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an arrangement of levers and rods, the lowest type in the corre-
sponding groove of the composing-cylinder is pushed radially out- 
wards on to a very rapidly revolving disk, which carries it to an 
opening in the stationary guard surrounding the disk, ant1 delivers it 
upon a moving belt, on which the types are carried in their proper 
order to a revolving lifter, which raises them iu succession into a 
long setting-stick in front of the operator, terminating in a justifying- 
stick a t  the upper end of an inclined channel or galley. 

In  justifying, a seftion of the composed line of type is drawn to 
the mouth of the justifying-stick, and is justified with spaces taken 
from a case containing channels for the different spaces and the 
hyphen, the lowest of which are pushed partially out by ejectors 
worked with a treadle. 

The  lines of type, when ready for distribution, are inserted in the 
grooves of the distributing-cylintler from a special galley by means 
of a slide, with which a whole line a t  a time is pushetl botlily into a 
groove. 

It is claimed that this machine will distribute and set at  the rate 
of six thousand ems per hour, tloing, with three persons, the work 
of six Inen working in the ordinary way. Considering the purpose 
for which the machine is intentled, the construction is simple, antl 
there, appears to be no tlifficulty or hitch in the worliing. 

It should be remarked, that, by manipulating the keys in one 
direction only, several keys may be touched simultaneously without 
riskof the characters becoming transposed. In working the oppo- 
site way, each liey must be touched separately. T h e  machine is 
driven from a shaft by two small belts. One belt transmits motion 
to the revolving disk below the type-setting cylinder and to the type- 
lifter; while the other belt, by means of a tightening-pulley and 
ratchet-gear, produces the step-by-step motion of the tlistributing- 
cylinder. - ~.-

T H E  STEAM-ENGINE, I T S  PRINCIPLES, I T S  DEVELOP- 
MENT,  I T S  P R E S E N T  CONDITION, A N D  I T S  FIJ- 
T U R E  PERFECT1ON.l 

IN this lecture will be found, stated in a very compact form, the 
fundamental principles of the steam-engine, ant1 a history of its devel- 
opment. Some of the statements a t  first glance seem very startling, 
but they are so supported by the records that surprise is overcorlle 
by conviction. One of these statements is, that "for a generation 
after James Wat t ' s  death the art  of producing power froin fuel by 
the intervention of a steam-engine retrograded ; so that less power 
was usually obtained from a pound of coal consurned than had 
been obtained by the use of rne~hods invented and fully explained 
by Jarnes Watt." 

This is illustrated by the following : " Foundetl upon these 
principles, the steam-engines which were made by Mr. Wat t  and 
his associates antl pupils before I 830, produced a horse-power with 
less than two pounds of coal an hour. These engines are known as  
the Cornish pumping-engines : and, if you will look into the history 
of these machines, you will find them reported a s  doing more than 
a 'hundred millions of tluty,' which is a technical phrase, intended 
to express the fact that a hundred million pounds of water were 
lifted a foot high for a hundredweight of coal consumed. Turn-
ing that into horse-power, it means about two pounds of coal an  
hour a horse.power. This result was producetl by cutting off 
steam in the cylinders at  one-sisth or one-eighth of the stroke, and 
allowing it to expand six or eight times. T h e  engines of that day, 
of course, were very imperfectly constructed, and g-reat losses oc-
curred from leaking pistons and fro111 defective boilers ; bllt, not- 
withstanding that loss, the result was equal to two pounds of coal 
an hour a horse-power." 

In a note on the subject, reference is matle to the authorities 
showing the "du ty"  of Cornish engines before 1830 to be more 
than a " hundred millions," or, what is the same thing, a horse- 
power with less than two pounds of coal an  hour. Perfiaps the 
contrast between the engines tlitl not attract much attention, 
because the Cornish engine's economy was always stated in terms 
of weight lifted, whereas economy in other engines was stated in 
terms of coal an  hour a horse-power. 

1 Abstract of a lecture delivered by  Edward N. Dickerson, LL.D., before the 
Electric Club of New I'ork, Jan.  17, 1889. 

The  lecturer, on this subject, makes this statement : "When  
steamships came to be built in England in 1840, and afterwards, 
notwithstanding the fact that high expansion with great economy 
was in constant operation on James Watt's Cornish engines and 
on Wolff's compound engines, no attempt was made to work the 
marine engines under high expansion ; and as a consequence all 
the earlier steamships, for Inore than thirty years, were running a t  
a cost of at  least four pounds of coal an hour a horse-power; 
while, at  the same time, compountl engines hatl been well known 
for a generation, and were in actual use, making a horse-power for 
about two pounds of coal an  hour. The  Cunartl Company, how- 
ever, were making money in their business ; and they considt~-ca 
that a sufficient answer to any suggestion that their fuel account 
was enormously expensive." 

I t  is certainly a very remarkable fact that for a generation 
steamship-owners did not use high expansion on their ship-engines, 
when it hatl been in use on shore for thirty years, both in single 
antl in compound engines. 

The  fact, perhaps, is not generally known, as stated by the lec-
turer, that " in 1825 several steamboats on the North Riverworlied 
by double expansion engines, were built by Mr. Allaire in this city, 
-the ' Henry Eckford ' for one ; and the ' Sun,' which made the 
trip to Albany in about twelve hours, for another. A t  that time 
the subject was not well enough understootl, antl econorny in fuel 
was not considered of so much consequence as the first cost of 
construction, and these engines were not largely reproduced. One 
of these tlouble expansion engines made in England was brought 
to this country in 1830, and for rnany years was used in the oil- 
factory of Judtl's Sons, giving very economical results. When 
they neetled more power, a half-stroke cut-off engine was made for 
that factory and added to the other, but its results were vastly in- 
ferior to that of the compound engine." 

The  explanation is pribably the true one, that the greater original 
cost of compountl engines was of more consequence in those days 
than subsequent economy; and so the corripound engines were 
neglected and lost sight of, till attention was again called to them 
by Mr. Jamesonin 1860, when it was necessary to save a steamship 
company on rhe Pacific Ocean from ruin, because of the high cost 
of fuel there ; and he adopted the very obvious remedy of rerlucing 
coal-consumption one-half by the use of the old cornpound engines, 
which had been disregarded for years. 

One very interesting fact brought prominently forward is thus 
stated : " The  astonishing fact exists to-day, that, on an average, cvery 
stearnboat running on the waters of New Yorlc is wasting certainly 
not less than fifteen per cent of all the fuel consumed, by leaking 
through the valves ; and alrnost any one of thern will run a t  the 
rate of four or five miles a11 hour without ever opening the stearn- 
valves at  all, and simply by the leakage throughthosevalves ; and 
yet that leakage is only the difference between what leaks in 
through the stearn-valves and what lealis out through the exhaust- 
valves. Some of these stearnboat-engines are so constructetl that 
the englneer can 'unhook ' the steam-valves without unhooking the 
exhaust-valves; so that, as the engine moves, the exhaust-valves 
are working, and the steam-valves are shut. Tha t  is particularly 
true of some of the steamboat-engines on the New IIaven line ; 
and when the pilot rings the slow-bell, as he frequently must do in 
going through the crowdetl thoroughfares, the engineer simply un- 
hooks the stearn-valves and lets them drop shut, and the stearn-
boat moves on a t  a fair rate of speed from the leakage alone; 
whereas, if those steam-valves were tight, the engine would be 
stopped in half a revolution. This tremendous loss is not appr! 
ciatetl, because it is a case of internal hemorrhage, and no visible 
sign appears. The  steam leaks into the condenser, and is pumped 
overboartl with the condensing water ; but, a s  far as I have ob- 
served, it has not raisetl the temperature of Long Island Sound a t  
all, antl therefore has not producetl any effect on climate; antl 
there is no atlvantage gainetl by that tremendous expenditure. T h e  
remedy, of course, is very simple, and that is to go back to James 
Watt ,  which would mean a t  least fifteen per cent of saving In the 
coal-bins." 

A note very fully explains how this loss occurs, and why it es-
capes observation. All the earlier steamboats used the single 
puppet-valves of James Watt, which are necessarily perfectly tight 
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when once ground into their seats;  and, a s  they are forced into 
their seats by the pressure of steam, it is impossible for them to 
leak. But, being heavy to lift by hand, some one invented the 
double-balanced valve, in which the steam is pressing upward and 
trying to open the lower of two valves, whileit is pressing downward 
on the upper one ; so that there is no trouble in opening them by 
hand. Of course. such an arrangement must leak ; and, when 
stearn once begins to leak, it cuts its way through the crack, and 
very soon has an open passage. 

I t  has not, however, been supposed that the leak was so enor-
lnous as  stated ; but the lecturer appeals to  what he says are facts 
within his knowledge, and which are  easily verified any day. If it 
is true that  steamboat-engines will run the boat without open-
ing the steam-valves, a s  he says, and that it is done a s  a 
practice on some Eas t  River steamers when the engine is required 
to go  slow, it is certainly most astonishing that owners should 
permit such a state of things to continue for a clay. As  the lec- 
turer says, it is a case of internal hemorrhage, where the patient 
nlay bleed to death without knowing the cause. 

T h e  lecture contains two cuts, exhibiting the single 
puppet-valve of Wat t ,  and the double or balanced A~ner i -
can valve, as  below. 

I t  is very apparent frorn the sketch that the tlouble valve 
must be leaky. T h e  pressure upwards on the lower valve 
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balances the pressure tlownward on the upper OM,ant1 of course the 
valve opens easily ; but unless the upper and lower valves, which 
are  rigidly separated by a column, can be fitted at  exactly the same 
tlistance apart that the seats are, of course tbey must leak, since no 
pressure can take effect on either to force it into its seat. If they 
could be so perfectly constructetl a s  to be stearn-tight when cold, 
the moment they are heated by steam. the expansion of the col- 
umn must differ frorn that of the enclosing chest, ant1 at  once a leak 
begins; ant1 when it does begin, it soon cuts away the metal. 

T h e  lecturer takes up the present theory that great losses are 
incurred in working steam expansiuely, accortling to the la\~:s of 
Wat t ,  hy what is calleti "cylinder contlensation," which is said to 
destroy a s  much a s  one-quarter of the steam introtluced into the 
cylinder, ant1 to that extent neutralizjng the theoretical gain by ex- 
pansion. This hypothesis was put forwart1 by the engineers of the 
navy in 1860, a s  the true explanation of a verycornmon fact, that a 
steam-engine does not give out power in proportion to the expan- 
sion usetl. This  explanation was supported by an experiment trietl 
by the United States on an engine on Lalie Erie, to which the lec- 
turer refers as  follows :-

" I n  the history of the developnient of the steam-engine, one cu- 

rious phenomenon deserves to be mentioned, and that is t he  attack 
upon James Wat t  and his laws of steam by the Government of the  
Unitetl States during the Rebellion, when vast sums of money were 
expended in builtling steam-engines. At that time the Govern- 
ment officially pronouncetl its judgment of condemnation upon the  
laws of Wat t ,  and published that  judgment in a book, which was 
distributed to the engine-builders and engineers of the country as  
the authoritative decision by the United States. Th i s  absurd con- 
clusion was reached in consequence of some experiments ignorantly 
tried by some Government engineers, on a leaky engine on Lake 
Erie, which, a s  the report showed, was  using more than twice the  
fuel to the horse-power that James Watt 's  engines were using. 
What  was proved by the expel-iment was, that such a machine a s  
that was  not a good one to  make forty-seven horse-power by ex- 
pansion : but it was assumed that it proved there was  no use in 
expansion. I quote from tKat book the following :-

" ' T h e  results obtained from this engine (that is, the Lake Erie 
engine) are rigorously ;~pplicable to all others in which saturated 
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stearn is e~npioyed in a cylintler not jacketed, and,show 
conc~usively the utter futility of attempting to realize an  
economical gain in fuel, under such contlitions, by ex-
panding the steam bepontl the very moderate limit of one 
and a half times; and that, if tlie expansion be  carried 
to three times, a positive loss is irlcurretl ; also that if 
measure of expansion, as  high as  those clue to cutting off 

the steam a t  & or .4, of the stroke of the piston, are employetl, the 
economy is consitlerabll- less than with steam used ai>solutely 
without expansion.' 

" Upon that principle, t l ~ e  whole steam navy of the Unitetl States 
that was built during the war was constritcted. This  was a tre-
menclous blow to progress, from which we have not yet entirely 
recovered; ant1 but for the fact that the engineers of Europe have 
since built their magnificent steamers, and carried expansion to a 
high degree, we shonltl have been builtling a navy to this day in ac- 
cortlance with this ig~iol.ance. But James Wat t ,  for a deatl man, 
made a magnificent fight in tlefence of his principles ; anti the 
nioncy nrlcl resources of the Unitcil States have utterly failed t o  
defeat him." 

In an  elaborate note, an exl~lnilatior~is made of tlie way in 
which this remarkable conclusion was reached, supportetl by the 
tabulated report on which it was supposeci to rest. A s  the table 
shows, the " Michigan's " engine was run at  various rates of espan- 
sion, beginning a t  nearly full stroke, anci running down to a cut-oft 
a t  one-eleventh of the stroke. - t he  pressure of the steam being kept 
constant, and the revoiuiions of the engine kept the same, by 
taking off resistance, -- so that at  full stroke the engine developed 280 



SCIENCE. 

net horse-power, and at  one-eleventh of the stroke only 47 horse-
power, and in that proportion. Each experiment lasted seventy-two 
hours. T h e  water was carefully measured a s  it' was taken into 
the boiler; and the steam which resultetl from that water was esti- 
mated from the indicator diagrams as  it went into the condenser. 
The  result of these trials is thus stated in a note, quoting the fig-
ures from the report : -

" In round numbers twelve huntlretl pountls of water an  hour 
disappeared from the engine, whether the steam followed the piston 
lull stroke, or was cut off at  one-eleventh of the stroke ; and, of 
course, the expansion rate had nothing to do w ~ t h  its loss. Indeed, 
a t  the high expansion there appeared less loss of water than at  
lower rates. The fact, of course, was that the double-balanced 
puppet-valves of that engine leaked about the same amount of 
steam into the condenser an  hour when the engine was running, 
and it made no particular difference whether the cut-off was long 
or short. 

If the estimated water in steam, a s  shown by the indicator, 
could have been ascertained a s  accurately a s  the water pumped in 
was, it would have appeared that a t  the high rates a still smaller 
loss occurred than the tables show, a s  comparetl with full stroke ; 
because, after the cut-off valve shuts, the steam-pressure fallsoff in 
the cylintler, and less steam ought to leak Into the condenser than 
if the boiler-pressure were kept up in the cylinder during its entire 
stroke : but these indicator measurements cannot be exactly accu-
rate. They, however, established the fact that in this case high 
expansion destroyed less steam than full stroke, and so completely 
demolished the theory which the experiment was tried to establish. 
That,  however, did not prevent the forcing of balances, and other 
similar manipulation of the honest figures, in order to prove the 
hypothesis under which the experiment was tried ; and the result 
was announced that the Lake Erie experiment had proved what it 
was intended to prove, and the official United States Government 
report was issued to the world, announcing the new discovery. 

If book-keepingcould have beaten James Watt ,  he and his laws 
would have perished from the earth ; but, a s  it was, they were 
only driven for a season out of the American Navy." 

I t  is not important for science to know whether the conclusion 
drawn from the facts was fraudulent, a s  the lecturer asserts, or 
simply a stupid blunder. The fact is, that an almost constant 
quantity, of steam disappeared f ro~n  the engine in an hour, under all 
circumstances, and of course its loss hat1 nothing to (lo with expan- 
sion. The  quantity - twelve hundretl pounds an hour -was a 
very large percentage of 47 horse-power, antl a small percentage of 
280 horse-po\ver : and this fact was put forward a s  proving that 
expansion destroyed a much larger amount of steam used than full 
stroke did, w h e ~ e a s  in fact a triHe less steam was destro)ed when 
high expansion was used than at  any other time. 

The  explanation, open to any one's verification by the tables 
themselves, disposes of this extraordinary trial, and destroys the 
theory based upon it. It is great service to truth to make this ex-
posure. 

T h e  lecture ends with this expression of opinion :-
" I t  is my opinion, that, with our present knowledge of machinery, 

a steam-engine can be built to day that will produce a horse-power 
with three-quarters of a pound of coal an  hour, if of sufficient size 
to reduce the percentages of loss by radiation, friction, and leakage, 
ro a minimum. Under those circumstances, your fuel expense 
would be less than one-third of what it now is." 

It would seem that there should be some means of bringing this 
to a test. No one claims at present less than a pound and a half 
an  hour in the most elaborate and extensive steamers ; and, if this 
opinion is correct, half the coal now used, or a power double that 
now got from the same fuel in the most perfect machine, would be 
the result of such an engine. 

In a review we cannot go over the whole ground on which the 
lecturer places the case; but to those specially interested in the 
subject there is matter enough for very serious consideration, antl 
we commend the paper to their notice. 

SETHK. WARRENof Geneva Lake, Wis., publishes a little vol- 
ume devoted to the " Evolution Theory of the Origin of Worlds." 

IMPROVED GASLIGHT 

N O T \ V I ' ~ H S ' ~ . ~ S D I X Gthe rapid development of the electric-light 
industry, gas still remains the most widely used ant1 convenient 
illuminant; ant1 any means of impro\ving the quality or decreasing 
the cost of gaslight is of interest to the public. One improvement 
in both these features, now attracting much attention, is known as  
the " albo-carbon light." 

In this light the ordinary illuminating-gas is passed through a 
simple apparatus, in which it is enriched by taking up a hydro-
carbon vaporized by a current of heated gas. It is claimed by the 
company who have introtluced it to the public that one thousand 
feet of common coal-gas, after being passed through their appli- 
ance, will give fully a s  much illumination as three thousand feet 
where ordinary burners are used : in other words, the cost of illu-
mination is reduced to at  least one-half, while the light is far more 
satisfactory. The  apparatus can be attached to any ordinary gas- 
pipe or gas-fixture in a few minutes, and no change in the meter or 

THE AL13O-CARBON GAS-FIXTURE. 


gas service is required. The carburetting vessel is detachable, and 
may be readily removed from the fixture for refilling with "carbon." 
This operation is quickly performed, and the whole appliance is so 
simple that it requires practically no attention. There is no com-
plicated mechanism, and consequently nothing to get out of order. 

The adaptability of this light for illuminating purposes under all 
circumstances is proved by the fact that it is now in use in many of 
the'largest business-houses in this city and Brooklyn. Professor 
Stevens of Girard College, Philadelphia, says of it, " I have tested 
the albo-carbon light. . . . The  burner consumed 2 cubic feet of 
gas per hour. One foot of common gas per hour equalled 2.5 can-
dles, while one foot of the gas when carbonized equalled 8.125 
candles. Regarding candle-power, the carbonized gas is equal to 
3.25 times the common gas. Comparing the common gas with the 
standard 5-foot Argand burner, 5 feet per hour with the Argand 
burner equalled 17.20 cantlles ; 5 feet of carbonized gas equalled 
40.625 candles, which is 2.36 times the candle-power of the stand- 
ard Argand. . . . T h e  perfectly steady, soft light furnished by the 
albo-carbon burner adapts the light admirably for reading, for 
manufacturing establishments especially, and for general household 
uses." 

The tests referred to above refer only to single lights : when the 


