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in use many years for electroplating, and in much more con.
centrated form than it is employed by Lenoir, without real
injury.

An amalgamated silver mirror does not exhibit the yellow
shade of pure silver, is far less sensitive to sulphuretted hy-
drogen, a8 two years’ experience proved, and resists perfect-
ly the action of the sun. Lenoir's process has been intro-
duced into the mirror factors of Mangin l.esur, at Paris.—
Deutsche Industrie Zeituny.

‘A-_;lngulnr Rallway Colll:lon.
To the Editor of the Scientific American :

In your issue of July 1 you mention and illustrate a singu-
lar collision. I notice that the Greplic locates the ocour-
rence on the Northwestern Railway. Allow me to call your
attention to a remarkable coincidence:.

Your engraving, with but few exceptions, represents a
collision that occurred on the Falls branch of the New York
Central road on the morning of September 10, 1872, between
the village of Albion and the city of Rochester, 24 miles
from the former place. Both trains were due at Albion at
345 A. M. The eastern bound train was one or two minutes
late ; but the train from the Kast not having arrived, the
eastern bound train started out (having the right of way) at
an unusual rate of speed. In running two miles it made up
two minutes. At this juncture the engineer saw through
the fog the headlight of the advancing train. He whistled
down brakes, and reversed his engine. Only three brakes
were set. All on both trains jumped. The engineer of the
eastern bound train struck on his head, which stunned him
for the moment. He sprained his wrists and bruised his
face, but all the others alighted in safety. In an instant the
monsters came together, hissing and seething in each other’s
embrace.

Unlike your illustration, they stood more nearly alike on
thetrack, without smoke stackk or bell. The tenders were
driven under the rear of the engines, and everything that
could be thrown from the engines under such a fearful con-
cussion was gone. The boilers did not burst, but the en-
gines appearad to be total wrecks. I understand, howerver,
that vne of them was rebuilt. Six cars lefi the track, and
three more were burnt on the track. The trains were heavy
freights, and a great amount of merchandise was burnt or
otherwise destroyed and stolen. The loss at the time was
estimated at $200,000, but I understand that this was con-
siderably in excess of the fact. Photographers arrived too
late for the prize. The engines were quickly separated,
and, when disengaged, they rolled some 16 feet down the

embankment. The track at the place of accident was
smo»sth and straight. ALEX. D. TYTLER.

Albion, N. Y.

- et B ——————
Flax in Missouri,

7o the Editor of the Scientific American :

1 wish to crll the attention of capitalists and inventors to
an opening for them out here. I recently noticed along the
road between Sedalia, Mo., and Parsons, Kan., that the farm-
ers grew a great deal of fiax, just for the seed. They do
nothing with thestalk or straw. Why could not this be put
touse? Ialwayssupposedthat there was a great demand
in this country for fiax, and it looks like a great waste to let
all this stand in stacks to rot or be burnt. The only reason
for this that I can see is that, in thrashing out the seed, the
stalks become tangled together, which may make it difficult
to hackle ; but our inventors could readily make some ma-
chine to overcome this difficulty. There is about 1 tun of
fiax straw to the acre. The crop is a regularone; many
thousands of acres are cultivated every year ; and after the
seed is thrashed out the straw could probably be bought for
a mere song. S. E. WORRELL.

Hannibal, Mo.

fFor the Scientific American.)
ANIMAL MECHANISM.

Most of the mechanical principles used in machinery have
their illustrations in animal movements. Some are direct
copies from Nature, but others were first contrived by man
without his having consciously taken the hint from Nature,
and afterwards found to be similarly used in animal mechanics.
While this shows that man is created in the image of his
Maker, in that the minds of each see truth and the applica-
tion of principles in the same light, it also shows that man
may find it greatly to his advantage to study the mechanism
of animals and its applications of force, in order to learn the
best means of accomplishing his ends in the mechanic arts.
This may be an improvement upon the common method of
working out, from the unaided brain, principles which
Nature has used and displayed from the earliest time.

The shape an‘l keel of a ship have their best models in
in the form and fins of fishes, and in several species of
water bostles. It was formerly supposed that it was only
necessary t0 have the bows of a ship sharp and well pro-
portioned ; now it is found that the shape of the stern has as
much to do with its ense of motion as the shape of the bow,
or the way it leaves the water is as important as the way it
cuts the water. Hence a boat that is made for speed is now
made to taper as gradually toward the stern as toward the
stem. This mechanical principle has always been in use
in the fish, the water beetle, and the bird. The pectoral
and anal fins of fishes answer tothe keels of ships, and the
tails of both fishes and birds act as rudders. The tail of a
fish, in addition, acts as the propelling power, on a prineiple
similar to that of sculling a boat or of screw propsllers.

Barker's reaction mill, or the force due to unbalanced
pressure, is illustrated in the progressive—or rather retro-
gressive—movement of cuttle fishes, squids, and other
cephalopod mollusks. They propel themselves backwards
by forcibly ejecting water fromm an opening near the
head.

The toggle joint, which is used in printing presses and in
other machinery, has a representative in most of the hinge
joints and in some others, of man and inferior animals.
The pulley ix used in the human body, by the cord which

raises the great toe and the foot acting upon ligaments for .

friction wheels in the ancle; also by the digastric muscle,
as it passes through a ring or loop in the muscle which is
attached to the hyoid bone, serving the dnuble purpnse of
raising the larynx in swallowing and of pulling down the
lower jaw. The muscle which performs the ohlique rolling
motion of the eye also works through a loop which serves;
the purpose of a pulley in changing the direction of motion:"
as do also those attached to the knee pan. '
The three classes of lever are amply illustrated in the ,
various movements of man and other animals. The support i
and motion of the head upon the upper part of the spinal |
column illustrates a lever of the first class. The third is’
shown in raising the forearm by the contraction of a muscle
attached a short distance below the elbow. The raising of
the body upon the toes has been called a lever of the second
class, in which the ball of the foot is the fulcrum, the muscle
attiached to the tendon of Achilles at the heel is the power,
and the weight is applied at the base of the lex. There are
some interesting considerations respecting the mechanical
principles employed in the last case. If thia is a lever of the
second class, the question as to how much power is required
to raise the weight of a man of ordinary size is an interest-
ingone. On this supposition, the long arm is to the shortarm
as about 3 :2 ;and if the power were applied outside of the
body it would require 100 lbs. of power to raise 150 lbs.
But as the power that raises the body is itself a part of the
weight to be raised, when the muscle has contracted with
the force of 100 lbs., its reaction presses downwards, up-
on the foot acting as a lever, with the force of 100 lbs. This
reaction also has to be overcome, which adds so much to the
weight of the body to be rajsed ; and when additional force
is applied to overcome the added weight, the reaction of
this would necessitate still greater force, which would
again increase the weight, and so on in an indefinitely de-
creasing series. If the reaction occurred at the end of the
lever where the power is applied, of course the two would
exactly balance each other, and all upward motion would be
impossible. Tt would be like 1 man’s trying to lift himself
over the fence by his boot straps. But as this reaction occurs
one third of the distance to the fulcrum, two thirds of its
force at the lever’s end would counterbalance it. The result

seems to be possible by demonstration of thealgebraic equa- ‘

tion based on the law of the lever: that the power X the
long arm =the weight X the shortarm. Then « (the power)
X3=(150+% z) X 2; which gives 180 lbs. asthe amount of
power required to raise 150 1bs. and overcome the reaction of
the force exerted. While in theory this seems reasonable
enough, in practice the result is widely different. The prin-
ciple here involved appears the same as when a man stands
upon a stiff board one third of the distance from the end
of the lever towards the fulcrum, placed at the opposite end,
and tries to lift himself by lifting up at the lever’s end.
And this is practically impossible, whether the power be ap-
plied as here stated, or by means of lever and pulley ar-
rangements, so that the power and resistance may act verti
cally.

The difficulties are not diminished if we consider the
movements at this point as illustrations of a lever of the
first class.
the bones of the leg to the bones of the foot the fulcrum,
the power at the Achilles tendon as before, and the weight
at the point where the ball of the footrests on the ground
On this supposition the force of muscularcontraction would
tend to press down the earth ; but as this is practically im-
movable, the result is the pushing up of the body, which is

tration of this application of the lever in the rowing of a
boat. This would require the application of force at a
greater disadvantage than in the former case, and conse-
quently a greater strainupon the mnscles performing the
work. But we know that raising the body on the toes is not
accompanied by any painful physical exertion by the indi-
vidual, and a closer study of the anatomy of the foot shows
that the work is not done by one set of muscles alone. The
tendons which bend the 1oes downwards are, after uniting
into one, made to pass by a pulley arrangement among the
carpal bones, and are attached to a muscle in the calf of the
leg. These tendons, being united to the end of thelong
arm of the lever, enable this muscle to work at an advan-
tage. or, in other words, so that power is gained at the ex
pense of time. But it is probable that the mechanism is even
more complicated than this.

The working of the muscles employed in this movement
can be illustrated and their force measured by lying on one’s
back and placing one foot in the loop of a rope which passes
over a pulley and has a weight suspended from the other
end. As the foot, acting as a lever, is made to move, it will
will pull the rope and raise the weight, which may be in-
creased till the limit of muscular power has been reached.
In this experiment care must be taken that no other muscles
are allowed to aid in the process.

The sliding seat in rowing is one that moves forward as
the hand end of the oar is advanced, causing the knees to
bend or spread. This gives a longer stroke and double pur-

In this case we would call the attachment of :

and trunk are brought inuto use, but also those of the legs
This new and ingenions contrivance of mechanics, reached
without the aid of Nature’s suggestions, has been in use be.
fore our very eyes from the beginning of man’s existence ;
and we needed but to study and apply the pricciples of an-
imal mechanism to have employed it in practical life lonyg
agu. W. W, Wagstaffe showed, in Nnture, a few months
ago, that the shoulder illustrates the principle of the sliding
veat. Besides the very free motion of the ball-and-socket
joint at the shoulder, there is a forward and backward move.
ment of #ix or seven inches, due to rotary motion of the
clavicle upon the sternum, und also an up and down move

ment of about four inches, articulating at the same point,
as séed in bell ringing and weight lifting, Thisgivesan ad-
ditional purchose and sdvantage. similar to that gained by

the sliding seat: S HT
e A ——
[For the Scient{tic American.)
TURNING HARD STEEL WITH THE AID OF PETROLEUM
A8 A LUBRICANT.

BY JORHT A ROBK,

Some experiments recently made have given the following
determinations:

1. That the use of either petroleum or a mixture of the same
with spirits of turpentine as a lubricant for turning tools
does not enable the tools to cut metal of any greater degree
of hardness than can be cut by the same tool when used dry.

2. Thatthe use of the above-named lubricant does not en-
able a turning tool tocutmetal of any degree of hardness
or temper at a faster rate of cutting speed than can be at
tained by the same tool when used dry.

3. 'I'hat the above-named lubricant is effective, inasmuch
ay it will keep the cutting edge of the tool comparatively
cool, and hence tend to preserve it longer than would other-
wise be the case, the practical difference, however, being
very slight.

4.That it is impracticable, under any of the ordinary cundi-
tions, to properly turnsteel of a hardness or degree of tem-
per greater than a deep purple bordering upon a blue.

Belowwill be found the details of experiments which
were conducted by me at the Freeland tool works, at 560
West 34th street, New York city.

A piece of steel § inches diameter and 6 inches long was

imade red hotand plunged endwise into clean cold water,

and held submerged until quite cold. Upon inspection after
immersion, the steel was found to be white all over, evi-
dencing that the hardening was performed equally at all
parts. Oneend of the steel was then made red hotand all
lowed to soften, the temper being permitted to ran up at.
will. It wasthen placed in the lathe and run at a speed of
10 feet per minute. The lathe tool used was an ordinary
front tool, made as hard as fire and water would make it.

A cut 4y inch deep was started at the softened end of the
steel, the feed being set at 40 revolutions to an inch. The
i lubricant, pure crude petroleum, was freely applied from
the commencement of the cut. The tool was fed along un
til finally it commenced to jump, making a cracking noise,
due to the excessive pressure with which the tool was forced
to its cut. As soon as the cracking began, the tool became
dulled and useless ; and upon testing the tool with a smooth
file, it was found that the file would cut the steel, where the
tool cut ceased, the color of the metal being a deep brown.
The tool was reground, and applied to the cut where it had
left off at the first trial ; but it refused to take the cut up
any further. It was therefore reground and applied with
out any lubricant whatever, the cutting speed and feed re-
maining the same. It took a cutof 4% inch in depth up to
the same distance as on the first trial, leaving the cut much
smoother, however, than the first one. From the fact that a
file would cut the steel where itshowed a temper of a brown
bordering upon a yellow, it was evident that the sample of
steel under operation was not of the bestquality ; and it was
determined to make a second trial, for which a piece of
Turton’s hammered round tap steel was selected, its diame-
I ter being § inch, and its length G inches. It was first hard-

ened as hard as fire and water would make it, and then tem-
is the object most easily moved. We have a similar illus-!

pered so that the end was purple, the color running up an
inch before the deep straw color was reached. The cutting
speed was about 7 feet per minute. The tool was ground
and applied to the steel where the color was a deep brown
bordering on a purple. Crude petroleum was firstapplied,
and by the application of considerable force the tool took a
cut about4y inch deep, carrying it along about } inch where
the steel wasof a deep brown color. The corner of a smooth
file was applied to the cut where it left off, and it would
just cut it under severe pressure. The tool wasthen re-
ground and tried under application of two parts petroleum
to one of spirits of turpentine, and then of equal parts of
turpentine and petroleum ; but the cut could not be carried
along any further. The next operation was to try the same
tool upon the same steel, but without any lubricant, and the
result was that it took a cut 4y inch deep, commencing and
leaving off its cut at the same place, but requiring a trifie
more power to force it to its cut.

The results so farobtained were not sufficiently encourag-
ing to warrant any minute experiments, because the small
diameter and slow rate of cutting speed were the most fa-
vorable of conditions ; while the rapid destruction of the
cutting capabilities of thetool was such that no practically
useful effects had so far been obtained. Furthermore, the
cutting, performed upon any part of the steel whose temper
was greater than a blue, was neither even or smooth ; and it
wag a certainty that no finishing tool could be made to stand,
whatever the lubricant employed.

The next operation was to make a test upon a piecz of

chase upon the weter ; for notonly the museles of the arms
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steel tempered to a deep purple for about an inch along its
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length, the object being to ascertain if, by the use of petro-
leum or a mixture of petroleum and spirits of turpentine,
steel of that degree of temper could be turned at any
faster speed than with a tool used dry. Theresult of the
experiment was that the difference, i« any, was too slight to
be of practical importance. A si'nilar experiment upon a
piece of soft steel demonstrated that,by the use of petroleum,
no advantage in cutting spaed was to be obtained. The cut-
ting speed employed during this experiment was 37 feet per
minute.

The last experiment made wus upon a piece of Turton’s
round hammered tap steel, tempered to a clear bright blue
along 4 inches of its length. the cutting speed employed
being 10 feet per minute. The first cut, )5 inch deep, was
tak n with a lubricant o. three parts petroleum and one part
wpirits of turpentine, the second cut being taken dry, the re-
sult being that tie tool stood a little bztter with the lubri-
cant than without. It hasbeen known for & long time that
benzine, keros "ne, turpentine, or any of the light volatile
oils act aslubricants for cutting tools mor: effectively than
either water or oil, their advantages hein: that they are
more penetrating, and hence approach much more eaxily
and frzely to the cutting edge of the tool, which they there-
fore keep more codl. The difference in their favor is, how-
ever, not very great. A short time since, Thomas and Co.,
of the Freeland Twol Works, had to plane a platen for
a printing press, 6 feet. hy- 4 feet, and it was found, after one
half had had a cut taken off it,that the other half was chilled
so that ordinary tool steel would not touch it. Then Hob-
son’s and Jes ‘op’s double refined steels were tried,and it was
determined to throw the platen away and cast another.
Finally, however. a tool made of chrome steel, § Ly 1}, was
used, and it carried the cut across the chilled part nicely.
During the last part of the cut, Mr. Thomas took a piece of
rag soaked with kerozene and applied it to the tool during
the back stroke of the planer, with the result that the tool
retainad its keenness much longer, thus agreeing with our
own experiments, the cutting speed employed being in this
case 14 feet per minute.

HARMONY AND DISCORD WITH OPTICAL STUDIES.

LECTUKE DELIVERED AT THE BTEVENS INBTITUTE OF TECHNOLOGY., BY
PROFERROR (2. F. RRACKETT, OF PRINCRTON, N. J.

In the previous lecture it was shown that all matter is en-
dued with energy. Hydrogen will penetrate through » po-
rou; cel!; a ball suspended by » string will continue to vi-
brate for a long time when set in motion. The vibrationso f
tods and strings were illustrated in a variety >f way«. The
cessation of sound in a vacuum wax shown by means of a bell
under a receiver, and the conduction of sound through wood
by muffling a music box and vonnecting it with an ®olian
harp by meanx of a wooden rod.

On the prexent occasion, we shall consider how the vibra.
tions thus studied may be utilized in that mnost glorious of
all arts, music If the same note is sounded on a flute, a
violin, and an uccordeon, we instantly recognize to which in-
strument it. helongs. By the same puwer the var recognizes
in an adjoining room the voice of a friend who has returned
ufter a long absence, although we have not yet seen his
face. The impression thus conveyed is often 8o precise that
we would be willing to swear to his identity in a court. We
see thus that tones differ, not only in loudness and pitch, but
also in quality or character. The pitch of & sound by which
it sounds high or low, acute ur grave, is determined by the
number of vibrations in a second which the sounding body
makes. The loudness may be illustrated by means of arod
secured at one end; if we pull it back only a little and cause
its end to describe a small arc, it will not move with as
much force as it we bend it back considerably and let. it fly
with great velocity. The quality of sounds is due to the
manner of vibrating. Instead of fastening the rod at one
end only, it might be fastened at both, and then the manner
of vibrating would be different. [n a stretched string there
are present a great. many different vibrations, all of which
combine to give us the impression of a musical note. When
we look upon the restless ocean, we perceive at the same
time huge billows surmounted by lesser waves, and perhaps
delicate ripplets crowning the whole; in like manner musical
notes are made up of waves of various sizes.

An organ pipe consists essentially of a fine edge placed in
a hole ; when the air passes over this edge a whistling sound
like that of the wind isproduced ; but when a tubeis placed
over it, this whistling is raised to the dignity of « musical
note by the vibration of the column of air contained in the
tub2. 'T'he same effect is produced by substituting a resona-
tor of proper size for the tube; a sounding box developed a
mere hint or ghost of the same sound. After having dis-
sected an organ pipe in this way, another pipealready ad-
justed was taken, and it was shown that a second, higher
sound could be produced in it by harder blowing.

A tuning fork may be set in vibration with a bow in such
a manner as to emit no distinctly audible musical tone; when,
however, it is held before the mouth, which is opened as
though the experimenter were about to sing the correspond-
ing note, the air in the mouth is set in vibration, and the
note of thetuning fork is plainly heard. The octave of this
note can be obtained inthe same way. An organ tube, a re-
sonator, or a sounding box, brought near the tuning fork,
will answer the same purpose ; but they must be-tuned to
correspond to the fork, or, in other words, they must contain
the proper volume of air. Of a number of resonators on
the lecture table, only one responded to the tuning fork
used.

If we close the upper end of an organ pipe, a much graver
note is produced. The mode of vibration of the air has been

5 represents the octave, where one pendulum is twice the
length of the other. Fig. 6 is the fourth, the ratio being

changed. When the sound wavestrikesthe end of thetube, |3. It is almost, if not quite, impossible to produce two
it developes a nodal point,because it is not free to move fur- | figures exactly alike withthe same arrangement of the pen-
therin the same direction, but is reflected back to meet the |dulums ; they will differ as much as the leaves of the same
next following wave at other points. Wherever the crests|tree. Although the eye readily detects the difference be-
of two waves or the troughs of two waves coincide, larger | tween them, the sounds they represent are identical to the
waves result ; but where troughs and crests meet, they neu- | ear.
tralize each other and produce nodal points. The modes of
vibration are characterized by the position of these nodal
points. With the same tube, for example, harder blowing
will change the number and the position of the nodal points.
What we are accustomed to call the pure, sweet, simple tone !
of the organ is really nothing of the sort: it is, in fact, a |
very complex form of vibration. To get a pure and simple |
note, we must take a tuning fork ; hence, by analyzing the |
compound note of & musical instrument, we ought to be able
to recompose it, by combining a number of tuning forks re-
presenting its components. To illustrate this, the lecturer
imitated a violoncello note by means of a series of tuning
forks.

The difficulty in this experiment lies in obtaining the pro.
per relative intensities of the components.

Fig. 5.

Fig. 1.
6y A third method of optical study is by the aid of manome-
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We are not by any means dependent on the ear alone for
the atudy of musical vibrations. They can be made apparent }
to theeye. If we attach asrrip of paper or glass, covered .
with lampblack or any other fine powder, to one tuning fork l
and a bristle to another, we will obtain a series of compound !
curves by drawing the latter slowly over the blackened sur- '
face. This curve 1 a resultant of the two vibrations. 1In '
this way very instructive diagrams are produced with tuning :
forks whose vibrations have certain definite relations, such ;
as those, for example, corresponding to the ordinary musical '
intervals. In Fig. 1, theratio of 5:6 corresponds to a minor i

Fig. 2.

lighted and the instrument sounded, the tremors of the mem-
brane cuuss: the flame to vibrate up and down. On revolving
a mirror before the tlame, the motions of thelatter are spread
out in the form of serrations differing with the tone. By
having & number of such flames and membranes in connec-
tion with a series of resonutors, composite sounds may be
analyzed into their constituents.
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third : 4:5 to a major third; and $:4 toa fourth. In Fig. 2

the ratio of 3:5 is that of asixth; §:8 of a minor sixth ;!

and 3:2 of a fifth. Fig. 3 exhibits the result of operating |

with two forks whose vibrations differ more slightly in num- |

ber. It represents the heating thus produced, with itsalter- :
nations of intensity-. i

Fig. 4.
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By means of these and various other apparatus too nume-
rous to describe, even a deaf person could thoroughly study
musieal vibrations. They enable us to hear, as it were, with

our eyes. C.F.K

Another way of studying these resultant vwjbrations is by
the aid of Tisley’s pendulum, which consists of a marking
point so arranged as to obey the motion of two pendulums
swinging at right angles to each other. A variety of effects
is produced by lengthening and shortening the pendulums
and by varying the intensities of their motion. The result
is a series of beautiful symmetrical curves represented in
the accompanying engravings. Fig. 4 represents unison,

Electricity asx a Transmitter ot' Power.

It is well known that the Gramme magneto-electric ma-
chine, which transforms mechanical force into electricity,
can also be employed in inverse manner to transform electric-
ity into mechanical force. T'he property may be utilized to
transmit power over longdistances. The motor of a factory,
for example, could be connected with one machine so as to
| rotate the same and thus generate a current. This current,
carried over distances by cables, might be communicated to
another Gramme machine at the point where the power is
required. Thesecond machine, by the current, would thus
be caused to revolve, and the power would be utilized as
necessary.

Of course, in this double operation, there is a loss; but ac-
cording to M. Magnon, who has investigated the subject ex-
perimentally, this is even less than takes place with any
other mechanical disposition. If the waste of power
equaled that involved in transmission by wire rope, long
belts, and like means, it appears that the new plan has su-
perior advantages, in that it does away with a large amount
of shafting, belting, etc., and besides allows of power being
transmitted over much longer distances than would be prac-
ticable by such devices. The details of M. Magnon’s experi-
ments, are not given, so that we are unable to review the

Fig. 4.

where the vibrating pendulums are of equal length. Fig.

three to four ; and Fig. 7 is the fifth, having the ratio of 3 to

data on which his opinion is based.
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