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NEW FLOATING DOCK. 

WE i llustrate the off-shore floating dock for the Dum­
fries Dry Dock, Ship Building, and Engineering Com­
pany, Limited, of Cardiff, constructed by Messrs. Clark 
and Standfield, at Grays, near Tilbury. Owing to vari­
ous stoppages and local causes, the preparation of the 
site has occupied very much longer than it was expected 
to do; but as the wO)'k is now nearly completed, the 
dock has been towed to Cardiff, ready to be connected 
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the letter L, the horizontal limb or pontoon being 
larger than the vertical when in position for work. The 
upright side of the dock will  be attached to the vertical 
columns on shore by means of six pairs of parallel mo­
tion booms, which insure the horizontality of the dock 
in all states of the tide. The lugs to w hich these booms 
are pinioned can be seen in the i l lustrations. Large 
gangways pass froUl thfl shore to the pontoon through 
the passages seen in the upright side. 

The dock being lowered, a vessel is brought over it 
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amount of inclination in any direction if desired to 
take up a vessel with a considerable list or on an un­
even keel. 

Every part of the dock can readily be got at for 
cleaning and painting.-Enginee1·ing. 

SHIP WAVES. 

DURING the recent meeting of the Institution of Me­
chanical Engineers, at Edinburgh, an able and inter-

OFF-SHORE FLOATING DRY DOCK FOR CARDIFF. 

to the shore columns as soon as they are erected. On 
the morning of the 24th of June the dock was floated, 
and at 3 P. M. it was haulfld out of the builders' basin, 
and taken in tow by two powerful tugs, viz., the Austra­
lia and the Anglia, of the Watkins line. and at once 
proceeded on the voyage. The upper illustration is 
taken from instantaueous photograph, and shows the 
dock just starting. 

This novel form of dock in end elevation resembles 

and rapidly centered by the mechanical side shores ; 
pumping is then pro/leeded with till the ves!<el has a 
good bearing on the keel blocks; the adj ustable bilge 
blocks are then brought into position and pumping 
resumed till the vessel is li fted clear of the water. 
The s ide shores and the bilge blocks are al l worked 
from the top deck ; autolllatic gear is fitted by which 
the dock is kept at almost a dead level, though simple 
meanli are provided for giving the dock a certain 

esting lecture was delivered before the members and 
friends by Sir William ThoIllson, F. R. S., at the conver­
sazione in the m useum of science and art. Sir William, 
who was received with great cordiality, spoke for over 
an hour, illustrating his lecture by Illeans of diagrams. 
Wave, he said ,  was a comprehensive word. It included 
waves of water, waves of light, waves of sound, and 
waves of matter such as are experienced in earthquaketil. 
It comprehended even more than this-it might be d� 
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fined generally as the progression through matter of a 
state of Illotion. 1'he distinction bet ween the progress 
of matter from one place to another .and the progress 
of a wave from one place to another was well illustrated 
by the largest example of waves we had (largest in one 
dimension, smal lest in another), and that was waves 
of light, which extend from the remotest star, a mi l lion 
ti llles as far away as the sun. Let them think of n inety 
llIi l l ion llIi l l ion mi les, and let them think of waves of 
l ight coming froUl stars known to be as far away as 
that. So llI uch for the distance of propagation, or 
progression, of l ight. 

There was another magnitude concerning waves, two 
other magnitudes, he might say. There was the wave 
length,  and the amount of displacement of the moving 
particle in a wave. The wave length from crest to 
crest in  waves of light was from a thirty thousandth of 
an inch to a fifty or sixty thousand th of an inch.  
\Vaves of water had this great distinction from waves 
of light and sound, that they were manifested at the 
surface of the mediu lll or substance whose 1lI0tion con­
stitutes the wave. It was with waves of water that 
they were concerned that night, and of all the beau­
tiful forllls of water waves, ship waves were the most 
beautiful-if they could compare waves for beauty­
and certainly they were most interesting. For mathe­
matical science the subj ect possessed a special and in­
tense interest, partly from the difficulty of the prob­
lem, and partly from the peculiar complexity of the 
circumstances concerned in the configuration that was 
presented to view. He should, as included in his 
special subject of ship waves, refer first to waves in a 
canal, and to the results of the splendid researches on 
the subject made about H134 by Scott Russell, and 
communicated to the Royal Society of Edinburgh. 
He had given a general and abstract definition of a 
wave ; let them have it in the concrete, as the wave, or 
waves, prod uced by a boat dragged through a canal . 
I n  the real' of the boat there was a procession of waves, 
with which they had to deal in the first place. They 
must learn to understand this procession of waves in 
the rear of a canal boat before they could fol low the 
forms of more complicated patterns that they saw in 
the wake of a ship traveling through open water at sea. 
The q uestion he was going to ask was: How is this 
procession kept up?  They knew it took power to drag 
a boat through a canal, but they did not all think on 
what part of the phenomena the power required to 
drag the boat depended. He asked them to think of 
water, not as it is, but as they could conceive the sub­
stance to be-that is, absolutely fluid. In realit�l, water 
is not perfectly fluid. It resists change of shape, and 
non-resistance to change of shape is the definition of 
a perfect fluid. Is water a perfect fluid ? Is it a fluid 
at al l ?  It is a fluid in  t he same sense as oil and treacle 
are fluids. It resists change of shape when the attempt 
to make the chan�e is  too rapid. When it is attempted 
to make the chauge very rapidly, there is a great re­
sistance. If a change is made slowly, there is a small 
res istance. The resistance of fluids to change of shape 
is then proportional to the speed of the change. As a 
result. of llIathematical experiments it had been found 
that great waves wou l d  travel for hours or days with­
out showing very much loss of sensible motion or energy 
through viscosity. On the other hand, let them look 
at the ripples on a pond excited by a puff of wind. 
1'he wind was no sooner gone than the ripples began 
to subside, and in a few seconds the pond was perfectly 
stil l  and quiet. 'rhe forces as concerned in  short waves, 
like ripples, and the forces as concerned in long waves, 
such as they saw on the open sea; are so related to time 
and speed that in the case of short waves viscosity 
COllles to be very potent, while in the case of long 
waves it is little fe lt . Asking them to allow him to 
assu lIle that water was a perfect fluid, he endeavored 
to point out where viscosity COllles into play. The 
velocity of progression of a wave in a canal is smaller, 
the shorter the wave. That of a very long wave is 
equal to the velocity that a body acquire� in falling 
froUl a height equal to half the depth of the canal. 
For instance, a body fell from a height of 16 ft_, and 
acq uired a velocity of 32 ft. a second. A body fell from 
a height of 4 ft. , and the velocity was only 16 ft. a 
second. 'rherefore, in a canal 8 ft. deep, the velocity 
of the" long wave" is 16 ft. per second . 

V. 
Velocity of 

wave in knots 
per hour. 

A I V. I Velocity of 
Wave length, in . wave in knots 

feet. I per hour. 
\\"'ave length, in 

feet. 

---6-- -- 19-513-1 --"17- --itl6'646--
7 26'559 18 175·618 
8 34·690 19 195·672 
9 43'904 20 216 812 

10 54·203 22 262·343 
11 65'585 24 312'209 
12 78·052 26 366'412 
13 91-602 28 424-952 
14 106·238 30 487B27 
15 121'956 35 663'987 
16 138-760 40 867'248 

If water were a perfect fluid, this would be the case: 
A body dragged along at any velocity less than the 
speed of a long wave in the canal would leave a train 
of waves behind it of such short length that their 
velocity of propagation is equal to the velocity of the 
boat. In relation to the boat, what was a wave? It 
was the progression of a state of motion , and motion 
could not take place wi thout displacement of the par­
ticles. A waye was the progression of a displacement. 
Let them observe a field of col'll on a windy day. They 
would see something traveling over it. It was not the 
ears of corn carried from one side of the field to the 
other. 'rhe bending down of the stalks was what trav­
eled. He described how a wave might be made. On 
the surface of a canal let there be used a plastic ma­
terial modeled in any form. Let this material be 
placed on the surface, taking care that the water filled 
up the forlll everywhere, leaving no air in the upper 
bends. Thus they had a standing displacement of the 
water from its level. Let this form, thus shaping the 
stuface, be dragged along the canal, and a wave would 
be produced. To find the velocity of the progress of a 
free wave, first remark that when the form was at rest 
the pressure was greater at the hollow and less at the 
crest. If the form were moved along very rapidly, a 
certai n result of i nertia of the flowing water would 
cause pressure to be greatest at crest and least at low­
est point of hollow. But if the form were moved a.long 

at exactly the propel' speed , the pressu re would be 
equal over the surface of the form. Annul now the 
rigid ity of the form, and thus there would be a free 
wave. 

The question occurred to every one who thought of 
these things in an engineering way : How is the wave 
procession kept up, or does it require to be kept up ? 
He pointed out that the forming of the procession of 
waves once accomplished, it might seem that there was 
noth ing more to be desired in the way of work. Let 
the procession be formed, and it would go on itsel f. 
Any one who makes a voyage in a steamer shoul d  look 
astern, and he will see the waves spreading out beau­
tifully . The rear end of the procession of waves would 
be seen to follow the steamer. In a canal, the phe­
nomenon was more simple thau on the sea. The 
velocity of the progress of a wave was one thing, the 
velocity of the front of a procession of waves and 
of the rear of a procession of waves was another. 

.\'" 

= 
water, supposed in viscid,  would go on forever if it 
were not forming a procession of waves behind  it, that 
is, if the boat have a velocity greater than tile velocity 
of the wave speed on the canal, and i l l these circu lll­
stances, ideal so far as nullity of viscosity is COllCeJ'lled, 
it would travel along and continue moving without 
any work being done at all. Scott Russe l l  was not �at­
isfied with mere experimental observation, and  so an 
investigation was conducted 011 the Forth and C lyde 
Canal (see Fig. 1). A boat cal led the Raith was one 
of those for which he measured the forces to drag it at 
d ifferent speeds. 1'he depth of the canal was about 
4� ft. or 5 ft., and the weight of the Raith was 
10,239 Ib_ At different speeds it took the fol lowing 
forces to drag it along : At 4% miles an hour, 112 lb. ; 
at 516 miles an hour, 261 l b . ; at 6r"lf Illiles an hour, 
275 lb. Thus at nine m iles an hour the force reqtlired 
was 250 lb. , being less. than at those lower speed�. Th e  
speed o f  the long wave for these results was eight miles 

btld�JiOti('frt'ltr:Jlialr'twl fit".! JQn9 lMft.f' 
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FIG. 1. 

Stokes made a grand new opening in this depart­
ment of work, never before thought of. As was h is 
manner, he did it merely in an examination paper for 
the Smith prize at Cambridge University. He did not 
remember the year, and he did not know if any of the 
candidates answered the question that was put. He 
kne w  that the question was put, and that it was an­
swered with good effect by Osborne Reynolds in a con­
tribution to the British Association ,  and p ublished 
also in Natul'e, in which he argued out one great 
branch, at all eVllnts, of the theory propounded by 
Stokes. Reynolds made the doctrine and idea active, 
and a few years later Lord Rayleigh took the matter 
up and generalized in the most admirable manner, lay­
ing the foundation of the whole theory of velocity of 
groups of waves. These researches offered the expla­
nation of wave-making resistance to ships, w hether in 
a canal or at sea. In the first place, the doctrine of 
energy might be explained in  reference to waves in 

FIG. 2. 

canals; so far as the sea was concerned, the subject 
was m uch more complex. Supposing the water to be 
free from viscosity, the resistance to the boat would be 
solely due to wave making. In a canal, where the 
water was confined between two banks, the effects of 
viscosity were greater than at sea. They would call 
water deep if  it was of greater depth than three- fourths 
of the wave length . The progressiou of the rear of the 
wave procession WOUld, in water " deep" as thus de­
fined, be half the speed of the boat. The boat was 
followed by an ever-lengthening procession of waves. 
Were the water free from viscosi ty, the work required 
to drag the boat along would be equal to the work re­
quired to develop this procession of waves lengthening 
behind the boat at half the speed of the boat. The 
rear of the procession traveled at half the speed of the 
boat, and the procession lengthened relatively to the 
boat back ward at half the speed of the boat. If the 
motion of a canal boat was more rapid than the 
quickest possible wave in the canal (that is  the " long 
wave "), it could not leave behind it a wave procession 
at all, It  could only make a hump or hillock traveling 
with the boat. A boat started moving through the 

I«1IiJlI>/.»'GtiI I "  *l/U rIfWl.1almc&. 
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an hour. At 1072' miles there was again an increase to 
268 l b. If water were supposed to be a perfect fluid, 
then at any speed above eigh t  mi les per hour (the 
speed of the long wave) there would haye been no re­
sistance. There were still more remarkable  figures 
shown by another boat, which, w ith i ts l oad , weighed 
12,579 lb. The forces required for d ifferent speeds 
being as follow :* 

lb. 
At 6'2 miles an hour 250 

" 7'6 " " 500 
" 8'5 " " 400 
" 9-0 " .. only 280 

It could not be said on mechanical gronnds that 
canal traffic cOllld compete for speed w ith traffic by 
railway. He n ext called attention to the most beau­
tiful and most difficult, and, in some respects, most 
interesting, part of his subject, and that was the pattern 
of-waves caused by a ship at sea (see Figs. 2, 3, and 4).t 
This point  of the subject had been argued out with 
wonderful power by William Froude, whose son was 
at present engaged in the same work. 1'he Admiral ty 
had taken up the subject, and m ade it a departllJent of 
t heir experimental work. The younger Froude in­
herited a large measure of h is father's geni us, perse­
verance, and mechanical skill. His father and he had 
succeeded in obtaining results of the highest practical 
importance. It was an important matter indeed for 
this country, which depended so much on ship bui lding 
and the prosperi ty  and Ruccess o f  its ship  builders, to  
find the shapes of  ships best adaptf'd for different kinds 
of work-ships of war, carriers of passengers and Illai ls, 
and goods carriers. One of the great Clyde ship build­
ing firms, the Dennys, feeling the importance of the 
matter, had made a tank on the same plan as Mr. 
Froude's. Now a ship could be designed to go at a 
certain speed, carrying a certain weight, and requirin g 
a certain amount of horse power to work the engines. 
The lecturer went on to explain how, by fol lowing out 
Stokes' principle, which was further developed by Lord 
Rayleigh, he had worked out a mathematical theory 
which al lowed h im to construct a model of the wave 
procession (see Fig. 5). He found that the whole pat­
tern of waves was com prised between two lines drawn 
from the bow of a ship inclined to the wake on its two 
sides at equal angles of ]9° 28'. If they thought of a 
ship traveling over water, they would ask : How does it 
make a wave ? Where was the ship when it gave rise to 
the wave? The wave at a certain place was due to 
what the ship did to the water at another place. In 
this connection the lecturer explained some very intf'r­
esting diagrams (see Figs. 6. 7, and 8) lent him by MI'. 
W. H. White, Director of Naval Construction for t\1e 
Admiralty, and Mr. Edmund Froude. He explained 
that by the appearance of its waves one could lea'·11 
the speed at which a ship w.as going. Recently, at tll(' 
departure of the fleet from Spithead after the great 
naval review, he had seen a ship which was said to be 
moving at the rate of eighteen knots, but he was abl e 

* The speed of the" long wave" for these results was eight miles a,.. honr. 
t Reproduced from a paper by Mr. R. E. Fronde, Trans. lnst. Naval 

Architects, vol. xxii., 1881. 

SHIP WAVES. 
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from the waves to know that it was not moving at I skin resistance of 6'6 and a wave resistance of 6·15. In more than twelve knots. He explained by diagram- the case of another ship, of 3,626 tons displacement, matic illustration (Figs. 3 and 4) the respective char- going at 13 knots, the skin resistance was 6'95 tons and acterhtics of waves caused by a torpedo launch as dif- the wave resistance only 2'45. At a speed of 14 knots 
fering from waves caused by ships and boats. there was a remarkable result, skin resistance being 8 

He wished to speak about the question of the effect tons, wave resistance only 3·Hi. In a torpedo hoat 
of a ship's b uild in causing ship waves. As he remem- 125 ft. long, with a speed of 20 knots, the skin resistance 
bered ship building on the Clyde first, sometimes after was 1'2 tons and the wave resistance l'1-the total re­a vessel was put into the water, and found to be draw- sistance 2'3. Sir William then offered what he called 
ing too much water for ward or aft, it was taken out of his little suggestion, and he offered it with exceeding 
the water and a piece put into its middle. Sometimes diffidence. Wave-maki ng resistance depended almost 
also a ship was lengthened, with a view to add to its entirely on surface action. Inasmuch as a fish swim­
speed. Mr. Froude took up this question of parallel ming close to the surface caused little wave disturbance, 
middle body, and found that a ship with a long parallel it seemed to him that by giving a great deal of body 
body, 01' indeed any ship at all, but more particularly below the water line of a ship we might diminish the 
one with a parallel middle body, showed curious phe- wave-making resistance very much. By swelling out 
nomena of resistance at different speeds. As speed was the ship below water 3 ft. or 4 ft. or 5 ft. , like the old 
raised the resistance incrE'ased, and then it seemed as French war ships, there would be a large addition to 
if it would begin to diminish. It never quite dimin- the carrying po wer of the ship, and b ut little addition 
ished, however, but increased at a much less rate when to the disturbance made at high speeds. This point 
rising to the speed at which the effect of the entrance he thought worthy to be con�idered in the future de­
or bow of a ship and the effect of the run or stern is signing of ships. In conclusion he asked all his hearers 
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SHIP WAVES. 

to look at ships, boats, ducks, and ducklings, moving 
on water at different speeds, and so, through their own 
eyes, to study the beautiful subject of ship waves. 

=====:= 

THE COMPARATIVE VALUE OF STEAM AND 
HOT WATER FOR TRANSMITTING HEAT 
AND POWER.* 

such as to annul, or partially annul, one another's 
influence in the waves astern of the ship, which is ob­
viously a favorable speed for the particular ship. On 
the other hand, when the crest of a wave astern due to 
the bow ag'reed with the crest of a wave astern due to 
the" run," t.hey had an unfavorable speed for the par­
ticular size and shape of ship. The conclusion of the 
investig'ations that Mr. Froude made was that if cir­
cumstances permitted, not making the ship too expen­
sive, and if all practical conditions could be fulfilled, THE relative value of steam, water, or other vehicle 
without any parallel middle bod y, it was better to be for the purpose of distributing heat to be used for heat­
all entrance and run. ing and power purposes curiously involves, in a large 

When he was asked to give that lecture, he made it a degree, the same elements as the transportation of 
condition that no practical results were to be expected. passengers and freight on railroads. With the latter, 
But there was one suggestion he ventured to make, the relati ve amount of paying and non-paying load 
founded on the effect of wave making. In the first forms one of the most important considerations, while 
place, he would give some figures showing' the difference with the former the relative values depend largely 
between the amounts of wave-making resistance and upon the percentages of their heat-carrying capacities 
what was called "skin" resistance, for which he was which can be utilized in practice. In generating steam 
indebted to MI'. Edmund Froude. In a certain ship of with fuel, the gases may be reduced in temperature 
2.634 tons displacement, going at 13 knots, the skin re- nearly to that of the steam itself, securing fair effici· 
sistance was 5'8 and the wave resistance 3'2 ton s-total ency, but in melting metals, they must be rejected at 
resistance 9 tons. At a speed of 14 knots the wave re- , . . , . . t. '1 d bl d d th k" * Paper read at meetmg of Amertcan SOCIety of Mechamcal Engmeers, SIS ·an.ce ne�1 y .ou e an e

. 
,s In resistance com' l at Washington meeting June, 1887, by Charles E. Emery, of New York paratlvely little lllcreased-the ShIP, at 14 knots, had a City. Reported in the Sanitary Engineq. 

a temperature higher than that of the metal, and econ­
omy secured by secondary operations to save waste 
heat. Similarly, the efficiency of the heat·transmitting 
medium depends upon the amount of heat rejected or 
unavailable by the conditions of the problem cOlIlpared 
with that originally imparted to such medium. 

If steam and hot water of 400 degrees temperature be 
respectively used for some heating purpose. such as 
cooking, requiring nearly that temperature, the steam 
will give up its latent heat and be converted into a 
small quantity of water at the final temperature, while 
hot water can only give up its sensible heat, repre· 
sen ted practically by the difference between its origi­
nal and final temperature. If the fall of temperatUl'e 
be from 400 to 399 degrees, t.he water would impart 
substantially one thermal unit for each pound of water 
circulated over the surface, while the steam would im­
part over 800 thermal units for each pound of water 
condensed. If a difference of two degrees were al­
lowed, the water would impart substantially two th er· 
mal units for each pound of water circulated, whereas 
the heat supplied by the condensation of one pound of 
steam with same limits of temperature wou'ld be but 
slightly reduced, though the relative quantity of water 
required to be circulated to equal the results obtained 
with one pound of steam would be reduced one half. 
By allowing a still greater reduction of temperature, 
the water would appear at less disadvantage. ]'01' in­
stance, with a difference of temperature of about 11'15 
degrees the water would impart 11% thermal u nits for 
each pound of water circulated and the steam 842 ther­
mal units for each pound condensed. * This is doubt­
less a greater reduction of temperature than could be 
allowed for cooking, and yet it would require (842'04+ 
11'52=) 72'71 times as much water circulated to do the 
same work as would be required if steam were used. 
In this case, then, 72'71 pounds of water would neces­
sarily be heated at the station, pumped to the point 
where the heat was required, and then be forced back 
again to the station at a lower pressure and pumped 
into the boiler to be reheated, for E'ach pound of water 
evaporated if steam were used as the medium of trans­
mission. The steam would be transmitted hy causing 
a slight difference of pressure from the heating station 
to the point where it was u sed, and its surplus pressure 
woul d  return the water of condensation back to the 
station, where one pound would require to be pumped 
in the boiler for each 72'71 pounds by the water 
system. 

As the temperature at which the heat is to be ap­
plied is reduced, the preponderance against the water 
syst.em somewhat diminishes, For installce, if steam 
at 70 pounds pressure be required to operate engines, 
it may be obtained by directly expanding down the 
steam of 235 pounds pressure, which would result in a 
beneficial superheating of 25'87 thermal units per 
pound of steam thus expanded. If, however, the steam 
were supplied from hot water at 400'89 degrees tempera­
ture, corresponding to the pressure of 235 pounds, only 
10'2 parts in 100 would, on reducing the pressure to 70 
pounds, flash into steam at that pressure, so in that 
case 10'2 pounds of water would necessarily be heated 
at the central station, transmitted to the point where 
steam is required, and if high pressure engines were 
used, 9'1 pounds would necessarily be transmitted back 
again, and finally 10'1 pounds pumped in the boiler 
for each pound weight of steam used, instead of the 
one pound which would be required to be evaporated 
at the central station in the case of the steam plant.t 

For heating purposes, the temperature could, under 
favorable circumstances, be reduced to 228 degrees in 
the coils, corresponding to a pressure of five pounds, in 
which case, without repeating the operations above de­
scribed, there would require to be circulated from the 
heating station to the point of supply and back to such 
station 5·69 pounds of water for each pound of steam 
utilized at the point of supply, or for the heat which 
would be imparted at the temperature corresponding 
to such pressure, for each pound of steam which in a 
steam system would be evaporated and sent direct from 
the station,t 

The above statements may be easily verified from 
the figures given in the foot notes, and the great resist­
ances found in pumping water through pipes at high 
velocities being well known, there would seem to be no 
reason why any one should think of using water rather 
than steam for the purposes above referred to. The 
subject has, however, been agitated for a number of 
years. Little plants to show what could be done with 
water heated to a high temperature have been b uilt 
from time to time, but apparently did not command 
the capital necessary to start the business OIl a large 
scale. 

Another revival has recently been attempted, how­
ever, based chiefly on the favorable report of an un· 
usually well informed engineer of experience and 
acknowledged ability, to whom it is a pleasure to say 
the writer is personally indebted for lIlany val uable 
suggestions as to proper courses of IStudy at an earlier 
period of life. Mr. Isherwood, in forming his opinions, 
has evidentlv, however, failed to consider some of the 
most important elements of the problem, and occasion 
is thereby made for an abstract discussion on the 
merits of steam and hot water, so far as possible, with­
out reference to the merits of a particular system and 
the details of the same. 

It has been stated in the public press, quoting from 
the report, that a cubic foot of water at 400° tempera­
ture contains 34t times as much heat as is contained in 
a cubic foot of steam at the same temperature, and it is 

.. (A) Temperature due to 235 lb. gauge or 200 lb. absolute pressure, 
400'89 ' temperature due to 205 lb , I(auge or 200 lb. absolute, 389'74°-dif· 
ferenc�, 11'15°. Total heat above 32° in the two cases, respectively, 373'75 
and 362'17-difference, 11'5 thermal or heat units. Total heat steam of 
235 lb. gauge pressure, 1,204'21 heat units. Subtract 362'17 heat units due 
to fiual temperature gives 843'04 heat units available from condensation 
of steam between limits of temperature stated. 

t (B) Total heat steam of 70 lb. gauge or 85 abso;ute preAsure, 1,178'34 
heat units which subtracted from 1,204'21 heat umts due to 235 lb., foot 
note (A) �hows 25'87 heat units for superheating. Temperature due to 
70 lb, ga�ge 316'08 corj'\lsponding to 286'26 heat nnits above 32°, which 
subtracted from 373'75 heat units due to 235 lb. (A), leaves 87'49 heat 
units available for making steam with water, and subtracting. same f!'om 
1,178'34 heat units, total heat due to 70 lb., gives 892'08 heat umts reqUIred 
for steam of 70, lb, Hence, there will be required 892'08+87'49=10'2 
pouuds of water circulated per pound of water evaporated into steam of 
70 lb. pressure. 

+ (C) Temperature due to 5 lb, 227'00°, equivalent to 100'66 heat units 
above 32, which Illtter subtracted froin 373'75 heat units in water due to 
235 lb. pressure gives 177'09 heat units pel' pound of water, and 8ub· 
tracted from 1,204'21, total heat due to 235 lb. pressure, gives 1,0p7'55 
heat units available from steam between same limits, so that there Will be 
required (1,204'21+177'09=) 5'694 times as much water circulated 118 
steam. 
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therefore concluded that " the areas of the pipes will  be \ water pipe, as claimed, the water pipes m ust have 7� 
in this pl'Oportion, making their diameters in the pro- times the carrying capacity, be of about 2� times the 
portion of one for the water and (v'34i=) 5 '89 for the d!ameter, and ab.out 3 times the �ost of the steam 
steam. " Also that " the thickness of the material of pipes. The relative cost o! the pipes by no means 
the pipes for equal strength would have to be about I represents the cost of operatmg the two. systems. Tl}e 
six ti mes greater for the larger steam pipe than for the wB;ter system would always b� at a dlsadvant!l-ge 111 
smaller water pipe, even if both were lap-welded. "  On thiS respect on account of t!Ie .hlgh cost of pumpl11g. 
the supposition that larger steam pipes would be I It should be stated that It IS PI'Opo�e� to use steam 
necessary comparisons were presented of the " greater for power at only 20 lb. pressure, but It IS unnecessa-ry 
bulk, " " �normously greater cost, " " extra loss of heat to say that this w0!1ld involve. a very extravagant use 
by conduction and radiation " due to the larger pipes, ?f stearn, . and th� �Ize of the pipes wo?ld only take. an 
with some further remarks about the difficulty of get- I11termedlate posltI.on between those given f<?r heatl 11g 
ting rid of the water of condensation in steam pipes, and power respectively. �t may also be ci.almed thB;t 
difficulties of management, e tc. , not at all warranted t,he. fall of pressure avaIlable t.o transmit ste�m IS 
by the state of the art in relation to steam plan ts. lUllIted, whereas. the pressur� avaIl ab,le .by pump�ng �o 
E vidently the error behin d  these statements is to be force the 'Yate� IS cC!mp�I'atlvel y: unlumt�d: . ThiS wIll 
found in the assumption that because a gi ven q uantity not sustam mvestlgatlOn. With an ImtIaI stea?! 
of water of the temperature assumed contains 34* p�ess?re of 80 lb. , � loss of pr!lssure o! b�t 10 lb. wIll 
times as much heat as that of an equal 'Volume of steam, gi ve, In 3 �team pipe twt;lve mches m diameter and 
therefore the stearn pipe must be proportionably one-half mile lC!ng, a vel<?clty of ful!y 80 ft. per second, 
larger to that extent. It ignores en tirely well known sC! that t here Will be readily transmitted, th ro ugh such 
laws of hydraulics, which teach that a fluid of much pipe, nearly 1 ,  700 hor�e pC!wel' of 30 Ib of feed water 
less density than another will,  with the same difference per hour �o!, that entIre dlsta,?ct;. The most unfavor­
of pressure, flow at a much higher velocity. The abl.e con dltIo�s for the tran sl,nlsslOn of stearn a�e when 
weight of a fluid transmitted through pipes with com- use� fo� cookmg whel·e. a h!gh temperature IS to be 
paratively small distances of pl'essure at opposite ends, 11}amtamed . But even m thiS .case, �nl�ss the assump­
IS proportioned to the square root of the fifth power of hon b� made that the water Will mluntam t?e ovens at 
the diameter of the pipe into the square root of the 4000 With stea?! at �OOO teI!lper�ture, wl} lch, as has 
pressure gradient (represented by the difference of b.een stated, W ill  req Uire an m fimte q uantIty of water 
pressure between the two points divided by the Circulated, the�e !nust b� some loss of tempe.rature, 
length) into the square root of the weight per u nit of and as soon as It .IS. permitted .to d rop, so that mstead 
volume of the fluid ; for instance, the weight per cubic of fab�lous q�antltles on!y 72 tunes as many pounds of 
foot, called by Weisbach the " heaviness, " and herein water IS req lllred to be CIrculate� as of steam, the l oss 
designated the " specific weight. " Therefore, for the of temperature of abo!lt 1 1 0 en�ruls. a loss of pressure of 
same loss of pressure in the same distance and the same 30. 1 b. ,. and but a portion of thiS difference of pressure 
size of pipe, the relative weights of water transmi tted Will Circulate the steall;l as fast �s would be safe for �he 
would vary as the square roots of the speci fic weights. permanence of the plpes. �Ith �ater the veloc.l ty 
The weight of a cubic foot of water at 4000 is approxi- w0';11d nee� to be kept dO'Yn III the m verse propor�lO!l 
mately 53 pounds, and a cubic foot .of steam at the of ItS denSity compared With that of steam, for a Sl1Ill­
pressu re of 235 pounds due to such temperature is lar r�son. If the nece�sary l<;lss of temperature for 
0 '5478 pound. The relative weights of the steam and cookmg be m.ade up by Illc!,easmg the temperat!lre.of 
water are, therefore, as 1 to 96 '36. T he weights trans-- the water, thiS would also, III a much �reater r!ltlo, Ill­
m itted under like conditions, as above referred to, crease the pressure of the steam and stIll keep It at an 
would therefore be as the square roots of these num- advantage. . . . 
bers, or as 1 to 9 '816. Therefore, if the steam and water An average present!lt.lOn of thiS branch of .the subJect 
be compared on the basis of U!le for heating buildings may be had by examInmg the pressure av!ulable when 
exclusively which as has been shown is most ad van- the hot water and steam are used to furmsh steam for 
tageous to 'the water system, there wo�ld, as has been power. In the case of the h<;lt water, in ?rder to evapo­
stated be required a circulation of 5 '694 ti mes as many rate about 10 per cent. of Its vol ume mto steam, the 
pounds of hot water as of steam, b ut 9 '816 pounds of reduction in temperature will be that. due to a fal l in 
water would under like conditions be circulated to 1 pressure of 1 65 lb.,  or from 235 down to 70 lb. In a 
of steam. ' , steam system this entire difference of pressure may be 

. . . h '  . used as the energy w hich tran sports the steam to the The relative capaCities of t e p�pes req�l�ed to con - point where it is used, and as the pu mping pressure on vey the steam and water un der lIke conditions wo�ld the principles above expressed must be double this, the then be fo� the stell:m I, Il:n d  f�r the . �ater the m- circulatin g pu m p would require to work against a �reased wel�ht reqUired, VIZ: , 5 694 d l �lded by . the pressure of 330 pounds to com pete with steam, and 0 '2 lIlcrea�ed weIght conveyed , VIZ. , .9 816, or  8;s .l to 0 5796 times as much water must be pumped with the water o� as 1 7253 to 1. But the carrymg ca pacItIes o.f the plant as would be required by the steam plant. Also pipes are not as the areas or th� squares of the dlame- the water for the water plant m ust be pumped twice­ters, but, on account of the frictIOn eleI�ent, as the once at the high pressure of 330 lb. to circulate it in squ.are roo� of the fift� power of the dlameter�, .on the pi pes. ann again at 235 pounds to pump it into the whICh baSIS, u�der thiS !Oost favorable condlt�on I boiler-whe reas with the steam plant one-tenth of the for the wll:ter pIpe, the �Iameter of .the stearn pipe II quantity of water woul<i be pumped, and but once, would reqUire �o be bu� 24 38 per cent. m excess of that 
I viz. , i n to the boiler. It may, however, be claimed that of the w�ter pipe. ThiS does not, however, represent the steam plant m ust be charged with the power re­the rel8;tIve cost of the syst�m. For heat taken the I qui red to return the- water of condensation. The water same distance, the retur�

. 
pl pt; of the water system is returned in practice by the pressure in the heating must be as large a.s the dn ect pi pe, whereas tha� of the systems or by steam operating pumps, or pump traps stearn system, WhICh has to do bu� about C!�e Sixth of which exhautlt into the heating systems, so that n o  the wo�k, could, ?n merelr theoretICal conditIOns, hav,e h eat is  wasted, and the losses are too inconsiderable to a carrymg cap�clty thB;t IS much smaller. Foryractl - mention in comparison with the handicaps of the water cal reason s  whl�h, as Will be shown her�aft�r, w�ll have svstem. greater force With the water system, thiS pipe IS made . The hot water circulated has been called .. su per­some�hat larger, or on the . average abou t <?ne half of heated water, " becanse it is hotter than 212°, but, of the diameter of t�e steam pIpe. On the baSIS. that the course, wate,r cannot be su perheated in the scientific cos�s Il:re proportIOned to the lengths and dlll:meters, sense that its temperature exceE.'ds that due to its w�llch IS not �ar from correct w hen the t wo pipes are pressure. Stearn may be su perheated, and must always 18;ld together 1Il �he same trench, th!l cost of the stearn h ave as high a temperature as that due to its pressure. pipe of 1'2438 diameter �hol1ld b.e I �CI'eased one hal f  Water cannot b e  superheated but may o f  course have to allow for the return pipe, makmg m the case of the t th . ' . ' t ' · steam system 1 '8657 compared with 2 as the cost of the a pressure grea er an IS  due . to .ltS temper.a . .ure-lIl 

full size double pi pes of the water system, which n u m- other words, be sub-heated, which IS the condl�lOn that 
bers are as 1 to 1 '072. That is, even u nder the most the. so:called sn perheated water wou ld be 111 .wl}en 
f vor ble conditions for the water pipes they would mamtamed at constant press�re the moment It Im-a a , . . parted any h eat to another obJ ect. cost at least 7 per. cent. lll<;lre tha!l the steam pI,Pe sys- Reference m ust finally be had to one point, which tem, and eve� thiS result IS o.btamed by favormg the has been made to appear very im portant on paper. water system III the calculatIOns, for the �eason that The following quotation may be made : the water l}as to be pumped double the dl�tance that "_ The fuel cost of the po wer developed by the steam the s�eam IS conveyed, and therefore req Uires .double engines employed in a hot water system for circulating the difference of the pressure. However, as thi S  pres- h I d " . h h t . '  f( sure is prodnced with a p ump for simpl icity the COlD.- � e super leate " ater m t e o wa�ek }?Ipe, )r pU!UP-

. ' - . mg the uSlld water from the return pipe mto the boller, parlson has bee� allowed to �tana as abo,, �. for driving the blowers, if a mechanieal supply of air is  If.the water pipes wt;re deSigned to furmsh power at needed for the com bustion of the coal, and for hoisting a dlstanc!l by generatmg steam to be used a� 70 lb. coal and its refuse, will ,  owi ng to the peculiarity of the press�lre, It would be necessary, as stat!ld, to cIl'culate system, be not over one-twelfth of the similar cost per 
10 '2 tunes as much wat.er as would reqUire to be evap?- horse power developed by the most economical steam rate� for ste�m used d i rectly, wh!ln, on the same. baSIS engines e mployed in other work. In fact, the only coal prevI?usly d iscussed, the water '

pIpes wO';1l d  . reqUire. to required to_ wOI'k these circulating, pumping, blowing, have .3:9 per cent. greater ca!'rym g  capacity under h:t--e and hoisti n g steam engines, is what furnishes the heat condltlOn��than the steam pipe, .that IS, would reqU ire actually transformed into work according to the ther­to be of 1 05 pe.r cent. greater dIam eter, �hen the cost mo-dynamical theory, and to supply the loss of heat by of both the direct and return water pI pes would be conduction and radiation from the external surfaces of �5 -4 per cent. greatt;r than that of the steam pipe and these engines. The cooled water from the return pipe ItS smal ler return pI pe. will  be in such excessi ve q u antity compared with the 
If, however, the water plant were desig'ned to furnish feed water req ui red for generating the steam used in 

water for cooki n g  purposes, and the temperat ure were the engi n es that it  will  be enormously more than suffi­
maintained in the stoves at 400· by circulati ng, as cient to condense al l the steam worked through the 
claimed, water of only 4000, there would be required engines, the condensed steam and the water condensing 
the circulation of an i n finite quantity of water to fulfi l l  it will be wholly pumped back into the boiler, and 
this condition. If, ho wever, the temperature in the there will be n o  rejected heat, as in the case of other 
stoves were allowed to fal l one degree belo w that of steam engines, which rejected heat averages about 
t h e  water, there wou l d  require to be circulated, as first eleven-t wel fths of the total heat of the vaporization of 
stated, something over 800 times as much water as water. If the cost of the ind icated horse power in the 
would be required to be evaporated and conveyed if  hest engines be taken at about 2i pounds of ordinary 
the work were done by steam. Without stopping to coal per hour, that cost, with the engines of a hot 
cal culate the size of the enormous pipe req uired on water system, will be only one-tenth of a lb.  of coal per 
this  basis, we may assume, as before, that in practical hour. The steam taken from the boilers at a tempera­
work a loss of say 11 '150 wou ld be permitted. ture of 400° F. (pressure 250 lb .  per square inch above 
On this basis, as stated, the water required to be cir- zero) for working the engines will be condensed by the 
culated would be 72 21 times the weight of steam re- water of the return pipe at the temperature of say 
quired to do the work, so the water pipe would neces- 1600 F. , and both the water of condensation and the 
sarily have 7 '407 times the carrying capacity of the condensing water will be pumped into the boiler, so 
steam pi pe, or 2 '228 times the diameter, and the cost of that the total quantity of water in the boiler and in 
the t wo systems of piping on the basis .above explained the hot watflr pipe and in the return water pipe will 
would be as 1 for the steam to 2 '97 for the water. We always remain const.ant. " 
t.hus see that in doing exclusively the work for which With all the hot water used for power purposes re­
these h igh prei!iBUreS are principally to be carried -to jected at a temperature of 3 1 6° and that for cooki ng at 
wit, cooking-instead of the ste3 m pi pes requiring to 390° or upward, how is the very large quantity of heat 
be 46f times the area or 5 '8 times the diameter of the still remaining in the water to be reduced to the tew-

perature of 1 60°, as stated in the above extract ? It may 
be said it will  be u sed for heatilJg water, boil ing arti­
cles of food, heating buildings, an d such li ke uses. But 
what can be done with it in sUlllmer when there is  no 
heating to do? But even in win ter, or at any other 
time, in fact, how is the surpl us hE.'at in the hot water 
from cooking and power apparatus to be exactl y that 
req uired for some oth er culinary operation or for heat 
ing some particular building? The sl ightest calculation 
will show that the surplus heat will be so great that i t  
can not in practice be reduced t o  the temperature 
stated. The low temperature of the return water 
could only be secured in individual instances in build­
ings provided with specially large h eating coils ar­
ranged to receh'e the water as it was about to escape 
to the street. Houses and pu blic buildings already 
provided with heating apparatus would necessari l y  
have connections made t o  t h e  apparatus in place, and 
the heat would be rej ected at the temperature of the 
steam used for heating, say at the temperature d ue. to 
5 lb. , as has been provided for in the previous calcula­
tion. In no case, as has been intimated, could it be 
assured that the surplus heat from the cooking appa­
ratus would not exceed that required for other culinary 
operations and heating the house. In season s  when IJO 
heat was req uired, the only econ omical way to dispose 
of the h ot water at 3900 I'ejected from the cooking ap­
paratus would be to pum p it back to the stati on at 
that telll perature and at the temperature due t hereto. 
The result would only be worse were it allowed to ex­
pand down to atmospheric pressu re, for then a large 
portion would fly into sterun, and the return pi pes be 
filled with a mixt ure of steam and water. If the hot 
water were used to generate steam for power the surplus  
heat would be so great that it  would be impracticable to 
dispose of it in the same or adjacent buildings even 
during the h eating season. Few factories can use al l 
the exhaust steam from thei r engines, whereas with 
the water system there would be about five t imes as 
much heat in the rejected water itS would be used i ll 
the engine. I f  part of the latter be used for heating, 
the heat in the exhaust steam must be absol utely 
wasted. In fact, at all times a very large quan tity of 
hot water must be rejected at the tem perature of 3160 
due to the pressure, and, as i n  the case of cooking, the 
only economical way' would be to return it to the sta­
tion at a pressure of 70 lb.  If it were permitted to ex­
pand down to the pressure of the atmosphere, there 
would be 2 �89 cubic feet of steam per pound of water 
circulated, or 29 '4 cubic feet of st.eam at atmospheric 
pressure in the retu rns for each pound of water evapo­
rated into steam for use in the engines, and the vol­
UIile of steam in the return pipes would be about sixty 
times as large as th e water contained in the same. Of 
eourse, i n  a small plant for exh ibition purposes, radi­
ators may be arran�ed to keep down the temperature 
rejected from cookmg and power systems, but. a slight 
stndy of the problem will, as above ind icated, show 
that the demands for different purposes can not be ad­
j usted, -even in winter, so as to prevent the rejection of 
a great deal of heat, and that ill summer the heat in 
the water can practically only be utilized through a 
small range of the higher temperatures, and much the 
greater part of the heat must be rejected, though it  
may be returned to the station at great cost and be 
saved if practical means are found for the purpose. 

The writer has thus far discu ssed the subj ect i n  
the abstract without comparison w i t h  other work. 
At this point it may be of interest to state that 
precis.ely the feed water apparatus described above 
has been used from th e first in the plant of the New 
York Steam Company, designed by the writer, 
and that we are bal'ely able to condense the steam 
which comes back in the returns when half the feed 
water is. supplied directly from the Croton mains to 
m ake up for the loss due to the escape steam from 
high pressure engines su pplied on the lines. At times 
a portion of the steam from the pumping engines can 
also be condensed in the tank, but at others a portion 
of this escapes. It is utterly hopeless to do better or 
even as well with a very much larger proportion of hot 
water supplied from the returns. 

If the present proposed system, to return the water 
at high pressure, be changed , then, without helping 
the feed water question, all the old complications of 
the former developments of the system will be neces­
sary in every house, and under some circumstances 
boilers would necessarily be used on the premises ar­
ranged to be heated by hot water instead of fuel. On 
the other hand, if steam be used, merely the full range 
of temperature is available for e'Ve1'y operation, and 
the heat rejected due to the smaller q uantity of water 
required be readily returned to the station by the sur­
plus pressure in the pipes. 

It wil l  natu rally be asked what the probable cost of 
pumping the hot w ater will be. This req uires the as­
sumption of a certain set of conditions. Previous dis­
cussion has been based on allowing the bot water a 
difference of pressure at the two ends of the l ine of 
twice that allowed to the steam between the station 
and the point of use. On this basis, with a compara­
tively low pum ping pressure. say a difference of twenty 
pounds bet ween the extremes of the line, the net 
power required for pumping would be somewhat more 
than one per cent. for each volume of water pumped 
compared with that required to be pum ped in the boil. 
er for a steam system. Reckoning the efficiency of 
steam pumps at 50 per cent. on the basis of one horse 
power for the heat required to evaporate 30 pounds of 
water from 70 pounds pressure per horse power, there 
would be required for circulati ng water for heating 
fully 1 1 '4 per cent.  of the power transmitted through 
the pipes ; for power there would be reqUIred ful l y  20 '4 
per cent. , and for cooki n g  fully 145 ' 4  pel' cent. Higher 
pumping pressure8 would of course entail higher losses. 
For the stearn plan t, on the contrary, there would be 
req uired on the same basis for pumpi n g  the watel' in 
the boiler, a little less than two per cent. of the power 
transmUted, Il,nd this cost would be independent of 
the loss of pressure in transmission. The water in the 
returns would be forced back, as has been stated, by 
surplus pressure. It will be seen therefore that the 
water plant will not on ly be more expen sive to con­
struct originally, as well 8,S more difficnlt to operate, 
but that the actual cost of the operation would be 
greater in the proportions stated, independent of many 
other considerations "'hich cannot here be discussed, 
which would make the cost still greater on account of 
the indirect method of doing the work. 

The resistance to explosion of the steam and of the 
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water pipes could b e  made the same originally by in­
creasing the thickness of the water pipes proportional­
ly to thei r increased diameters ; but if high capacities 
were attempted by pumping water at very high veloci­
ties, the pipes would be rapidly scoured out so as in 
time to become dangerously thin. In case of a break 
in the steam pipe, the steam dissi pates at once and is 
not dangerous. '.rhe writer has known a case where, 
through carelessness of workmen, a man was struck 
full in  the body at a distance of only a few feet by a 
jet of steam two inches in diameter issuing from a pipe 
at eighty pounds pressure, but no inj ury to his person 
whatever resu l ted . Evidently, however, a single quart 
of hot water, projected in the same way, would have 
caused fearfu l scalds, and anything like the same q uan­
tity of water as of steam would have caused a lingering 
death. Hot water is also very destructive when the 
pressure is suddenly released, and the flying particles 
would scald persons and do other inj uries, e ven when 
proj ected long distances. 

It is interesting to see all the operations of cooking 
performed by hot water of high tem perature, but 
evidently every one of these operations could be per­
formed equall y well by steam with the pressure due to 
such tem perature, and all the operations would be 
much more simple and economical. In other words, 
the advantages due simply to high pressure are claim­
ed for hot water. It may be said that the hot water at 
thp. high temperature ought to be compared with steam 
at the pressures ordinarily carried, but the steam can 
he supplied at the high pressure m uch more readily 
than the wat�r. There is, however, a separate ques­
tion as to the relative ad vantage of transmitting steam 
at the high pressure of 235 pounds referred to above 
compared with a transmission at a pressure of SO or 90 
pounds, corresponding to that ordinarily used in prac­
tice. Evidently, the lower pressure will supply all the 
steam which is required for heat and power purposes 
quite as well as if generated at the very high pressure. 
The only possi ble object in increasing the pressure 
would be to do some ki nds of cooking which cannot be 
done with the lower pressure, and it may be claimed to 
save something in the size of pipes. So far as the latter 
is concerned, the increased thickness must also be tak­
en into consideration. '.rhe culinary operations which 
require the greatest amount of heat are the heating of 
water and the boiling of meat and vegetables. This 
can be done with perfect satisfaction with a steam pres­
sure but little above the atmosphere, say at the ordi­
nary heating pressure of 5 pounds or under. Meat may 
be roasted and browned satisfactorily if put in steam­
jacketed vessels directly on the metal with a steam 
pressure of 40 pounds. This is done every day in many 
saloons. Of course, steaks and chops can be cooked in 
the same way if desired, though without the aroma of 
slightly scorched meat as in broiling. Cake and bread 
can be cooked, but not bro wned, with a steam pressure 
of SO pounds. The higher pressure of 235 pounds is 
only req uired for such operations as broiling meat 
and for the baking and satisfactory browning of bread 
and call:e. B ut l ittl e bread is baked in private houses, 
and that required may be sent either to the baker's or 
be dl)ne in the house by customary methods on a par­
ticular day of th e week. The other operations stated 
as requi!'ing a high temperature can readily be per­
formed at very slight expenses with gas stoves. When 
t he comparatively small income to be derived frolll 
this particular work is cousidered in con nection with 
the enormous cost required to d o  such work, particu­
larly with hot water and also to some extent with stearn, 
it appears to the writer that it will not pay to go to the 
extra expense and risk n!!cessary to carry steam 01' 
the more expensive hot water at such high pressures 
for this pu rpose alone, and it is hoped that this presen­
tation will enable others who are required to assume 
responsibi l ities i n  this direction to j udge for themselves 
what limit, everything considered, is the best method 
to adopt. 

LARGE AND SMALL LOCOMOTIVES. 

AT the Manchester exhibition, Messrs. Beyer, Pea­
cock & Co. , Gorton Foundry, Mauchester, exhibit a 
fine express passe nger locomotive and tender, of which 
we give an i l lustration. This engine has quite an im­
posi ng appearance, and is a highly creditable example 
of locol tloti ve en gineeri ng. It is one of a number made 
for the Dutch State Railway, to run the mail trains be­
tween Flushing and Germany. We give below a list of 
the leading particulars : 

Ft. 
Gauge . . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . .  4 
Cylinders (inside) : 

Diameter . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
S troke . . . . . . . .  . . . .  . . . . . . . . . . . . . . . . • .  2 

Wh eels (six) : 
Diameter of l eading wheels . . . .  , " . . .  4 
Diameter of driving wheels, coupled, 7 
Diameter of trailing wheels, coupled, 7 

In. 
S� 

6 
2 

o 
o 
o 

Boiler : Ft. Length . . . . . . . . . . . . . . . . . . . . . • • . • . . . . . .  10 
Diameter . . . . . . . . . . . • . . • . • . . • • . . • • . . . .  4 

Fire box (copper) : 
Length . . . . . . • . . . . . . . • • . . . . . . . . . . . . . . .  6 
Width . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 
Height at front. • . . .  . . . .  . . . . . . .  . . . . .  5 
Height at back . . . . . . . . . . . . . . .  . . . . . .  4 

Number of tubes 1;!4' in. diam . . 242. 
Heating surface : 

Tubes . . . . . . .  ' . . . . . . . . • .  1 , 221 '9 sq. ft. 
Fire box . . . . . . . . . . .  . . . 102 .0 . .  

Total . . . . . . . . . . . . . . .  1 ,323 '9 . . 

Fire gmte area, 23'4 sq. ft. 
Tender, u pon six wheels, each 4 ft. diam. 
Water tank to contain 2,400 gals. 
Fuel space, 142 cub. ft. 

In. 
9 
2% 

9 
5% 
3 
o 

Loaded. 
t. c. q. 

Empty. 
t. c. q. 

Weight of engine . . . . . . . 39 0 1 
Weight of tender . . . . . . 27 10 2 

Total . . . ' "  . . . . . . . . .  66 10 3 

36 2 3 
12 1 1 

4S 4 0 

Cylindrical fire box : Ft. 
Length . . . . . . . . . . . • . . . . . . . . . . . . . . • . . . .  2 
Dialneter. . . . . . . . . . . . .  . . •  . • • . . . . . . . . . 1 

Tubes : 
Number, 55. 
Length . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . .  2 
Diameter (outside) . . . . . . . .  , . . . . . . .  " . ,  0 

Heating surface : 
Tubes . . . . . . . . . . . . . . . . . . . . . . 39'5 sq. ft. 
Fire box . . . . . . . . . . . . . . . . . . . 10'9 " 

Total . . . . . . . . . . . . . . . . . . . . 50'4 ..  

Grate area, I 'S sq. ft. 

In. 
3% 5 

o 
1% 

Capacity of tan k, about 25 gals. 
Extreme length of engine, about . . . . . . . . 7 5% 
Extreme width of engine, about . . . .  ' . . . 3 0 
Weight in working order, 3 tons 5 c wt. 

We may add, says Industries, that the contrast be­
tween the large and small engines is so striking that 
some of the visitors have humorously named them 
Dignity and ImpUdence. 

THE NEW ONE HUNDRED AND TEN TON 
GUN. There is also shown by Messrs. Beyer, Peacock & Co. , 

at the end of the large locomotive, a small engine of a THE 110 ton Elswick gun, of which a full size model 
type designed and built by the firm for use in their is shown in the Newcastle exhibition, as represented by 

DOT, A ONE-FOOT SIX-INCH GAUGE LOCOMOTIVE. 

own works, and also for the works of the Lancashire 
and Yorkshire Railway Company at Horwich. We 
also illustrate this engine, which, it will be observed, 
is named Dot, and below we append a list of the 
leading particulars : 

Gauge . . . . . . . . . , .  
Ft. In. 

1 6 
Cylinders (outside) : 

Diameter . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 5 
Stroke . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 6 

Wheels : 
Number of wheels, all coupled, 4. 
Diameter . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 47.;( 
W heel base . . . .  ' . . . .  . . • • .  . . . . . . . . . . . . .  2 9 

Boiler : 
Length . . . . . . . . . . . • • • . • . . . • . . . . . . . . . . . .  4 3 
Diameter . . . . . , . .  " . . . . . . . .  , . .  . . . . .  . . . . 2 3 

Figs. 1 and 2, is the largest gun ever made in England, 
and, according to Engineerin.q, is the most powerful 
piece of ordnance in the world. This gun has been 
made for the British government for the armament of 
first-class ships of war. It is constrncted enti rely of 
steel, the " A " or inner tube being in one l ength. 
Over the inner tube is shru n k  the breech piece, which 
is surrounded by three layers of com paratively thin 
hoops of steel. In this manner the whole of the m etal 
assists in bearing the transverse strain .  The inner 
tube extends on ly to the obturator, or breech block, 
which engages in the breech piece, the longitudinal 
strain being partly borne by this piece, assisted by the 
peculiar distribution of the hoops. A long hoop with 
stout shoulders forms the rear part of the first layer, 
and its front shoulder engages the rear shoulder of 
another long hoop, which forms the front part of the 
second layer. Again, the " trunnion hoop, " 150 called, 

NEW EXPRESS PASSENGER LOCOMOTIVE. 
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is shrunk on in such a manner as to draw the long 
hoops of the first and second layers together. Hence 
there is a direct pull from the trunnion hoop to the 
shoulder on the breech piece, all parts being solidly 
bound together against longitudinal strain .  There are, 
in reality, no trunnions, the exterior o f  the trunnion 
hoop being formed with rings, B, over which a strong 
steel band passes, and ties the gun to its carriage, C. 
To prevent the inner tube moving forward from the 
breech piece, a ring of bronze alloy is run into a ser­
rated recess at the fron t of the latter. A similar ring 
is used to assist friction in keeping the front of the 
trunnion hoop in place. 

In the " obturator, " or means of stopping the escape 
of powder gas, a modification of the De Bange pad, 
made by Mr. Vavasseur, of the Elswick firm, is under 
trial. The asbestos pad is retained, but it is covered 
with a thin sheath of copper, which is  forced by com­
pression on discharge of the gun into close contact 
with the inner tube. 

The principal dimensions of the 1 1 0  ton gun are as 
fol lows : Total length, 524 in. ; length of bore, 487 in. ; 
length of rifling, 397 in. ; diameter of bore, 16 25 in. ; 
diameter of chamber, 21 '125 in . ; cubical capacity of 
chamber, 28, 6 10  cubic inches ; weight of gun, 247, 795 
lb. ;  weight of powder charge, 960 lb. ; weight of shot, 
1 ,800 lb. ; muzzle velocity, 2, 128 ft. per second ; total 
energy, 56,520 foot tons ; penetration, 33'8 in. W. 1. 

The gun is mount.ed on a heavy frame of steel, which 
forms the carriage, C, being tied thereto by steel bands, 
as previously stated. The carriage moves backward 
and forward on t wo stout steel girders, D, forming the 

= :: 
0 0  Pig. f1 

about 1% in. in diameter, and as represented to a re­
duced scale at Fig. 5 of the engravings. These car­
tridges are transported from place to place, e. g.,  from 
the magazine to amlllunition lift, in a water and fire 
proof metallic case, as shown at Fig. 6. The cOlllmon 
steel shell represented at Fig. 3 is 4 ft. 7 in. in height, 
and weighs 1 ,607 lb. empty and 1,800 lb. when charged. 

PETROLEUM FUEL. 

IN these days of sharp competition and cheap trans­
portation among the railroads of the country, when 
e very item connected with the cost of transportation 
is being looked after as closely as possible, it is natural 
that  the  fuel account should receive much attention. 
Oil  the large railroads of the country, perhaps no single 
i tel ll is a more continuous or more weighty burden 
on the gross earnings than the cost of fuel ; and the 
railroads welcome any devices that have a tendency to 
reduce this heavy expense. The Pennsyl vania Rail­
road, with that liberal scientific spirit which has done 
so m uch to improve technical practice, has for the last 
ten years examined and experimented with nearly 
every device that has been brought forward, with the 
end of fuel economy before it. Especially have experi­
ments been made with the view to utilizing as fuel the 
enormous store of petroleum which is found in this 
cou ntry . 

Only indifferent success has heretofore been met 
with in attempting to burn petroleum, either crude or 
reduced, as a means of generating steam. Many of the 
devices offered by inventors were only partly worked 

IT llill I �  0 
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THE NEW 110 TON ARMSTRONG GUN, THE MOST POWERFUL CANNON IN THE WORLD. 

Powder Charge, 960 lb. Shot, 1 ,800 lb. Penetration, 33'8 in  W. I. 

slide, the ram of the recoil press passing through the 
lower part of the carriage, and being fixed thereto. 
The slide girders are pivoted at the front, d, so that 
the motion of recoil is always parallel to their upper 
surface. All the operations of working the gun are 
performed by hydraulic power. 

The elevation or depression of the g un and slide is 
performed by means of hydraulic rams, E, under each 
slide girder. Pressure is also admitted to one side or 
other of the recoil cylinder, according as it is desired 
to ru n the gun in or out. To turn the gun in a hori­
zontal dire(ltion, it is necessary to rotate the platform 
or turret by means of hydraulic engines, acting on 
pinions, engaging in circular racks surrounding its 
base. 

By means of hydraulic breech mechanism the breech 
block, F is unscrewed and moved aside, while the shot 
and charge are forced into the bore or breech chamber 
by the hydraulic rammer, G ;  the breech block is then 
similarly returned to its normal position. The shot 
and cartridge (see Figs. 3 and 4) are raised from the 
magazine by an hydraulic lift, H, so as to deliver the 
amlllunition at the level of the loading tray, I, and be­
tween the breech, F, and rammer, G. 

'l'he 960 lb. charge for the 110 ton gun is composed of 
two cartridges of prismatic form, a and b, 38 in . long by 
18 in., as shown at Fig . 4. The first cartridge, a, or 
portion of the charge, is closely filled with powder, but 
the second portion, b. is arranged with a cylindrical 
spal1e, A, for receiving some q uick-firing powder for 
properly igniting the whole of the charges. The total 
l ength of the charge or combined cartridge is 6 ft. 4 in. 
Slo w-burning brown prismatic powder is used for the 
charg9, composed of hexagonal pebbles or cubes of 

out, many had inherent defects which made them fail­
ures on trial, and it is only recently that a device has 
come forward which promises to be a success. The 
history of the devices for getting heat by burning oil 
i s  a very curious one. Not a few have attempted to 
convert the oil into gas and burn the gas. Others 
have attempted to simply vaporize the oil and burn 
the oil vapor. Some of them had a separate appliance 
located on the tank, or elsewhere on the locomotive to 
convert the fuel into a condition to burn ; while others 
put their appliances into the fire box, where the heat 
was so great that the decomposition of the oil resulted 
in deposited carbon, which clogged up the burners. It 
remained for Mr. Thomas UrqUhart, a Scotchman by 
birth , and who is at present locomotive superintend­
ent of the Grazi-Tsaritzin Railroad, in Southeastern 
Russia, to develop the first successful scheme of using 
petroleum a8 fuel, at least on locomotives. Avoiding 
the errors and mistakes of previous inventors, Mr. 
Urquhart* has devised a scheme which, l ike al l great 
things, is extremel y simple, and at the sallie time is  
very successful. His device can be applied to any 
locomotive boiler or, indeed, to any stationary boiler ; 
of course, with modifications, which are easily made, 
to adapt the essential features of the device to the 
boiler in use, and it seems to work equally well with 
boilers of almost any constrnction. 

The essential features of Mr. Urquhart's scheme of 
burning petroleum consist in converting the oil itself 
into a finely divided state or spray, by means of a jet 
of steam or compressed air, and then burning this 

* For engravings and descriptions of Mr. Urquhart's apparatus as ap­
plied to locomotives. and for other examples of apparatus for burning petroleum, see SCIBNTU'IC AMERICAN SVPPLBlIlBNT, Nos. 68 and 403. 

spray in the fire box of the locomotive, in a fire brick 
furnace constructed inside the fi re box. The burner or 
spray prod ucer, if it may be so called, is essen tially 
two tubes, O"le inside the other, the inner tube carry­
ing the jet of steam or compressed air, and the outer 
tube carrying the oil. The oil tube is prolonged some 
distance beyond the steam tube, to allow the steam 
and oil to combine, and then the two together are pro­
jected from the end of the oil tube into the fire box by 
the force of the steam. A single burner weighing, per­
haps, 40 lb. is sufficient for a locomotive of the largest 
size. The tire brick furnace inside the fire box is very 
simple in construction, and may be crudely compared 
to a bonnet, with the open end of the bonnet toward 
the injector or spray producer. The object of fire brick 
is to receive the small particles of oil that escape (lon­
bustion before they reach the fire brick bonn et., and 
break them up so that they may be consumed. The 
bonnet furnishes, also, a com bustion ch alll ber for the 
proper mixing and burning of the oil and air ; and 
serves another very important service, in th at the fire 
brick becomes intensely hot and rad iates heat to all 
parts of the fi re box, and at the same tillle serves to 
reignite the oil after it has been shut off for a short 
period from any canse, as stopping at stations. 

A representative of the Pennsylvania Rai lroad visit­
ed Mr. Urquhart in Russia last year, and brought home 
a trial burner and drawings . D u ring his  absence the 
published papers of Mr. Urquhart on the subject be­
came available for u se, and this information was turned 
to account. As the result of these two sources of in­
formation, a locomotive was fitted up at the Altoona 
shops in Decemher last, and has been expe'l'i mented 
with more or less since that time. It will be readil y 
understood that the conditions ill this country and i n  
Russia are somewhat different. American locomotives 
are worked much harder, and consequently burn more 
fuel per hour. Moreover, the constructi on of locomo­
tives is not al ike, and it has taken considerable experi­
ment and modification to adapt Mr. Urquhart's plans 
to American locomotives. 

These modifications apparently have now all been 
made, and a perfectly successful trial trip from Altoona 
to Pittsburg and return was made on June 17 and 18. 
The engine, No. 408, going west, took the mail train, 
and coming back took the second sectioll of the day 
express. On the return trip, with a heavy train, the 
engine made up 25 minutes on schedule time, and i n  
no case did the steam pressure fall below 1 1 0  lb. Most 
of the time it was just on the verge of lifting the safet.y 
valve-125 lb. When the pressure did fall to 1 10 
lb. , it was after a long pull on the western slope of the 
mountain, when both injectors were put on to replen­
ish the water supply, which had become a trifle low 
during the long pul l .  The amount of oil consumed 
during the trip east was 3, 897% lb. , and during the trip 
west was 3,634% lb. In both cases considerably less oil 
was consumed than was thought to be necessary for 
the trip . 

The working of the device on the locomotive is in 
every respect charming. One is first struck by the ab­
solute freedom from smoke and cinders. The work of 
the fireman is limited to the management of a hand 
wheel, and there is the most perfect relation between 
the amount of steam consumed and the amount of oil  
burned . A slight turn of the hand wheel,  al lowing a 
little more oil to go into the fi re box, produces smoke ; 
a slight turn in the opposite direction relieves the 
smokf'. A movement of the reverse lever one notch, 
thus causing less steam to go into the cylinders, shows 
instantly in a little smoke at the smoke 8tack. This is 
at once relieved by turning the wh eel and al lowing less 
oil to go into the fire box. A movement of the rever8e 
lever in the opposite direction, worldng the engine a 
little harder, causes the steam pressure to fall a trifle. 
The ever-ready wheel and the constant watchfulness 
of the fireman give more oil, and the steam pressure is 
regained. Oil burning is absolutely ideal firing. To 
one riding on the locomotive, the sl ight rumbling due 
to the rapid combustion of the oil, and an occasional 
glance through the peep hole into the white-hot fire 
box, are the only evidences of fuel consumption. The 
dirt, dust, smoke, and cinders, and the constant open­
ing and shutting of the fire door, are all absent. 

The experience of the Grazi-Tsaritzin Railroad in 
Russia, which now has 1 43 locomotives burning petro­
leurn, by the same method as above described, and the 
experiments already made on the Pennsylvania Rail­
road, make it safe to assume that the technical part of 
the problem of oil burning is solved. It  is entirely 
possible to burn petroleum successfully as fuel for steam 
generation, and experiments have been in progress for 
some time for its use for It number of other purposes. 
In view of this possible use of petroleum largely as 
fuel, the question of economy becomes very important. 
The following simple data, which are the results of 
careful experiments, and which also are confirmed by 
the (lhemical composition of  both coal and oil, may be 
safely trusted. The heat-prodncing power of a pound 
of petroleum is as great as the heat producing power 
of I%, lb. of coal. In oth er words, one pound of petro­
lell lll successfully burned will  gen erate as much steam 
under the same circumstances as would be produced 
by the burning of I%, lb. of coal i n  10coIllotiYe practice, 
taking into account the cost of han d l i n g  the fuel and 
disposing of the ashes ; and also taking into account 
the diminished repairs to the locomotives, especially 
to the fire boxell, due to oil burning. it is foun d  as the 
result of a year's trial that a pound of oil is  as good as 
two pounds of coal . In brief. these two ratios w ay be 
described by saying that, weight for weight., oi l is to  
coal as  1 to 1%" when fuel account. alone is considered, 
and oil is to coal as 1 to 2 when all  the ascertained 
economies are considered. The reduced oil,  w h i c h  is  
preferred for use in steam generation, weighs on the 
average a trifle over 7'3 lb. per gallon ; or supposing a 
barrel of oil to consist of 42 gallons, and to weigh as 
above stated , 6% barrels of oil make a ton almost exact­
ly. The price, therefore, of 6% barrels of oil is the 
cost of a ton of fuel oil. This cost per ton being divided 
by 1%, gives the equivalent price per ton of coal when 
fuel account alone is taken into consideration, or d ivid­
ed by two gives the equi valen t  price of coal per ton, 
when al l the ascertained economies are taken into con­
sideration. A very simple rule to follow is as fotlows : 
Multiply the price of oil per barrel by 3 '71 and the 
product will be the equivalent cost per ton of coal 
when fuel account alone is considered. Again m ulti­
ply the price per barrel of oil by 3:!4', and the product 
will be the equivalent price per tQn Qf coal, when all 
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the ascertained economies are taken into consideration. 
As above stated, these figures are based on a trifle over 
7'3 pounds per gallon for oil ,  and 42 gallons per barrel. 
If heavier or lighter oil is used, or the quotations are 
made by the gal lon, it is evident that the figures must 
be varied accordingly, but the above data may fairly 
safely be trusted in working out the relative economies 
of oil and coal for fuel. 

As to the possibility of any large use of petroleum for 
fuel, the outlook is not very favorable. The Pennsyl­
vania Railroad alone burns 8, 000 tons of coal a day, and 
if this fuel consumption should be changed at once 
from coal to oil, it would conSllIne over one-third of the 
total daily oil production of the United States. This  
of course makes any very extended use of petroleum as 
fuel , with present supply, out of the question. On the 
other hand, to a limited extent there is nnq uestionably 
a field for petroleum as fuel . In places where the nui­
sance of smoke and cinders is very great, or where the 
item of transportation is a large element in the cost of 
the fuel, 01' where the handling of fuel , and especially the 
disposal of the ashes, are important items, there i" un­
questionably economy possible by the use of fuel oil. 
The figures given above will enable any one to work 
out the problem for his own locality. The natural 
effect on the oil market of burning large quantities of 
petroleum would be to cause an increase of price, and 
this will probably be the first result. But it is appa­
rent that, at present prices even, say two or three cents 
per gallon, the chance for fuel oil is small, leaving out 
of question the possible supply. There are a few places 
in t.he country where oil at present quotations can be 
llsed with economy as fuel ; but if the oil refiners put 
up the prices, anticipating a large demand for fuel oil, 
they will certainly defeat themselves, and make the 
use of oil  as fuel uneconomical compared with coal. 

It should be stated here that the use of crude oil for 
fuel is not recoIIlmended, for several reasons. First, 
crude oil at the same price pel' gallon is very much less 
economical than the red uced oil, because of the less 
weight. Second, the crude oil constantly gives off 
gases, which it would be almost impossi ble to hold, 
and dangers from explosion would result. Third,  the 
crude oil is very m uch more offensive so far as odor is 
concerned. Fourth, the relative- proportions of car­
bon and hydrogen in the reduced oil only vary one or 
two per cent. from these proportions in the crude oil, 
so that, although crude oil is much more inflammable 
than the reduced oil, its heat-producing power, pound 
for pound,  is very little, if any, in excess of the reduced 
oil, and, as above stated, the reduced oil weighs from 
one t.o two pounds more per gallon than the crude oil. 

Should any considerable demand spring up for fuel 
oil, i t  is entirely possible that changes will have to be 
made in  the present methods of refining petroleum. 
the distil lation being managed so a� to take out froni 
the crude oi l  the products easiest removed and most 
valuable to the retiner, and leaving the residues for fuel . 
If the figures given above are correct, it would seem 
that the future of the petroleum industry in the United 
States is largely in the hands of the refiners. If they 
manage their refi ning in such a way as to turn a por­
tion of the prod uct into fuel, at a price at w h ich this 
fuel can compete with coal, the reaction on the other 
prod ucts of the petroleum industry will unquestionably 
be great. This is especial ly  true of the paraffine indus­
try and its allied products. A consumption of 10, 000 
barrels per day of reduced oil would unquestionably 
raise the price of the paraffine products within the 
first month, and this new outlet for what has up to the 
present t ime been somewhat of a burden cannot but 
be welcomed by the petroleum industry. 

It only remains to say that the Pennsylvania Rail­
road wil l  probably continue its experiments, and grad­
ual ly bring the use of oil burning into practice, where­
ever it will result in economies. From the figures given 
above, however, it is quite evident that new fields must 
be d iscovered and the production largely increased be­
fore it will be possible to do more than perhaps run 
som e  few high-priced passenger trai ns, or possibly 
shifting engines in towns, and in some localities station­
ary boilers, by means of oiL-Railroad Gazette. 

further renders an expensive chimney and high chim­
ney temperature unnecessary, and increases, when reo 
quired, the intensity of the oxid izing action of combus­
tion. Any oxide of iron or slag blown over, along with 
the gases, is collected in the depositing chamber of the 
recuperative or hot air stoves. The reversing arrange­
ments of the flow of air and gas are exceed ingl y simple, 
and one action serves to actuate both valves. The gas­
eous fuel is supplied from one of Th waite's twin or 
duplex gas producers ; the former type is very simple, 
and gives satisfaction to users. The duplex prodncer 
generates gas by a new arrangement, by which a gas 
resembling water gas is produced. Its composition is 
4 H+N+4 CO. 

Referring to our illustrations, Fig. 1 is a longitudinal 
section through a cylindrical converter open hearth 
furnace and connecting mains, while Fig. 2 shows the 

J. The gas from the Th waite gas producer enters the 
furnace by means of the converging tuyeres, K and L, 
at each end of the furnace ; the ail' tuyeres, U and V, 
also converge on to the gas tuyeres, and both gas and 
air are thoroughl y mixed. 

The air supply is obtained from a Roots blower by 
means of a pipe, M, and i t  flows through the val ve, N, 
and also through the refractory l ined connecting flues, 
0, into the oxide depositing chamber, P, of the recu­
perator vessel, Q, to the lower end of which i t  descends, 
and then flows under a division wall into the nest of 
checker brickwork, Q, through which it flows, becomi ng 
heated by its abstraction of the heat transmitted to the 
brickwork at a prior period by the products of combus­
tion and con version. The air passes from the recupe­
rator vessel into connecting mains through the revers­
ing valve, S, and flowing into the flue, T, passes right 

FIG. 1. 

-- - - -- --- - - - -- - - - -

FIG. 2. 

I ,  RAPID " OPEN HEARTH STEEL PLANT. 

THE plant of Mr. B. H. Thwaite, C . E . ,  of Liverpool, 
and Mr. A. Stewart, M. E. , of Bradford, which we il lus­
t mte, is designed to effect the manufacture of steel by 
a combi ned pneumatic and open hearth process, so as 
to obtai n an approach to the rapidity of the former with 
the advantages of control possessed by the latter, and 
at a low cost for plant. The open hearth process, whether 
effected by the Landore, the pig and ore, pig and scrap, _ 
and by an oxidizing nature of combustion, gives equal ly  
rel iable and uniform results, and permits steel of the 
mildest q u al i t y  to be obtained , and, although the 
pneumatic process has the ad vantage of greater rapidity, 
the forlll er  or open hearth process is gradual ly  coming 
to the front. In the Thwaite-Stewart process the ac­
tion of conver�ion is divided into three operat.ion s : (1) 
The in i tial  melting by Stewart's " rapid " cupola, and 
the col lection of the charge in a receiver. (2) The pas­
sage of the metal th rough a cylindrical converter, in 
which it. is submitted t.o the pneumatic conversion ac­
tion, by which its i m puri ties are oxidized and reduced 
to as Iow a l i m i t  as will  permit a complete control over 
the final character of the metal in the bath of the open 
hearth and finishing process. 'l'he blast is turned off 
when three -quarters of the charge has passed through 
converter. The reuHtining metal washes the slag into FIG. B, 
open hearth furnace. (il) Finishing the conversion 
either by the use of an oxidizing flame, the addition of 
solid oxygen in the form of iron ore, or by dilution ob· " RAPID " OPEN HEART!-I STEEL PLANT. 
tairled by the addition of low carbon scrap. The usual 
add ition of ferro can be made prior to tapping. 

'l'he casti ng lad le arrangement is  designed so as to be general arrangement of the Thwaite·Stewart plant in and left to the air tuyeres, U and V, of the open hearth 

rapid l y  revolved after the metal is charged therein in plan. Fig. 3 is a cross section through a cylindrical furnace. The products of combustion and conversion 

order to produce a metal of more uniform constitution. converter and recuperative or hot blast stoves. The pass in  different d irections through a dupl icate set of 

The method of casting the ingot is also novel , and is .. rapid " cupola, A, is fed with pig by means of a fuel mains and a recuperator vessel, and finally escape by 

designed to produce thoroughl y sound ingots free from and pig hoist ; the melted pig is collected in  the re- the chimney, 3. The air foJ' conversion purposes is 

gas cel l s  or pi pings. ceiver, B. The metal is tapped by removing the plug deli vered to a distributing main ,4, to side delivery pipes, 

Both arrangements are the invention of Mr. Thwaite. from the tap hole of recei ver, C, into a rocking runner, 5, and finall y  to the tuyeres, G. Each tuyere is provided 

The system of com bustion is on the forced blast or ple- from which it fall s  into the lip opening, D, of the cylin- with a screw plug valve. The plant shown in our 

nUlu air supply principle. 'I'he Roots blower su pplying drical cODverter, and which can be closed by a . solid i l lustration is for producing 100 tons of mild steel ingots 

the ai r blast for the eu pola al so supplies the air blast and heavy refractory plug, E. The charge graVitates pel' week, and is intended for Chil i .  The plant is being 

for ttl€' pneul l latic process and for the cOlll bustion of . through the  invert channel of the converter, F, and is introd ucerl by Messrs. Thwaite Bros. , of the Vulcan 

gas in the open hearth furnace as wel l .  By this Plenum / subjected to j ets of air from the tuyeres, G. The ?net�l Iron Works, Bradford, Yorkshire, and will, we think, 

air su pply system the COTII bustion i � under absolute flows into the open heart� furnace, H, !rom WhiCh it prove of great vai ue to steel users and to many in the 

control, and can be intensified to the fullel:lt degree. It can be tapped by the tappmg spout, I, mto the ladle, steel trade.-Iron. 
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A NEW ARRANGEMENT OF HYDRAULIC 
MAIN. 

AT the recent meeting of the Societe Techni'lue de 
l'Industrie du Gaz en France, at Nancy, M. Leclaire, 
the inventor, described a hydraulic main designed by 
him with special reference to the adoption therein of 
M. Alavoine's strainers. It is sho wn in the accompany­
ing ill ustration, which is practically self-explanatory. 
In the upper part of the hydraulic main, which is flat, 
there are several oval-shaped openings, A, arranged 
in zigzag order with the dip pipes, whereby access 
is readily obtained to the strainers. These openings 
are closed by Illeans of plugs of cast iron, the weight 
of which is sufficient to insure their tightness. The 
strainers are kept in position by two angle irons, B, 
flxed on the vertical sides of the hydraulic mai n  in 
such a way that the upper surfaces of the strainers are 
on the sallle horizontal plane. It will be seen that the 
gas is taken off at the side of the main, by means of a 
cast iron pipe comlllunicating with the collecting main 
by a valve. The cooling of the main is effected by 
sending in a stream of Rmmoniacal liquor through the 
S pipe fixed upon the lid. The heavy tar is removed 
by the pipe, C, which discharg'es the excess of tar into 
another pipe, D, which dips into an overflow vessel. 
This pipe, which is screw-threaded on a port.ion of i ts 
upper outer surface, passes into a stuffing box, the 

cast iron cap of which is also threaded internally. By 
turni ng the pipe, the level of the liquor in the hydraulic 
main lllay be raised or lowered-an operation which 
can be performed without the least i nconven ience while 
work is going on. It is  claimed for this arrangement 
that by it the minimum of dip is in sured in all cases ; 
while at the same time there is no possibility of the gas 
passi ng back int.o the ascension pipes at the time of 
charging the retorts. Four hydraulic mains o n  this 
system have been installed in the new gas works at 
Dijon on a si milar number of settings of nine retorts, 
placed back to back ; and at the date of the French 
society's meeting two of the benches had been work­
ing satisfactorily for three months. 

APPARAT US FOR TESTING OILS. 
MESSRS. RIETER & Co. , of Winterthur, Switzerland, 

have devised a new machine for testing lub ricating oils, 
which we illustrate here with. It consists of a solid 
cast iron frame upon which there is  a horizontal shaft 
provided with a pair of driving pulleys, fast and loose, 
actuated by a belt. This shaft, th rough a bevel wheel 
keyed to it, actuates a vertical shaft by gearing with a 
pinion that the latter carries. The velocity of the 
vertical shaft is thus subordinated to the number of the 
teeth of the bevel wheel. This same shaft is provided 
at the upper extremity with a hollow friction cone, u p­
on the inside of w hich is deposited a small q uantity of 
the oi l  to be tested, and which has previously been 
measured with a special gauge. 

Into this hollow cone is accurately adj usted a solid 

one, whose travel is limited by a strip of leather affixed 
on the one hand to the solid cone and on the other to a 
spiral spring which gradually expands until it balances 
the moments of resistance and power. At this in­
stant, the extension of the spring is proportional to the 
friction of the cones. 

As the movable extremity of the spiral spring under­
goes a traction from the strip of leather, it moves a 
traveler that slides vertically along a rod of square sec­
tion. With this traveler is connected a lever, one end 
of w hich is provided with a style, which from time to 
tim e marks a dot upon a sheet of paper carried by a 
cylinder. The distance bet ween the different dots, as 
compared with a datum line corresponding to the non­
tension of the spiral spring, indicates the value of the 
coefficient of friction bet ween the two cones. This 
datum line is marked at the base of the flylinder by a 
stationary pencil, which is regulated at the beginning 
of the experiment so as to be i n  accordance with the 
height of the m ovable enci of the spring at rest. 

The autom atic dotting is done as follows. The square 
rod of the traveler revol ves upon a pivot and is con­
nected at the base with a bent lever w hich is acted up­
on by a cam mounted upon a small shaft actuated by 
the friction cones thro ugh the intermedi u m  of a COI1I­
bination of endless screws and wheels. This calll shaft 
is so arranged as to keep the style away from the cylin­
der during 500 revolutions of the vertical shaft ; then, 
at the five h undredth revolution, the point, suddenly 
freed, makes a dot upon the paper wou n d  round the 
cylinder, the velocity of which is so calculated that the 
dots shall be lr; mm. apart. so as to form a curve whose 
ordinates correspon d  to the fricti on between the coni­
cal surfaces, and whose abscisses are proportional to 
the n umber of revol utions made by the friction cone 
shaft from the beginning of the experiment. 

A wooden scale accompanying the ap paratus carries 
five di visions, one of which gives the n umber of revo­
lutions of the vertical shaft corresponding to the length 
of the diagram with respect to the a bscisses, and con­
seq uently during the time of the experiment. It 
shows the duration of the lubricating power of the oil 
tested. The four other divisions take account of the 
ordinates for four different charges on the solid cone. 
They are calculated to give, through a sim ple reading, 
the coefficient of friction for each of the charges. 

When the friction exceeds certain limits, as a conse­
quence of the disappearance of the lubricating power 
of the oil, a peculiar mechanical arrangement automati­
cally arrests the apparatus, thus securing to it a long 
duration. -Le Genie Civil. 

SAND FOR GLASS. 
By GEORGE W ARDMAN. 

THE manufacture of sand is an important industry, 
which has Pittsb u rg for its headquarters, although the 
sand is not made within the limits of the city.  There 
is a considerable traffic in Monongahela sand, which is 
scooped up frolIl the bed of the river, to be u sed for 
common building purposes ; but the man ufacture of 
sand is quite another affair. and the product goes into 
quite a different com lIlodity, which is glass. 

Practically, glass is almost pure sand, other sub­
stances used in its manufacture for fluxing being con� 
sUllled while the sand is transformed to a greater 
or less degree of transparency. The sand used in glass 
making is  almost pure sil ica, so n early pure that there 
is less than one per cent. of iron, magnesia, and alu­
minum to ninety-nine + per cent. of the other. And 
of this sand, which is quarried out of the hills and 
ground down to varying degrees of fineness and 
washed to varying degrees of whiteness, eight hun­
dred tons are manufactured daily, four hundred 
tons being consumed in and about Pittsburg, and fou r  
hundred tons going into Eastern Ohio a n d  West Vir­
ginia to Wheeling, Bellaire, Columbus, and all points 
within a circuit of one hundred and fifty miles from 
Pittsburg. 

In selecting, a darkish sand is found, containing 
more foreign s ubstances than the ninety-nine per cent. 
silica, wh ich inferior grade goes into green or " black " 
bottles, and a sti l l  darker and baser earth, which IS 
used for sanding fire-brick m oulds ; another and finer 
dark grade, which is used by crucible steel manufac­
turers ; and still anoth er q uality, the whitest and grit­
tiest, which becomes " flint, " or what might be called 
absolutely transparent glass. An i nferior quality of 
white sand is used for prescription bottles, but the very 
best is for the higher grade of flin t  ware. 

APPARATUS FOR TESTING LUBRICATING OIL. 

Lookin g  through the flat surface of window glass, 
whether plate or blown, it appears colorless ; but if 
the sight is directed through the edge, it will disclose 
a sea green tinge. Flint glass proper is not so. It is  ah­
solutely colorless, except when cut into faCles or priSl11S, 
when it reveals the colors of the spectrum. 

The cost of a ton of sand to gl ass manufactu rers of 
Western Pennsylvania, Eastern Oh io, or West Virg'inia 
is, of course, dependent on the d i stance i t  is hauled 
frolll the quarry ; but taking the eight hundred ton s 
daily manufactured and consumed, it will not ave­
rage above $2. 25 per ton, dam p. Dried sand will  
average $2. 50 per ton. O f  course, it costs a little leI'S 
than those figures in Pittsburg, and a l ittle more in 
Bellaire, Ohio ; but e ven at this last named pl ace the 
cost of the sand which goes into the manufact u re o f  a 
box of common window glass, containing the reg u l a­
tion fifty square feet of surface, is about fi ve cen ts ; 
that is, the box of glass consists m erely of five cen ts' 
worth of silica, transmuted to a state of transparency. 

The sand used in the glass industry in Western Pen n­
sylvania, Eastern Ohio, and West Virginia comes from 
three q u arries-one on the Pen nsylvania Rai l road , 
overlooking the Juniata ; one on the Bal t imore and 
Ohio Railroad, near Connellsville ; and one on the 
Pittsburg, McKeesport, and Youghiogheny Rail way, 
twenty-five miles south of Pittsburg. It is quarried out 
like building stone, passed through a qu artz crusher, 
further red uced under immense iron wheels, and final l y  
ground an d washed i n  a n  endless screw. The wash i n g  
releases some o f  t h e  foreign substances, b u t  strt'aks of 
iron which are sometimes found running th rough the 
stone are knocked off to und ergo the milling process (01' 
the inferior quality of sand, SOIIl e of wh ich goes into 
m ortar for specially fine and durable wall  buildi ng. 
The rail roads use large quantities of it in the construc­
tion of retaining wallA for embankments. And so all 
grades of the sand are utilized.-Popular A'icience 
Monthly. 
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ON RED AND PURPLE CHLORIDE , BROM­
IDE, AND IODIDE OF SILVER ; ON HELIO­
CHROMY AND ON THE LATENT PHOTO­
GRAPHIC IMAGE. 

By M. CARY LEA, Philadelphia. 
IN this series of papers it will be my object to show : 
(1 . )  That chlorine, bromine, and iodine are capable of 

forming com pounds with silver, exhibiting varied and 
beautiful coloration, peach-blossolll , rose, purple, and 
black ; that these compounds (except un der the in­
fluence of ligh t) possess great stability ; t hat they llI ay 
be obtained by purely chemical means and in the en­
tire absence of light. 

(2. )  That of these su bstances the red chloride shows 
a tendency to the reproduction of colors. It  seems not 
improbable that the material of t h e  i n fi n i tesimally 
thin films obtained by Becq uerel , Niepce De St. Vi ctor, 
Poitevin, and others in their experiments on hel io­
chrom y may be the red chloride. 

(3 . )  That these substan ces, formed by p u rely chemi­
cal means, constitute the actual mat erial of the latent 
or invisible photograph ic im age, which material may 
now be o btained in the l aborat.ory wi thout the aid of 
l ight and in any desired q u antity. They a l so form 
part of the visible  product resu lting from the action of 
light on the silver haloids. 

For more than a generation past, the n ature of the 
latent photograph ic image, that which forms the basis 
of development, h as been i n  dispute. Two theories have 
been maintained. According to the OIle, the fi rst ef­
fect produced by light is simply a physi cal ch ange, 
predisposing the elements of the sil ver h aloid to d is­
sociation, so that when a reducing agen t is applied, the 
molecules so affected yield more quickly to its influ­
ence. According to the other theory, the invisible im­
age is formed of a subsalt (subchloride. etc. ). O bserv­
ations which I pu blished lIl any years ago led me strong­
ly to the first mentioned of these theories. B ut of late 
years, results have been obtained not easily reconcil­
able with it. On the other h an d ,  the theory that the 
latent image is formed of subsalt is opposed to stri king 
facts. Silver subchloride, for example, is an unstable 
substance, q uickly destroyed by dilute n i tric acid.  But 
I have form ed a latent image on silver chlori de, and 
after exposing it f.)r five min utes to the action of strong 
nitric acid (sp. gr. 1 '36), have d eveloped the image with­
out difficulty. The same with sil ver bromide. E vid ent­
ly the�e im ages, which so strongly resisted the action 
of undiluted acid, could not be formed of simple sub­
chloride and subbromide of silver- s ubstances quickly 
destroyed by it. 

I n  th e desire to find a satisfactory explanation of the 
nature of the image based 011 adequate chem ical proof, 
I have devoted n early three years of l aboratory work 
to this and to closely allied SUbj ects. I am led to the 
concl usion that neither of  the older views is correct. 
A truer theory seems to be deducible from the result 
of some experi ments which I published in 1885, to the 
effect that the si lver h aloids were capable of uniting 
with certain other s u bstances, much in the same way 
that al umina forms lakes. When a si lver haloid was 
precipitated in the presence of certain. coloring matters 
they combined with i t, and th ough solu ble in water, 
they could not be subsequently washed out. They had 
formed a somewhat stable com pound, although the 
proportion of coloring matter was very sm all in com­
parison with the haloid-evidently much too small to 
represent a stoichiometrical composition. 

Now I find that a silver h aloid lllay in the same way 
unite with a certain proportion of its own su bsalt, 
which by this union quite loses its characteristic in­
stabil ity and forms a com pound of great permanence. 

Another explanation is  possible ; the su bsalt may 
combine with the normal sal t. not in the manner above 
described , but in stoich iolll etrical proportion , and this 
compound may be diffu sed through ordinary silver 
haloid. I have not been able to find any reaction de­
cisive between these explanations, * but the general 
behavior of the substance seems rather to indicate the 
first-named explanation as the tl'lle one. When the red 
chloride, for exam ple, has been boi led with dilute ni­
tric acid for a few moments to eli minate any uncom­
bined subchloride, the proportion of subchloride left 

* Silver chloride may he dissolved out by hot solutions of sodium or 
ammonium chloride, but the subchloride is at the same time decomposed. 
See beyond under head of " Reactions." 
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has never exceeded 8 o r  9 p e r  cent. i n  over thi rty speci­
mens analyzed. If we took this to represent a com­
pound in equivalent proportions, we should have to 
sup�ose the union of at least twenty equivalents of 
AgUl with one of Ag.Ol, which is improbable. If we sup­
pose that these colored substances containing from less 
than one-half per cent. up to eight or nine per cent. of 
Ag.Cl consist of a compound of one equivalent of sub ­
chloride united to a small number of equivalents of nor­
mal chloride, mixed mechanically with a large quan­
tity of normal chloride, then it would be improbable 
that specimens could not be obtained containing a 
larger proportion of this compound and consequently 
of Ag.OI, but, as already said, specimens containing 
more than 9 per cent. after thorough treatment with 
nitric acid to remove the uncombined su bchloride I 
have never obtained. Generally, the am'Ount is less. 

Even w h en silver chloride, bromide, or iodide con­
tains as li ttle as one-half of one per cent. of subsalt 
combined, its properties are greatly changed. It has 
a strong coloration, and its behavior to ligh t is altered. 
Even a much l ess quantity, one inappreciable to analy­
sis, is capable of affecting both the color and the 
behavior to light. 

It is one of these latter forms of th i s  substance that 
constitutes the actual material of the latent photo­
graphic image. Adequate proof of this will be given in 
the second part of this paper. 

RED SILVER CHLORIDE. 

Of the three haloids, the chlorine salt is the most 
interesting, because of its relations to heliochromy. It 
is also the most stable of the three compounds, and ex­
hibits perhaps a finer variety of coloration, though 
the bromide and iodide are also obtainable of very 
beautiful tints. The chloride shows all the warm 
shades from white to black through the following grada­
tions : white, pale flesh color, pale pink, rose color, 
copper color, red purple, dark chocolate, black. 

These compounds are obtained in an endless variety 
of ways. By chlorizing metallic silver ; by acting on 
normal chloride with red ucing agents ; by partly reduc­
ing silver oxide or silver carbonate by heat and treat­
ing with HOI ; by forming sub oxide or a subsalt of sil ver 
and treati ng with HOI ; by forming suboxide or a E>ub­
salt of silver and treating with Hel, followed by n itric 
acid ; by acti ng on subchloride with nitric acid or an 
al kaline hypochlorite, etc. ; by attacking almost any eo­
luble salt of silver with ferrous, manganous or chromo us 
oxide, etc. , followed by HOI ;  by reducing silver citrate by 
hydrogen and treating it with HOI ; by treati ng a soluble 
silver salt or almost any silver solution with potash or 
soda and almost any reducing agent, cane sugar, milk su­
gar, glucose, dextri ne, aldehyde, alcohol, etc. , and super­
f'aturating with HOI;  there is no organic easily oxidizable 
substance that I have tried that has failed to give this 
reaction. Also almost any salt of silver exposed to light, 
treated with HOI and then with hot strong nitric acid, 
yields it. Al most any of these classes represent.s a long 
range of reactions, each susceptible of endless vari­
ation. In fact, the more the matter is studied, the 
more extended the range of reactions is found to be 
that give rise to the formation of th is substance. To 
show how slight an influence will lead to the production 
of red chloride instead of white, if freshly precipitated 
argentic oxide is mixed for a few moments with starch 
or tragacanth paste, ann is thl'ln treated with HOI, the 
result is, not wh ite, but pink silver chloride. Even 
raw starch flour mi xed with silver oxide will in a few 
moments cause it to give a pale flesh colOl'ed chloride 
with HOI .  Boiled starch or tragacanth paste does this 
more quickl y and acts more strongly, even in the col d, 
and still more if  heat is applied. 

Although red is probably the most characteristic 
color of this substance, so that I have spoken of it 
above as red chloride, nevertheless this hardly seems a 
proper name for a substance that is often purple, 
chocolate, or black, someti mes brown or even ocherous, 
sometimes lavender or bluish, and is probably capable 
of assuming every color of the spectrum. To call it 
argento-argentic chloride would infe l' a stoichiom etrical 
com position that, as already men tioned . seelIl S very 
u ncertai n ; too m uch so to serve as the b asis of the 
name. Therefore, and as these substances have been 
hitherto seen only in the impure form in which they 
are produced by the continued !tction of light on the 
normal salts, it might be convenient to cal l them 
photosalts, photochloride, photo bromide, and photo­
iodi de instead of red or colored chloride, etc. , and thus 
to avoid the inexactness of applying the term red chlo­
ride to a substance exhibiting many other colors. 

Photochloride by A ction of Alkaline Hypochlorites. 
Black or purple bl ack chloride is easily obtained by 

the action of an alkaline hypochlorite on finely divided 
silver, such as obtai ned by reduction in the wet way. 
Oommercial sodium hypochlorite may be used to act on 
it. It is to be poured over the silver, and after stand­
ing a few m i nutes, is to be replaced with fresh. After 
an hour or two this is again to be replaced with a new 
portion, which is to be all owed to act half an hour to 
insure the total conversion of the silver. The prod uct 
varies somewhat in color, is sometimes black, oftener 
purple black. If the treatment with hypochlorite has 
been thorough, strong cold nitric acid of 1 ·36 sp. gr. 
extracts from it no silver. This reaction with nitric 
acid is important, as it shows that not only metal lic 
silver was not present, but that the product contai ned 
absol utely no uncombined subchloride. For if any 
were present, it would i nstantly be decomposed by the 
acid, in which one-half of its silver would dissolve. 
The action therefore appears to take place in this way. 
First su bchloride is formed, part of this is  further 
chlorized into normal chloride, which at once combines 
with other subchloride, thus taking it out of the further 
immediate action of the hypochlorite, and this goes 
on llntil an equilibrium is reached and neither metal­
lic silver nor uncom bined subchloride is left, as is  
proved by the action of nitric acid. Alkaline hypo­
chlorite, as will presently be shown, attacks uncom­
bined subchloride very rapidly, the combined very 
slowly ; by many days' contact the quantity of com­
bined subchloride is gradually reduced. 

Prolonged treatment with hot strong nitric acid de­
stroys all the varieties of photo chloride. The time 
needed varies a good deal . A specimen of that obtained 
with hypochlorite required twenty- five hours' heating 
with acid of 1 ·36 in  a water bath at 21 20 F. to bring it  
to the condition of white normal chloride. Oonsider­
ing that cold dilute nitric acid instantly destroys 

freshly precipitated argentous chloride in the free state, 
this long resistance to strong acid at the temperature 
of boiling water must be consid ered most remark­
able. 

When the red or photochloride is formed with the 
aid of a ferrous salt or ferrous oxide, I prefer to boil 
the product with dilute H OI to get rid of th e last traces 
of iron,  after a preliminary treatment with hot dilute 
nitric acid has removed silver and uncombined sub­
chloride. The photochloride will sometimes even 
resist boiling aq ua regia for a time. 

Protected from l ight, photochloride is perfectly 
stable. S pecimens obtained eighteen months ago ap­
pear to be quite unchanged. 

When treated with ammonia, it is far more slowly 
attacked than the normal. 'l'he ammonia dissolves the 
normal chloride only. The union bet ween the two 
must therefore be broken u p, and this takes place 
slowly. 'l'he first action of the ammonia is to change 
the red or purple COlOI' to greenish black and then to 
slowly dissol ve out silver chloride. Hours are required 
even with a large excess of ammonia. While this is 
going on, if  the ammonia is  poured off and replaced 
with n i tric acid, the original color reappears. If the 
action is  continued sufficielltly long, silver only remains 
and dissolves reanily in n itric acid. A little short of 
this, treatment with nitric acid leaves a black residue 
of dark chloride mixed with metallic sil ver. The dark 
chloride being insol uble in any acid has led to some 
strange mistakes in a similar reaction which occnrs in 
treating with ammonia silver chloride that has been 
exposed to the light. E ven a theory has been had re­
course to of a " passi ve condition " of silver. This pas­
sive silver is simply black chloride. 

A specimen of purple black chloride was treated with 
warm strong aqua regia until whitened by conversion 
of the subchloride to normal. By this treatment 2 ·563 
grammes of photochloride gained nine milligrammes, 
indicating the presence of 2� per cent. of subchloride, 
or more exactly : 

Subchloride. . . . . .  . . . . .  • . . . . . . . . . . . . . . . . . .  2 '49 
Normal chloride . . . . . . . . . . . . . . . . . . . . . . . . . . 97'51 

This is not to be taken in any sense as representing a 
constant composition . The proportion of subchloride 
varies between certain limits, not only according to th e 
method of preparation used, but independently of it. 
Another specimen of black chloride formed with hypo­
chlorite gave figures that indicated a content of less 
than half of one per cent. subchloride. 

Photochloride by Reduction of Normal Chloride. 

This is an excellent means of obtaining red chloride. 
The white chloride is  to be d issolved in ammonia and 
ferrous sulphate added, producing an intensely black 
precipitate. After standing a min ute, the mixture is to 
be treated with dilute sulphuric acid until it shows a 
strong acid reaction. 

The precipitate is to be first well washed by decanta­
tion, then boiled first with dilute nitric, t hen after wash­
ing with dilute hydrochloric acid, which must of course 
be thoroughly washed out. 

The pronuct obtained in this way is often of singular 
beauty. It might easily be taken for metallic copper. 
Sometimes it is as rich and bright in color as the cop­
per obtained by electric deposition. E very one knows 
the richn ess and brilliancy of that form of copper, and 
I have seen it fully equaled by this silver salt. 

The beauty of the color depends always on the 
thorough removal of any metallic sil ver that may be 
present, and sti ll more on getting rid of every trace of 
iron. The boiling with d ilute hydrochloric acid 
should be continued until, after thorough washing, a 
fresh treatlIlfm t extracts no more and the acid remains 
colorless i n  presence of alkaline sul phocyanide. 

Instead of an ammoniacal solut ion of si lver chloride, 
we may make a solution of an y other silver salt in am­
monia and red uce it in the manner j ust descri bed w i th 
ferro us sulphate. But in this case hyd rochloric acid 
must be used instead of sulph uric after the reduction. 
This single reaction includes an al most end less variety 
of methods. 'l'he acid with which the silver was origin­
ally com bined seems to be not w ithout influence on 
the result ; in some cases, for example, with arseniate 
and molybdate, the action of colored light on the red 
chloride seems to be somewhat modified. Sil ver phos­
phate, on account of the ease with which it suffers re­
duction,  is very well adapted for this treatment. 

Photochloride by Partial Reduction of Oxide by Heat, 
and Treatment with H OI. 

This method has the advantage of avoiding all ad­
mixture of foreign SUbstances, the last traces of which 
are very hard to get rid of, and seem to exert an effect 
on the color disproportionate to their q uantity. Ac­
cordingly, the photochloride obtained in this way is 
very beautiful, the shades are from pink to copper red, 
and a tint resembling burnt carmine. 

Heat may be applied to th e oxide in either of two 
ways-long- contin ued heat at 2120 F. , or n ear i t  ; or the 
change may be effected by roasting. 

When slow heat is to be applied , care must be taken 
that the oxide d oes not carbonate itself. which it easily 
does superficial ly. This is an objection because the 
carbonate, under these circumstances, yields white 
chloride, with which the other becomes mixed. 'rhe 
air of a drying oven heated by a gas burner is e8pecially 
bad in this respect. I have seen a surface of oxide 
form a coat of yellow carbonate in a few hours in thi� 
way. (Most oxide that has been kept some time will 
effervesce briskly with an acid.)  The method is uncer­
tain, sometimes giving strongly colored products and 
sometimes pale pink. 

The oxide may be roasted in a shallow flat-bottomed 
porcelain basin.  With a very m oderate heat it changes 
from brown to black. When this is thoroughly aCCOIll­
plished, and before gray reduction sets in, the oxide is 
to be treated with HCI. If this be done in the basin 
itself after cooli ng, an d without disturbin g  the posi­
tion of the oxide. a curious variety of tints will be 
noticeable, depending u pon slight differences in the 
heat affecting different portions.  

Silver carbonate may be roasted in the same way as 
si lver oxide, and yields a similar product. By heat its 
color changes from yellow to black. It is probable that 
the carbonic acid is driven off at a lower temperature 
than that at which oxide is reduced to silver, and that 
with it escapes part of the oxygen. The residue is 
converted by HOI into deep red chloride. 

Action of Various Metallic Oxides on Silver Oxide. 
If we preci pitate ferrous oxide with potash and add 

to this si l ver oxide, or what amounts to the salli e thing, 
if we add to ferrous sulphate potash in excess and pour 
over this silver n i trate solution, th e  si lver oxide sepa 
rated by the potash is partly reduced by the ferrons 
oxide, and when treated with HCl forms red chloride, 
the intensity of the color of which depends within 
certain limits on the amount of reduction of the silver 
oxide. 

Similarly, if we treat solution of manganous sulphate 
with excess of potash and then add silver solution, 
we get an analogous reaction, except that it is m uch 
weaker and heat is necessary. 

With chrolllous oxide the action is sti ll weaker, but 
evident. With cobal tous oxide it is scarcely percep­
tible without heat and long-continued action. 

Action of FerTic Chloride on Metallic Silver. 
It has been long kno wn that silver was blackened by 

ferric chloride, and this action has been proposed i n  
t h e  text books a s  a means o f  obtaining subchloride, for 
which it is  quite unsuited. 

Ferric chloride acts on silver m uch as sod i u m  hypo­
chlorite does, b u t  less rapidly. With hypochlorite the 
action is complete i n  a fe w hours, or o ften in  an hour or 
less ; with ferric chloride one or two days are required 
before the product ceases to yield silver to hot dilute 
nitric acid. In both cases the action appears to 
be ali ke in this : that no su bchloride is finally left 
uncom bined with normal chloride. 

The product is an intensely dark purple black, when 
the action takes place in the cold.  With heat con­
tinued for many hours, ferric ch loride can be made to 
attack the purple salt and grad ually con vert it into 
AgOI. With a strong solution in large excess kept at or 
near 2120 F. for sixty hours, the color was graduall y re­
duced to pink and finally to a dingy pin kish gray. 
Pure white cannot be obtained, as it can by aqua 
regia. 

In order to observe more exactly the course of th e ac­
tion, a strong solution of ferric chloride was allowed to 
act on reduced silver in fine powder for four minutes, 
and then a fresh portion (al ways in large excess) for the 
same time. Analysis showed that at this stage of the 
action the material contained : 

Ag (determined) . . . .  . .  . . . . . . . . . . . . . . . .  76 ·07 
01 (by difference) . . . . . . . . . . . . . . . . . . . . . . . . . 23 ·93 

100 '00 
If we suppose that all the silver was combined with 

chlorine, the constitution of the substance would be : 
AgOI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  92 '49 
Ag.Ol . . . . . . .  • • . . . • . . . . . . . . . . . . . . . . . . . . .  7 ·51 

100 '00 
But this was probably not th e case. There was almost 
certainly free sil ver present, and consequently a less 
proportion of subch loride. Another speci men, treated 
repeatedly with hot acid until  every trace of free silver 
was removed, was found to contain 1 ·52 per cent. of 
subchloride, color purple. Another similarly treated 
contl'.ined 7·3 per cent. subchloride. 

(To be continued.) 

PRAOTICAL PHOTOGRAPHY. 
THE amateur is sometimes perplexed to I,now how 

to arrange the room which he is to use for developing 
his negatives. We think we may be able to render his 
task easier by ind icating to him the essential parts, so 
to speak, of such an organization . 

In the first place, it is necessary that the room that 
is to serve as a laboratory shall be perfectly gnarded 
against the intrusion of the least white l ight. In fact, 
it is well known that light acts u pon the preparations 
used in photography, and that in order to manipUlate 
these substances it is indispensabl e to make use of 
colored glass, t,his having precisely the effect of elimi­
nating all the active rays. All fissures and cracks, all 
apertures whatever, even the smallest, should be closed 
with the greatest care. Double thick paper or black 
cement will be very useful to us for this purpose. 

In ord er to ju dge well of the manner in which the 
work h as been done, it is necessary for one to shut 
him self up in the laboratory for some minutes. This 
rests the retina, and if there is the least l ight, it will be 
perceived that everyth in� has not been seen at first. 

The amateur will next have to occu py hi lllself with 
the questions of light, water, and i nternal arrange­
ment. Let us examine these various points : 

1. Light. -The light m ay be either natural or arti­
ficial-natural if  dayligh t be used, artificial if we use 
some luminous source. I n  either case, the Jight must 
pass through colored glass. Red glass is generally 
adopted, since the rays that it lets pass have scarcely 
any action upon the sen sitized su rfaces. Yet it m ust 
not be thought that all red glass is equally good ; such 
is not the case, for there is a yellowish red glass which 
is inferior to other shades. Nevertheless, it is  but j ust 
to acknowledge that the quality of red glass has much 
improved within a few years, several manufacturers 
having decided to makp. it especially for photographic 
purposes. Nothing is simpler. from an experimental 
point of view, than to ascertai n  the quality of the glass. 
The amateur should never fai l  to make the test after 
his laboratory has once been organi zed. It suffices to 
put the glass in a negative frallle, and then to place 
the latter, half open, at the spot where it is to be used 
-ei ther in fron t of the aperture that ad mits the l ight 
or in  front of the lantern. In four or five minutes (a 
period corresponding to an ord inary development) h e  
ought n ot, i n  developin g, t o  find a n y  appreciahle dif­
ference between the part of the glass that has been 
illuminated and that which has not been. Were it 
otherwise, there would be a film on his negative, and 
i n  such a case he would have to change the glass or to 
superpose another one. In most cases the latter 
method would suffice. 

The intensity of th e luminous source, too, can be 
diminished either by a more or less transparen t  screen, 
or by regulatin g  the flame in the case of an artificial 
light. Upon the whole, it is not as to the q uantity of 
light that it is necessary to be particular, but as to its 
quality. 

If it be asked us what sort of illumination is prefer­
able, we answer that it is better to make use of an 
artificial 011e, for the reason that it is always the same 
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-a very i mportant matter in ascertaining the intensity 
of a negative.  It often happens, too, that it i s  neces­
sary to do the developing at. night, when solar light is 
absellt. 

It has been proposed to replace the red glass, which,  
it is said, fatigues the eyes i n  the long run, by a COIll­
bi nation of red ami green glass. Such a combination 
may prove advantageous with an artificial l i ght that 

FIG. 1. -DEVELOPING TABLE. 

contains  less chemical rays than the l ight  of day. 
With the latter, this  arrangement does not give good 
resul ts. 

2. Of the WateJ'. -Water is indispe nsable i n  the la­
boratory. It sho u l d ,  of course, be of good quality. 
Stagn ant or p u t rid water, or water contami nated with 
the refnse of factories , as well as sea and mineral water, 
shou ld be rejected . 

'Veil, rai n ,  spring, awl river water are all equally 

FIG. 2.-DETAILS OF THE LANTERN. 

good. Yet, i f  the d e velopi n g  be done with in , water 
that is  too calcareous should be avoided . 

'1'he water sho uld be drawn from a cock provided 
w i t h  a rose. Under such circuIllstances, the washing 
w i l l  be effect.ed with t h e  greatest facility. Under the 
oock there sh ould be placed a sink for the reception of 
the bat h s  and washing wa ter. 

3. Of the Internal Arrangement.-In substance, it is 
necessary to have a table, a closet, and a few drawers 

FIG. 3.-VESSEL FOR DECANTING TONING 
BATH. 

and shel ves for h ol d i ng t h e  vessels u�ed . T h e  arrange­
I l l e n t  w i l l  be eOl ll plete if the amateur has a balan ce for 
keeping the vessel in lIlotion d u r i n g  d evel oPlll ent.  It 
i s .  in fact, reeogn ized th at. sueh a mode of proeed ure 
i s  very ad vantageou s.  

'vVe have had a pi ece of l aboratory furnit ure made 
w h i c'il \\' e t h i n k  i s  < l e�ti n ed t.o perlll i t  the all1ateur to 
est ahli s h h i l tlself i n  any dark room whatever. 'Vith a 
s u ppl y  of water anel a s i n k, he w i l l  find h i mself at once 
eq u l p pe<L This  piece of fnrn itu l'e. wh i ch any work­
mau can constru ct, consists (Fig. 1) of II. table mounted 

u pon two supports containing drawers and receptacles 
for the vessels. The drawers are for the reception of 
the plates and varion s other objects that must be pro· 
tected from dust and light. 

Upon the table are placed the various reagents neces· 
sary. In the center there is  a lantern with red glass, 
and in front there is a tilting box designed to receive 
the disk d uring d evelopmen t . A strong counterpoise 
fixed to the box perm its of mak i n g  the latter rock, 
through the aid of the finger, with the greatest ease. 

The lantern (Fig. 2) is provided wit h two red glasses, 
one of them vertical and the other at an angle of 45° .  
'1'he  first permits of direct illumination and the second 
of illumination beneath. To this effect, a mirror, B, 

FIG. 4.-TROUGH FOR WASHING PRINTS. 

at 45°, situated beneath the tilting box, receives th e  
rays from the  lantern and projects them upon the 
plate that is in the course of development. 

The box is of metal and has a thick glass bottom, 
and the disk also is of glass. In this way it is possible 
to j udge as to how the negative is com ing out, and of 
its i ntensity, with the greatest ease, without removing 
the plate. The mirror is mounted upon an axis that 
permits it to pivot. In this way the lighting can be 
effeeted at the moment desired. 

'l'h i R  system of examining the negative without being 
obliged to take it from the developer appears to us to 
be ver'y advantageous, seeing especially that an exam­
ination by transmitted light is the on ly one in which 
confidence can be placed. Direct examination often 
becomes impossible when a negative has had a full ex­
posure and exhibits no great contrasts ; and an exam­
i n ation of the back of a negative, in order to see 
whether . or not the image has traversed it, does not 
seem at all to ns a sure criterion, since the thickness of 
the gelatine varies greatly, according to the manu· 
facture, and thus great errors may be made. 

Taking Proofs. -In m ost toning formulas it is  neces­
sary to decant the gold bath. This is a very delicate 
operation for persons who are unfamiliar with chemi­
cal manipUlations. The following is an arrangement 
that renders the operation extremely si mple. We take 
a vessel provided with a tubulure at about two centi­
meters froIlJ. the bottom, so that the deposit may settle 
beneath it. Into the tubulure is inserted a rubber 
stopper eontaining an aperture in which is fixed a bent 
glass tube that runs to the top of the vessel. 'I'he gold 
bath is prepared in this vessel. After the deposit has 
collected, there is nothing to be done but to turn the 
tube downward in order to d raw off the upper part of 
the liq uid in an absolutely limpid  state. 

Washing the P1·oo.fs.-We shall now describe a style of 
trough which is easily marie, and which permits of wash­
ing a large number of prints at once. It is of wood cov­
ered with lead (I never use zinc), and is divided into two 
parts by a wire netting that prevents the prints from 
sinking to the bottom. The water enters from a cock 
above, and a waste pipe regulates the level. A purge 

FiG. 5. -PRINT DRIER. 

cock beneath permits of the trough being quickly 
emptied. 

The prints are plaeed in the upper part, the trough 
bei n g  full of water. The cock being open, the proofs 
are kept in constant motion, and as the h yposulphite 
of soda i s  denser it  Rettles at the bottom . The trough 
is occasionally em ptied to the level of the netting, for 
the sole purpose of preventing t.he prints from ad­
hering to each other. Then the supply cock is again 
opened. In thi's way the washing is effected very per­
fectly. 

])rying the Prints.-It is easy to dry t.h e pl'iuts by 

!limply suspending them from taut cords by means of 
wooden clips (Fig. 5). If we have to d o  wit.h silver 
prints that have a tendency to curl, the trouble may 
be remedied by putting the proofs back to back. 
U nder such circumstances, they will remain sufficiently 
flat. The drying should be done in a well-aired place. 
-.A.. Londe, in La Nature. 

TH E VELOCITY OF PROPAGATION OF 
FLAME. * 

By LEWIS T. WRIGHT, Assoc. M. Inst. C. E. 

I WANT to cal l your atten tion particularly to the fact 
that sometimes flame travels rapidly and someti mes 
slowly. This subject is one of some importarJCe, and is  
what we call " the velocity of propagation of flame. " 
We can prepare, with coal gas, m ixtures having flames 
that travel at from 6 feet to 1 foot per second. And I 
wish you to d istinguish between the quiet., un i form, 
and slow propagation of flame that takes pl ace in the 
first half of this 13 foot glass tube, which is measurable 
to the eye, and the extremely rapid and detonating ex­
plosion sometimes occurring in the second half of the 
tube. The first I wi ll call an explosion of the " first 
order," the second-infinitely more rapid-I will call an 
explosion of the .. second order. " Let us snppose I 
have an explosion of the first order taking place in this 
tube, that does not exceed the velocity of 4%, feet per 
second. I can arrest i t-put it out-by i nserting a 
small piece of metal gauze in the tube. We learn , 
then, that when the flame is traveling at a speed of less 
than 47( feet per second , t.he gauze will  arrest its paH­
sage. I will now endeavor to pl'€pare a more exp losive 
mixture, having a velocity of propagation of flam e  of 
more than 4}4 feet per second, and you wi ll, perhaps, 
find the flame penetrating the gauze IlS though it were 
not there. We have learned a very importa nt fact. 

I want to show you, if I can , in a more IlJarked man­
ner how an explosion of the first order becomes con ­
nected with one o f  the second and m ore terrible kind. 
Here we have a mixture, the flame of whieh lodges in 
the tube, and is not, as at first, a very t.hin 8U1'face of 
flame, but occnpies, perhaps, one·half ineh of the 
length of the tube. This flame is  in a v i olen t state of 
osciOation. When its tremor is sufficien tly violent, ex­
plosion of the second order will be initiated. '1'here 
are two points here to observe-that a defi n ite explo­
sive mixture may have a veloci t.y of  propagation of 
flame when it is undergoing explosion of the first order 
(that is, as low as 1% feet per second), but when it  be­
comes suffieiently agitated to gi ye an explosion of the 
second order, the rate of propagation of flame is sev­
eral thousand feet per second. 

The following table sets forth the particulars of the 
experiments made in a glass tube 13 feet long and 0 '75 
inch in diameter : 
------ -------- _ .. _ . .. 

Mixture. 
Lineal Velocity ---,----[ of Etllux of 

GaB. Air. Mixture. 

Rate at which Total Veloci ty 
EFi���sb�de�f of Propagation 

Travels in Tube. of Flame. 

--- [---- [----- ----- ----_. -
Per Cent. 

10 ' 3  
12 ' 2  
15 ' 0  
17 ' 7  
19 ' 6  
21 ' 2  
22 ' 1  
23 ' 0  

Per Cent. 
89 ' 7  
87 ' 8  
85 ' 0  
82 ' 3  
80 ' 4  
78 ' 8  
77 ' 9  
77 0 

Ft. per Second. 
1 ' 21 
1 ' 24 
1 ' 28 
1 ' 32 
1 ' 35 
1 ' 38 
1 ' 39 
1 ' 41 

Ft. per Second.  Ft. per Second. 
1 ' 1 2 31 
2 ' 0  3 ' 24 
3 0 4 ' 28 
4 ' 8  6 ' 12 
3 ' 0  4 35 
2 ' 4  3 ' 78 
1 ' 3  2 ' 69 

Stationary. 

In thinking of explosive mixture, you must bear in 
mind the difference due to the mixture and that due to 
the class of explosion. Some years ago I was connected 
with a large gas works, and there we had a great num­
ber of safety lamps, as there were inn umerable places 
where it would have been fatal to {'nter with a naked 
l ight. The lamps were in the charge of a most. com­
petent man, and were carefully examined and tested 
before being sent out for nse on the works. Wel l ,  one 
morning before daybreak a large purifier exploded 
just as the men were going to work on it. One man, 
who was carrying a safety lamp, was knocked down, 
and others were burned. The lamp in its fall had its 
gauze injured. The explosion was looked upon as most 
mysterious, and some th ought that the hole in the 
gauze had not been caused by the fall of the lam p  on a 
sharp piece of iron, but had been there when it left 
the lamp room. It was an unpleasant occurrence that 
never became satisfactorily cleared up. Among ex­
perienced men there had al ways been a feeling of dis­
trnst regarding these lamps in circumstances where 
there was knowu to be much gas about, and an old 
hand might be known by his habit of leaving his lamp 
outside if called u pon to enter any building in the dark 
where gas was escaping. Some time after a similar ex­
plosion occurred by a young man placing a safety 
lamp near a current of gas, which ignited , burn i n g  
him severel y. The lamp was rigorously exam i ned , but 
no defect could be found i n  it, and it stood the test 
well . I may say that the test was really in efficient. 

I determined to thrash the matter out, and, trying 
the lamps by various methods, at last found out a 
means of blowing them al l u p. Not one could resist 
the new test, which was simply this : By creatin g  a.n 
explosion inside the lamp, by a sudden application of  
the explosive mixture to it, the flame was passed 
through the gauze, igniting the m ixture outside. This 
was a serious revelation, and exposed the deficiencies 
of the old test for soundness, which was, that the Ia.mp 
should be put out by being smothered with gas. I am 
about to show this experiment in an exaggerated man­
ner. Here we have a hollow tin vessel covered on the 
top with gauze. I am going to create an explosion in­
l5ide it ; and I hope you will be able to see the flame as 
it passes through the gauze. That the flam e  is pro­
jected some distance I will prove by ca.using it to l ight 
an un ignited stream of gas at a distance of four fAet. 
I found out that the Davy lamp gauze would not 
always resist the passage of the flame result i n g from a 
small explosion in the lamp. Of course nowaclays we 
know IlIuch more of the Davy lamp than we did, and 
the ordinary forms are not considered safe in what we 
might call moderate currents . In a current of gas 

* From the Jwr. of Society Of Chem. InUttBtl-Y. Abstract from a recent 
lectllte. 
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about four or five feet per second, the flame is blown 
through the gauze. This is well known, I believe, now ; 
but I do not think the circumstance of an explosion 
inside the lamp blowing the flame through is so well 
known. It is evident, then, that when the rapidity 
with which the flame is mvoing exceeds a certain rate, 
it is blown through the gauze. 

When I discovered tim t an explosion inside the safety 
lamp was sufficient, with coal gas at least, to pass 
through the gauze, I felt I had made an unpleasant 
discovery, and thought that perhaps there was some­
thing wrong with the material. I tried all sorts of 
makes, of various meshes. There was nothing to 
choose between them. It was of no use having finer 
mesh, for this reason : As you reduced the size of the 
apertures, you red uced the thickness of the wire and 
i ts weight, so it was as broad as it was long. Still 
flame will not touch a cold metal surface. If I hold 
t.his flame against this metal plate, there is  a space be­
tween that is  not flame. You will see that as flame (to 
be flame) m ust be hot, it cannot touch this cold metal, 
because the metal will cool it below the temperature 
at which this gas can give the phenomena of flame. 
Often, in these tubes, I find if I let the flame go slowly 
up to the gauze, it is extinguished before it quite 
touches it. When the flam e is traveling in the d irec­
tion of the gauze, the question whether it will pass or 
be extinguished is simply a question of the rate at 
which the flame is traveling and the rate at which 
the gauze is cooling-a battle betwtoen the velocity of 
propagation of flame and the rate of cooling that the 
gauze can exert, which will be decided in favor of the 
most powerful. 

Davy lamp gauze is made by interlacing about 
28 wires of 15· 1000 of an inch diametp.r, forming the 
warp over and under 28 wires of woof of the same 
diameter, and the result is a number of square aper­
tur� slightly larger than the thickness of the wire, 
being about 21-1000 of an inch across. Two adja­
cent wirp.s of warp are separated from each other by a 
l i ttle more than the thickness of the wire forllling the 
woof, and vice versa, because the wires of the woof 
bend under and over the w ires of the warp, j ust as 
the wires forming the warp bend under and over the 
wi res of the woof. So you see i f, with this system of 
weaving. we wish to obtain smaller apertures, we must 
employ thinner aud lighter wires, having less cooling 
power. However, let us suppose that the wires of the 
woof are very strong, and will not bend at all ; the 
wires of the warp only bend under and over the 
straight woof wires. Then you see that the warp 
wires can touch each other, and you get rid of the 
square apertures. We can also get, by employing 
very stiff wires one way and very thick, soft wires the 
other, a heavy gauze, with no direct openings, but 
small tortuous ones. We can do what we could not 
do with the other mode of weaving, viz . ,  procure extra 
weight of IIJetal, at the same time reducing the aper­
tures. This method of weaving is called basket work, 
because baskets. are made like this. By taking off 
the old Davy lamp gauze from our lamps and replac­
ing it with the heavier basket work, I secured lamps 
that would stand any test I could apply, and I had 
gas from a com pressing engine, at a pressure of twenty 
pounds and upward per square inch, blown on them, 
and they did not fire. My object of procuring a safe 
lamp was satisfied, and I may say that attempts to 
make the lamp safe by using t.wo or three instead of 
one layer of the ordinary Davy lamp gauze were not 
successful. 

EXPERI MENTS ON T H E  " MECHANICAL 
EQUIVALEN'l' OF H EAT " ON A LARGE SCALE. 

By E. A. COWPER and W. ANDERSON. * 

THE extremely i nteresting experiments of Dr. Joule  
on the mechanical equivalent of h eat led one of  the 
authors of the present paper some years ago to specu­
late on the possibil ity of cond ucting such experiments 
0 11 a much larger scale. It appeared that it would be 

• Section G. British Association. The Engineer. 

possible to employ a powerful machine that would ab­
sorb a large amount of power, and to keep it continual­
ly going for a whole day at a time, so as tv get every­
thing into a thoroughly normal state, and so arrange 
matters as to eliminate all loss or gain from radiation 
or conduction. The first idea was to employ an India 
rubber masticating machine, which would absorb a 
very large amount of power i n  a small space, and to in­
close it in a s mall tank, and that again in a larger 
tank, and then run cold water into the machine, and 
let the hot water from it run into the small tank so as 
to entirely surround the machine with hot water of the 
same temperature as the water coming out, and then 
let the water from the first small tank flow into the 
larger tank and from that to waste, the outside tank 
being l.ept u p  to the saIlle temperatUl'e as the inside 
tank and the machine, so that the machine should 
neither lose heat nor absorb it. However, after much 
consideration it  was thought best to employ one of the 
late Mr. Froude's dynamometers, such as he used for 
trying the power of marine engines, though on a smaller 
scale. Accordingly, through the kindness of Messrs. 
Heenan and Froude, the loan of such a dynamometer 
was obtained, and it was fitted up at Erith as abovp. in­
dicated, viz. , with a small tank inside a larger one, 

of radiation and conduction were neutralized as far as 
possi ble. The Froude dynamometer, colored red in the 
diagrams, is Rhown in elevation and end view, and the 
lever connected with it i s  also colored red, with its rod 
and scale for the reception of the weights to be lifted. 
In the engraving, B is a tank surrounding the dynamo­
meter. C is an outer tank, surrounding the inner 
tank. This is well clothed outside with three thick­
nesses of hair felt. D is ,a small steam pipe to keep 
the outer tank up to the temperature of the inner tank 
and dynamometer. The water to be heated is passed 
i nto the dynamometer through an India rubber inlet 
pipe, which is i tself jacketed with water of the same 
temperature as the in flowing water. The pipe, 0, is 
the outlet pipe, where the hot water flows out from 
the dynamometer. The power for driving the dyna­
lllometer is commuui()ated through the shaft, S, and a 
piece of wood is introduced between the flanges of the 
coupling in order to prevent the communication of 
heat either way, though the temperature of this shaft 
is kept up by the water in the outer tank. Thermo· 
meters were placed throughout the apparatus to en­
able it to be kept at an even temperature. 

It will at once be seen how completely loss or gain 
of heat was prevented, as the tem perature of the inner 
tank was the same as the outflowing hot water from 
the outlet pipe, 0, and the hot water from it flowed 
i nto the outer tank,  which had a very small quantity 
of steam, to keep it to the temperature of the hot water 
from the outlet pipe, 0. Thus the outer tank was, so 
to speak, " down stream," and even if its temperat.ure 
varied a little, it is impossible to conceive that it could 
practically affect the temperature of the hot water 
coming out of the dynamometer, especially as the 
quantity passing continually was very great, and had 
thns full command over the temperature of the inner 
tank. This it was that enabled the apparatus to b,e 
kept in a normal state for many hours together, and 
from which results might be obtained for any given 
length of time. The only thing that interfered at all 
with the perfect regularity of the experiment, as 
checked every five minutes, was a very Rlight varia­
tion in the speed of the engine, and an increase of 
speed of one revolution p er minute on 180 revolutions 
per minute could at once be detected, and was fol lowed 
after a few minutes by a perceptible rise or fall in  the 
temperature of the outflowing water, as the quantity 
passing was always almost exactly the same. The d ia­

which last was made of thick wood, and well lagged grams of the speed of dynamometer, weight lifted, and 
outside with three thicknesses of hair felt, and this of the temperature and weight of water heated, Fig. 4, 
provision was fouud in p ractice to be so efficient that show what these very slight fluctuations were, and 
the tank of water only lost 2 deg. in 16� hours when when they were contrasted with the large volume of 
standing, or about 1 deg. in 8U hours. water heated, viz. , about a gallon per m inute 20 deg. , 

T wo very large thermometers, about a yard long, were it will be seen how slight they were ; and further, as no 
specially made, having 25 in.  to 5 0  deg. , or � in. to 1 loss of power on the one hand, or loss of heat on the 
deg. , and these were used throughout for taking the other, was sustained, it was of minor importance, if, in­
temperature of the cold inflowing water and the hot deed, of any importance, that the fluctuat.ion should 
outflowing water, whil e  other thermometers were used be sometimes slightly above and sometimes slightly be­
throughout the outside tank to enable it to be kept to low the given point, as the total power was accurately 
the same temperature as the outflowing water. The registered, as well as the total heat produced. The re­
temperature of the outflowing water was, of course, suIt showed a " mechanical equivalent of heat " = 769 
taken immediately as i t  flowed out from the Froude's ft. , that is to say, that l Ib. of water raised 1 deg. Fah. 
dynamometer, not at the waste. The waste water was was equal to 1 lb. lifted 769 ft. , and it will be rem em­
carefully taken at short given intervals and weighed, bered that Professor Joule made it 772 ft. It is not to 
not measured. Several careful observers took observa- be wondered at that the " equivalent " obtained was 
tions continually, one took the revolutions of the en- slightly lower than that obtained by Professor Joule 
gine per minute, and the total revolutions by a counter in his last experiments, as all losses of heat were pre­
that was always going, and registered every revolution vented, and no losses had to be calculated, nor did the 
throughout the day. Another observer took the specific heat of the apparatus enter into the calcula­
weight lifted by the d ynamometer, another the telll- tion, as the apparatus was practicall y  kept in a norlllal 
perature of the inflowing water, another that of the state throughout the experiment, and, in fact, for days 
outflowing water, and another the general temperature together. 
of the tank, while one in command watched the whole, The authors are aware that the experiments de-
and saw that every one kept his regiRter closely. scribed are by no means complete, and objections may 

Before entering on the calculations and results ob· on that account be justly taken to them, but they are 
tained, it. will  probably be more interesting if the ap- anxious to bring the work, 80 far as it has gone, before 
paratus is first described, and it is to be understood the British Associat.ion, in order to benefit by the sug­
that the object aimed at was to employ continuously a g-estions and criticisms which discussion would not fail 
large amount of power, viz. , about five horse power, to produce. They intend to renew the experiments at 
and heat a very considerable quantity of water per no distant date, and feel sanguine that absolutely 
minute, viz. , about a gallon per minut�, to a consider- ! trustworthy results will eventually be arrived at. A 
able extent, viz. , about 20 deg. Fah.,  while all effects small improvement will be made in the machine before 

APPARATUS li'OR DETERMINING THE MECHANICAL EQUIVALENT OF HEAT. 
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prosecuting further experiments, viz. , certain precau· 
tions to prevent the possi bility of any heat being 
taken up from the surround ing water by any part of 
the  dynamometer that may be s lightl y  below its general 
temperature close to the point where the cold water 
en ters. 

THE MIX AND GENEST MICROPHONE. 

IN some of the German government telephone stations 
which have been establ ished in connection with the 
telegraph service, a new microphone is now coming in· 
to use. 'rhis is  represented in  the annexed illustration, 
which we reproduce from our contemporary, the Elek­
trotechnische Rnndschau. The leading ideas in the 
construction of this microphone were, first, to avoid ac· 
cidental derangement in the adj ustment of the parts, 
and, secondly, to produce an instrument which is free 
frolll jarring noises . 

In the Ader m icrophone the carbon cylinders are 
loosely supported, and under vibration disturbing 
noises are easily pro d uced. In the microphone designed 
by Messrs. Mix and Genest the diaphragm is vertical, 
and the carbon cylinders are prevented from revolving 
by a kind of brake. The construction will be clearly 

FRONT ELEVATION. 

figure, both in its complete form and with the details 
of the mechanism, and it consists in slightly displacing 
periodically  the point of suspension of the pendulum 
horizontally and in the plane of the oscillations. 

For this purpose the pendulum rod is suspended by 
means of a very thin and flexible blade of steel. dove· 
tailing into the movable armature of a kind of polarized 
relay, forming part of the framework of the pendulum 
itself. Under the influence of an electric current 
periodically reversed, the armature of the relay oscil· 
lates between two stops, the distance between which 
can be reduced at will, and draws the point of sus· 
pension first in one direction and then in the other, thus 
keeping constant the amplitude of the oscillations. 

This method is really merely an imitation of what we 
are led to do when, holding in the hand a cord at the 
extremity of which is suspended a heavy body, we en· 
deavor either to generate or to keep up the oscillations 
of this improvised pendulum. It  was some time ago 
applied by M. Guilmet to a timepiece invented by 
him, in which the di&placement of the point of suspen· 
sion is effected mechanically  by the spring action of 
the clockwork. 

The displacement of the point of suspension takes 
place perpendicularly by the action of the weight j its 

VERTICAL SECTION. 

THE MIX AND GENEST MICROPHONE. 

seen from our illustration. Between a cast iron ring, flxtent does not depend on the intensity of the current 
R, and the mouthpiect', T, is inserted a diaphragm, M, working the relay. 
consisting of pine wood, and held by the clamps, a a ' .  The periodical reversing of the current is effected by 
Upon this diaphragm are fastened two carbon holders, a commutator placed on the wood that serves as a 
b b, which serve as journals for the th ree carbon cylin· framework to the pendulum, and actuated by the pen· 
ders, k. Across the face of the diaphragm is placed a dulum itself. It is due to the reciprocal action exer­
spring,!, provided with a gun metal piece, m, to which cised from a distance between a small magnet fixed to 
is attached a layer of SOllle soft material, preferably the pendululIl rod, and drawn along by its movement, 
felt, such as is used for coating the ham mers of a piano· and a piece of iron belonging to the commutator. The 
forte. This layer of felt acts as a brake, and the pres· latter is in the form of the arc of a circle, the center of 
sure can be increased by tightening the screws, s s'. which coincides with the axis of suspension of the pen­
'rhe resistance of this transmitter is about 4 ' 5  ohms. dululll. Thus the magnet or the pendulum rod moves 
The primary coil contains 250 turns of 20 mils wire I opposite to it, without any variation in the small dis· 
having a rt'sistance of 1 ohm, wh ile the secondary coil tance separating them. 'rhe arc of iron is Ihounted in 
contains 2, 900 turns of 5 mils wire having a resistance the middle on an axle placed i n  the symmetrical plane 
of 200 ohms . We may state on the authority of Herr of the apparatus, and while the point of application of 
Graw inkel ,  one of the officers i n the administration of the attraction that it undergoes from the magnet passes 
the German telegraphs, that speech by means of th is alternately from one part to another of the articula­
microphone is transmitted very clearly and sharpl y to tion, we get a series of swingillg movements synchro­
It distance of 120 miles over an ordinary i ron telegraph nous with those of the pendulum.  These movements, 
wire, and to a distance of 15 miles through an under· limited by stops, are so reduced as to be imperceptible, 
ground cable. but they are sufficient by changes of contact to bring 

about the reversal of the current. 
I lHPROVED ELECTRIC PENDULUM. As to the reaction that the pendulum undergoes, it is 

evident that, being to all  intents normal at the iron arc 
THE keeping up of a pendulum consists in restoring of the commutator, it passes t.hrough the suspension, to i t, in proportion as it loses, the energy absorbed by which is a fixed point, and that its influence is thus friction with the air and resistances of suspension, so almost eliminated. 

Thus we see that the pendulum maintains i tself in 
motion, being completel y cut off from all material con· 
nection with other bod ies. There only exists a mag· 
netic connection bet ween itself and the comm utator. 
This connection no dou bt absorbs a certain amount of 
energy, but the loss in this respect is really inappreci· 
able in comparison with the resistance of the air and 
those of the suspension. In systems where the commu­
tation is  effected by mechanical means,  the reverse 
takes place, and the working of these organs is the 
main cause of stoppages, for really the pendulums in 
such systems require at each osci l lation a much greater 
re·enforcement of energy than this  one. Now, if this 
restoratiou has a disturbing influence of the law of 
movement of the pendulum, is not the reduction of it 
an advantage ? 

To give an idea of the resul t  at which the inventor 
has arrived, it is  sufficient to remark that thi'l pendu· 
lum is kept at work by means of a displacement of the 
point of suspension amounting to 0 '02 millimeter at 
each oscillation . 

Without entering into an examination of the pOBsi· 
ble applications of this apparatus, we may remark that 
for the distri bution of the time in towns it fulfills a 
condition generally required, the emission of a current 
p9riodically reversed. 

THE JAPANESE MAGIC MIRROR. 

By Dr. R. F.  HUTCHINSON. 

I HAVE, at last, realized the longings of my boyhood, 
and am in possession of a Japanese magic mirror. I have 
a hazy recollection of an attempt-I think, by Sir D. 
Brewster-to solve the mystery to the lflarned, but its  
effec1. on me was to sink me deeper in the mire of mysti· 
fication. Even now, after repeated and careful experi­
m ents, I an in statu, and can offer no explanation of 

as to keep const.ant t.he amplitude of its oscillations ; the optical mystery, nor can many to whom I have ex· 
the electrical worki ng of it means d rawing from some hibited i t. . If you, or any of your readers, can enlight· 
electrical source the energy reqnired. en me, I shall be deeply obliged. 

In order to transmit to a pendul um each supply of I send you a rub of the back of the mirror, which 
restored energy, it is necflssary to adopt a system entail- will  help you to understand the magic. The body is  
i n g  the least possible disturbing influence on the law bronze, the face is said to be steel. It may be silvered, 
of its movement, and one in wh ich the action is inde· and, as far as I can make ont, is quite plane. Your 
pendent of the i ntensity of the electrical current em· face is reflected , as in any other mirror, though per· 
ployed. haps not 80 clearly as in our own looking glasses. 

The method elll ployed by M. Ca.rpentier, and de- I On the reverse a goose or swan is stamped out ill

. 

re­
scribed in La Nat'/we, is shown in the accompanying lief, enveloped in i ts own plumage, and standing out 

about about 0 '05 inch above the checker work of the 
ground. Now for the mystery. Reflect the sun with au 
ordinary plane m irror, and you obtain a replica of the 
face of the mirror on the wall, slightly smaller than the 
original. Reflect the magic mirror, and you see, not 
the replica of the face, but the image of the goose, sur­
rounded by a glory of triangular rays. And , what is 
very strange, you do Hot see the image you have on 
the reverse, but another one altogether. Thus, you 
see a dot on the beak, which is non·existent in the im· 
age at the back, and you do not see the drop of ink 
which you may place on the neck : further, you do 
not see the surrounding checker work, on the wall. 
Now, how is this ? I cannot explain. 

Another very remarkable phenomenon is witnessed 
on handling the mirror in sunlight. You are distinctly 
aware of two surfaces, and, if you move the mirror, the 
particles ( ?) of the two surfaces pass each other in op· 
posite directions, like microscopic iridescent aerol i tes ; 
one shown passing say from north to south, and the 
other in the opposite direction. This is very strange to 
see. Further, if you look for a second at the surface in 
the sun, you cannot see the bird, but your companion 
sees it on your face. The natives to whom I have 
shown it are amazed, and regard it as witchcraft (jadu· 
gari). 

Another Japanese curio which I greatly value is a 
magnificent crystal ball, about three inches in diame-

THE JAPANESE MAGIC MIRROR. 

ter ; and this, too, is great medicine to the natives, ex­
hibiting, as it does, a lovely miniature panorama of the 
surroundings ; but what amazes them i s  that, though 
cold as ice, they cannot hold it in thei r hands in the 
sun, inasmuch as it  burns like fury, and I often have to 
save it  from being dropped by them like a hot potato. 
·-Knowledge. 

A NEW HELIOGRAPH. 

By THOMAS H. BLAKESLEY, Esq. , M . A. , C . E . , Royal 
Naval College, Greenwich. 

SOME time ago I had occasion to turn my attention 
to the construction of an instrument which should be 
portable and at the same t ime capable of throwing a 
flash to any given visible point, and one so far distant 
(five, ten, or more miles) that there was no means of 
following the path of the ray by the eye itself. The 
arrangement carried out in the instrument exhibited 
to a certain extent fulfills that requirement. The ob· 
jects of the heliograph were two-first, to send a ray 
in the direction desired ; and secondly, to have sOllie 
test by which the sender was sure that the ray reached 
the desired spot. 

The fulfi llment of these conditions in the instrument 
exhibited depended upon the fact that, if two mirrors 
are placed at right angles, and receive portions of the 
same beam of light in such a way that the direction of 
the beam is at right angles to the line of intersection 
of the m irrors, the two portions of the beam would be 
reflected in directly opposite d irections. If  such a sys· 
tem of mirrors is placed at the end of a tele&copfl or 
tu be directed to any spot, and be turned about the axis 
of the tube and about the l ine  of intersection of the 
mirrors, until  an eye looking through the tube receives 
an image of the sun from one m irror, this fact will serve 
as a test that the portion of the beam from the other 
mirror is reflected in the direction of the tube. In the 
instrument shown, the m irror nearer the telescope was 
merely a piece of unsilvered glass. The two mirrors 
are kept up to perpendicularity to each other by a 
spring. The near mirror may be clam ped, and signal· 
ing carried on by forcing the further mirror out of its 
position. This plan would give signals as breaks in a 

permanent flash. A small modification would enable 
the instrument to give bright signals. 

The heliograph could be attal'hed to any opera glass 
or telescope. The weight with opera glass is only 11%; 
ounces complete. The instrument has been shown to 
Captain Drake, of the Royal Marine Artillery, and to 
Captain Kish,  who had had considerable experience at 
S uakin in heliography, and both those officers had 
suggested slight improvements, which could easily be 
carried out. As regards the power of the instrument, 
the area of the glass was four square inches. I tried a 
similar i nstrument last SUIllmer in Switzerland with a 
glass of an area of less than a sq uare inch, and found 
that I could throw a flash for four miles with consider­
able accuracy. I hope to test it further during the 
ensuin6{ 5ummer. -Jottr, U. S. Institute. 
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'rHE BA-YANZI. 

THE readers of Mr. H .  M. Stanley's and Mr. H. J ohn­
Ilton 's books on the Congo region and its native inhab­
itants will remember the descriptions of Isanghi la, one 
of the most promising stations of commercial coloniza­
tion, Ri tuated about thirty miles above Vivi ,  and at a 
point where the navigation of the river upward begins 
to clear itsel f  from the obstacles interposed by the cata­
racts that im pede its course for a considerable distance 
below. Isan ghila is also a place of some importance 
with regard to intercourse with the population of the 
upper region as far as the equator, for here the tribes 
along the river belong to the Ba-yanzi race, whose lan­
guage and habits d iffer in many respects from those of 
the Lower Congo. 

Their heathen and savage condition is sufficientlv 
deplorab le ; and some of the sketches vf the Ba-yanzi 
show the grim and ugly aspect of native barbarism, 
while in oth ers it appears mere ly grotesque. Patriarchal 
chieftainship, among those nations, implies polygam y  
and slavery carried t o  s u c h  a pitch of devotion that 
the wives or women of the ch ief's household , when their 
master dies, m ust expect to be buried alive, with the 
idea th at they are to serve him in the after l ife, while 
a nu m ber of slaves, the favorite and most faithful, 
must be slaughtered, that their  skulls may ornament 
the memorial erected to his name, which is, as we see, a 
conical mound of clay, painted with fantatltic figures 
in colors of ocher. Here is matter for reflection on that 
most prevailing vice of egotism, which even superior 
civilization does not whol ly eradicate, but which flour­
ishes in savage l ife to the sublimest perfection ; because 
the great man d ies, his i nferior dependents are to be 
put to a horrible death, and i n  Ba-yanzi social moral­
ity this is but right and propel'. The monument. is 
made more statelY by suspending over it a E uropean 
umbrel la, purchased f rom sOllle tradel' at a great price. 
Mr. Glave contributes the picture of a Ba-yanzi execu­
tion, witnessed by h imself. It is not the j udicial pun­
ishment of a crimin al .  Vve will give the explanation 
and description in his own words : 

" 'rhe revolting custom of human sacrifice is carried 
on to a horri ble extent on the Upper Congo River, 
principally by the Ba-yanzi tribes. All slaves, both 
men and women, are l iaule to this barbarity. These 
people are under the impression that a man dying in 
this world is sim ply transferred to another, there to 
carry on exactly the same existence , requiring the 
sallie food and attendance. Upon the death of a chief, 
his relatives or friends ki l l  about half his slaves, men 
and women, to go with h im, they say, to attend to his 
wants and to serve for his protection ; it  being very 
infra dig. for a chief to make his entry into the next 
world without a certain following. The women are 
strangled ;  a rope is put round the neck of the victim, 
a man climbs a tree, and ties the rope to a branch , the 
woman being held up, so that when they let her go she 
is s w u n g  in lll id  air in her dying struggles. These cause 
great merri ment among the spectators, not thinking 
that at least a great many of them wil l share the same 
fate sooner or later. The men are beheaded, as shown 
in my sketch. The victim is seated on a log of wood ; 
two stakes are then driven into the ground , one each A BA-YANZI CHIEF'S 'fOMB side of him, and as high as his shoulder ; bands are 

9827 

then p u t  round hi s  body, inclosing it in these stakes, 
then two stakes are driven by his knees, and two by pole, about 18 ft. long, is then driven into the ground at very strong tension, the whole body is quite immov­
his ankles, one at each side, and he is securely bound 9 ft. from the man's seat. It is bent down, just above able, and the neck is stretched to its full extent. 'l'he 
to them with rope. A ring of cane is then put round the m an's h ead. A sma ll  piece of rope is  fastened to the executioner then makes his  appearance. He makes a 
the n eck, wit.h several leaders of string, which are top of the pole, and the other end of the rope is made chalk  mark on the poor fel low's nf'ck ; then, with one 
drawn up and tied in a knot above his head. A pliable fast to the knot above the man's head. 'rhis bein g now blow, severs the head from the trunk. The spectators 

BA-YANZI SLA VE EXECUTION. 

© 1887 SCIENTIFIC AMRICAN, INC.



�828 SCIENTIFIC AMERICAN SUPPLEMENT, No. M o·. OCTOBER 1 n, 1887. 
====:=====�= .�_' -_-c:.,=====:=_� -=c:.�_--_'-===-" "------�-�.-- - �=-=--�=-=" =======. __ = = -_"-==:=_-_ 

at thiR seem to lose all control over themselves. They 
teal' down the head from the pole, and there is a ghastly 
scr i mmage for it,  often resulting in a free fight . " 

'f he Ba-yanzi , however, with all these cruel customs, 
are superior to some of the other nations of the Congo. 
They lIlake pottery, neat wooden furniture, and other 
art.icles, often decorated with taste , build neat hOll ses , 
especially at the town of Bolobo, and are skilled in 
working iron and other metals , fabricating knives and 
hatchets, which they sell to the Ba-teke and the Wa­
buma. They are fond of mllsic  ; and the tones of  their 
fi ve-stringed lyre, and of the marimba, a sort of dulci­
mer with thin slips of metal arranged as keys on a 
sounding board, are sweetly sonorous. They cultivate 
maize, sweAt potato, sugar, tobacco, manioc, banana, 
the oil palm, and ground nuts for trade, and semi-tropi-

THE VOLUNTEER. 

cal fru i ts, such as the orange and pineapple, introduced 
from the Portuguese of the west coast. They have no 
horses or oxen, and few sheep, but keep goats, pigs, and 
poultry. They catch fish in abundance, and preserve 
t.hem by smoking. The Ba-yanzi are not of the negro 
race, accord i n g to ethnologists, but belong purely to 
the ,. Bantu " family,  which includes the people around 
Lake Tanganyika and Lake Nyassa, in  Eastern Africa, 
aud on the Zam besi .  Theil' skin8 are of a chocolate brown 
color. They are well shaped , and have abundance of 
hair, but usual ly pl uck out the beard, mustache, and 
whiskers, eyebrows and eyelashes. They scar them­
sel ves on the forehead , breast and belly, and temples, 
with incised marks denot.ing the tribe ; dye the hair 
and nails with a red pigment, and stiffen their plaited 
tresses or pigtails with clay and grease ; often stick 

parrot feathers and various other ornaments about 
their persons, and wear earri l lg's, nose ri ngs, neck l aces. 
or bracelets, while one or. two s llIall p ieces of grass 
cloth suffice for the dress of the " fash ionable lady of 
Lukungu. "-Illustrated London News. 

---------

THE INTERNATIONAL Y ACHT RACE. 

THE first of  th i s  season's races for the America's c u p  
occurred a t  N e w  York on Sept. 27. 1887. 

The British yacht Thist le, of steel , was l aunch ed 011 
April 26, and sailed her first. trip on l\fay 12. In h e r  
building and launching the utmost secrecy was pre­
served, and at once the most marvelous stories of her 
speed began to appear . She sailerl in  fifteen races on 
the other side, winning eleven firsts, Olle second, one 

SHEER PLAN OF THE VOLUNTEER. SHEER PLAN OF THE THISTLE. 

NEW AMERICAN STEEL SLOOP YACHT VOLUN'rEER, BUILT TO COMPETE WITH THE BRITISH YACHT THISTLE FOR THE AMERICA CUP. 
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third, and twice not being placed . Thus her position 
was firmly established as the fastest yacht in England, 
the renowned Irex even having to acknowledge her 
superiority. The Thistle left England July 25, and 
reached New York August 16, making a 22 days' run. 

Mr. Burgess, the builder of the Puritan and Mayflower, 
was engaged to model a new yacht to compete with 
the Thistle, if successful in the trial races. Ou April 1, 
Gen. C. J. Paine, of Boston, gave Mr. Burgess the order 
for th e boat, and Pusey, Jones & Co. , of Wilmington, 
Delaware, contracted to build her. The work was 
done with the utmost expedition. She was launched 
on June 30, and three weeks later made her first trial 
trip. She was named the Volunteer, and was built of 
steel. 

The Volunteer spent the yachting season, up to the 
date of and after the arrival of the Thistle, in racing 
and cruising with other yachts, and it was generally 
acknowledged that she was by far the fastest boat in 
Am erica. A trial race with the Mayflower was sailed 
on Sept. 16, when the Volunteer appeared so distinctly 
superior that she was at once chosen as defender of the 
America's cup. 

Three races were appointed, the boat gaining two of 

LOAD WA ER LINE 

MIDSHIP SECTION OF THE VOLUNTEER. 

the races being the winner. The first race, Sept. 27, 
was won by the Volunteer. It was sailed under the 
following official measurements, according to the cer­
tificate of Mr. John Hyslop, the measurer : 

Thistle. Volunteer. 
ft. ft. 

Length for tonnage . . . . . . • . . . . .  96 '5 92 '58 
Length over all . . . . . . . . . . . . . . . .  108'5 106 '23 
Length on water line . . • . • . . . . .  86 '46 85 '88 
Breadth of beam . . . . . . . . . . . . . . .  20 '3 23 '16 
Depth of hold . . . . . . . . . . . . . . . . . .  14'10 10'90 
Tons, old measurement . . . . . . . .  253 '94--95 209 '8-95 
For time allowance . . . . . . . . . . .  89 '20 89'35 

The Volunteer allows the Thistle five seconds. 
The course was the inside course of the New York 

Yacht Club, from a point within the Narrows, down 
New York harbor, to and around the l ightship, an d 
return, following the mai n ship channel. The length 
of the course is 38 nautical m iles (about 42}4 statute 
miles). '1'he Volunteer came in over twenty minutes 
ahead, averaging a gain of nearly hal f a minute per 
mile, representing at the average rate of sailing in 
distance gained per mile about 370 feet. The actual 
space separating the two at the conclusion was about 
2� miles. 

The following· is the official time : 

Start. 
Name. H. M. s. 

Volunteer . .  12 :34 :5874' 
Thistle . . . . .  12 :33 :06 

Finish. 
H. M. S. 

5 :28 :1674' 
5 :45 :52% 

Elapsed 
'l'ime. 

H. M. S. 

4 :53 : 1 8  
5 :12 :46%, 

Corrected 
Time. 

H. M. S. 

4 :53 :18 
5 :12 :41% 

The second race, September 30, was sailed at sea, on 
the outside of New York harbor, course twenty miles 
to windward and return. 

LOAD WA fA L INE  

MIDSHIP SECTION OF THE THISTLE. 

It was won by the Volunteer by the superiority of 
her wind ward work. In the run home before the wind 
the Thistl e gained nearly three minutes on her rival. 
The following is the official time : 

Start. Finish. 
Name. H. M. S. H. M. S. 

Volunteer . l0 :40 :50%, 4 :23 :47 
Thistle . . . . .  10 :40 :21 4 :35 : 1 2  

Elapsed Corrected 
Time. Time. 

H. M. S. H. M. S. 

5 :42 :56}4 5 :42 :56}4 
5 :54 :51 5 :54 :44 

The cup therefore remains here, the Volunteer com­
ing in about two miles ahead in the second race. 

We publish outli ne views of the two yachts and their 
sheer plans and midship sections, giving a good idea of 
their respective features and points of resemblance and 
difference. 

A PA TIENT'S ACCOUNT OF THE PASTEUR 
TREATMENT. 

THE following letter, says the Indian Medical Ga­
zette, was written by an Indian medical officer who 
was unfortunately com pelled by the bite of a rabid 
dog to proceed to Paris and place himself under 
Pasteur's treatment : 

" I  am sending you a letter, 'as I think some account 
of M. Paste U l' may interest you. I had a pleasan t 
voyage home :md got here on the 31st of January-good 
�hH�g as I left M-- on the .12th of January. I was j ust 
III tune, as Pasteur says hIS system is of n o  use after 
thirty days from the bite. I heard all about the dog 
that bit me. He had been queer, and refused all food from Saturday . On Sunday he bit me. On Monday 

he went raving mad, bit at every one and everything ; 
bit his master, G-- of the -- --Regiment at D--; 
a mehter and a Khit ; then got paraplegia and was 
killed. 

I, They say here it was a typical and unmistakable 
case of rabies. I am sending you a paper with a very 
good account of the scene at Pasteur's laboratory. It 
really is a wonderful sight. E very age, sex, nationality, 
and rank there, from Lord Doneraile down to ragged 
Spanish peasants. There were over eighty being 
treated while I was there, and there were some new 
cases every day. They treat different cases differently. 
Bites on the face are more dangerous, and get a more 
prolonged course. I had to go and be inoculated 
morning and evening for six days ; then every m orning 
for five days. I was finished last Friday, but they 
asked me, if not inconvenient, to stay in Paris for five or 
six days more, and then report myself, when a few 
more inoculations might be necessary. After that they 
said : ' You can go with the most perfect confidence. ' 
They begin with virus fourteen days old, and go on 
up to that only five days old ; they don't use any 
stronger than that ; but virus under seven days will 
infallibly give a dog rabies. It always burns a good 
deal, and the last few days gave me a pretty big subcu­
taneous lump and ecchymosed spot in the skin. Now, 
as to results. How any sane man can doubt but that 
Pasteur has made another great d iscovery is more than 
I can understand. But there is a great deal of jealousy 
-so French-among the doctors here, as he is only a 
chemist. But their line of argument is so weak. They 
can't prove that the treatment has ever proved in­
jurious ; but they say it is useless, and that there is no 
proof all his cases may not yet get hydrophobia, or they 
say they wouldn't have got it in any case. Now, look 
at facts on the other hand. He has now done j ust 3,000 
cases, and only ten have got hydrophobia. Of these, 
eight were the famous Russians, but they came too late, 
and, besides, Pasteur said at the time his system was 
not worked out for wolf rabies, which is specially 
virulent, and has a very short period of incubation. 
These men came very late, and I think that only eight 
died out of the t wenty-five speaks well for the treat­
ment. They came very late, and their wounds were 
horrible. One man had his jaw nearly torn away, 
another his abdomen torn open, and one had a wolf's 
tooth so impacted in his skull that they could not get 
it out. 

" Of the other two cases, one patient came 35 days after 
being bitten. Pasteur said it was too late, but he 
would try. The patient got hydropho bia, and died 
before the treatment was completed. The tenth was 
a man who came only two days, and then came no 
more-went on the spree about Paris. He got it, and 
died 50 days after the bite. Not one of all the others 
of the 3, 000 have got it, and remem ber from 40 to 60 
days after the bite is what they call the ' dangerous 
period. ' Cases before 40 days are awfully rare, and 
very ra re after 60 days, though up to 19 m onths are 
authentic. The vast majority are between 40 and 60. 
He only treats cases, too, where there is at least strong 
suspicion that the dog was mad. There are many 
cases such as the following : A young civilian named 
F. was sent to him six months ago. He is alive and 
well, but two cows bitten by same dog both died mad. 
A Spaniard came here who had been awfully torn by a 
huge Pyrennean dog. Among other inj uries the whole 
of one calf had been almost torn away. The same dog 
bit another dog, a pig, and two cows ; they all died mad, 
but the man is alive and well after seven months. Two 
children were bitten some time ago in England. One 
was sent here, the other not. Th e one who was treated 
is all right, the other died mad. Besides, he has in 
his laboratory a lot of dogs who have been inoculated, 
and you can't by any means give them rabies, even by 
means which infallibly give it to an unprotected dog, 
and the inoculation m ust in some way make you insus­
ceptible, because the last inoculations are such as, if 
you hadn't been prepared, would be fatal ; at least they 
are to unprotected dogs. I think there is but one con­
clusion to be dra Wll froUl these facts. " 

COLOR BLINDNESS AMONG RAILROAD 
E MPLOYES. 

By WILLIAM THOMSON, M.D . ,  Professor of Ophthal­
mology in the Jefferson Medical College of Phila­
delphia. 

THE conflict between the officers and the employes 
of the Reading Railroad, which has occupied recen'tly 
the attention of the public, and has threatened to pro­
duce a suspension of work on that road, has reopened 
the question of color blindness among railroad em­
ployes, and led to a full demonstration of its existence 
alllong those engaged even as engine men, where the 
defect might lead to serious accidents, with loss of 
property and life. The officers of the road have 
selected the system for examination suggested by the 
writer, and employed to a full success for more than 
five years past on the Pennsylvania Railroad, and have 
appointed me to s u pervise its details, and, as ophthal­
mological expert, to decid e al l doubtful cases after 
careful examination of those found defective by the 
non-professional examiners of the compan y. 

The conflict is nearl y over, since demonstrations of 
the optical defect in engineers, made before a committee 
appointed by the employes, have satisfied them of the 
propripty of the testing, and that the safety of the 
traveling public d emands the removal of all color-blind 
persons from positions where their optical defect might 
be the cause of distressing accidents. In the recent 
demonstrations I was able at my office to show that an 
engine man declared a red danger signal, made by plac­
ing red glass in front of a large gas light at a d istance 
of two feet away, to be a green light. He was also not 
only unable to distinguish a red from a green flag with­
in six feet, but he failed to classify the flags, white, red , 
green, and blue, properly, e"ven when allo wed to take 
them in his own hands. 

The system adopted by the Reading Railroad is the 
one in use on the Pennsylvania Railroad, and owes its 
value to the fact that J arge bodies of employes can be 
brought under inspection an d theil' defects discovered 
by nnn-professional examiners. It has been fully de­
scribe,l i n  the Medical Npws of Jan uarv 14, 1882, in the 
second edition of Nett lesh i p's work on ,; D iseases of the 
E y e , "  an d i n  a paper read before the A lllerican Associ­
ation for Advancement of Science, in Septemher, 1 884 
and in the Popu,laT Science Monthlll for February, 1885; 

and to those sources t.he reader is referred for further 
information. 

Previous to its adoption by the officers and directors 
of the Pennsylvania Railroad, two thousand men were 
examined, and their blanks submitted to me, and the 
color-blind men sent to Illy office for final action. Mr. 
Pugh ,  General Manager, stated in September, 1884, 
that there were thus detected fou r  per cent. of men 
color blind and ten per cent. of lllen deficient i n  acute­
ness of vision, and that, although it was very d i fficult 
to keep accurate notes of all examinations, he was 
satisfied that all dangerous persons had been removed 
up to that date, when over twelve thousand employes 
had been submitted to the system. 

The statistics obtained u pon the t wo th ousand men 
were used as the standard by al l  the d i vision s uperin­
tendents, and ho wever difficnlt i t  might be to report to 
the central office the full  d etails of thei r exami n ations, 
they were always controlled by these known and ac­
cepted ratios. It has not been found req u isite to send 
all men deficient to the ophthalmological ex pert, since 
they did not demand it, but submitted to the changes 
rendered necessary without opposition. Hence, I am 
unable to furnish exact reports of the examinations 
made at remote portions of the road. :Most of the color­
blind men have passed under my hands, as well  as 
many cases of astigmatism, optical defects, and diseases 
or inj uries reducing the sight below the standard , and 
the results lllay some time be found worthy of publica ­
tion. 

An opportunity to present the last opinions of the 
officers of the Pennsylvania Railroad has been afforded 
by a request which was made by the German govern­
ment, through its minister, to the surgeon-general of 
the United States A rmy for statistical and other in­
formation on the subject, and this letter, referred to  
llle by the surgeon-general , h a s  been answered b y  Mr. 
Pugh, who has kindly mad e efforts to obtain the figures 
from the great organization of which he is genera l  
manager. He writes under date of July 7 ,  1887, and 
says : 

" I regret that so long a time has elapsed since the 
receipt of yours of May 25 and its reply. 'fhe d el ay 
has been occasioned by our efforts to obtain sorne statis­
tical information, which I regret to find has not been 
kept up as closely as was intended. I i nclose h ere­
with statements showing the number of em ployes ex­
amined during the past five years, with the results 
stated. 

" I  can only add that we have attained the moat 
satisfactory results from the system, and I think we 
can confidently claim that sense of security which fol­
lows the belief that we have no one employed in any 
position, in which the use of signals is required, wh ose 
color sense and sense of vision will  not enable h im to 
accurately determine all signals by which his action is 
governed. " 

Total number examined on lines east 
of Erie . . . . . . . . . . . . . . . . .  . • • . . .  . . . . . . . . .  25, 158 

00101' blind . . . . . . . . . . . . . . . .  , . . . . . . .  , . . .  . 481 
Defective vision . . . . . .  . . . . . . . . . . . . . . . .  661 
Hearing . . . . . . .  " . . . . . . . . .  ' " . . . . .  , . . . .  . 1 58 

I am informed that the system has been fou nd so 
satisfactory that it has been extended to the li nes west 
of Pittsburg, and no doubt is now in use throu ghout 
all the lines controlled by the Penn sylvan ia Rai lroad, 
which employs over one hundred thousand men on its 
seven thousand miles of track. 

It will be remembered that th i s  system is also u sed 
to prevent the admission of defective lIlen into the ser­
vice, and tha t the apparently small percentage of color 
blind in this table may be ascribed to the non-appli­
cation of men who know their deficiency, and to the 
fact that men i n  the service knowing their d efect 
would leave the road before examination, and thus es­
cape detection, and be enabled to gain employment on 
other roads where no examinations are required. Pel'­
haps twel ve or thirteen thousand was the n ll m bel' w ho 
were subject to examination by virtue of be ing in 
positions w here color signals were used to direct them, 
in 1884, and the difference between that number and 
the total 25, 000 would be made up of new llIen who 
would present a small ratio of those below the stand­
ard , si nce men conscious of color blindness or poor 
sight would not apply, 

The fact that the intelligent officers of the Pennsyl­
vania Railroad have adopted this system, p u rged their 
old force of all dangerous men,  extended its use to all 
parts of their immense railroad, and now oppose it as 
a barrier to the admission of men thus unfit for service, 
is  the best evidence that can be adduced to clai m for it 
a successful place among the efforts to render scientific 
truths of practical value to the world. It is hoped 
that the Reading Railroad will  be sustained in its con­
test with its em ployes by the example so quietly con­
ducted by the Pennsylvania road, and that the reform, 
so necessary for the traveling public and for those em­
ployes who carry their lives in their hands daily, may 
be conducted to a happy finish.-Med. News. 

RENANTHERA LOW!. 
THIS plant is better known in English gardens by 

the name of Vanda Lowi, aud is often erroneousl y 
written Vanda Lowei. It differs from Vanda, however, 
in having its spur in the middle-not at the base o f  the 
lip- and in this organ being jointed at the base. It 
seems to be peculiar to the island of Born eo, where it 
is said to be found on trees an d rocks  i n  the hottest 
districts, and in the neighborhood of water. 

In cultivation it is u sual ly placed in the warmest 
part of the East India house, but recent observations 
lead me to believe that this species will thri ve equall y 
well and flower more freely in a m uch cooler tem pera­
ture than is usual l y  accorded it. A n otable exallJ ple of 
this is to be fou n d  i n  the collection of Mr. Measures at 
Cambridge Lodge, Camberwell, where th ere exi sts a 
grand specimen in the ru dest health, w h ich,  for the 
last two years at least, has been subj ected to a tem­
perature not higher than 60° in winter, at which time, 
however, it m u st not be allowed to become dry. Th is 
plant is some 7 feet h igh , bearing twelve pai rs of l eaves 
of the richest green ; it has two spikes of bloo lll , which, 
however, are not yet fully grown. and the flo w ers are 
not expanded. Another example is the famous pliLnt 
from the once cel ebrated collection of COIl�u l  Schiller, 
near Ham b u rg. The plant has been for a long- ti ll le i n  
t h e  possession of M r .  James, of Norwood. where it  i s  
certainly kept very cool, and its accolllmodation is far 
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from first rate. The plant is about 7 feet high, and 
in most robust health. It is prod ucing several strong 
side shoots, from which a stock of home-grown plants 
may soon be expected. It is so difficult to im port in 
good conditi on that it seems almost hopeless to ex­
pect to increase the numbers by these means. Mr. 
James' plant has flowered in the position it now oc­
cupies, the spike reaching some 12 feet in length, and 
it bore three yellow flowers at the base of the spi ke ; 
the fourth basilar flower also was partly yellow, the 
usual num ber of these singular flowers being t wo only 
on each spike. 

Renanthera Lowi, figured in the annexed engraving, 
was discovered by and named in h onor of Sir Hugh 
Low, the brother of Mr. Stuart Low, of the Clapton 
Nurseries, and is an erect plant, with a stout stem ; 
the leaves are arranged in a two-ranked manner ; they 
are 1% feet long, so that the plant measures upward 
of a yard from tip to tip of its leaves ; the spikes are 
pendulous, and much longer than the plant. The 
flowers are dimorphous ; the two basal ones are tawny 

REN ANTHERA LOWI. 

yellow, ornamented with large crimson dots ; the 
ground color of the other flowers is greenish yellow, 
transversely, banded with blotches of reddish brown. 
- W. H. G. , The Garden. 

A PLA NT HELIOSTAT. 
The Malva borealis Wall. is a very common weed in 

cultivated ground throughout Southern California. It 
is an annual that q uickly springs up in rich , tilled soil 
that is at all neglected. This " Malva, " as it is appro· 
priately called, is au alm ost constant stimulus to better 
culture. and stands ready to possess the soil ,  for a time 
at least, so soon as the harrow. gang plow, or hoe ceases 
to make frequent visits. The large areas in walnut 
groves, orange orchards, o pen fields for grain grow­
ing, and even along the roadsides, occu pied by this 
weed made any observations as to its habits an easy 
task. The most interesting characteristic of this mal­
low which was noticed is the heliotropic power pos­
sessed by the foliage. The roun d  cordate, neatly cre­
nate, and more or less five to seven lobed leaves follow 
the sun d uring its daily course, and present their up­
per surfaces to the descending rays. The position of 
the blades is faci n g  eastward i n  the morning, and as 
the day advances, the lam inffi turn to the south and 
become more nearly horizontal. During the after­
noon the blades approach the vertical position, and at 
sunset they face the western sky. In short, the malva 
leaves are living heliostats. This heliotropic move­
ment is m uch more uniform in the leaves of young 
plants than in those th at have grown old and woody. 
O ver an area entirely covered with the malva plants 
that are about six inches h igh, and before any flo wer­
ing stems have begun to shoot upward, the peculiarity 
of the leaves above noted is strikingly manifest to any 
person, however blunt his powers of observation, when 
once his attention is cal led to the matter. 

A series of observations was made upon the move­
ment of the leaves to determine, if possi ble, the portion 
of the blade that is most acti ve in the turning, and also 
to discover the method of the return from the e vening 
position to that assumed in the morning. By pushing 
small wooden stakes into the soil, and thus marking 
the position of a leaf at an y given time, together with 
the use of strings tied upon the leaves, the changes 
could be determined. Frequent observations were re­
quired at all times of the day and far into the n ight. 
It was found that the point of torsion was located j ust 
below the blade, in a short portion of the upper end of 
the petiole. At this place, averaging a line in length 
in the most active leaves, the petiole is of different color 
and texture from the remaining lower portion of the 

long petiole. The fibro-vascular bundles here converge 
from their several strands into one central tough thread , 
and the surrounding soft tissue is similar to that of a 
pulvinus in nyctotropic and sensitive plants. The ex­
terior of this portion of the petiole is of a reddish 
brown color. The blade effects its daily turning at this 
place, and when night comes on it returns to its morn­
ing position by retracing the path taken during the 
day. In no case was there any indication of any at­
tempt to make au entire revolution . The back ward 
movement begins as soon as the sun is set. I n  fact, the 
following of the sun is not so pronounced after three 
o'clock (and earlier on dark days) as up to that hour. 
It seems as if  the sun drew the leaf around by its own 
attrac tion, and the blade moves back to its  point of rest 
when the force is with drawn .  

There was n o  evident daily motion observed in the 
remai ning portion of the long petioles. It is true that 
they varied their position from time to time, but with 
no regularity. Petioles on the eastern side of a plant 
remain more nearly horizontal than those located else­
where. Those upon the north and south sides are 
more upright, with a. tendency to point east ward. 'fhe 
western leaves are nearly upright, so that the blades 
may be able to catch the direct ray s of the morning 
sun. At night there is an evident falling of the petioles 
as if to assume a position of rest, while the blades be­
come n early horizontal at the same time. By nine, or 
at most ten o'clock , in the evening the plant reached 
its position of repose, and an hour or more before the 
sun's morning rays can strike the plant the blades are 
all in  position. Three distinct views of a malva patch 
may be obtained at any time when the sun is shining. 
If the view is, so to speak, from the sun, that is, in the 
direct.ion of the rays of l ight, only the upper su rfaces 
of the leaves are seen. If toward the direction of the 
sun,  the under surfaces are in view. The difference 
blltweeu the shades of green of these two views is  very 
marked. A third view is at right angles to the sun's 
rays, from which point the leaves are only seen by their 
edges, which are inclined from the perpendicular, the 
angle depending upon the height of the sun at the 
time of observation .  Upon a dark, stormy day the 
heliotropism of the leaves is in a large degree suspended. 

BYRON D. HALSTED. 
Botanical Laboratory, Ames, Iowa. 

-Botanical Gazette. 
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