OQO. T h e  n umher of messages 
transmitted in 1 869 was 6, 000, ( 00 ;  in 1870 there were 
9, 8[jO, 177 ; in 1880, th ere were 26,547, 137 ; i� 1886, there 
were 39,235,813 ; and at the end of this year (1887) thev 
w ill p robably exceed 52, 000,000. 

-

The n u m ber of m essages dealt with each day ranges 

to regar.d a record as an element of accuracy can only 
be convmced by actual  experience that it i s  an element 
of error, and t h i s  e x p e l' ience they will  not seek. T h e  
argument t h e y  u se a gai nst the adoption of  t h e  sou nder 
viz . , i ts l ia b i l i t y  to error, i s  devoid of allY foundatio� 
in fact. 

from 70,000 to 100, 000, nearly half of which are trans- Co mparati'Ve Retu1"1�, showing the Nwn ber a n d  De-

FIFTY YEARS' PROGRESS IN TELEGRAPHY. * mi tted messages w h ich have to be both received and for- s(;riptions of Telegmph lnst1'uments in the United 

warded, and therefore become, practically, two mes- Kingdom. 

By W. H. PREECE , F. R. S. ,  Vice-Prest. of the Society. 
THIS is the jubilee year of the electric telegraph in 

England. O n  July the 25th. 1837, the first  practieal 
trial of telegraph y  was made between E uston and 
Camden, on the London an d  Northwestern Railway 
by Co<?ke and Wh�atstone. Nine tedious years wer� 
spent In endeavormg to create enthusiasm amon" 
financial circles for this  voung and novel m ean s of 
commun.ication . The first 'company formed to d e velop 
the busmess of transmittin g  a n d  deliverin g  written 
telegrams was incorporated i n  1846 an d was cal led the 
Electric Telegraph Company. W i�es were speedily ex­
tended to every great center of trad e along the great 
ra!l ways tha� were then . bei ng developed ,  and abQut 
18<)1 th� bUBmeBs was fai rly established. Tel egrap h y  
and ra�lways h a v e  gro wn u p  s i d e  by side. I n  1851  
Bubmarm e  tel�g�aph y w a s  p roved w be p ractical . 
Cables were laId m 1 852 and 1 853 to France, Belgiu m ,  
Holland, and Ireland, a n d  from that year domestic  and 
international telegraphy gre w and prospere d .  T h e  
Electric Telegraph Com pany su ffered t h e  fate of al l 
prosperous in itiators of that wh ich is novel,  useful and 
successful. T·he val idity of their  patents was cor;test­
ed, tl,te strength of ��eir busines.s was assailed all along 
the hne by enterpnsmg competitors. T h e i r  monopoly 
was broken ; but �he p u b l i c  gained by th i s  act i v e  ri­
valry greater development of com munication and con­
siderable reduction of rates. We see the same p rocess 

b
going !In at the present day with respect to telephones, 

ut WIth less success. -
T he rates for messages, which werp, as high as 1 2s. 6d.  

for twenty words, were based on a sliding scal e. The 
rates f!lr a me�sage of twenty words were fixed at l d . 
per mIle for dIstances under 50 m i l es, then � d .  per m i le  
up to 100 miles, and Md. per m i le for a d i stance of more 
than 100 miles ; addresses for m i n g  part of t h e  twenty 
words. A message to.  Glasgo w cost 8!d . p e r  word to 
Manchester 5lod . ' 

Various red uctions took place from time to time. In 
18641 that is i n  les� than twe�ty .years, three great COlll­
P
fi

anIes com peted In every prmCIpal town for this  p ro-
table busmess of telegraphy. The Un ited K i n gdom 

Telegraph Company was formed in 186 t to introd u ce 
the un�v�rsal shi l ling rate ; b u t  the severi t y  of the 
CO!DpetltIon of theil' opponents was too g reat for t h i s  
spIrIted com pany, a n d  they had,  in 18G5, to f'u b m i t  to 
the following general tariff : Within Lon d on a n d  o t h e r  
towns , 6d. ; within 100 miles, 1 �. ; w i t. h i n  200 m i l es I s .  
6d. ; over 200 miles, 2s. , add resses bei n g  s e n t  free . ' 

The public now began to s uffer. Only the larger 
towns, where p rofi table b usin ess cuuld be tappeJ, were 
s�rved . The smaller towns were n eglected, a n d  great 
VIllages had to suffer the aggravation of seei n oo  posts 
and wi.re s pass throu�h their mai n thoroughfar;'s w ith­
out bemg a.ble �o avaIl themsel ves of this speedy mode 
of commUnIcatIOn. 

Telegraphy became a necessity of the age for the due 
an d  proper transaction of business. It became so 
closely allied with other modes of communication that 
pl!..blic opinion, i n  1868-69, forced the government to 
purchase and absorb a l l  the telegraph com panies and 
to �ra.nsfer their b!lsiness to the car� of the post �ffice, 
whIch h ad shown Itself so capab l e  In dealing with let­
ters and newspapers, and in establishing the pen n y  
post. 

The telegraphs of this country agai n became a great 
monopoly ; but there is a vast d i fference between a m o­
nopoly i n  the hands of a private speculative corpora­
tion, subject to no control but that of its o w n  close 
ring, and whose sole object is to earn dividends, a n d  a 
monopoly in the han ds of the government w hose sole 
object is to serve their m asters the p ublic faithfu l l y  and 
well , and whose actions are incessantly supervised by 
the j ealous and watchful eyes o f  those they serve, who 
have an equally watchful and much less tolerant press 
in which to air the i r  w rath and grievances and an 
active House of Parl iament ever ready to c�n nteract, 
and ref.orm real abuses when fairly an d  properly laid 
before It. 

It is i mpossible to conceive supervision more CO lll­
plete th�n that to which the post office is subject.ed. 
The receIver of every letter, the transmitter of e very 
message, the �ditor of every ne wspapel', the reader o f  
every news dIspatch, every house holder or busiuess 
man, can see for himself how his o w n  business is  con­
ducted ; h e  can growl and grumble to h is heal·t's con­
tent at any error or d elay that lIlay occur, with a cer­
ta�n knowled�e that his complai n t  has been heard, and, 
if J ust! remedIed, alt.hough h e  m.ay not always be satis­
fied. wIth the !l'tten tIOn he receIves. The telegraphic 
bUSIness of tillS country has reache"d. its  present d i lllen­
sions because the work h as been done well ,  and i t  has 
been done wel l because the mode of doing the b u s i ness 
has l?eell so well and so thoroughly supervised by the 
pubhc. 

The transfer of the telegraphs to the state took place 
on February 5, 1870. T h e  tariff established by Parl ia­
ment was a uniform tariff of l s. for t wenty words, ad­
dresses being sent free,  and this tariff remained in forcc 
WIt.il October 1,  1885, :when t�e present si m ple word 
t ariff of �d. per word, ll"respectIve of d istance, and i n ­
cluding addresses, with a minimum of 6d. , w a s  intro­
duced. 

The average cost for the transmission of a telegram 
immediately before the transfer was 2s. l t d. After the 
transfer it was red uced to I s. Id. I t  is  n o w  8d. 

The number of offices open to the public prior to the 
transfer was 2, 932, but owing to the exis tence of th ree 
large companies i n  the saille town, the n umber of towns 
in telegraphic cOlllmuuication was probabl y  not m ore 
than 2,500. 'rhere are n o w  6,514 offices open to the public. 

But the amount of business done is a better criterion 
of the benetits that the public have d erived from the 
trallllfer of the telegraphs to the post office. At the 
close of the year 1870, the gross receipts of the telegraph 
department were £612,301 ; at the close of 1886 they 

T!Je local traffic in London-that is ,  messages ema- ..: � � zl 'I' i '" ,j i � sages, al though they count as only one in the total. I 
- - - ---. - -

I 
n atl l Jg  from one part of London for del ivery in some � S -g � , ;a 0; ,, 0  '1 So 
other part, and passin g  through the central station- r' % 6 � 1 � � : � � E-< 
is very l arge. I t  ranges from 12, 000 to 18,000 messages -< <n '  -

per day. In 1 868 there were 60 offices open in the me- .---. --- -- - --- !-- -- -- ! -- 11 ___ _ 
t r d I '  - t h  300 d 

1877 . . . . . .  164 1,294 1 ' 692 1 3.680 21 0 4,m2 1 29 1 1 . 741 
ropo I S ,  ea mg WI . m essage" per ay ' there are 1878 . _ . . .  _ �67 1 .3"0 1,560 � .�95 2,'Y 4.�4; 859 I 1�,376 

now 480 offices, deali ng with an average of 15,000 mes- 1882 . .  _ . - - 224 2,000 ] ,380 .3 • •  91 313 4,398 2.035 I 14 091 
sages a day. 1886 . . _ . . .  384 3,181 1,368 4,003 388 3,883 5, 179 ! 18.386 

The total number of local metropolitan messages for 
i __ _ 

four weeks was : February, 1870, 138, 534 ; January, During the past ten years a complete revol ution h as 
1880, 726, 199 ; January, 1 887, 1 , 277, 838. A tenfold growth been effected in the quality and man u fact u re o f  
nearly. our instruments. Exact llI easurement an d sci entific 

PRESS ARRANGEMENTS. princi ples have supplanted rou gh and read y m ethods. 
. One of the great objections raised against the a,bsorp- I Compl ete specification a,n d  rigi� . i n spection h a ve re­

tlOJ?- of the telegraph s by the state was the d i fficulty pl�ced cheap and nasty c?m petl t lO n .  '1'h e  w orkman­
whwh the govern ment would h ave i n  transmittin g sh i p of a good telegraph H1 strull lent is t o be rivaled 
news. In no country is  t here now such a com plete sys- only by that of a chronometer_ Teeh n i cal t.rain i n g h as 
te ll� of tel �graphy for news p urposes as th ere is in the con verted .th.e workshop i n �o It sci en t i fi c  l abomtory. 
Umted Kmgdom. T wo com plete n ews circuits serve The rapI d  l Ilcrease of b u sl llP�s t h at. res u l ted from the 
al ways (day and night) the following important centers ut;J-i form s h i l ling tariff soon led to t h e  erect ion of m ore 
from London : W i res, an d t h e  m u l t i p l i cation of w i res soon att ract.ed 

1 .  Newcastle, Edinburgh, Glasgow, Dundee, Aber- atten�ion . to m �th ods of d u plexi n g a n d  q uad r u plex ing 
deen. the CIrCUIts. 'I he duplex system l I l ea n s  a l l Iode of 

2. N ottingh am, Sheffield, Leeds, B rad ford. sen d i n g  two m essages in oppos ite d i rect ions sat the 
3. Birmi ngham, Manch ester, L iverpool. same t i m e. T h i s  was shown t o  be pOf!'sible by Gintl .  in  
4 .  B ristol, Gloucester, Newport, Cardiff, Exeter, Ply- Vienn�, i n  18?:1, b);lt t h e  n ecessit.y for s u c h  a system d i d  

mouth.  not arIse u n t i l  18 . 2 ; and as at t h e  lI l o m e n t  a wan t  is  
5. Brighton , Portsmouth. felt someth i n g  is s u re to turn u p  to s u ppl y th i s  want, 
6. Dublin,  Cork, Belfast. so when duplex ing was needed Mr.  Stearn� arrived 
7. North ampton , Leicester, Derby. from America with a well worked out practical system, 
There are several other groups i n  the provinces served th !lt was at once ad.opt  ed , .  i

.
l l I pl'ove d ,  and perfected . 

from these centers, and every evening after 6 P. M. a StIll  furth er congestIOn arI smg, q uad rn plex wO I'k i n g, 
thi rd, and frequently (esnecially in the parliamentary or the art of send i ng four m essages Oil on e  wire at t h e  
session) a fourth circuit is made u p  to al l these stations same ti me, became desi rable,  a l l d  a practical quad r u ­
from Lon don. Each offi ce on each of these groups re- pl ex system , d u e  to Mr. Ediso n ,  w a s  i lll ported i n  877 

ceives si multaneously the n e w s  sent from London. fro�n the same i n ve n t i v e  an d practi cal region, t h e  
T h i rt y  ne wspapers obtai n t h e  u s e  o f  special wires with UnIted States. T h e  work of t h e  A ustrian Meyer o u gh t  
clerks' services, from 6 P. M. to 6 A . M . ,  many. l ike the also to be referred t o .  Later o n ,  i n  1 885 , a s t. i 11  fu rt her 
Scotsman, the Newcastle Chl'onicle, and the Manchester development was m atured in A m e ri ca, v i z , the l lI ulti ­
Gua rdian, havi n g two circuit s, and wh enevel' any great plex system of Delany, by which six lll f'S,ag-es can he 
pol it ical event arises, such as the delivery of a great simu ltaneousl y sen t on the same w i re ,  w h i (�h we h ave 
speech, al l the i m portant towns throughout the ldn g- adopted , a,nd the m a i n  featu res of w h ich I n o w � h o w  
dom receive s i m ultaneous l y  a verbatim re port of the you i n  action . T h e  c h i ef reason w h y  th ese sy .. telll s 
speech. There is not a town in the country where a have been matu red i n  AllI el ' ica is that the want 
d ai l y  paper is  p r i nted which i s  not p l aced after 6 P. M. h ll.s been experienced there before i t  was fel t here. 
i n  d irect (lom lll Unication with Lon d on and where there Neith er system was i n vented i n  A m erica-each was 
is not deposi t ed on every su bscri ber's breakfast table a i n vented i � Europe. 'I'here are ot .her wants that have 
nearly veTbati m report of the previou s  night's debate been experI e nced here fi rst. an d  those wh o have visi ted 
in Parl i alll ent. the States have fou n d  t h at E n gl i sh inven tions are 
. Th� pre�s rates are very lo w. The average price paid equ�lly appreciateq and adopted t h ere. It is in a.uto­
IS a l I t t l e  m excess of 2d. per 100 words. This entails a m atlc telegraph y that we have made the greatest ad ­
loss to t h e d�partlllent rough ly estimated at £200, 000 a vances. The following table i l lustrates the progress 
year, wInch IS the amount the p ublic is taxed for the made : 
su pport of the p ress. It is doubtful whether Parlia­
m ent knew when it passed this low rate that it virtu­
all y meant a subsId y to the press. The loss might be 
very materi al l y  dim i n ished, if there were less competi­
tion a n d  more union among newspapers and news 
agen des. As it is,  the same m atter has frequentlv to be 
sent twice over the same route, and the amount 'of un­
necessary news sent, and therefore unnecessary ex­
pen se, is enormous, m uch of it  fi n d i n g  its way into the 
waste paper basket. The suppl y of news, before the 
transfer, was very m eager. Reuter's telegrams, parlia­
ment�ry reports, general news, markets, races, were 
� ll'pphed for £200 a year. The com panies did this  
J Olll t l y, an d news was col lected as well as distributed ; 
b u t  the post office is simply a carrie r. It is Dot al lowed 
to col l ect, and it  i s  thus saved m u c h  of the obloqu y  
that attach ed to t h e  i rresponsible monopoly of t h e  tele­
gl'!lph compan ies. The average number of words sup­
plIed to each newspaper was said t o  be 4 000 a day.  It !s now roughly estimated at about an av�rage of 12,000 
m the recess, and 15, 000 or 20, 000 in the session. 

APPARATUS. 

It is, perhaps, in the character and form of the ap­
parat us used to transmit messages t h at the greatest 
progress has been made. It is d i fficul t to say w hether 
i n cfP,ased . bu siness has l ed to better apparatus, or 
whether l Illproved apparatus h as led to large busi­
ness. One thi n g  is certai n ,  that th e better the work 
is done t h e  m ore i s  busi ness encou raged, and work 
can not possi b l y  be well done if the apparatus used for 
d i scharging that b usiness i s  i nefficient or backward. 
W h en t h e  post office assumed the control of the tele­
graphs, it am algamated into one department an i ncon­
g�uous combin.ation of  various sy steI.lls, worked by 
d I fferently tramed staffs, d u e  t o  varIOUS com panies 
havin� been formed at d ifferent periods to work d i f­
ferent. paten ts. The Electric Telegraph Company 
established the needle system of Cooke & Wheatstone 
the prin ting system of Bai n ,  which merged into that of 
Morse, and the variou s  improvements patented b v  
Varley ; t h e  Magnetic Company fathered the m agnp,t[c 
system of Hen ley and the bell  system of Brigh t · the 
British . Comp.any i n t rod uced the system o f  H i ghton ; 
the U mted Kmgdom Com pany promoted the beautiful 
type-writer of Professor Hughes ; and the Uni versal 
Prh'ate Com pany was established to introduce the 
simple A B C  system of Wheatstone. 

,\\TordM per minute. 
1870 . . . . . . . _ . . . . . . . . . . . . . . . . . . . . . .  80 
1875 . . . . . . . . . . . . . . _ . . . . . . . . . , . . . . . 100 
1880 . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . 200 
1885 . . . . . . . . . . . . . . . . _ . . . . . . . . . . . . . 350 
1887 . . . . . . . . . . . . . . . _ . . . . . . . . . . . . . 450 

Speed t.o 
Ireland.  

50'3 
70 

1 50 
250 
450 

This i ncrease has been d u e  not o n l y  to i m provement 
in the d esign of the apparatu s ,  but to the steady ex­
amination of every, defect and its rilmoval, i ll the i n stru­
ment and on the l i n e .  It  would require a papel' of i tsel f  
t o  narrate t h e  ten years' confl ict w i t h electro-m agnet. ic 
inertia, static i n d u ction,  cI i l u at i c  influen ces, an d bat­
tery defects. T here s t i l l  e x ist.s in our syst('1I! a poten­
tiality of expansion. 'Ve are n o w  at.taeking the wi re�. 
Copper i s  replacin g- iron on our poles, with ,'ery advan­
tageous resul ts. Its better con (l ucti vi tv, and i ts entire 
freedom from electro - magnetic i ner·tia. give it an 
imlll.ense su periority o ,;er i ron . I t.s g-reat er price per 
ton IS compensated by Its lesser weight per unit resist­
ance. 

�e art; also examining and test i n g  various modes of 
laymg wIres underground, w i t h a view to a ttai n i n g  
greater speed of  work i n g, h i therto the great d i ffi cultv 
which has ch ecked the establishment o f  u n dergrou n d  
work. 

-
One consequen ce of t h e  i n trod uction of th ese ad ­

vanced systems of working h as been t h e  I l ecessity of 
educat i n g  the operati n g- staff i ll t h e  sei enti fic  and 
tech n ieal d etai l s  of t he b u s i n ess. - The a bsence of 
technical k n o w l e d ge i ll all hran ehes h as h i t h erto been 
a great d i ffi c ulty to surmount.  '1'he tech n ol ogical ex­
amination s  inaugurated b y  t.his society, and co n t i n ued 
by th(> City and G u il d s  Ins t i t.ute, have been 1 l l0St 
beneficial .  b u t  the m ost succpssfu l i n centive h as been 
the. selection and prom otion of th ose who have given 
theIr attention to t heir  own �ci ent.ific ed u cation_ 'fhis  
evidpnt n ecessity f o r  t.ech n i cal knowl edge i s  reacting 
o n  the h i gh er post-office officials, and one fin ( l s  al l over 
the country a h eal t h f u l  spirit of i n q u i ry arising-a 
stri v ing after somethi n g  better than the llIere perfunc­
tory d i scharge o f  official d u ties. 'I'h e re is  something 
so captivat i ng in the d e velopment of the practical 
applications of electricity, that th ose who make a 
stud y of it, especial l y  experimentally, fin d  in it 
moril real enj oyment than any puzzliu g over the vaga­
ries of th e m odern poet or pori n g  over the meaning . 
of ancient cyn i cs can afford.  A su ccessf u l  ex peri­
Illent is  a d i st inct  re velati on-an ad lu i ssion i n to courts 
where, a ccording t o Bacon ,  are found " secrets not 
d angerous to kn ow, sides an d parties not factious to 
h old, p recepts not penal to disobey . "  

We had telegraphs t h at appeal ed to t h e  eye I i I,e  the 
needle, those that appeal ed to the ear l i ke the bell 
some recorded signal s in i n k  like the Morse, other� 
printed their ch aracters in bold type l ik e  the H u ghes. 
Some were slow but simple,  l i k e  the A B C, others 
were fast but complicated, l ike the automatic. Time SNOWSTORMS. 

and patience were needed to consol idate into homo- We h ave been subiect., at long i ntervals of ten years, 
geneity t� is heterogeneous col lection of tel egraphs and to seriou s an d destructi ve sno w storll ls ,  w h ich have 
telegraph I sts. Some years elapsed before the doctrine seriou sly d amaged o u r  o vergl'ou nd w i res. 'I'h e  w i res 
of the survi val of the fittest was..establ ished. constructed a n d  m ai n tai ned by t h e  pos t office did n ot 

Now, in 1887, the predQminalJt tel egraph i n t'ltruments s u ffer very seri o u s l y, b u t  t h ose I l I ai u tained along the 
are the si mple sounder and the fast speed autom atic rai l ways out of London,  and th ose erected by the 
recorder. Reading by sound is confined almost exclu- telephone company overh ead, were severel y h an­
sively to the Un ited Kingdom and to the United States. d Ied by t.he elem ents. In fact, in London, many unre­
In E u rope there is  scarcel y a sounder outside our pai red telephone w i res are still seen dan gli n g  over the 
islan d s. This is very remarkable, for the sounder is housetops. No acci den t  to person has been record ed, 

la:.r�bttract from a paper read before the Society of Arts, London, May, simpler, more expeditious, and more accurate than b!lt the very serious inte!"ruption to comll�unication �lali 
any other key system. Those who have been educated directed earnest attentIon to the neceSSIty of pU'tlDg 
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IIlore wires underground. It has always been the prac­
tice of the post office to do this i n  Lon Jon and large 
cities, but not only the excessive cost, but the dilll in­
ished s peed of worki ng, has hitherto prevented i ts being 
done to any large extent in  the country. The postmas­
ter-general has now under his consideration a sche!ne 

This  givps a total of 14 engines, and a total of 364 / RAILWAYS. 
nOllJ inal horse power for working the 1 12 pneumatic The monopoly which the postmaster- general pos. 
tubes now in use. sesses regarding telegraphy only applies to message 

SUBMARINE CABLES. carrying for profit -it does not apply to those nu mer· 

for using underground wires more extensively, and 
there is nothing whatever to prevent this being done by 
the telephone cOlll panies. In fact. in · many cases, tele-

Gov:&RNMENT ADMINISTRATIONS. 

ous wires that are req uired for the protection of life on 
railways. Each of our large railway companies has a 

No. of Length in nau· distinct telegraph svstem of i ts own employing a very 
Cables. tical miles. large staff, and used for the purpose of regulating its 

phones work better u nderground than overhead. 'rhe 
laws that govern the transmission of speech are now Germany . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  
thoroughl y  known, and the fancied difficulties in  using Austria . . . . . . . . . . . . . . • . . . . • 
u ndergroulld wires have van ished into thi n air. Denmark . . . . . . . . . . . . . . . . . . . . . . . . . . . 

In London alone we h ave 2;i5 miles of pipes, contain- Spain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
ing 10,212 mi les of w ire. I II fact, all our great trunk France . . . . . . . . . . . . . . . . . . • . . . . . . . . . .  
l ines are o u t  of danger frolll stoppage from storms. Great Britain and Ireland . . . . . . . . . .  . 
We have 868 miles of open wire i ncluded within the Greece . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
metropolitan area, but these are ch iefly in the suburbs, Italy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
and include long outlying sections, used either for po- Norway . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
lice or fire brigade wires, or for private persons. Netherlands . . . . . . . . . . . . . . . . . . . . . 

There are 213 offices in Loudon now served wholly by Russia in Europe and the Caucasus .  
buried wi res. It w i l l  b e  seen.  the/'efore, that the post S weden . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
office has been ful ly al i ve to the drawbacks attending Turkey in Europe and in Asia . . . . .  . 
the existence of overhead lines in crowded centers. Cochin  China . .  ' "  . . . . . . . . . . . . . . .  . 
It is steadi l y pursuing the same policy, and although British I ndia, Indo-European Tele­
some open wires must exist if telegraphs are to exist at , graph Department . .  , . . . • . . . . . . . 
all in certain localities, still the overhead proportion, British India, Indian administ.ration 
as compared with the u nderground, stea dily di minishe s. Japan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Comparative RetuT1�, showing the Mileage of Line and Russia in A sia : . . . . . . . . . . . . . . . . . . . . . . 

Wire in the United Kingdo m. South Austra!la . . . . . . . . . . . . . . . . . . . .  . 
New Caledoma. . . . . . . . . . . . . . . . . . . . . 
Dutch Ea5t Indies . . . . . . . . . . . . . . . . . . . 
New Zealand . . . . . . . . . . . . . . . . . . . . . .  . Overhead. Underground. 

Year. British America . . . . . . . . . . . . . . . . . . .  . 
Brazil . . . . . . . . . . . . . . . . . . . . . . . . . • . . . " . 

35 
31  
36 

3 
46 

104 
45 
22 

236 
20 

5 
9 
8 
3 

5 
67 
11 

1 
5 
1 
1 
3 
3 

19 Line. I Wire. Lille. Wire. 

---- 1- --- -- --- --- TotaL . . . . . . . . . . . . . . . . . . . . . 719 
Miles. Miles. Miles. Miles. 
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461 
96 

123 
127 

3,197 
876 
457 
6 1 3 
228 

59 
201 

61  
8ilO 
810 

1 , 718 
155 

55 
70 
49 

1 
31 

196 
200 

19 

10,142 

1877 . . . 
1878 . . . 
1882 . . . 
1886 . . . 

28, 766)4 
24,438:!i 
25, 001 Yz  
26,425 

101 , 627!4' 
102 , 074 
1 1 1 , 8 1 1% 
150, 590 

394%, 
445�4 
478% 
677% 

8,O t 3%, 
9, 023 

10,993)4 
19, 605 COMP ANIEe. No. of Length in nau· 

To provide a scheme extending throughout the king­
dom to only connect the more im portant towns, and 
uniting those towns hy less than hal f the existing num­
ber of overhead wires, would cost something l ike 
£2, fiOO, 000, and i n  these days of attenuated exchequers 
such an outlay is very serious to incur, although it may 
effectually guard against stoppages ranging fI'OIll three 
days to three weeks, once in five years or so. 

TELEPHONES. 

In 1877, a most striking departure in telegraphy was 
made by Professor Graham Bell, in  America, who 
showed that it was possible to reproduce for com­
mercial p urposes the human voice at great distances. 
The telephone sprang i n t.o existence almost perfect in 
its action, and with the improvements immediately af­
terward introd uced by Mr. Edison and Pl'Ofessol' 
Hughes, it has continued to p rogress with giant 
bounds .  In  America there were on December 81 ,  1886, 
353, 5 1 8  telephone receivers and microphone transmitters 
in use and under rental. The total number of sul)­
scrihers to exchan ges is 147, 068. In Europe the number 
is very great. The number of exchanges in England is 
184 ; there are 19, 784 subscribers, but there are 1 01 ,000 
telephones in use as royalty-paid receivers and trans­
mitters. 

Stockholm has shown a remarkable development.  
With a population of 2 1 0, 000-about the size of Edin­
burgh-there are over 5, OOO subscribfl l'S to the exchange, 
whi le in Edinburgh there are on l y 3 i 2  

PXEUl\IATIC TELEGRAPHS. 

The Electric Telegraph Com pany introd uced, in 1854, 
a pneumatic tube of lead p rotected i n  i ron pipes, be· 
tween their central station in Lothbury and the Stock 
Exchange, through which the messages themselves, i n  
slllai l leather carriers, were driven. 'r h e  system proved 
so economical and rapid that it was extended in the 
City of London, Glasgow, Liverpool, and in  Man­
chester. 

At the transfer there were altogether 2 l lI iles 1 , 625 
vards of pipes laid down, but now there are in : 

London . . . . . . . . . . . . . . . . . .  32 m iles, 1 ,209 yards. 
Birmingham .  . . . . . . . . . . . .  0 :: 1 ,��� : :  
Liverpool . .  . . . . . . . . . . . . . 5

" " Newcastle . . . . . . . . .  , . . . 0 1 ,204 
Glasgow. . . . . . . . . . . . . . . . . 1 " 768 " 
Dublin . .  . . . . . . . . . . . . . . . .  1 " 1, 018 " 
Manchester.  . . . . . . . . . . . .  . 2 " 233 " 

Total . . . . . . . . 0 • • • • •  44 miles, 1 ,737 yards. 

Cahles. tical miles. 

Submarine Telegraph ComC.any . . . .  10  803 
German Union Telegraph ompany 2 1 ,119  
Hamburg - Heligoland Telegraph 

COInpany . . . . . . . . . . . . . . . . . . . . . . . 2 40 
Direct Spanish Telegraph Company 2 699 
Spanish National Submarine Tele-

graph . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 1 , 172 
India Rubber, Gutta Percha, and 

Telegraph 'Vorks Company . . . . .  2 1 22 
West African Telegraph Company . . 1 1  2, 825 
Black Sea Telegraph Company.  . .  . 1 351 
Indo-European Telegraph Company 2 14 
Great Northern 'relegraph Company 20 6,108 
Eastern Telegraph Company . . . . . . . .  5il 18, b38 
Eastern and South African Tele-

graph Company . . . . . . . . . . . . . . . . . 5 4, 554 
Eastern Extension, Australasia and 

Chi lla  Telegraph Company . . . . .  ' 21  12, 035 
Anglo-American Telegraph Com-

10,437 pan y  . . . . . . . . . . . . . . . . . . . . . . .  ' "  15 
Direct United S tates Cable Company 2 2, 988 
Compagnie Francaise du 'l'elegraphe 

de Paris a New York. . . . . . . 4 3,409 
Western Union Telegraph Company 4 5, 1)37 
Commercial Cable Company . . . . . . .  6 6,937 
Brazil ian Submarine Telegraph 

Company . . . . . . . . . . . . . . . . . . . . . . . 6 7,326 
African Di rect Telegraph Company. 7 2, 739 
Cuba Submarine Telegraph Com-

pany . . . . . . . . .. . . . . . . . . . . . . . . . . . . .  3 940 
West India and Panama Telegraph 

Company . . . . . . . . . . . . . . . . . . . . . . . 20 4, 1 1 9  
Western and Brazilian Telegraph 

Company . . . . . . . . . . . . . . . . . . . . . 9 3, 801 
River Plate Telegraph Company . . . .  1 32 
Mexican Telegraph Company . . . . . . .  2 709 
Central and South American Tele-

graph Company . . . .  , . . . . . . . . . . . . 9 3, 178 
West Coast of America Telegraph 

'7 Company . . . . . . . . . . . . . . . . . . . . . . . . 1 , 698 

Total . . . . . . . . . . . . . . . . . . . . . . 231 102,531 

SUMMARY. 

OFFICES. No. of Length in nau-
Cables. tical miles. 

Government administrations.  . . . .  . . .  719 
Private companies. . . . . . . . . .  . . .  . . . . . . 231 

Total . . . . . . . . . . . . .  0 . . . .  • . . . .  950 

CABLES. 

1 0, 142 
102, 531 

112, 673 

own traffic. There are about 80,000 miles of wire erect­
ed for the purpose, and probably 20, 000 instruments in 
use of various kinds. The apparatus used for telegra­
phy is invariab ly the needle, though generally  on the 
wirp.s connectillg the post offices sounders are employed. 
The apparatus used for block working is very various. 
Every great railway out of London has a different sys­
tem. The survival of the fittest has not vet asserted 
itself. But they all work well, and without electric 
signalillg the working of our railway system would be 
absolutely impossible. 

FINANCE. 

The financial position of the telegraph business is 
sound. The amount of capital debited against tele­
graphs is £10, 140,000 ; of this £7,000, �00 was the purchase 
money, the rest has been expended in extensions and in 
furthering the busi ness. If the trust which the post 
office undertook on behalf of the public were handed 
back to the care of private enterprise, we should hand 
over a going business drawing a gross revenue of n earl y 
£2,000, 000 per annUlll, and assets which JIlay be esti� 
mated at £4,000, 000. If financiers were willing to pay 
several mi l l ions  for a single brewing business in Dub­
lin, what would they pay for a grand im perial monop­
oly, serving every town in  the United Kingdom, and of 
which every person in these islands is a customer ? 

It is very much the fashion to decry the terms of 
purchase. Doubtless, the terms paid were very high, 
and the post office auth ori ties who negotiated the pur­
chase were unnecessarily hurried, and perhaps over­
matched, hy the railway companies, for they had to pay 
twice over for certain privil eges. Even Mr. Fawcett 
proposed to wipe out as wasted capital the excess paid 
for telegraphs, Ilnd call it a bad debt. As the bargain 
stands, the public have not been losers. A g-overnment 
department cannot compete in  economy with an ordi­
nary commercial firm subject to com petition ; never­
theless, the business done pays a dividend on the capi­
tal expended. The balance of profit for the year end­
ing 31st March, 1886, if our accou n ts were made out on 
cOIIlmercial principles, was £160.000. 

It is amusing, after this length of time, to read the 
arguments that were adduced against the absorption 
of the telegraphs by the state. E very reason has been 
proved wrong, every prophecy has remained unful­
filled. I can say this with a good grace, for I was one 
of the prophets. 

The advantages of a staie-controlled telegraph sys­
tem have been amply shown. There has been e�tab­
lished a oheaper, more widely extended, and more ex­
peditious system of teJegraphy ; the wires h ave been 
erected in d istricts that private companies could not 
reach ; the cost of telegrams has been reduced, not only 
in their translll ission, but in their delivery ; th e number 
of offices opened has been trebled ; a provincial and an 
evening press has been virtual ly  created. Adam Smith 
said that the post office was the only k i nd of business 
that government had al ways managed with success. 
We can now add telegraphy. . 

The longest tube is that between the central s tation, 
general post office, and the House of Commons (3, 859 
yards), through wh ich 700 messages are sometimes sent, 
each carrier taking about  s ix minutes per journey, but 
intermediate signalers being employed, carriers can be 
dispatched every two minutes. In most cases there are 
two tubes, one for sendi ng and the other for receiving­
through one the messag<-'s al'e blown, throngh the other 
they are sucked··-the engines and pU llI pS being in all 
cases i n  the central stat ion. At the time of the t.ransfer 
the engi ne power employed was as follows : 

Engines. 
London telegraph station . . . . . . . ' "  ' "  . . .  1 
Birmi ngham . . . . . .  . . . .  . . . . . . . . . . . . . . . . . 1 
Li verpool . . . . . . . . . . . .  , . . . .  . . . . . . . 1 
Manchester . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . 1 
Glasgo w . . . . . . . .  , . . . . . . . . . . . . . . . . . . . . .  1 

h. p. 
20 

I) 
8 

10 
6 

In the d iscussion which foll o wed, Mr. J. W. Batten 
said he was more acqu ainted with telephony than with 
telegraphy, being the recipient of one of the first in­
struments made by Professor Bell, and one of the origi­
nators of the United Telephone Company. Comparing 
telephony in England and America was like comparing 
an eagle in the Zoological Gardens with one in a state 
of freedom. Telephony in  Eng-land was restricted by 
the post office, but i f  it were allowed one·q uarter of the 
free play it had in America. very d ifferent results would 
be seen. When he was in Cali fornia last year, and in 
Buenos Ayres the year before, he paid special attention 
to the working of the telephone, and in both places h e  
found i t  had developed because i t  was allowed t o  d o  
so. Here h e  could not telephone t o  a shopkeeper to 
call a cab for him, because the post office said it was a 
message. In America he could call to a shopkeeper, 
.. Be kind enough to send a cab to my house, " and it 
was done at once ; and he was told the cab was com­
ing. In America h e  coul d  send a mpssage to a commis­
sionaire at one of the offices to send some one to execute 
a commission, such as to fetch his dress clothes from 
home, but he could not d o  that in England, or if he 
could, he could not send a message to his wife to say 
where he was going to dine. In San Francisco he  
counted forty-seven stable-keepers on the  telephone, 
one hundred and eight doctors, and about seventy-four 
chemists, and the way it was worked was this : Almost 
every respectable house was on the telephone, and if 
the doctor was wanted he was telephoned for. While 
dressing he telephoned for a cab, which was at the door 
by the time he  was ready, and immediately he had 
seen the patient he telephoned the prescri ption to th e  
chemist, and in a few minutes t h e  medicine was a t  the 
house. In every Rtreet in America you found a shop 
in which were two or three young ladies with tele­

The exclusion of private enterprise from telegraphic phones, and fOJ' 2Yzd. one of these young · llldies would 
undertaking i n  these i8lands (Ioes not apply to our send a message for you or you could do it yourself. At 
colonies and to the ocean. The g-rowth of submarine San Francisco there was communication with one hun­
telegraphy has been enormous. We read in our news- dred and two towns and vi l lag-es i n  the neighborhood, 
paper e very morning the previous day's doing-s in e very one of them, Sacramento, being 104 m i les distant. In  
quarter of  the world. The Times of Monday morning fact, everythin g was done to  popu larize the  telephone, 
last had two and a half colum n s  from Philadelphia, and it was entirely free from government supervision 
one column and a half from India, a dispatch from or control . Invention always succeeded where there 
Natal, another from Melbourne, and news from every was freedom. It was very respectable to be in livery, - capital in Europe. but it was much better to be free. He did not say that Total nominal horse power . . . . . . . . . . . 50 In 1851, two or three far-seeing individuals, prom i- the post office aut.h orities were not, to a certain extent, 

The engine power employed at present is as follows : nent alllong whom was our own vice-president, Mr. T. right in handicapping the telephone, havin� bought 
Engines. h. p. Crampton, lrisked their capital in laying a cable be- certain telegraphic rights ; but when the public blamed 

London-St. Martin 's-le·Grand -condens- tween Dover and Calais. Now there are 112,673 IlIiles the telephone companies, they should remember that 
ing eugines. (Three are working and of submarin e  cablp. resting on the bottom of the ocean, they were not allowed to go along a single line of rail-
one spare) . . . .  . . . . . . . . . . . . . . . . . . . . . 4 each 50 which have absorbed a capital of £37, 000,000 way, to enter a rail way station, to call a cab, or silarcely 

Liverpool-condensing engines (two are No less than nine cables cross the Atlantic. All our to do a single thin g  wh ich was d one in America. 
workin g  and one spare ) .  . . . . . . . . . . . .  3 , 4  3 0  itnportant colonies are i n  connection with London-the Mr. Alfred Ca.rplllael said it would appear from Mr. 

Manchester-(one is working and one heart of the world. Laying and repairing has become Preece's papers, given there from tillle to time, that 
spare) . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . .  2 H 10 a shnple and a certain lnatter in any depth and in every they ought to be very lunch obl iged to the post office for 

Birmingham . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  1 6 sell.. A whole fleet of shi ps-ovel' thi rty-are main · having taken over one of the great industries of the 
Glasgow . . . . . . . . . .  , . . . . . . . . . . . . . . . . . . . . .  1 20 tained for the purpose. Submari ne telegraphy has country, and he was not disposed to deny that in some 
Newcastle-on-Tyne ' "  . . . . . . . . . . . . . . . . .  1 8 become a solid property-the main result  of British I cases there might be sOllie s l ight advantage ; isolated 
Dublin-(one is working and one spare) . .  2 each 1 0  ski l l  and British enterprise-unaided by government vil lages might have got the telegraph a little sooner 

- -- support. ;rhe apparatus used is prineipally Sir William than they wou ld have had it if the company of which 14 134 Thomson s recorder. Mr. Preece was so able an official had still continued to 
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carry on business ; but he very much doubted whether 
they had the sixpenny telegram as soon as they would 
h ave h ad it if  the government had not taken t,hem over. 
'1'.le matter was actually under consideration in 1869. 
'There was one fact whic h  evi dently weighed even with 
Mr. Preece. England at one time was i n  the foremost rank 
of inventors. Cooke and Wheatstone got a tel egraph 
to work be fore any one else did, but from 1869 in this 
country not one sin gle i n vention of im portance had 
been produced. As an E n glishman ,  he felt humiliated 
when he heard such name as Stearns, Delany, and Bell 
-for we had no one to put beside them. Why was 
this ? Mr, Preece said it was because, whenever they 
wanted an i n vention, there came just in the very n i c k  
of t i m e  some one from America with one. But su ppos­
i n g there had been a government m onopoly in Ame­
rica ; he doubted whether the some one would have 
stepped in, in the nick of time, and probably telegra­
p h y  wou ld have progressed as slowl y  in America as it 
had done h ere. At the close of the paper, Mr. Preece 
said that tel egraph y  was free in the colonies, and that 
subm arin e  telegl'aphy had progressed there with i m­
IlI eIlse stri lles,  b ecause there was freedom, and people 
might d o  w h at they liked. H e  believed, whate ver their 
obligations to the post office migh t be, they must at 
least make a deduction for its having stifled inven tive 
gen ius.  I n ventors freq uently came to h i m ,  so meti mes 
with electric telegraph inventions, an d sai d they were 
told it was no use patenti n g  them, because the govern­
ment woul d  not touch an u ntried thing, and they could 
not try them themseh'es. If an Am erican came to  the 
govern ment, he had this ad vantage, that he had been 
allowed to try his plan in his own country, and it h ad 
proved a su ccess, and he was therefore i n  a posi t.ion 
almost to compel t h e  go vern ment to take it up. One 
thing he was glad to hear from MI'. Preece, alld that 
was the right of the public to gru m b l e, all d  that if 
their grumbling had any j ustice i n  i t, i t  would be at­
tended to. He was extremel y glad to hear that, be­
cause he h ad that day add-ressed a complai nt to the de­
partment on hi.s own account.  A regu l at i on had been 
passed in his neighborhood, that a telegmm with the 
sallle address as l etters which found h i m  by e very post 
should not be deli vered, u nless he paid an extra six­
pence for what they were pl eased to term redirecti n g. 
He was quite satisfied that it was not an unll1i xfld ad­
vantage that the telegraphs were handed over to the 
govf'rn Illent. 

ad mirable for their sim plicity and perfect operation ,  
a n d  in which the skill of t h e  constructor disp utes w ith 
the ingenuity of the inventor. 

Mr. Carpentier's device, as a whole, embraces three 
apparatus : 

1 .  The melograph , an apparatus that electrically 
registers the m usic played. 

2. Th e perforator, a translating apparatus that per­
forates the paper ban d s  of the melograph and renders 
them suitable for the melotropic reprod uction. 

3. The melotrope, an a pparatus wh ich , placed upon 
any piano whatever, perm it� o f  reproducing musical 
i m provisationR, without requ i ri n g  any other talent 
than that of knowing how to turn a winch with regu­
lal'i ty. 

the band regularly upon wh ich the inscri ption is made. 
This 1lI0tor is an electric one, and i s  actuated by six 
small accumula,tors. What d istinguish es it  is its regu­
lating parts. A fly w h eel of an ' exaggerated l y  llJassive 
aspect absolutely prevents such disturbances i n  the 
ve.locity as might tend to occur on t.he entrance iuto 
l in e  of any num ber of trac i n g' devices. 

The velocity regul ator consists of a centri fugal force 
apparatus, w h ich,  wh en the velocity tends to exceed a 
certain l imit, breaks the circuit of the accu lUu l ators 
and thus suppresses the moti ve power. The speed 
tends to sl acken , the contact c l oses a.new, and so on . 
In practice, these variation s do not  exist, and.  t h e  sys­
tem assumes a state of equ i l ibrium correspolld i n g  to an 
iw perfect contact that let.s a sufficient current pass to 
keep the velocity constan t, not only in the eou rse of 
one experiment,  but from one experi m en t  to all oth er, 
whatever be the interval between them . 'r he \'eloeity 
with which the paper moves is three meters pel'  llI in­
ute. 

The third part of the melograph is the receiver, the 
principal parts of 'which m a y  be seen i n  Fig. 1 .  A 
channeled cylinder placed above the band of paper 
may be considered as a u n ion of a series of pu l l eys, 
w h ich , being con stan tly inked by a rollel', pl aced 
above them , represen t so many i n king rollers al  ways 
read y to d eposit the visible traces of the tran s m i tted 
signals upon the paper. 

Under the paper, a series of vertica,l st.yles, each oppo­
site a roller and each actuated b y  an elect 1'0, l i ft� t h e  
paper a n d  pres�es i t.  against t h e  i n ked roll ers every t i l l ) e  
the correspon d i n lr  keys are depressed . To t h i s  effect t h e  
thirty-seven elect ros are connected with t h e  cont a cts of  

,the corresponding keys of the piano by th i t·ty-sel'en 
wi t'es th at serve to close the circuit of each of the electros 
upon the accnmulators, the ret urn current pa.ssi n g  
through still  another w i re. 'l'he conn ection between the 
piano transmitter and the melograph is ", ade by a b u n­
dle of thi rty-eight wi res termin atiilg at th e two extrem i­
ties  in contact COlli bs set into ea ch of the apparatus and 
simultaneously establ i shing al l the cOlll lllun ications. 

The paper is  carried along regu l arl y by t h e  edges, 
through r ollers that are set in actioll or stopped by a 
gearin g  arranged i n such a way that the paper can be 
unwou nd only for the time strI Ctly nece�sary without 
the m otor bei n g  stopped. The inking rol l e r  has a 
longitUdinal to a n d  fro motion that has t h e  effect of 
securing a regularity in th e inking of the small rollers. 
When the apparat us is not in operation,  the i n k i n g  
roller is  moved back so as  to prevent soiling. 

A large n u m  bel' of arrangem ents, upon wh ieh it is 
u n n ecessary to d well,  perm i t  of renderin g  the a p p ara­
t u s  of easy m an agem ent. The llIodel p resen ted by Mr. 
Carpentier to the l earned societies h as been operati ng 
n early every day for almost a year without acciden t. or 
hin drance. It is ,  therefore, a truly practical apparatus, 
and one which solves the prohlem of the al1tollJ atic in­
sGription of music i n  as perfect and complete a lIJann er 

MI'. Preece said he al ways felt a certain amount of sat­
isfaction in bri n ging forward anything connected with 
the post office, because it  gave e verybody a chance fOI' a 
growl, and fortunatel y, the complaints were very ea8i 1y 
answered. Taking Mr. Batt.en first, this was an o l d  
subject o f  h i s, the restrictions w h i c h  t h e  post offiee p u t  
on the telephone, a n d  t h e  greater freellom w h i c h  pre­
vailed in America. He (Mr. Preece) had been to 
America especial l y  to look into t h i s  question, and he 
found t h at in America a te l ephone company could not 
erect a post in the street of any tow'n without pa.ying 
a tax of fi ve dol lars, nor carry a w ire t h rough a street 
without bei ng taxed four or live dollars it mile for 
it. In l I Iany S tates, i nstead of having to pay a tax of 
ten per cent. to the govern ment, they had to pay more 
like twenty -Ji I'e or even thirty per cent. , and i n  one 
State-Indiana -the government not on l y  restricted 
the passage of the w i res through the  to wn, b u t  re­
stricted the charge to be made to su bscl' i  bel's ; so that 
at presflnt there was not a single telephone at work i n  
a country as large a s  England, becanse t h e  companies 
would not sub mit to this grand freedom that Mr. 
Batten spoke of. Had MI'. Batten ever tried to ca l l  a 
cab 15)· telephone ? Why, long before be could get his  
call  answel'ed by the young woman at the exchan ge, a 
messenger would have gone to the cab sta n d  and 
brought the cab. The reason why cabs and doctors 
were not called was not because there was any restric­
tion, but because the thing was so badly worked. A 
short time ago he was in the North with a fri end, and 
after d i n i ng comfortably, they went into the smoki n g  
room, where there was a table laid out with telephones 
upon it, and on applying them they coul d  hear the 
opera. Could that be done in London ? and was it on 
account of the post office restrictions ? I f  you wanted 
to know how to work the telephone, you m ust go a way 
from London, to Ne wcastle or Liverpool, and away 
from Mr. Batten's company, Here, if you got hold of 
a tele phone, yo u had to wait a long time before you 
were i n  comllIunication, and then you were constantly 
interrupted by other persons' messages. Similar re­
strictions to those in London also exist.ed in Paris, but 
there were many more telephones in use t here. 

====� as cou ld be desired. In such Illelograph ic in scri ption 

Mr. Carpml1el said there were no  inventors in 
E n gland, bllt i t  m ust not be forgotten t.hat the i n ven­
tions of  S i r 'V i I I iam Thomson we I'e used e verywhere, 
as was also the microphone i n vented by Professor 
H ughes ; in fact, all the great i m provemen ts, from 
those of Varley down,  were b rought out in England. 
The most i m portant circu i t  inventions which were i n  
use i n  e very capital o f  E u ro pe had been brought out 
in England. The officials of the post office did not 
patent i n l'entions, and, conseq uen tly, any im prove­
ment brought out by the m  was not identi fied w ith any 
name. The paper itself cont.ained sufficient evidence 
to refute any notion that in vention was sti fl e d  in 
E n gland. On the contrary, he believed the paper 
proved t.he very reverse. 

================= 
T H E  MELOGRAPH AND MELOTROPE. 

FIG. 1 .-THE MELOGRAPH. 

1 .  The MeZo.qraph. --T he m elograph is designed to 
preserve the traces of all motions gi ven to the various 
keys of a keyboard during the execution of a piece of 
llI usic. It forllI S an entirely independent apparatus, 
w h i eh i s  simply p u t  in connection with the keyboard 
b y  a b u n d l e  of  wires, each of which corresponds to a 
key and through which electricity serves as the agent 
of transmission. 

Being gi ven th e n atu re of the phenomenon to be 
registered, that i s, the depression of II. key. and the 
mode of tran smission adopted, that i s, electricity, the 
problelll i s  natu rally reduced to a question of chrono­
gl'aphy that the Morse telegraph completel y solves. 
So the melograph m ight well be compared to a Morse 
telegraph, and the arran gement and operation of it 
cannot better be understood t han b y  a reference to 
t h at apparatus_ It fu rnishes inscriptions in ink upon 
a conti nuous band of paper, which mus t be i deal l y  
consid ered a s  the uu i on of a certain nu mber of n arrow 
bands, each of w h ieh is reserved for a key of the piano. 
One of the main difficult ies that had to b e  conquered 
was the red uction of the w idth of the elementary 
bands to a minimu m, while at the same time rendering 

each note is  represented by a line whose pos ition , with 
respect t o  the edges of  the  sheet, corr�sponds to i ts 
m u sical pitch in the gamut of the piano, and whose 
length corre8ponds to the duration of the n ote. Th e  
mot1/s formed b y  t h e  succession of the n otes i n  the 
continuity of tim e  t h u s  find a representation at once 
faithful an d ex pressive in the characters that are 
formed in the space occu pied by th e i n scription, Fig. 
5 shows an example o f  such writing. . 

But melograph i c  w ritin g, though very satisfactory 
in theory, cou l d  not be of any practi cal application. 
Alth ough i t  cOIJtai n s  all the el elll f n ts of the llJeasure, 
it contains them m asked by the th ousan d s  of i rregn­
larities that sentiment as well as the hesitation 01' want 
of skill of the lIJ usician i u trod u ces, and peJ'lu i ts i n  n o  
wise of seizing that s imple and definite accordance t hat 
the com mon n otation shows so wel l . O n  another han d ,  
a s  regards musical gram m ar, t h e  inscri ption th us ob­
tained is, wit h respect to the pi ece that the m usician 
would really have written on staYes, what stenography 
is to speech i tself. I n  a word, a composer put i n  pos­
session of a melograph ic i n scription of one of his pro­
d uctions would be i n capable of read i ng it on tho stand, 
and, i n  order to translate it into COlll lllon notation, 
would have to devote himself to a long, troublesom e  
work of interpretation. 

IF it required a new proof of the fact that intelligence 
does not Euffice to secure suecess when it is not seconded 
b y  energy, perseverance, and labor, we might find it  in 
the history and genesi s  of the apparatus that we now 
have the pleas ure of  presenting to our readers. 

Separate sol utions, more or less perfect, of  the two 
prob le llls of registering UJusical im provi sations and 

FIG. 2.-MELOTROPE ARRANGED UPON A PIANO. 

mechanica l l y  reproducing music h ave existed for a their operation sure. In the model h ere described, long time, but it  was for Mr. Jules Carpentier to sol ve each band measures but 3 IlI IIi. ,  say 1 2 Clll . ,  including the first of these by uniting Qoth of the m, and thus m argins, for th irty-seven notes or three complete oc­givi n g  them a practical val ue that they would n ot taves. 
otherwise have had. The first research es of Mr. Car- The melograph comprises th ree parts. The first of 
pen tier date back many years. His first apparat ns these i s  the transmitter, which is placed u n der the keys 
was a repeati ng melograph (applied to a harm onium) in the n arrow, but sufficient, space that i s  found i n  all 
which pe l'forated strips o f  paper, and the music wa� pianos. It i s  in the form of a narrow wooden ruler repeated b y  lIIeans of an electric harmoniulll . Through carrying a series of flexible strips, each of wh i ch is  grad ual si lll plification an d i ncessant i llipro vement Mr. placed under a key,  and, low ering and rising with the 
Carpenti er has now succee d ed in registerin g  the m usi- key, establishes a contact that is so much the more eal i m provisations played upon any key board i n stru- prolonged in proportion as the key itself is kept �nt, and in reproducing them through any keyboard I depressed. 
illtftrllment wlilatever by moon s  of apparatus that are The second part is the motor dl/signed to move alo'ng 

In order to get around the d ifficulty, and ren der the 
vaJuable data furnished b y  the melograph at once utiliz­
able,  b u t  one way presents itself to the mind, and that is 
to ask mechan ics to do what th e  composer 'cannot, that 
is to say, to reread in a lou d voice the productions regis­
tered. 

It was for solving such a problem th at Mr. Carpentier 
devised the m elotrope and the mech anism called a per­
forator. 

The Perfo1'ato1'. -The role of the perforator is identi­
cal with that of the tran slator i n  ord inary l i fe, and may 
be d efined thus : Bei n g  gi ven an apparatus capabl e  
of tracing merely m l l si cal  w riting of a form , A, 
and a second that reads another writing of form, 
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B, to convert the writing, A, i nto the writing, B. with grooves into w h ich can enter the ldver ends, H. 
The perforator plays such a role by converting the With a continuous pap' ' havi ng no apertures these 
printed ban d into a perforated one by means of punches levers are h eld in a nOrIIL.. oosition ; but when an aper­
maneuvered by the hand of the o pera tor. In real ity, ture presents itsel f, the lever arm , p u l led by a spri ng, 
the m usic is inscri bed u pon a band of fine paper and d escribes a slight Illotion aro u n d  the axis, I, in a 
mounted upon a thicker sheet of paper of sufficient direction from right to left. In Fig. 3 may be seen al l  

instrument resound fron; the wOl"k expended on the 
w i nch to make the cyli llder, C, re v olve. '1'0 this effect, 
t here is fixed to each finger, by one of its extremities, a 
cord that makes t*,o an d a half re volutions in a groove 
in this cylinder, and is  attached by ,he other extrem i ty 
to a small  wooden sector, R. The circumferenC'e of the 
latter is ,  at rest, very near the surface of the Illoti ve 
cylinder, but d oes not touch it, so t h at the Illotive 
cylinder can revolve w i t hout carryi n g  along the sector. 
I f, through the p l ay of t h e  geari n g, the sector chances 
to be led, by a sl igh t . 1lI0tion of the fin gers, P, into con­
tact with the 1lI 0tive cylinder, it rises through friction, 
and exerts a tension on t h e  cord affixed to it, and at the 
other ext relll ity of the cord we obtai n an i n comparably 
greater force, the effect of which is to depress the finger 
and the correspon d i n g  piano key. Just as an approach 
of the sector bri n gs about a gearin g  and a forward 
motion of the fi n ger, j ust so does a sl ight recoi l  of the 
sector produced by the recoil  of P permit of an un­
gearing and a lJaekward motion of the finger through 
the action of a spiral spri ng. 

'],he en tire pri n ciple  of the appa ratus resides in this 
ir.genious application of the l aws of friction. 

Expression ,  th a.t is  to say, the m u sical sentiment that 
characterizes a com posi t ion and gi ves it i t s whole val ue, 
resides partly in the i rregularity of the measure and 
pa/·tl y i n  the en ergy with w h i ch each key is  strucl" the 

FIG. 3.-INTE RIOR OF THE .MELOTROPE. 

\ ped a l s of the inst I 'Ulll ent n aturall y preservi ng' their 
. speci a l  rolt' ,  s inee they rem a i n  enti rely independen t ot 
the m elotrope. Expres.�ion in the Jl1eas u re is  ren dered 
perfect l y, and t h i s  is  w h at so clearl y d i stinguishes the 
cOlll u i n ation of the lll elograph and Illelotrope from all 
forIlle /' automat i c  d e v i ces of t h e  k i n d .  Ex pression i ll the 
in-ten sity of t h e  wund stmck i s  obtained by l i m i t i n g  the 
deprt'ssion of the key. I n  fro n t  of th e apparat us, t h e re is 
a s l lJ aU button,  V ( F i g. 4, 2), w l l i c h ,  through a combina­
tion of l evers,  depresses or l i ft s a rod that l illJ i t s t.b e  
travel of t h e  sectors, a n d  conseq uently tbat o f  the 
fin gers a n d  kt'Ys. S uch are the pri n ci pal arrangem ents 
of Mr "arpentier's  i n genious and rem arkable apparatu s. 
AlllOl lg tbe n U lllerou s appl ications in store for them, 
we may Illention one th at i s  essent i all y phi lanth ropic, 
and that i s  the reproduct ion of improvisations  played 
by the bl ind,  in w hom the musical senti ment i� 
gen erally so h i gh l y  developed. The composit ions thm 
registered w i l l  perltJ i t  of a host of deligh tful pieces of 
music bein g  p reserved and d istrib uted . -La Rature. 

1 

NEW DRIV ING GEAR FOR DYNAMOS. 
AT It recent meetin g  of the Society of Telegraph 

E n gi neers and E lect ricians, Professors Ayrton and 
Perry described their n e w  method of drivi n g  a dynamo 
with a very s h ort bel t.  W h en such machines are d ri ven 
in the u s u a l  way by bel tin g, th ere i s  a certain waste 
of power in overcomi n g  the friction of the d riving 

FIG. 4.-SEUTIONS OF THE MELOTROPE, I spi n d l e  and its bearings, ereated by the pull  of the 
belt,  w h i ch becomes greater when the space is  con­
fined, as in that case the belt must be put on w i t h  ad-

stiffness to actuate the melotrope, and that too for an 
indefin ite n u mber of times. 

This perforator is  maneuvered by h and but once. 
For l"eproducing a piece of llI usic a great n u mber of 
times,  Mr. Carpentier has devised an automatic perfor­
ator, in which the fi rst perforation is used as a 
model. 

If a few errors or false notes slip into the execu tion 
of the piece, i t  is easy to correct them by pasti ng pieces 
of card board on the typical band,  and making Ilew 
apertlH'e8 in the proper places. Fig. 6 shows the per­
forated bands on a reduced scale. Thei r  width is 12 
cm . ,  aud their length depends u pon that of  the piece 
played ,  at the rate of three meters per m i n ute. 

7'he Melotrope -As i ts name i mports, the lUelotrope 
is an apparatus that reprod uces melody or m usic by a 
rotary moti on. The apparatus is of small  size as COlll ­
pared with analogous systems. Fig. 2 sho ws it fi xed 
u pon an ordinary piano and ready for operation. Fig. 3 
shows i ts i n ternal arrangement. It consists of an o b­
long box placed on brackets o ver the keyboard of a 
piano or organ. 'When once the apparatus is i n  place, 
we h ave an automatic piano. 

Withi n the melotrope there is a thirty-seven times 
repeated mechanism that permits of translating every 
aperture in the band of paper through a depression of 
the corresponding key. O n  tnrn i n g  the winch, B (Fi g-.  
3) ,  we revolve a wooden cylinder , C (Fig.  4), that occupies 
the entire length of  the apparatus, and t wo cyli nders, 

FIG. 5.-MELOGRAPHlC WRITING. 

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

FIG. 6. -PERFORATED BAND. 

D and E, which carry along the paper from l eft to 
right with a velocity equa,l to that of the un w i n ding of 
the band of the :llelograph , say three meters per m inute 
if  the operator turns the winch very regularl y at its 
normal velocity. The notes are struck by fingers, S, 
covered with buckskin, which descend u pon the notes 
and actuate them every time a perforation correspond­
ing to the note struck passes before the cyl ind er, C 
(Fig. 4) . 

The perforations favor del icate actions only, while 
the touche of the note, especially in the forte, req uires 
a stron g presn re. It therefore requires an i ntermedi um 
for con verti n g  the feeble stress exerted near the paper 
i n to a strong olle exerted by the finger on the key. 

For solving this problem w e  have in the melotrope 
t w o  mechanical arran gements, whose role i s  entirely 
distinct. One of these is a geari n g  device and the 
other a serVO- JIlotor. The object of the former is  to 
translate each of the perforations i n  the paper into a 
slight mechanical movement of a fin g-er, P, pla('ed op­
posite each note and at a certai n  distance. To this 
effect, the paper band,  F, carried along by th e cylinders, 
D and E, presses against another cylinder, G, provided 

. ditional tension. The usual method of d r i v i n g  dyna­
the springs and steel w i res that connect the apices, X, j lllos by a hori zontal belt has also the i ncon ven ience of 
of the levers with the springs. requiri n g  con siderable floor space, and to overcome 

U pon each of the w i res, M and L, and at a d i Htance these objections  Professors Ayrton and Perry h ave de­
varyi ng w i th each note, th ere i s  a second lever, N 0 P, vised a m ethod of drivi n g  which i s  i l lustrated in the 
whose extremity, P, which is  covered w i t h  woolen,  acco m pan ying en gravin g. The dynamo i s  placed be­
drops a fe w mil l imeters. The fingers, P, may be li k en ed low the fly w h e e l ,  i t s  p u l ley comi n g'  w i t h i n  an i n ch or 
to those of a performer playing a selection w ith so of the peri phery of the l atter, a n d  it, receives mo­
insufficient power to actuate t h e  keys. tion from a very short belt, as shown. I f  the dynamo 

The servo-motor is an i n terllledium that borrows the were rigidly fixed i n  this position, the i n i tial tension of 
necessary energy to allow such performer to make the the bel t would have to be very great indeed to trans-

NEW DRIVING GEAR FOR DYNAMOS. 
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mit the necessary power ; but by pivoting the whole 
frame of the dynamo in trunnions very smooth driving 
is obtained, with com paratively smal l tp.nsion i n  the 
belt and little strain on the spind le. Our i l l ustration 
shows a hole cut in the floor, into which is placed a 
fixed cradle  having bearings for the trunnions, '1'. The 
dynamo, D, is  mounted in the cradle, C, hanging from 
these trunnions, and slots are provided in the cradle for shifting the dynamo in a direction at right angles 
to the axis of the trunnions, so that the weight can be 
more or less overhung on the pulley side, by which 
means the initial tension of the belt is adj ust.ed. The 
dynamo is  not placed plumb under the center of the 
fly wheel , but to one side of the center line, so that 
the tight side of the belt forms a greater angle with 
�he horiz<?ntal than the slack side. By suitabl y  select­
mg the dIstance from the center line, the com ponent 
of the t wo tensions in the be lt can be made to pass ver- ; 
tically upward through the center of the pu l l ey, thus 
relieving the bearing of the weight of the pulley and 
ot that of a portion of the armature. An extra heavy 
pulley is recommended for this type of gear, and if i t  
should b e  found impossible to put  sufficient weight  
in the  p ul ley, the  dynamo can be shifted on its  cradle 
in the manner above alluded to, so as to bring ad · 
ditional weight  upon the belt. A gear of this descrip­
tion has been running for some tim e  with perfect suc­
cess in the laboratory of the City and Guilds Central 
Institute. -industries. 

MICROSCOPICAL RESEARCHES INTO THE 
CAUSE, ORIGIN, AND PROPAGATION OF 
DIPHTH ERIA. 

By Dr. CARL BUNSEN, Galesville, Wisconsin. 

YEARS have passe d since I began to study the m icro-
8copical causes of diseases, and my thoughts have been 
engaged ever since in find ing the cause of di phtheria. 
We kllow of man y  instances where a loving mother, 
by giving the parting kiss to the l ittle darling just 
breathing its last upon earth , has taken the deadly 
contagion into her own system, thus innocently help­
ing to spread a destructive epidemiC1. 

When we examine the throat of a child that has 
died of d iphtheria, we ar!' at a loss to account for the 
cause, as we do not find anythi ng except perhaps 
little, shining, transparent dots in the muscular layers 
below the epith elium. 

We find, fu rther, that the epithel ium of the throat 
has been partly destroyed. Again, in other places 
where the epithel iuIll has not been destroyed, t.he epi ­
theli.al cel ls are tl'�nsfol'llled into a . leathery, tough­
lookmg mass, that IS closely dotted WIth the same kind 
of globular bodies, scarce ly perceptible through a 
powerful microscope. 

Microscopy teaches us that these are the microbes 
or micrococci of a parasite ; but with all our advanced 
knowledge, we are not able  to produce any propaga­
tion of these microbes. We shall see if we can find 
the reason for this. 

If a chi l d  dies of diphtheria croup, and we examine 
the bronflhial tu bes and the trachea, we fiud the sallle 
closed, but not with a tough mucus, but with the same 
Icass of opaque, epithelial cells, which often reach 
into the smaller tubes, so as to prevent respiration, 
thus prod ucing asphyxia. 

It is not Illy purpose to describe how the diphtheria 
dead look after death, as the reader can find this in 
books on pathology, which wi l l nevertheless g i ve h im 
no sure microscopical cause. 

l, therefore, concluded to make Illy experiments 
(the description of which wil l  fol low) upon living 
animals. Vivisection is the only means to study the 
causes of diseases. B y  exam ining a cadaver, we may 
learn what destructive changes have occurred, but we 
are in most cases ignorant as to the causes of the same. 
These little microscopical causes that h ave produced 
these destructi ve effects usually fall to pieces as soon 
as the supply of blood and animal heat ceases, and 
leave perhaps only their immature microbes behind. 
If we con.sider that diphtheria is p hysiologically and 
pathologically closely connected with the so-called 
specijtc leven, we may learn from the observations of 
the microscopical anatomy of the local lesion that thi s 
lesion is chiefly connected with infiltration of the 
affected tissue with a granular substance, which, by 
closer inspection, is found to consist of microbes. 

How these microbes get there is a matter of specula­
tion, as these minute bodies can be detected in all 
stages of disease and in all affected tissues. 

We find them in  the smallest and most su perficial 
spots. We find them deposited in millions in the tissues, 
a.nd we notice, further, that the greater the quantity 
of micrococci present, the greater will be the toxical 
affection. Diphtheda al ways commences with a severe 
catarrhous affection of the larynx, fauces, and, after­
ward, of the nares, and it was this affection which 
guided me in  Illy examinations. This catal'l'h may last 
sometimes for weeks before we find that diphtheria 
has taken possession of the patient. Let us. therefore, 
study the nature of catarrh. We find in nature differ­
ent kinds of cells that produce catarrh, and we must 
classify these cells as ferments. 'Ve shall only study 
the nature of. t wo kinds, which will  represent all the 
rest. 

Entirely different in its action is a cel l of a catarrh 
which has its origin in th e  disease we call gonorrhea, 
the so-cal led syphil itic or gonorrheic catarrh. In the 
first stage of life we cannot microscopically  discover a 
1l1arked di fference between the common catarrh cell 
and that of a gonorrheic origin. Their outer form is  
the same. Both kinds of cells are round, globular 
lJodies, which are fastened between the rims and the 
wal ls of the underlyioi epithelial cells by two min ute 
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about these catarrh cells. We shall return to them 
later. 

I only wish to observe that each of these microbes 
will soon foUow the same process of propagation , and 
we mUlSt not wonder that, in a couple of days, millions 
of these filaments are crossing and recr08sing the whole 
mucous surface of the larynx, fauces, and nares. But 
these are not the only parts that will be infected. They 
will reach down into the pharynx and esophagus ; 

c 

FIG. l.-C<?MM�N CATARRH CELLS.-a, ripe cells. b, ripe cell after the  integument i� rent. nucleus with 
nu.cleoh slttmg on top of the blastema . c, ripe cell with nucleus bursted. The nucleoli are scat.tered in the 
neig-h borhood. d, ri pe cell showing the harpoon-like antennre by which it is fastened in the rim of the wa.ll 
of the epithelial cells. 

FIG. 2. -GONORRHEIC CA'I'ARRH CELLs.-a, ripe cells. b, ripe cells with the integument  rent, showing the 
n��leus surr�:>u n ded and protected by the blastema. Inside of the nucleus are the double (identical) nucleoli 
vl81ble. c, rIpe cell, with nucleoli penetrating the nucleus and blastema. The center of the sporoides is 
prote!lted by the surroundilJg nucleus and blastema. d, the protected inner end or root of the parasite, 
showmg �he forming micrococci or microbes. This root is never exposed until the process of growing and 
propagatIOn ceases and when the integument falls to pieces. 

FIG. 3.-a, parasite with parts of five nearly full-grown arms, full of nearly ripe m icrobes and m icrococci , the 
roots �tJll protected by nucleus and blastema of the mother cell. b, end part of an arm of a parasite. c, 
arms m the state of growing. Both b and c represent the parasite in an immat ure condition. 

litt�e hook-like appendages, which adhere so firmly in but it seems that, below the epiglottis. they do not 
theIr places that they usual ly  remain in their fastening prosper, as these filamentl; do not grow much and their 
places, and tear frolll the cell body if we try to remove propagation is much retarded and disturbed. l'heir 
these cells for the purpose of exa.mination and pro- nidus ceases below the epiglottis. The reader lllay 
pa�ation. When we look at these transparent bodies wonder why I have been so very particular in describ­
ulllnterruptedl y  (that is, during the life of the subject ing the cause and progres:s of this latter catarrh. I 
upon which they gro w and propagate) , we shall soon shall simply state here that diphtheria an d thi s  gon­
detect that th e  nucleus of these latter cells is suspen ded orrheic catarrh are closel y connected, that diphtheria 
and surrounded hy the blastema, and that j ust before is  only the second state of this catarrh, as I am well 
bursting, dou ble nucleoli can be seen, usually three to able to prove through my experiments on live rats. 
five appearing in one nucleus. As soon as the outer I kllow that the medical profession will attack me on 
integulllent is  rent, we notice that the blastema i s  this simple statement, but I am prepared to defend 
f?rming a. protecting cover over the nucleus, which re- what I am asserting and writing. I have not referred 
Sl sts the mfluence of the ptyalin of the saliva, which to any books, and I openly confess .that I have studio 
la:tter ferment does not prod uce any change in such 
kmd of blastema. If we make our examinations with FiEf V 
a powerful microscope, and dUJ'ing the lifetilue of the 
animal, wl�ere. a co�stant and fresh supply of lymph 
a:nd blood I S  Clrculatmg for the support of the epithe­
hal celis, we shall soon discover that the double 
nucleoli begin to lengthen at one end and to penetrate 
t.hro.ugh the .nucleus and blastema. Being ted on the 
hq md remams of the mother cel l, it simply follows 
that the length ened n ucleoli are of the same nature . 

If we can keep the an imal that we use for purposes 
of experiment ali ve for a few hours, and we fol low the 
growth of this medusa (for I am inclined to call it by 
this name), we shal l  soon see that these filaments are 
lengthening rapidly with a jerking motion. In the 
course of about three hOllrs, we shall see that these 
filaments stop growing, and that they gro w larger 
aroung, and soon we may notice that minute light 
gray dots appear inside of the now transparent in­
tegument, which continue to grow larger and larger 
until the integument bursts . With mv micrometer I 
have calculated that th ere are sometimes from 200 to 300 
little dots in one integument. After the integument 
has fallen to pieces, the little microbes will pierce the 

1600 1)ia:m 

.242 0 .Pid';"" 

Fig VI 

2420 .Dtdm. 

First, if an invasion of common, ordinary catarrh 
cells has begun, we find that the mucous membrane 
becomes covered in a few hours with mill ions of minute, 
round, globular bodies, which are fastened to the un­
derl ying epithelial cells by two minute, hook-like ap­
pendages 01'  rootl ets, being covered at the same time 
with mueus, which protects the cells against the in­
fluence of saliva. When we exallline these little, round 
bodies on a living subject, we see that the inside of 
these cell s  contains a clear blastema. After a while, we 
see that upon the surface of these cells there appears 
a nucleus , and, just before bursting, we discover from 
three to five nucleoli. 

These little  cells will, during thei r growth and pro­
pagation, absorb the n itrogen and water at the ex­
pense of the mucus, which, in consequence of this 
process of fermentation. will be soon transformed, and 
can then no longer [Drotect the little fermenting bodies 
against the ptyalin of the sali va. which soon puts a 
stop to their life, and the catarrh ceases, and the in­
vaded parts become normal again. In those p laces 
wh ich t h e  sal iva is not able to penetrate, the process of 
fernlen tation ceases on account of exhaustion, and the 
little cells will  die. 

Piece of an epithelium covered with gonorrheic 
catarrh cells in the state of growing and propaga­
tion. 

The same as Fig. IV. 

ously avoided reading any pUblication on diphtheria, 
as I do not wish to argue with books and references. 
It is onl y the facts that the eye can see that I can ac­
cept, and not theories. I am well able to show and 
prove that which I haye seen. 

l ittle hook lets in the wall of the epithelial cells and 
begin life on their own responsibility. Having been 
originated and fed on a poisonous mother germ, we 
can easily comprehend why such a c atarrh will never 
stop ; and havin g transformed the mucus  into a thin 
corroding fluid that is unable to protect the underl y­
ing epithelial cells. the parasites will then attack the 
epithelium, and will destroy the same. So much, th en, 

Let me now relate how I came to t.he idea to attri­
bute the cause of diphtheria to a gonorrheic origin. 

The first case of the disease that I saw here, in Amer­
ica, originated from a young man, who came to my 
office suffering with &,onorrhea. There were no Ilases 
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of diphtheria in our neighborhood. But after I had had 
him ten days under my treatment, his fonr smaller 
brothers and two sisters, also his mother, were infected 
through him with a bad catarrh. The mother and one 
little boy (the latter sleeping wit.h the sick young man) 
became blind through a blennorrhea, and the whole 
house came down with diphtheria, after having had this 
catarrhous affection from eight to twelve days after 
first infection ; but not alone that, the young man vis­
ited five other families, which he also infected with the 
bad catarrh, and wh ich was followed , after an i ncuba­
tion of eight days, with diphtheria. But this is no proof, 
and I may openly confess that this was only a thoug-ht 
or theory-that is to su ppose a connection between dis­
eases apparently 80 d ifferent. 

So fol lo w i n g  the usual book treatment recommended 
for diphtheria, I had the same success that the other 
physicians had, namely, that most of the patients 
died. 

Not being satisfied with the result of my treatment, I 
Inqu ired and tried to find the cause through post-moT­
tem exalll ination, but with no result. Thus I came 
back to the idea of finding the cause of this constant 
catarrhous affection preceding every attack of diph­
theria, which I considered a most essential step toward 
solving the problem. Here, in Wisconsin, we had for­
merly two l'egnlar epidemics eyery year-one in the 
spri u�, when our logging camps discharged their men 
and they returned to their homes. 

Sometimes the diphtheria croup broke out in the 
call1 p, and they had to be closed on account of the 
scourge before the cutting of the logs was fini�hed. 

'I'he second epidemic appeared in t.he fall, after the 
stroll ing harvest hands had left our vicinity. But this 
was more of a sporadic character, and has ceased en­
tirely since self-bi nders have come into use. I have 
kept strict watch of these sporadic cases, and these lat­
ter ones are those wh ich have helped me to get the first 
hint as to the cause. And further, I undertook a jour­
ney to the logging camps near Neillsvil le, and examined 
the inml1,tes of each carefully, especial ly those where I 
found men suffering with a suspicious catarrh . In 
seven camps I found �olll e cases, and could in each 
place trace without difficulty the origin to one or two 
men, who had come into the camp with a gonorrhea. 
I predicted an outbreak of diphtheria in every one of 
th ese seven camps, and had the satisfaction of seeing 
/i've of them closed within three weeks on accnunt of 
diphtheria. From the inmates of the other two camps 
I received intelligence that shortly after they reached 
their homes, after being dismissed, their famil ies came 
down with d i ph theria. The men had slept in t.he 
rooms with the persons infected with gonorrhea and a 
severe catarrh, and had breathed the same atlllo�phere, 
used the same towels. etc. , and carried the germs of the 
deadly foe, d i pht.heria, to the ir innocent families. I 
kno w  that this idea will probably be attacked , but I 
can prove what I aUl writing. I have for years never 
lost a case of diphtheria if I was called before the 
croup had set in, and I can gi ve the names of prouli­
nent physicians who will vouch for the truth of this 
statement. I shall relate one more case to support my 
position among the many cases that I could recount, 
and which would be pertinent illustrations. I was 
called seventeen miles frolll my resid ence to a family 
sick w ith the scourge. A few days later I was called to 
SOllle famil ies living SAven miles farther, but in an en­
tirely d i fferent direction from the fi rst fam ily, and I 
was cal led in on Illy way back to two more famil ies 
livi ng in t wo different val leys. 

TEey i n formed me that they had neither visited nor 
seen each other for months, most of them being total 
strangers to each other; but that a youllg man, whose 
parents l ived in the vieinity, had called on them (he 
being a great horse trader) . I followed up his track, 
and found that he had been in every place a week or 
ten days before the diphtheria broke out. I had the 
satisfaction to see Mr. M. coming a few days later into 
my office, suffering wi th a severe gonorrhea. Upon ex· 
ami n ation of his throat, I found it in a state of high 
catarrhous inflammatioIl ; he tol d me upon inq u iry 
that about five days after th!, gonorrhea had lSet in,  he 
began to have tl'onble with his throat, and that he had 

3 2 50 .OitJ11t 
The same parasites magnified 3, 250 diameters. 

ments on live Tats for the purpose of studying the na- I had always fastened between the wal l s  of two epithe­
ture of the disease germ. I am a great admirer of l ial cells. Keeping the instrUluent d irected on them , 
Louis  Pasteur, and have adopted his method of inves- I sa w that these parasi t ical cell s  began to grow, and 
tigat.ion. after a while I· could disct'rn a n ucleus suspended ill 

It is said that it is difficult to inoculate an animal and surrounded by a blastema. In a short time I had 
with disease germs, and that diphtheria germs have the satisfaction to �ee these globes ripening, as there 
never been successfully inoculated. appeared inside the nucleus froll four to five double 

1'his is true ; for every disea.se germ has its own nidus nucleoli, that is, nucleoli wi th two ends. 
in which it propagates, and it would be a nonsensical I did not have to wait long, when one of these globes 
task to inoculate diphtheria, even if we could get burst, and I perceiYed that the b lastema prot-ected th e 
microbes without lacerating them ; for whenever we try nucleus, and at the same time the double n ucleoli 
to remove a diphtheria germ, that is, a cell originating lengthened at one end and perforated the nucleus. but 
from a gonorrheic catarrh. we shall readily observe their other ends I could see joining into a kind of a 
that the two hook-like antennre with wh ich i t  is fast- knob, resembling a l'ose. 
ened in the rim and walls of the epithelial cells will  re- The parasite now began to corne forth from under 
main in their place, and the outer i n tegument w i l l  the blastema, constantly spreading its arms with a 
become la.cerated. Such a cell will  never g1'OW, and jerking motion, the whole looking l ike a medu sa. Hav­
further, if w e  should try to remove an entire medusa, ing watch ed these littl e arm s continual l y  growing, I 

J2S0 lJiam-. 

could plainly see that all the filaments that I perceived 
in t.he first rat were nothing but the arms of the same 
kind of parasites. But in moving my instl'Ument all 
over the exposed pharynx, I cou ld not see any white 
superficial false meUl branes, which I was most anxious 
to find. But no trace of them was to  be seen. 

Disgusted , I was about ready to kill the animal, when, 
by accident, I looked sideways where the epithel ial  cells 
had been separated at the time I opened the esophagus. 
and there I perceived a whit.e rim at the cut.  As I had 
no idea as to the origin of this wh ite seam , I d irected 
lily instrument on the same. 

Then I could plai nly see that the fi laments of the 
parasite had grown over the  cut, an d were aI r'eady 
reaching below the epi thel ial cel ls, and were spreading 
wi th  great. rapid i ty . The dt'ath of the rat put a stop 
to my furthel' i lJ \'estig-ation, but one thought struck 
me. Is it pos�ible that the fi lalu ents wil l  grad ual ly 
weaken the epi thelial layers th rough their con stant 
growth, so as to force a gap in the close-fi l l ing cells. 
from which they w i l l  peretrate and �pread u nder the 
cells, thus absorbing an d appropriat ing their nutri tious 
supply for their own llse? Is this ,  therefore , the cause 
of the white spots ? 1'hen I t.ook fi ve rats, chloro­
formed them, and scraped and scratch ed with t.h e  point 
of a small  knife the fauces and also the roots of their 
tongues, sOlll e deep enough so a s  to draw blood, and of 

Gap in the epithelium filled wi th parasites forcing oth ers I only lacerated the epi t heliu m l i gh tly . After 
their arms below the epithelium. this operation I removed them t o  their former COlll -

and if we shoul d  lacerate any part of the filament, it 
will at the same m OIllent lose its l iquid contents, and 
the integument will disappear from our sight. 

I have never been able to get either a cell or a 
medusa entire so as to mount it.  I have never seen 
diphtheria inoculated in the common way able to pl'Op­
agate. We have to consider from the bt'gi lllli ng that 
the cause of diphtheria has to be studied d uring l ife, 
for, as I stated, the germs will  fall to pieces as soon as 
the bodily warmth and the supply of blood and lymph 
ceases. 

I began, therefore, to feed thirteen rats with soft bread 
and butter seasoned with the sputum and nasal exuda­
tion of a child dying with the scou rge. These animals  
were separated and carefully fed upon soft food. I also 
brushed direct from the dying chi ld's mouth the saliva 
into the open mouth of som e of the rats, depositing it  
as  far back as  possible. As I had already kept the ani­
mals fbr weeks in a very cool place and got their bodily 
warmth to about 990 or 1000 Fahr. , I concluded that the 
dis6ase germs would find a congenial soil for propaga­
t.ion. I will state that I i nfected no animal which 
showed a higher or a lower degree of tem perature , and 
I watched carefully that the warmth of the infected 
animals remained at 990 or 1000 Fahr. In the course of 
four days the rats seemed to lose thei r appetite, and 
would eat only sparingly of the food. After the lapse 
of three more days some of them showed symptoms of 
a severe catarrhous affection, and I noticed that the 
rats were running around with regular snot noses. 
Then I concluded to begin my i nvestigations. I se­
lected one speci men that I considered we l l  advanced. 
I put the rat under t ire influence of chloroform, and 
with a sharp knife I carefully opened the esophagus 
and pharynx as far as the epiglottis. This operation I 
had tried .on dozens of rats previousl y, so as to become 
well accustomed to the operation. Having fastened the 
separated parts with small , sharp-pointed tenacula to 
the outside of the clamp with which I . held the rat se­
curely and firmly in i ts place, I brought my micro­
scope, a large Nachez instrument, into posi tion and di­
rected a reflector to the cut, so as to illuminate the 
exposed parts. First, I directed my instrument to a 
place j ust below the epiglottis, and I saw a fine film, 
composed of thousands of fine silky threads of l ight 
gray color, most of them in a j erking motion, crossing 
and recrossi ng each other in eyery direction, some of 
them lying apparently motionless. My attention was 
di rected especial ly toward these motionless threads. 
which by closer inspection appeared to be(]ome dotted 
length ways with min ute dots. After a while I noticed 
that the thread had swollen, and suddenly the integu­
Illent had bursted, leaving only the little gray dots in 
their former place. 

partmen ts, where they soon became as lively as ever. 
Six hours later I brought. one specimen under the in­

fluence of ch loroform, and opened its pharynx, as be­
fore described. 

When my i n stl'Ument was directed upon tire lacerated 
places, I found that where the scratches were only 
light, there was a greater accumulation of para�itical 
ce l l s, but no white superficial false meIlJ branes, and 
that wheTf� the incisions were deep enough, so as to 
separate the epi thelial cells, th e 1i lament h ad al l'eady 
penetrated through t.he artificial gap belo w, and t.hat 
the parasites were propagating and absorbi ng the 
n utritious !Supply and spread i ng in every d i rection 
undel' the epithelial cells. which became weal,er and 
weaker, until they twi ned into an opaqt�e, shriveled 
su bstance, a secure cover JOT the pa1·asite. 

I opened two more rats, and saw the same phenome­
non, for wherever the lacerations were deep enough , so 
as to destroy the cohesion of the cell walls, the para­
sites had forced their filaments and ti re  identical white 
superficial false lIIelll branes were formed, as de­
scribed ",-bove. In places where the laceration was 
only slight, the great accumulation of parasi tical cells 
soon weakened the cohesion of the epithelial cel )s . -.,hiGh 
soon gave way to the penetrating filaments, and I could 
plainly see that from these places the plaq ues (super­
ficial false membranes) spread farther and fart.her. Be­
ing now sati sfied as to how the d iphtheria plaques 
(superficial false melll branes) formed, I l eft the two ot.her 
rats to their fate. One of them died fifty-two hours 
after laceration, and the other fifty n ine hou rs after. 

When I opened the fi rst one, I found the t.rachea 
fil led with the wh ite plaq ues (superficial false m elll­
branes). Even the  bro�hjal tubes were filled with 
them, and the animal hail died of asphyxia. 

32.30 DiAm. 

Sa.me parasites below the epithelium. 

B ut j ust at the most interesting point, my rat ex­
ph·ed. and three minutes later the jerking motion of 
the filaments had ceased, and they began to disappear, 
and a few minutes later there was nothing more left 
but a gum·like substance (probably protoplasm) in 
which t h e  shining Ii ttle dots were visi ble  now and then. 
Opening the mouth by cutting through the masseter, 
and laying the pharynx open, I could not see a trace of 
diphtheria, that is, of the identical white superficial 
false membranes, and I considered myself upon the 

been infected with his disease in Muscatine, Iowa. wrong track. Bt:lt in order to be sure of that, I took Closer examination revealed the fact that the inside 
As I was called too l ate to one of the latter families, the second rat, chloroformed it  and fastened it securely. membrane was pressed together through an acculllu la­
they lost two children of diphtheria croup, which had Then I took more pains in preventing loss of blood, and tion of a gum-like substance, through which thousands 
set in before I was called. made my incision of the esophagus not so far below as in of little microbes were visible. The other rat had 

Of the other seventeen patients I did not lose a single the case of the first rat, and then I m ade a cross cut be- died of the asphyxia ; but as the ani mals had been 
case. If  we look over the reports of the armies in  Eu- lo w the epiglottis, so as to get a good view . This tim e I deeply lacerated, I found the root of the tongue and a 
rope, we may easily learn that, whenever a soldier is d id not sever any of the larger branches of the j ugularis part of the larynx a mass of foul -smelling sores. 
found out to be suffering with gonorrhea, he is not and carotid ,  and the an imal breathed slowly, and when- Having described to you truthfully t.he result  of my 
allowed in a ward where there are wounded men,  as, in ever it showed symptoms o f  reviving, { gave it a little experiments on l i ve rats. infected through the exudation 
spite of al l  precautions. these wounds will not heal on more of the anresthetic, so as to keep it under the first and spll tum of a chi ld  in the last state of diphtheria. 
account of the so-called false membranes forming. influence. and h aving con vinced mysel f concerning the nature of 

DiphtlJeria always follows au army, as the reports of My microscope was now directed to a place back of the identical germ, I came back to the first visible 
the Franco·Prussian war sbow, n.nd some of the most the epiglottis, but I saw nothing but filaments and symptom, the catarrh , concerning the origin of which 
promising young men lost their lives in consequence of dots. I took, therefore, a glass of 3,250 diameters and I was by no means satisfied. 
the infection. directed it at the dots , which became visible &8 round, I know by the great many cases of gonorrhea which 

But let me now direct your attention to the proofs I globular cells, securely fastened to the underlying �i- I I haye treated during my life time, that not every 
which I am going to give you. I mean my ex peri- thelial celli; by two little harpoon-like rootlets, whtch person needs to come down with a gonorrheic catarrh, 
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and, also, that persons exposed to gonorrhea are not 
always forced to take the infection. 

The reason of that is easily explained , when we con­
sider the nature of a contagion-germ , and by compar­
ing the so cal led specific fevers, whose origin is only to 
be found in the invasion and propagation of their iden­
tical contagion-germs. Every contagion-germ has its 
nidus in which it may propagate. We do not find 
any germ of the disease which it represents i n  any 
other part of the body except in the nidus, where it 
finds the necessary congenial supply of nutriment for 
life and propagation. 

If a person has been infected but once, it i� not likely 
that he will have a repetition of the same kind of a con­
tagious disease, as the first invasion usually uses up all 
possible nutrition and exhausts its reproduction COIll 
pletely. This is plainly to be seen - in small-pox or 
scarlet fever, which, as a rule, are never repeated after 
the first invasion ; but if this invasion has been incom­
plete, then the nu tritious supply for the disease germs 
will be replenished, and there follows a second inva­
sion, however, not severe. 

90norrhea is usual ly 'topped through medical inter­
ference before its cells have exhausted their supply of 
nutrition, and this is the cause of its rl!petition. 

The knowledge of the causes of the specific fevers 
led me to these investigations as to the relation between 
gonorrhea and the diphtheria catarrh. It is a known 
fact that a gonorrheic person wil l  not always get a 
nasal or pharyngeal catarrh, eve-n if he should bring the 
escaping infectious discharges in contact with the 
tongue or upon the nasal mucosa. The reu,son for this 
is to be found in the lack of congenial nutrition. 

Such persons are not carriers of diphthe1·ia. But 
why is it that the contagium-germs of gonorrhea can­
not p roduce diphtheria in another person ? Why do 
diphtheria microbes prod uce no chancre ? 

These are questions that I shall be obliged to answer. 
The first question is a difficult one to answer, but 

experi ments upon live rats wil l easily f'xplain it. I 
have never been able to prt">duce in them any symptoms 
of catarrh, if I fed them on fresh gonorrheic discharges. 
Vivisection never showed any germs or filaments. To 
ascertain the cause of this, I determined to observe 
what persons were infected with the identical catarrh 
at the time of a gonorrhea, and the fact was revealed, 
namely, that persons who had already previously had 
one 01' more infections were free from catarrh, provided 
they had had the identical cata1Th once at the time of 
a previous infection. 

Experilllents upon rats, which followed this observa­
tion, proved that only animals infected with the ca­
tarrhous exudations of the throat of gonorrheic per­
sons showed bv vivisection the identical double 
nucleoli and ti lanlents, and that animals fed upon the 
exudations of gonorrhlla (not cat.arrh) were devoid of 
the germs, aud showed only new mucous formation 
and no filaments-no trace of the cells with the double 
nucleoli. 

From this it follows that the germs must first propa­
gate upon the epithelial cells of the throat of a person 
at the time of a gonorrhea, and must produce the iden­
tical -catarrh before they can be transferred fr.om per­
son to person, and that persons whose gonorrheic ca­
tarrh stopped on account of an exhaustion of the nec­
essary supply of n utrit ion will never come down with 
diphthel'ia a second time. 

The same is the case with persons who are naturally 
devoid of the nlleded supply for the propagation of the 
germs. Consequently, the disease germ m ust find the 
necessapies for life and propagation upon the epithe­
lium;-and dipht.heria can only form after th e  cohesion 
of the epithelium cells has been destroyed through an 
overtaxation of their sup plying power of nutrition . 

If the filaments, as we have seen, have penetrated be­
low the e pithelial cells, and are spreading and absorb­
ing all nutrition for themselves, the epithelium will die 
and will form a protection for the parasites which is 
not easily removed . 

This is the second state of the invasion, and conse­
quently we must call the appearance of the white 
plaques (superficial false membranes-the only true 
proof of diphtheria) the secondary state. 

The second question, why diphtheria germs produce 
no chancre, needs no explanation, as the places where 
we inoculate the disease germs are not their nidus, and 
are devoid of the nutrition to supply their life. 

Having stated as plainly as possible what I expe­
rienced t.hrough a series of experi ments, I hope that 
others who are younger and more skilled than I am 
will follow up the suggestions that I have given, as we 
can only by personal investigation trace the subtile 
causes of d iseases. 

I have used no book for references, nor can I be sat­
isfied with them, as an answer and objection to my 
experimen ts. In the solution of scientific questions, 
proofs, and not theories, are required. 

It is needless to state that I continued, after having 
found the cause of diphtheria, my experiments to find 
the method of destroying it, and my treatment is based 
upon these latter experiments. The result of these ex­
periments has been eminently satisfactory, as I have 
never lost a case of diphtheria where I was called in 
time, and in case the people strictly followed out m y  
directions, and hundreds o f  people can and will testify 
to the truth of Illy statement. 

[JOURNAL oy COMPARATIVE MEDICINE AND SURGERY.) 

DANIEL E. SALMON, D.V. M. , 

CHIEF OF THE BU REAU OF ANIMAL INDUSTRY. 
WE present the portrait of Dr. D. E. Salmon , the 

chief of the United States Bureau of Animal Industry, 
who ha& been connected with the official veterinary work 
of this country since Congress first instituted investiga­
tions of contagious animal diseases, as provided by the 
appropriation of 1878. 

Dr. Salmon was born in Morris County, New Jersey, 
July 23, 1850. He entered Cornel l University at its 
opening in 1868, being a member of its :tI.rst freshman 
class. Here he became acquainted with Prof. James 
Law, who had just come to America to fill the chair of 
veterinary science at this nllw institution. At that 
time there were few who realized the importance of 
veterinary instruction, or who could see any reason 
for including such studies among the branches taught 
by our higher institutions of learni ng. 

It was the aim of Ezra Cornell, however, " to found 
an institution where any person could find instruction 

in any study ; " and with an adm irable appreciation of the United States Department of Agriculture to in­
the value of knowledge i n  regard to the diseases of vestigate animal diseases I II the Southern States, and 
animals, he determined that veterinary medicine and was instructed to make a specialty of Texas or Spanif,h 
surgery should be well represented in the faculty of fever. He then began t.hat extensive series of studies 
the university which was to bear his narnf'. of cattle diseases in the South which demonstrated the 

Very early in his course at Comell the subject of our identity of the " d istemper " of Virl!:inia and North 
sketch became impressed with the importance of the Carolina with the " murrain " of Georgia, Alabama, 
position and work which were soon to be assu med in Mississippi, and Tennessee, a,nd with the Texas fever of 
this country by educated veterinarians. E ven then the Northern and -Westem S tates. During the investi­
the flocks and herds of the land had multiplied unti l  gation he directed a careful �urvey of toe whole 
their numbers were enormous. And lllany of our country, from the Atlantic seaboard i ll Virgi nia to thll 
States were without a single veterinarian competent to Rio Grande river, accuratel y outlining the district per­
diagnose the most important animal plagues, much lIlanentiy in fected wit.h this contagion, and showing 
less to give intel ligent advice for their control. that Northern cattle taken into that district contracted 

Massachusetts had succeeded only two years before the same disease that was disseminated by Texas and 
in ridding that State. after a six years' struggle, of an other Southem cattle when taken North. 
outbreak of pleuro-pneumon ia which might have Dilen In 1880 he began the investigation of fowl cholera, 
stamped out in as lllany lllonths. 'I'he investigation;; demonstrating that the germ found in that disease was 
j ust made by Prof. Gamgee, under the direction of the its essential cause, that it could be made to m ultply  
United States Department of Agriculture, had shown locally and act as a vaccine by simply diluting the 
the existence of contagious pleuro-pneuIllonia froUl virus to a sufficient degree. 
Long Island, N. Y.,  on the north to the  D istl'ict of He also at this time formulated a theory of immunity 
Columbia on the south. The most extensive outbreak from contagious diseases, based upon numerous experi­
of Texas fever which this country has ever known, and ments, i n  which were foreshadowed a new method of 
which resu lted from the wide distribution of Southern prevention through the use of chemical substances 
cattle over the Northern States in 1868, was then in formed during the growth of the specific germs.  This 
progress, and was attracting attention everywhere. method has since been satisfactorily demonstrated by 
Hog cholera, although considerably dissemillated be- experiments made under his direction, and he is  still at 
fore the war, was lost sight of for a few years on ac- work upon the details which must be learned before it 
connt of the stirring events of the times, but in 1868 it is put into practical operation. 
was again attracting the attention of writers on agricll l- Early in 188a he was called to Washi ngton by Com­
tural and sanitary subjects . These diseases, widely missioner Loring to establish a veterinary division in 
distributed in our own land, and threatening onr food the Department of Agriculture. In doing this a plan 
supply ; with foot and mouth disease and rinderpest 'was adopted for an extensive investigation of auimal 
ravaging the herds of E urope an d liable to be im- d iseases, a laboratory for histological and bacteriologi­
ported at any time, gave unmistakable evidence that cal research was fitted up, and seven acres of land nllar 
our national and State governments would soon ap- the city were rented for an experimental station. 
preciate the value of veterinary science. Within a year Congress passed an act establishing the 

Dr. Salmon graduated at Cornell in 1875 with the 
degree of bachelor of vet.erinary science. The same 
year he visited Europe, and after remaining two terms 
at the French veterinary school at Alfort returned to 
America and began the pract ice of his profession in 
Newark, N. J. In 1875, on account of impaired health, 
he went to Asheville, N. C. , for the benefit of the 
Southern mountain climate. In 1876 Cornel l  gave him 
the advanced degree of doctor of veterinary medicine. 
In 1877 we find him non-resident lecturer on veterinary 
science in the University of Georgia. 

The appropriation by Congress in 1878 of $10, 000 
for the investigation of animal diseases led to the ap­
pointment of a number of veterinarians, including Dr. 
Salmon , who were directed to devote two months to 
the study of swine diseases. The reports of these in· 
vestigations were published by fhe department of 
agriculture in a special volume in 1879. It was not ex­
pected that this brief investigation would solve all the 
problems connected with hog cholera. but it  was hoped 
that certain leading questions, such as its nature , 
cause, and identity in d ifferent parts of the country 
would be settled , and that some practical measures of 
prevention would be suggested. To this extent the in­
quiry was successful , and it was demonstrated that 
there was -a specific contagious disease of swine widely 
disseminated over the country, and that prevention 
could only be accomplished by controlling the spread 
of the contagion and destroying it wherever found. 

The State of New York attempted to stalllP out con­
tagious pleuro-pneumonia in 1879, and Dr. Salmon was 
appointed on the veterinary staff as an assist.ant of 
Prof. Law. The spring and summer were devoted to 
this work, but with the exhanstion of the appropria­
tion in the a.utumn, he accepted a commission from 

Bureau of Animal Industry, and Dr. Salmon was at 
once appointed chief of th is bureau, a. position which 
he still  holds . 

Since he has been i n  the Department of Agriculture 
a large number of investigations have been made un­
der his direction. In 1883 he was appointed by Presi­
dent Arthur a member of a commission to investigate 
the quality of our pork products and the prevalence of 
trichiniasis, and his report, on this subject has been re­
ceived without question. 

In 1884 he investigated the supposed outbreak of 
foot and mouth disease in Kansas, Missouri, and Il­
linois, and allayed apprehensions by deciding it to be 
ergotislll . In the same year he discovered and traced 
out an outbreak of pleuro -pneumonia which extended 
to Ohio, I llinois, Kentucky, and Missouri, and suc­
ceeded by co-operatin g with State authorities in secur­
ing its extermination wherever found. It has since been 
discovered , however, that it had crept into Chicago 
unobserved , where it smouldered for two years and was 
brou�ht to light by the Statll veterinarian in Septem­
ber, 1 886. The Bureau of Animal Industry now has a 
force of inspectors enga.ged there for its suppression . 

Since its organization the Bureau of Animal Industry 
has made an inspection of the district from Long 
Isl::1nd, New York, to virginia, to determine the extent 
ami preval ence of pleu ro-pneumonia. In August, 
1886, an agreement of co· operation for stamping out 
this disease was made with tile State authorities of 
Maryland, and the slaughter of diseased animals has 
been going steadil y on. In March of this year, an ap­
propriation of five hundred thousand dol lars was 
made to the bureau, and the work pxtended to t.he 
8ld�lghter of exposed as well as of diseased animals . 

Ne'v I:),nd efficient rules and regulations for co-opera-
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tion with State authorities were at  once prepared and 
sent to the governors of the various States for their  
acceptance. A n d  i n  States where no laws existed 
authorizing co-operation a suitable bi l l  was d rawn and 
presented to the legi slature for i ts cons i d eratioll . As a 
result of such energetic work, more than half of the 
States h ave already gi ven the bureau fu l l  authority to 
stamp out the lung plague should it be fo und with i n  
any o f  t h eir bord ers, and h ard ly s ixty days have passed since the effort was begu n .  This  work is now 
i n  active progress in the States of New York, New 
Jersey, Marylan d ,  Virginia ,  an d Illinois. 

W h i le this executive work h as been p u shed so suc­
cessfully, the scientific work of the b u reau has not 
been neglected . I n  the report of 1 885, the first accu­
rate description was gi ven of the germ of hog cholera 
and of the l esions which it p roduces in swine and oiher 
ani m als.  S ince t hen another swine d isease re�embling 
or id enti cal wit h t h e  sdlloein eseuuhe of Sch u tz h as 
been studied, and will  be ful l y  described i n  the forth ­
coming re port for 1886. A t h orough study of t h e  en­
tozoa affecting the domesticated ani mals of the U nited 
States is  also in p rogress, and i s  yielding very i m port­
ant res ults. 

In addi tion to th is work, which comes strictly with­
i n  the provi nce of the Bureau of Animal I ndustry as 
defined in the act of Congress establishing it ,  the quar­
antine of imported ani mals, formerly in  charge of the 
Treasury Department, i s  n o w  under the direction of 
Dr. Salmon . 

As a recognition of Dr.  Sal mon's l abors i n  behal f of 
veterinary science, the Royal Col l ege of Veterinary 
Su rgeons of Great B l'itai n has recently conferred upon 
hi m  t h e  d egree of h onorary associate-th e  h ighest 
professional honor which that bod y can bestow. He is 
also a fel low of the A merican Association for the Ad· 
vancement of Science, and chairman of the Committee 
on Animal Diseases an d  Animal Foods of the American 
P ublic Health Association.  W. J. C. 

THE WORK OF T H E  I N T ERNATIONAL 

CONGRESS OF G EOLOGISTS . *  

By G. K. GILBE RT. 

fication of eruptive rocks. As there is no agreement as 
to the fundamental p rinciples on which their classifica­
tion should be based, owing to the lack of an accepted 
theory of volcanism, it is to be hoped that the congress 
will adopt no scheme of classification. 

and that it also undertook to prepare a map of Europe, 
further than as a work of compilation. 

The other up dertakings of the congress as to taxo­
nomic terms, systematization of terminations, the selec­
tion of a scale of colors, and other conventional signs, 
all belong to the means of intercommunication of geo­
logists, and affect only the verbal and graphic tech­
nology of the science. The arbitrary time scale is a 
conventional terminology for the facts of correlation. 
We may therefore say in general that the proper 
function of the congress is the establishment of com­
mon means of expressi n g  the facts of geology. It  
should not meddle with the facts themselYe8. It may 
regulate the art of the geologist, but it  m ust not at­
tempt to regulate h is science. Its proper field of 
work lies in the determination of questions of tech­
nology ; it is a trespasser if it undertakes the deter­
mination of questions of science. It may decree terms, 
but it  must not decree opinions. 

. 'rh e  t wo IllOSt i mportant undertakings of the con­
gre ss are the cl assificat ion of terranes and the unifica­
tion of map colors. The congress is attacking these 
b y  mean s of a t h i r d  u n dertaking, the preparation of a 
geologic map of Europe, and th i s method of approach 
has had the effect of maki ng it difficu·lt p roperly to in­
terpret i ts action.  'l' h e  original idea was the adoption 
of a stratigraph ic classi fication to be appl ied to the 
whole earth, and of a color scheme for use in  all geologic 
maps. B ut at the Berlin session the committee i n  
ch arge of work o n  t h e  Illap o f  Europe pressed the con­
gress for the determination of question s on which hung 
th e  cOlllpl etion of the map, and many hasty decisions 
were reached, w h i l e  not a fe w disputed points were re­
ferred to t h e  Illap comm ittee. In view of the u ncertainty 
thus occasioned,  I shall not attempt to characterize the WHAT AMERICAN ZOOLOGISTS H AVE DONE attitude of the congress on the subject of classification, 
b u t  shall merely develop my individual view. FOR EVOLUTION. * 

T h e  problem demands a true conception of a system, 
instead of the false conception that is abroad. We be­ By EDWARD S. MORSE. 
gi n  with the elem ents. The land s urface is removed by E LEVEN years ago I had the honor of reading before 
erosion and spread on the ocean floor a s a deposit, but this association an address in which an attempt was 
the relations of land and ocean have varied irregularlv, made to show what Am eri can zoologists had done for 
until every part of the s urface has been changed . Situ- evolution. My reasons for selectin g  t his subj ect were, 
ultaneous d eposits are not everywhere the same, the first. that no general revie w of t h i s  nature had been 
variations d e pendin g largely upon the depth of water made ; �nd second, that manr of . the oft-repeated ex­
and t h e  d i Rtance from the shore. Animals and plants am pIes 1Il support of th e del'lVative theory were from 
are grouped in provinces with shifting boundaries. Europell:n sources, and d id not carry tI:te weight of 
From the earliest to the present time, species have been' equ ally !mportant facts. the. records of whICh we�e con­
p rogressi vel y mod i fied according to local conditions. cealed 1Il our. own sClentific Joul'Ilals. DarwlIl was 
'l'here are two an tagonisti c tendencies, one toward di- pleas�d to wnte to �n.e that .most of the facts. I had 
versity of life and the other toward its unification. mentlOned were fanl l i lar to h un. but, to use Ins own 
Taki n g  some l imited area we find its nature com plex words, he was amazed at their number and i m portance 
as the resul t  of these pro�esses. There are breaks a.t when brough� together �n thi s  manner. The encour­
different h orizons, lith ologic and life changes, both a�elIle!lt of hI� recogmtlOn has !ed me to select a con­
bei l l g, at times, abrupt, and it is thus that the strati- t m u�tlOn. of thIS scheme as a s':lbJ�ct for the customary 
graphic coluIlln is classified into grou ps, systems, series, preSIdentIal add ress, a task whIC.h I S  at be.st a thankless 
and stages, accordi n g  as the breaks are gi'eat or small. If n�t a pro.fitless one. Ha� I falIltly realized, howeyer, 
As the criteria differ only in d egree, precise defin itions t�e lllcreaslllg number and Importa!lce of .the contl'lbu­
are impossi ble, a n d  classification is l argely a m atter of bons . made by our studeI?ts on thIS s u bJ ect, I should 

THE presence of a n u m ber o f Eu ropean geologists at con veni ence. It should be remembered that the breaks certaml y  have chosen a different theme. 
the Buffalo meeti ng of th e  A. A. A. S. in 1 876 natural ly  are n atural, not artificial. In 80m e  other area distant Incom plete as is this .record of ten years' work, I am 
sugg ested the formation of an association of the geolo- from the first with different fauna and flora the sam e compelled to present It_ In the Buffalo address two 
gists of the worl d. This suggesti o n  was t h e  founda · principles apply, but the systems do not ' coincide. marl,ed periods i n  the work of the zool ogists in  this 
tion of th e Intem ational Con gress of Geol ogists. 'I'his Hence, wh ile we can eompare systems, we lllay not be cou n try are recognized ; the one period elllbracing the 
boo y met at Pari s i n  1 878, at Bologn a  in 1881, at able to compare their details. T h i s  ideal case repre- w?rk of the topograT�h ers, tl?e field su rveyors in the 
Berlin i ll 1885, and will  lIIeet in London next year. sents the comlllon experience of th ose who have tried sClenc� ; tl�e other perlOd datI,ng from the. advent of 

The work of the congress l ies i n  geologic nOlllencla- to correlate remote districts with the geologic history. Aga SSIZ, WIth t}le wond�rful Im pulse h� Imparted. t& 
ture and classi ficat i o n ,  and the conventions of geologic of E u rope. There does not ex ist a worldwide system, th e .stu� y by hl� enthusIas�ll and. d evotlOn . A thll'd 
maps . T h e  particular clas�i fications attem pted are the nor grou p, but every system and every group is local . perlOd. 1Il A mel'lcan zool?glCal SClence, and by far �he 
establishment of the m ajor d i visions used ill historic I f the term system be made universal it must be arti- most Importan t awakemng, d ates from the publ lca­
and in stratigraphic geology, a n d  t h e  subdi vision of ficial,  or i f  n atural in one geologic pro�ince, it m ust be tion o! Da�win's .. Origin o! �pecies. " Its effect on 
volcanic rocks. In nomenclat u re three things are artificial in all others. It is high l y convenien t to use zoologIcal lIterature was strIkmg. The papers were 
undertaken : fi rst, the determination of the naUles of t im e  d i v i sions, but the adoption of the European time first tinged .with the. new d octrine, then sat,!rat�d, 
historic and of strati graphic d ivisions ; secon d ,  t h e  scale was due to the acci dent t h a t  E u rope was explored �nd now, WIthout reference to the theory, denvatlOn 
formulation of r ules for nomen clature in paleontology first. Th e scale being recognized as arbitrary, it may IS taken for �ranted . . . 
and mineralogy ; third, the establish m ent and defi n i - be m odified by the congress, thus putting it in the /is zoologIsts w,e Il:re mdeb�ed to Darwm for the 
tion of the taxonomic terms of chronology (period, best possible s h ape. WIdespread .publ Ic lllterest 1Il o,nr wor!<. Before 
epoch, etc. ) and of stratigraphy (system, series, etc. ) . Con fusion of ideas should not be fostered for the sake DarwlIl the Im portance of our speCIal studIes was far 
The map con ventions most di �cussed are colors. T h e  of arti ficial u n i formity. I su ggest for the ending of �)\lt weighe� b� the prac.tical v�l u e  pl�ced upoll . scien�e 
congress i s also prepari ng a large Illap of E urope, to be ti me words the syllable " al. ' · Thus wh ile J urassic and 1Il the appli catIOn of WhICh an 1Il1med late materIal gam 
issued in forty-nine sheets. Devonian woul d ·be pu rely E uropean, J u ral and Devo- wa" assured. Chell� istry, physics, geolog�, were �m-

B riefly stated, the work accompli shed to the p resent nal would denote divisions of the standard time scale. portant to the pu bhc only because a practICal apphca-
ti me is as follows : Agree ment h as been reached as to T he adoption of a good color scheme is more im- ti.on of thes� sciences was capable of showing an imme-
the rank and eq u i valence of t axonom ic terms em ployed portant than even the taxonomic nomenclature ' be- dlate materIal return . 
in cJlronology and st ratigraphy ; a set of rules for pa- cause at present scarcely t wo individuals use colo�s in Agassiz, in h i s  appeal to the State for appropriations 
leontologic nomenclature has been ad opte(l ; and the same way. Every n e w geologic  atlas has a new for the great. muse��1 at Cambridge, insisted that 
many s heets of the nmp of E u rope have been pre pared al p babet of colors. A universal l anguage should be there were. lugher dIVIdends than money ones to be 
for the engraver. A partial  cl assificat i o n  of s tratified su bstituted for this confusion of tongues. Hence the looked for II? endow ments for zoological m u seums, and 
rocks and a partial sch eme of Illap colors has been provisional work of t he congress should be freely criti- th�se were lIl�el lectual d ivid�nds. While the force of 
agreed upon . cised at its p resent stage, as the adoption of an ill- �h IS appeal wIl l  always re! ll�lll tru�, the t ranscendent 

In the terminology of zoology and botany t h e  word s, arranged color scheme would occasion conti nual loss. Importance of th e  naturahst s stud Ies from the stand­
kingdom, class, etc. ,  though d ifficult of d efinition, are A perfect m ap m ust be clearly legible, rea d i l y  adj ust- point of Dar:-vi n  is  w.id.ely rt;cog.n.i zed. �an now be­
always used i ll the same order of in�lusion ; but i ll ge abl e to facts, applicable to both large and small maps, comes aI? obJ ect . of rIgId SCIentI fic scrutmy frem. the 
ology th ere is no such u n i formity of usage. T h e  term s inex pensi ve easily remembered pleasi ng to the eye new pOSItIOn whICh has shed such a flood of light 
and order adopted by the con gre ss are as follows : Of an d should �ccasion the l east in�onvenience in chang� upon the animals bel o w  him. His habits, behavior, 
stratigraphic d i visions the h i ghest is group, then sys- ing from the present systems. T he number of h ues and the physical �llfluences ? f . his enviI'O�Ill t;I�t and their 
te m, se1'ies, and 3tage ,. the corresponding chronologic tone� that can be com bined in a Illap is small, not ex- effects upon hUll, !ranSllll sslOn o� pecuhantlt;s thro�gh 
divisions are era, period, epoch, an d age. Th e  strange- cee? m.g perh aps twenty ; but textures admit of great th� laws .of heredlty�all thes� factors are d I rectl y I.m­
ness of this order of rank and the use of stage will  n ot vanatlOn, and as many as a h undred may be used with- pl l�a1:ed I? the b u rn mg que�tlOns and problems whICh 
seriou sly retard the adoption of the convention in view out con fusi o n .  In the color scheme prepared for the ag!tate h Im to-?ay; Q.uestlOns o� I.abor, �e�npera�ce, 
of the utility of u ni forl ll i ty and perspi cui ty. The i n- lllap of E u rope thi rty-eight distinctions of hues and p.rlson reform, �lstl'l�)\ltl On .of charI tIes, rt;lIglOus aglt-a­
troduction of the word stage, or at least of sOllle lle w  tones are made, adj usted to rock systems of Europe ex- tlOns, are questIOns nllllledlatel r concerIl1 � g the mam­
word for th at part of th e col u lll n, was necessi tated by cl usi vely, and not applicable to other parts of the m3:1 man , an? are now to b� serlOusly st�dled from the 
the restriction of the  word formation to a special E'::rth. 'l'h e  sch e me cannot be applied to America, In- solId standpomt.of observatlOIl ll:nd eXpel'lIllent, �nd not 
meaning -the desigllation of lIl i neral ma.Rses w i th re- om, New Zealand,  or Austral ia  without misrepresenta- from the emotlOnal and oft�n l!lcongruous attItude of 
ference to th eir origin . T h i s  restriction alHo keeps us tion. I t would be better to adopt no con vention at all the church . :ro a naturahs� It may see.m w.eU nigh 
from usi ng fOTination to d enote i nd efinitely an aggre- as regards map col ors than a false one. Flexibi lity  can profitless to dISCUSS the questIOn of evolutIOn smce th e  
gation . of strat::. I would s�ggest the wor.d tel'! 'all e  an d ou ght to be combined wi th other desirable quali- !:>attle has been w?n, and !f there be any ?isCUliSioI?,  it 
for thIS  l�leallm g  of fonnat1?11 :  Th� ?xatlOn of the ties. I suggest that the contin uous prismatic spectrum IS as to the relatIve merIts . and force of th e varIOus 
chronologl C  t e r m s  creates a sllll l l ar d Ifficul ty; a n d ,  on ' be adopted as t h e  standard universal scale for contin u- factors en volved. The publ Ic, however, are greatl y 
the whole, tim e  seems open to the least obj ection for OllS geologic time ' an d that the conventional time scale interested in the matter, as may be seen by a renewal 
use, in the i n d e fi n i t� �ense. . . . based on the ge�logic history of E urope be com ple- ?f th.e fight in the Engl ish revi�ws, and the Il:gitation 

'l here are p roposItlOll!' before th e congress to d l stw- mented by a color scale prislllatic but discontin uous I IS  stIll kept up by well meamng though Ignoran t 
gui sh the names of i n d i vid ual groups, �ystems,  series, �I'Op08e .that th e  stude�ts of each geolo�ic district 'as- advisers, �ho insist that science h as n.ot �et accepted 
and stages by lllea�lR of tel·lll l TlatlOns,. those of Si gn for It s sys�t;lIl S a set of selected prIsmatic colors ; the doctrme ; and gre:;t church orga,nlzatlOn s  meet �o 
th e same rank havmg the sam e  e n dmg, e .  g. , and that proVI SIOnal colors for undetermined systems condemn and expel theIr teachers of sCIence from certam 
every name of a gro u p  shoulLl end in " '  ary, " be distinguished by a special device. If the number of schools of learning because their teachings are irft bued 
as " Primary; "  'rhe . ad?pti on of such a I?l an would su bdivisiolls is small ,  they may be represented by tones with the heresy. . . . . . .  . . enable a wr�tel' to l ll o.lCate t h e  taxonomIC mn k of of the hue assigned to the system, and if great, by Dr. ;Asa Gray,. m hIS . dlscrImmatm g blOgra1?hICal 
a terrane WIthou t adll mg a word for that purpose. monochromatic textures. It is provided that h iles shall memOIr of Darwm ,  says m regard to the " Doctrme of 
Con verse.ly, th e read er o r  hearer would al ways learn the 11Il.Ye n o  other funetion ; th is secures the integrity of pescen.t , " .. It i s an ad vance from wh.ich i t  is evidently 
taxonom I c. ran k, or �upposed ran k, whenever a terrane the d i st i n ction between systems, h owever minute th e  I mpOSSI ble to I;ecede. As has been sal� of the theory of 
w.as m e n tIOned. 'l hese are .ad v�l.Iltages, but several subo ivision . In lIl y j udgm ent, the maximum number t h� ConservatIOn .of �nerg:s, so of thIS. The proof of 
d l sa� van.tages would a l so al'l s.e trolll t h e  ns� of sueh of h ues th.at can be u sed is from fifteen to twenty. I �hIs. great .generll:hzat�on, hke that of all ot.he� geller�J­
ter.IIl I natI(;ms. 9ne could not �l l scuss terr�nes from alll woul d aSSIgn the browns to volcanic rocks and leave !ZatlOns, �I es m�mly 1Il the fac� that �he eVldenc!l m 
pomt of vIew WIt�Ol1t expr�ssJIlg an 0]?1II10n as to theI r  th e  grays unassigned. T hese are the main features of ! ts. favor �s con tm�Ia! I �  a�gmentlllg, w h Ile that ag�lII st 
taxonomy. Agalll , geologlst.s wh� d l l!ered �s to th e  the proposed prismatic scheme, which is constructed It IS contlIlually dUlI ln Ishlllg, as the prog.ress of sClenc.e 
rank of a terrane w o u l d  tel'll l l tlate Its  title d Ifferently, for t h e  express purpose of securing a degree of flexi- reveals to us more �n d more t he workmg of the UnI­
and a need less synon ymy wou l d  t h u s  be introd uced .  bil i ty that w i ll fit it for universal use. Such an alph a- verse. " Let us examllle then the evidences, trivial as 
II? tl�e yhi l'? place, t h e  cl'ea�ed n ecessity for taxon?m:c bet of colors will be orderly, famil iar, and easily well as im1?orta�t. !hat have been record!ld by Ameri­
dlSCrImllla tlO�l on all OCCaSI?nS wou l d  tend to dI rect learned ,  w h i l e  it scienti fically differentiates the func- can ZOO!OgI�ts wIth m  the past ten years III support of 
und u e  attentIOn to taxonOIll IC problelll s. tions of hues and tones. the derIVatIve th eory. 

'1'he congress also adopted rll le� for the establ i s h - Final l y, when the matter is propos�d for regulation Without further apology for the very imperfect char-
mell t  of the n ames of genera and species i n  paleon- b y the congress. the first question to be asked is acte� of this survey, let. IlIe at once begin by calling at­
tolo�y. . . . whether i t  fal l s  within the legitimate purview of a con- �entlOr� first to t� e testullony reg�rding tht; var!ation 

It IS surpl'lSII1g' that a bod y of geologists assu m ed to vention of geologists or belongs to some other science. Hl h abIts and eVIdences of reasanmg power III anImals. 
s peak with authority on this s u bj ect. Pal eontologists It sho u l d  also be u �derstood that geologic facts are The establishment of individual variation in mental 
shoul d  u n i t e  wi t h biolo(!."ists in the adoption of nI les of not subj ect to settl ement by con vention. Fact ,s can be powel:s . . change in �a,?its, etc. , I !es at the fou!ldatioI? of 
nO lllel�c l a.tll re. No aetlOl1 I II regard to the n omencl a- establi sh�d ouly by observation. 'rhe science of geo- �arwu:l Ism as fu rIllshlll �  Il1aterI�1 for selectIve act!on. 
t u re of  I II I II e ra I.ogy has yet been taken. . . logy con sI sts i n  th� aggregation and arrangement of .1 here .ls no group of �nlIllals w.lll ch exceeds the. bl�ds 

An ot h e r  p rOJect ed work of t h e  con gress IS the classl - facts ; au d a . claSSIficati on should merely be a general- III yal'le.d a!l.d su ggestIVe materIal , for the . evolu tlOIllst. 
- �--A-=-- --1- -'- ----�d - : �l �d-d - --- - d· -t--'-�E-f 'h A �-:- I zed ex pressIOn of those facts. Hence J regard it as It I S  a SIgn Ificant fact that the birds, whICh appeared u�tI'a(' " V1C(,- PI'f'�1 ('utla a re�l'Io. l'C'a 0 sectIOn 0 t e mel' l - I O i l d . ct h th . 
can A,so�iution for the A,[v,,"cemellt of science, New York, Aug. 10,  I -a . v ise t at. e geologICal congress undertook to * Addre •• of the ret irin/!: President  of the American A.sociation for the 1887. claSSIfy th,s sedlmentary formations anq the volcanic, Advancement of Science, New York, Angust 11, 1887. 
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to Cuvier and his contemporaries a closed type, a I N. C. Brown shows the variable abundance of birds at I tions above quoted, but notably by the labors of Rev. 
grou p that seemed to fulfill the ideal conception of a the same locality in different years. In this connection H. C. McCook in his studies of the American ants and 
class archetype as compared to other groups which it will be of interest to read Dr. L. P. Gratacap'� paper spiders. In va.rious papers published in the proceedings 
had their open as well as obscu re relationships, should I entitled " Zoic Maxima ; or, Periods of Numerical of the Philadelphia Acadeluy of Natul'al Sciences and in 
be of al l  groups the one that first yielded its  exclusive Variation i n  Animal s. " the American Naturalist he has �hown many extraord i­
characteristics. In fact, there is no group in which the The behavior of wild birds when kept in confinement, nary and curions features in the l ife histories of these 
barriers have been so completely demolished as in this and the attempts made in  domesticating them, has anilllais. The great variety and extent of his work 
apparently distinct and i solated class. always furnished an interesting field for study. The m ust be my excuse for not referring to it in detail.  

An attentive and patient study of the birds has es- curious freaks and impulses which they often betray, Prof. G. F. Atkinson, in studying a new species of 
tablished almost every point defined by Dal'win in his the changes they show under the new conditions, indi- trap-door spider, confirms the observations of others as 
theory of natural selection .  One haH ouly to recal l the  cate in some measure the plasticity of their organiza- to the creature deliberately attach ing fragments of 
marked reptil ian affinities as shown in their eilibryologi- tion. moss to the lid of its nest in  order to conceal its posi­
cal and paleontological history. Besides all these Hon. John D. Caton, in an interesting paper on tion. Dr. Thomas Meehan descri bes a hornet that was 
structural relationships, the birds possess II,'; a gronp "Unnatural Attachments among Anilllals, " records a gifted with great intel l igence. He saw this insect 
remarkable and striking ill ustrations of variation in curious fondness shown by a crane for a number of struggling with a large locust in unsuccessful  attem pts 
color, si ze, marking, nesting, albinism, melanism, pigs ; and in another paper, on the " Wild Turkey and to fly away with it. After several fruitless efforts to fly 
moulting, migration, song, geographical variation, sex- its Domestication, "  this writer has made sOllie valuable up from the ground with his victim, he final ly d ragged 
ual selection, secondary sexual characters, protective records of the successive changes which take place iu it fully thirty feet to a tree, to the top of which he la­
coloring ; and in their habits show surprising mechani· the bird during this process-changes in color, during boriously ascended, still clinging to his burden, and 
cal cunning and ingenuity, curious and inexplicable which the IllOl'e conspicuous features of protective having attained this elevated position, he  flew off in a 
freaki!l, parental affection, hybridity-indeed, the stu- coloring are lost ; changes in habit, in which are seen horizontal direction with the locust. Dr. Meehan truly 
dent need go no further than the b irds to establish the undoing or relaxing of those features which indi- says : . .  There was more than instinct in this act ; there 
every principle of the derivative theory. cate constant vigilance, from carrying itself in a semi- was reasoning on certain facts and j udgment accord-

The many observations on the nesting habits of birds erect attitude, perching on the tal lest t rees, covering up ingl y, and the insect's j udgment had proved correct. " 
would form a curious chapter as i l lustrating the indi- the eggs carefu l ly with leaves when off the nest, etc. , A curious case of circumspection i n  ants is recorded 
vidual peculiarities of these creatures. to moving in a horizontal attitude, perching n ear the by Dr. Joseph Leidy. In an empty house he observed 

Dr. A. S. Packard records the fact, as related to ground, covering the eggs but sl ightly or carelessly, some ants feeding on crumbs of bread left by the 
him by Mr. Wyatt, of wild geese nesting in large cot- I etc. , and losing that wildness which characterizes workman. He at once placed pieces of bread in the 
tonwood trees on Snake r iver, west of the Roeky the bird in  its wild state. At the breeding season, different rooms in the house,  only to find them the next 
Illountains ; and Doctor Coues, in his " Birds of the however, the females became wild again,  but this  was day covered with ants, which h e  destroyed by causing 
Northwest," says wil d  geese " n est i n  various parts of a feature too deeply implanted to show modification in them to fall i nto a dish of turpentine. After a few 
the Upper Missouri and Yellowstone regions in  trees. " the time allotted to Mr. Caton's experiment. The sallie days the ants no longer visited the bread , and he 
Mr. H. W. 'furner observes a robin nesting 011 the writer has also observed in the Hawaiian Islands the supposed they had been exterminated. A few daYI" 
ground. The late Dr. 'f. M. Brewer points out some effects of re verbion to a wild state of different kinds of after, however, h e  observed a number of ants in  the 
very curious " Variations in  the Nests of the Same domestic animals which have from time to time been attic feeding on the body of a dead fly. He imrueui­
Species of Birus. " He not only observes individ ual carried there . Among other ani llJals h e  was fortunate ately got a lot of grasshoppers and d istri buted their 
variation in  nest structu re, but shows that in different enough to observe the undoing stages in the domestic bodies in all the rooms, only to find that they were soon 
regions of the country birds of the same species build turkey and the assumption of those features which covered with ants, which he destroyed as before. This 
different kinds of nests, and in reflecting on these .characterize the wild b ird.  treat continued attracti ve for a few days only, when 
peculiarities he  i s  led to say : " If we cannot understand A great many facts i l lustrating the plainest features the ants abandoned the food. In brief, he tried meat, 
what it can be that stimulates an Empirlo na:c in Staten of natural selection, p l'otective coloring, mimicry, etc. , cake, and various other articles in turn ; the ants for a 
Island to build a pensile nest, while its fel low in In- have been recorded i ll our journals from time to time. while frequenting these snares, only to learn the danger 
diana builds one l ike a deep cup and surrounded with A hrief allusion llIay be made to a few of these. involved, and finally avoided them. 
thorns, and another group in Pennsylvania puts Prof. Samuel F. Clarke notices a pronounced case The gradual dispersion of species in recent times is of 
theirs on an exposed tree top, and so flat that the eggs of natural selection-a case which must often occur great interest, and careful record s should be made of 
lleelIl liable to roll out, we must see that SOUle cause, in nature. He kept iu large glass jars masses of the facts as observed and a col lection of large numbers 
hidden to us, is gradually effecting changes that sooner eggs of Amblystoma. As soon as these eggs began of individuals made, in order to compare them with 
or later Illay become universal iu the species, though to hatch, he found it difficult to provide the young specimens of the sallie species in future years, to ascer­
which i t  is to be we may not be able to imagine. " with suitable food, and yet they seemed to thrive. tain the variation which may have taken place and the 

Mr. J.  A. Allen, in  writing on the inadequate theory On exalll ination,  lIlany of them were seen to be en- tendency of that variation. A nUlllber of obsen'ations 
of birds' nests, shows grave and import.ant exceptions gaged in n i bbling the branchia of others, and as have been published within t.he last ten years showil lg 
to Wallace's theory, though he subscribes heartily to they increased in  size they were seen to swallow the new areas of distribution. L1:toTina litorea, which has 
his philosophy of birds' nests. He expresses surprise weaker ind ividuals bodily, and hence grow with in- been creeping along the coast since 1 869, as recorded by 
that closely allied species of birds should oftentimes creased rapidity. " Here, then,"  he  says, " was a very Gray, Verri l l ,  and others, has now reached the sOll t h­
build divers kinds of nests, overlooking the fact that interesting case of n atural selection by survival of the ern side of Long Island Sound, as observed by Mr. 
even closely allied varieties of man build entirely un- fittest. All the weaker individuals being destroyed and Henry Prime. Lioplax sub·carinata, an Ohio river 
like houses. actually aiding the stronger ones by serving them as species, has been found in the H udson river at Catskill 

Mr. F. H. Knowlton records a cl iff swallow appropri- food until they could pass through their changes and landing. L'imax maximu8, first found at Newport, 
ating, for the construction of its own nest, pellets of escape to other regions where food was more abun- R. I . .  by MI'. Powel, has since been found at Cam­
mud which were being brought by another swallow. dant. " Prof. R G. Wilder has recorded a similar con- bridge, Mass. , by Professor Hyatt. Bythinia tentacu­
Also the curious fact that a n umber of swallows were dition of things in a species of spider, where the young lata, first recorded from Oswego, N. Y. , by Rev. W. M.  
observed bus i ly  engaged in sealing up a nest in which spiders within the case inclosing the eggs were feed ing Beauchamp, i s  reported as  having been found at Bur­
one of their comrades lay dead. Among the curious on the weaker ones. Prof. Henry L. Osborn ohserves lington, Vt. , by G. H. Hudson. In the Mohawk ri ver 
traits of hirds Mr. H.  B. Bailey communicates some a curious case of mimicry at Beaufort, in  the coloring of is a thriving comm unity of this species, the first having 
new ones observed in  the red· headed woodpecker by a �pecies of OVUIUIIl which frequents a species of Lepto- been placed there by Dr. James Lewis .  
Mr. Agersborg of Dakota territory. 'fhis gentleman gorgia. The O \'ulum was yellow in  color on the yellow Dr.  R.  E. C. Stearns. in  commenting on the occur­
had observed one of these bird s  wedging grasshoppers variety of this sea fan, and purpl-e when l iving on rence of Mya aTenal'ia in San Francisco bay, states 
in a large crack of an old oak post. N early a hundred the purple variety. Dr. R. E. C. Stearns has made that the first record of the species in California was 
were stored away in this manner, the bird afterward some interesting notes on protective coloring in Phryno- made by Dr. Newcomb in 1874. Within a few years i t  
feeding a t  lei�ure o n  the su pply. This paral lels the somle. Having collected these horned lizards (or toads, has increased in great n um bers, furnishing a new food 
habit of the Cal i fornia woodpecker storing acorns in as they are commonly  called) in Central California, supply for the people. The evidence that it is a recent 
holes in the tree and subsequently feeding on the ful ly  he has noticed that if the ground region they frequent introduction is  seen in the fact that so large and con­
developed larvle within the  seed. is yellowish, the lizards are without exception of that spicuous a species could not have escaped the eye of the 

Mr. O. P. Hay, in  a late number of the A uk, has an color ; if ashen gray, th'!n that color is simulated, and collector. No trace of it has ever been found in the 
interesting papel' on the red-headed woodpecker as a this without exception. Further than this,  he is " led n umerous shell heaps of California, though it is found 
hoarder, showing that the bird Illakes accumulations to believe that a sufficient nUlllber of living specimens on the Asiatic coast from Kamtchatka to the southern­
of beech nuts, pounding them between the shingles of will  show a similar protective factor, in degree of de- most limits of Japan. Dr. Stearns believes it  to have 
a roof, wedging them into crevices, and storing them in  vel opment of the scale illlbrications, tubercles so called, been imported with the oyster transplan ted from the 
cavities i n  trees. and horns-or, in brief, in the sculpture aspect as re- Atlantic coast. From large numbers of the shells that 

The plausible suggestion made by Darwin as to the lated to the surface texture of the ground which forms I Illeasured, the low i ndex would show that it came 
agency of aquatic b irds  in the wide dispersal of fresh the local habitat of thQse form s. " Dr. A. S. Packard froll1 sOllie southern point on the Atlantic coast. 
water mol lusks was singularly confirmed several years has observed the partiality of white butterflies for The delicate balance of conditions between organ­
after by Mr. Arthur F. Gray shooting a d uck which white flowers. He noticed the European cabbage but- isms, whether it be between individuals of t h e  mille 
had clinging to one of its toes a fresh water mussel. Dr. terfly, which is white, go di rectly  to the white aster and species or between widely separated groups, is an ill1-
J. W. Fewkes has recent ly  recorded the shooting of a rarely visit. the golden rod, while the yellow sulphur portant feature in the question of survi val. Prof. S. 
duck in Sebec, Maine, which was in like manner trans- butterfly visi ts the yellow flowers of the golden rod A. Forbes, in  a thought ful study of cert·ain species of 
porting a fresh water mussel. 'fhe same bird had been oftener than those of the aster. The same author also entomostraca in Lake Michigan and the surrounding 
observed several days before with this curious com- observed a harmless Egerian moth w h ich deceived the waters, calls attention to the important part played by 
pan ion clinging to its foot, and had the Li uck been mi- sharp eye of a trained entomologist by its resemblance these minute crustaceans, showing how they furnish 
grating at the time it might have transported the m us· to a wasp, and asks, Why may n ot a bird be equally de- almost the entire food for young fishes, larger crusta­
sel JIlany hundreds of miles. In this connection it ceived ? Miss Sarah P. Monks observed a case of ceans, an d even insect larvle. He writes : " Mollusca, 
would be an interesting inquiry as to how far the sirni- millletic coloring in tadpoles, their tails precisely re- one would say, could afford to be indifferent to them, 
lari ty observed i n  north temperate and circumpolar sembling the leaves of an aquatic plant, Ludovidgia. since they neither eat them nor are eaten by them, n or 
animals is due to the annual migration of birds north Miss Mary E. Murtfeldt haYing noticed that the seem to corne in contact with them anywhere, through 
and south. butterfly PYl'ameis hunteri always deposited its eggs any of their habits or necessities. But for this  very 

Mr. W·illialll Brewster notes some interesting features on the plant AlJtennaria, she was surprised to find a reason. these two classes afford an excellent i l lustration 
in the habits of a young Kittiwake gull of the St. Law- n umber of larvle of this bu tterfly on Artemisia. The of the stringent system of reactions by which an as­
rence. He brought home a young one, i t s  mate hav- customary plant being rare in the immediate vicinity, sembI age· of even the most diverse and seemin gly 
ing died of thi l'st, th{l other one surviving through the the butterfly had been misled by the surface resem- independent organisms is held together. . . . If 
accidental discovery that the bird drank ouly salt blance of th e  white cottony leaves of the Artemisia to there were no  entomostraca for young fishes to eat, 
water. Both the birds obstinately refused to drink those of the accustomed food plant. In this case the there would be very few fishes indeed to feed upon 
fresh water. O bservations on this bird by Prof. A. larvle all died. mollusca, and that class would flourish almost without 
Hyatt showed how slowly and timidly it acqui red the An unquestionable fact has been finally established restraint ; while, on the other hand, if there were no 
art of swimming and flying. The bird when first forced by recent methods of observation on the habits of mollusca for the support of adult fishes, entomostraca 
to fly was thrown into the ail', and to the surprise of insects and other animals, and that is that indiv iduals would be relieved from a considerable part of the drain 
Professor Hyatt flew with great rapidity and precision, of the same species vary in intelligence ; that they are upon their numbers, and would mul tiply accordingly. " 
circl ing about the hOllse and through tha apple trees, not automata ; that they are not impelled by a blind He is much struck with the fact tbat in the larger 
and, final ly, flew near him several times in the greatest instinct to perform certain acts with unerring  accuracy, bodies of water, the species of entomostraca show an 
agitation ti l l  he caught the bird, which was completely  but, on the contrary, that they vary and often greatly inferior development in  numbers, size and robustness. 
exhausted. For a long t ime the bird went through vary in their ability to provide for their young, in their and in reproductive power. Their smaller n u mber and 
this maneuver, showing that while he knew how to fly ski l l  to secure sufficient food, in their wit to avoid size are doubtless due to the relative scarcity of food. 
it could not alight, though it finally acquired this fac- danger : in other words, they make blunders and mis- " The difference of reproductive energy, as shown by 
uIty. Prof. L. A. Lee records a remarkable attack takes and involve their progeny, and even their colony, the much smaller egg masses borne by the lacustrine 
made on h i m  by a marsh ha wk, and Mr. Abbott :\I. in ruin. This individ ual variation in intell igence is species, depends upon the vastly greater destruction to 
Frazer tells of a tame crow deliberately standing on an brought out very clearly by_a pat.ient series of obser- which the paludinal crustacea are subjected. Many of 
ant hil l  and permitting the ants to remove the  parasites vations made by Drs. G. W. and E. G. Peckham on the latter occupy waters liable to be exhausted by 
from i ts feathers. In this connection It paper by MI'. the special senses of wasps. They not only repeated drought, with a consequent enormous waste of ento­
Joseph F. James should .be read in which he shows by llIany of the experiments of Sir John Lubbock, but mostracan life. The opportunity for reproduction is 
a nUlIlber of argulIlents that animals not only present many new and ingenious experiments were devised.  here greatly l imited-in sOlIle situations to early spring 
a reasoning facnlty, but that  this  faculty has been the Their studies were for the purpose of  investigating the alone-and the chances for destruction of the summer 
result of slow evoilltion. Illental power, sense of hearing, color, direction,memory, I eggs in  the dry and often dusty soil are so numerous 

Mr. Xenos Clark, in an exceedingly i nteresting article emotion, power of communication, general intelli,gence, that on ly the most prolific species can maintain them­
on the music of animals, and particularly the m usic of etc. An interesting result of their painstaking work selves under such conditions. 
birds, concludes by sayi ng there is " a theory for the was the determination of individual differences as to " Further, the marshfls and shallower lakes are the 
origin of melody, whether hll man or extra:llllman, the faculty of memory and power of distinguishing favorite breeding grounds of fishes, which migrate to 
which, besides the usual basis of physiological acoustics, color and di rection. This kind of study of the habits them in spawning time, if possible, and it is from the 
employs the law of modified, inherited, selected, and of insects has brought to light features of the most sur- entomostraca found here that most young fishes get 
adapted structure, i. e. , the law of evolution . "  prising character. T h e  remarkable studies o f  S i r  John their earliest food supplies-a danger from which the  

Mr. Rnthven Deane records cases of  albinism and Lubbock, Dr. Moggridge, and others in  Europe have deep water species are measurably free. Not onl y is it 
melanism in a great Illany families of birds, and Mr. been paralleled in this country not only by the observa- high reproductive power therefore rendered unneces-
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sary among the latter by their freedom from many ' of things I II the distribution of the fresh water mus­
dangers to which the shallow water species are ex- sels of Ohio and Alabama. By a series of tables he 
posed, but in view of the relativel y small amount of calls attention to what he believes is the occurrence 
food available for them , a high rate of m ulti plication of identical and eq u ivalent species in the two systems 
would be a positive inj ury, and could result only in of drainage, and suggests that, owi ng  to the number of 
wholesale starvation. "  varieties characterizi ng the Unionidre, they lllay be 

The effect of birds on insect life has engaged the at- I identical. 'l'his  author has also studied the gen us 10 
tention of the same author. H

.

iS inquiry was to ascer- and its habits, and notices its variation coincident 
tain whether birds originated any oscillations in the with latit ude and temperature. 
numerical proportion of insects upon which they feed. Dr. R E. C. Stearns, in a paper on the circumpolar 
Mauy interesting facts are given which space forbids distribution of certain fresh water mussels and the 
quoting. identity of certain species, un ites man y  h itherto recog-

A nUlllber of contributions ha\'e been made on the nized species of .A nodonta. Dr. J. G. Cooper, in a study 
influence of environ lllent and on geographical varia- of the fossi l  and sub-fo�sil land shells of the United 
tiolJ . to some of which reference must be lllade . Prof. States, sees the strongest evidence in  support of the 
Alpheus Hyatt bears unequivocal testimony to the idea that the older ones are the direct ancestors of cer­
derivative theory, and recognizes clearly the influence tain forms l iving to-day. 
of external surroundin�s in a memoir on the cephalo- Mr. R. P. Whi tfield read a paper before the Boston 
pods, when, in stating the law of organic equivalence, he Society of Natural History, showing changes produced 
says : " The action of physical changes tal,es effect in Limnrea megasoma when kept in an aquarium . 
upon an irritable organism , which necessarily  responds Having at the outset three specimens, two of them 
to external stimulants by an internal reaction or effort. finally died, and from the remaining one eggs were 
This action from within upon the parts of the organ- produced , presumably unimpregnated . These eggs 
ism modifies their hereditary forms by the production hatched, and from these the next year came a second 
of new gro wths or changes which are, therefore, generation , which in turn produced a third generation 
adapted to the conditions of the habitat or the physi- the following year. 'l'he  animal of Limnrea is herm­
cal agents and forces fl'om wh ich they directly or indi o aphrodi te. Nevertheless, besides diminished size in 
rectly originate, " or slightly changing th is interpreta- the shell, it  was observed that the male parts h ad dis· 
tion in  accordance with the same facts, each individ- appeared and the l iver had become considerably reo 
ual is  more or less suscepti ble to  the action of physical duced in size. He shows that a d imcious species had in 
influences, and those which respond qu ickest to physi- a short time become monmcious as a result of the new 
cal influences come more promptly i n  harmony with 
their envi ronment, which is natural selection pure and 
silnple. 

Mr. Charles Morris in a series of papers on " Organic 
Physics " and the " Polar Organizat ion of Animals, " 
presents many new and suggestive thoughts on the 
phys ico-chem ical action in l i fe and development. He 
concl udes that • .  there are inherent in the germ ener­
gies and tendencies, chemical, molecular, or whatever 
we choose to cal l them , adapted to the complete un­
foldlllent of the typical form. But as appears evident, 
their operation can be checked by influences from ex­
ternal nature. There is a strugg le between these con · 
tact influences and the innate organic tendencies. " 

U nder geographical variation many interesting facts 
have been added since Professor Baird, Dr. Allen, and 
Mr. Ridgway published thei r capital discoveries calling 
attention to the variations obsel'ved in  birds and mam­
mals coincident with their latitudinal range. Wi lliam 
Bartram , grandnephew of the famous botanist John 
Bartram, alludes to the effect of cli m ate in modifyin� 
species. I n  speaking of bi rds h e  says : . .  The different 
soil and situation of the country may have contributed 
in some measure in forming and establishing the dif­
ference in size and qualities betwix them . " 

surface to the depth of 60 to 70 feet by yellow shale. 
Underlying  the yellow shale is a black shale about 200 
feet thick. Belo\}' the black shale is a very bard, amyg­
daloidal, igneou s rock. It will be seen by the engrav­
ings presented that in depth the surrounding rocks are 
gradually encroaching on the diamond-bearing earth. 

This is proved to be the case on the north, south, and 
east sides of the m ine, and until recently it was assumed 
that the hard rock would also be found t.o encroach on 
the west side. The " blue " ground in that part of the 
mine has been very poor, and the hard wall rock has 
not been reached except by tunnels or drifts. This 
work shows the hard rock at two points, one 50 ft. 
above the other, to have a decided dip to the northwest 
or outward dip. Further work will have to be done to 
prove beyond a duubt the position of the wall rock on 
the west end of the claim. 

The greatest drawback to the working of the mine 
has been the caving of the friable shales whi ch sur­
round it. As soon as the claims lying adjacent to the 
shale had been worked to any depth , the sl.iale (or , . reef, " as it is u sual l y  cal led) commenced to subside 
and fall into the pit . 'l'h e  greater the depth attained, 
the more extensive have been the falls of the shale. 

During the past few years the work of hoisting " blue " 
ground has been almost entirely stop ped for months at 
a time, owing to the great masses of fallen reef which 
have to be removed. 

The mining board had moved, under their direction, 
from the commencement of work on its mine to May 1, 
18li3, 10,328,489 loads of 16 cubic ft. It is assumed tbat 

Dr. J. A. Allen sho ws marked geographical variation 
among North American mammals in respflct to size. He 
�hows that : "1 .  The maximum physical development of 

FIG. l .-NORTH AND SOUTH SECTION OF KIMBERLE Y DIAMOND MINE . 

the individual is attained when the conditions of en- physical conditions of l ife in the constricted quarters of 
vironment are most favorable to the life of the species. an aquari um. 
B. The largest species of a group (genus, su b-family, or An instructive paper by Dr. W. D. Hartman on the 
family, as the case Illay be) are found when the group genus PaTtu la of the Hawaiian Islands shows in the 
to which they several l y belong reaches its highest de- most con vi n cing Illanner the effect of environ ment i n  
velopment, o r  when i t  has what may b e  termed its modi fy ing t h e  species. He finds a common occurrence 
center of distribution . 3. The most typical or most of hybrids a lllong cert.ain for illS, the result of the union 
generalized representatives of a group are found also of proximate species, this hybridization occurring even 
Ileal' the center of distribution, outlying forms being between arboreal and ground species. Dr. Hartman 
generally more or less aberrant or specialized . " In the states that " gravid females are often washed by heavy 
stndy of the eggs of birds of the same species, north rains from a favored position to drier levels, where after 
and SQu th,  Dr. A llen shows that in the south the eggs a few generations the progeny becomes depauperated, 
Rre less ' i n  n u m ber and smal ler in size. Mr. Robert. and so stunted in size as to be mistaken for distinct 
Ridgway calls  attention to the geographical variation species. " Dr. W. H. DaH, in SOUle general con sidera­
observed in Dendrreca. tions regarding the environment of the deep-sea mol-

The same author in  It discussion of a paper by Salvin l usks as com pared with the shallow-water and littoral 
in the T ransactions of the Zoological Society of Lon- forms, shows h o w  much the littoral forllls have to con­
don,  on the relat ionships between the birds of Gauda- tend with in the struggle for existence as compared 
lupe and the mainland , refers to the present genesis of with the dee p·sea forIll s, and the del icate sculpture and 
species, and points to the i ncrease i n  size of the bill and extreme fragility of many of the shel ls  occu rring in the 
feet, the shorter tail ancl wings and darker colors, aR deeper abysses of the sea are to be explained on the 
characterizing them. I ground of their habitat. Dr. Carl F. GiBsler has pre-

Dr. E. C. Coues in his studies regarding geographical sen ted some interesting evidences of the effect of chem­
variation in color alllong :N orth American insectivo- ico-physical influences in the e volution of the branch i­
rous malll mais says : . .  My studies up to the present go pod crustaceans. 
to show a very interesting parallelism with the state of ( 1'0 be continued. ) 
the case I have determined for other small mam mals, 
notably the mice and gophers, and which my friend 
Mr. Allen has adlllirably brought out in his studies of 
the squil'l'els. In sOlIle cases I find almost identical ef­
fects of c l i luatic or other conditions Upon the shrews 
and the mice of particular localities, by which they ac­
quire the sam e jacies loci. Present indications are that 
the normal variability of the shrews in size, shape, and 
color is not less than has been determined to hold good 
in val'ious other famil ies of manllllals. " In this memoir 
Dr. Coues has verified a curious ' fact, first pointed out 
by Professor Bai rd, of the modifications of the premo­
lar dentit.ion which the western species collectively, as 
co mpared with the eastern, have undergone . H A strik­
ing peculiarity of all the western species, no matter 
how diverse in other respects, is to have the th ird pre' 
molar decidedly smaller than the fourth, whi le  in all 
the species east of the Rocky mountains (with one pos­
sible exception), the same tooth is as large as, or larger 
than, the othflr. Of the fact there is no question. It 
may be observed in an instant, and is un m istakable. 
Its significance is another thing. SOlIle of the western 
species are scarcely  distinguishable. if at al l ,  from the 
respect ive eastern analogues except by this character, 
and they all show it. " 

Prof. A. Hyatt finds i n  sponges geographical varia­
tion i n  color, referring to similar features in birds as 
recorded by Baird and others. 

THE AFRICAN DIAMOND MINES. 
THE engrll.vings represent sections of the famous 

Kimberley diamond mine, South Africa. The mine was 
discovered in 1871 , and is by far the richest in South 
Africa. Gardner F. W illiams, of Oakland, CaL , recently 
read a pltper describing these mines before the Ameri­
can Institute of Mining Engineers, and from this we 
take the descriptions of the mine. Figs. 1 and 2 are 
sections. The d.rawings are taken from government 
reports, and represent the work done up to the end of 
1883. 'The Kimberley h as been worked as an open mine 
to a depth of nearl y 500 feet, and a prospecting shaft 
has been sunk in the bottom to a further depth of 100 
ft. The outer line, Fig. 1, shows the opening at the 
surface. 

Below the red soil of the surface was found a decolll' 
posed or disintegrated diamond-bearing earth, which 
gradually cb anged into the " bl u e " or hard diamanti­
ferous cement. This deposit was surrounded on the 

a load is equal to 10  cubic ft. of rock in place, which 
would give 3, 824,440 eubic yards of solid rock. 

In Septem ber, 1884, there was an immense cave, which 
completely buried a large portion of the mine and de­
stroyed a large amount of machinery.-Min. and Sr:i. 
P1't88. 

POULTRY NOTES. 

LICE. 
IT is sometimes an easy matter to get rid of l ice on 

fow ls, b nt the poultry h ouse is not so easily managed. 
During July the lice will  be active and increase rapidly. 
It is no use to attempt to rid the fowls of l ice until  the 
premises are thorough l y  cleaned, as such labor is lost. 
If the houses are kept clean , the hens wil l ,  with the 
use of the dust bath , clean themselves. To rid the 
h ouse of lice, first remo\'e all filth from the roosts, 
floors, walls, and nests. Scrub the roosts witb coal oil, 
not overlooking a single spot. Take the n ests outside, 
cl ean them ont, and with a wh itewash brush apply a 
light coating of coal oil to them inside and outside. 
Now touch a l ighted match to the nest boxes and let 
them burn. No damage wi l l  be done, as the oil will be 
quickly consumed, but such work should not be done 
inside the houses. Now make a bucket of whitewash, 
and add to it an ounce of liquid carbolic acid and a .  
pint of tobacco water, which IlIay be made by pouring 
boil ing water over tobacco refuse and al lowing the 
wa ter to remain overnight with the tobacco. Apply 
the whitewash profusely, and dust Persian i nsect 
powder through the feathers of the hens, holding them 
by the legs for that purpose. Do not use grease on 
l ittl€' chicks. Persian insect powder will remove lice 
from them. Little's chemi cal fluid is an excellent 
article to use in the place of carbolic acid, it being effi­
cacious and non-poisonous . 

WHY THERE ARE NO EGGS. 
Many poultry raisers provide their fowls with warm 

quarters, and feed regularly and on a variety, b ut yet 
they get no eggs . Such cases are n u m erous, and we 
w i l l  endeavor to poin t  out a remedy for the difficu lty. 
We well know that if we keep a horse in the stable, 
and feed him wel l , that he becomes restless and un­
happy , and in order to keep him in good health he 
must be exe rcised. With fowls, the winter prevents 
foraging, and our kind readers go to the coops in the 

Prof. David S. Jordan, i n  a paper on the distribntion 
of fresh water fi shes, presents a concise series of pro­
positions which govern these animals in the U nited 
States. They all point to the action and i mportance 
of physi cal conditions as govflrning distri bution. 
Space will permit only the quoting of the last proposi ­
tion, which is a su mming up of h is conclusions : . .  The 
d istri bution of fresh water fishes is dependen t on (a) 
fresh water communication ; on (b) character of stream, 
that is, of water, as to purity, depth, rapidity,  vege­
table growth , etc. ; on (c) the character of the river 
bed , as to size, condition of bottom. etc . ;  on (d) climate, 
ItS determ ined by lati tude and by elevation above the 
Rea ; and fi n allv on (e) various unknown

.

factors ariSing , 
( l'om the nat.llre of the past h i story of the species in 
q uestion, or frotH the geological history of the rivers." 

Dr. James Le w is has ob�erved a not unlike condition FIG. 2 .-EAST AND WEST SECTION OF KIMBERLEY D IAMOND MlNE. 
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morning and give the hens a good, heavy feeding. 'I'he 
hens being full are satisfied, and have no inducement 
to ramble, consequently do not take any exercise, and 
become too fat. The better plan is  to get some chaff, 
cut straw, leaves, or even dirt, and place it where the 
hens can scratch in it. 

In the morning give the hens a mess of warm food, 
but only a little. Now thro w some grain into ths 
scratching heap, and make them work for the balance 
of their meal. .F'eed nothing but what they will  have 
to work for. At night feed them all they will eat. 
The object is to keep the hens busy d uring the day, 
but let them go on the roost full. Hens that are COIll­
pelled to work will lay better and keep in good health, 
while the eggs will  produce stronger chicks. They 
should al ways have a warlll mess early in the morning, 
especially in the win ter, but the Illeal should be so 
given as to leave them somewhat h ungry. Do not feed 
them at noon , except by putting their food in the 
scratching heap, and never give soft food in the scratch­
ing heap. In other words, keep them scratching for 
oats, wheat, seeds, ane! even for ground shells. Give 
no corn except at n igh t, and gi ve them their night's 
meal without making them seratch for it. 

CORN FEEDING. 

Corn, when fed by itself, has a tendency to fatten 
hens rather than of producing the more profitable egg­
laying result. Fat should be avoided on l aying hens 
Feed all  the corn you desire to hens that are to be sent 
to market, but little to the laying hens. Wheat, oats, 
and buckwheat may be given, but n ot excl usively. 
Hens should have bulky food, the same as cows, all o w­
ing grain as a complement to the ration rather than to 
feed it entirely. 

THE CHEMISTRY O F  EGGS. 

the d i vis ion of  labor. Few i ndustries to-day in the 
U nited States that show a healthier growth, or yield 
w fast a return to the American people in proportion 
to the alllount of capital required and employed in 
carrying it on. 

l f  we wish to accomplish the best results from our 
laying hen�, we must give them gentle and agreeable 
exercise. We may feed them on the best and most 
varied kinds of food, all their other wants regularly 
and ab undantly supplied, and unless they get the 
exercise they req uire, they will return but a small 
share of their real value. 

BONE MEAL. 

Bone dust for mixing in poultry food should be on 
an average about the fineness of fine oatm eal. There 
are usual ly  large pieces interspersed, but these need 
not be taken out, as any too large will be rejected, 
though the Illeal may be sifted from any larger than 
peas if  d esired. The price never being very much more 
per pound than good llleal, it should be used liberally 
w ith al l the soft food, and about one ounce mixed with 
every half pint of d ry llleal before adding the milk or 
water. In small yards, cut grass must be liberally sup­
plied as well to the mixture, and on such food the birds 
will grow wonderfully,  and acquire a constitution which 
in confinement we have never been able to att ain in any 
other way. We Illay say that burnt bones pounded 
have not by any means the same effect, being reduced 
to mere phosphate of lime, with some amount of animal 
charcoal ; n either have crushed raw bones, which have 
been stated by some to prod uce si milar results. On 
the contrary, raw bones have been provp.d by the very 
silllple test of p.xperiment to hasten laying in the 
pUllet, and fu rnishing or feathering out to maturity 
in the cockerels, as might be expected from the 
amount of fresh jelly they contain ; hence, while ex-

Chemistry sho ws us that a fair sized hen's egg we ighs cellent in moderation for laying stock, or during a 
about 1 , 000 grains-600 grains constitute the w hi te, l imited time to prepare cockerels for actual exhi bition, 
300 the yol.k, and 100 the shell. The white of a hen's they are not adapted for the regular food of chick ­
egg con tams 84'8 per cent. of water, 12 of albumen: 2 ens whose period for maturity the breeder for ex­
of fat, sugar, and membranes, and Yz per cent. of lIl ln hibitioll rather desires to postpone. That this post­eral .matter. The yol k S�lO w� a IIlucl.l gr

�
e��er degree ponement and with it  continuous growth is  effected 

of rlChness tha� the willte ; It contams .01 () per cen�' 1 by dry bone meal, we have most fully proved ; and in 
wate�, 15 of casem an d albumen, 30 of 011 an d  f�t, 2 1 the case of weakly breeds, which have it for its 
colormg matter and extract, and M per cent. of mm�ral . strengthen i ng power, but  w hich it is not wished to in­
matter. T herefore to produce an egg we must first crease i n  size, the changi ng it at the proper time for have the hen-then feed her what she needs to form raw bones will produce all the desired effect. We have 
eggs. often proved the value of bone meal, both in the rear-'.fhe hen is literally an egg machine-her chief pur- ing of layi n g an d  exhi bition birds, but it i s better not 
pose being the productioll of eggs. Like any other to use it for those that are intended to be killed for the kind of machine, she m ust have the raw materi al with table, as we do n ot want in them to develop bone. ­which to manufacture her products. Her instinct The Poultry Keep e r. 
teaches her how to sel ect ; al l  that is n ecessary is to !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!� 
place within her reach that which she requires, and 
everything will be well, and ,'ggs abundant and com-
plete. 

To produce an egg, the hen must have a certain kind SC ·l entl'f l· c  of food for the yolk, or fat portion, known as car-
. Ameri can Supp lement . 

bonaceous ; and for t h e  white, she needs food rich . in 
nitrogen, from which she makes albumen. For the 
shell she needs l iIlle ; while Illany other substances 
enter into the composition which it· is u n necessary to 
detail ,  the omission of any of them bein g  detrimental 
to good work on her part. Thus, while we may feed 
a hen liberally, apparently, by omitting to allow that 
which is needed to complete the laying process, she 
may remain idle for want of a single substance, though 
fully supplied with everything else n ecessary. 

If the reproductive organs are unhealthy, the w hole 
system and products are likewise affectp.d. 

PRECAU'fIONS AGAINST H AWKS. 

A large n umber of youn g  chicks can be kept together 
in a sIllall yard, if they are properly cared for. If we 
will take into consideration the number of ch icks de­
stroyed by hawks every year, the matter of p roviding 
sOllle kind of protection would not appear as expensive 
as Illay be feared. Let us allow a yard 10 by 30 for 100 
chicks, which is large enough, an d as soon as the hens 
leave the chicks-that is, wean them-they m ay be put 
toget.her. To cover this yard would require 300 feet of 
two-i nch mesh wire netting, the price per foot being 
one cent,  or $3 for the covering. To show the economy 
of this let it  be considered, also, that on many farms 
hawks get one-half the chicks, and that, too, after they 
are quite large. The cost of the wire covering would be 
less than the price of ten chicks, while e ven the cats 
will have no chance to eat the chicks;  and we wil l  here 
state that the cat does as much damage as the hawk, 
only she knows enough not to let you find it  out. A 
cheap covered yard wi l l  en able you to al ways have the 
chicks under control ; they wi l l  grow faster, the loss 
will be less, and Illuch anxiety will be saved, while the 
cost i s  very little. 

rfEMS. 

A little fresh meat occasionally in the absence of in­
sects is good. 

Eggs that are to be sold for hatchi ng purposes should 
receive extra attention. 

Poultry can be kept in small runs, even in large 
numbers, if their keeper understands the business and 
is scrupulously clean and careful .  

The poultry business takes lots of hard work. It is  
no bu�i ness for  the lazy llIan to embark in .  The labor 
given to it is ennobl i n g ; it disgraces no man. 

Do not get any " bad habits " i n  your work among 
poultry. Ben Jonson says : " The chains  of habit 
are general ly too smal l to be felt till they are too strong 
to be broken. "  

Take good care of  the young broods during chilly 
nights. Watch them careful l y  and take every precau­
tion against vermin. Lice cause more loss in poultry 
than anything else. 

Confine the old hen in a coop placed n ear the garden 
and see what havoc the chicks will  m ake among the 
insects which have so worried you and dest.royed your 
garden crops. Try it and you will be surprised at 
results. 

Work quietly and gently amon g  your fowls. Never 
allow them to become frightened. Nevpr allow a 
strange dog on thp. place. N ever allo w  yourself 01' 
your hens to become excited, and you will surely find 
the poultry business a profitable one. 
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Lighting, Warming, Ventilating, Decorating, Laying 
out of Grounds, etc. , are illustrated. A n  extensive 
Compendium of Manufacturers' Announcements is also 
given, in which the most reliable and approved B uild­
ing Materials, Goods, Mach ines, Tools, and Appliances 
are described and illustrated, with addresses of the 
makers, etc. 

The fullness, richness, cheapness, and convenience of 
this work h ave won for it the Largest Circulation 

of any Architectural publication in the world. 
MUNN & CO., Publishers, 

361 Broadway, New York. 

A Catalogue of valuable books on Architecture, 
Building, Carpentry, Masonry, Heating, Warming, 
Lighting, Ventilation, and all branches of industry 
pertaining to the art of Building, is supplied free of 
charge, sent to any address. 

Bui lding Plans and Specif ications . 
I n  connection with the publication o f  the BUILDING 

EDITION of the SCIENTIFIC AMERICAN, Messrs. Munn 
& Co. furnish plans and specification s for buildings 
of every kind, incl uding Churches, Schools, Stores, 
Dwellings, Carriage Houses, Barns, etc. 

In this work they are assisted by able and experi­
enced architects. Full plans, details, and specifica­
tions fGr the various buildings illustrated in this paper 
can be supplied . 

Mil k in any form, s weet or sour, is greatly relished by 
birds of all  ages. B uttermilk is very acceptable and 
highly nutritious. It  pays far better to feed your �pare 
milk to chickens than it  does to feed it to pigs. Try it 
one season. 

Those who contemplate building, or who wish to 
alter, improve, extend, or add to existing b uildings, 
whether wings, porllhes, bay windows, or attic rooms, 
are invited to communicate with the ulldersigned . 

VIII. MISCEI,J, A N EO U S.-Poultry Notes . -Pntctical notes on the . 
mRna"ement of the poultry yard and rRising chloken s  successfully. 9701 Our work extends to all parts of the country. Esh­

The M elograph and M el otrope.-·Two apparatu� for cutchin2 a 

One thing which favors the cultivation of poultry is 

melody as �Iltyed on the piano or or""n and reprodu cing the .ame. mates, plans, and drawings promptly prepared. Terms -6 illustratIOns . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  969' moderate. Address 
IX. Pf!:0TOGRA PH Y .-�'ormulre fOr the D'!velopment of Paper Ne- I ""UNN & co 361 B N w Y u gatlve •. --Notes of th e u.e of paper negatlve. with formulre . . . . . . . . . 9691 � . , ROADWAY, E OR .... 
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