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stowed away under an open carriage in fine weather, ready for 
immediate use in case of a storm. 

"But you cannot stow away such an enormous thing as 
that in so small a space," objected BruneI. 

"Certainly not," ejaculated the unabashed inventor, "it's 
not that that I mean to do. It's at home the thing is to be 
left when the weather is fine; of course it won't be wanted, 
then, you know." 

It is this looking only at results, more especially when 
coupled with ignorance, not merely of principles but of what 
others have already proved useless, that has led many an 
inventor to despair, oft- times to ruin. 
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times 12, or 1,200, divided by 30, which is 40 per cent. Now 
suppose that bef ore the condenser was attached, the steam 
was cut off in the cylinder at half stroke; under the new 
conditJOns the required mean effective pressure can be ob­
tained with a lower boiler pressure than before. B efore the 
condenser was in use, it would be necessary to maintain a 
pressure in the boiler of about 58 pounds per square inch by 
gage, to give a mean effective pressure of 30 pounds on the 
piston; while with an increase of 12 pounds in the effective 
pressure, by the application of the condenser, a boiler pres­
sure of about 39 pounds would suffice. As the weight o f  
steam per cubic foot a t  58 pounds pressure i s  0'17481 
pounds, and only 0'132 pounds at 39 pounds pressure, there 
would be a saving of about 24'5 per cent in the amount of 
steam required to run the engine. Instead of reducing the 
steam pressure aft er attaching a condenser to an engine, it 
would be better to maintain the same pressure in the boiler, 
and cut off the steam at an earlier part of the stroke. In 
the case under consideration, the increase in 12 pounds of 
the effective pressure would permit of closing the steam 
port a little before the completion of one third of the stroke; 
and supposing that the cleara.nce space in the cylinder amounts 
to five per cent of the capacity of the cylinder, the quanti­
ties of steam required per stroke, before and after the use of 
the condel'lser, would be in the ratio of 550 to 363, so that 
there would be a' saving of 34 per cent. 

A simple incident in point came to our notice recently in 
the course of our weekly stroll through the American Insti 
tute Fair: Among the entries for exhibition was that of a 
rotary engine, which in due time was brought to the build­
ing by its constructor; and the inventor, with the aid of the 
proper officials, proceeded to set it up. The inventor-an 
old man whose dress and general appearance betokened a 
hard struggle with the world in days past-grew quite gar­
rulous over his pet, and told how he had worked upon it for 
years, how he had spent every cent to get it built, and how 
he had now brought it from the far West to show the East­
ern people what it could do. Then the blood would crimson 
his cheeks and his eyes glisten, while he would stop and 
gaze fondly on the insensate metal. When the placing of 
the machine was completed, the throttle was opened. Two 
turns were made, then another slow one, and then everything 
stopped. A second trial did no better. It was the first prac­
tical test, and the machine had never before existed except 
on paper. Then the inventor, with trembling fingers, moved 
a wheel here, a nut there; for some time he worked, but in 
the end he threw down his tools, and sinking despairingly 
into a seat, buried his face in his hands, and great tears stole 
slowly down his wrinkled cheeks. He saw that his tr each­
erous fondling could never be made to run, and yet for three 
days he returned again and again to its side, wistfully gaz­
ing at it as if he hoped to gain some inspiration which would, 
after all, set everything right. But none came; none could 
come, for the very principle of the machine had long ago 
been exploded. Finally, heart-broken with di�appl)intment, 
the old man started alone for his far-off home-not alto­
gether penniJesll, however, for before he left his worthless 
engine was purchased from him at a good price by one upon 
whose labors in the same path fortune had abundantly 
smiled. Then others contributed their mites, and a suffi­
cient sum was collected to enable the m!Ln to pay his passage 
home, without touching the little capital derived from the 
sale of his machine. That was a genuine and a noble 
charity, and, while the names of the generous givers are 
known to but few, the deed is one which an all-wise Provi­
dence will not allow to pass unrewarded. 
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GAIN FROM THE APPLICATIO N OF CONDENSERS TO 

STEAM ENGINES. 

In the early days of the steam engine, very low pressure 
was ordinarily employed for engines with condensers, while, 
on the contrary, what was considered a very high pressure 
was adopted for engines that exhausted into the atmosphere. 
Henca arose the terms high and low pressure engines, the 
former being engines with, snd the latter without, condens­
ers. At present, a high pressure of steam is ordinarily car­
ried in both kinds of engines, so that the terms do not de­
scribe the two varieties as well as formerly. Many engin­
eers prefer to class engines as condensing and non- condensing, 
rather than as high and low pressure; and we recommend 
this classification to our readers, as the more correct of the 
two. One who regards economy puts in a non-condensing 
engine, if he bas plenty of water in the locality; and many 
01d non· condensing engines are being fitted with conden3ers, 
under the more enlightened engineering practice of the pres­
ent time. Many more steam users would doubtless make 
the change, if they realized the gain that would probably 
result; and though this cannot be predicted exactly, for any 
given case, it can generally be estimated with tolerable ac­
curacy. 

It may be fairly aBsumed that a non-condensing engine has, 
on an average, at least two pounds per square inch back 
pressure on the piston. Some have much more than this, 

and first class engines have less; but two pounds can be con­
sidered a fair example of ordinary practice. By the appliea 
tion of a condenser, it might be 6lxpected that there would 
be a negative pressure of ten pounds per square inch on the 
back of the piston, so that the piston pressure would be 
ncreased by twelve pounds. In this assumption, an allow-

Tp,e example given represents a case in ordinary practice. 
By varyfng the data, of (lourse a greater or lesa amount of 

eaving' would re:rult; but with an engine in 'good condition, 
it is generally safe to estimate that a saving from 20 to 25 
per cent of the amount of steam used, and, consequently, of 
the consumption of coal, will be realized by the application 
of a condenser. Indeed, it is not unusual for manufactur­
ers to guarantee thi� amount of saving, in converting a 
non-condensing into a condensing engine. Those of our 
readers who think o'f having their engines changed in this 
manner can generally, by consulting a reliable engineer 
and giving him full details, obtain a pretty correct estimate 
of the ad vantage that will probably be derived. Matters of 
this kind are strictly professional, requiring so much expe­
rience and technical knowledge for their proper considera 
tion, that nothing but general hints can be given in a popu­
lar article. 

It occasionally happens that no saving, or one of very small 
amount, is effected by the use of a condenser. This almost 
invariably indicates that there are l eaks about the engine, 
which are so much increased by the reduction of back pres­
sure as to balance the increase in effective pressure dlie to 
this reduction. Of course, all calculations of probable gain 
are rendered usel@ss by t.he introduction of thia element. 

The question of leaks is purely a matter of fact, and is not 
subject to calculations until experimental data have been 
obtained. This should be remembered by users of steam 
power, and we repeat the statement, frequently given before, 
that it is true economy to have steam machinery examined 
sufficiently often to enable leaks and derangements to be 
discovered and remedied. This is erpecially important in 
cases where the vacuum in the condenser may magnify leaks 
that were trilling when the engine was non-condensing. 

••••• 

IMPRACTICABLE INVENTORS. 

"It is one thing to construct a machine on paper, but a 
very different affair to make it go," remarked a friend to us 
recently, as he ruefully regarded a roll of elaborate drawings, 
which represented the fruitless labor of a year or so of hIS 
earlier life. "If friction and gravity were only out of the 
way, what a great inventor I should be!" and with this sen­
tentious observation, the plans were reconsigned to their 
dusty shelf. 

. 

It certa.inly does seem an extremely difficult matter to 
convince mankind in general that the same operation, when 
it is plainly impracticable by simple means, through its val'i­
ance with some natural law, is just as impossible with the 
most elaborate combination of machinery. Moreover, as a 
corollary to the above proposition, and as a general rule, if 
we set about a piece of work wrongly and mllke errors 
(throug-h negligence, through forgetfulness, or through ignor­
ance) in its course, losing sight of the pitfalls in our road 
while regarding only the brightness of the goal, it is equally 
certain that the grand result we seek will not be reached. 
This neglect of detail, impracticability of design, in brief, 
appears to be one of the commonest difficulties in which 
inventors are proRe to involve themselves; and the reason is 
that they become 60 completely imbued with the single 
grand idea that they fail to Bee anything of apparently 
minor importance, utterly oblivious of the fact that perfect 
parts alone constitute a perfect whole. 

It is related that BruneI, the great English engineer, was 
constantly visited by inventors desirous of submitting their 
designs to his expert judgment. Although frequently wast 
ing time of the utmost value, in the examination of imprac 
ticable schemes, he would patiently listen to the description, 

and then point out the fallacies in the chimerical projects. 
An enthusiastic individual came to him one day with a plan 
for sweeping chimneys; it would totally obviate the cruel 
employment of the small boys who were sent up the fiues ; 
it was simply a broom-a mere broom-which, worked from 
above, swept every minute crack perfectly. 

"Excellent," gravely said BruneI, "but you have not told 
me how the rope is to be got to the top." 

"Why, nothing is more simple," replied the sanguine 
inventor, "of course a boy will go up with it first. " 

ance is made for the power required to work the air pump, 
and the engine is supposed to be at seventy. five horse power. 

For an engine smaller than tlis, it would be better to allow 
an increase in the positive pressure of not more than ten 
pounds per square inch. As the condenser, by decreasing 
the back pressure on the piston, adds just as much to the 
positive pressure, it is pla.in that a lower pressure of steam 
can be used, or what is better, the steam may be cut off at an 
earlier point of the stroke. The gain in eith<:r case can ba 
approximately calculated. If the gain in positive pressure 
produced by the reduction in back pressure b'l multiplied by 
one hundred, and divided by the mean effective pressure on 
the piston, it will give the per centage of gain in pressure due 
to the condenser. 

Thus, if the mean effective pressure on the piston is thirty 
pounds per equare inch, the gain in pressure will be 100 

At another time, the same celebrated engineer was inter­
l'upted in his labors by an Irish gentleman, who was burn­
ing to tell him all about a portable hood, whioh was to be 
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RAILROAD EMPLOYEES AND THEIR PAY. 

It, leems to us that the course taken by the managing 
powers of our public conveyances, relative to the payment 
of their employees, is far from the wisest that could be 
adopted. The plan appears to be not to encourage a feeling 
of common intere�t, or to impress upon the employee that so 
long as he studies the benefit of his employers his own will 
not be neglected, but rather to create a species of antagouism 
between the p8.lties, in wilich any over reaching of one by 
the other ie considered legitimate. Upon our city omnibus 
and car lines, it is perfectly well known that the pay of the 
employees is far below that to which their arduous labor 
would seem justly to entitle them. As a consequence, the 
positions are filled principally, not by a respectable and relia­
ble class of men, but by persons either unfit for any busi­
ness, or by those whose characters prevent the ir obtaining 
other employment, or by unfortunates whom reverses of 
fortune have driven to accept any means of support, however 
slender. It would be unreasonable to suppose that the ma­
jority of sucb. individuals would or could refrain from pecu­
lation, and hence the "knocking down" system, as it is 
termed, has been carried on, year after year, until it has 
assumed such proportions that the street conveyance owners 
have at length become alarmed; and inventors of ingenious 
contrivances, which force stage drivers and conductors to ba 
honest, are reaping a harvest. Natura.! honesty, then, is at 
a discount, lLnd machine integrity rules the hour. As a mere 
matter of money, it would appear that it costs less to employ 
a scamp, plU8 a punch or a fare box, than to encourege up­
right service by the payment of a fair salary. The same 
policy is extmded, on railroads and steamboats, to positions 
in which experience, judgment, forethought, and skill are 
all required. The traveling community, for its personal 
safety, is diredly interested in the latter, and it seems to us 
a shortsighted policy on the part of the managers of our 
steam conveytnces, whether carriers of passengers or 
freight, to pay only the lowest minimum of wages to their 
employees. 

The average rtilroad car conductor is paid about as mis­
erably, proportionately, as his brother of the street convey­
ance; and where the latter carries a bell punch to support his 
moral rectitude, the former is looked after by means of the 
duplex ticket syslBm. And yet, with inexplicable inconsist­
ency, a great corp>ratlon will commit to the fidelity of that 
individual, whom it tacitly admits it cannot trust with a few 
dollars, the care ard management not only of valuable pra­
perty, but the saf!l;y of human lives. 

Not content wit'" carrying out these peculiar notions as 
regards those on whom they depend for their money, several 
of the railroad companies are now manifesting a disposition 
to extend their demoralizing system, or It modification of it 
ra.ther, into the ra.ks of the engineers. We do not mean 
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that an y checks on the hon esty of these men are proposed, must have been 9 X 45=405°. The final temperature bein g 
for of course n on e  such are n ecessary; but it seems to us 119°,the temperature before reduction was 119° + 405°=524° , 
that a perpetual tinkerin g with their hardly earned salaries, and this was the temperature of the flue. In an other i n ­
and a series o f  on slaughts thereon with a view o f  reducin g atance, the water was heated by the pyrometer ball from 63° 
their wages down:to.those of an ordin ary daylaborer,areabout to 122° Fah. The temperature of the flue was in this case 
as well calculated to drive all good an d reliable men out of (122 63) 50 9 - x x +122=564°. With a good thermometer an d the trade, and replace them with in competen t person s, as 60 
an y plan which could be well deviaed. If the project has accurate scales, the results thus obtained are probably more 
worked to this effect with on e class of men , there is n o  rea- reliable, at high temperatures, than those uliually obtained by 
son why it will not act similarly as regards an other; and we the common pyrometer. 
tell the railroad companies thus plain ly that n o  in vestmen t The determin ation of the proportion of water con tained in 
is so poor a on e as that in cheap skilled labor in an y form. the steam leavin g a b:Jiler is often , as in the case here con -

No mechan ic in any branch of trade has to face such sidered, a matter of vital importan ce. It often happens that 
re�ponsibilities as the locomotive en gineer. In n on e  are a poun d of water takes from the fuel hardly a ten th as much 
such qualities of judgmen t, cooln ess, skill, lin d  heroism, heat as a poun d of steam, an d at least on e in stan ce has been 
even , tequired. Few profession s are more arduous or more given by our con tributor in which more water left the 
physically exactin g; n on e  exist in which stron g men tal boiler unevaporated than was actually made into steam. 
power is more certain ly n eeded; an d to suppose that men It is seen at a glan ce that, where the feed watflr only is 
un itin g in themselves all these con dition s, an d who, besides, measured, the most worthless of boilers may appear to com­
han learn ed to disciplin e their faculties, with that un errin g pete successfully with the best; an d the greater the amoun t 
accuracy which every on e on whose shoulders the weight of of primin g or foamin g, the better is the apparen t result. 
the existen ce of others falls must soon er or later attain , can Makers of peculiar forms of boilers have actually guaran teed 
be got to work for a pittance, or can be replaced by mechan - an evaporation (!) 01 nineteen pounds of steam, from cold 
ics gathered at random from shops an d founderies, is crimi- water, per poun d of coal, a performan ce to which the best 
n ally foolish. boilers ever yet made do n ot approximate, and on e half of 

We n otice that a meetin g of engin eers, from a large n um- which amoun t is n ever fairly obtain ed, except with heated 
ber of railroads, recently took place in this city, ill order to fee� water. The guaranty has apparently been fulfilled, 
protest again st the propoBed redllction of their wages, con - - becil.1: se thi'l guaranteed boilers carried over (by primin g) a 
templated on man y principal lines. The session was an weight of water exceedin g that of the steam by which it was 

orderly an d decorous one, and the protest, embodied in the transported. Every in telligent en gin eer would recognize in 
resolutions, earnest an d emphatic. The men are clearly in such a guaran ty an eviden ce of in efficiency, rather than of 
the right, and, besides havin g their own excellen t organiza- economical steamin g. 

tion , they will fin d themselves amply sllpported by the trav- The first successful attempt to determine, with precision , 
eling public; for when it comes to makin g us ride in train s the quality of steam m\l,de, an d to obtain a trustworthy mea­
man aged by men whose ign oran ce or incapacity may put sure of the value of competin g steam boilers,was probably that 
abrupt en ds to our mortal careers at an y momen t, because made by Professor Thurston at the exhibition of the Ameri­
of the uigga!,dly arr.an gemen ts of our railroad man agers, it can In stitute in 1871, when conductin g, for a committee of 
is time for the public to protest. judges of which he was chairman , a trial of five competin g 

••••• 
IMPROVISED APPARATUS FOR STEAM BOILER TRIALS. 

In the course of his profession al work, the en gin eer some­
times finds himself confron ted with practical problems which 
only an exception ally extended experience, or a remarkably 
in genious mind, can satisfactorily solve. The marin e en gin ­
eer, who has charge of the machin ery of a steam vessel on 
a lon g voyage, ie often driven to adopt most sin gular expe­
dients when a breakdown at Bea makes importan t repairs 
n ecessary; an d he sometimes succeeds, hun dreds of miles 
from the shop, with but t.he few tools usually carried on 
ship board, an d with the ship rollillg an d pitchin g so violen tly 
that it is with difficulty that his men can keep their feet, in 
doin g work which would be considered decidedly formidable 
even on lan d, where a stable footin g an d all n eeded appU .. 
an ces make the task a comparatively easy on e. Such in ­
stances of difficulty seldom occur on shore; but in the course 
of his practice, every engin eer occasionally fin ds exercise for 
his in genuity, an d for the application of such kn owledge or 
experien ce as he may hav� acquired, in similar but usually 
less importan t matters; an d he is always pleased to learn 
from the experien ce of others how to proceed, an d what suc­
cess to an ticipate, in an y specific case. The followin g will 
perhaps prove interesting an d useful to others who may find 
themselves situated as was recently our occasion al con tribu­
tor, Professor Thurston , the Director of the n ew Mechan ical 

Lll. bora tory of the Steven s In stitute of Technology. 
It had become n ecessary to determine very carefully the 

evaporative power of a set of steam boilers. A large amoun t 
of mon ey an d importan t interests were in volved, both di­
rectly and indirectly, in the ca.se, and it was essen tial that 
the total amount of heat evolved from the fuel should be 
precisely ascertained. It was equally importan t that it 
should be learn ed how thll.t heat was distributed. It was 
n ecessllry to determine the temperature of the escapin g gases 
in the chimney, an d the percen tllge of water primlld over 
with the steam. To determin e the first poin t, it seemed 
n ecessary to use a pyrometer; but n on e  had been provided, 
an d there was n ot sufficien t time to obtain on e by sending to 
New York or PhIladelphia, the n earest cities in which they 
were probably obtainable. The only reliable p:eces of appa­
ratus at hand which could be used in improvisin g a pYJOme­
ter were a very good platform scale an d' on e of those excel­
lent thermometers which were made some years ago by the 

Novelty Iron Works. A careful search in the scrap heap 
brought to light a con venien tly shaped maBS of Iron , which, 
being weighed, was found to balance the scale at preeisely 
sixty poun ds. This was placed in the flue at the poin t 
where it was desired to measure the temperature of the 
products of combustion . A smll.ll tub was placed on the 
scale, and into it was carefully welghed fifty pOllnds of 
water. After a time, when the iron had remain ed in the 

flue long enough to have attained fully the tempenture of 
,he gaseB flowin g past it, it  was sudden ly rerooved an d im­
mersed in the vessel of water, an:d the in crease of 1empera­
ture of the latter was very carefully observed. The estima­
tion of the in itial temperature of the hElated iron , and that 
of the furnace gases, was then an easy matter. In on e ex­
ample, the wa ter rose in temperature from 65° to 119° Fah., 
a range of 54°. Fifty poun ds of water raised 50' in tem­
perature had, con sequently, received from the iroo 50 X 54 
=2,700 un its of hellt. This hllvin g beAn commun icated oy 
60 pounds of iron. each poun d of metal had palted with 
211-&0 =45 units of heat. The speeific heat of iron, as given 
in the SCIENTIFIC AMERICAN recen tly by Mr. R. R Buel, is 
0'113, or, very closely, on e n in th. Each thermal unit abo 
stracted from a poun d gf the iron , therefore, reiuced its 
temperature n in e  degrees, an d its total loss of temperature 

steam boilers, which had been en tered by as man y difflilren t 
makers. In that in stan ce, all of the steam made by each 
boiler was conden sed in a surface con den ser, an d the total 
quantity of heat tran sferred carefully and accurately mea­
sured. At a subsequen t trial, a n eat form of apparatuB, 
in ven ted by Mr. Leicester Allen , was used for this purpose 
with quite satisfactory results. In the case about to be de­
scribed, it was impossible to condense all of the steam. The 
Allen calorimeter Wall n ot to be had, as there was but on e in 
the coun try, an d tnat was the property of the American In sti­
tute, an d could n ot be promptly obtained. 

An ordin ary oil barrel was obtain ed an d mounted upon the 
platform of the scale. Precisely two hundred pounds of 
water was weighed into it. A three quarter inch gas pipe 
was tapped in to the main steam pipe, an d fitted with a stop 
valve. From a short piece of pipe projectin g from the valve, 
a piece of rubber hose, some twen ty feet lon g, led to the 
barrel, its extremity bein g lashed to a wooden pole for con ­
venience of han4ling. The temperature of the water in the 
barrel was carefully determin ed, and an additional weight, 
in dicatin g ten pounds, was placed on the pan of the scale. 
The valve was then opened, and steam was allowed to blow 
through the hose un til it was warmed up, and conden sation 
in the pipe was thus preven ted. When the hose seemed as 
well cleared of water as it could be, the extremity was 
plun ged into the barrel, an d the issuin g steam was con ­
densed un til the rising of the scale beam proved that ten 
poun ds of steam had been added to the two hundred pounds 
of water origin ally placed in the barrel. The water waB 
then thoroughly stlrred with the thermometer, an d the tem­
perature n oted. The followin g are the data obtained in on e 
experiment: 

Weight of water, 200 poun ds; weight of steam, 10 poun ds; 
origin al temperature of the water, 62°; final temperature of 
the water, 115° Fah ; pressure of steam per square inch by 
gage, 75 pounds. Steam at 75 pounds pressure has a tem­
perature of 320° Fah-, an d to raise it from 0° Fah. to 320', 
and to evaporate i t  at the latter temperature an d the given 
pressure, requires 1,178'6° + [0'305(320° _212°)] = 1,211'5 
units of heat. Each poun d of steam, therefore, communi­
cated to the water which condenBed it, in this example, 1,211'5 
-115=1,096'5 thermal units. Eacb. poun d of water sus­
pended in the steam, an d primed over in to the condensing 
water, transferred on ly 320°-115=205 units of heat. The 
total heat tran sferred was (115 -62) X 200=10,600 thermal 
units. ThEIn the product of the n umber of poun ds of steam 
con den sed multiplied into 1,096'5, plus the product of the 
n umber of pounds of water multiplied into 205, will be equal 
to the whole sum, 10,600. A simple algebraic equation will 
give the proportion of primin g. 

Let W = the total weight of steam conden sed, together 
with the suspended water; then X may be taken to represent 
the weight of pure steam, an d W-X wi1l be the weight of 
water carried over with it. Let the total amoun t of heat 
tran sferred be called U, the heat tran sferred by a poun d of 
steam, H, the heat tran sferred by a poun d of water, h. Then 

IT-W 
H X+(W-X)h=U; or, X 11 

1-%_il_*!l-t ° In the example above given , X= _ o·��-=9·59 pounds 
1 \90\5_1 

of steam, an d 10 -9 5�::::0'41 pounds of water suspended in 
the steam. The primlUi\', therefore, amounts to 4'1 per cent. 

Now, suppose 100,003 pounds of water to have been appar­
en tly evaporated, un der similar con dition s, from feed water 
at 200° Fah., by 10,000 pounds of coal. Of this quan tity, 
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95,900 poun ds would have been steam, an d 4,100 poun ds 
would have been water. But each poun d of steam requires 
for its evaporation un der the assumed con dition s 1,211'5 -
200= 1,011'5 thermal units, while each poun d of water takes 
up but 320-200=120 units of hfat. 

95,900 x 1,211'5=116,182,850 
4,100 x 120= 492,000 

Total heat from fuel, 116,674,850 " " per pound coal, 11,667'5 thermal un its. 
Engin eers are accustomed to reduce results obtain ed on such 

tests to evaporation from 212°, at atmospheric pressure. The 
amoun t of heat required to convert one pound of Wll.ter in to 
steam at atmospheric pressure, when already at the boilin g 
poin t,is well known to b('o 966 6 thermal un its. Hen ce, ilffil 
=12'07 poun ds of water, per poun d of aoal, represents the 
performance of the apparatus te�ted. 

In an other example, with steam at 50 pounds, the water was 
. \6.0,.0 -10 

raised from 70° to 118', and he obtamed X= U U"L----IS 0 1 
=8'07 poun ds steam, an d the primin g amoun�ed tv 19 3 per 
cent. In this ca@e, bad tbe steam been perfectly dry, an d 
the evaporation ',·qual to 12 p'lunds of water per p;)un d of 
coal, the OCCUHllnCll of priming to the exten t just calculated, 
while clUsing an appa.-ent in crease of the evaporation to 
14'31 pour dO', woul1 tave really produced a very serious lOBS 
of {-lIime'll cr, aud eV13n great pecun iary losses, by causin g 
accBen�s which so cOIDmoD'Y "rise from serious primin g. 

It is edd�n,ly fX'.umely importan t, therefore, in all trials 
of the' cooom'c1l pH ormaIice Df steam boilers, to determine 
carefully not oLly t be qlauti'_y 'l: water en tering as feed, but 
a\80 the q'l!\lit y cf tLe et am l eavin g the boiler. This n e· 
c lel'y, whillll v:as first fXem.olified in 1871, an d which 
has become "ueu J f, !l.tU1C a ( trials at the exhibition s of 
the American Im',i u -P, i1 becomin g well understood. At 
theBpprQac)'ng.xUui'; on of tQeFran klin In stitute,atPhila­
delphi8, CJa:llttifg f'oilbTS ",ill be compared as to quality of 
steam, as well as to a}paren t, ·but fictitiouB, evaporative 
capacity. 

Where expensive and elaborate apparatus can n ot be af­
forded, the simple apparatus above described will often be 
foun d quite satidactory. 

.,.,�, .. �-----------

SCIENTIFIC AND PRACTICAL INFO RMATION. 

ENGINEERING IN PERU. 

The Pacasmayo railroad has just been fin ished from the 
Pacific to La Vina, a distance of 75 miles. The eastern 
termination is 3,469 feet above the ocean . Leaving Paeas­
mayo at 8 A. M., on e can now reach Cajamarca-the famous 
city of the In cas-at 8 P. M. Tile m08t won derful part o f  
the road i s  the great iron mole, wbich i a  t o  exten d 2,190 feet 
into the ocean . There will be 14G bays, each 15 feet; 101 
are completed. There is to be a lwad over 90 feet wide by 
300 long. The bottom of tie PAcine h€Te is mingled saIid­
ston e, conglomerate, and limeston ;l, so hard that three tun s 
on thetop of the iron pile, with ste-I-pointed drill, makes 
very little headway. The tide rises i.mr feet; and the pre­
vailin g win d is S. W. Mr. Mtliggs bllildll the road for $'1,' 
000,000. 

KAURI GUM. 

Professor M. M. P. Muir shows, as a result of his experi­
men ts on the Kauri gum of Australia, that it is a mixture 
of resin s and true gum, class able amon g the gum.reein s, as 
shown by distillation. One half of its weight consists of 
water an d a heavy oil. The residue solidifies to a brittle, 
tran sparen t, solid mass. 

RANGE OF TORPEDOES. 

From recent experimen ts conducted by an En glish Torpe. 
do Committ�e against the iron hul� Oberon , with the view of 
ascertain in g the maximum distance within which tbe en ­
gines of an en emy's vessel might be rendered useless, if n ot 
the ship herself destroyed, by the explosion of a submarin e 
torpedo, it appears that the hull of an ironclad is practically 
safe from danger at a range of 100 feet from a 500 poun d 
charge of gun cotton, exploded in 48 feet of water, but that 
her-en gines are liable to deran gemen t at that distan ce, 

IMPROVEMENT OF THE MISSISSIPPI. 

Tho Commiasion ers, appointed by the President to report 
upon the best plan of improvin g the mouth of the Missis­
sippi river, recen tly sailed from New York for Europe,where 
they purpose to examin e the Deltas of the Dan ube, Rhine, 
an d other rivers. The part, consists of W. Miln er Roberts, 
General Alexan der, General Wright, Gen eral T. S. S;ckels 
(of tue Union Pacific Railroad), Professor Mitchell, ::\ir.II. W. 
Whitcomb, an d Gen eral Coombs. They return in Kovem­
ber. 

ACTION OF CHROMIC ACID ON TEXTILE MATEmALs. 

In the presen ce of oxidizable substan ces, cblomic acid 
loses a portion of its oxygen an d passes to the state of green 
se�quioxidt'. 'With othtr lIubstances, especially wool an d 
silk, M. Jacqllelin finds that it gives a bright yellow color, 
when ce he condudes tLat tue acid may be adv an tageously 
used to det<ct vt'getable fibers from those of an imal deriva­
tion in mixed BtntI$, the former n ot yieldin g the yellow 
c,lloT. Chromic acid id also a goo'l test to show the presen ce 
of cocbinelil in alt'fi-�iB1Jy colored wine. 

ENGRA VINCI O� COPPER. 

1\1. Oil l a  Grye rellor:s a lJew process in the above n llmed 
art which COD"jsts in first co V' . ring the plate with a thin coat­
ing of !ldbe)'· Lt 811" r, wbic':l I� in turn covered with colored 
varn i.h. Tbe lints aTe tueu drawn with a sharp point, af· 
ttl tb.e fashion 0 r uei1Jg a d [, mon d for ston e engraving, an d 
subMquEnt.y Bunk m:o the pla:e by means of the action of 
perchlorlde of ilon. 
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