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THE MAXIM AUTOMATIC GUN. 

IN our SUPPLEMENT, No. 592, we published drawings 
of the later arrangements of the Maxim automatic gun, 
and we now give from Engineering illustrations of a 
very ingenious form of carriage on which it is proposed 
to mount these guns for service in the field. As will 
be seen from the engravings, the carriage is mounted 
on a pair of disk wheels, and the muzzle of the gun 
projects through a light steel shield which serves as a 
protection to the gunner, who sits on a movable seat 
slung to the shafts. The protection is completed by 
the steel disk wheels, which can be turned round diag­
onally, so that the gunner is completely sheltered. In 
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modern naval design. The remarkable success which 
these ships have achieved, poth upon the official steam 
trials and at sea, cannot fail to add to the reputation 
of the builders. 

The Oroya js 460 ft. in length, 49 ft. in breadth, and 
35 ft. 6 in. depth of hold, and has a gross register ton­
nage of 6,200 tons. She is fitted for the reception of 
126 first-class and 154 st'cond-class passengers in the state 
rooms, which extend along nearly the whole range of 
the main deck, and has also accommodation for over 400 
emigrants in the 'tween decks below. Forward of the 
machinery compartments is situated the first-class 
saloon and a spacious apartment 32 ft. long comllluni­

.cating by a handsome staircase with an elegant draw-
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pearance of the already handsome saloons. The ar­
rangement of the pantries and bars and other conveni­
ences for the cooking departments and stewards is of 
the best description, and a complete system of pneu­
matic bells runs through the ship. Around the 
machinery casings on the u pper deck are berths for 
the officers, engineers, and other officials of the ship, as 
also for the firemen and servants, the crew being berth­
ed below the main deck right forward At the after 
end, and covered by a long turtle back, are the after 
wheel-house, a hospital, and the wash-houses and 
other conveniences for the emigrants, a stairway for 
the latter leading to the quarters below. Abreast of 
the machinery openings, and beyond them to the end 

FIG. 8. 

THE MAXIM AUTOMATIC MACHINE GUN ON STEEL CARRIAGE. 

our illustration, Figs. 1 and 2 show the gun mounted 
for horse 01' hand transport, and Fig. 3 shows it ready 
for operation. Fig. 4 is a front view, and illustrates the 
complete nature of the protection afforded by the 
wheels and the shield. 

THE NEW STEAMSHIP OROYA. 
THE Oroya is the second vessel of her kind which 

the Pacific Steam Navigation Company has recently 
added to its large and magnificent fleet, and is inten(led 
to ply between London and South Australian ports in 
cOllj unction with the steamers of the Orient Steam 
Navigation Company. The sister vessel, Orizaba, has 
completed her first voyage with remarkable success. 

Both these steamers have been constructed at Barrow 
by the Barrow Shipbuilding Company, which has 
turned out a large number of very sQccessful vessels of 
that class. These vessels are undoubtedly the finest of 
the Pacific Steam Navigation Company's fleet, and may 
be fairly entitled to rank among the best examples of 

ing-room and a comfortable smoking-room in a broad 
deck-house overhead. The secon d-class saloon, which 
is aft, is about 28 ft. long, and, like that of the first­
class, extends the whole breadth of the vessel. There 
is a handsome smoking-room above, and in point of 
comfort and fulfillment of the wants of intending voy­
agers no pains have been spared to make this after 
cabin, no less than the forward one, as desirable a place 
of abode as life on the ocean will admit of. The first 
an d second class passengers are berthed in two-berth, 
three-berth, and four-berth family state-rooms in the 
vicinity of their respective saloons, and are provided 
with every possible convenience and luxury. The 
saloon state-rooms and passages are well lighted and 
ventileted by handsome sky-lights, deck-lights, and 
large side-lights ; and by means of T. C. Green's patent 
.system of artificial ventilation, which is applied to the 
whole of the cabin accommodation, a current of cool air 
may be set up at will. At night the vessel will be 
lighted by electricity by means of 400 incandescent 
lamps, the effect of which adds to the comfort and ap-

of the fi rst-class drawing-room, the top of the deck-house 
is carried out to the side of the vessel, forming a mag­
nificent promenade 178 ft. long with sheltered walk 
below. 

The after end of the vessel is covered by a turtle 
back, which is carried forward to the after hatches and 
forms a promenade for the second-class passengers 
scarcely inferior to that of their fellow-voyagers for­
ward. The fore-end of the ship is finished by a turtle 
back for working the anchors similar to that aft, and 
having store-rooms-, wash-houses, etc. , below it. The 
hatchways, of which there two forward and two aft, 
are arranged as stairways for the use of the emigrants 
who are berthed on the lower deck. Above the prome­
nade deck, forward of the funnels, is the captain's 
house, with flying bridge above, and in wake of the 
foremast is arranged a second look-out bridge for use 
in foggy weather, having the side-lamps fitted in small 
towers at each end. The vessel's rig is that of a two­
masted fore and aft sl'hooner. For the convenient 
working of the ship, steam is called into u se where-
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ever possible ; steam windlass, steam steering gear, 
with connections and telegraph to poop deck, prom­
enade deck amidships, and flying look-out bridges, with 
the hand steering gear, all form prominent features in 
the general design. The steam winches are of very 
heavy construction. 

In addition to the luxurious manner in which the 
vessel is fitted up f-or passengers, she also carries over 
10UO tons of cargo ; and in view of the increasing trade 
in meat from the antipodes to this country, there is 
provided on the orlop deck aft freezing machinery of 
the most modern and approved description. 

The Oroya has been built under the special survey 
of Lloyds and the Liverpool Underwriters' Registries, 
and has received the highest clas$ification. 

The engi nes are of the tri pIe expansion type, with three 
inverted cylinders working on three cranks. The high­
pressure cylinder is 40 in, diameter, the intermediate 
pre�sure 66 in. , and the low-pressure. cylinder 100 in. 
diameter, with stroke of 72 in. Each cylinder is fitted 
with a hard, close-grained cast-iron liner, l%in. thick, 
secured to the bottom of the cylinder by countersunk 
screws, and fitted with an expansion joint at top. '.rhe 
space, which is  1 in .  wide,  between the liner and the 
body of the cylinder is used as a steam jackf\t. Steam 
at boiler pressure is admitted to the high-pressure jack­
et, and,  at pressures of 1001b. and 301b. respectively, 
to the intermediate and low-pressure jackets. All the 
cylinders are fitted with the usual manholes, escape 
valves, drains, and indicator cocks, and the intermedi­
ate and low-pressure receivers with safety valves. The 
jackets drain to water traps, with pipes to the con­
denser. Auxiliary starting valves are fitted to the in­
termediate and low-pressure cylinders. The cylinder 
covers are hollow and well ribbed, and after casting 
were thoroughly annealed. The pistons, which were 
also annealed, are fitted with MacLaine's rings and 
springs. All the cylinders are fitted with piston valves, 

the h igh-pressure valve being 22in, diameter the inter­
mediate pressure cylinder having two valves', 22in. dia­
meter, t�� 1000,:-pressure cylinder valves being Thom's 
patent, 32m. diameter, and all the valves are balanced 
by pistons attached to the top ends of the valve spin­
dles. Hughes' metallic packing is used in all the stuf­
fing hoxes of t.he piston and valve rods. '1'he top halves 
of the eccentnc pulleys are made of cast iron the bot­
tom ?alves .being wr?ught iron. The eccent�ic straps 
are hned WIth brass rmgs, secured by countersunk pins. 
T�e r.eversir:g er:gin� is on the direct-acting" pnsh " 
prmClple, WIth Oil cylmder and pump fittings for work­
mg by han�. The crank shaft, built of mi ld steel, was 
�nad� by Vickers, S<?ns & Co., the bearings being 21 
m. diameter . and 23m. long, the crank pins 22in. dia­
meter and 20m. long. The shaft is made in three pieces 
reversible and i nterchangeable, and bolted togethe� 
with solid couplings, 572'in. thick bv 39in. diameter the 
cOll'pl in� bolts, nine in n umber, in each coupling being 
4%,1Il. diameter. The tunnel shafts, 20in. diameter, and 
the tbmst. and propeller shafts, 21 in. diameter, were also 
made by Vickers, Sons & Co. , of steel. The propeller 
shaft is cased with brass for the whole length of the 
stern tube; the rings were slipped on in sections and 
are lap-jointed with burnt V joints. The thrust block 
is fitted witb borse-shoe rings of cast steel faced with 
Ki�gston's white metal , all the rings being. separately 
adjustable; the bottom of the block is used for circu­
lating water for cooling purposes, The t unnel bearing 
blocks, two to each length, are of cast iron lined with 
Kingston's white metal . The shafting is �o arranged 
tha.t the propeller shaft can be withd rawn readily and 
easIly, the after length of tunnel shaft being short for 
this purpose. The piston-rods, which are carried up 
through the top cyl inder covers, are 9%'in. diameter, 
and made of best mild steel, are fitted into each piston 
with a cone, having a collar below and a nut above 
and �ll t.he piston-rods are interchangeable, The con: 
nect�ng-rods are forged from mild steel, wit.h double 
beanngs at the top ends, the lower ends being bushed 

with gun-metal lined with white metal. The diameter 
of the top end of the rod is 872'in. ,  and the lower end 
lOin. The condenser, which forllls part of the structure 
of the engine, is made of cast iron in three pieces, bolt­
ed together ; the columns for supporting the cylinders 
are also bolted to the condenser, The tubes, which are 
in two lengths, are 10ft. 6in. long between tube plates, 
the condenser being divided in the middle into what is  
practically two condensers. The tubes, %;in. external 
diameter, No. 18 B. w. g. thick, 5604 in number, have a 
cooling surface of 11 ,546 square feet. The condenser 
may also be worked by jet injection. The air pumps, 
two in number, are 30in. diameter by 33in. stroke, 
worked from the low and high pressure cross heads by 
levers and links. The barrels, buckets, and seats are 
made of brass, the val ves being India-rubber ; the rod 
of magnanese bronze is attached to the crosshead, and 
guided by strong brackets bolted to the cover. The 
feed and bilge pumps, two of each, are worked from 
the air-pump crossheads, with plungers 7in. diameter, 
and made entirely of brass. The valve-chests and 
valves, of large size, are made of brass ; and to each air­
pump crosshead is also attached a sanitary pump with 
472'in. plunger. 

'.rhe circulating pumps are of the centrifugal type, 
two in number, each capable of supplying the requisite 
quantity of water when the engines are worked full 
power. These pumps are driven by independent com­
pound engines, with cylinders 8in. and 16in. diameter, 
and lOin. stroke. Weir's feed heater and engine is fit­
ted on board for feeding the boilers. An auxiliary 
donkey pump of large size is also supplied for pumping 
from sea and bilge to boilers and overboard, and along 
witb two fire engines, specially provided for fire pur­
poses, may be used as a fire engine and for washing 
decks. In addition to these engines, a No. 7 pulso­
meter is fitted to draw from the sea, bilge, and ballast 
tanks, and discharge on deck and overboard. A special 

THE NEW STEAMSHIP ORMUZ. 

centrifugal pump . driven. by an ind ependent engine, 
and capable of dlschargmg 200 tons per hour, is also 
fitted for ballast purposes. The connections to the 
auxilia:y engi!les. are of the most complete description. 
The 1:>ollers, SIX m number, are of the ordinary marine 
multI.tubular type, constructed entirely of steel, for a 
w0.rkm� pressur� of .160lb. per square inch. Each 
bOiler IS 13ft. 6m. diameter and 18ft. long, with six 
c?rrugated furnaces, having a mean d iameter of 3ft. 
1m. The total heating surface in all the boilers is 
17, 640 square feet, and the bars are 6ft. long, giving a 
bar surface of 627 square feet. 

During the very successful twelve hours' trial in the 
Irish Sea, on January 21 and 22 of thi s  year the 
h i.ghest indicate<,l horse power developed was 6,751, 
WIth 64'5 revolutIOns and a steam pressure in the boilers 
of 160 lb. , the vaccum being 26in. The mean speed of 
the t welye hours' run was 16 '5 knots, the mean displace­
ment bemg 8, 840 tons, on a mean draught of 22ft. 7in. 
The lllean indicated horse power for the whole run was 
about 6, 500, with 64 revolutions, and this withQut the 
slightest sign of heating in any of the bearings. Dia­
grams taken gave the following: Steam, 160 lb. ; va­
cuum, for.ward, 26in. ,  aft, 2��in.; revolutions, 64 ; horse­
power, hIgh pressure cylmder, 1 . 888 ; intermediate, 
1 , 908 ; low pressure, 2,649 ; total, 6,445. 

The propeller, with loose blades of manganese bronze, 
securely bolt.ed to a ?ast steel !Joss, made by Vickers, 
Sons � Co., IS 22ft. dmmeter, WIth a pitch of 28ft. 6in. 
The pItch may be varied from 27ft. to 30ft. , the flat area 
of all the blades being 149 '6 square feet.-The Engineer. 

THE NEW STEAMER ORMUZ. 
THIS fine ocean steamship, the latest addition to 

the famous "Orient" l ine between England and 
Aus�ralia, has. achieved a wonderful home passage 
!eavIng Ad elaIde on April 4 and delivering her mail� 
In London at a quarter past five o'clock on May 1 the 
shortest time that has yet been recorded, el�ven 

thousand miles within twenty-seven days. Her de­
parture from Sydney, on March 28, was acclaimed by 
the admiring cheers of many thousand assem bJed spe(j­
tators. Thence to Melbourne and AdelaIde. She can· 
sumed only 1 10  tons of coal daily, on the average. 

One of the passengers, Dr. C. L. Cunningham, who 
left the ship at Port Said and came home by Italy, 
has favored us with sketches of the Ormuz in the teeth 
of a full gale. steaming fourteen knots an hour ; of 
her en tering the Red Sea at the Straits of Bab-el­
Mandeb ; and of her passing through the Suez Canal. 
The Ormuz was built on the Clyde, by the Fairfield 
Shipbuilding and Engineering Company (Limited), 
late John Elder & Co. , from special designs, expresRly 
for the Australian passenger service of the Orient 
Steam Navigation Company (limited), and was com­
pleted in nine months after signing the contract. She 
i� 481 ft. in length over all ,  465 ft. between perpendicu­
lars ; in breadth, moulded, 52 ft. ; in depth, 37 ft, ; her 
displacement, at the load line, 26 ft. , is 10,500 tons ; 
the gross tonnage registered, 6, 1 16 ; and the tripJe ex­
pansion engines, with cylinders of 46 in. , 73 in. , and 
112 in. diameter, with 6 ft. , stroke, have 8, 500 horse 
power effective, with seven cylindrical steel boilers, 
working pressure 150 lb. The hull  is wholly con­
structed of mild steel, carefully tested. It is formed 
with a turtle back at each end, and with a double bot­
tom, divided and subdivided i nto many watertight 
compartments, as are the spaces above. Every door 
can be closed by machinery working on the main deck. 
This ship is  admirably fitted for the accommodation of 
passengers, to which the w hole of the main deck and 
great part of the lower deck is devoted. Elegance and 
luxury in the saloons, a vast promenade deck, comfort­
able state rooms and cabins, and baths of hot or cold 
water, are provided for those of the first class. The 
second class saloon passengers have a promenade deck 
100 ft. long. The ship is illuminated by Swan and 

Edison incandescent electric lights.-The Illustrated 
London News. 

. 

CRANK DIAGRAMS. 

V AR;IOUS m.e�hods are in use for finding the corre. 
spondIng pOSitIOns of cross head and crank pin with. 
out the necessity of drawing the connecting rod at full 
length . . One. of these �ethods, which is very little 
known m thIS country, IS due to M. Marcel Deprez, 
and has lately been improved u pon by M. H. Leaute. 
The <?riginal meth?d, as well as t.he improved con­
structIOn, was deSCrIbed by M. H. Leaute in our con­
temporary, Le Genie Civil,. and since the degree of 
accuracy attainable is very great, and the con­
stt:uct.ion exceedingly simple, we make no apology for 
brIngmg the matter before the notice of our readers. 
The origina.l m�thod of Deprez will be understood by 
reference to FIg. 1, where A B represents the hori­
z<?ntal diameter of the circle described by the crank 
pIn around the center, 0, and C D represents the 
stroke of the piston, or the distance traveled over by 
tJ:Ie. cros� head pin.  Let the stroke of the piston be 
dIVIded mto ten equal parts, marked in the diagram 
1, 2, 3, etc. ; then the true position of the crank pin 
for any position of the piston. can be found by describ� 
ing a c!rcle, with a radi us equal to the length of the 
connectmg rod, round the corresponding point as a cen­
t.er, and noting th.e point of intersection with the crank 
circle. These cirCles are indicated in our diagram by 
dotted lines, and the points of intersection are marked 
1, 2, 3, etc. , on the upper half of the crank circle cor­
responding with the points 1, 2, 3, etc. , on the

'
line, 

C D, for the out stroke. If we perform the same 
operation for the in stroke, we obtain the points 1,  2, 
3, etc. , marked on the lower half of the circle ' and by 
drawin� the lines 1 1 , 22, 38. etc. , we find that, for a 
connectmg rod eq ual to or exceeding three cranks, they 
Intersect. the horizontal diameter, A B, nearly in the 
same pomt. The connecting rod shown in Fig. 1 i3 
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equal to four cranks, and in this case, the distance of 
this point of intersection, 0" to the true center, 0, is 
equal to one eighth of the crank radius ; generally, this 
distance is equal to the ratio R' /2l, where R is the 
radius of the crank, and 1 the length of the connecting 
rod. It is, therefore, possible to calculate the position 
of the point, 010 in every case. Let the circle, A, B., be 
described rou n d  the point, 0" with a radius equal to that 
of the crank, and let the positions of the crank, which 
would correspond to a connecting rod of infinite 
length, be marked on th at circle. The radii to these 
points are found to intersect the true crank circle very 
nearly at the points I, 2, 3, etc. , which mark the true 
positions of the crank pin. The positions of the cor­
responding points 011 the auxiliary circle. which is dot· 
ted in our diagralll, can easily be found by subdivid­
ing the diameter, A, B., into ten equal parts, erect-

height corresponding to its speed. It is seen by this 
that the height to be attained is only limited by the 
speed. 

Several circumstances may present themselves in 
practice. The turbine may be placed on the level at 
which the water enters, its only work being to throw it 
to a determined height. This is the most simple case. 
If the water runs in above the level of the rotating 
case, the fall of water can be utilized to increase the 
ascending force, or the water level may be below that 
of the turbine and necessitate suction, as will be seen 
further on. One of the most important parts in a mao 
chine of this kind is the lubricating apparatus. This 
has led the inventor to a particular arrangement, as 
shown in Figs. 2 and 3. A good result has been ob­
tained by employing two small turbines, R R, placed up­
on the axis itself which it has to lubricate, each inclos-

-

FIG. I.-CRANK DIAGRAMS. 

ing perpendiculars, and marking their points of inter­
sectioll with the dotted cirille. A somewhat lengthy 
analytical investigation, given by M. H. L(iaute, 
which we need not here reproduce, shows that, for 
a connecting rod equal to four cranks, the maximum 
error which can occur, if the angular position of 
the crank pin is determined by this lIIethod, is only 
47 ' 25". But if, instead of joining the points on the 
auxiliary circle with 0 . . we join them with 0, and 
mark the intersection with the true crank circle, the 
points th us determined give the angular position of 
the crank. with a maximum error not exceeding 19' 
28". A further improvement, however, is possible, by 
which the maximulIl error is reduced to 5' 17". This 
construction is shown in Fig. 2, where the point. 0., is 
marked off to the left of the true crank center, 0, and 
the distance. 0 O2, equals one-half the length, 0 0" the 
point, 010 being ascertained as before. In our d iagram, 
a, represents the position of the crank corresponding 
to the first tenth of the out stroke, if the connecting 
rod were infinitely long. If this point, a" be joined by 
a straight line with the point, 02, the intersection, a, 
with the true crank circle gives the true position of 
the crank pin, with the given length of connecting 
rod equal to four cranks. To find other positions, we 
have only to determine the correspouding points on 
the dotted circle, and join these by straight lines to 0.; 
their points of intersection with the true crank circle 

Fro.!? 

give, within the limits of accura0Y mentioned above, 
the actual positions of the crank. It will be seen that 
this method is very easy of application. requires very 
little space on the drawing board. and insures almost 
mathematical accuracy.-IndustTies. 

WATER RAISING MACHINES. 
AN interesting expel"imen t has lately been made in 

Messrs. Cail's workshops. The trial was of an ap­
paratus. the outcome of a laboratory machine, a de­
scription of which was given in 1882 at the Academie 
des Sciences. and more recently at the Societe de 
Physiq ue. The elevation of water has for a long time 
been effflcted by rotary machines. They all consist of 
a fixed case, in which winged disks raise water by cen­
tri fugal force. The height attained by these machines 
is at the most 30 meters. 

Messrs. Gwynne and M. L. D. Girard have each 
successively invented machines. That of the latter has 
attained a water elevation of 40 meters. M. F. De 

EtC I 

Romilly has since obtained by his laboratory machine 
a water elevation of 200 meters. Thi� machine, of very 
simple construction, is formed on diffe l'ent principles 
from the others. It is the outer casing which revolves. 
and in this cylinder a fixed tube bearing an especial 
ajutage or nozzle, Fig. 1, plunges into the circulat­
ing water. The turbine being set in rotation, the 
liquid undel' the action of the centrifugal force forms a 
ring clinging to the interior wall, j ust as the milk does 
in a cream separator. The tube, T, presents its orifice 
to the current, and thus receives the water as it whirls 
within its circle. The water rises in this tube to a 

ing one of the points of the axis and the hollow fixed 
screw. They work like the large turbine. The oil is 
conducted from the small turbine into the hollow !'crew 
by a small tube, from thence to the extremity of the 
axis, which by its rotation throws it into the small 
turbine, from whence it returns to the hollow screw in 
increasing circulation. 

A sight feed lubricator is inserted into the tube, L L, 

1':1[;.2 

that the passage of the oil may be seen. These small 
turbines turn in a contrary direction to one another, 
whatever may be the plane in which the large turbine 
revolves-Fig. 2. The inventor has, besides, invented 
two suction apparatus. The first j" formed on the fol­
lowing principle : If a jet of Jiquid be made to fall 
upon a surface of the same liquid in repose, the air is 
drawn into its depth in numerous bubbles, which 
afterward rille to the surface ; but if the level can be 
placed above the jet, the bubbles, once produced, com­
ing from below, cannot return to their original level. 

If a liquid jet be drawn into the tube, A, the air or 
the gas which surrounds it will be separated from it in 
the ch amber, F-Fig. 3-which is interposed between 
the supply tube. E, and the driving tube, A, and into 
which the tube, T, penetrates, communicating with 
the emptying recipient. The liquid, which is then made 
use of, returns to the turbine and repasses into the tube 
A, indefinitely. carrying with it fresh air or gas bubbles. 

With this arrangement the exhaustion can be done 
with mercury. At 700 mm. of mercury it can be car­
ried off in eight minutes into a receptacle of 5 hecto­
liters. By the second method the same pneumatic re-

sult.s can be obta.ined by employing a suction tube 
called a " spirelle '·-Fig. 4-which plunges into the 
water, and is provided with a slot running in the di­
rection of the circle ; one of the edges of this  slot should 
be l\- mm. lower than the other. The other end of the 
tube cOJIllllunicates with the emptying receptacle. 

There is one objection to the use of this machine 
which Le Genie Civil calls a pneumatic machine and 
that is the necessity of largely increasing the volUI'ne of 

FIG. 5A. 

the jet in order to have a greater periphery for carrying 
off the gas. The single jet has therefore been replaced 
by a series of small circular orifices, to the whole of 
which the same circumference must be given. To find 
what number of orifices are equal to a given section, 
they proceed as follows : 

R, the exterior circumference of the annular channel 
or groove ; 

a, breadth of the channel; 
r, circumference of the small orifices; 

n, their numbers; 

We get- R=n r, 
n R� -n (R-a)� = n n rt 

'.rhus 2 Ra-a9= nr2 

Dividing by the first equation, we get 

a� 
2a--=r; 

R 
aT 

a2 being very small may be dispensed with, -, and 
R 

finally obtain 

then 

r=2a 

R 
n=-

2a 

For a machine of 10 horse power, 2,400 orifices 
would be required, an impracticable num ber. A more 
practical solution will have to be found, but mean­
while the apparatus working as a pump gives very 
satisfactory results. 

In the apparatus which has been constructed and 
tried, the design of which is given in Fig!'. 5 and 5A, 
very satisfactory results have been obtained in dealing 
with small volumes of water ; what its capabilities 
might be under further experiments are vet to be de­
termined. The most important organ of the appara­
tus is the ajutage at the end of the raising tube, A.­
The EngineeT. 

CORRUGATED TIRES. 

THIS invention is specially intended for securing per-

fect safety in driving vehicles on tramways. These tire� 
thoroughly protect the wooded fell ies of the wheels 
from being in any way damaged by the edge curb stone 
of streets or roads, or in turning corners of the same. 
while they can be as easily fixed to the present form of 
fellies of wheels as the ordinary plain tires. 

Vehicles fitted with these new tires are effecti veJy 
prevented from jerking. locking. or skidding, when 
driving on or about tram lines. no matter at what an­
gle. And the presence of the tram rails can scarcely 
be detected, owing to the route being rendered so 
smooth and easy. 
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THE NEW ENGLISH MULTICYCLE. 

OF late years attempts have often been made to ap­
ply velocipedes to Ill i litary purposes, the results of 
whjch have been �o favorable that one might well ex­
pect to see companies of troops mounted on these 
vehicles. But  heretofore only velocipedes have been 
tried, so that the n ew E nglish invention, the military 
multicycle of the London firm, Singer & Co., is a de­
cided ad vance in the llIethods for the transportation 
of infantry from one place to another. It will carry 
twelve men, who, in case of necessity, can draw a light 
baggage car or ammunition wagon. As the operators 
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who can fire from behind it. The war department are 
trying to make the lIlulticycle practicable for war pur­
poses.-Illust1'i1'te Zeitung. 

THE NEW TAY BRIDGE. 
THE new Tay bridge is now finished, and has been lately 

tested prior to opening for traffic. The engravings which 
we publish are from The Eng'inee1', and show the char­
acter of the bridge, and afford a good idea of the appear­
ance of some of the main girders, both in place and in the 
process of raising to the top of the piers. 'rhe total 
length of the bridge is 3,600 yards-a little over two 
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THE NEW ENGLISH MULTICYCLE. 

are seated in line, one behind the other, the vehicle 
can easily be steered, and offers less surface to unfavor­
able winds than if two or four men rode abreast. The 
multicycle can be propelled remarkably fast, making 
ten English miles an hour, or with practiced hands 
fifteen to sixteen miles an hour. And it suffers less than 
other velocipedes from bad roads, and can easily pass 
over railroad tracks. The entire control and guidance 
of the machine lies in the hands of the first man, and at a 
recent trial in London he had no difficulty i n  carrying 
out his part of the work, even i n  the most crowded 
streets. The multicycle required less room than a 
hansom for turning, and made its way without accident 
among numberless vehicles of all kinds. Militaryevolu­
tions can easily be carried out on the machine, and, i n  
case o f  attack, i t  can serve as a protection for the men, 

miles-and the height of the rails above high tide is 
from 79 ft. to 83 ft. For full accounts of the bridge we 
may refer our readers to our SUPPLEMENTS, 503 and 516, 
in which will be found drawings illustrative of the 
piers and the n�ode of sinking the pier foundations, 
together with the apparatus used for this work. There 
are in the bridge eighty-five spans, varying in length 
from 50 ft. to  230 ft" and the minimum clear headway 
for shipping is 77 ft. 

CONTINUOUS WORKING BAG ELEVATOR. 
THE illustration shows an elevation of a continuous 

bag elevator, erected by Giuseppe Ponzio, engineer in 
the spirit distillery of Frat. Branca, in Milan. The 
excellent results attained by this machine, which has 

THE NEW 'fAY BRIDGE. 

proved eminently practical and of certain and most 
regular movement, have induced us to call our readers' 
attention thereto. 

It consists essentially of two Gall chains, continuous 
and parallel, passing below aroun d  two pullflys of 1,170 
mm. (47 inches) d iameter, and keyed u pon the same 
arbor. Above, the same two chains pass around sprocket 
wheels, diameter 1,203 mm. (48 inches), 72 teeth, width 

CONTINUOUS WORKING BAG ELEVATOR. 

52Yz mm. (2-10 inches), which wheels when rotated carry 
around with them the chai n, of which one part ascends 
as the other descends, The two chains are united 
every 1,365 mm. of their length by a round iron bar 25 
mm. (1 inch) diameter, which passes through an iron 
pipe 38 mm. (lYzinches) external diameter, to which is 
hung by two iron links a wooden box, strengthened 
with iron hooks designed to receive the sacks to be 
lifted. Of such boxes in the case illustrated there are 

© 1887 SCIENTIFIC AMRICAN, INC.



9611 SCIENTIFIC AMERICAN SUPPLEMENT, No. 602. JULY 16. 1887. 

twenty-four, which as they ascend and are drawn up 
by the chain carry up the sacks placed in them. As 
these boxes are only open in front, they can only be 
filled and emptied frOID one side. A sack, if placed in 
one of them, at whatever elevation, rises, and if not 
removed, reaches the highest point, and descends the 
entire height of the machine, always resting in the 
box, and having reached the bottom, begins again to 
ascend. The boxes always retaining the same position, 
a sack not removed will continue to ascend and de­
scend, without the least inconvenience. The machine 
serves both for l ifting and lowering. It is placed in 
the stair well of the grain magazine, and the boxes pre­
sent their faces, corresponding to the working portion, 
to the part where the landings are. A gang of work­
men on the lowest floor load the sacks, other gangs on 
all the landings remove them from the boxes as fast as 
raised. On account of the continuous motion of the 
machine, and its carefully chosen velocity, the labor is 
easy, well distributed, and rapid. 

The boxes as sho wn in the iIlust.ration have a charac­
teristic shape. It was established by careful trials so as 
to offel' a secure receptacle for a sack, which, though 
somewh at carelessly thrown in, by its own weight tends 
to p l ltce i tse l f  in a secu re position, without presenting 
too m uc h  difficulty for the removal at the proper time. 
These poi nts have been fully developed. The loading 
is done by the workman, who carries the sack on his 
back to the front of the machine, and throws it in the 
instant a box appears at the proper altitude, depending 
on the height of the workman himself. The unload­
ing can also be done on the back of the workman, he 
seizing the sack, placing his back against it, and carry­
ing it off as the box, gradually rising, reaches a point 
where the operation can conveniently be executed. 
A workman, wi th but little practice in thus unloading, 
is exposed to no danger either from moving parts of 
the machine or sudden and exceptional movements . 
The boxes have a velocity of 120 ID m .  (5 inches) per sec­
ond, and, taking into account the inevitable losses of 
time, it can be depended on to raise 300 sacks per hour. 
The boxes hold bags of 100-140 kg. (220-308 lb. ), so that 
in a day of ten hours over 300 tOllS can be raised. The 
power required if all the boxes on the rising side are 
loaded does not exceed 4 horses for every 10 metenl 
(:I2� feet) of elevation. To give additional s upport to 
the sprocket wheels, small rollers are carried by hang­
ers attached as shown in the drawing, which small 
wheels or rollers press up against the sprocket wheels, 
thus obviating any tendency of the axle to bend.­
.l}Indust1·ia. 

as approximations, which will serve in some cases to 
indicate species not now in general use for this purpose, 
which may be looked to as possible sources of t.annin 
supply." 

Quercus tinctoria, or quercitron oak, iii largely used 
in tanning, giving a. reddish fawn colO l'ed leather, and 
depositing a fine bloom. It contains 5 '90 per cent. of 
tannin and yields no gallic acid. The tree flourishes 
in the N ortliern and Middle States. 

Quercus prinus, chestnut oak, yields a bark rich in 
tannin to the extent of 6 '25 per cent. , and is largely 
used in preference to all other white oaks in the 
Northern States. 

Quercus falcata, Spanish or red oak, gives 8 '59 per 
cent. tannin, and grows in the eastern United States 
from New York south to Florida. 

Quercus densijl01'a, tan bark oak, grows west of the 
Rocky Mountains, and yields a bark con taining 16 46 
per cent. of tannin, which fact has wade it the most 
popular of all tanning materials on the Pacific Coast. 

In Europe, the bark of the Quercus 1'obur and pedun­
culata, which grow there, are used more t.han all other 
tanning agents, but in this country there is a bark 
which, on account of its abundance, exceeds all others 
ill importance in the tanning industry, namely, the 
Tsuga canadensis or .A bies canadensis, popularly 
known as hemlock bark. 

Varieties of this tree grow abundant.ly in the north­
ern United States and Canada, and the bark yields, 
according to the variety and locality, from 13 ' 11 to 
15 '72 per cent. of tannin. So great is the value of this 
material, that not only is it used in enormous quanti­
ties ill this country, but it is largely exported. In 
order to reduce the cost of transportation and at the 
same time furnish a more available form of this bark, 
it is exhausted with water and evaporated to a thick or 
solid extract. This is accomplished by heating in 
closed copper boilers the ground or chipped bark with 
su('.cessive portions of water until exhausted, running 
the resulting liquid into a large copper vacuum pan, 
and evaporating i'R. vacuo to the desired consistence, 
when it is run while warm into barrels or boxes for 
shipment. 

The annual production is not far from 15,000 tons. 
This extract, containing from twenty to twenty· five 
per cent. of tannin, is one of the cheapest sources of 
t.his important material, and the use of it is undoubtedly 
on the increase ; not only for tanning, but very largely 
also for dyeing purposes, where it forms an important 
adj unct to many of the more expensive ext.racts. It is 
well known that oak tanned leather is superior in t.ex· 
ture and color to that tanned with hemlock ; neverthe­
less, the demand for the latter steadily increases, both 
here and abroad. 

According to the last census report, the annual pro­
duction of hemlock was 1, 101 ,526 tons, and of oak bark 
353,245 tons. So great is the consumption, that the TANNIN is a colorless, shining, amorphous, astring- apparently inexhaustible forests of this wood are ent body found in many plants. 'dl d I d' . t I t 

TANNIN : ITS PRESENT AND FUTURE 
SOURCES.* 

By Prof. HENRY T RIMBLE, of Philadelphia. 

It varies according to the source from which it is ob- rapl y an sure y Isappearmg ; no a one on accoun 
of the bark, but also on account of the wood, although tained, but all varieties appear to have the common in many places the trees are felled, stripped of thei r property of forming a dark blue or dark green color bark, and allowed to rot. In W I1.rren County, Pa. , 5,000 with ferric salts, giving precipitates with gelatin, and acres were cut in  1880 for the bark. converting animal membrane into insoluble and im- Picea engelmanni, white spruce, on account of thc putrescible material called leather. I t f t · . th b k 20 56 t The use of tannin for con verting hide in to leather arge amoun 0 anwn m e al' - . per cen '. -
has been employed for tanning in Utah. T h e  barks o f  was well known tu t h e  ancients, b u t  the separation of some other species of spruce are likewise very astringent. the princi ple as a distinct substance was not accom· Castanea vesca, chestnut ; both bark and wood are pUshed until 1793, by Deyeux. This compound, known d '  t t t S h t t ' 1 I 1 as tannic acid when in the pure state, is prepared from ma e m o an ex rac . uc an ex rac IS a so arge y 
made in France, and some of it occasionally finds its galls when the pure acid is  desired ; this source giving way to this country. A sample which came into my it the name of g;allotannic acid, to i ndicate its origin, possession, said to represent a large lot, was heavily and at the same time distinguish it from numerous adulterated with molasses, which goes to show that it other tannin'! from other sourcell. This gallotannic is the determination of the cultivators of the beet root to acid has been fairly well studied, and the opi nions of find an outlet for their products. Chestnut extract is chemists regarding it are much more in harlllony than largely used in dyeing, where it is valuable not only they are in ref�rence to the numerous compounds u nder as a mordant, but also on account of the clear black the general name of tannin. We will first considAl' which it gives. the present sources of tannin which yield us the pure Rhizo.-.hora mangle, mangrove, is a tree indigenous acid. Y 

h ' 
Galls are the most valuable and important of all t.o all tropical countries, on t e banks of rIvers and in 

tannin materials . marshy places. On account of the rapidity and luxuri-
'fhe oldest and best known variety being the oak ance of its growth, this tree may become an important 

o-all, which results from the sting of an insect called source of tannin, which exists in the bark of the root 
... to the extent of twenty to thirty per cent. The great ell ni,!s in 

.
tJle �ender :t>ark . of the . young shoots of objection to it is that it gives a bad color to leather, Qne/ cns lu.s �tanwl!' va�lety �nf�ctona, a small shrub which must be corrected by the use of other more ex­t ll l'�e to fou r fe�t m heIght, m.dlgenous to the eastern pensive astringents. pltl t of the MedIterranean l?a�m. Acacia decur1'ens, mimosa, a handsome tree, eighty The puncture c�uses the J lllces o,f the plant to collect feet in height. indigenous to Australia and Tasmania, arou nd the egl'rS , and . the resultmg galls s�ould be yields a bark very rich in tannin,  said to reach as high c? l I�cted befor� the msect matures suffiClel!tly to as forty-two per cent. This material, and an extract p lel ce the coati,ng. and escape, for after that tIme t�e of it, has been much used in England, and efforts have amount, of tann�n IS very much lessened. Galls at thiS been made to encourage the cultivation of this and stage of mat?rlty . are . n early globular, ab0!1t three allied species in the colonies. In five years. the tree fourths of an mch m .dIameter, and of a bl ackIsh gray will yield a large quautity of bark. It has been sug­colo�. Those of a white color have been col1ect�d af�er gested to introduce it in this country, and when our the l!lsect has escaped, and are conseq uently of mferIOr supplies from oak, hemlock and chestnut are exhausted, q �ahty. The best . gall� come only froII� w�rm co.un- it may become a necessity, but not until then can we tries, those found m thiS c�>untr� only Yleldmg thirty look for any artificial sources. to forty per cent .. of ta�mm, 'Yhlle good. Aleppo. galls Quebracho (Lo�opterygium lorentzii), indigenous to (the best cOIllI!lerclal variety) Yield from SIxty to eIghty Argentine Republic, yields a bark and wood contain­pill' cent. �annl D. . ing twenty per cent. of tannin. 'I'he wood is very hard The Ch�1}ese varIety of galls, found on tp.e leaves of and is, therefore, to a great extent put in the form of Rh1tS sem�.alata, were not a regular arctlcle of com- an extract before using in the French markets, where it merce untI1 1B44. . . is very popular. It is claimed for some of these ex-They are very hght, hollow, dIstorted by numer?us tracts that they contain seventy to seventy-five per protuberances, and completely covered by a thick cent. of tannin. In all the above barks, it has been velvety g:ray down. . These �alls are II?-uch used for the found that the proper time for collection is in the pre}?aratIOn of tannm, of which thtlY YIeld from seventy spring, when the sap is flowing. The bark is easily to elght� per cent. . . .  stripped off, and is much richer in tannin than that Ta�arl�k (Jal�s are obtamedfrom 'famaruu oriental'tfl, collected late in the season. It is also well known gro,,!,mg m IndIa and northern AfrIca. '.!-'hey are s!!,ld that trees growing on a limestone soil do not yield as to Yield fifty per cent. of the purest tannm, and to lm- much tannin as those growing on other ground. 

part . to leath�r the best color and texture of any F1'Uits. -Di'Vidi'Vi (Ca:salpinia coriaria), the seed tannmg materIal. . . pods of a tree, twenty to thirty feet in height, indigen-Barks.-Much attentlOn has been glve.n l?y c;mr ous to West Indies, Mexico, Venezuela, and north goverl,lment to the developm�n� of tanDln-Yleldmg Brazil. The pod dries in the form of the letter S, and w'!'terlals,. by carefully deternlln�n.g the percentage of contains from thirty to fifty per cent. of a valuable thiS constituent �n t�e most promlsmg plants. tannin, which, however, is depreciated by the other Mr . . Sargent,. !? hiS Rflport of the F,orests ()f. Nor�h constituents, which cause rapid fermentation. On this Amenca, says ' . The alDount of t�nDln con tamed m account, the leather tanned with dividivi is soft, the bar.k of vanous trees of. th� Umt!ld States has been rapidly becolDes discolored and spoiled in a damp at. determll,led. These deterf!lm!!'tlOns gIve the percentage mosphere. The use in dyeing is not attended with the of tannm; they. do not m�lcate t�e real value of the same oojections. and I have seen them largely used by bark.of the speCies for taI? nmg, which can only be de- a dyer in Bradford, England, who told me they ob­termmed by Il:ctu!!,l experIment II?-ade on a large scale, tained from dividivi a better black than frOID any othe� propert�es m the bark, beSIdes the percentage. of other tannin material. tannm, affectmg t�e v�ue of the leather prepared With' Myrobalans ( Terminalia chebula).-The fruit of a it. These determmatlOns must therefore be regarded tree, forty to fifty feet in height, indigenous to India. 
* A lecture delivered at the j'ranklill llllltitilte. FebrllM1 14, 1881.. This, like dividivi, is much used in dyeing and for ton· 

ing the color of other tanning or dyeing materials. 
The amount of tannin is from forty to forty-five per 
cent. 

Valonia (Quercus agilops).-This oak tree grows in 
the vicinity of the Mediterranean, and we obtain from 
it the acorn cup, which, when ground, gives us a most 
valuable tanning material, imparting to leather both 
firmness and weight. When u�e(l alone, it renders the 
leather too hard and brittle, so that. it is largely used 
in connection with myrobalans and mimosa. 

Leaves.-Sumac is a name applied to various species 
of Rhus. In Europe, the Rhus c01'ia1'ia is the most 
important, and furnishes to comlDer�e the leaves which 
are so much esteemed by dyers and for certain kinds 
of tanning. This small tree, or shru b, grows exten­
sively in the countries bordering on the Mediterranean, 
and especially in Sicily. Contrary to t.he experience 
in the United States, it is said to flourish best ia a 
limestone soil. FrOID 10,000 to 12,000 tons are said to be 
annually imported of t.his variety. Of course, it h as 
been suggested that we cultivate our own, as several 
species grow wild in this country. 

R. glab1'a and R. copallina have been recommended 
for this in addition to the Sici lian. Considerable at­
tention has been given to this subject by our govern­
ment, and valuable reports were published in regard 
to it in the agricultural reports for 1878 and 1881-82. 

The plants are propagated from the young shoots 
which are found each y ear about the base of the older 
plant. These shoots are planted very much in the 
manner adopted for potatoes, and the cultivation is 
conducted similarly to that applied to Indian corn. 
They are planted in the spring, and when well �tarted 
are cut down to within six or eight inches of the 
ground. The second summer they will yield a crop of 
leaves. 

The leaves are gathered eit.her by cutting the small 
branches or by stripping directly, leaving the small 
leaves on the ends of the shoots. A plantation is said 
to yield profitable crops for ten years. The average 
yield is 2,600 pounds per acre. After the second year, 
the leaves are more valuable. When the collecting is  
accomplished by cutting, the branches are allowed to 
wither, and are then carried to a shed and dried. Th;; 
drying must be conducted carefully, in order to prevent 
heating and consequent fermentation and spoiling. 

The branches when dry are beaten with a flail, and 
the leaves separated by sifting. When ground, the 
leaves are ready for market. The grinding is accom­
plished by heavy stones set on edge. Virginia is the 
State in which most attention has been devoted to this 
industry, and the crop reaches 7,000 to 8, 000 tons. 
There is said to be a difference between the American 
and European products. The former yields from six 
to eight pel' cent. more tannin, but the accompanying 
yellow or dark color is a great objection to those who 
wish to have a fine white leather. This color is supposed 
to be identical with the quercitron in oak bark. The 
govern m ent chemists have decided that this coloring 
matter exists i n  large proportion in the leaves collected 
late in t.he season , conseq u ently it is recommended to 
collect not later than the last of J I1ne. The amount of 
tannin reaches its llIaxi\Jl um in July, but it is thought 
best to sacri fice this small amount, being 22'75 per cent. 
in June against 27 '38 per cent. in JUly. The Sicilian 
prod uct yields 24'27 per cent. of tannin. There are 
llI any d ifficulties in the way of sumac becoming a 
uni versal tanning material. A very considerable one is 
t.he tendency which the infusion possesses of becom­
ing !lour. This has been obviated by the use of extract 
of sumac which has been depri ved of much of its 
coloring matter, and consequently is better in two 
ways. 

The process consists in adding to the thin liquor, 
which has been run from the extractors into a large 
tank, oxalic acid in the proportion of one gramme to 100 
liters. This saturates the lime which has come from the 
water used in extracting. Gelatinous alumina (alu m­
inum hydrate) is then added in the proportion of 250 
grammes to 100 liters. On filtering, a clear tannic extract 
is obtained, which is e\'aporated in vacuo to the desired 
consistency. I have examined such an extract, and 
found it very rich in tannin. Mucilage may also be 
removed by increasing the amount of alumina to four 
times that above mentioned. Such a procells might be 
advantageously employed in this country for removing 
coloring matter from the infusions of sumac, which 
would admit of the leaves being gathered in July, 
when the proportion of tannin is the greatest. There 
are no means of knowing the exact amount of sumac 
produced in this country, but at least as much is 
gathered here as is imported, and probably a great 
deal more. This industry will undoubtedly become a 
very important one, for when the oak and hemlock fail, 
we must look to artificial growing for our tannin sup­
ply, and sumac is by far the most promising source 
for this object. 

Canaigre root has also been considered as a possible 
tannin supply. The plant, Rumea; hymenosepalum. 
from which the roots are obtained grows abundantly 
in a large part of Texas. The roots are in clusters, 
like sweet potatoes, weighing several pounds, and are 
�Ilite fleshy, but become much wrinkled in drying. 
When dried, they are said to yield forty per cent. of 
tannin, and as at present they grow on waste ground, 
they are worth our consideration as a supply. There 
is, however, considerable red coloring matter present, 
which may limit their use. 

Cutch is a dried extract from .Acacia catechu, a tree 
thirty to forty feet in height, indigenous to India, 
Burma, and East Africa, and from .Acacia suma, 
growing in South India and Bengal. The extract is 
prepared by cutting the trees when they are one foot 
in diameter, reducing all the woody parts, except the 
small branches, to chips, and digesting these chips in 
water in earthen vessels over slow fires. When suffi­
ciently thickened after decantation and further con­
centration, the extract is poured into rude clay moulds 
or mats, and a1l9wed to harden, in which form it 
comes into commerce. 

Gambier is another variety, being an extract of the 
leaves of Uncaria gambier and U. acida, a climbing 
shrub indigenous to Ceylon and Sumatra.. The leaves 
and young shoots are exhausted by boiling with water, 
the decoction is evaporated to the consistence of a sirup, 
when it is placed in buckets. A man plunges two sticks 
into two of these buckets, and works them up and 
down until the Dlass sets-a result which could not, it 
is said, be attained in any other way. This thick, 
yellowish mass, resembling clay, is poured into shallow 
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boxes, cut into small cubes, and dried in the shade. 
The importation of cutch, all varietie�, in 1880, reached 
23,000 tons, while in 1882 it fell off to 7, 000 tons. Eng­
land imports about 20,000 tons ann ually of gambier 
alone. 

Polygonum amphibium, water knot weed, has at­
tracted some attention as a source of tannin in Illinois, 
where it has been used by a few tanneries. 

To summarize, it may be said that the future supply 
of the imported tannin-furnishing materials is not 
likely to become a concern to us, as . the supply is 
either well nigh inexhaustible, or else the product of 
cultivation. We cannot afford, however, to depend on 
foreign supply to furnish material for the tanning and 
dyeing industries, consequently our own resources 
must be taken care of or d eveloped. At present, the 
hemlock, oak, and chestnut give u s  all we need , but as 
this supply will soon be exhausted unless provision for 
a continuation of it is made, we must face the necessity 
of artificial sources at no distant date. 

The sumac has already become a reality among the 
artificial sources, to be followed by such promising 
materials as mangrove and mimosa, which having ob­
jectionable  features, will have to be studied so as to 
adapt them to our needs.-Jour. F. I. 

IMPROVED CAMERA CLAMP AND TRIPOD 
HEAD. 

THE well known tripod screw for securing a camera 
firmly to the head of a tripod has many disadvantages, 
which have several times been pointed out, particular­
ly when the camera is used in photographing architect­
ural SUbj ects. The object of the device shown in Figs. 
1 and 2 of the engravings is to overcome the defects in­
cident to the com mon screw clamp, by avoiding all 
separable parts and the wear of the screw thread, and 
at the same ti me to permit the camera to be easily and 
quickly secured to the tripod. A truncated cone shaped 
casting, having a projection provided with a socket or 
seat set flush with the top of the tripod head, is secured 
by screws to the under side of the head . The lower 
face of the casting is planed or filed off on a bevel. 
Passing through the hole drilled in its center is the 
fastening spindle, having a solid head turned on its 
upper end, and a thumb-actuated disk. held rigidly by 
suitable screws, at its lower end. The upper face of 
the disk is beveled to correspond with the bevel on the 
casting above. 

Located in a slot in the spindle is a very ligh t steel 
spring (see Fig. 2), which, in pressi ng agai nst the walls 
of the hole, holds the spindle, by friction, in any posi­
tion, as it is  elevated or depressed, and at the same 
time allows the spi ndle to be freely rotated. 'When the 
spindle is not secured to the camera, its h ead is drawn 
down into the seat in the uppe r face of the casting, 
so that nothing will project above the surface of the 
tripod head. 

A light metal plate, havin g its ends bent up around 
the sides of the central bar of the camera bed frame 
and secured thereto by screws, as shown in Fig. 1 , has 
a key hole slot in which the head of the spindle of the 
clamp fits. The wood of the camera bed is  dug out 
back of this slot. forming a recess, as shown in Fig. 2. 
It will be noticed th is method of fastening the plate 
to the camera bed frame secures �nusual strength, 
since the p ull on the screws is at right angles to their 
length. To prevent any possi ble slipping of the came· 
ra after it is secured, a slight depression is  p l'Ovided in 
the inner surface of the plate at the end opposite the 
entrance slot, clearly seeu in Figs. 1 and 2. 

To clamp the camera on the tripod head. it is only 
necllssary to rotate the spindle by the thumb disk 
until the two beveled faces are parallel with each 
other, then to push the spindle upward until  the faces 
meet, which leaves the spindle head projecting above 
1lhe tripod head. When the camera is then set upon 
the tripod, the head of the spindle enters the key hole 
slot, and by a slight movement lengthwise the head is 
brought directly over the seat of the slot. By slightly 
rotating the spindle by the fingers with the thumb disk 
the beveled faces act upon each other like a cam. and 
at once draw down the spindle head into the seat of the 
key hole slot, firmly clamping the camera bed to the 
tripod head. A reverse movelllent allows the spindle 

graphing in a brisk wind. The fastening for the leg 
of the tripod is shown in Fig. 3, and consists of a 
round plate, provided with two projecting ears having 
a pin riveted betwelln them, which passes through a 
hole in the extremity of the tripod leg. The plate is 
secured to the u nderside of the tripod head by screws. 
This construction llIal,es a very rigid and steady bear­
ing for the tripod head and camera. Both may be 
carried about on the shoulder without in any way 
straining the clamp. 

Different sized cameras may be used on the one 
tripod head. The improved clamp may be fitted to any 
tripod head or camera. Further information may be 
had from the inventor, Mr. M. P. Warner, Holyoke, 
Mass. , who is prepared to f lll"nish the improved clamps 
an.d fit them to tripods. 

====== 
THE DIETZSCH CEMENT KILN. 

AT a meeting of the North of England Cement 
Manufacturers' Association, held during the past winter 
session,  a paper was read by Dr. Otto Trechmann, on 
the process of burning cement in the Dietzsch kiln ; 
and the following is a brief abstract of the details then 
given : 

The possibility of making cement of permanent in­
durative properties, combined with permanency of 

A 

volume, from artificial mixtures of lime and clay, 
depends, as is well known, mainly on the chemical 
combinations which ensue when the exactly gauged 
and closely approximated particles clin ker together 
under the influence of a high temperature. Consisting, 
as such a mixture does, of substances of very different 
fusibility, of wh ich the l ime and the silicate, represented 
by the clay, are the extremes, the process of calcination 
wil l be a grad ual one, commencing w ith the fusion of 
the clay, which, gradually taking up more and more 
!ime, results i n  a mass requiring, for the completion of 
the cl inkering process, a very high temperature, esti­
mated at 1 , 650° C.  (lime requiring 9000 C. to 1 , 000° C . ). 
Though experiments are now in progress, definite data 
are as yet wanting to determine the time required to 
produce efficient clinker under given circumstances of 
temperature. The practical cement maker takes the 
color and structure of the product as his guide. The 
well known greenish gray, uniformly crystalline cement 
clinker may, however, be produced under very different 

WARNER'S CAMERA CLAMP AND TRIPOD HEAD. 

to be pushed up, so that the camera may be quickly 
removed. 

It will be observed that the clamp is  very simple, 
effective, and strong, is, in fact, more durable than a 
screw, not liable to get out of order, and with it a 
camera can be very quickly adj usted to a tripod . 

The inventor prefers the triangular form of a tripod 
head, made eit her of wood or v ll lcanized fiber, as shown 
in Fig. 1, and has the tripod legs rigid ly  secured thel'e­
to, to avoia the wear and racking Illotion incident to 
detaohable legs, which frequently occurs when photo-

influences of heat. Thus, the sample burnt within an 
hour in a small laboratory furnace gives as perfect a 
cement as the slow burnt kind of the dome or circular 
kiln . and it may be taken as an axiom that a short 
clinkering temperature will suffice to thoroughly burn 
moderately sized pieclls of cement. The main hindrance 
to the adoption of a contin uous process is the fact that 
wi th cement the mass remains neither unaltered in 
form . as a bric k or burnt lime, nor does it become fluid, 
as metals or sl ags, but, approaching the latter state, 
becoBle::; soft and v iSCid, the pieces weldiug togethel' 

and to the sides of the kiln. Obsolete experiments 
with the ordinary kiln failed, because the superincum­
bent weight of the unburnt cement and fuel compressed 
the clinker into a solid, immovable mass j while the 
circular kiln, originally in tended for use upon materials 
that do not undergo a change of form, though per­
fectly successful for burning cement, involves the neces­
sity of constantly h eating up cold wall spaces, with a 
further drawback that the cement around the holes 
requisite for the insertion of fuel is clinkered and 
welded in advance of the rem ainder of the charge, 
thus interfering with the draught, and prolonging the 
period necessary for calcination. 

In the present kiln, it has been sought to combine 
the principle of the cone kiln with the advantages of 
the circular kiln, and instead of allowing the heat to 
circulate through the mass, to pass the material , with 
the aid of gravitation, through a canal kept at a con­
stant high temperature. This is achieved by dividing 
the vertical shaft of the former horizontall y  into two 
parts, and connecting the upper with the lower by a 
horizontal channel, thus reproducing in a manner 
several cham bers of the circular kiln j not in a horizon­
tal plane, but vertically superimposed. The u pper 
part of the lower shaft is retained at a clinkering tem­
perature by the addition of fuel, and all superincum­
bent weight on the clinkering cement is obviated, thus 
permitting it to descend by its own weight, so soon as 
the decrease in volume, due to the completion of the 
calcining process, takes place. With this movement a 
disturbance of the mass ensues, and the cooling opera­
tion, aided by a slightly conical form of the shaft, 
tends to prevent adhesion. 

The figure represents a double kiln, produced by 
simply building two kilns back to back. The indi­
vidual kiln consists of three essential parts, of which 
the two lower ones, C and D. lie in  a different vertical 
plane from the upper one, A. A may be called the 
warming or preheating chamber, C the calcining 
chamber, and D a continuation of it, the cooling 
chamber. At E are doors or openings for charging A 
with dried slurry. The covered calcining chamber, C, 
is connected with A by means of the arched horizontal 
channel, B j and the cooling chamber, D, terminates 
with ordinary fire bars, H, through which the air to 
supply the whole system enters. The finished clinker 
is drawn at H, and the calcining chamber, C,  as the 
central point of the system is the one where the main 
operation of burning is carried out, where the cement 
becomes soft and plastic, alters its form, and eventually 
welds into larger or smaller blocks, and inclines to 
adhere to the walls of the furnace. This part is, there­
fore, arranged in such a manner that it is accessible 
from all directions by IIleans of small openings, G, for 
the removal, when necessary, of adhering lumps. In 
order to put the kiln into operat ion, A is filled with 
dried slurry, D with clinker, and C with alternate 
layers of dried stuff and coal or coke. After the fuel 
is fired, the heat escaping from C strikes through the 
dried slurry lying on B and in A, and is almost totally 
absorbed, only sufficient passing through to keep up 
the requisite draught in the chimney-like continuation 
of A. As soon as the cement is sufficiently calcined in 
C, a q uantity of clinker is drawn at the bars, causing 
the whole mass in C and D to sink; thereupon fuel is 
introduced through the furnace doors, F, an d pre­
heated slurry is, with the aid of flat shovels, turned 
over from B into C,  the fuel and dried m ass being 
placed in layers until C is filled again. This oTwration is 
repeated at intervals of half or three-quarters of an hour, 
and the burning proceeds continuously withou t fnrther 
interruption than may be caused by the adhesion of 
clinker to the sides of the furnace. It is apparent, from 
this description, that the fuel is utilized to its utmost ex­
tent, for;the cold air entering at the fire bars, coming 
into contact with the hot descending clinker, becomes 
gradually heated to a whi te heat before reaching the 
fuel, thus producing a combustion akin in intensity to 
that of  the regenerative furnace. It is, however, not 
completed at this point ; but the mixed products of 
combustion, which entail such an enprmous loss of 
available heat in the ordinary kilns, h ere strike t h e  
dried mass lying a t  B ,  and which a t  this point i s  ill a 
state of bright cherry redness and incipient fusion , 
and are completely burnt. 

This system of burning cement, lime, etc. , therefore, 
offers a double advantage to many previous systerns­
first, in the complete utilization of the fuel, combined 
with a minimum loss of heat, since the unavoidable 
radiation is restricted to one part of the kiln ; secondly, 
because the mass to be burnt remains for the shortest 
possible time at the point of greatest heat, the critical 
period where over or under calcination so easily takes 
place. The amount of fuel required for each of the 
three principal systems in use for cement burning is, 
approximately,per ton of clinker: For the open or cham­
ber kiln, 22 to 33 per cent. of coke, or 4� to 6� cwt. j 
Hoffmann type, 17 to 18'5 per cent. of coke, or 3� cwt. j 
Dietzsch type, 10 to 16 per cent. of small coal, or 2 cwt. 
to 3 cwt. , or, ronghly, one-third to one-half of the 
weight of a cheaper and cleaner fuel. 

This extraordinary saving is explained in part by the 
manner in which the combustion of the coke takes 
place in the ordinary kiln. Analyses of the escaping 
gases reveal a large amount of onl y partly consumed 
carbon, in the form Qf carbonic oxide. 

One of the chief d ifficulties of the inventor, and the 
cause of great skepticism regarding the success of the 
invention. was the tllndency of the clinker to hang. It  
was solved, after many experiments, by adopting a 
basic lining. The acid l ining of the ordinary fire brick 
coming in contact with the basic cement produces a 
flux, which, running down the walls, cools and cements 
the already solidified clinker to the lining. With a 
material of slightly greater basicity than the cement 
itself, and a consequent greater infusibility, a fairly 
permanent lining, free from this objection, can be 
made. Bricks of such a nature are prepared from 
cement with the addition of lime or magn esia, in a 
special brick-making machine . and are placed for a 
depth of some six feet in the calcining chamber. This 
lining requires renewal about three time� per annum, 
at a cost of about £20 in labor and materials for each 
time, and four days are requisite for the purpose. 
With care, however, the lining will often last much 
longer, and has occasionally not required renewal for 
ten months. Increased experience will, doubtless, 
reduce this item of expenditure. The quantity of 
cement burned with this kiln varies considerably with 
the nature of the raW uH\,terials j a double kiln will put 
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out from 15 tons per twenty-four hours of limestone I The youth retains something of this first character" I logical philosophy ; let the baby learn of itself to 
cement and up to 30 tons with chalk cemflnt. Ex- istic of humanity ; but his most striking attribute is the count, if you will ,  but force no heavy mathematical 
hausti�e comparative tests made by Professor Tet- facility with which he avails himself of the percep- I processes or formulas through its tender brai n ; wait 
meyer, of Zurich, have, as mig�t be �xpected, shown tiye faculties, and of �is memory, to ac!}uire all that : for that until the child h�gins t? take them in, !latural­
that the quality of the aement IS superIOr to that burnt kmd of knowledge WhICh can be transmItted from one Iy. and can ftnd pleawre I II theIr conq u est. GI ve boys 
in other kilns. The quantity of impurities in the individual to another ; his is the period of absorption I and girls manual train ing ; teach the you th every 
form of ash etc. , being very materially lessened, will of information and experiences from others, either : branch of industrial art and of trade education ; ofi'er 
account in part for a better quality. Two very import- through the study of books or the con versation of his to young men and women every opportunity to appl y 
ant factors in favor of this system are the small capital elders and companions. His perceptives are less acute usefully i n  their chosen professions al l the arts, all the 
outlay and ground space required for a comparatively than before ;' but his  memory for iinpressions conveyed I sciences, all that literature can bring to aid them.  
large output. Professor �etilleyer �stimates the  relative from others and his. u�derstandin� of  lines of  reasoning Thus the ?O/IJ plete .edu.cation may be secu red for a l l  at 
cost of ordinary dome kIlns, the Clrcul:tr, or Hofi'mann, and o.f argument orIgmated by hIS elder� have b�cOlI?e least possl�l e  COSt .Ill t! llle and strength, the s\owly de­
and the present kiln for a productIOn of 20 tons of suffiCIent to make them the means of hIS educatIOn HI , velopmg Ill Ind takmg m one after another of Its parts, 
clinker per day : Six d�me kilns at 25 tons per charge, the next higher stage to which he has now attained. I each in proper order, and each com ing forward as the 
£333 each-£2 000 · half of a cir�ular kiln of eighteen He is passing from the period in which the kinder- i mind is becoming fitted to take it IIp and to profit by 
chambers at 40 tons of clinker per day at £2, 500- garten and t!1e Froebelian method are his only proper . it, the memory accepting first the facti< of perception 
£1 125 ' a�d one double Dietzsch kiln, at £700 ; in each means of education into the nt'xt higher condition. in ' and observation,  and later the results of reasoning and 
of

'
the' latter instances without the surrounding build- which, while the chi l d's school !Day still contribute deliberate thought. 

ings or about two-thirds the cost of a circular kiln much in matter and method, the use of books and of Not every youth can be made an Admirable Crich­
plan't and one-third of the capital required for dome oral com lllunication of ideas, facts, and reasoning may ton or a Leonardo da Vinci ; but every one of these 
kilns.

' The space required for the Dietzsch kiln, in- be made an important if not the pl'incipal means of young minds can be made the best that its Creator has 
eluding building is given at 130 square yards. ·-In- instruction. Object teaching is supplemented properly I intended. Only here and there can be found the ma­
dustries. 

' 
by abstract thought. It is by the com bination of the ' terial for a Bacon, a Newton, a Franklin, any more 
two methods of gaining knowledge that the school than for a Milton, 'a Tennyson , or a Longfellow. But  
education of  the individual is completed ; the  brain,  we may, nevertheless, give to  each hody i ts  highest de­
like the body, is  thus mll.tured and made ready for life's velopmenr" its maximu lll stren gth, endurance, health, 
work, for action. and symmetry ; to every wind its noblest development ; 

The young man or the young woman, mature in body to t'very memory all the knowledge that careful selec­
By R. H. THURSTON, M. A.,  Doc. Eng. ,  Director of and developed as to faculties and all natural powers, tiou, systematic arrangement, and proper correlation 

Sibley College, Cornell University, Ithaca, N. Y. instinctively seeks to apply those powers, and enters . can enable it to store within its utmost capacity ; and 

TECHNICAL TRAINING CONSIDERED AS A 
PA RT OF A " COMPLETE AND GENEROUS 
EDUCATION. " *  

GENTLEMEN OF THE INSTITUTE, LADIES AND 
GENTLEMEN : On an ocr-asion l ike the prflsent, when we 
are cal led together to witness the final act in a long 
course of special training which has, it is presumed, 
fitted our young friends for entrance upon their life's 
work, the q uestion naturall y  arises : What is  the real 
object of this prel iminary labor and of this carefully 
schemed and conscientiously prosecuted course of in­
struction in literature, the sciences, and the arts ? Why 
is education here given its peculiar form and its 
definite limitations ? What is the purpose and why 
is this the method of preparing young men for the 
duties, and to take advantage of the opportunities, that 
life may be expected to offer them ? What is .a real 
education ? What a complete education ? What the 
limitations that may be admitted, as difficulties arise 
in thfl endeavor to secure a "  complete and generous 
education, " as Milton so expressively denominates it ? 

Euripides has said that " one wise head is worth 
many hands ; "  but here we have seen young men 
brought into a scheme of education which seeks to 
make the hands cunning as well as the mind. and we 
would further ask : ·What part of education is this ? 
Why teach it here ? 

Milton, in his well known " Tractate on Edueation ,"  
thus defines education : " I  call, therefore, a complete 
and generous education that which tits a man to per­
form j ustly, skillfully, and magnanimously all the 
offices, both private and public, of peace and war. " 

No better definition has been produced in the nearly 
two and a half centuries which have intervened between 
our time and that of the great poet. A "  complete and 
generous education " is what every man needs and 
what every citizen should be aided to gain. The 
student of an art is  not by that vocation made an 
educated man ; no complete education can be gained 
by following a single or even a dozen lines of study ; a 
generous education is not that of thfl great litera­
tures, of the classics, of mathematics, of tile sciences 
alone. The completely educated man is he who has 
given time, thought, noblest endeavor, to the attain­
ment of some satisfying knowledge of the sciences, the 
litt'ratures, the arts, the philosophies, the moral, in­
tellectual, and physical at tainments and accomplish­
ments of highest l ife in this wonderful world of ours, in 
which we are so apt to live the narrow, isolated life 
of the sea anemone, rather than that of the heaven 
endowed soul, free to traverse earth, air, and sea, 
to explore every world, and to test every good of the 
seen and the unseen. The generously educated man 
has every faculty trained and developed to its best 
estate, and is gi ven such strength, such usefulness, such 
power of acquisition of pleasure and highest profit, as 
hi, Maker has intended. 

The development of the individual has a natural 
history which accords with the rational history of the 
complete education of the citizen the more perfectly as 
that education the more perfectly approaches the ideal 
to which our study of the best education leads us. It 
requires no  argument to convince the thoughtful mind 
that the building up of an intell ect and the training of 
a mind must have some natural and most efficient 
method and scheme, or that this natural order of pro­
cedure must correspond thoroughly with the plan of 
development of the faculties. and of their applica­
tion to the purposes for which they were designed. We 
may, therefore, give a moment's thought, with profit, 
to the consideration of this individual historv and to 
this natural process of development of the · faculties 

upon the period of action and of accomplishment. The I to every soul all the thought and wi�dom that its 
perceptive faculties have stored the memory with all Maker has given it capacity to gain an d to use. Our 
the familiar impressions received by the senses during task is n ot to give to the ind ivid ual a definite amount  
the  ordinary operations of  life ; the  mind has been ell- of  learninr: and working power, but to  seek to awaken 
riched with useful knowledge and prepared by study every power, to d evelop every facn lty, to strengthen 
and carefully. directed thought to lIIeet successfully the every fiber of every muscle and every ganglion an d lobe 
opportunities and the tasks that life is about to pre8ent in nerve and brain, in such manner that he shall be all 
to the now active and ambitious, earnest and energetic that God's gifts way give h im power to be. 
novice, in a world full of work to be done and of re- The form and the scheme of a well -planned education 
wards for the intelligent and earnest ones among the must thus be dt'terlll ined partly by the natural apti­
crowd of incapables. It is in this stage of life that the tudes of the race, partly by the tastes, talents, and idi­
work of the world is accom plished, that all great tasks osyncrasies of the individual,  and partly by the  speci­
are done, that every mighty revolution is efi'ected. ficptl l'poses which the education is intended particularly 
Our young men and our young women are they who to subserve. That the purposes of education have not 
directly apply the lever of Archimedes and move a in the past been fully met by the usual and generally 
world. approved methods is  evident from the testimony of in­

Middle age is the period of contriving thought, of nllInerable witnesses of unimpeachable judgment, as 
the carrying out of plans, and of the direction of the well as by the fact that we are seeing a great revolution 
energies of the youth coming into manhood and and the introd uction of a so-called " new education, "  
womanhood t o  d o  the work o f  the rank and file under which i s  ra pidly taking the place o f  the old with the 
the supervision of these captains and colonels and gen- great masses of the people, though to a less extent  with 
erals of the great armies of peace, and of war as well. the great body of educators of the world. The change 
" Old men for counsel, young men for war," most cer- is a protestant movement against the established sys­
tainly I But it is the steady thought, the quick obser- tems of the past centuries. Its Luthers and its Calvins  
vation, the trained faculties of  middle life, that give are to be found. as in the  reformation of  the  church, 
the talent for successful direction and guidance in the alIlong the ablest of former communicants. The most 
struggle, for lea.ding the bravest troops on to victory. efi'ecti ve and well-directed protests are made by the 
and which confer correctness of judgment and prompt- most eloquent and most scholarly of the alumni of the 
ness of action in emergencies, power of concentrating older institutions. Let me quote a few of these revolu­
and guiding all available enflrgies by well-planned tionists, and, as I quote, n ote the various points in the 
strategy, and, throughout long campaigns, for most indictment, an d observe how perfectly t.he newer edu­
effective work. Middle lif� is the time for grandest cation meets every objection to the old, and provides 
generalship. for the filling of e \"ery h iatus in its cu rriculum. Note, 

Age, before senility, is the time of ml;\ditation. of too, how it meets every dellland of the more philo­
wisdom deduced from long experience, and, by habit- sophic 8cheme for a true education of the people, for 
ual thought. from all the paths of life. This is the the life and work of the pflople. Compare the new sys­
period in which counsel can be most safely given, and tem with the old ,  a.nd then compare both with the n at­
in which the great lessons of life may be safely taught. ural system to which we are approximati ng here. 
The work of life is done ; all its great experiences COIll- The late Dr. Draper, the author of that great work, 
ing of work and action have been gained, and the the " Intellectual Development of Europe, " and the 
thoughtful mind of the old man seeks a reason for all greatest historical philosopher that has YEt appeared, 
and a lesson from all-reasons and lessons which he if I may venture an opinion, in his " Thoughts on the 
alone can perceive and he alone can teach. " Old men Future Civil Pol icy of America " asserts that " edu­
for counsel "-old men who have traversed all the cation should represent the existing state of knowledge, 
length of life's devious and labyrinthine ways, who but in America this golden rule is disregarded, espe­
have seen all and felt all, who have been many years cially in the ca se of the higher establishments. What is 
studying the problems of life and seeking the meaning termed classical learning arrogates to itself a space that 
and purpose of all. excludes much IIIore im portant things. It finds means 

And thus the education of the individual should be to appropriate, practically, all coll egiate honors. This 
similarly divided into its periods of instruction through evil has arisen from the fact that our system was im­
the perceptive faculties, first ; through the processes ported from England. It is a remnant of the tone of 
of intellectual absorption with perception, secondly ; thought of that coun try in the sixteenth century; meri­
thirdly, by giving opportunity of action and of appli- torious enough and j ustifiable enough in that day, but 
cation of elementary knowledge while acquiring wis- obsolete in this. The vague impression to which I have 
dom ; and, fourthly, by opportunities for direction of referred, that such pursuits impart a training to the 
others in the various paths of learning and experience ; mind, has long sustained this inappropriate course. It 
while, as in the order just indicated, the time for medi- also finds an excuse in  its alleged power of communi­
tation follows at the last, so here should the final cating the wisdom of past ages. The gl'and depositories 
period of the education of the intellect and of the soul of human knowledge are not the ancient but the mod­
be one in which meditation, thought, com parison of ern tongues. Few, i� any, are �he facts worth knowing 
experiences and a general survey of the whole field that are to be exclUSIvely obtamed by a knowledge of 
which has been traversed gi ve perfect completeness, so Latin and Greek, and, as to mental d iscipline. it might 
far as human wisdom may, to human education. The reasonably be in quired how Illuch a youth will secure 
child should learn through the processes ind icated by by tran slating daily a few good sentences of Latin and 
Froebel and his followers ; the youth should be taught, Greek into bad and broken Engl ish. " But Dr. Draper 
without giving up these methods entirely, by text-book was something of a radical and an iconoclast, and his 
and lecture, always illustrated as m.uch as p08sible . b�· testimony llIay !lot l?e ac��pted by thos� who are of a 
real phenomena and by his own stImulated and orlgl- more conse;vl;ttlve. dISpOSItIOn: and w� W I l l  turn to one 
nal thought ; while the young man �hould be shown who was dIstmgmshed f�r hIS exa�tItu de .n o  less than 
how to begin to do and to accomplIsh, to enter upon for the breadth and amplItude of hIS learmng. 

and powers of man. 
I am inclined to divide the life 

five distinct periods or sectious : 

his apprenticeship in the great work of existence. Then Sir William Herschel, while engaged in his astronomi-
of the individual into the men of middle age become our best directors and cal observations at the Cape of Good Hope, m any years 

active leaders and the men of gray heads and beards ago, in a letter to Dr. Adamwn, relating to the pro­
become natll�ally our respected counselors alld our posed scheme of instruction in the college in which that 
legislators, the guides and the regulators of this won- gentleman was interested, in South Africa, says :  " A  
derful mechanism of social life. good, practical system of education ought, in my opin­

I. The stage of perception ; 
II .  The period of absorption ; 
Ill .  Thfl time of action and accomplishment ; 
IV. The period of direction and counsel ; 
V. The time of meditation and culmination 

wisdom.  
A child has its  perceptive faculties in highest effici­

ency at the very start ; its mind is engaged constantly 
in the survey and examination of all that constitutes 
its environment ; it thinks but little ; it perceives much 
and accurately : it acts only by intuition and impulse ; 
it is perpetually engaged in recei ving impressions 
through the senses an d in seeking new experiences ; its 
mind is mainly employed in the perception of these 
new experiences, and its memory is stored only with 
such as it distinctly appreciates. All its mental opera· 
tions are like those of the lo wer creatures : it sees, feels. 
hears, enjoys the operation of the senses. remembers all 
that is pleasing and all that is unpleasing or painful, 
and seeks to repeat the former and to avoid the latter ; 
just as the birds see, as the insects feel, as the animals of 
whatever kind seek to repeat pleasing and to avoid the 
repetition of painful experiences. The young child 
does not disti netly reaSOll , (md has no consciousness of 
the processes by which it is becoming a man. 

In following this order of education, we are thus led ion, to be more real than formal. I mean should con­
of to the presentation to the budding soul of all that a vey much of the positive knowledge, with as little 

child can perceive and comprehend without reasoning, attention to mere systems and conventional forms as is 
to the youth those facts which constitute science and consistent with avoiding solecisms. This principle 
those principles which are . easiest of comprehension, carried into detail woul<,l allow much le.ss weig:ht to t�e 
and which demand least logIcal power, and to complete study of language than IS usually consHl ered ItS due m 
their education by finally presenting to them the high- our great public schools, where, in fact, the acquisition 
er philosophies and all that wide range of hu man of the latter seems to be regarded as the one and only 
knowledge which has been the product of highest ge- object of education ; while, on the other hand, it would 
nius and which can only be well comprehended by a attach great importance to all those branches of prac­
fully developed and well-trained mind. tical and theoretical knowledge whose possession goes 

For the child we would teach observation ; for the to constitute an i.dea of a wel l -informed gentleman. " 
youth we would prescribe study ; for the mature mind, And ,  in a letter to the public school cOIIlm,issioners, he 
or for the youth approaching maturity, we would pro- writes : " I should consider any system radICally faulty 
vide inducements to reflection, to reasoning, and to which should confine itself to the study of the classical 
original thought. The child should be taught to use languages, and to so much of Gveek and .Roman history 
its faculties and especially its physical powers ; the as is necessary to understand the claSSIcal authors, as 
youth to apply them to definite purposes ; the ad- its main and primary featur� ; .and should admit, �n d  
vanced student to make use o f  mind, as well a s  body, that reluctantly, a mere m�n�mum o f  extra-claSSIcal 
in the accomplishment of defined ends having useful teaching Snch a systmu I IIUSt necessarily I conceive, 
application in " the sequel of his life. " Give language sufi'er the rea,s:)II ing faculty to languish and become 
to the child but reserve grammar for youth. Teach stunted an d  d w arfed for want of timely exercise in the 
the little on�s the entrancing facts of natural history, years between fou rteen and twenty, when the mind has • An address rlelivered at the seventeenth annnal commencement of the t · th h d f f 11 W.rce.t ... · I'olytecl>nlc Institute, l887. but leave for a few ;rears the elaadfieations and all bio- become capable of conseCIl 1 ve oug t an 0 0 ow-
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ing o n t  a train o f  consecutive argument t o  a logical con- studies, ' in the school rooms and lecture rooms o f  your I est minds, acting through generations, t o  enable u s  to 
clusion. " gymnasiums ; and in so doing, you will give your boys break clear of the conservatism which has held us so long 

It will be observed that we have not here the con- ten times more pleasure than tuey will receive from in chains, and to establish a new education that is freed 
demnation of the classics as valuable, as essential, the unfolding of the mummy bandages of the ancient from shackles and which may give us, all and each, 
elements of a complete and generous education, but graces ; thus too you will impart the common nOllrish- just that education which the individual needs for the 
onl y a protest against their exclusive use as a means of ment needed by both the future divisions of your pupils successful prosecution of his work i n  life, in whatever 
education. The assertion is that they alone cannot into sons of the muses and sons of labor ."  path or  in whatever province that work may lie. It i s  
give a complete and generoTls education, since! they do With Emerson we would say : G i  ve us no books, i f  only in a country like ours, in  which the people have 
not incl ude any part of that almost infinite accession books be all. With Richter we would say, as say all our the power to proclaim what are their needs and to de­
of learning which the world has gained during the past witnesses against the weakness of the older ways : Give mand that they be considered, or in a country like old 
twenty centuries. These studies contain none of modern us knowledge of the works of the Creator, before we France or modern Germany, in which the cla sses 
science, of recent philosophy, of modern thought and learn the smaller ways of humanity ; teach us through having control of the educational systems have the 
late research in the thousand and one fields which the the book of nature before we learn from the printed privilege of calling to their aid the wisdom of the wisest 
ancients were only able to touch without ever entering volume, rich as it may be in the thought of man. It of their fellow citizens or fellow suhjects, and have the 
or, in many cases, which they were never allowed even is thus that we would amend the older system of edu- power of acting unimpeded by conservatism br by the 
to see from a Mount Pisgah, as a promised land into cation ; it is thus that we would better prepare the ignorant prejudices of the vulgar, that such a revol u­
which their posterity might pass. This protest is youth of our country for the work and the life into tion could be effected either promptly or thoroughly. 
against the assum ption that all progress in education which they are to enter so soon and,with such d iffident But we have seen such a revolution as the Marquis of 
ceased when the Greek and Roman civilizations per- steps. Teach them to study the world as it appears to Worcester demanded, such as the philosopher Descartes 
ishAd; that Plato and Socrates had no successors ; that their senses, and to glean the rich harvest of facts and proposed, such as Vaucanson and Froebel , each in lI is 
Aristotle left nothing for moderns to study ; that Ci- the wealth of knowledge which the investigation of the way, working at points far remote the one from the 
cero monopolized the wisdom of all statesmen ; and that laws and processes of nature gives. What philosopher, other, began within the century. It is this revolution 
Archimedes and Euclid and Diophantus came of races however keen of intellect, and however grayed with the that we find of interest, and the results of which are 
as perfect in mind aud as inimitable in attainments as wisdom that meditation brings, knowing nothing of visible so plainly to-day and here. 
were, physically, the forms represented by Phidias or nature, could give to the young mind just growing in- Ed ucation should evid ently fit each individual most 
the heroes of Homer. It is in this indictment that all to form in this world such wisdom and such thought as effectively for the life work that may be expected 
our great minds join; it is here that the mightiest intel- nature gives ? with reasonable probability to open to h im,  to give 
lects perceive the weakness of the systems which, say · In his great " Essay on the Athenian Orators," Lord him the means of preserving himself from danger of 
what we may of them, gave those intellects all the ma- Macaulay asserts that " unfortunately, those grammati- suffering and want, of securing a com petence for h im­
terial of  which they have made such glorious use  in the cal and philological studies without which it were self and safety against poverty for h is  family, of gain­
erection of those beautiful temples which give them impossible to understand the great works of Athenian ing some leisure for thought and for enjoyment, and 
fame. and Roman genins have a tendency to contract the some opportunity of taking advantage of t.he good for-

That grand old thinker, my oId friend and pre- views and to deaden the sensibil i ty of those who follow tune which has been his in coming into the world at 
ceptor, the late D r. Wayland, in his address at Union them with extreme assiduity. A powerful mind which this advanced period of its history. It should fit him 
College a half century ago, nearly, says that 'he would has been long employed in such studies may be com- to perform all the duties of the citizen, of the head of 
have every study so taught that " it should not only pared to the gigantic spirit in the Arabian tale, who a family, of a frien d, and such as he owes himself to 
increase our knowledge, but also confer valuable disci- was persuaded to contract himself to small  dimensions perform every d uty which he owes to him self, to his 
pUne ; and that, i f  it does not accomplish both of these in  order to enter within the enchanted vessel, and when family, to the nation, to the race. In the l ight of such 
results, there is either some defect in our method of his prison has been closed upon him, fancied himself a definition, we may study the form which is best 
teaching, or the study is imperfectly adapted to the pur- unable to escape from the narrow boundaries to the given modern education. 
poses of education. " He urges that "there seems no good measure of which he had reduced his stature. When Were it possible to study the future of each indi­
reason for clai ming pre-eminence for one study over the means have long been the objects of application, vidual, it would be easy to say what would  be the best 
another, at least in the manner to which we have been they are naturally su bstituted for the end." . general course to take with each. But th i s  cannot be 
accustomed ; "  and he concludes that " our whole sys- I am not fully in accord with Macaulay in this mat- done, and we must do as we would in any other at­
tem of education and instruction requires an honest, ter. But the study of natural science certainly gives tempt to meet ill-defined conditions.  We must take a 
thorough, and candid revision. It has been for centu- no such tendency to narrowness ; it gives, on the con- course dictated by the probabilities of the case. For 
ries the chi ld of authority and precedent. If those be- trary, the grandest stimulus to every faculty, to the the man or woman who has wealth, and for whom a 
fore us made it what it is, by applying to it the memory. to the reasoning powers, to the faculties of life of leisure is probable, we may study how to give a 
resources of earnest and fearless thought, I can see no observation, of comparison, and of deduction ; it helps gymnastic training that will give the mind as well as 
reason, "  he says, " why we, by pursuing the same every mind. however constituted, to gain a real breadth the body its best and most symmetrical development. 
course, might not improve it. God intended us for pro- and a true insight i nto the wonders of the Been and the For the l ife of a person who must work for a living, we 
gress, and we counteract his design when we deify an- unseen. It complements and rounds out the system must prepare such a training as will, while giving as 
tiquity and bow down and worship an opinion, not to which we have hitherto been so generally and often much of this gymnastic culture as may be practicable, 
because it is either true or wise. but merely because it so exclusively bound. Besides all this, it gives us the provide with certainty and efficiency so much of know­
is ancient . "  And we are thus led to ask : What are sole means of promoting the material welfare of the ledge and of special training for the work of life as 
the missing links in this chain, and how are they to be race ; it is only through applied science that the world will at least make him capable of taking up that work 
gathered up, shaped into appropriate form, and intro- grows richer, that it gains leisure for study and for with fair prospect of success. We m ust make him se­
duced into the structure to perfect our complete and thought, and for the enjoyment of the intellectual as cure against poverty first, and must give the less essen­
generous education ? What have we moderns that well as the physical side of life. tial , though stil l important, elements of the general 
the ancients had not ? and what is the place which the Draper, speaking of science, says : " For her the education second .  For the average citizen, manual 
new must take beside the· old ? How are we to com- volume of inspiration is the book of nature, of which training and trade education are the necessaries of 
plete the edi fice which, noble in its unfinished state, is the open scroll is ever before the eyes of every m an. life, while the languages and the literatures and the 
to become inconceivably greater and more magnificent Confronting all, it needs no societies for its dissemina- sciences, so far as they are not contributory to his tech­
when the missing parts are built into it. tion. Infinite in extent, eternal in duration, human nical training, are for him luxuries. We Illay also put 

Prince Al bert, the late no ble Consort of the Queen of ambition and human fanaticism have never been it down as one of the duties of the state-for it is the 
England, in an exceedingly interesting and remarkably able to tamper with it. On the earth it is illus- state which usually undertakes to supply education­
thoughtful address deli vered in Birmingham many trated by all that is magnificent and beautiful ; on to give such a training as will fit the youth to rise 
years ago, contrasting the results of the study of science the heavens its letters are the suns a n d  worlds. " above the plane in which his life starts h im on his jonr­
and of the progress of scientific knowledge, in promot- And thus it is the grandest means of promotion ney. But it is evident that it is fol ly to edu cate the 
ing" the welfare of the race, with other forms of know- of the growth of the h uman soui, as well as of youth w hose life is probably to be that of an artisan as 
ledge says : " The study of the laws by which the giving the world the means of securing that leisure if he were to be probably a gentleman of wealth and 
Almighty governs the universe is therefore our bound- which is indispensable to the opportunity of growth. leisure, simply because, here and there, one among ten 
en duty. Of these laws our great academies and seats It is to pure science that we are beginning to look for thousand such may possibly find use for a higher range 
of education have, rather arbitrarily, selected only two the greatest stim ulus of the mind that the race has yet of intellectual study. The average citizen, fortunately 
spheres or groups-as I may call them-as essential discovered ; and it is to applied science that we must for our country, has neither the opportunity nor 
parts of our national education ; the .laws which regu- always look for the means of gaining all that is desi ra- the desire to enter upon a life of leisure. E ven our 
late quantities and proportions, which form the sub- ble in this world, as aiding the advancement of civiliza- wealthiest men are above the old superstition that 
ject of mathematics, and the laws regulating the tion. It is in the introduction of this element into riches bring the privilege of idling in such a busy world 
expression of our thoughts through the medium of education, mainly, that the new education becomes as th is, and the wealthiest amQ1lg our wiser citizens 
language, that is  to say, grammar, which finds its purest distinguished from the old. The educator of to-day are giving their boys useful as well as g"ymnastic train­
expression in the classical languages. These laws are who studies the work to which he is to apply h imself ing, supplementing a general education with profes­
the most important branches of knowledge. Their study with intelligence and conscientious thought, endeavors sional or trade instruction. 
trains and elevates the mind, but they are not the only to make a careful survey of the whole field of all There are two principal classes among the people for 
ones. 'I'here are ot.hers which we cannot disregard, and human attainments, and, from the illimitable realms whom we m ust provide education : the one comprises 
which we cannot do without. " It is these other as yet of moral, intellectual, and ph ysical knowledge, seeks to those who are. by natural powers and by inclination, 
unq uarried and uncut stones that we are to seek to in- glean out such as is best adapt.ed to the purposes of fitted for intellectual pursuits. The other com pre­
troduce into our edifice. It is these parts which we his vocation-to the training of the faculties, the de- hends those, in vast majority, as we are all aware, 
are endeavoring here to make �ood use of in the pro- velopment of all the powers, the acquisition of the who have the constructive faculties most highly de­
d uetion of the ideal education ; it is by the introduction most pl·ofitable and useful knowledge ; he seeks to give veloped. Thus it is at once evident that, where a 
of these parts that we form the new education. It is not to every growing soul such of this nutriment as will youth has shown a decided bent in either direction, 
necessarily. nor even desirably, the fact that the new most effectively nourish the intellect and the soul. his education should be modified in accordance with 
must exclude the old ; on the contrary, the new should Professor Gold win Smith, in his " Lectures on His- the talent so exhibited. But, whichever course is final­
include the old whenever possible ; but it is the new tory" -lectures in which are stored the product of a long , ly to be adopted, it is obvious that the proper first 
which we think essential and the old less essential if and fruitful life devoted largely to classical pursuits- ) step is to begin by training together mind and body to 
we must choose. says : " There are changeiol in the circumstances and give facility of mental and of physical action, and I 

Emerson says of books in his address on the Ameri- conditions of ed ucation which cannot be left out of would propose in every case the adoption of manual 
can scholar : sig ht i n  dealing with the generality of minds. Great training, and teaching the use of the familiar tools of 

. .  What is the right use ? What is the one end which discoveries have been made by accident ; but it is. the common trades. If it were certain that the child 
all means go to effect ? They are for nothing but to an accidental d iscovery, and must be rated as such, would never need to care for himself, it might possibly 
inspire. I had better never see a book than to be if the studies which were first pursued as the sole key be well to content themselves with giving him his 
warped by its abstractions clean out of my orbit, and to wisdom and knowledge, now that they have ceased gymnastic exercises only. But the son of a king may 
made a satellite instead of a system. The one thing in n ot only to be t,he sole, but the best, key to wisdom and be compelled to earn his bread by the sweat of his  
the world of value is the active soul. This every man knowledge, are still the best instruments of education."  brow, and the princes of royal houses are wisely taught 
is entitled to ; this every man contains within him ; This is unquestionably true ; but it is easy to see, trades. E very son of an American citizen should be at 
although in almost all men obstructed and as yet un- to-day, that it is not the whole truth. It fails of the least as well cared for, and manual training is coming 
born. The book, the (lollege, the school of art, the whole truth in that it assumes that wisdom and know- rapidly to be recognized as one of the divisions of 
institution of any kind, stops with some past utterance ledge, in the scholar's sense, are the sole elements of every well· ordered curriculum in the primary schools. 
of genius. ' This is �ood, ' say they ; ' let us hold by this. ' a complete and generous ed ucation. As we shall But this is not all. There is a still other reason fOI" 
'l'hey pin me down ; they look backward, not forward. see, after very little study of the philosophy of eduea- the introduction of this manual training into our 
But the eyes of lIlan are in his forehead, not in his tion; we must add some thought of the development of schools. 
hindhead ; man hopes ; genius look forward ; genius the body to our consideration of the wants of the One of the wisest and most thoughtful of physicians, 
creates. " mind. The t wo pa.rts of the human being are insepa- one who, in his time, was considered a very great 

The book is like the mechanic's tool ; it is a means to rably interlocked,  and the soul of the sage cannot be authority on the physiology of education. and who 
an end ; it gives us the wisdom and the thought of the fully developed to its h ighest perfection except in the wrote one of the m ost interesting of treatises on that 
good and the great, the wise and the far-seeing ; but it body of a sound anil healthy man. Further, as we have subject when acting as a scientific commissioner of the 
m ust be properly used, or all our time and labor, our seen in the education which is now called technical, United States to the Vienna International Exhibition 
patience and our expended energy, go for naught. and which has now been brought here to highest per- of 1873, the late Dr . . Seguin,  once sent me a paper writ­
Rightly used, complementing the study of life, of men. fection, the Illutual influence of mind and body, of ten by himself. in wHich he described a case of extra­
of nature, of art, and of the flowing currents of indus- intellect and of the tactual faculties, is essential to ordinary interest in this connection, and one which is 
try and com merce, as in actual existence all about us ; success in every art, as well as to the complete develop- wonderfully suggestive to him who is seeking the best 
read with thought and clear apprehension, marking ment of all human powers. It is thus that we pass out method of I'aising our youth toward the heavens 
each sentiment and each fact with attention ; digesting of the old i nto the new. through education and training of his faculties. In 
every proposi tion thoroughly, and giving the author a Humboldt noticed the tendency of the schools to go on this paper he describes one of those singular nervous ail­
carefully balanced judgment at every step, the book in a beaten track, following a long established routine ments which so often present themselves to the physi­
becomes the means of the highest culture and of the and held in their invariable orbits by a force of inertia cian, and gives an account of its treatment by a novice 
noblest training. which seems well nigh invinci ble, and says : " The thing . in medicine, but a genius in what I may be allowed to 

Richter, the prophet of education , in his " Levana, " is  n ot to let the schools and universities 'go on in  a I call intuitive pathology. It was a woman, of course, 
his beautiful treatise Oil education, concludes by sayi ng, drowsy and impotent routine ; the thing is to raise the who performed the miracle. 
" Give n atural philosophy and natural histO l·y, astro- culture of the nation ever hig"her and higher by their i He says that a chi ld was born to health y and intelli­
Domy and geollletry, and abundant supplies of ' bread means." It has demanded all the influence of the great- gent parents, and, until six months of age, wall one of 
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the mOst perfect and most beautiful of healthy, hearty, 
children. But, at that age, in consequence of some 
digestive irritation probably, it was seized with con­
vulsiolJs, and a paralysis of the left side of the body 
and limbs was produced. Its face lost the bright, in­
telligent expression formerly natural to it, and it was 
unable to use its limbs on the left side. In this condi­
tion it remained until six years of age, when a young 
lady, a friend of the family, visiting the house, became 
greatly interested in the case, and persuaded herself 
that she might, by careful training, enable the child to 
Jegain the use of its limbs. Taking up her residence 
in the family, she gave one year to the purpose which 
she thus conceived, each day carefully and systemati­
cally exoercising the dil,;abled limbs and teaching the 
little one to use them for all the purposes of its young 
life. A marvelous change took place. The child re­
covered the use of its limbs, and was able, at the end of 
the year, to handle them about as well as could any 
other child of its age. But a stillmore wonderful reo 
suIt, and a most unexpected one. was brought about at 
the same time. The child's face regained its natural 
and intelligent expression, and, most wonderful of all, 
it once more became a bright and active minded crea­
ture, and was restured to its mother hardly less perfect 
in form, feature, and mind than before the catastrophe 
occurred. 

Was there ever a more convincing proof of the 
mutual interdependence of the mind and the body? 
What a revelation is this of the influence of mind upon 
matter and the effect of matter upon mind! Does it 
not show with absolute certainty that the healthy 
mind must have residence in the healthy body, and 
that. the perfection of the body is essential to the best 
action of the mind, and even to the full develoPlllent of 
the soul? The soul of the sage in the body of the 
athlete represents, and this combination only. can 
represent, the perfect man. Physical perfection is a 
condition of the attainment of symmetry and efficiency 
in the intellectual and the lIloral side of human nature. 

As Rollin the historian says, ., there is an art of 
forming the body as well as the mind. This art, lost 
by sloth, was well known to the ancients, and especial­
ly the Egyptians." He tells us "the quantity, as 
well as the quality, of that which he ate was pl'escribed 
by the laws to the king; his table was covered with the 
most comlIlon food, because eating in Egypt. was de­
!!igned, not to tickle t.he palate, but to satistly the crav­
ings of nature." What was so well known to the 
ancients is not always recognized in our own day by 
eyen our most intelligent people, or by our physicians; 
but that lost principle is now being rediscovered, and 
we now and then llIeet an individual who recognizes 
practically by his life, as well as theoretically in his dis­
cussions, that the body is built up of what is offered it 
as food; but we are also learning by such incidents 
as that which I have just related, as well as by a gene­
ral experience wherever the new methods are in use, 
that the training of the body is a helpful means of per­
fecting the;operations of the mind, and that this is quite 
as important an element of success in the elevation of 
the.race as that principle which gave basis to the diete­
tic laws of Egypt. Education, therefore, for many and 
important reasons, must include the training of the 
body, and may best be given this perfection through 
the develo.pment of the systems of manual training 
which are becoming accepted throughout the world. 
The primary eduClation of all I would make one in 
which the perceptives are developed, the intellect given 
opp0.rtunity �f initial gr?wth, and �he facult!es sym­
Ill�trlCally tralUed to maxllnum effect! veness, usmg tools 
as the earlier instructor used sword play. The second­
ary education, which cOlllmonly suooeeds the primary, 
should include the latter part of the intellectual train­
ing of the youth and the preparation required for en­
trance upon the professional work which comes, natur­
ally, later. Then comes the higher education and the 
professional training, the student going out into the 
world to take up his life's work, or on into the profes­
sional school to complete what is commonly spoken of 
as his .• education " or, in the words of Paley, the pre­
paration of youth for the sequel of his life. This is the 
modern scheme of education, and it is no difficult mat­
ter to see that this in which we live is the closing period 
of evolution of "the fittest education," and to perceive 
just what are the tendencies of the time, and of the 
changes now in progress, the direction taken by the 
course of change, and t.he outlook for the immediate 
future. The utilitarian unites with the resthetic in 
the perfect whole. 

We have seen that the work of the educator natural­
ly divides itself into two principal departments, the 
one being the division in which the student is fitted 
for continuous growth in intellectual power, and in 
wisdom and knowledge, such as the author of the book 
of Proverbs contemplated, the other being that which 
gives essential instruction and training in technical di­
rections, such as will best fit him for the pursuits of the 
life into which his tastes and opportunities may have 
guided hilll. The one department has for its object the 
cultivation of the individual, the other his training for 
the part which he is to take in the work of the world. 
It is evident that the primary studies of the public 
schools arB essential as preparatory to both lines of 
work; that the ethical and the literary instruction 
should properly precede the technical where the latter 
is to be added to the former, and that the professional 
school should be post-graduate to the academic. In 
the" ideal education," as I have taken the liberty to 
call it, the general preparation and the gymnastic train­
ing should be first given; then should follow the ad­
vanced liberal training, that is intended to fit man for 
the profitable use of his leisure time; and finally should 
come the professional preparation and training, fitting 
him for the pursuit which he may have chosen as his 
life's work, whether it be law, medicine, theology, or 
engineering and the trades. Such an education should 
be the birthright of every citizen, and the time will, I 
am sure, some time come when it shall be open to every 
one who has the ambition and the capacity to profit by 
it. This ideal "ducation is now rapidly taking form. 
We have every element, and it only now remains to se­
cure that co-ordination and correlation of its several 
constituents in organized school, college, and university 
courses, all parts of one whole, such as will give sym­
metry, completeness, and generous proportions to the 
whole. A correct form of primary instruction is taking 
shape in all those cities and towns of our country in 
which our pUQIic school system is being completed by 
the iIltroduction of manual tl'l\.iningand of the useful 

arts. The liberal education which fits man for highest 
life is already, and has long been, in principle re­
cognized. The relation of the technical and profes­
sional schools to the system is becoming .rapidly ac­
knowledged and well understood .. 

We have but a little way to go to give finish to this 
magnificent edifice, the grandest of all the structures 
which modern civilization has yet reared. When pri­
mary instruction has been adapted to the needs of the 
people, rather than to the demands of a fortunate few 
and of the most ·blind and dull form of conservatism; 
when our secondary instruction shall have taken form 
as introductory to the most truly liberal, as well as to 
the best technical, edu(\ations; �nd when our profes­
sional schools shall have ceased to be nondescript, and 
shall have become the final and crowning work, as al­
ready in Germany, for exan;tple, the capstone of the 
edifice-then will the ideal education be given form. 
But, a.fter all, there must probably for generations, 
perhaps always, be many earnest and deserving young 
men and women who cannot find time and means to 
secure such a "complete and generous education." 
Many must aI-ways be content with primary; many 
more must take the technical before undertaking their 
work in life, to the exclusion of the liberal form of sec­
ondary and collegiate education, or must give up the 
hope of getting such preparation at all. The technical 
school must probably be always thus kept in such form 
that it may receive all who come to it capable of enter­
ing into its courses of professional instruction. But 
the number of those who are entering these schools 
from the classical and liberal courseM of our colle�es 
and universities is continually increasing, and we are 
seeing the good effect of this more thorough prepara­
tion in their more earnest spirit, tpeir maturer thought, 
and their more thorough appreciation of the opportuni­
ties and privileges and advantages here provided for 
them. They find the highest opportunities corning to 
them later; and the completely and generously edu-

cated man, other things being equal, will always have 
the advantage when the competitions of professional 
life become severe, and wherever the opportunities of 
leisure permit him to give his mind to observation, to 
reading, to thought. His is the richest life in all its 
multifarious experiences, and his is the most productive 
of all good to self, to family, to friends, and to country, 
who has the most "complete and generous education." 

ALUMINUM SOLDERING. 

THE following is proposed by O. M. Thowless as an 
alloy for soldering aluminum: 

Parts. 
Tin ..... ................ ...... .......... .. _ . 55 
Zinc . . . .. . . .. . . .. . . . . . .. . . .. . . . . . . . . . . . . . ... 23 
Silver .. . . . . ... . . . . . . .. .... . ... . . ... .. . .. . . . .. 5 
Aluminum . . . .. . ... . . .. . . .. 0 • . . • • .. • • . . • • • . .. 2 

The pieces to be soldered should be cleaned with an 
alkaline' solution, washed with water, and dried with 
a rag. The parts to be soldered are heated nearly to 
the fusing point of the alloy, are covered with a layer 
of the solder and are pressed together, care being taken 
that the. opposite faces are covered with the solder. 
Finally the pieces are heated until the solder tnelts, 
and the cooling is allowed to take place slowly.­
L'Indu,stria. 

To .REMOVE TAN.-New milk, ltalf a pint: lemon 
juice, one-fourth of all ounce; whife bralldy, hltlf an 
ounee. ]3oil an(l �l�itu clear. Use ni�ht and llIorning. 

WILLIAM HENRY PREECE. 

WE prese�t a portrait of Mr. W. H. Preece, the well 
known head of the electrical depl\.rtment of the British 
Postal Telegraphs. Mr. Preece is a native of North 
Wales, having been born near Carnarvon, in 1834. 
After receiving his education at King's ·Oollege, 
London, he entered the office of Mr. Edwin Clark, 

C.E., in 1852,' and in the following year joined the 
service of the Electric. and International Telegraph 

Company. Rising rapidly in this company, he became 
superintendent of its southern division in 1856, and 
held a similar position for the L. and S. W. Railway 
from the year 1860, as well as that of engineer to the 
Channel Islands Telegraph Company in 1858. On the 
transfer of the telegraphs to the state in 1870 he was 
appointed one of the divisional engineers; from which 
position he rose to that of electrician for the whole 
service in 1877, an appointment which he has heldto 
the present time. 

The remarkable gifts of Mr. Preece as a lecturer on 
science have brought him prominently before the 
general public, who crowd to the haJls·of the Society of 
Arts or the Royal Institution whenever he is discours­
ing on some of the electrical topics of the hour or 
explaining the mysteries of some inventive marvel. 
His original researches for the furtherance of the 
special science which he cultivates, and his various 
practical inventions, have also won the suffrage of his 
fellow workers, and given him a leading place among 
them. Moreover, the active interest which he mani­
fests in. all that relates to his profession, and the genial 
good humor of the man, are of themselves enough to 
make him popular with electricians. 

Mr. Preece is also consulting electrician to the 
British Colonial Government. He is a fellow of the 
Royal Society and a member of the council of the Insti­
tution of Civil Engineers, to which he was elected iu 
1859. He was president of the Society of Telegraph En' 

gineers for the year 1880, and he is a member of the Phy­
sical Society, Meteorological Society, the Royal Insti­
tution, the British Association, and the Society of Arts. 
Mr. Preece is the in ventor of a new method of duplex tele­
graphy. patented in 1855 ; a new mode of" terminating" 
wires (1858); working miniature signals by electricity 
to assimilate electric signals with outdoor signals on 
rail ways (1862); the application of electricity to domestic 
telegraph purposes (1864); the application of electricity 
for signaling between different parts of a train in motion 
(1861); locking signals OIl rail ways by Illeans of electricity 
(1865); improvements in rail way signaling to counter­
act the effects of lightning (1873); a new telephone 
(1878); ill).proved communication between passengers 
and guard (1882). 

He is a;joint author with Mr. Sieve wright of a " Text­
book of Telegraphy;" has edited several works, and 
written many papers. for the scientific press, among 
which latter the foUowing may be mentioned: 

Before the British Association: .. The Telephone," 
"Recent Progress in Telegraph),," "Lightning Pro­
tectors," .. Recent Progress in Telephony," .. Tele­
graphic Inter-communication," "Domestic Electric 
Lighting," "On the Watt and Horse Power," .. On the 
Use of Secondary Batterie'! for Telegraphy," "On the 
Law of Incandescence and its Relation toCul'I'ent,"" On 
the Relative Merits of Copper and Iron" (1885), "On 
the Strength of Telegraph Poles" (1885). Before the 
Society of Arts :. " On the Phonograph," •• Cantor Lect­
ures," 1879, .. Rreent Advances in Telegraphy," .. Recent 
Ad vances in Electric I,ighting," "Electric Lighting at 
the Paris Exhibition,"" Electrical. E:xhibitjon8," •. On 
the Progress of Electric Lighting," .. Electric Lighting 
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in America. " Before the Royal Society : " Studies in 
Acoustics " (jointly with Mr. St.roh), " On Some Ther­
mal Effects of Electric Currents, " " On the Conversion 
of Radiant Energy into Sonorous Vibra�ions, " " The 
Effects of Temperature on the Electromoti ve Force and 
Resistance of Batteries, " " On a New Standard of Illu­
mination and the Measurement of Light, " " On the 
Heating Effects of Currents " (1884), .. The Edison 
Effect on Glow Lamps " (1885), .. On Secondary Bat­
teries " (1887). Before the Society of Telegraph 
Engineers : " On a New Telegraph Wire Gauge, " . ,  Te­
legraphy-Its Rise and Progress in England, " ., On the 
Advantages of Scientific Education,"  " On Lightning 
and Lightning Conductors. " " On the Block System 
of Working on Railways," " On Shunts, and their Appli­
cation to Electrometric and.Telegraphic Purposes," ,. On 
the Measurement of Cnrrents, " " On the Phonograph,"  
" On the Connection between Sound and Electricity, " 
" On Winding Electro Magnets, " " On the Durability 
of Iron Wire, " .. On Radiophony, "  " On the Electrical 
Congresses of p&.J'is " (1884), " A  Visit to Canada and the 
United States " (1885), " Long Distance Telephony " 
(1886). Before the Physical Societ y : " On Some 
Physical Points Connected with the Telephone, " "The 
Fhonograph. "  For the Royal Institution : " On the 
Applications of Electricity to the Protection of Life on 
Railways," " The Telephone." " On Duplex and Quad­
ruplex Telegraphy, "  " On Wheatstone's Telegraphic 
Achievements. " For the Institution of Ci vii Engineers : 
" On the M aintenance and Durability of Submarine 
Cables in Shallow Waters, " " On Rail way Telegraphs 
and the Application of Electricity to the Signaling and 
Working of Trains, " ,. On the Best Means of Communi­
cating between the Passengers, Guards, and Dri vers of 
Trains in Motion," " On the Progress of Telegraphy " 
(leGture), " On Electrical Conductors. " 

It is not too much to say that owing to his exertions 
the scientific branch of the telegraph departIllent of 
our post office has become a pattern to the world. The 
capacity of wires for the transmission of messages has 
been quadrupled ; the quality of the a.pparatus used has 
reached well·nigh perfection ; scientific methods of the 
strictest accuracy have been applied to every branch ; 
and a healthful spirit of striving after techuical superi­
ority introduced among the staff--a spirit exceptional 
in government departments, and doubtless due to his 
early training in commercial enterprises.-l'he ElectTi­
ciano 

THE MEASUREMENT OF THE INTENSITY 
OF THE MAGNETIC FIELD. 

M. ERIC GERARD has devised an instrument, which 
he calls a " magneto-dynamometer, " for the measure­
ment of the intensity of a magnetic field without the 
aid of a ballistic gal vanometer. The necessity for some 
more convenient and more accurate method than that 
at present in use for determining this i llJ portant 
quantity has long been apparent ; and if  the indication8 
given by M. Gerard's instrument prove to be as reliable 
as its use is certainly simple, the magneto-dynamometer 
will be an invaluable addition to the apparatus of the 
testing room. 

The principle upon which the instrument is based is 
that of sending a current of known value, C, through 
a conductor of known length, t. and noting the force 
exercised upon it  by a magnetic field. If the q uantities 
be given in C. G. S. u nits, we have then : 

/= H C I dynes. 
C and l are known, and the measurement of / at 
once gives H. The application of this principle is 
made in what must be admit.ted to be a very ingenious 
manner. The instrument is shown in the accompanying 
figure. 

It consists of two long and, narrow strips of brass 
fixed at right angles to the handle, A, the upper strip 
being hinged at 0, and provided with a counterpoise, 
P, which can be adj usted so as to cause the upper arm 
j ust to stand clear of the lower arm, B. The two arms 
are, however, joined together at the extremity, /, by a 
flexible wire, and a pair of sliders, S, moving on a 
graduated scale. also connect the arms in a similar man­
ner at a second point. The object of this arrangement 
is to enable a current to be sent along the fixed arm, 
and back through any requirecl length of the movable 
arm. 

After crossing at the slider, S, the circuit is com­
pleted through an insulated wire laid along the arm, B. 
At R there is a spiral spring tendin g  to oppose the 
separation of the arms, and provided with a micrometer 
screw, by means of which the force required to restore 
the arms to the parallel position can (after proper cali­
bration) be read off. 

The modus opeTandi is as follows : The arms being 
placed in a position in which they are at right angles to 
the direction of the field whose intensity is to be 

measured, the m ovable arm is first balanced by means 
?f the counterpoise, P. A current of known strength 
IS then sent through the arms and the screw V is 
turned unti l balance-is restored. the reading being tal�en 
frOlIl the micrometer scale. The length , I is made ad­
j nstable. merel y in order to give the instrurn'ent a greater 
range ; for strong fields, l can be made shorter and for 
weakel· field s it can be lengthened. 

' 
M. Gerard poi nts out that there are several obvious 

sources of error in the instrumen t. but he contends that 
for pr.actical com mercial use t�e errors are entirely 
negligIble. Apart from the q uestIOn of mechanical con­
struction,  the chief sources of inaccuracy are (1) the 
force exercised by the earth's field, (2) the  force �f repul­
Ilion between the currents in the two arms. In L'Elec­
tTicien M. Hospitall ier works out a numerical example 
of the resu lt of these errors, and shows that in a field of 

500 C. G. S. units, with a current of 1 ampere in the in­
strument, the error is only 0 ·25 per cent. But it must 
also be remembered that the t rustworthiness of the 
indications depends upon the accu racy with wh ich 
the current in the arms is  known. M. Gerard's instru­
ment, at any rate, possesses in a high degree the merit 
both of novelty and of ingenuity.-Electrician. 

MOMENTARY ELECTRIC LIGHTING. 
ALTHOUGH by nature the Leclanche battery is verY- in­

constant when a somewhat inten�e discharge is req uired 
of it, it may nevertheless be used for momentary illu­
minations lasting at least a minute, and separated by 
long intervals of rest. The little apparat.us shown in 
the figure has been special ly devised for appl ications i n  
which light is needed b u t  for a short space o f  time. I t  
is capable o f  operating for a long period without any 
more attent.ion being ·pai d to it than is bestowed upon 
ordinary bell piles. It consists of three Leclanche ele­
ments of wide surface (Warn on model), cou pled in ten­
sion, and arranged in a mahogany box, upon the front 
of which is mounted a small incandescent lamp pro­
vided with a reflector. In order to read the time at 

LECLANCHE BATTERY FOR MOMENTARY 
ILLUMINATIONS. 

night, it is only necessary to press a button that closes 
the circuit. 

'l'he light thus produced (about half a candle power) 
is more than sufficient to allow the hour to be easily 
read, even at the distance of a yard. When it is de­
sired to keep the lamp lighted without the necessity of 
keeping the finger constantly on the button, it is  only 
necessary to maneuver a small commutator to the right 
of the box. 

This device will prove a very elegant and convenient 
domestic apparatus on condition that no other service 
be required of it than that for which it is designed, 
that is, for momentary lighting of short duration and 
at wide !utervals.-La NatIt.Te. 

THE STANDARD LAMP. 
WE give an engraving of the latest form of the pen­

tane standard lamp, t,he invention of Mr. A. Vernon 
Harcourt, of Oxford. 

The lamp is the portable form of the standard which 
has been unanimously recommended by the Photome­
tric Committee of 1881, and that appointed by the 
British Association in 1886. 

The value of pentane as a standard combustible 
mixed with air was thoroughly established by the ex­
periments of the 1881 committee, and Mr. Harcourt's 
experimental data with regard to the composition of 
the liquid have never been called in q uestion. 

But though the reliability of the pentane standard 
of light has been firmly established, and, in fact, iR the 
standard by which the daily tests of the gas referee's 
office are made, yet the apparatus necessary, namely, a 
gas holder, governor, and meter, have led Mr. Harcourt 
to design a lamp which should be complete in itself, 
requiring no governor or artificial pressure of gas or 
other combusti ble, but only the force of gravity acting 
upon the very easily prod uc�d vapor of pentane. 

The pentane lamp, as shown here, is the outcome of 
a very large number of experimen ts to prod uce a self­
contained standard of light in a thoroughly practical 
and reliable form. A true standard must be (]esigned 
so as to rely upon a few simple measurements. In the 
above lamp these are three in number, viz. : The 
height of head of air gas ; the size of the opening in the 
burner ; the size of the opening in the tap. 

These are all capable of verification within exceed­
ingly close limits. 

same, and so becomes a true standard of light. The 
necessary dimensions are comprised in the three 
measur�ments given above. 

\Vhen these are accu rat.ely gauged, then the correct 
mixture is the only one which will produce a flame of 
2t inches, and consequently of definite illuminating 
value. 

But to produce this steadily and conti nuously, and to 
have it completely under control, req uires the addi tion 
of a. certain apparatus which will easily be understood 
from the sketch. 

L The feed of the lamp must be regular and at the 
proper rate ; it is, therefore, produced by gravity, the 
pentane flowing down frolll t.he bulb reservoi r on the 
top of the lamp, and dropping into a glass tube. by 
which it is conveyed to the mixing chamber. The 
rate of drop is regulated by a special dpvice, consisting 
of a piece of thermometer tubing, which can be closed 
for more or less of its length by a platin u m  wire 
attached to a screw. By this method the rate of cl rop 
can be easily regulated to a nicety, and, when O l l ce the 
righ t rate is found, it is not necessary to alter it ,  and 
the lam p can be started with the certainty that the 
pentane will be supplied at the correct rate for the 
maintenance of a 2t-inch flame. 

The tap attached to the reservoir bulb has only to be 
opened or closed to start or stop the feed . But as the 
height of the vapor in the mixing cham ber will  
d epend upon the tem perature of the room in w h ich 
the lamp is working, it is necessary to have the level of 
the pentane in  the chamber under control. 

This is effected in a perfect manner by the a ction of 
the se-rew h and le, seen above the square box. conu ected 
with the lamp by rubber tubing. Inside the box is a 
rubber ball containing water, which, by t he act ion of 
the screw, is forced up into the bulb below the h ori­
zontal tube leading into the mixing cham ber. If the 
flame is too low, more water is forced into the bu lb ,  the  
height of  the  l iqu id  in  the  e-haIllber i s  raised, a richer 
mixture flows down the tube, and the flallle conse· 
quently rises. If the flame is too high. a t urn of the 
screw lowers the level, and the flame dimin ishes. In 
this way a flame of any required height can be imme­
diately produced. 

When, therefore, a constant tem perature has been 
a ttained in the chamber, and the right level h a s  been 
found for a required height of flallle, the fepd of the 
lamp maintains it� level at a constant heigh t, and the 
flame remains perfectly constant. 

As the temperature of the room might be Fueh n s  to 
produce volatilization of the pentane too !S l o w ly and in 
order to render the temperature inside the mi x i ng 
chamber independ�nt of t.he surrounding atmosphere. a 
copper disk is suspended vertical l y  above the fla me, al ld 
is connected with the copper body of the ch a m ber by 
an arm ; the heat of the flallle is conduc,ted to the 
chamber, which is surrounded inside the wooden 
jacket by non-conducting material , and so chn llg-es of 
temperature inside are avoided. A sc,rew allows 
the disk to be raised or lowered . t h us p l"Oducing 
more or less heat, accQrding to the tfHlJ perat u re found 
necessary. It is foun d  that this arrangement entirely 
removes any irregularity which might ar iHe in the 
height of the flam e due to the variation in tempera 
ture of the surrounding air. 

An observer, therefore, working with  the l alJ l p  
merely requires t o  pour in some pentane into the s luall 
bulb leading to the mixing challlber, open the tap of 
the reservoir, and light the lam p. As soon as a s ten d y  
temperature has been communicated to the chamber, 
which requires about 15 minutes, the heigh t  of  the 
flame can be at once regulated by the screw of the box, 
and the flame will remain constant for a long tiIue. 

The height of the flam e is d eterlll ined by its just 
touching a platinum wire extended horizontally over it. 

In the upper part of the lamp will be seen a chamber 
into which pentane is admitted in the liq uid state. It 
there becolll es volatilized and mixes with the air-forming 
strata of least density above and graduall y  increasing 
d ensity below. Inside the chamber is an open pipe The wire is attached to a scale, engraved in milli­
down which the mixed air and gas flow (becoming meters, and capable of being raised or lowered hy a 
more intimately mixed as they go), and passing through rack and pinion movement. A pointer attach ed to the  
the  tap at  the lower bend, find their way to  the  opening top of  the burner, and level with it. marks the position 
of the burner, where they are con sum ed. on the scale. and so the wire can be immediatel y fixed 

Now, Mr. Harcourt hal> shown that when pentane and at any height above the top of the burner. 
air are mixed in certain definite proportions, then the The metal cylinder below the flame is of considerable 
light given by a flame of 2Hnches in height is an inva- value in steadying the flame by surrounding it with 
ri�ble q uantity (subject only to correction for barome- a cylinder of air, set in motion by the heat of the 
tncal pressure), and equal to the mean value of the flame. 
p�rlian!entary stan dard cand le. If, therefore, the In a room fairly free from draughts, this is amply 
dnnenslOns ?f the . Iamp are �uch as to cause only snflici�mt to keep the flame quite steady ; but as it is 
exactl y  t�e rI.ght Imxture of aIr and val?or t� produce S�)InetlInes necessary to use the lamp in exposed posi­
a .flame of 2t Inches, and all others to g' lve eIther too I hons, such as, for instance. the gallery built for the 
hIgh or too Iow a flame, then, when the flame is exactly lighthouse experiments at the South Foreland where 
2} inches high, the light emitted will always be the the lamp was used as the standard of light, a. chlmney 
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can be used surrounding the flame, and thus rendering 
it independent of draughts. 

This addition has necessitated a number of careful 
experiments u pon the absorption of chimneys, and it 
has been found that with glass of a constant qualit.y 
and of a defiuite size there is a remarkably small 
difference in the absorption, even if the thickness of the 
glass is slightly variable. 

The reflection of the glass at the back appears to 
compensate in a remarkable degree for the absorption 
in front, and the total absorption of a good chimney 
does not exceed 3 to 4 per cent Mr. Harcourt has 
made use of an ingenious device of a perforated plate 
on the top of the chimney, thereby slightly damping 
the flame and necessitating a small increase in the 
density of the mixture required to produce a flame of 
normal height. In this way the absorption can be 
almost com pletely compensated, and the size of the 
perforations has been determined so that the flame has 
only to be raised 0 '3 mm. when the chimney is used, 
the difference only amounting to 1 per cent. in the 
value of the light. The plate has also the advantage 
of producing a remarkably steady flame, quite free 
from the fluctuations ordinarily seen in a flame sur­
rounded by a chimney. 

For the convenience of observers wishing to verify 
the height of the flame without interfering with the 
delicacy of vision necessary for photometrical work. 
an arrangement has been added by which a movable 
screen is placed in front of the flame, whereby the 
extreme point only is seen over the top, while  another 
screen, covered with black velvet, is put behind the 
flam e, so that the exact position of the flame can be 
verified at any moment. 

An adj ustable arrangement of plum b line and bob 
attached to the lamp enables the lam p to be at once 
placed so that the flame is vertically above any req uired 
point on a table or photometer bar. 

To further increase the accuracy of the lamp, Mr. 
Hal'court has established a law of correction of baro­
metrical pressu re, and the accuracy of this has been 
verified at the makers' factory during the periods of 
abnormal variations of atmospheric pressure. 

In addition, the val ue of the light emitted by the 
flame at varying heights, from 40 mm. to 70 mm. , has 
been accurately determined. 

By means of this table it  is very easy to make photo­
metrical measurements by varying the height of the 
flame till equality of illumination is produced, and 
then lowering the wire t i l l  it touches the top of the 
flame, and reading the heigh t by means of the engraved 
Icale. 

In some cases this method is preferable to any of the 
other well known plans. 

The lamp is made by the Woodhouse & Rawson 
Electric Manufacturing Company, Limited, who are 
the sole makers, and in whose factory many of the 
details of the lamp have been designed and practi­
cally tested for many months of daily work with the 
lamp. 

The lamps are tested by comparison with one of two 
verified standards in the possession of the makers, 
and also with that in daily use in the gas referee's 
office in London, but it is founo. that the light is iden­
tical in all lamps the dimensions of which have been 
accurately gauged. 

The experiments have been carried on under the 
supervision of Mr. Harcourt during the last fifteen 
months, and the reputation of the inventor, as well as 
the practical experience and accurate workmanship of 
those intrusted with the work, insure the 'perfection of 
the instruments produced.-Electrical Review. 

[Continued from SUPPLEMENT, No. 600, page 9585.] 
THE HARDN ESS OF METALS. * 

By Mr. THOMAS TURNE R, F. C. S .. , Lecturer on Metal­
lurgy, Mason College, Birmingham. 

PART II. 
REFERENCE has been made to Moh's scale of hard­

ness, commonly used by mineralogists. In spite of its 
great usefulness as a ready means of classification, it 
possesses imperfections which have long been recog­
nized, and lllany attempts have been made to remedy 
th ese. One of the mos t successful and accurate of thAse 
attempts is represented by the sclerometer, which ap­
pears to have been first used in Germany in 1833, by 
Seebeck. in a study of the hardness of calc spar and gyp­
sum. His results were published in the Programm d,s 
Bel'linischen Real- Gymnasiums, his conclusion bei ng 
that the hardness of gypsum was the same in all direc­
tions on the same face of the crystal, while that of calcite 
varied accord ing to the angle at which the crystal was 
examined. The subject was afterward more complete­
ly examined by Franz, in 1850 (PoggendorJ's A nnalen, 
lxxx. , p. 37), which is the earliest paper on the subject 
to which I have access. The apparatus itself, which is 
figured in the original paper, practically consisted of a 
diamond or steel point, balan ced at the end of a beam, 
and u pon which, by means of a small table. any desired 
weight could be placed. The specimen to be examined 
was fixed in  a revolving table underneath the point, 
and the weight was gradually increased until a visible 
scratch was produced on drawing the crystal under the 
weighted point. Franz concluded that the hardness of 
a crystal was greatest in the direction of cleavage, and 
least in a direction at right angles to this. His average 
results are as follows : 

Crystal. 

Gypsum . . . . . . . • . . . 
Calcite . . . . . . . . . • . . . . . . . .  
Fluorspar . • . . . . . . . . . . . . .  
Dioptase . . . . . . . . . . . . . . . . 
Apatite . . . . . . . . . . . . . . 
Diopside . . . . . . . . . . . . . . .  . 
Feldspar . . . . . . . . . . . . . . .  . 
Pistazite . . . . . . . . . . . . . .  . 
Quartz . . . . . . . . . . . . . . . . .  . 
Zircon . . . . . . . . . . . . . . . . .  . 
Tourmaline . . . . . . . . . . .  . 
BeryL . . . . . . . . . . . . . . . . . . 
Topaz . . . . . . . . . . . . . . . . .  . 
Sapphire . . . . . . . . . . . . . . 

Moh's 
Scale. 

1 '5 
3 
4 
5 
5 

5-6 
6 

6-7 
7 
7'5 

7-7 '5 
7 '5-8 
8 
9 

Weight. 
r-- ---'--� 

P���! Diamond. 

Grms: Grammes. 

1 '5 
9 

36 
115 
163 
205 
260 

12 

20 
24 
34 
38 '5 
39'5 
43 
4fl 
51 

* Paper read before the Birmingham Philosophical Society, December 
9, 1886.-Iron. 

It will be seen from the table that with soft 
minerals Franz employed a steel point, while for hard 
minerals the diamond was used. The values obtained 
agree very closely indeed with what might be antici­
pated from Moh's scale, and in this respect form a 
striking contrast with some other forms of apparatus 
previously descri bed. Sinceithe experiments of Seebeck 
and }<'ranz the sclerometer has been used by a number 
of ob13ervers, through its application appears to have 
been al most entirely confined to Germany. Recently 
an i mportant modification has been introd uced by 
Pfaff, who draws a weighted diamond a definite nUlll­
bel' of tiuJes over the surface of the crystal to be ex­
amined, and weighs the specimen before and after the 
experiment. 

From the loss of weight and the known density of the 
material the depth of the grooves can be calculated, 
ano. Pfaff states that the hardness varies inversely as 
the depth of the groove. (Munchener Berichte, 1883, 
pp. 55, 372 ; 1884, p. 255 ; more readily accessible as ab­
stracts. Neues Jahrbuch fur Mine1'Glogie, 1884, ii. , p. 
4, Beiblatter, 1884, p. 278 ; 1 885, p. 82. ) This method 
was used for gypsum, calc spar, and other soft minerals, 
for which it appears to be specially suited. I believe 
the results obtai ned by such a method would eorrectly 
indicate hardness if the precaution be taken only to 
remove the mineral in the form of very fine po wder. 
If, however, sufficient pressure were applied to remove 
definite shavings or cuttings of the material, then te­
nacity would interfere. The use of a diamond cutter 
in this manner is not admissible, however, in the case 
of soft metals, for while the diamond will cut the hard­
est hardened steel freely, it will not remove a cut from 
annealed steel or iron, or other soft metals, owing to 
the material clinging tenaciously and dragging under 
the treatment. (G. Jones, Engineer, lxii. , p. 426.) This 
method not being suitable for hard minerals, Pfaff 
adopted another system in such cases, the principle of 
which had already been applied by Bottone. A 
weighted diamond borer was caused to rotate a given 
numher of times, the depth to which it penetrated 
being measured by an ingenious level' indicator. The 
depth of the hole varies inversely as the mean hardness 
of the crystal. 

'.rhough it appears to be extremely difficult to suggest 

FIG. 1 .  FIG. 2. 

FIG. 3. 

APPARATUS FOR TESTING TH E HARDNESS 
OF M.ETALS. 

a method of determining the mean hardness of a min­
eral which should be open to lASS objection than that 
just described, still it may be pointed out that it is by 
no means perfect. As has been previously shown, if 
cuttings of any considerable magnitude were taken, 
then the tenacity of the substance would have an im­
portant influence ; further, in cases where marked 
plasticity was possessed, this would introduce some 
error, while if the holA were not kept constantly clear 
of turnings a considerable  alllount of force might be ex­
pended on merely grinding these to powder. 

The various methods employed for the determination 
of hardness by the mineralogist have been treated at 
somewhat considerable length, partly with the object 
of showing the methods we have at our disposal, and 
partly because the instrument I have employed is in 
reality only a modification of that originally described 
by Seebeck, and used by Franz over thirty years ago. 
My apparatus was constructed for use with cast iron, 
but it has since been applied to a number of other sub­
stances. Hitherto there have been few accurate obser­
vations of the hardness of iron and steel. The work­
man j udges of this character by the facility with which 
the :iron can be drilled, turned, or filed, the hardest 
metal producing most sou nd, and yielding the smallest 
quantity of turnings or fil ings when worked. Such ob­
servations are of course only qualitative. The earliest 
attempt to give a quantitative value to hardness tests 
is represented by the work of the American experi­
menters to which reference was made. Their method 
depended upon the prod uction of a measurable inden­
tation by means of a weighted punch, and the objections 
to such a system have been already mentioned. Doubt­
less the results obtained were of practical value, but 
they dio. not accurately represent the hardness of the 
metal. Two other methods depending upon similar 
principles have quite recently been brought under my 
notice. 

1 .  Mr. G. A. A. Middleberg, of Amsterdam, writes to 
Engineering, 1886, ii. , p. 481, as follows : 

" For many years I have used the following appara­
tus to ascertain the relative h ardness of railway tires, 
etc. , and I find that it gives accurate and satisfac­
tory results. A knife, a (see illustration above, Fig. 
1), of hardened steel ,  %: inch long, with curved 
edge, is pressed by lever and weight, b (Fig. 2), on the 
surface of the metal, leaving there a line of a certain 
length, proportionate to the hardness of the metal. 
The range of the impression is about it inch for copper 
andt1r inch for hardened steel, and may be accuratel y 
measured. For softer metals a lighter weight, b, might 
be chosen." The practical value of such observations 
for certain purposes cannot be doubted, but it will be 
Been that any such apparatus must fail to give accuratQ 

values for true hardness. Obviously, with two samples 
of equal hardness, but differing in tenacity, a deeper 
indentation would be made in the less tenacious 
metal. 

• 

2. The following method has been communicated to 
me by Mr. Keep, of the Michigan Stove Company, 
Detroit, ano. from the tone of Mr. Keep's letter I con­
clude he would have no objection to my using the in­
formation it contained. A steel head � inch in sqt:are 
section was prepared, .and carefully divided into 100 
pyramids, each as nearly alike and as sharp as possible. 
'rhe head was attached to a bar arranged to move 
easily and accurately by means of guides. The test 
piece was prepared by grinding its sides as nearl y par­
allel and as smooth as possi ble. It was then arrangeo. 
in such a manner that only a corner point of the tool 
rested on the prepared surface, and so that when one 
row of points had left its mark the next row just began 
to act. The tool was pressed on the metal by llleans of 
a swinging weight of 25 lb. , which was allowed to fall 
one inch. The number of marks produced was then 
counteo. by means of a lens, while a light streamed 
across the surface. This method is very ingenious, but 
was not found to be very satisfactory. In some cases 
with iron, and especial ly with brass and copper, the 
whole surface was depressed instead of small inden ta­
tions being produced. Mr. Keep also states that the 
number of marks does not vary as the force employed. 
Other objections will suggest themselves. 

I have previously shown that hardness and tenacity 
are distinct physical properties, and that methods 
depending on the prod uction of indentations or the use 
of cutting tools fail, at least in some measure, to distin­
guish between these two properties. It, therefure. be­
comes of interest to inquire what form of experi ments 
is most likely to yield accurate results. Theoretical ly, 
hardness is measured by the force n ecessary to separate 
the smallest particles or mol ecules of the substance, as 
distinct from tenacity, which is measured by the force 
necessary to separate the aggregated lllolecules, or the 
lllass as a whole. Hence hardness is j u st overcollle 
when abrasion begins, and can be accurately measured 
if the force necessary to prod uce abrasion is determined . 
In the use of cutting instruments the results become 
less and less accurate expressions of hardness as the 
thickness of the turnings increases, and hence the 
methods employed by Pfaff only yield correct results 
when indefinitely small portions of the material are re­
moved at each operation. Theoretically, therefore, 
the best method is to determine the force necessary to 
j ust produce an abrasion with a tool of a given size and 
shape ; while practically this becomes a point to which 
a given force is applied. This method, however, 
though theoretically the most perfect, possesses an in­
herent difficulty, owing to the uncertainty as to the 
moment at which abrasion commences. 

In connection with the subject of abrasion, Professor 
R. H. Smith, of Mason College, allows me to mention a 
method adopted in his laboratory, some time ago, for 
the examination of the effect of tempering on the hard­
ness of steel. The specimen to be tested was first care­
fully weighed, and then pressed with a definite force 
against a revolving grindstone or emery whed, the 
number of rotations of which was observed. In using 
an emery wheel sufficient water was made to flow over 
the specimen to prevent any considerable rise of tem· 
perature. The luss of weight of the specimen at the 
end of the experiment gave an indication of the hard­
ness of the metal. It will be seen that the material is 
rellloved by means of abrasion, and hence the method is 
in this respect superior to those previously mentioned. 
I am, however, unaware how far results obtained in 
this manner agree with those given by other forms of 
experiment. But such a method is only suitable for 
hard substances, for" as pointed out by Gavin Jones 
(Engineer, lxii. , 426), emery wheels, especially in dry 
grinding, will grind hardened steel freely, but will 
scarcely act on soft steel or iron, m uch less on copper. 
The hardened steel cuts with a crisp feel under the emery 
wheel, whereas the softer metals cling tenaciously and 
drag under the treatment, the particles yielding slowly, 
and being torn off with great force rather than cut. 

My own original apparatus consisted merely of a 
balanced lath, capable of motion in a horizontal plane. 
Through one end of the lath, at right angles to its 
length, passed a cutting diamond, arranged so that it 
could be weighted as necessary. The weighted dia­
mond point was drawn over the smooth surface of 
the metal to be teeted, while the weight necessary to 
produce a visible scratch was observed ; the weights 
were then diminished until no scratch was visible on 
again drawing the diamond over the metallic surface. 
The mean of thes? observations was taken as the 
measure of relative hardness. The results are given in 
table B, and will be again referred to. It will be suffi­
cient now to say that the values obtained with this 
simple apparatus agree closely with those afterward 
obtained in similar experiments with a more perfect in­
strument and another diamond. Further, I have re­
cently tested the specimen containing 2 per cent. of 
silicon with my newest apparatus, and obtained a 
hardness of 21, as against 22 with the sallle specimen 
and my first arrangement. During last summer I had 
occasion t,Q perform a number of tests of the hardness 
of cast iron at the Rosebank Foundry, Edinburgh . In 
this case a d iamond was employed as before, but a bal­
anced and graduated metal beam was used, the pres­
sure being obtained by means of a sliding weight of 
about 80 grammes. These results are given in table C, 
ano. will be again mentioned. They agree fairly well  
with my other observations, though another diamond 
was employed with the moo.ified apparatus. My present 
arrangement is as follows (Fig. 3) : 

It consists of a balanced and graduated beam of gun 
metal, A, working on steel knife edges, B, and counter­
poised by means of the large sliding weigh t, F. the 
final adjustment being obtained by the screw, G. When 
balanced, it is sensitive to 0'01 gramme at E. though 
such delicacy is probably not required . 'I'he knife edges 
rest u pon planes in the support, C, which is capable of 
rotating on a steel pivot connected with the rod, D. 
The diamond is monnted in a brass tube, having a 
milled head, and which is fixed by Illeans of a screw at 
E. The specimen to be tested, which often takes the 
form shown, J, is supported by a wooden block, K. 
The weight, H, is arranged so that each division on the 
graduated scale shall correspond to a pressure of a 
gramme at the diamond point. T hus at division 12 we 
have a pressure of 12 grammes on the diamond. 'I'hree 
extra weights, It are used when necessary ; they are 
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each of the same weight as H. Hence, with one weight, 
scale division 10 corresponds to 10 grammes on the 
diamond, with two weights 10 corresponds to 20 gram­
mes, with three weights to 30 grammes, and with four 
weights to 40 gra,mmes ; the other scale divisions being 
read in an exactly similar manner_ It will be noticed 
that the specimen is stationary, while the diamond is 
moved, thus differing from the sclerometer as applied 
to minerals. The method of supporting the beam and 
of applying the weight is also different. n ordinary 
experiments, where considerable weights are applied, 
the diamond may be moved by the finger and, as the 
apparatus is very steady in its action, with a little care 
this gives very concordant results. For more delicate 
observations, with smaller weights, the diamond may 
be drawn by means of a horizontal string running over 
a small pulley. 

The surface used is prepared roughly in the ordinary 
way by chipping, filing, etc. , and then with a smooth 
file ; it is finished with emery paper, using at last the 
finest variety, or flour emery, and oil, according to the 
material. It should be finished all one way, so as not to 
leave small, irrregular scratches, and should be smooth 
and bright as possible. As a rule, an experienced 
workman should not take more than half an hour in 
preparing such a specimen, through occasionally a hard 
material will take longer. If the surface tested be 
rough, the results are erroneous, being generally 
higher than with a good surface. It can, however, be 
told at once on inspection whether a surface is suitable 
for the purpose. If any doubt should exist, another 
smooth face must be prepared, and the experiment 
continued u ntil uniform results are obtained. 

Reference has already been made to the difficulty of 
reading the scratch, or, in other words, of detecting 
when abrasion begins. If the scratch is always read in 
the same way, uniform results can be :>btained, but the 
actual value will depend upon the standard scratch 
used in the experiments. It is doubtless from this 
cause that my own values are higher than those of 
Franz, as will be shown later, through each set of ex­
periments is  in itself uniform. 

In viewing a scratch on a smooth metallic surface 
there are two plincipal appearances observed. When 
viewed at certain angles, so that the metal is dark, the 
scratch is seen as a bright line ; while if the metal is 
seen in another direction, the scratch appears as a dark 
line on a bright surface. A smaller weight is required 
to produce a visible scratch if it be viewed as a bright 
line than if it appear a dark line on a bright surface. 
In my experiments the scratch was always viewed as a 
dark line, for the following reasons : 

1. With 0 little experience, uniform results can 
be obtained in different observations on the same 
specimen. 

2. The scratch produced being somewhat deeper 
when read by this method, a greater range is obtained 
with the instrument. 

3. Because, as will be afterward shown, this depth of 
scratch probably corresponds as nearly as possible with 
the beginning of abrasion. 

Attempts were made to read the scratch by means of 
a lens or a microscope, but without much success. 
When magnified, the scratches produced by gradually 
increasing weights appear to change by almost imper­
ceptible degrees, and no definite point can be fixed up­
on as that at which the action commences. B ut on 
comparing a deep scratch with I'l. very faint one, a 
marked difference can be seen. In the case of a light 
scratch the surface appears to be merely smoothed 
over by the passage of the diamond, while with a deep­
er scratch the material is torn up, and a distinct ridge 
produced. In my method of observing the scratch I 
have endeavored to take that point at which this tear­
ing up of the surface, or abrasion, begins. Even when 
viewed under the microscope this point is not definite, 
and hence the method I employed must be regarded 
merely as an arbitrary one, intended to approach as 
nearly at; possible to the theoretical conception. In 
these experiments three different diamonds have been 
employed, and very concordant results obtained in  
each case, care being taken always to work as  nearly 
as possible in the same manner. The diamond is 
octahedral, and set so that the point of the crystal is 
used to produce the scratch. 

After considerable wear I have not detected any alter­
ation in the weight required·to mark a given specimen. 
The excellent wear of the diamond is probably due to 
the fact that the heaviest weight used is only 92 gram­
mes, or about three o unces_ B ut though the diamond 
thus appears to have little effect on the results, the influ­
ence of a rough surface, a bad light,or a different method 
of observation is very considerable. The character of the 
surface has already been sufficiently explained. A 
bright diffused light is best, and the specimen should 
be placed near to a window, and in such a position that 
the reflection from bright objects in the room, white 
walls, etc. , should interfere as l ittle as possible_ From 
this cause it will be found extremely difficult to obtain 
accurate results in some positions. As it has been sug­
gested that this apparatus might be very useful for 
practical purposes, and several practical men have al­
ready expressed their intention of adopting it, I shall 
venture to give a detailed description of the method of 
observation. (Arrangements are being made with a 
Birmingham firm for the supply of this form of appa­
ratus to manufacturers and others to whom it might 
be useful. I shall be glad to examine each sclerometer 
before it is sent out for those who may desire it ) 

'1'he surface of the metal having been properly pre­
pal'ed , and a suitable position as regards light having 
been chosen, the specimen is fixed horizontally under 
the point of the diamond. By means of the movable 
weight, F, and adj usting scre w, G, the diamond is now 
carefully balanced j ust above the smooth surface. The 
four weights are then placed on the beam in such a 
position that a definite scratch is prod uced on drawing 
the diam ond over the metal ; the point being drawn 
once forward and once backward over the same line. 
A definite scratch, necessary to guide the eye, having 
been t h us produced, the weights are placed on a lower 
scale division and another scratch made parallel to the 
first ; this being repeated as often as necessary, the 
weight  meanwhile being gradually reduced. In the 
f.ase of a mild steel requiring a weight of 21 grammes, 
the weight 8 might at. first be placed, say, at 10, then at 
10, afterward at 9, 8, '1, 6, 0, and 4 in snccession, a num­
ber of parallel l ines being made which viewed as bright 
line s an a dark su rface appear as in A, gradually be­
COIning less distinct, but all clearly visible. But on 

viewing the same lines at the proper angle, as dark TABLE B. -INFLUENCE OF SILICON ON THE H A-RDNESS 
lines on a bright !mrface, t hey would appear as in B, AND TENACITY OF CAST IRON. 
No. 6 being very faint, while No. 5 is invisible, or only 

A 

15 10 9 8 7 6 5 4  15 10 9 8 7 6 5 4  

seen with the greatest difficulty, and No. 4 is invisi­
ble. 

The result is, therefore, as follows : 

Scale Division. Weight. 
Grammes. Result. 

15 10 X 4 = 60 Plainly visible. 
10 40 " 

9 36 Visible. 
8 32 . .  

'1 28 " 

6 24 Faintly visible. 
5 20 Value taken. 
4 16 Invisible. 

By means of the four weights, therefore, it has been 
shown that the hardness is somewhere between 1 6  and 
24. A similar series of operations is now gone through 
with three weights on th.e beam, when probably a value 
of 7,  equal to a weight of 21 grammes, would be ob­
tained. On using two weights, probably a value of 
eleven would be obtained, corresponding to a weight of 
22 grammeR. It w i l l  be pretty certain from these ex­
periments, if carefnlly performed, that the true value 
must lie about 20-22 grammes. The number is now 
determined by llleans of the single weight. For this 
purpose a distinct line is made, so as to guid e  the eye, 
and then a series of parallel lines are made, beginning 
with division 24 perhaps, and eriding with about 18. 
The specimen is then carefully examined and the pro­
per line chosen ; the experiment being repeated until a 
satisfactory result is obtained. With practice, uniform 
values are obtained for the same specimen, and the 
error should not exceed ± 5 per cent. In cases of 
doubt, it is very easy to refer to a standard specimen, 
and the whole operation generally occupies about a 
quarter of an hour. A novice can at once distinguish 
between specimens that differ much in hardness, as for 
instance in the examples given in tables A and B ; but 
experience is required before different sr.ecimens of 
pretty uniform hardness, such as mild stee , can be dis­
tinguished. 

PART III. 

It now remains to give an account of some results ob­
tained by the form of instrument j ust described. It 
was thought it  would be of interest in the first place to 
approximately calibrate the apparatus by comparison 
with a few substances of known hardness_ Dr. Lap­
worth was good enough to select a few minerals for me, 
the specimens being considered pretty characteristic. 
Each specimen was examined on more than one face, 
and in two directions, at right angles to each other, on 
each surface_ The value8 given therefore approximate­
ly represent the mean hardness of the specimens ex­
amined. In calcite considerable differences were 
noticed in the hardness of the faces employed. A few 
common metals were also tested, and for comparison 
several va,rieties of iron and steel are added, the results 
being given in table ,A. It Illay be m entioned that my 
present apparatus was designed for use with cast iron, 
and hence in the lower numbers the percentage error 
is probabl y greater than in the cases when 20 grammes 
or up ward was employed. I am hoping, however, 
shortl y  to have a modified instrument for softer sub­
stances, with which to carry on the investigation, and 
to examine various alloys used in the arts. 

TABLE A. 
Substance. Moh's Scale. 

Steatite . . .  _ _  . . . . . . . . .  ' . . . . . . .  , 1 
Lead (commercial) . . . . . . . . . . . 1 '0 
Tin lead alloy (66 per cent. 

Sn) . . . . . . . . _ . . . . . . . . . . .  . 
Tin (commercial) . . . . .  , . . . . . .  . 
Rocksalt_  . .  _ . . . . . . . . • • • . . . . • •  
Zinc (pure, annealed) . . . .  " . . . 
Copper lpure, annealed) . . . . . 
Calcite . . . . . . . • . . . . . . . . . . . . . . . .  
Softest iron tested . • . . . . • • . • •  
Fluorspar . . . . .  _ _  . ' . . . . . . . . . . . . 
Mild steel usually . . . . . . . . . . .  . 
Tire steel. . . . .  _ . . . . . . . . . . . . . . •  
Good soft cast iron . _ . . . . . . .  . 
South Staffordshire bar iron . 
Apatite . . . . . . . . . . . . . . . . . . . . . .  . 
Hard cast scrap . . . . . . . . . . . . . . 
Window glass . . . . . _ . . . . . .  , . . . 
Hardest cast iron tested . . . . .  . 

2 
2 
2 '5 
2 '5 
3 

4 
4--5 
4--5 
4--5 
4--5 
5 

0-6 

Weight. 
Grammes. 

1 
1 

2 
2 ·5 
4 
6 
8 

12 
15 
19 
21 
20--24 
21-24 
24 
34 
36 
60 
72 

An examination of table A shows that the weights 
used correspond closely in order with what might be 
anticipated from the hardness according to Moh's scale. 
The values obtained for the various minerals are con­
siderably higher than those given by Franz, but, as 
previously shown, this, in all probability, depends on 
a different method of observation. In table B are re­
produced my original experiments on the hardness of 
cast iron as affected by the addition of silicon to white 
iron. (Journal of the Chemical Society, 1885, p. 904. ) 
The effects here observed have recentl y been largely 
applied in England, Scotland, France, and elsewhere, 
in the production of a soft iron, with considerable 
tepacity, by t.he addition of silicon to a hard material, 
a:r.d already many thousands of tons of castings have 
been successfully prepared in this manner. 

An examination of table B shows that the hardness, 
aa observed by means of a weighted diamond, agrees 
very closely indeed with the working qnalities, as 
given by an experienced workman. Further, it will be 
seen that the tensile strength and hardness do not 
agree, but appear to follow almost in inverse order. 
These facts prove cOllclusively that the method em­
ployed is capable of distinguishing between tenacity 
and hard ness. In table C are given the results of other 
experiments on the hardness of cast iron, conducted 
last summer at the Rosebank Foundry, Edinburgh. 
The first four specimens have been preserved, and have 
been recently re-examined. In the other cases, how­
ever, the experiments were conducted in a room with 

No. 
1 
2 
3 
4 
5 
6 
'1 
8 
9 

10 

Silicon. 
Per cent. 

0'19 
0'45 
0 ·96 
1 ·96 
2 ·51 
2 ·96 
3 '92 
4·70 
7 '37 
9 '80 

Tensi le  Strength. 
Tons. 

10'14 
12 ·31  
12'72 
10 '70 
1 4'62 
12 -23 
1 1 ·28 
10 -16 

5 ·34 
4 ·75 

WORKING QUALITIES. 

Hardne!s. 

72 
52 
42 
22 
22 
22 
2'1 
32 
42 
5'1 

No. 1. Very hard indeed. 
No. 2. Very hard, thongh not so h ard as No. 1. 
No. 3. Hard, though softer than No. 2. 
No. 4. Good, sound, ordinary, soft cutting iron, of ex-

cellent quality_ 
No. O. Rather harder than No. 4. 
No. 6. Like No. 4_ 
No. 7. Like No. 6, but rather harder_ 
No. 8. Rather harder than No. 7, t.hough not unusual­

ly hard. 
No. 9. Still harder, cutting very like No. 10. 
No. 10. Hard cutting iron, though stil l softer than 

No. 1. 

unfavorable light, and with an apparatus which has 
been since improved. Had opportun ity offered, there­
fore, these specimens would have been tested again,  
but, unfortunately, they were destroyed at the works 
soon after our experiments were finished. The nUIll­
bel'S are. therefore, probably not so rigidly exact as in 
other cases, though, doubtless, quite sufficiently near 
to be of practical value. 

TABLE C.-CAST IRON SPECIMENS AT ROSEBANK 
FOIT NDRY. 

Tensile. 
Relative No. Strength . 

Tons. Hardness. 

1 18 ' 2 24 
2 17 · 1  24 
3 17 24 
4 16 ' 8 20 
5 1 6 · 4  28 
6 14 · 7  46 
'1 14· 2 25 
8 13 21 
9 13 21 

10 13 39 
1 1  13 42 
12 12 ' 5  18 
13 12 · 25 18 
14 12 ' 25 21 
15 12 35 
16 11 ' 75 49 
17 10 · 25 18 
1 8  9 · 25 42 
19 8 ' 5  25 
20 8 25 
21 7 ' 8  21 
22 6 · 5 25 
23 6 ' 5 25 

In this table we have a large number of specimens 
purposely selected so as to em brace as wide a range in 
tenacity as possibl e, and includin g, I believe, in the 
first five specimens, the highest recorded tensile 
strengths for British cast iron. It wil l  be seen that we 
have practical ly the same hardness with the highest as 
with the lowest tensile strength, and that in t,his case 
also no definite connection can be shown to exist be­
tween hardness and tenacity. Founders are usually of 
opinion that cast iron can be made strong if it is made 
sufficiently hard. This is merely an old superstition, 
and the sooner it is exploded and forgotten the better 
for all concerned . So far as my experience has gone, 
it is quite the contrary. As a matter of fact, specimens 
with exceptionally high tensile strength are almost 
always good soft working irons, while special softness 
or unusual hardness is generally a sign of weakness. 
Leaving cast iron , we come to the consideration of the 
various varieties of soft steel. 

TABLE D. -PUREST BESSEMER METAL, WITH SMALL 
QUANTITIES OF SILICON ADDED. 

Tensile Elongation 
No. Strength_ on Ten Inches. Hardness. 

Tons. Per cent. 

1 21 ' 80 24 · 7  18 
2 20 ' 72 19 ' 5 1 6  
3 22 - 60 15 · 4  1'1 
4 23 ' 18 15 ' 6  1'1 
5 24 ' 23 24 20 
6 27 ' 45 12 · 8 21 
7 25 · 77 22 29 
8 21 · 89 24 - 2  1 5  

In table D we have the  results obtained with the 
purest iron obtainable in commerce, viz. , that in the 
Bessemer vessel at the end of the blow, and before any 
addition has been made. This was mixed with small 
but gradually increasing quantities of silicon pig, and 
the product examined. The specimens have not yet 
been completely analyzed, but they are arranged in 
order of silicon, beginning with a trace and ending 
with about 0 ·2 per cent. I hope shortly to publish full 
deta,ils (Since published in the Journal of the Chemi­
cal Society, February, 1887. ) On comparing the hard­
ness with tensile strength, it will be seen that they vary 
together in a remarkable manner, the effect being en­
tirely unlike that noticed in cast iron. The fact that 
the material operated upon was a very near approach 
to homogeneous metal confirms the statement made in 
Part I. , that in such:, material tenacity and hardness 
vary together. The results also appear to afford a 
proof of the correctness of the principle adopted in 
these experiments, as the values vary in different ma­
terials in a manner such as would be anticipated on 
theoretical grounds. 

In table E are given the results obtained in the case 
of four specimens of tire steel, of which the analyses 
are given, but of which the tensile strength was not as­
certained . It will be seen that they agree very nearly 
in chemical composition, and the hardness varies only 
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from 21 to 24, which is about the ordinary limits for 
such material. 

TABLE E.-TIRE STEEL, WITH ANALYSES. 

No. C. Si. Mn. S. P. Hardness. 

1 0 ' 58 0 ' 23 0 ' 64 0 ' 03 0 ' 03 24 
2 0 ' 59 0 ' 40 0 ' 63 0 ' 04 0 ' 07 23 
3 0 ' 52 0 ' 23 0 ' 6 1  0 ' 01 0 ' 06 21 
4 0 ' 62 0 ' 15 0 ' 57 0 ' 01 0 ' 04 22 

I have also examined a number of specimAns for­
warded to me by Professor Kennedy, of University Col­
lege, London. They were selected about three years 
ago for another purpose, for which, however, they 
were not employed. The results are given in table F. 
The tensile strength and extension were measured by 
Professor Ken nedy, and are given for comparison. The 
specimens varied in tenacity from about 29 to 46 tons 
per sq uare inch., and include specimens ranging from 
the soft steel for boiler plates up to the moderately 
hard metal used for tires or rails. 

TABLE F.-STEEL SPECIMENS FROM PROF. KENNEDY. 

University Material. 
Breaking 

Load. Extension. Relative 
College No. Tons per Sq. Hardness. 

Inch. Per Cent. 

On 2 inches. 
4684 Steel rail 40 ' 87 18 ' 5  23 
4914 Steel wagon tire 42 ' 30 25 24 
4936 Bessemer steel 42 ' 56 20 21 
4081 Steel fish plate 45 ' 13 25 ' 5 22 
5013 Steel tire 45 ' 94 20 ' 5  22 

On 3 inches. 
5073 Steel tire 36 ' 93 20 ' 7 21 
5077 " 37 ' 13 24' 7  23 
5072 " 38 ' 63 24 ' 7  21 
5071 " 40 ' 70 17 ' 3 21 
5074 " 40 ' 89 25 21 
5078 " 41 ' 1 7  23 ' 7  21 

On 7 inches. 
1284 Bessemer steel tire 31 ' 31 22 ' 9  21 
1 283 " " 34 ' 65 18 ' 4 22 
1298 " 35 ' 79 16 ' 1 21 
1 297 " 35 ' 92 18 ' 3 20 
1256 " " 36 ' 14 18 ' 1  22 

On 10 inches. 
275. Steel boiler plate 29 ' 09 22 ' 7  21 
275. " " 29 ' 36 25 24 
275. " 29 ' 53 24 21 
273. " " 30 ' 95 18 ' 8 21 

It will be seen that the hardness is remarkably uni­
form throughout, and though there is  a tendency for 
specimens with higher tensile strength to be slightly 
harder, still several exceptions will be found to this. 
Allowance must, of course, be made for the p robable 
experimental error of about ± 5 per cent. But even 
then no direct connection between hardness and 
tenacity can be traced in this series of experiments. 
This would appear to point to the conclusion that in 
tire steel, and similar material, we have not a homo­
geneous and structureless material, as in the case of 
nearly pure iron, but that the mAtal has more or less 
iuternal structure, possibly crystalline, which causes 
the hardness and tenacity not to vary together as 
noticed in certain other cases. 

TABLE G.-MR. J. T. SMITH'S EXPERIMENTS ON STEEL 
RAILS. 

Strain Required to 
Tensile Strength. Punch a Hole Carbon. 

% Inch in Diameter 
througb Tons per Square 

No. Web � Inch Thick. Inch. Per Cent . 
1 46 25 30 ' 91 0 ' 28 
2 46 ' 33 30 ' 08 0 ' 28 
3 46 ' 97 31 ' 03 0 ' 28 
4 47 ' 18 31 ' 56 0 ' 28 
/; 48 ' 21 31 ' 53 0 ' 29 
6 48 ' 27 32 ' 85 0 ' 30 
7 48 ' 50 33 ' 37 0 ' 30 
8 48 ' 86 33 ' 07 0 ' 29 
9 48 ' 89 31 ' 88 0 ' 31 

10 49 32 ' 33 0 ' 29 
11  49 33 ' 37 0 ' 31 
12 49 ' 07 32 ' 09 0 ' 30 
13 49 ' 41 31 ' 97 0 ' 32 
14 49 ' 50 32 ' 7:5 0 ' 31 
15 49 ' 68 33 ' 18 0 ' 29 
16 50 33 ' 59 0 ' 30 
17  50 ' 11 33 ' 08 0 ' 30 
18 50 ' 27 32 ' 67 0 ' 30 
19 51 ' 05 33 ' 65 0 ' 32 
20 52 ' 50 33 ' 49 0 ' 32 
21 56 ' 79 37 ' 01 0 ' 36 
22 58 ' 16 37 ' 42 0 ' 40 
23 58 ' 44 37 ' 93 0 ' 40 
24 61 ' 24 41 ' 41 0 ' 39 
25 61 ' 34 39' 10 0 ' 43 
26 64 ' 42 42 ' 82 0 ' 44 
27 65 ' 19 44 0 ' 45 
28 65 ' 31 39 ' 23 0 ' 44 
29 74 ' 50 45 ' 79 0 ' 50 
30 82 ' 47 50 ' 42 0 ' 57 

A very interesting series of experiments on the con­
ditions affecting the wear of steel rails is recorded in a 
paper by Mr. J. T. Smith (Proc. Inst. C. E. , 1875, xlii. , 
p. 69). Extracts from these results are given in table 
G, from which it will be seen that " hardness " was 
measured by the force required to punch a hole % inch 
in diameter through a web of metal %; inch in thick­
ness. It will be seen from the table that the tensile 
strength increases very regularly as the proportion of 
carbon becomes greater, and that the • •  hardness " in­
creases with equal regularity and in the same manner. 
This appears to strongly support my contention, that 
the force required to make a measurable indentat.ion 
will depend very greatly upon the tenacity of the ma­
terial. It was found, contrary to what was anticipated, 
that the " softest " rails generally- wore best. This ob­
servation is supported by Dr. Dudley and other writers 
of experience, though contested by some authorities. 
If the results of Mr. Smith's experiments are graphi­
cal ly represented, it is found that the curves of per­
centage of carbon, and the punching, tensile, and 
bend ing' tests, are of the same general form, and show 
a close agreement. The curve of percentage of wear, 
however, does not agree with these, but is quite i rregu­
lar, and the rl ifferences observed in this respect are not 
s!.? great as migh t  bave been expected from the other 

tests. It would appear from this that in the softer 
classes of steels, when not hardened by rapid cooling, 
the so· called .. hardness " due to carbon is really in a 
great measure due to tenacity, and that, when correct­
ly measured, the true hardness of this class of material 
does not usually vary over very wide limits. To me 
it appears probable that the best rails to wear would 
be those in which true hardness and tenacity are both 
high, while the mater ial is not so altered as to render it 
too sensitive to sudden shock. Internal structure 
doubtless also has a most important influence. Mr. 
Smith's experiments appear to conclusively prove the  
unreliability of the method of  indentation as  a mea­
sure of hardness, while his observations on the wear of 
this class of m aterial fully support the results given in 
table F, in which it is shown that the hardness varies 
within narrow limits, and does not differ m uch from 
that of good wrought iron or of soft cast iron of good 
qnality. 

From these observations I am inclined to suggest the 
following values as results which may be anticipated 
from an apparatus like my own, used in the manner 
described : 

Material. Hardness. 

Extra pure iron, tensile strength 22 tons. . . . . . .  17 
Soft and weak cast iron . . . . . . . . . . . . . . . . . . . . . . . 18 
Mild steel, tensile strength 30 tons. . . . . . . . . . . . . 21 
Tire steel, tensile strength 40 tons.  . . . . . . . .  . . . 2 1-24 
Cast iron, maximum tensile strength . . . . . . . . . 21-24 
Iron for rolls, about . . . .  . . . . . . . . . . . . . . .  . . . . . • 30 
Hard scrap, about . . . . . . . . . . . . . . . . . .  . .  . .  . . . .  . .  . 40 
Very hard white iron, about . . . . . . . . . . . . . . .  . .  70 

Here the subject must be left for the present, but at 
some future time I hope to carry the investigations 
further. . 

HENDON SEWAGE WORKS. 
THE new sewage works at Welsh Harp, near Hen· 

don, constructed from the designs and under the in­
struction of Messrs. Edward Cousins, M. L C. E. ,  and 
Son, Westminster, were opened on the 23d April by 
Mr. E. R. Bartley Dennis, chairman of the Hendon 
Local Board. 

The new sewers for the drainage ot Hendon, Child's 
Hill, Cricklewood, Golder's Green, and Tem ple Fortune 
districts are cOIllpleted , and connected with the new 
sewage works, and in future the whole of the sewage 
from these districts will be treated at the new works, 
and the old tanks at present ill use will be abandoned. 
The total length of the sewers now in use for the drain­
age of these districts is 14Yz miles, The Hendon local 
board district contains 8, 382 acres, and the ratable 
value of Hendon is £101,000. 

The plan used at the Hendon works for the treat­
ment of the sewage is as follows : First : The re­
moval of the coarse, solid, floating matter by straining. 
Secondly : The addition of lime for the purpose of de­
fecation and the precipitation of sOIlle of the organic 
matter in solution. Thirdly : The removal, by means 
of settlement in tanks, of the suspended matter, and 
that precipi tated by the lime. Fourthly : The decan­
tation of the clear water from the tanks, and its purifi­
cation by filtration through specially prepared filtering 
beds. 

Experience has shown that unless sewage be pre­
viously defecated, filtration through land is not effect­
ual , because the solid matter suspended in the sewage, 
and matters in solution readily removed, clog up the 
pores of the soil and destroy its efficacy, both as a 
mechanical filter and as a purifying agent. It is there­
fore necessary to remove the matters which would 
destroy the filtering bed, and leave only the clarified 
water from the tanks to pass through the soil. During 
this passage through the soil the organic matter in so­
lution is decomposed by the organisms which exist in 
the soil, and live upon the kind of organic matter con-

tained in the sewage. The result is that the nitrogen­
ous matter which would otherwise putrefy is broken 
up and transformed into salts of ammonia, which are 
innocuous. 

The treatment at Hendon, although lime is used, 
differs from the lime treatment pursued elsewhere, 
arid in this respect : It has been found that the addi­
tion of what is called " m ilk of lime " is not so effectual 
as if the lime is added as lime water, because it is only 
the dissolved lime, or that in solution, which is effectual. 
All sewage is highly charged with carbonic acid, and 
the particles of lime in the milk of lime combine with 
the carbonic acid, and form a coating of carbonate of 
lime on the out8ide of the particle which is insoluble, 
and the lime cannot enter into solution and is prevented 
from doing its work. 

'l'his  loss Messrs. Cousins claim to have avoided at 
the Hendon works by preparing lime water almost 
saturated with lime. One-sixth part of the whole sew-
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D IAGRAM SHOWING LIME: AND SEWAGE MIXERS. 

age is withrlrawn from the two carriers, and pumped 
into a contin uous mixing vessel provided with agitat­
ing arms. A thin milk of lime is added, containing 
lime eq ual to 1 5  grains per gallon on the whole sewage, 
or 90 grains per gallon on that passing through the 
lime water mixing apparatus. The lime is thoroughly 
dissolved, and the lime water so obtained is added to 
the remaining five parts of the raw sewage, mixed by 
the Salmon ladder arrangement, and run into one of 
the settling tanks, where it remains in a state of qui­
escence ; another tan k is then filled, and so on. 

The action of the lime mixers for making the milk of 
lime may be described as follows, with reference to the 
sketch annexed : An air-compressing engine forces air 
into an accumulator at a pressure of about 10 lb. per 
square inch. A pipe is connected with this accumula­
tor and the lower part of the mixer as shown. After 
the lime and water has been put into the m ixers, the 
air tap is opened, and the compressed air at 10 lb. 
escapes through the lime and water, and agitates and 
thorough ly mixes them. The milk of lime so made is 
then allowed to flow into the sewage mixing tank be-
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low, where it is  thoroughly mixed up with one-sixth of  
the volume of  sewage under treatment, by means of 
horizontal revolving rake arms. 

From these mixing tanks the Hme water and sewage 
pass out to the points, A and A, seen on the plan, 
where it mixes with the other five-sixths of sewage in 
the channels running to the su bsiding tan ks. After 
fi ve or six hours' rest, the clear water is run off by a 
floating arm, which accommodates itself to the vary­
ing level of the sewage, and the effluent is run on to 

and com municating with the Brent by a white brick 
effluent carrier. 

The works are capable of dealing with the sewage of 
a popUlation of 24,000 as a maximum. The quantity of 
lime used for treatment is a little less than 2 cwt. for 
every 1 00,000 gallons of sewage entering the works, and 
about 100 lb. of lime for every ton of compressed cake 
turned out by the presses. The cost of the whole 
works is about £59,000, and the annual cost of working 
is estimated at about £570 per annum. 

SCALE" :r CHA.'fJS 7� !l.fi INCH 

THE MAP OF THE HEAVENS AT THE PARIS 
OBSERV ATORY. 

HAVING already announced the opening of the in ·  
ternational conference in  regard to maldng a photo· 
graphic map of the heavens, we shall now give a SU Ill ' 
mary of the resol ut ions that were adopted at th e 
successive meetings held at the Paris O bservatory. 
The following a.re the con cl usions reached at the first 
general meeting, hel d on the 16t.h of April : 

(1. )  'l'he progress made ill  astronomical photography 
renders it absol utely necessary that astronomers of 
the present century should, with one accord,  under­
take a photographic representation of the heavens. 
(2. ) This work should be u ndertaken at certain stations 
that it will be n ecessary to select, and by means of in­
struments that are identical in their essential parts. 
(3. ) The chief objects that an endeavor should be made 
to accompl ish are the following : (a) A representation of 
the general state of the h eavens at the present epoch, so 
as to obtain data that will render it possible to determine 
the position and bri l l ian!'y of all the stars up to a cer­
tain magnitude with the greatest precision possible. 
The magnitudes should be expressed conformably to 
a photographic basis to be determined upon hereafter. 
(b) An understanding as to the method of using, now as 
well as hereafter, the data furnished by photographic 
processes. 

In order to understand the compass of this programme 
perfectly, it is well that we should know that, in 
order to facilitate the study of the stars, all the latter 
have been classed by order of magnitUde. But astro­
nomers do not use this word " magnitude "  in its true 
sense ; it corresponds simply to the apparent brilliancy 
of stars whose dimensions are as yet unknown. 

"" 0 �. 10J 2;A'1 

Now. we shall get an idea of the importance of the 
work that the international reunion proposes to accolIl­
plish, if we reflect that we have succeeded in distinguish­
ing as far as to the seventeenth magnitude, that the 
total number of stars up to that magnitude amounts, 
perhaps, to at least a h u n dred m i llion, and that we are 
constantly discovering- new ones. It is the ilIlmense 
vault over which these myriads of stars are strewed 
that it is a question of photographing. The map of 
the heavens will consist of from 1 , 800 to 2, 000 sheets, 
representing the 42, 0 '  0 square d egrees comprised on 
the surface of the sphere, and will give an image of all 

. -- . 

MAP OF THE HENDON SEW AGE WORKS. 

the filter beds, as before described, for the more com­
plete purification. The sludge, or thin mud, remain­
ing in the tanks is swept into a pipe, and ru n into a 
sludge well. In the con dition in which it arrives there 
it contains 95 per cent. of water and only 5 per cent. of 
sol id matter ; it is very putrescent, as it contains the 
foul matter thrown down by the sewage, and if not 
dealt. with would soon becollle a nuisance. 

Up to within the last few years it was the accumula­
tion of sludge on a sewage works which rendered it 
al l llost i l ll practicable to work such a process without 
serious nuisan ce. The slud ge could not be dealt with ,  
and as  it was run into pits, to  attempt to drain the 
water frolll it-an almost impossible task-it entered 
into a vigol"Ous  state' of  putrefaction, and gave off all 
the evil od orl-' w h ich rendered sewage works so unbear­
able.  All t h i s  it. is intended to avoid by the met h od 
of disposi ng of sl udge developed by Messrs. Johnson 
an d Co .. of Strat ford. 

This method , on its most approved principle, has 
been adopted at the Hendon works, and sludge-press­
ing machinery has been there erected on the most 
modern and economical system. The sludge is first 
mixed with 1 per cent. of l i llie in forcing vessels, and 
from these it is  forced into the sludge presses by com­
pressed air stored at a pressure of 100 lb. per sauare 
inch. '{' he sludge presses are so constructed -that 
everything forced into them must pass through a 
straining-cloth before it leaves the machine. Conse­
quen tly, nothing but clear water can leave the cham­
bers, and the solid matter is retained between the 
plates, where it accumulates and, under the pressure 
produced by the air, forms a firm, coherent cake ; 90 
per cent. of the water originally present is got rid of, 
and the sludge is brought into a condition in which it 
cannot liquefy or putrefy again, and so cannot give 
rise to any bad smells. 

Further, its comparative freedom from water enables 
it to be readily handled, and it can be carted away and 
used as a manure. In the condition in which it is de­
livered from the press it is said to be nearly twice the 
value of farmyard m anure ; and as at other sewage 
works it is sold i n  this condition to the farmers, it is to 
be hoped that those in the n eighborh ood of Hendon 
will use it in the same manner. Its val ue as a manure 
has heen well demonstrated by pract ical experiments 
cond ucted by Professor Munro, of the Agricultural 
College, Downton, who regards it as a man ure of con­
siderahle value. It remafns to be mentioned that the 
new method employed of forcin g the sludge consists in 
using a fixed volume of compressed air over and over 
again without allowing it to escape. And it has been 
demonstrated that at Crossness, where this system is 
also used, the sludge is forced with an expenditure of 
power of less than one-fourth of that needed when the 
old plan of allowing the air to escape to waste was 
used. 

The treatment at the Hendon works results in a 
pure effluent collected from the filter beds and dis­
charged into the Brent, and the inoffensive and not al­
together valueless compressed cake from the sludge 
presses. 

The appliances in use at the works are as follows : 

the groups of stars. 
The method of precipitation by the lime process as After voting the resolutions that we have above 

described, supplemented by land filtration, adopted at mentioned, the association appointed a technical COIIl­
Hendon, was recommended by Professor Frankland mittee of nineteen members to study the questioll s re­
and Dr. Stevenson, and approved by Dr. Duprez. lating to the selection of the instrument to be used for 
They considered that an y other addition as a preci pi- photographing the stars, and to the l imit of the stellar 
tant is unnecessary. T h ey consider that lime, when magnitudes to be adopted for such photographing. 
properly applied, affords as good an effluent as any I 'l'his committee unan imously decided that it would 
other and more costly precipitant, except, perhaps, be well (1) to adopt, for the photograph ing, a non-reflect­
lime and SUlphate uf alul ll ina : but they consider th e ing instrument (a COlli bination of mirrors), and a refract­
use of sulpha.te of alumina is unnecessary, when pre- ing one, that is to say, a combination of lelises for 
cipitation is to be supplemented by land filtration, and throwing the image upon a plate sen sit i zed with gela­
that where possible the cost of this substance should tino-bromide ; (2) to adopt for the objective of t.he in­
be avoided. To carry out their recommendation for strument an aperture and focal d istance l ike  those ot 
properly dissolving the lime in one-sixth the volume the equatorial used at the Paris Observatory ; (8) for the 
of sewage, and afterward mixing it with the remaining selection of the stars to be photographed, to fix those 
fi ve-sixths, required specially designed machinery. of the 14th magnitude as the extreme l imit. which im­
which h as been manufactured by Messrs. Johnson & plies a clearly defi ned time of exposure. For deter­
Co. , and which completely answers the purpose.-The mining the magnitude, the scale used in France will be 
Engineer. employed. 

MEMBERS OF THE INTERNATIONAL ASTRONOMICAL . UONFERENCE. 

A duplex pumping engi ne for raising one-si x th part of 
the sewage ; a continuous mixing apparatus, with milk 
of lime mixers for making the lime water ; a blowing 
engine and air stove for mi xing purposes, a sludge lift 
pump for elevating the sludge, a set of hydro-pneu matic 
forcirig receivers, with hydraulic pumps ; and two 
sl udge presses, each capable of turning out 9 cwt. of 
pressed cake at an operation,  wh ich occupies about an 
hour. The steam is suppl ied to the whole by It 20 
horse power semi-porta.ble  boiler. The settling tanks 
are six in number, capable of holding (;51 ,000 gallons of 
sewage. The filter beds at present constructed are ten 
in number. Additional beds are intended to be shortly 1 .  
constructed, making a total of fourteen, fed by con 
crete and pipe carriers from the tanks, and covering an 
area of 30, 300 square yards. They are constructed of a 
layer of soil 12 in .  d eep, u n der which is 12 in .  of burnt 
ballast, the wllol e t.h orough ly u n d erdrai ned, the i 
trenches over the pipes beillg filled with burnt ballast, l 

Paul Henry. 2. Prosper Henry. 3. P. Gautier. 4. 'l'hiele. 5. Beuf. 6. A. Cornu. 7. Bou quet de la Grye. 
8. Cruls. 9. Winterhalter. 10. Eder. 1 1 .  Fizeau . 12. BailJaud. 13. Vogel. 14 .  Donner. 15 Steinheil. 
16. Sch oenfeld. 17. Krueger. 18 R. P. Perrv. 19. Oom . 20. Pujazon. 21. Laussedat. 22. 'I'a�chini. 
23. E. Gautier. 24. Wolf. 25. Knobel .  26. 'Co l laHon 27. Russell. 28. Peters. 29. Loewy. 30. Folie. 
31 .  Weiss. 32. Gyl den. 33. Gi l l .  34. Lohse. 35. HasselbeJ'g. 36. Pechule. 37. Tennant. 38. Trepied. 
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When submitted to the association in full session on THE CAPRICIOUS CANDLE. 
the 19th and 23d of April, these propositions were PUT a lighted candle behind a bottle, pickle jar, adopted without hesitation. The association first de- stove pipe, or any other object having a polished sur­cided to divide itself into four committees, but finding face, then station you rself at about twelve inches from that such a division would be very inconvenient, it the object, so that it hides the flame of the candle was agreed that there should be but two committees- from you, and hlow with your breath. The candle one on astronomy and o�e on astrophotography. will be very easil y  extinguished, in consequence of the Each of these began wo!k wItho.'1t any delay. . currents of air that you have created around the ob-The astrophotographic commIttee, under the chaIr- I manship of Mr. Janssen, deliberated in succession upon 
the mode of constructing the objectives, the nature of 
the glass of which they were to be made, and the com­
position and mode of preparation of the gelatino­
bromide of silver to be employed for making the sensi­
tized plates. It was decided to use apparatus like 
those that the Messrs. Henry have constructed at the 
Paris Observatory. 

The astronomical committee, presided over by Mr. 
Auwers, did not finish its labors until after three long 
sessions, at which were discussed both theoretical and 
practical questions of the highest importance. 

On Saturday, April 23, the association, in full ses­
sion, adopted the deeisions of the two sections by a 
large majority. These decisions may be summed up as 
follows : (1) The map of the heavens shall comprise all 
stars up to the fourteenth magnitude ; it will therefore 
include about twenty million stars, which will be re­
produced in the negatives after an exposure of about 
fifteen minutes. (2) Along with the negatives designed 
for forming the map, there shall others be taken, for 
which the time of exposure will be reduced to about 
three minutes, and upon which will be found all the 
stars up to the eleventh magnitude. 

These last named negatives will be submitted to 
micrometric measurements of great precision for the 
purpose of obtaining the astronomical position of the 
stars with very great exactitude. These measurements 
as a whole will then lead to a catalogue of about two 
million stars. 

'.rhere will therefore be two series of photographic 
plates, one comprising stars up to the fourteenth mag­
nitude, and the other those up to the twelfth. These 
complementary plate!:! will have a reduced exposure, 
so that smaller images of the stars may be obtained. 
Each plate will contain all the elements necessary for 
the determination of the constants-scale and orieuta­
tion. 

Ruled lines upon the negatives, and of which the 
permanent committee will fix the spacing, will permit 
of measuring the errors or displacements of the images. 
The measurements on the photographic images will 
be effected with an apparatus like that which we have 
described in a preceding number. 

As for the number of observatories that will take 
part in the work on the map and catalogue, that is 
not fully determined. It is known, ho wever, that there 
will be reckoned among them the four French observa-

THE CAPRICIOUS CANDLE. 

ject meeting near the flame. With a board or a sheet 
of cardboard of the width of the bottle, extinction 
would be impossible. 

This experiment has a counterpart that has been 
communicated to us by Mr. Harmand, of Paris. 

Take two bottles, instead of one, and place them 
alongside of each other, so as to leave a space of half 
an inch between them. Place the candle opposite this 
space, and, preserving the same distance as before be­
tween your mouth and the candle, blow strongly 
against the flame. Not only will the latttr not be e�­
tinguished, but it will incline slightly toward you as If 
through the effect of suction. This phenomenon, 
which is analogous to the preceding, is due to the fact 
that as a portion of the air cannot pass between the 
bottles, it flows around their exterior and returns to 
the operator.-Le Ghercheur. 

tories of Paris, Bordeaux, Toulouse, and Algiers, the 
SCI'entl'fl' c  observatory o f  La .Plata, that of Rio de Janeiro, and 

that of Santiago (Chili). The co-operation of other ob- American Supplement. 
servatories is considered as  certain, and among them 
those of the Cape of Good Hope, Potsdam, Vienna, 
Helsingfors, Sydney, and Melbourne. Still, the direct­
ors of these, who took part in the proceedings, do not 
wish to say that they will co-operate until they are 
certain of obtaining from their governments the funds 
necessary for the construction of the apparatus, the 
cost of which, not counting that of their installation 
and that of the plates, will amount to more than 
$8,000. 

The association held its last meeting on the 25th of 
April. It finished its labors by the election of a stand­
ing committee, whose duty is to solve through experi­
ment '1 few questions upon which astronomers are not 
thoroughly enlightened. This committee, whose duty 
is also to carry out the decisions of the association, is 
composed of such directors of observatories as have 
agreed to participate in the work of getting up the 
map of the heavens. Messrs. Mouchez, Rayet, Bail­
laud, Trepied, Beuf, and Creuls belong to this category 
so far. To them the association has added Messrs. 
Gill, Christie, Struve, Tacchini, Weiss, Vogel, Duner, 
Pickering, Henry, Loewy, and Janssen. 

The standing committee has appointed a bureau of 
nine members, whose duty will be to pursue the studies 
and experiments decided upon by the association, and 
to hasten the preparations for carrying them out. 
Messrs. Mouchez, Struve, Christie, Gill, Janssen, 
Loewy, Vogel, Tacchini, and Duner have been ap­
pointed members of this bureau. 

Before the conference came to an end, a photograph 
of all the members was taken in the court of the 
Observatory by Mr. Paul Nadar. This skillful op­
erator has had the kindness to send us a proof, which 
was very quickly taken with the new Eastman paper, 
and we reproduce the same herewith, with the satisfac­
tion of offering to our readers a group of the most em­
inent astronomers in the world. -La Nature. 
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A special notice is made in the Scientific Ameri­
can of all inventions patented through this Agency, 
with the name and residence of the Patentee. By the 
immense circulation thus given, public attention is 
directed to the merits of the n ew patent, and sales or 
introduction often easily effected. 

Any person who has made a new discovery or inven­
tion can ascertain, free of charge, whether a patent 
can probably be obtained, by writing to MUNN & Co. 

We also send free our Hand Book about the Patent 
Laws, Patents, Caveats, Trade Marks, their costs, and 
how procured. Address 

J.W:UNN � 00., 
361 Broadway, New York. 

Braneh OIHee, 622 and 62' F St., Washington, D. fl. 

THE SCI ENTIF IC  AMER ICAN 

Architocts and BuildofS Edition. 
$2.50 a Year. Single Copies, 25 CIs. 

This is a Special Edition of the SCIENTIFIC AMERI­
CAN, issued monthly-on the first day of the month. 
Each number contains about forty large quarto pages, 
equal to about two hundred ordinary book pages, 
forming, practically, a large and splendid Magazine 
of Architecture, richly  adorned with elegant plates 
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Construction and allied SUbjects. 

A special feature is the presentation in each number 
of a variety of the latest and best plans for private 
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moderate cost as well as the more expensive. Draw·· 
ings in perspective and in color are given, together 
with full Plans, Specifications, Costs, Bills of Estimate, 
and Sheets of Details. 

No other b uilding paper contains so many plans, 
details, and specifications regularly presented as the 
SCIENTIFIC AMERICAN. Hundreds of dwellings have 
already been erected on the various plans we have 
issued during the past year, and many others are in 
process of construction. 

Architects, Builders, and Owners will find this work 
valuable in furnishing fresh and useful suggestions. 
All who contemplate building or improving homes, or 
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this work an almost endless series of the latest and best 
examples from which to make selections, thus saving 
time and money. 
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given, in which the most reliable and approved Build­
ing Materials, Goods, Machines, Tools, and Appliances 
are described and illustrated, with addresses of the 
makers, etc. 
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Bui lding P lans and Specifications. 
I n  connection with the pUblication o f  tbe BUILDING 

EDIT lON of the SCIENTIFIC AMERICAN, Messrs. Munn 
& Co. furnish plans and specifications for buildings 
of every kind, including 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 fcr the various buildings illustrated in this paper 
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AT Philadelphia, while  Washington was President, 
the execu ti ve stables were in the charge of a man called 
" German John, " and at another time of Bishop, the 
old body servant of Gen. Braddock. These chief host­
lers had a number of negro boys under them, and 
George Washington Parke Custis says that Washing­
ton's horses were of the kind known as " muslin horses." 
This name came from the testing of the cleanliness of 
the horses with a fine handkerehief. This was brushed 
over their coats after they were dressed, and if the 
slightest spot of dirt came off upon the handkerchief, 
they were not cousidered well curried, and the stable 
boys were tied up and whipped for their negligence. 
The President drove a team of white chargers, " and 
the grooming of these, " says Wash ington's adopted 
St,n, Custis, .. will rather surprise the moderns. The 
night before the horses were expected to be ridden they 
were entirely covered over with a paste, of which whit­
ing was the principal component pa.rt. Then the ani­
mals were swathed in body clothes, and left to sleep 
upon clean straw. In the morning the composition had 
become hard. It was well rubbed in, and the horses 
were curried and brushed. 'rhis process gave to their 
coats a beautiful, glossy, and satin-like appearance. 
The hoofs were now blacked and polished, the mouths 
washed, the teeth picked and cleaned, and the leopard­
skin housings being properly adj usted, the white 
chargers were led out for service. Such was the groom­
ing of ancient tiIues. " -Magazine of American History. 
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Those who contemplate building, or who wish to 
alter, improve, extend, or add to existing buildings, 
whether wings, porehes, bay windows, or attic rooms, 
are invited to communicate with the undersigned. 
Our work extends to all parts of the country. Esti­
mates, plans, and drawings promptly prepared. Terms 
moderate. Address 
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