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Radiations From Atoms and Electrons—V"

A Study of the Character of the Mechanism Within the Atom

By Sir J. J. Thomson

Continued from ScIENTIFIC AMERICAN SUPPLEMENT No. 2108, Page 339, May 27, 1916

In opening his fifth lecture at the Royal Institution
on the above subject Sir J. J. Thomson said that at the
e of the last leeture he had pointed out that the
Doppler principle provided a method of determining
the nature of the system to which were due the vari.
observed in the spectrum of a gas. The
idea of the method we owed to Stark. In applying it,
a discharge tube was used having a perforated nega-
tive clectrode.  The stream of positively electrified par-
ticles which passed with great veloceity through this
cathode into the gas behind, produced light, the spec-
trum of which was examined. Some of the lines of
this spectrum were then found to be displaced from
their normal positions, while other lines were unaf-
fected.  The character of the results obtained was repre-
sented in Fig. 1, which represented the variations in

ous lines

intensity observed in the immediate neighborhood of
one of the hydrogen lines.

With this gas there considerable luminosity
in the normal, or “‘rest,” position of the hydrogen line,
and this was represented in the diagram by the first
peak. Tollowing this there was a comparatively dark
space, and then eame a second peak, which represented
the displaced position of the line. This displacement
was produced, on the Doppler principle, by the motion
of the luminous particles toward the observer. It
would Dhe sceen that not only was the line displaced,
but it was also considerably broadened, owing to the
fact that the velocities of the Iaminous particles dif-
fered among themselves to a very great extent. The
Hght represented by this second peak must have been
given out by moving particles, or it would not have
been displaced.  Hence one of the systems that came
through the opening in the cathode was the
of thisx displaced hydrogen line. The particles thus
passing were, mixed lot. This was
well shown by Fig, 20 which showed the paths traced
plate when hombarded by positive
rays produced in air by the method he had often de-
that IKach trace was made by a dif-
ferent system of particles, and it wonld he seen that not
ouly were these systems numerous, but each
trace of considerable length.
the Tine corresponding to ('O,

was

source

]]()\\'(‘\'(‘l'Y aovery

on a photographic

seribed in roon.
gave a
for example,
1f all the particles of
this gas passed through the ¢athode with the same vel-
ocity, the long line shown would have heen contracted
up into a single bright spot. That the trace was
stretehed out, in the fashion represented, showed that

Consider,

different. particles of this gas had  different  veloci-
ties  and  henece  the  different  displacements  from
an axis drawn through the central spot. The vel-

ocity of the particles corresponding to any point of
the trace could be determined by measuring the verti-
cal displacement, as this was directly proportional to
the height above the horizontal axis of the figure.

Returning to the discussion of the Doppler effect the
lecturer observed that since heavy particles like those
of mercury moved more slowly than lighter ones, the
displacement of the speetral lines would be less, so
that from the amount of this displacement it was
possible to determine whether the particles concerned
were heavy or light.  Very considerable care was, how-
ever, necessary in interpreting the spectroscopic observa-
tions. It would he observed that the displaced hydro-
gen line in Fig. 1 showed two peaks, one of which was
much nearer the “rest” position of the line than the
other.  Actual measurement indicated that the ratio
of the velocities corresponding to these two peaks was
not very different from V2 :1. Now this ratio was
that which the velocity of an atom of hydrogen would
bear to that of a molecule. It had been contended ac-
cordingly that the light represented by the displace-
ment in Fig. 1 was given out both by atoms and by
molecules of hydrogen.

He did not think that this interpretation was a
legitimate one. If we studied the distribution of the
veloeities in diagrams of the kind represented in Fig.
2, a peculiarity quite analogous to the double peaks in
Fig. 1 could often be observed.  The hydrogen line, for
example, would at first he fairly uniformn, but later
hecame headed at certain places, after which the line

became more uniform, Now the centers of the
two beads were exactly at points corresponding  to
velocities having the ratic of V2 to 1. Spectro-

seapic observations would show maxima corresponding
to these two veloeitiex; and we would get exactly the

1o fngincering.

appearance of the diagram reproduced in Fig. 1, al-
though the beads in question were produced by the
atom of hydrogen, and not by the molecule. The ex-
planation of the peculiarity was that the particle re-
sponsible for the lower velocity had acquired its speed
while still part of a molecule, but broke up after get-
ting through the cathode. It had therefore only the
velocity corresponding to a molecule. These considera-
tions showed how important it was to check the spectro-
scopic observations. 'This beaded appearance was often
to be seen in positive-ray photographs, and whatever
showed as beads on them would be represented as
peaks in the spectrum, and might lead, as he believed
it had done in the case cited, to an entire misinterpre-
tation of the results.

If the spectrum of hydrogen

were observed as de-

Fig.1.

10,

Fig. 2.

scribed, it was found that the series of lines repre-
sented by Balmer’s formula were all displaced, and by
about the same amount. The second spectrum of hydro-
gen, to which Balmer’s lines did not belong, was also
to be seen. This second spectrum was a very compli-
cated one, having an enormous number of fine lines,
particularly in the red and the orange, which had the
peculiarity that none of them showed any displace-
ment in Stark’s experiments, but continued to occupy
their normal positions. Only “series” lines were, in
fact, displaced.

An interesting question thus arose as to the origin
of the second spectrum of hydrogen. Photographs such
as that reproduced in Fig. 2 showed that not merely
charged atoms, but charged molecules, came through
the perforated cathode. Thus, in the case of hydrogen,
we had atoms of hydrogen, molecules of hydrogen con-
sisting  of two atoms, and molecules  of
consisting of three atoms.  All three were in rapid
motion, and any light emitted Dby them would
show the Doppler effeet. It followed therefore that
the second spectrum of hydrogen could not be given
out by anything that came through the hole in the
cathode. It could thus not be attributed either to the
positively-charged atoms or to positively-charged mole-
cules, and must have as its source something that had
not passed through the cathode. TPossibly it arose from
the vibrations of a molecule one of whose atoms was

hydrogen

© 1916 SCIENTIFIC AMERICIAN, INC

positively and the other negatively eleetrified. That
this sccond spectrum was certainly not due to the posi-
tive rays themselves could be shown by causing posi-
tive rays of one gas to bombard the molecules of an-
other.
by a very fine hole, and making this hole the ouly means
of communication between the two sides of the cathode.
3y means of a pump it was possible to prevent any
appreciable intermixture of the gases on opposite sides
of the cathode. ‘ays were then provided
entirely by particles of the one gas, and spectroscopic
observation showed that all the lines corresponding to
this. gas were displaced, while those belonging to the
other gas all occupied their normal positions, and were
not displaced.  This was, of course, exactly what would
have expected, but it pleasing  to
have such anticipations veritied by actual experiment.

It would be scen that while the spectroscope served

This had been done by perforating the eathode

The positive

been was  always

as @ very powerful instrument of rescarch, there was
some little difliculty in drawing really definite
clusions frowm the observations made.  One point, in fact,
wis still in a state of acute controversy-—-viz.,, were the
lines of, say, hydrogen given out by the atom while it
was positively electrified, or after it had become neutral
by reacquiring a negative charge. This question was
still debated, and it could not be said that any kind
of unanimity of had yet heen arvived at. It
would, however, require very powerful evidence to make
us believe that the line spectrum of hydrogen was emit-
ted while the hydrogen atom was still positively charged,
since we had, in the Zeeman effeet, means of finding
out the nature of the actual vibrator responsible,
whether it were an atom or an cleetron.  The Zeeman
effect showed conclusively that the line spectrum origi-

Con-

view

nated in vibrating clectrons.

Now data drawn from many independent sources
cave reason for the belief that a neutral atom  of
hydrogen contained only one electron, so that it was
not possible to take out more. The positively-charged
aton’” of hydrogen wax accordingly one which had lost
its clectron. Hence very strong evidence would be re-
quired to establish the view that it was a positively-
charged atom of hydrogen which was the source of the
line spectrum.

The speaker’s own view was that both the contend-
ing schools were, in a right. To get the line
speetrum it was necessary for the atom to have lost
its electron so as to become positively charged, hut it
was only as an electron came back that the light was
given out in the process of the atom becoming neutral.
Thix union of the positivelyv-charged atom with an elec-
tron was made, more particularly, during the instant
of a collision with a1 molecule of the gas through which
the atom was moving.

SONse,

Professor Strutt, for example,
had subjected the gas bombarded by the positive rays
to a strong clectrie field, which would have the effect
of driving out any free clectrons. He found, and sim-
ilar experiments made by the speaker gave the same re-
sults, that the brightness of the lines produced was very
little diminished by the action of the field.
Referring back to g, 1, it would he sceen that there
was a marked gap the normal and the
placed position of the hydrogen line.  Apparently noth-
ing less than a certain displacement was to be ob-
tained. the velocity of the particles was
increased we appeared to approach a sccoud limit, as
it had not heen found possible to get more than a cer-
tain displacement of the line even when the theoretical
velocity of the rays was much greater than that neces-
sary to produce the maximum displacement observed.
Now it was well known that to ionize a gas the speed
of the positive rays must exceed a certain limit.,  On
the other hand, if the speed were too great there was
very little ionization.

between dis-

Again, as

The actual luminosity would ac-
cordingly appear to he due to the return to neutrality
of the positive ray in the act of jonizing the molecule
of the gas with which it collided.

A still further advance in the application of the
Doppler principle to the study of the origin of lTum-
inosity had beens made recently by Fabry and Perot.
Their method was founded on one of thoge ideas, which,
like the echelon grating, one would consider imprac-
ticable until it was actually made to work., These ex-
perimenters the
the ohserving the
broadening of the spectral lines duc to the motion of
the gaseous particles. These were in continual motion,

had  applied  Daoppler'™s prineiple  to

study of liminosity  of o was hy
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some moving toward an observer, and others away from
him. The result was a broadening of the spectral line
by an amount depending on the speed of the particle,
and, as Lord Rayleigh had observed, the actual breadth
corresponded very fairly with the average velocity with
which the molecules were moving through the gas. If,
therefore, the origin of a spectral line were a light
atom, this would have a very high veloeity, and the
widening be correspondingly great. If a heavy atom
were responsible, the widening would be less. Hence
accurate measurements of the widening would suffice
to determine the average velocity of the particle re-
sponsible for the Then from the law that
all particles in a gaseous mixture had the same kinetic
cnergy the mass of the particle could be determined.
This beautiful conception was the more important De-
The only
point open to suspicion in the experiments in question
was whether a charged particle would have the velocity
normally due to it.  This could be settled by a compari-
son with results obtained by Stark’s method in condi-
tions in which both methods were applicable. If the
reliability of the new plan was thus confirmed, full
confidence could be placed in the interpretation that
Fabry and Buisson put on their results. If
the method really did give the velocity of the atom
bearing the vibrating system which was responsible
for the spectral lines, the method could be applied to
many cases where Stark’s plan could not be used.

As he had already mentioned, the Zeeman et'fo('t
showed the nature of the source from which light w
emitted, whether it were due to an cleetron or to a
body of very much greater mass. In this connection,
however, it should be noted that to produce visible light
the clectron must be associated with an atom, since
direct. radiation from a free clectron had never yet
heen observed in the spectroscope.  Were this possible,
the displacement would be enormous, owing to the
immense speed of the eleetron.  The Zeeman effeet had,
however, no reference to free electrons, but only to
clectrons associated with an atom.

Faraday, years ago, had sought to discover some
effect. of magnetism on light.,  He did find that a mag-
netie field could be made to rotate the plane of polari-
zation of polarized light, but he had failed to observe
any coffect of magnetism on the light given out by, say, ¢
sodium flame.  Iffects of this kind had, however, been
discovered by Zeeman on studying the spectrum  of
various substances as excited by a spark passed be-
tween the poles of a very strong magnet.  Zeeman
found that in strong fields the lines observed were not
in the same position as they were when the magnetic
field v Single lines were broken up, in the
original experiments, into three components.  More ex-
study had, however, shown that the type of
resolution  effected varied considerably, Dbeing in cer-
tain cases very complicated.

This power of a magnet to resolve a spectral line
into components depended upon the mass of the par-

cmission.

stuse so many lines showed a velocity effeet.

Messrs.

as absent.

tensive

ticle responsible for the emission being exceedingly
small.  In fact, investigations made prior to Zeeman’s

experiments gave expressions which led to the idea that
the light emitted magnetic field should not be
quite the same as normally; but when these expres-
sions numerically, it appeared that,
assuming the emitting particle to have the smallest
mass then known, the effect would be so minute that
it would be hopeless to look for it. At that time, in
fact, there was no knowledge as to the existence of
particles smaller than the atom, and Zeeman's
was due to the fact that such particies or corpuscles
actually existed.

The lecturer here showed the effect of a magnetic
ficld on the mrpu\‘('lox‘ moving in a discharge-tube.
With no magnet near, the particles, he observed, moved
in a straight line: wlulo the offect of bringing near the
discharge a strong magnet was to curl round their
paths into circles or spirals having the lines of mag-
When these particles spun round
thix way, a peculiarity
taken to complete

It did not matter

in a

were  expressed

SUCCess

force as axes.
magnetie foree in
of the that the
one revolution was always constant.
how Dbig the spiral might be nor how small.  If close
in to the axis the particles moved more slowly, while
if farther out the speed inercased, with the result that
the time for a complete rotation constant,  In
<hort, the number of rotations made per

netic
the lines of
time

motion was

was
second  was

. He

proportional to the expression —, wheee H denoted
m

charge of clectricity borne

in a uniform

the magnetic force, ¢ the
by the particle, and m its mass, so that
ficld the time depended solely on these three quantities.
that inside the atom represented by the
> there was a magnetic field the direction
the vertical line shown.
would deseribe a

Suppose,
cirele in Fig
of which was represented hy
An clectron falling into the
spiral around this axis of magnetic force, and through-

HOW,

atom

out its motion the rate at which it revolved would be

. He . '
propostional to —. It would therefore radiate out

m
a spectral line having the corresponding frequency.

The magnetic force represented in Fig. 3 was as-
sumed to be that intrinsic to the atom; but suppose
an additional field I7,, due to an outside source, were
established, and let this field be parallel to the atomic
field. Then, if the two fields were in the same direc-

tion, the particle would make, not turns in unit

. 14 H, .
time, but ¢ turns.  On the other hand, if the
m
two ficlds were in opposite directions, the number of
- H.
turns made would be —— ¢, and the frequency
m
of the light emitted would be less than if the external
ficld were canceled.  On the other hand, it the ap-
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plied field were perpendicular to the intrinsie field, the
turns made by the rotating electron would be unaffected.
Hence, in a magnetie field the frequency of some of
the eleetrons would be inerceased, the motion of others
would be retarded, while for a third set it would be
unaffected.  Ience by superimposing a field on that
due to the atom itself we should alter the time of vibra-
tion of the light given out, and instead of the normal
single line we should get three lines, one in the original
position and the others displaced from this by an amount
. H.e
proportional to = —,
m

In the foregoing he had used the idea of a magnetic
axis intrinsic to the atom for deseriptive purposes, but
he did not propose to press the idea at this time,

As he had already stated, further research on the
Zceeman effeet showed the resolution of spectral lines
into a of different types. A number of
these were represented in Figs. 4 and 5. In the simple
type shown at the top of IFig. 4 one line was resolved
into three components.  This was the case with helium
and with some of the hydrogen lines, and was especial-
ly common with the lighter elements up to lithium. With
sodium, as the diagrams showed, there was greater com-
plexity, one of the lines being split into five, and the
other into four components. In the case of the mer-

creat number

cury spectrum it would be scen that some lines divided
into three, others into six, and a third set into nine
components. The noteworthy point was that all the
lines belonging to the same series underwent the same
type of resolution. In the case of neon, the resolution
was, it would he of an extraordinarily complex
type.  On the other hand, in the case of iron (Fig. 5),
one line was not broken up at all, while others were
resolved into as many as five components. 'T'he resolu-

seen,
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tion of a line showed that it came from an electron,
and not from an atom, which was much too heavy.
Band spectra did not show the Zeeman effect, which was
to be obtained with line spectra only. It had been
found that some lines in the second spectrum of hydro-
cen were affected, but the vast majority of the lines
in this certainly did not show the offect.

If one took the view that there were magnetic forees
inside the atom, the variety of types of resolution ob-
tained could be explained on the hypothesis that there
axes of magnetic force in an wlom, somewhat simi-
lar to the axes of a crystal. Suppose these axes of
magnetic force were represented by O, O3, 0C,
Fig. 6, and let the applied field be parallel to O A, The
component of the external field along O ¢ would then
he 11, cos 6, where ¢ denoted the between O A
and O (', so that while the applied field would acceler-
ate or retard clectrons spinning about the axes O 4 by

were

angle

H.c
——.  the corresponding acecleration or retardation for
m

, II, cos be . .
0O ¢ would bhe —————_ This showed why the dis-

m
placement for all the lines was not of equal magnitude,
which was a difficulty in some theories which had been

put forward to explain the Zeeman cffect, as they gave
. ]l,,c
the change of frequencey in all cases simply as
m

To illustrate the Zeeman effect the lecturer passed
polarized light through a salted flame placed between
the poles of an clectro-magnet, thence through a nicol
prism, and on to a screen. By rotating the nicol the
light on the sereen was extinguished, but on then ex-
citing the magnet the spot of light reappeared, indi-
cating that the magnetic force had altered the fre-
quency of the sodium light.

e also exhibited a model which, from mathe-
matical point of view, corrvesponded, he very
closely to the motion of an clectron in a magnoetic field.

the
said,

In traversing a magnetic field such a particle was
subject to a force at right angles both to the field
and to the direction of its motion. The model con-

sisted of a conical pendulum, the hob of which wis a
cyroscope.  With the gyroscope not spinning, the peri-
odicity of the pendulum had a certain value, which

was, it was shown, the same in whichever direction
the pendulum moved.  When, however, the gyroscope

was spun, the rate of rotation of the conical pendulum
was greater than the normal if it moved in one direc-

tion, and less than the normal if the direction were
reversed.  The forcees acting on the spinning gyroscope
while the pendulum rotated were, the Jecturer said,

of the same character as those to which an electron
was subjected in traversing a magnetice field.

Within the last two years Stark had discovered an-
other effect produced when the spectral were
cmitted in an electrice field. It was difticult to establish
a strong clecetrie field in most of such discharge-tudes
as were used for spectroscopic work.,  Stark had, how-
ever, succeeded by placing close behind the cathode a
perforated plate, the interspace between the two being
small compared with the “dark” space of the tube.
Connecting up the cathode and the plate, with the
opposite poles of a battery, a very intense field was
produced between the two, which it was found pos-
sible to carry to thousands of volts per centimeter with-
out causing a discharge.

In these conditions Stark noted that certain of the
hydrogen and helium lines were affected, heing split up
in a fashion somewhat analogous to, but by no means

lines

identical with, that observed in the case of the Zec-
man effect.  For example, a line was divided into a

triplet, as indicated in Fig. but not one of the three
components  was  quite in the position as the
original line. The components were, moreover, polar-
ized in some cases inoa plane at right angles to the
clectrie force, and in others in a plane parallel to this
force. The effect was, however, by SO com-
mon as the Zceman effect, and was of a very irregular
character.  Sometimes the whole of the components
produced lay to the one side of the original line, and
in many more cases the ceffeet was altogether absent.
In the speaker’s opinion, the phenomenon had more to
do with the nature of the atom with
the character of the vibrators responsible for the emis-
sion of the light.

same

no means

concerned than

(To be concluded.)

Regenerating Hydroquinone Developes
Tk Phot. Jowr. states that the quinol of a spent de-
veloper may be recovered by reducing with sulphur
dioxide and then distilling with steam to separate the
impurities. A developing agent may he obtained in the
same way from any para-
suhstituted benzene hut in

most cases it will not be the original developer

spent developer in which a

derivative has been used,
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Airships:

Rigid; Semi-Rigid and Non-Rigid”

Some of the Internal Details of Vessels Now in Use

TuaE general principles on which an airship is con-
structed are too well known to need any detailed deserip-
tion, but there are some internal details which are of out-
standing interest.

Airships may be divided into three types: rigid, semi-
rigid, and non-rigid. In the first of these, of which the
German Zeppelin (Figs. 1 and 2) is the best known
example, the gas bags are enclosed in a rigid lattice
framework of metal, having an outer covering of fabric
distinet from that of which the gas bags are composed
(Fig. 2). The modern Zeppelin is supported by about
eighteen separate gas bags, each of which contains within
itself a small air-ballonet, in which the air pressure is
maintained at a given point by means of an automatie
air-pump and relief-valve. If, therefore, the temperature
of the hydrogen in the gas bags becomes high enough to
expand the gas, the pressure set up by it on the outside of
the ballonet (not seen in the diagrams) forces the air out
of the ballonet through the relief-valve, and the correct
pressureis in that way adjusted without loss of hydrogen.
The converse happens in case the temperature of the
hydrogen fallg, and its bulk for that reason becomes less.
The air-pump then forces the air into the ballonet, and
expands it until the hydrogen round it is brought to the
correct pressure. When it becomes necessary to reduce
the buovancy of the machine, hydrogen can be pumped
from the gas bags and stored in a compressing cylinder,
this hydrogen being available for use later, when desired
to again increase the buoyancy. By the simultaneous
manipulation of horizontal rudders and “trimming’’ de-
vices and the discharge of ballast, a Zeppelin can shoot
up to a higher level at the rate of 2,000 feet per minute,
the vessel’s engines in this case assisting the lifting power
of the gas. This speed of ascent makes it very difficult
for an aeroplane to attack one of the machines success-
fully from below, as it cannot elimb at anything like the
same speed; but this maneuver on the part of the Zeppelin
cannot be repeated indefinitely, owing to lack of spare
ballast.

The Lebaudy airship employed by the French is an
example of the semi-rigid type (Fig. 3). In this design
a substantial keel extends almost to the full length of the
vessel; and to this keel is attached the machinery, to-
gether with the accommodation arrangement for the crew.
The keel is securely fixed to the gas bag above it, to which
it gives very considerable support. In the German ser-
vice the Gross airship is another of this type. The en-
velope of a non-rigid airship keeps its shape only by the
pressure of its gas, the car carrying the machinery, ete.,
being suspended below (Fig. 4). The German Parseval,
French Clement-Bayard, and the Astra Torres are all
examples of this type.

*T'he Ilustrated War News,

The Parseval gas bag is provided with an air-ballonet
in its forward end and another aft (diagram right hand
Fig. 4, B B), the amount of air in each of these ballonets
being controlled by a pump in the car. When it is de-
sired to alter the trim of the vessel, air is transferred from

L SN |
Fig. 5.—Section of the gas-bag of the Astra Torres
(non-rigid type).

the container in the forward end to the other one, with
the result that the after-end of the ship becomes the
heavier (as in figure). A cord attached to the exterior
of the balloncts passes through the hydrogen to a valve

|
PSS N

N
el

|
= : 1 30
Fig. 6.—Section of the Astra Torres to show the
arrangement fo the cables inside the vessel.

in the exterior of the gas bag. If the hydrogen expands
to such an extent that the combined capacity of these
vessels is insufficient to relieve the excessive pressure,
their collapse causes a strain on the cord which opens
the relief-valve in the gas bag and allows some of the
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hydrogen 1o escape. This device, however, only comes
into operation in very cxtreme cases.

The Astra Torres gas bag is of a peculiar scetion, as
shown in Fig. 5. Permeable canvas partitions (A A) are
stretehed across the interior of the bag which form in
section an inverted triangle. The apex of the triangle
(which in this case is at the bottom) supports the cable
carrying the cars containing the machinery, ete., and the
sides of the triangle are therefore strengthened by planes
of cable (Fig. 6). The Astra Torres has proved to be
very fast and efficient, its qualifications in this direction
being to some extent accounted for by the fact that the
air-resistance on the cables is reduced to a minimum.
Only two lines of ropes are exposed, as compared with
the cobweb of ropes which is to be found in all other types
of non-rigid machincs.

Earthquakes in California

I a paper in the Bullctin of the Seismographical
Society of America Andrew . Palmer, of the U. S,
Weather Bureau, states that “during the past year
California alone experienced more earthquakes than
all the rest of the United States. Though it contains
but 5 per cent of the area of the whole country, it had
more earthquakes than the remaining 95 per cent of
the arca.  Up to November 1st California had 75 sep-
arate and distinet shocks, while bhut 68 shocks were
reported from the rest of the United States. A region
of high seismicity derives its instability from a number
of causes, among which the following are the most
important:  («) Ifolds the  carth’s  erust, either
cmerged or submerged : (h) marked variations of topo-
graphic relief; (¢) great ranges between ocean bottoms
and adjacent mountain found where high
mountains are close to a coast where the ocean bottom
slopes precipitously to great depths; and (d) regions
where secular elevation or depression is still in progress.
in California, and
collectively explain its relatively high seismicity. While
the seismicity of the State is acknowledged to be high—-
the highest in the United States the actual danger to
one living in any particular locality is small indeed.

in

tops, as
s

All of these features are present

Though written thirty-five years ago, the following
words of General Hardenburg are still true: ‘Reason-
ing from the foregoing historical facts, T am firmly

of the opinion that the carthquakes of California are
not so much to he dreaded as is generally supposed ;
in fact, that they are far less dangerous to life and
property than are the hurricanes of the South, or the
summer tornadoes of the North.” 1t would appear that
the relatively high seismicity of the San Francisco Bay
is the direct result of its location on two different
stress planes which ceross nearly at right angles,”
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New Enlarging and Projection Apparatus

IN order to be independent of daylight, the “daylight
enlarging apparatus” for negatives has been replaced by
one in which artificial light is used. But by its use
the advantages of diffuse light are lost, and the homo-
centric light sources (lamps) of the forms of apparatus
usually used, in which the light comes from a point,
are liable to cause the enlargement to be “harder” than
the original negative. The enlargement of compara-
tively dense negatives in this manner is almost impos-
sible. The problem has heen solved in an ideal, simple
way by a new apparatus from Schmidt and Haentsch

and the whole apparatus may be moved about on the
track L. The sensitized paper on which the enlarge-
ment is to appear is then placed perpendicular to the
direction of the slide L. FKig. 2 shows the same prin-
ciple applied to projection apparatus for opaque objects,
such as drawings, prints, and pictures from printed
matter. The apparatus may be placed with the opening
in its base directly over the image which is to be pro-
jected. The lamps, which are in a condensed form so
that they do not interfere with the field of the light,
illuminate the inner white surface of the sphere. The
light falling directly on the image is blended by small

Fig.
diffused artificial light.

of Berlin, which makes use of artificial diffuse light.
A hollow sphere painted white inside and illuminated
within by powerful metal filament lamps is used as a
source of light. A rectangular opening in the sphere
allows the white diffuse light to escape after it has
been reflected from the white matte or dull tinish walls
of the interior, and it is then used for the enlargements.
The lamps within the sphere are of course so arranged
and constructed that no direct light escapes through the
opening and falls on the negative. Ifig. 1 shows the
arrangement of this very convenient piece of apparatus.
H is the hollow sphere, on which the socket for one of
its interior lights is seen.  The enlargement apparatus
is attached to the rectangular opening in the sphere,

1.—Apparatus for photographic enlarging by

2.—Apparatus for enlarging or
projecting opaque subjects.

Fig.

matte-glass shields so that the light entering the lens
system on the opposite side can reach it only by diffu-
sion. A surface-silvered mirror receives the light from
the image and directs it to the projection screen. In
contrast to the complicated pieces of apparatus for simi-
lar purposes (episcope), this arrangement is character-
ized by its extreme simplicity. The usefulness of this
spherical episcope can scarcely be By
proper arrangement of' the matte-glass shields to pro-
tect the object from any direct light, crumpled gold leaf
can be made to lose all glitter-by illumination with dif-
fuse light. A mirror appears as a piece of paper, and
a shining metal statue like a plaster of Paris tigure.—
From Rundschau.

exageerated.

Aviation Sickness, Its Symptoms and Cure

Tuose who go up into the air in flying machines, as
well as those who go down to the sea in ships, are
troubled by peculiar and unpleasant physiological dis-
turbances which may at times be of grave moment.
This is especiually true of aeroplane pilots or passengers,
and, to less degree, of those who ascend in balloons or
The tremendous importance of aviation in
at the present

dirigibles.
war lends this subject peculiar interest
time, and Larousse Mceusuel (Paris) devotes a special
article to the topic. The author, Dr. Laumonier, states
that the symptoms vary according to the period of
of ascent, of descent, and of' landing.

In ascending, an acceleration of the respiration and
pulse are frequently noted at from 1,200 to 1,500 meters
altitude, accompanied by a slight headache located in
forehead and temples, by the need to urinate and by
indefinable discomfort without vomiting or nausea. At
1,800 meters there is a diminution in the keenness of
hearing ; at times there are hallucinations, and finally
an  “asthenic¢” condition which prevents the muscles
from obeying the will with adequate rapidity.

On descending the palpitations of the heart become
violent and are accompanied by a sensation of anguish;
the headache ig intense; the aviator has an increasing
sensation of heat of the skin, especially of the face, and
a desire to sleep, which is sometimes so strong that the
eyes involuntarily close as he approaches eartl, in spite
of imminent peril.

Strange to say, on landing these troubles are aug-
mented. Besides, the headache and the somnolence,
hyperemia of the conjunctive (conjunctives) is observed,
with cyanosis of the extremities, acceleration of the
pulse and constant increase of arferial pressure. The
aviator often falls asleep as soon as he lands, and this
gleep is troubled and non-refreshing, while the headache
may persist for many hours or even severul days.

The ascent symptoms recall those of “mountain sick-
ness,” but are produced at a less altitude, because of
the nervous tension, the cold, and above all the relative
rapidity of ascension. But what distinguishes aviators’
pickness from mountain sickness is that the symptoms
persist during descent and are aggravated after landing.
There are, besides, vaso-motor reactions with hyperten-
sion which are peculiar to this malady, and give it,

according to Cruchet and Moulinier, a sort of noso-
eraphic autonomy. Ilowever, these troubles are not

felt with the same intensity by all aviators. Some find
they diminish with experience, as in the case of mal de
mer. It appears to be true that their intensity depends
principally on the rapidity of the descent.

The causes to which are ascribed these symptoms in-
clude cold and physical, nervous, and moral fatigue.
While cold may provoke the impervious need to sleep, it
cannot be the sole cause, since the somnolence increases
on descending into air and after landing.
Analogous objections are made to fatigue as a
since it has been observed in those taking part in sports
that fatigue produces vascular hypotension, while the
opposite trouble of hypertension is constant in “mal des

warmer
ause,

aviateurs.”

The most important of the determining causes, accord-
ing to the authorities quoted above, is speed; not hori-
zontal, but vertical speed, which causes rapid decom-
pression and recompression in ascending and descending.
At Pau, Legagneux ascended to 3,200 meters in 28
minutes, whereas it would have taken an alpinist 11
hours to ascend the same distance on foot. The charac-
teristic troubles of aviator’s sickness are evinced speci-
ally during and after descent is succeeded by the very
rapid recompression of descent. At Varenne-sur-Allier
Vedrines descended in 8 minutes from a height of 3,000
meters. The difference of gaseous tension is too great
for the organism to regain its equilibrium in so short
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a time. 'This explanation is supported by the experi-
ments of J. Tissot on inhalation of air unequally oxy-
genated, and by observations of divers.

Since these symptoms are not morbid they disappear
naturally in a few hours or at most a few days, their
cessation being favored by rest, sleep, and moderate
warmth. Nevertheless, they are of grave importance
because of the dangers to which they expose aviators,
especially as they are about to land. ITence, it is highly
advisable that fliers should be young, robust, resolute
and cool-headed men, with sight, hearing, nervous and
rascular systems perfectly sound. And there should be
rigorous elimination of candidates who have a tendency
to heart trouble, epilepsy, tuberculosis, hardening of
arteries, nervous troubles, ete. They should have me-
thodical and progressive training, a diet nourishing but
not bulky, and as little fermentable as possible. They
must abstain from alcohol and not abuse tea or coffee.
The clothing must be very warm but not heavy enough
to restrict movement. The wearing of goggles, putting
cotton in the nostrils and greasing face and hands will
be sufficient protection against cold. Finally, they are
advised to mount as slowly as possible and to descend
even more slowly.,

Refraction and Accommodation in the
Dog’s Eye:-—A Correction

By H. M. Johnson

IN a note which recently appeared in this journal’
the writer asserted, on the authority of Freytag, that
the refractive indices of the lens and fluid media of
the dog’s eye are practically identical, and that sev-
eral other species of infra-primate mammals suffer
under the same condition. If this assertion were true.
its significance would be very great indeed, since in
such case the animals concerning which it is made
could not change the focal distance of the eye by any
mechanism  of accommodation which mammals are
known to possess.

At the time my note was published, I had been unable
to procure a copy of Freytag’s original article.? My
assertion was based on my acceptance of a reference
made by an American compiler to Freytag’s work, in
which a series of values were presented in tabular
form as FKreytag’s. A comparison of the latter with
the original article, which 1 have since obtained, shows
that Freytag wuas incorrectly quoted by his reviewer,
although the error is clearly unintentional. Freytag
actually gives as mean values of the refractive in-
dices in young and old dogs: for the aqueous humor,

1.3349; for the vitreous humor, 1.33483: and for the
lens, values ranging between 14198 and 1.4666, de-
pending on age. These differences are greater than

those obtaining between the refractive indices of the
lens and fluid media in the human eye, and are com-
parable with the differences found in the other mam-
mals which Freytag studied.

In the individual dog which 1 studied no clear evi-

dence of accommodation could be obtained. Momen-
tary fluctuations in refraction varying from 0.25 to

0.75 D occasionally appeared during a prolonged ex-
amination. These may have been caused by accom-

modation, but they are as readily explainable on other
assumptions. The facts are quite consistent with the
results obtained by Boden,® who refracted the eyes of
100 dogs both before and during mydriasis.

These individual dogs apparently make little or no
use of their mechanism of accommodation. If this is
generally true of’ dogs as a class, it would seem that
the defect is retinal rather than in the accommodatory
apparatus itself. If it may be assumed that the stim-
ulus to accommodation is indistinctness of the retinal
image, it is evident that an animal whose retina is
relatively insensitive to detail would have relatively
slight stimulus to accommodation.

As regards the conclusions which I drew from the

experiments reported in the above note, I still feel
quite safe in applying them to the dog. They cannot

properly be extended to cover other infraprimate mam-
mals, however, until more is known about the extent
and range of accommodation in the latter.

Visual Pattern-discrimination in the Vertebrates. V. A
Demonstration of the Dog’s Deficiency in Detail Vision,” in
“Notes from the Nela Research Lahoratory,” Journal of the
Franklin Institute, Becember, 1915.

*Ireytag, G.: “Die Brechungsindices der Linse und der
Klissigen augenmedien bei der Katze und beim Kaninchen,”
Arch. f. vergl. Ophthalmologie, vol. 1, 1909-10.

“Boden, Rudolf : “Ueber den Refraktionszustand des Hun-
deauges,” Arch. f[. vergl. Ophthalmologie, vol. 1, 1909-10.

Eptror’s NorE~—The original article referred to in the

above note 1was republished in the issue of the SCIENTIFIC
AMERICAN SUPPLEMENT of May 13th, No. 2106, and the above
correction 1cill be appreciated by our readers. It should be noted
that in the second column of the article, as it appeared on page
315, the compositor made the matter read “a visual angle of
33 feet 32 dinches,” whereas it should have read ““a wvisual
angle of 33" 32"
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The New York Zoological Park

One of the World’s Most Notable Institutions

ALTHOUGIT not possessing the acreage of the National

Zoological Gardens at Washington, the New  York
Zodlogical Park here to be described ranks it many

times in every particular pertaining to one of these
important institutions.®*  In the first place, it is far
Letter talsen care of financially; and to maintain a
areat park of thisy kind as it should be done the matter
of suflicient money is the aM important factor.  Added,
then, to its wealth, we find skillful and judicious direc-
torship, and a most superb

collection of rare and valu-

By Dr. R. W. Shufeldl

25 cents for adults and 15 cents for children under
twelve is charged, that thousands of visitors pass

through its gates annually, many of them purchasing
the “Guide Book” at a cost of 25 cents per copy. This
little book almost possesses the rank of an elementary
treatise on general brief life-
histories of animals are concerned. Tt is one of the
most complete books of its kind ever published, and
of inestimable value to the visitor who goes to the

zoology, in so far as

trees, and nearly forty species of shrubs, all of which,
as well as the flora of the place, is under the constant
care of an experienced forester and hotanist.

It would certainly  be  highly
health  of  this  estimable  oflicer
the scientifically Kkept  grounds of  this
the seenes to be witnessed in the National Zodlogi-
wil Park at Washington on “Easter Monday,” when

detrimental to  the
should  he  Tive to

see, in park,

thousands of negro children with their parents and
others,  many  half-hlood,
and a fair percentage of

able animals brought  to-
cother from all parts of the
Finally no zoologi-
known to me

world.
cal  garden

possesses  such  elaborate
and  substantial  buildings

as does this one nor more
attractive and  tastefully
laid out premises.  Indeed,
it is scientifically equipped
in all particulars, and rep-
resents the highest possible
with respect to
management  and
far-reaching educational
achievement., It is truly
marvelous what the author-
ities have accomplished in
all  directions  since  the
Legislature of New York
State granted, in 1895, a
charter for the incorpora-
tion of the New York Zoo-
logical Rociety, in which
hody this found its
origin.
The
bers

standard
capable

park
now  num-
thousand
wias not

society

two
members; and it
until three years after its
incorporation that it as-
sumed control of thix en-
terprise, the first building
undertaken being the Bird
House (August 11th, 1898) 5
the  construction  of  the
Wild-Fowl Pond was com-
menced  only a few days
thereafter. It was fortu-
nate that, in the early ad-
ministration of its affairs,
anoarrangement
rived at through which all
net profits from all sources,
asits restaurants, riding
of animals, sale of guide
and other books, hoat hire,
photographs,  and other
revenues formed a common
sum, every cent of
was to he usoed for the pur-

over
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whites, resort there to roll
cyos down  the “Mammal-
ITouse FHIL™ It will not
he necessary for me to de-
seribe the plant destruction
that this
cred-letter day 27 it can be
caxily imagined, and space
will
non-description  of

takes  place on

be saved through the
the
scenes that follow such a
harbarous practice.
Speaking of the heantiful
plant growth in the Bronx
and the forests to
be  found  there,
Hornaday tells us that =1

i safe to say that nowhere

wrand

Doctor

[ Ny, E clse within fifty miles of
*‘a\.\g New  York can there he
\ y f found any more heautiful
forests than those in the

F central  and  eastern por-

tions of the park. Through-
out the inclosed grounds it
is absolately necessary that
G visitors should he restricted
to the walks; for othervise
the feet of onr millions of
visitors would quickly de-

H stroy oevery ground plant.”
(Guide-DBools, p. 23,
It ix  truly  marvelous

what has heen accomplished
cntferprise
In only a
comparatively.,

this Wi
Launchoed.

fow  years,

\ sinee
[irst

through the unstinted finan-
J cial aid of New York city.
Doctor TTornaday’s persist-
ent push and
knowledge of requirements,

exceptional

K and  the  general  manage-
ment, we now have o gar-
den,  from  practically o
land,

rival

| primeval  tract  of
which
anyvwhere in the
world s and  for botanical

features, heanty of desien,

DOSNEeSNCeS Do

ontire

ceneral attractions, and a

thousand inferests  along

| other lines, it is simply a
marvel. There are over a
| dozen structures absolutely
palatial in theirdesions and
in the grandeur of their
immedinte surroundings,
Among these are the le-
phant  Ilouse, the  Lion

M, Iteritawer,'C. K.

S 10

which, he it said, through
mismanagement in  these
matters, muach of the poor

showing of  other gardens is  due. Of  the 264

acres  comprising  this  Garden, there are abhout
34 acres  in water  surface, which  include  the
ponds, and the Cope, Agassiz and Bronx Lakes. The

Park is most conveniently situated in the northeast part
of the city, being readily accessible by several lines of
cars and broad highways for automobiles and other
conveyances. It is no wonder, then, notwithstanding
the fact that two days in the week an admission fee of
a #*The map and all of the illustrations used in this article
are copyrighted by the New York Zoilogical Society, and their
use in the present connection has been courteously allowed by
Doctor Hornaday and the aforesaid society—a privilege not
to be extended beyond their appearance here without the issu-
ance of a similar permit.—R. W. 8.

Plan view of the New York Zeoolsgical Park.

park, not only to see the animals but to study them
intelligently.

Every manner of convenience is supplied by the
authorities and management of this institution ; indecd,
anything which may conduce to the comfort of the
visiting public is at hand. There are wheeled chairs
for those desiring them ; a fivst-class restaurant, and a
charming sheet of water in Bronx Lake for the use of
excursionists and boating-parties, with every facility
to enjoy it. The park is nearly a mile in length, and
three-fifths of a mile in width. About one-third of this
is covered by a magnificent forest of more than a dozen
different varieties of trees, including five kinds of oaks,
to say nothing of the elegant hickories, gums, tulip-
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[Touse, the
for birds, several huildings
for different
mammals, the Administration Building and the Reptile
House.  More than $2,000,000 has heen expended by the
city in assisting to erecet these modern animal palaces :
and in addition to these modern, upward of 1hirly other
with
others for winter-quarters, hoat and store houses. Many
of these are to be seen in the reproductions of the photo-
graphs illustrating the present article; and I may state
that there are no buildings of the Kind to equal thomn
in any zoological garden, cither in the O or the New
World.
Another item to be considered is the fact that the
Zoological Society, to help along the development of
this grand institution, has added over half a

two  buildings

speciey of

buildings, ponds, pools, paddocks, and the rest,

million
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the
park

dollars  to fund; in fact, the finanecial re-
this practically limitless—hence
the exceptional heauty of its grounds, its extraordinary
structures, and its long list of all kinds of animals from
all quarters of the globe.

Neven or eight years ago there were upward of 6,000
specimens of animals in the collection, and these were
constantly being added to by purchase and by donation.

more

sourees of are

Personally, I am most emphatically of Doctor ITorna-
day’s way of thinking when he “For humane
men and women there is small pleasure in the contempla-
tion of living creatures that are in prisons, and that
look and feel like prisoncrs, pining behind their bars.
Better oo wild collections than
miscrable and prisoners. .\ badly-made  or
badly-kept “zoo,. or coblogical garden or parly, is worse
than none.  But, at the same time, it is folly for any
one to say that all zodlogical gardens and parks are
dens of cruelty, as is held by a few extreme humani-
tarians.  The creatures in the collections of the Zodlogi-
cal Park give unimpeachable testimony to the contrary.

NAYS

no and no animal

unhappy

If our bears, our hoofed animals, our birds and our
vsoare not positively happy, and full of
the enjoyment of life, then none are in this world, either
captive or free. To-day the life of every free wild
creature is constantly filled with alarm, with flyings
frrom with the daily for food,
water Iivery hunter knows that after ev-
ery mouthful of the wild animal wild bird
looks about for dangerous enemies: and the nltra-
humanitarinns take small note of the millions of wild
lives that are pulled down and destroyed by predatory
enemies,”

With this small city of clegant animal buildings
other structures: its superb and costly grounds,
all will wonder when 1

apes and monke

danger, and straggle

and safety.

food, or

and
and

with its money, no one say

that as to the animal collection itself, for the exhibi-
tion of which all this outlay has been made, no one can
have any conception of its comprehensiveness or its
extent unless he has studied it in its entirety. There
are hundreds of forms represented from every depart-
ment of the vertebrate kingdom. Some are extremely
rare ; others are upon the verge of extincetion, and many
are not to be found in any other zodlogical garden of
the present day. This garden so far outranks every
other institution of its kind in the world, that to dwell
on that point would be to use valuable page-space to
no practical end.

This Zoological Garden does more, however, than to
simply place all these fine and rare animals on exhibi-
tion; for it either directly publishes—or indirectly as-
sists in publishing—a>bulletins, books, circulars, and vari-
ous other publications, magnificently illustrated, which
are classics in their way, and which have had a tremen-
dous influence in spreading zodlogical knowledge every-
where among the people of this country and abroad.

Still, it may safely be said that the work of the
New York ZooOlogical Park, and of the Society under
whose control it is; has hardly more than just begun
what it is so well fitted to achieve in the future. For-
tunately, it enjoys the confidence of New York city and
State, with all the wealth they ean pour into its treas-
ury. There are two lines of endeavor and research now
open for this powerfual organization to enter upon: one
is to widen and cenergetically push all that leads to the
protection and increase of the rapidly vanishing wild
life of North America. It has already done something
in this field, but it can do a great deal more which will
rapidly show worthy results, It can only be through
wise laws made strictly  scientific lines, and
through the persistent efforts of such a society as I
have attempted that many of our

along

to deseribe here,

mammals can be
the comparatively
Remember the millions of wild pigeons we

and
extermination in

{ish, reptiles, batrachians. birds,
saved from utter
near future.
had not half a century ago-—and now we hive Rone.,
Other forms are heing just as rapidly exterminated in
this country by man as were those beautiful birds.
Another line of work to which the society and park
should devote itself is the estublishment of 2 thoroughly
equipped prosectorial department, for the study of the
morphology or anatomy of all the animals that die in
the collections.  This will require not only exhaustive
prosectorial work, but the establishment of a fund to
handsomely publish the results of such lnbors and re-
searches. A great many of our animals of all elasses
are now passing rapidly away, and will soon bhe en-
tirely extinct. 1f the structure of these is not studied
and published in detail by the anatomists of the present
time, the day will come when the morphologists of fu
ture generations will have good cause to say what they
think of us and of our culpable neglecet in such import-
ant fields.
being sadly neglected in this country; and ax 1
back over the past forty vears or more, I think of the
correspondence I had with such workers in this field
as the Parkers, Ilaxley, Forbes, Darwin, Sir Richard
Owen, Cope, and many, many others of similar stand-
ing—amen who never allowed a year to slip by without

This entire department of scicnee is now

fook

publishing their memoirs upon the comparative anatorny
of some of the vertebrata and who powerfully increased
our knowledge of such subjects. In
have falien far behind what was being accomplished
during the latter half of the last century.  Will it
be possible for the New York Zodlogical Society to re-
vive the interest in fieldsy  With its unequaled
fuacilities to prosecute such work, its nnrivaled
and its weighty influence, it most

these matters we

not
these

nmeans,
assuredly can do so.

“Pupimized’ Telephone Lines

An Invention by Means of Which Telephone Conversations can be
Carried on Over Long Distances

By Francis
the invention of the tele-
phone line was made fifteen years ago, amd is often
mentioned in relating to electrieal matters, it
has rarvely, it ever, been deseribed, exeept in very toch-
nical ferms, although it is a matter of great zeneral
interest, as by this invention a prohlem of great prac-

ALTITOUGT “Trupinized™

papers

tical importance is solved in an entirely scientifie man-

ner; in faet, it IS a noteworthy example of obtaining
great practical resutts from purely « priori reasoning.
The problem  was largely worked
hy theoretical caleulations hefore any oxperiments were
the Iaboratory. In
importanee peculiar inferest, the principles upon
swhich this is founded and its real nafure
are often misunderstood, even by those otherwise well
cloctrical matfers, and  consequently the
following description is presented in as popular tan-

conceived, and out,

even in spite of its great
and
invention

made,

informed in
enage as the subjeet permits,

This invention was publicty deseribed to the Ameri-
can Institufe of Klectrieal FEngineers by Professor I'upin
in May, 1900, hut was conceived and developed hy him
The
conserve the amplitude

some time carlier. principal objecet of the inven-
and form of the
cleetrieal waves corresponding to human speech when
they are transmitied to considerable distances by con-
duetors, especially underground and submarine cables,

tion is to

In thix way the distanee at which intelligible telephone
The
is often sapposed to

convepsaiion may he carried on is inereased,

Pupin invention of “loaded lines

»

dependd upon the neutinlization of their cleetrostatic
capaciiy by introducing induciance ¢oils along such

lines,  This principle does apply to his pioneer work in
clectrieal resonanee, and in taning cirenity to make
them responsive to i particular frequency of alter-

nating current. DBut it does uvot,
“loaded” or “Tupinized” conductors,

is avoided in the

however, apply to

Indecd, the con-
dition of resonance latter and
a relatively large amount of inductance may be ad-
vantageous, especially for long Tines, provided execes-
sive resistancee, hysteresis and eddy current losses are
not introduced at the same time.

The Pupin’s invention is the
fact that a projectile must have congiderable mass in
order to overcome the mechanical resistance of the air
and travel a Jong distance.  Similarly, a conductor
muxst clectromagnetic induectance, in
order that an electric Impulse or wave may overcome
the clectrical resistance and travel a Tong distance. Tt
is necessary in the case of the conductor to distribute
the inductancee along the piath of fthe electeic impulse

LASC,

simplest analogy to

have mass, or

B. Crocker

or wave, hence the phenomenon is more clogely ana-
logous to that of a long cord strotehed between sup-
ports, which have distributed that is to
say, it must be a fairly heavy cord in order that me-
chanical vibration or waves may he propagated to a
distance along it. In the of the
clectrieal conductor, for example, a telephone Hine, it
is not convenient to distribute the electromagnetic mass
or inductance uniformily, so that it is introduced in the
form of inductance coils placed at certain intervals
throughout its length. This corresponds to the me-
chanical faect that a Jight cord with distributed weights
attached to it iy practieally equivalent to a heavy cord.
Pupin determined by caleulation and by experiment
that the distance between the coils, like the distance
hetween  the must not exceed a prescribed
amount in cach particular case. That is to say, there
must be at least a certain number of ¢oils per wave
fength in order to approximate a uniformly distributed
inductance, otherwise they may Jdo more harm than

must mass,

considerable Case

weighits,

cgoxd.  Morcover, the shortest wave length must be
considered.  In telephony the highest frequency neces-

sary to rransmit articulate speech is about 1200 waves
per second.  This corresponds to the upper harmonices
or overtones in some of the consonant sounds.  Ilence
the wave length at this frequency is catenlated for the
siven conductor, together with the loading coils, which
have a cerfain total resistance, capacity and inductance
that is assumed to he nniformly distributed.  As demon-
strated by PPupin, in a conductor having not less than
cight or ten of his coils per wave length, this assump-
tion is approximately correct. To arrvive at these facts
Pupin devised new mathematical methods, and solved
the various problems in a most thorough and exact
manner. Ile also made experimental tests upon arti-
lieial as well as actual telephone lines and underground
cables which fully confirmed his theoretical investi-
aations.

Pupin further showed how to design the coils for
londing lines in order to obtain maximum inductance
with minimum resistance, hysteresis and eddy current
In tact the practical success of his system re-
quires that these losses be reduced to a minimum, and
this wasx accomplished by ingenious and carveful con-
struction.

The Pupin “loaded line” permits higher voltage to
be applied to it, whereby the electrical waves may be
transmitted to a correspondingly greater distance. In
the fransinission of electric power it is suflicient to use
110 or 220 volts to supply motors loeally.  For long

losses.
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distances eloctricnl pressures are raised to 100,000 volts,
or even higher, 1In
ages applicd to “Pupinized” Jines inerease the distanee

an analogous manner higher volt-

at which tetephonic communieation may he practically
carried on.
unloidded Tine the current would he proporfionaily in-

If the voltage were raised on an ordinary

creased and the losses wonld rise in even greafer pro-

portion.  The Josses would also he ag it re-
sistance were introduced to limit the eurrent, On the
other hand, the introdnction of inductance coils adds

to the reactance of the line so that the current is not
excessive even with o higher voltage.
simply stores the energy momentarily and reture i,
but does not itself the
certnin amount of loss in the resistance and
of the coils, but this ix relitively small compared with

This reactanen,

increase Tosses. There is o

iron cores

their reactance.
The industvial appHeation of “Pupinized™ lines has
been  remarkably  sucecesstul and  importanti,  In the

United Statex the Amerviean Telegraph and Telephone
Conmpany purchased I'upin’s licld,
and has “loaded” thousands of over-
head  awd underground with
coils.  In many cases the cost of the brrge condietors,
as well as their excessive weight and bulk, would he
practically prohibitive if it were not for the saving in
the size of wire that is secured hy upin’s invention.

inventions in this

nuiny miles of

telephone  cables Pupin

This applies particularly to the very important tele-
phone Tines that have been Iaid undergronnd hetween
Washington, Dhiladelphia, New York and Boston in

order to avoid the danger of interruption of overhenad

service by severe wind or sleet storms. There is on

practical Timit to the dixtanee to which speech can
he suceess Ty transmitted by underground  or =uh-
marine cables.  For distances of (ifty miles or more

copper conducetors of such large size would be vegnived
that their cost would be <o high, and they wonld re
quire so mueh expensive insulation (o cover them, that
the investment would hecome excessive,  Morcover, the
very object of using large conductors is to reduee their
resistance and therehy make up for the reladively high

clectrostatie capacity of undergronnd or submarine

cables. At the same time these Inrge conductors would
have correspondingly  greater  clectrostatic  capacity,

which ealls for still lower resistance, and so on. In
short, the remedy itself inereases the trouble so that
still more remedy is needed, which further adds to the
diffienlty, and the situation hopeless,
Fortunately, the “Pupinized” underground or subinarine

appears to be

cable may have conductors of moderate sizo, heenuse
their resistance does not have to be reduced to an
extremely low value to make up for the high elee-

trostatic¢ capacity.
when conductors are laid under ground or under water,
due to the condenser effect hetween the conductor and
the ecarth or water, as well as the sheathing usually
applied to such cables. In accordance with the Pupin
invention the electrostatic capacity is not neutralized
but overwhelmed by introducing Iarge inductance. Tlence
the above-deseribed conflicl of conditions is avoided.

The latter is practically inevitable
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The concourse, Italian Garden, and north end of Baird Court.

This is the main entrance to the park and faces on the Pelham Parkway. At left is the Administration Building,
while on the right is seen the large bird house.

The elegant quarters occupied by the Apes.

Ample space, light and air is provided to make the surroundings of these delicate animals as healthful as possible.
Note the appropriate decorations.

Photographs by Courtesy of the N, Y. Zoological Society.

Eagles and Vultures aviary.

These large birds spend most of their time jn the open air, and the roomy ecages afford an opportunity for
exercise,
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Some Characteristic V
Z.oolog|g

The Natural Scenery Surpasses An
the Collections of Animals, Bird

Alaskan Brown Bear.

IHis  genial eountenance makes him a favorite with
the public.

R |

'

'::Q.H"" 60’ ud';s:‘;'..ip"h',,'

Pigmy Hippopotamus.

A sleek and comfortable looking little animal that
attracts muech attention.

Great flying cage.

This includes several large trees, and a water pool,
making an ideal home for large aquatic fowl.
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Similar Park m the World, and
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The Elephant House and paddocks, seen from the rear.

air exercising

vards directly connected with

the individual

A refreshing dip in winter.

The bear
water, in which many

dens are provided with large basins of {resh
bears delight to paddle.

A spacious and beautiful building, with large open
quarters  within.
AR
%
-%"
& N\A
Aot \
b
. .
T Ny
N,
- ™
& i i
s aad .'!, y
i &

Africal Elephants.

are here scen enjoying

These great animals
in the open.

Himalayan Tahr.

For the benefit of these, and similar

a rocky artificial hill is provided.

active climbers,

Adjoining the house on both sides are the several exercising

Small Deer house, showing the commodious cages.

iron fences.

grounds for each species,

surrounded by  high

promenades.

The Lion house, showing open air

The lions and tigers are most comfortakly housed, and adjoining each cage is an outdoor cage, sheltered from

the weather.
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Science for the Home’

Losses and Other Chemical Changes in Boiling Vegetables

By Katherine I. Williams, M.Sc., The Umversity, Bristol

I~ & former article “On Cooked Food” in Knowledge
(1912, xxxv.) the author gave some account of her investi-
gations into the chemieal composition of cooked fish and
vegetable foods. Tt was fully explained that the main
object of the investigations was to arvive at a clear idea of
the value of food as scerved at table, and the results
showed that many false ideas exist as to the proportion of
nutrients contained; full details were given as to the pre-
paration of the articles scleeted and the part played by
water in the proeess of eooking, and attention was di-
rected to the faet that the pereentage of water is one of
the most important parts of food analysis; we want to
know how niuch solid food we really consume.  In meat
and fish there is a higher percentage of solid matter, and
the whole of the flesh consists of nutrients, fat, protein,
and mineral matter.  Vegetables, on the other hand,
besides these nutrients, contain stareh inelosed in ecell
walls of fiber or, as it is also ealled, eellulose.  The latter
substance has a doubtful value from the food point of
view as a nutrient.  Inside this frameworl is found the
stareh; in the process of cooking the starch granules are
down the cell walls, as can be
The offeet of cooking as

gelatinized  and  break
seen in a wellcooked potato.
regards solid matter is interesting, since after this opera-
tion the nutrients in the case of fish and meat chow a
whereas with vegetables the reverse

g
Only the edible portion

higher percentage,
is Lhe caze with a few oxceptions.
is here considered-—ihaf is, the portion of vegetables that
can be caten as food. A simple definition of food is the
one to be found in Dr. R Hutelinson’s “Food and the
“anything whieh, when

Principles of Dieteties™: .
taken into the body, is capable of cither repairing its
waste or of furnishing it with material from which to
produce heat or The
ordinary articles of diet are mixtures of varicus cheniieal

nervous and museilar work.”
substances, and among the most important of these are
those containing nitrogen, examples of which are gluten
in bread, leguwmin in pulses; but these are though dif-
ferent chemical substances and are classified under the
genoral term protein.  Non-nitrogenous is a ferm used
for the carbohyvdrates, sugar, starch, also fats, sueh as
butter.  Another important group is called mineral mat-
ter (or ash), and here we have table=salt, also caleium
specially found in asparagus and spinach, salts of iron
also in spinach, peas and potatoes: finadly, water, which
forms a large part of cven our most solid looking foods.
In this article it is proposed mainly to deal with vege-
table foods.  As a rule, most vegetables are sold in a
vague way as to price-—by the buneh with earrots; spin-
ach, howoever, is sold by the pound.  Three samples were
bought about the same time at twopenee each per pound:
(1) The waste was 414 ounces; (2) solid 1 pound 3
ounces; waste, 3 ounces; (3) the weight of the paper
included was 14 of an ounce, 7 ounces were waste (stems
and roots), leaving only 8% ounces for cooking purposes.
The next question is how mueh refuse is there when
bought?  This consists of the skins of potatoes.  Hero,
it may be remarked, care should be taken in the pecling
of potatoes, as the layer next the skin is considerably
richer in mineral matter and protein than any other
part of the flesh; if this is wasted then the starch mainly
forms the portion served at table.  The best method to
cook this vegetable is in the skin.  With green peas the
pods are often looked on as waste; they form 45 per cent
of the vegetable as sold, hut ean he used for soup provided
some peas are added. A fact not generally known is
that the pods are ¢hopped up, boiled or steamed Ll the

mass is soft: it is then erushed and passed through a
sieve to separate the fiber from the edible portion; the
latter is evaporated down, mixed with sugar, and sold
as a kind of marmalade, or mixed with currants, goose-
herries, or banana pulp and made into jam.

Two examples are given of the refuse in fish as sold,
but it is often cleaned before leaving the shop, which is
not usually the case with vegetables.

Before preparing the sample for cooking it was weighed,
and then the refuse was weighed and pereentage caleu-
lated: so now the remaining vegetable i weighed before
and after the process of cooking, to determine the inerease
or decrease which is due to the loss or absorption of water.
All wiste is removed, such as the hard part of the stems
of asparagus, bones and head of fish, shells of eggs. With
one ¢lass of foods, the eercals, there is no refuse or waste;
all is conswmed as food.

All vegelables were simply boiled in water as supplied
by the Bristol Water Company; this water is hard, duc to
the presence of caleium carbonate, but is otherwise ex-

cellent.

Y rhe Chenviral News

It will be seen some foods contain the two kinds of
refuse, one the portion removed before cooking, the outer
leaves of vegetables, the other the stems, bones of fish,
cte., left after serving at table, and the asparagus is one
example; this sample cost, 914d. per pound, only 3114 per
cent was it for cooking, and of this 31 Y4 when cooked and
served at table only 66 per eent could be eaten, making
this vegetable an expensive article. A great deal of in-
formation has been published in America by the Depart-
ment of Agriculture in Bulletins which are freely dis-
tributed in that country and c¢an be bought by anyone for
a few pence cach; one in espeeial is valuable, No. 28
(Office of Experiment, Stations), prepared by Prof. At-
water and A. P. Bryant, entitled “T'he Chemical Com-
position of American Food Materials;” it contains details
of the analyses ol 4,060 American articles and commodi-
ties used for human food in that country, but in most
cases they are uncooked.

We must now pass on to the main question-—what are
the prineipal ¢hanges that take place in the process of

REFUSKE FOR COOKING.
(In 100 parts.y

Food Refuse.
Endive . . . 52
Gireen peas X 45
Parsnips . 7%
Gireen articholes 0 00 72
John Dory . . . . 211
Cucumber . R . 15
Borecole . . . . L 38
Carrots X o 23
Celeriac L o . 7
Vegetable marrow . . 18
Leeks . . o . . . 75

Crurnet . . . 9

cavking?  The firxt point is the ohan o in the pereentago
of water; we could not live on dry foods-—that is, foods
that, contained no water; on the other hand, it is clear a
high percentage results in a bulky food.

During the process of cooking meat and fish wo have a
decrease in weight.  Prof. Grindley, of Hlinois, has done
a,good deal of worlk on the subject of losses in the cooking
of meat and the influence of cooking upon the nutritive
value of meats.  He found, besides losing water, some of
the fat, protein, and mineral matters are dissolved out.
He examioned the extraets from boiling lean beef, and
found as the average of 91 samples the loss of mineral
matter was 4415 per eent of the total amount present,
of fat 12 per cent, and of protein 714 per cont. The
same is true of fish.  While nutricuts are lost in the pro-
cess, as is proved by the examination of the liquid after
the meat is removed. a higher pereentage of nutrients is
found in the cooked condition and a lowor pereentage of

REFUSE A8 SERVED AT TABLE.
(In 100 parts.)

Name, i Refuse.

ASparagus. .. oL ‘ 31

New potatoes. . . 0 i 2384
Gircen artichokes o 69

John Dory . Lo . 21
Herrings . . Lo B o 12
Haddock. .. .. . . . PP e i 35
water.  With vegetable food the reverse is true; as com-

monly cooked almost all vegetables show an inerease in
the pereentage of water and a lower percentage of nu-
trients.  Tho question arises:  Is this waste necessary?
That is, can it be prevented? In Bulletin 43, Office
American lxperiment Stations, Prof. Snyder desecribes
the loss in boiling potatoes, cabbage, and carrots. He
found with potatoes the greatest loss was when they
were pecled and soaked in cold water before boiling,
amounting to one quarter of the total protein present—-
“in a bushel of potatoes the loss would be equivalent
to a pound of sirloin steak.” Less loss is sustained if
the pecled vegetable is at onee plunged into boiling water,
as then the proteins are coagulated on the surface and
make the inner juices less liablo to loss. When the
potatocs are cooked in their skins the best results are
obtained. The loss of mineral matter by the first method
is as high as 38 per eent.  As gonerally cooked an excess
of water has to be drained off; this is often thrown away.
Prof. Snyder remarks with carrots a good deal depends
upon the size of the picees into which they are cut for
cooking, the loss being greatest with small pieces. Often
about 1 pound of the sugar alone per bushel is removed,
losing one quarter of the total nutrients. To get the
best food value the picees should be large and the boiling

© 1916 SCIENTIFIC AMERICIAN, INC

rapid, and as little water as possible should be used.
Cabbage in the raw condition only contains 714 pounds
of solid in 100 pounds, and of this 214 to 3 pounds aro
lost in cooking. It is quite clear that such losses ought
to be taken into account in drawing up dietaries. Further,
such methods of cooking produce unpalatable dishes.
Of losses found by the author in the course of her investi-
gations spinach may be mentioned. In this case thero
are only 10 pounds of solid in 100 pounds of the vege-
table; after cooking the loss is 214 pounds, about one
fourth of the total solid. Celeriac 914 pounds of solid
in 100 pounds of raw, and the average of three samples
shows 414 pounds are lost. Curly greens or borecole
100 pounds contain only 109§ pounds solid, and of this
514 pounds are lost, in both cases about one half of the
solids. Turnips only contain about 9 pounds of solid
per 100 pounds, and here the loss is noarly 4 pounds.
In cooking lettuce we find 1 pound lost of the 4 pounds
(or one fourth) solids in 100 pounds of the raw vegetable.
With the large variety of asparagus matters are rather
better, as of the 8 pounds solid only 14 pound is lost per
100 pounds uncooked.

This, then, is the result of ordinary methods of cooking.
Presumably the idea is that since vegetables are cheap
it does not matter if necarly half their nutricnts are
thrown down the kitchen sink. Sir Henry Thompson,
many years ago, drew attention to this waste in “Food
and Feeding.” The remedy he and others suggest is
the use of the liquid in which vegetables are boiled for
the foundation of soup, like the French peasant’s “pot-
au-feu.””  ““T'o the pot of the peasant, who wastes noth-
ing whatever, all things are welcome, and every atom of
nutritive material-—solid or liquid—goes into it, to which
are always added herbs and vegetables, together with
the liquor in which any of the latter may chance to have
been hoiled. Sometimes it is a pol maigre, no meat of
any kind having been procurable, and very good vege-
table ‘'soups, moreover, are educible therefrom.”

Another method of enoking is coming to the front, and
is called the “Conservative.” Using this, vegetables are
no longer merely washed-out stuff with all the goodness
boiled and drained away and then pressed in a cloth.
When the new method is employed as little wator as
possible is used, and that is absorbed or ovaporates away.
No draining or pressing is necessary, consequently there
is no waste.

I have carried out some experiments recently to test
the value of this process and found very satisfactory re-
sults. The first samples used were carrots and parsnips. In
1 pound about one twelfth of the total solid was lost,
while more recontly, with still moroe care in cooking green
peas, celeriac, new potatoes, salsify, and turnips, the
waste has been nil; all the water has been absorbed and
the cooked vegetable has retained all its nutrients.

This scrics of vegetables was cooked in a Welbank’s
boilerette. Thesc cookers are very simple in construc-
tion, and are practically a type of double saucepan. A
certain amount of water is placed between the two vessels.
The boilerctte is then placed over the heating apparatus,
and when stecam comes through the valve the propared
vogetable can be put in the machine with half a tea-
cupful of water. Some vegetables are better donoe
when they are put into the basket which fits into the
apparatus. Potatoes, for example, take rather longer
cooking, but the procoss goes on by itsclf and does not
need constant attention. Some cooks have used an ordi-
nary saucepan for cooking spinach, with only the addi-
tion of just enough water to be absorbed, and in this
method there was no loss of solids.

The two methods can be compared, and it is seen that
to get the full value for the money spent the “Conserva-
tive” is the most economical. To return to the losses
in cooking, it is interesting to know exactly which of the
nutrients are lost and how the loss is ascertained. As
soon as the process of cooking is finished the excess of
water is drained off into an evaporating dish whose
weight is known; heat is applied, and when only the
solid is left the dish is again weighed and the percentage
and weight of the loss is caleulated. The solid is ro-
duced to powder and analyzed. The result of analysis
shows none of the fiber, fat, or starch is lost, but carbo-
hydrates in the form of sugar are, as has been said in the
case of carrots, and is also true with beetroots. The
most important losses are protein and mineral matter;
with potatoes, protein 25 per cent, of the total mineral
matter 38; carrots, loss of protein 614 per cent. Here
the carbohydrates being mainly sugar the loss is 25 per
eent of mineral matters, 37 of the total present in each
0ase.

The pereentage per 1 pound of the fullowing vegetablos
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serious results to the interior decoration of the sur-

shows the loss in the total solids: Celeriac, lossone half;
of this, 7 per eent was mineral matter and 54 per cent
protein; curly greens, two fifths of the total solid, 1534
of this is mineral matter, 41 per eent protein. Chicory,
one fifth of solid lost; of this 4214 por cent protein, 12
per cont ash. Butter-beans lost one tenth of the solids,
of which 284 per cent was protein, 514 per cent ash.
Endive, total loss about one fourth of the solid; of this,
2914 per cent was protein, 1834 per cent ash. These
mineral matters are needed by the human body as tissue
formers, and can supply the potassium, caleium, iron,
phosphorus, and sulphur in an ordinary diet; caleium
and phosphorus in milk, the latter also in carrots, turnips,
potatoes, various varicties of beans and peas. lron
among other sources is found in the yolks of eggs, oat-
meal, potatoes, spinach, and apples.  Prof. Sherman, of
the University of Columbia, in Bulletin 185, Office Kx-
periment Stations, g1ves details as to the value of iromn in
food and the needs of the human body. He also goes
into the question of calcium, magnesium, and phor-
phorus. In Bulletin 227 he, with the assistance of others,
eives full details of their dietary studies, the desire being
to solve the question, how much of these clements are
needed in the human diet?

The next important question is as to the percentage of
water. When cooked in an excess of water which is
drained off, the cooked article contains more water than
the uncooked. Cooked the conservative way in the
boilerctte the percentage sometimes varies, in the other
method a lower percentage in the cooked vegetable is
quite an exceeption.—

THE PERCENTAGE OF WATER IN THE RAW AND
COOKED CONDITIONS.
Name. Raw. Cooked. | Cooked in
Boilerette.

Scarlet runners. .- . 93 94
Bectroot . . .. RN 82 83 !
Endive.. ... ... 0 91 95
Parsnips. .. .. ... ... . 76 81 79
Green peas. . ... ... .. ... 70 87 73
Celeriac. . ... ... S . 91 94 89
Jerusalem artichokes . . &0 92 79
New potatoes.. .. ... ... ... 81 . 83
Salsify .. ......... ... .... 8214 22 80

Two vegetables on this list are not as well known as
they ought to be, the names are even unknown hy green-
grocers doing a fairly good business; salsify is one of
them. The roots can be left in the ground until late in
the season, and it comes into use as a variety in the
winter. It i= often called the oyster plant, because the
flavor sugeests that of oysters.  The other vegetable is
celeriae, whieh is also known ag “knot celery’ and “turnip
rooted eelery;” the roots onlv are caten. [t also comes
into the market during the winter.  Its flavor is some-
thing like cclery.

In another class of vogotable foods the change in the
pereentage of water is still more marked; that is, the
pulses.  In dealing with these foods one of the most
important factors to consider is the amount of protein
present. We often see the statement that the pulses
are rich in this nutrient, and for this reason they are
called “poor man’s beef.””  This i true only in the un-
cooked condition, but not as we eat them. This idea
arises from the incorreet method of deseribing the re-
sults of analysis. In most tables the percentage of water
is left out, and only those of fat, fiber, protein and carbo-
hydrates are given, thus makine these percentages appear
higher than they really arce; also the comparison is be-
tween meat and pulses in the uncooked state. Here we
find for protein, beef 22, veal 20, mutton 20, lentils 22,
peas (dried) 21, Now, in the process of cooking, meat
has lost water; thercfore, the pereentages of fat and pro-
tein are higher in the cooked condition, while with the
pulses the reverse is the case, so that all the percentages
of the nutrients are lower: Beel (boiled), 34; veal
(roasted), 295 lentils, 9; peas, 9: that is, the percentage
of protein in the natural moist condition 2s served at
table.

PERCENTAGE OF WATER.

Name. | Uncooked.: Cooked.
I N S AR
Beef.. .. .. . L 71 | 57
Veal. .. .. e o ‘ 7115 ! 58
Mutton. . o 67 51
Lentils. . ... ..., S . 12 66
Peas, dried. ... .. L R R 14 62

With cercals, such as oatmeal, we have no loss of
nutrients; all the water used in cooking is absorbed.
Starting with 10 pounds of cach of the following articles
we find provost barley and oats 6, frame-food 15614,
plasmon arrowroot 113, rice (prepared by a conservative
method) 36 pounds.

These, then, are the chief changes in cooking vegetable
foods, and it cannot be satisfactorv that so much of the
valuable nutrients shoald be Jost by bad methods of

preparation It ooy e saad vegetables are cheap, but

the great object of cooking is to make food attractive
and wholesome, and it is the salts which give the flavor.
It is a pity the subject of the scientific value of food is
not studied in this country in the same way that it is in
America. Much can be learnt from the publications of
the Department of Agriculture in that country.

The Use of Clay Products in Domestic
Building Construction *

As yet the field of permanent building materials has
hardly been touched.  On account of the increased cost
of using such materials in domestic architecture, many
people have heen influenced to use frame or wood con-
struction instead.  But the supply of lumber is grad-
nally decreasing and the people are having to turn to
clay and cement products instead.  The ever present
fire rikk in frame construction has done much to in-
fluence public sentiment toward more permanent struc-
tures.  DBefore the use of permanent building materials
will hecome universal it will he necessary to develop
a whole group of contractors who understand structural
problems and how to estimate intelligently.  Up to the
tinmie the use of brick and tile in domestice
architecture very limited, inasmuch
increase in cost has put its use out of the reach of the
man of moderate means.

Very artistic effects can be obtained hy the use of
brick and tile. In fact, very few have any
conception of the number of ways in which these ma-
IFor example, we will assune

present
as the

hiis heen

people

tevials ¢an be combined.

the design of a small hrick residence.  We will con-
sider for the time bheing the treatment of the ex-

The first problem that presents itself
is the color scheme,  If we assume that we are to use
a light colored Dhrick it would be necessary to decide
upon the color of the mortar to be used and the width
of the nothing which adds or de-
tracts more from the beauty of a brick wall than to
have no contrast between the brick and mortar and
not to have variety of texture in the hrick surfaces.
Texture in brick surfaces can be obtained hy using
light and dark shades of the same brick, for example,
brick which have been
burned somewhat darker than others.  Another way is
by c¢hoosing o mortar joint which will give a shadow,
for example, brick flush or smooth
joint to hring out the character, while others look better
with raked or sunken joints. The smooth surface brick
cenerally look the hest with deep cut joints, while wire
cut hrick or matt surfaced hrick such as that made at
Doone, Towa, require smooth joints in which the mortar
comes out flush with the face of the hrick.

Another way in which artistic effects can he obtained
IFor example,

terior surfaces.

joints.  There is

introducing here and there

SOne require 2

is by varying the color of the mortar.
a dark red wire cut brick will generally look the hest
Thix will tend to add con-
climinate a monotonous

when white mortar is used.
trast to the wall and henee
color scheme.,

If dark

mortar is used this feature requires con-

siderable skill in treatment and can only he satis-
factorily tried by laying up a small panel of brick
work and experimenting upon color effects, ete. Dy

varying the width of mortar joints interest can be
In tact, many times the beauty of a particular
kind of entirely lost by making the joints
too narrow. Sometimes a joint as wide as % inch
will add just the right note to the appearance of the
wall  Many Dbrick that such wide
joints are not satisfactory, but such a condition is due
cenerally to ignorance on their part.  Laying up brick
with the wide mortar joints is somewhat more eox-
pensive hecause it takes much longer and also requires

aained.
brick is

masons  will say

cenerally o matter of a few dollars
will more than pay for the
ix so much more satisfactory to have
hoth artistic as well as

more mortar, hut

invested in such o case

expenditure, It

a rood looking wall from an

from »n structural standpoint.  Again, different  vari-
coties of Drick combined, make interesting wall treat-
ments. Tor example, it is possible to use a dark red
brick with a light buff brick, and when worked in

panels and patterns gives a very artistic effect. Care
must he taken however not to violate color harmony
nor to sacrifice structural features by introducing too
much ornamental brick work,

ITollow tile block offers many opportunities for use
in building To-day a large percentage
of foundations for residences  are made  with
Dlocks Iaid in mortar. This material offers many op-
portunities and its greatest advantage lies in the air
chambers within the Dblocks.  Objection however has
been made that unless the walls are properly laid up,
the interior of the house is cold, due to the leakage of
heat. I bhelieve that it is a mistake to apply the coat-
ing of plaster to the tile directly, because of condensa-
tion of moisture on the surfaces of the walls, causing

construction,
small

#*Dy Allen ITolmes Kimball, Professor of Structure Design,
Towa Sate (ollege.
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faces. The wall should be stripped and then lathed
and plastered as in construction.  The argu-
ment is made, however, that such a condition does not
take place, but the author has seen many fine examples
of condensation and can not recommend such a pro-
cedure.  ITollow tile as a building material has many
merits.  Ifor example, it is easily and rapidly laid up
and is comparatively inexpensive in cost, and, exclusive
of hrick and concrete, is the best surface for the appli-
cation of cement stucco.  This is due to the fact that
the coeflicients of expansion of the two materials are
nearly equal, and hence the elimination of cracks and
surface defects.

Manufacturers of tile and brick beginning  to
realize the necessity for making a product which does
not require an exterior coating of coment.  Very artistic

frame

are

elfects can he gotten by using hard burned vitrified
block for facing, just the same as with hard hurned

or wire cut brick. In fact, in some of the lastern
States many residences have been made of this ma-
terial and very satisfactory results obtained. At first

one is not aceustomed to the large size of the blocks
in comparison with hrick sizes, but the time is coming
when will he more widely used than
ever before. In fact, to-day in rural communities the
agriculturist is building his harms of vitrified tile and
csetting excellent results. There is no reason why he
should not build his house in the same manner.  Variety
in surface treatment can be obtained in exactly the
same manner as with face brick.  Joints can he pointed
with colored width if
To be sure, our caurpenter friends do not approve of
such materials because they decrease the amount of
work for members of their trade, and so to-day, in
ceotting  estimates upon buildings  of  permanent  con-
struction, it is a very diflicult problem to get satis-
factory figures. The primary i that the me-
chanics are not familiar cnough with the use of such
products and, as of old, do not like to take a chance
on such construction without heing highly paid for
the same. There is no reason why a house of tile
construction can not bhe built for approximately the
same cost as one of frame, and, in fact, the time is
coming when such will he the case.

One of the bhest evidences of the necessity for perma-
nent huilding construction is the fire
each year. In fact, there are certain
and fire protection organizations in this country which
are doing ceverything possible to educate the publie
along these lines and one of the greatest steps that can
be taken is to protect the isolated home against destrue-
tion.

FFor evidence of permanent building construction one
has only to turn to Iluropean countries.  There we find
that the Towly peasant lives in the same house which
was occupied by his ancestors many generations hefore,

such materials

mortar and varied in desired,

reason

CHOFINOUS loss

fire prevention

and to-day these houses are just as good as when orig-
inally built. 'The Furopean has had to look to econ-
omy of construction in cvery form and he has heen
awake to the fact that it is better to huild permanently
than to build temporarily and have to repair and re-
place the same within a period of a few years.  This
condition ix fostered hy the seareity of lamber and hence
its increased cost.

With the manufacture of
products the American citizen has every opportunity
to build better homes at less cost and greater perma-
nence than ever before. It is to be hoped that more
people will take advantage of fire resisting construction
Iy wo doing, the

increased hrick and clay

and use the same in overy building.
c¢itios and towns of this State, and every other State,
will hecome more beautiful and artistic. The structures
will he more permanent and will he subjected to a
minimum risk of destruction by the elements.

Highly Phosphorescent Calcium Sulphide

A RECENT issue of the Comples Rendus contains an
account by M. I’. Breteaun of his experiments on the pro-
duction of highly phosphoreseent ealeinm sulphide. One
of the most active was made by heating precipitated
chalk with thirty per cent of its weight of powdered
stick sulphur in a closed crucible for an hour, then
impregnating the cold product with a trace of hismuth
(0.0001 per cent in the form of an aleoholie solution of
hasic bismuth nitrate), again heating the mixture for
two hours longer at a dull-red heat, and then allowing
the still closed crucible to cool slowly in the furnace.
Products exhibiting less phosphorescence were made by
impregnating the ealcium sulphide with tungstein, molyb-
denum, or vanadium. The presence of sodium earbon-
ate, or chloride, - in the mixture had either
no effeet or an injurious one on the phosphorescence,
and impuarities in these salts may have heen the cause
of the phosphoreseence which Verncuil observed with
such fsed mixtures.

original
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The Development of the Military Aeroplane’

THE investigation forming the subject of the present
article was embarked upon by the writer with a view
to determining so far as is possible, as a generalization,
the most appropriate size or weight of aeroplane to be
employed for any given military duty.

There has been for some time past a belief current
with the general publi¢, and among engineers who have
not studied the problem of flight closely, that future
developments are to be expected in the direction of a
great increase in the individual size and power of the
aeroplane. This belief has been reflected in the work
of several designers (notably in Russia), as evidenced
by the construction of machines weighing 3 or 4 tons.

The writer has never believed in the probability of
early developments in this direction; in 1908, in the
second volume of his “Aerial Fight” (page 153), he gave
the probable range of size of the flying machine (of the
then ‘“visible” future) as from % ton to 2 tons weight.
This estimate was based on various considerations, both
as concerning stability and as related to the aero-
dynamic and engineering outlook ; the latter founded on
data given in the earlier volume, where the possibilities
of construction had been forecasted with considerable
accuracy. Thus the weight of the power installation
(without fuel) of the aeroplane is to-day commonly
about 25 per cent of the gross weight. This is as given
in 1907, on page 333 of Aerial Flight, vol. i. The
gasoline capacity of the standard military machine of
to-day is approximately 10 per cent of the gross weight.
This is the basis given on page 331 of the volume afore-
said, and is that on which the final column in Table XV
is founded. Again, on page 243 et seq (§ 170), and on
page 285 et seq (§ 194), the uestion of aerofoil weight
is discussed, and in an example given for illustration
the wing weight is 22% per cent of the gross weight.
In one of the most popular of the British machines of
to-day this figure is almost exactly that realized.

Although in the passages above cited the question of
aerofoil weight was discussed, as affecting the condi-
tions of least expenditure of work, it was not specific-
ally discussed as a factor in determining the best size
of machine; in other words, the relations between the
“military load” specified for any given duty and the
¢gross weight of machine best employed, and the gasoline
capacity available. The establishing of this relation
is the object of the present article.

The whole problem is one of considerable complexity,
and in generalizing for practical purposes it is not neces-
sary to take account of every factor which, strictly
speaking, enters into the problem.

In dealing with the problem in its simplest form we
may suppose the velocity of the design in contemplation
to be an invariable. 'This assumption cannot be far
from the truth, insomuch that the highest admissible
minimum flight speed is determined for military aero-
nautics by the landing grounds available under mili-
tary conditions, and the maximum flight speed is deter-
mined by the horse-power installation which can be
employed. Thus, if we take the flight speed as con-
stant, it is fair to allot a certain definite proportion of
the gross weight of the machine (the same in every
case) to the power installation. In the present investi-
gation this is taken at 25 per cent of the total gross
weight, as in accordance with the writer’s forecast and
with present-day general practice. The fixing of this
proportion is virtually tantamount to asserting that the
gasoline motor can be designed to a given horse-power/
weight tactor, whether it be large or small, and this
may be justified on the grounds that where a big power
installation is employed, it is not unusual to duplicate
the power unit rather than build a special larger type
of engine; it is further justified by the fact that so long
as a given size of cylinder is adhered to, the best which
can be done in the way of weight reduction, with a
given type of engine, is practically constant whatever
be the power and size of the installation. 'Thus the
lower powered engine will have a smaller number of
cylinders, and the higher powered a greater number. If
we consider ultimately the possibilities of design, it is
improbable that the designer will be able to obtain a
better horse-power/weight factor for an engine of say
200 horse-power than he can for one of 100 horse-power,
and, as above remarked, the horse-power/weight factor
can only be kept down in the big engine by employ-
ing a greater multiplicity of cylinders than in the
smaller one, a course which beyond a certain point is
open to objection.

* Engineering.

By F. W. Lanchester

The next point on which a convention may be made
concerns the weight of the fuselage and alighting
chassis ; that is to say, the whole of the structural parts
of the machine excepting the aerofoil itself, with tail
and rudder, members whose weight varies in like ratio.
These components again commonly total up to about 25
per cent of the total gross weight, and, generally speak-
ing, it is not possible to obtain any relief in this part
of the dead weight of a machine by making it bigger.
There are, it is true, certain parts which can be rela-
tively less weighty, such as those which relate to the
pilot and seating accommodations, control mechanism,
and so forth; but the alighting gear will have to be
disproportionately heavier on the big machine than on
the small machine, on the same principle, and for the
same reason, that an elephant’s legs have to be of a
relatively greater diameter than those of a horse, or,
going to an extreme, than those of a stork or flamingo.
On the other hand, the weight of the fuselage itself
may not necessarily require to be increased uite in
the same ratio as the gross weight, though it is by no
means clear that a serious saving can be made. It is
not fair to assume, for example, that for a given mili-
tary duty or purpose the same fuselage can be em-
ployed with bigger flight organs and heavier motor,
etc., since the length of the fuselage has to be related
in some degree of proportion to the fligcht organs them-
selves and to the general size of the machine; also the
strength and scantlings of the fuselage have to be in-
creased in proportion to the bending moments, etc.,
which may be taken as roughly proportional to the in-
crease in weight, even if the size he not increased. The
writer feels that it would be an optimistie designer
indeed who would expect to save relative weight on the
percentage of total on the combined fuselage and alight-
ing chassis of the large acroplane as compared with the
small. He believes that in taking these combined
weights as a constant proportion of the whole he is
acting favorably, rather than otherwise, to the large
machine. It would thus appear that, roughly speaking,
half of the gross weight of an aeroplane is made up of
its main structure and power installation with their
associated parts, and the remaining half of the gross
weight is available for the military load, the aerofoil
weight, and the carrying of gasoline.

The next step is to formulate the law by which the
aerofoil weight is related to the gross weight of the
machine, that is to say, related to the total weight car-
ried. The simplest basis is to assume an aerofoil of a
ceometrically constant form—that is to say, whatever
type of aerofoil is selected, whether biplane or mono-
plane; and whatever method of construction is em-
ployed—that is to say, whether wood spars or steel
tubular spars, or what not-—the selected type of struc-
ture and method of construction is taken as applying
to all under consideration, large or
small.

Now, on the basis of constant velocity, the span must
vary as the square root of the gross weight; this is a
matter of acrodynamics. The aerofoil weight will vary
as the cube of the span, for the bending moments at any
point in the wing length or at any point in the wing
structure vary as the weight multiplied by the span—
that is to say, as the span cubed; and since with simi-
larity of design the linear dimensions will vary as the
span, the strengths of the members must vary as the
span squared: in other words, the scantlings will be
proportional and the aerofoil structures will be geo-
metrically similar in every respect. Thus the aerofoil
weight will vary as the span cubed—that is to say, if

possible designs

the gross weight — W,
Aerofoil weight varies as Wg

The above is the assumption which will be taken
first, as it forms a simple introduction to the more c¢om-
plete investigation which follows:

In KFig. 1 a diagram is given representing the wing
structure or aerofoil weight—the curve ¢ C ¢,, the ordi-
nates of which (axis of y) represent aerofoil weight,
and abscissee (axis of o) gross weight of the machine.
In accordance with the foregoing, the equation to this
curve is

where a is a constant.

Let the axis of y be extended to O, so that O O, rep-
resents to scale the constant load which it is required
to carry; in other words, the military load, comprising
pilot, observer, or gunner (if any), with machine-gun
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or other weapon, ammunition, bombs, etc. Then a line
0,1 drawn at 45 degrees will represent, by its ordinates,
the gross weight, and lines 0,2 and 0,3 will represent,
by the ordinates cut off, the proportion of the total (25
per cent in each case) assigned to the fuselage, etc., and
to the power installation respectively.

The portion of the ordinate cut off by the line 0,3
and the graph ¢ C ¢, and lying between these limits, will
then represent to scale the weight disposable as gasoline,
and the proportion as part of the gross weight is given
by the per cent scale to the right hand of the figure, as
determined by the lines directed to the origin O,.

Now, the gross weight corresponding to greatest
relative gasoline capacity is defined by the point C at
which a tangent drawn to the curve passes through the
origin O,.

ILet W = gross weight.

w = aerofoil weight.
M = (constant) military load.

dw u+ M (1)
aw w
But
F
w = W2
or
aw 3w
aw  2W
or by (1):
Jw wH+ M
2w w
or
w = 2M

That is to say, the relative gasoline capacity is greatest
when the aerofoil weight is double the military load.
This is as given in Fig. 1 by the point C.

0 e
-~ Miizary Load
(onstunt)- M
K F e e == =T
0, Scale of Gross Weeght -W, &3

As in all ordinary cases of a maximum or minimum,
there are always other considerations tending to make
the practical engineering solution differ from that given
by the mathematical solution, and the compromise to
be adopted in any case will depend upon the relative
importance of the various conflicting factors. On re-
ferring to the figure, it will be scen that anywhere in
the region of the point €' over a range of about 20 per
cent, or 25 per cent of the gross load, plus or minus,
the percentage of gasoline does not sensibly, or at least
seriously, vary. Hence, since the duty performed is
constant, it will be most uneconomical to employ a ma-
chine of gross weight as given by an ordinate at ¢
(nearly eight times the military load), when a gross
weight say five times the military load (as at point B)
would do the same work with about 80 per cent of the
maximum gasoline percentage, and therefore S0 per
cent of the range of flight.

In some particular cases where the utmost range
of flight is imperative it might be expedient to design
to a somewhat higher gross weight, say six times the
military load; but for the example taken in no case
would anything much above this be warranted.

It is thus manifest that for the purposes of the aero-
nautical engineer or designer the mathematical solution
for maximum relative gasoline capacity does not give
sufficient information, or adequately act as a guide in
settling the specification of a design for any stated duty.
A graphic lay-out of the type given in Fig. 1 is neces-
sary; it is just as important to know the extent of the
sacrifice in gasoline capacity tfor values of W (the gross
load), other than that of maximum, as to know the
particular condition defining the maximum itself. Hence
in the further development of the subject in the present
article the mathematical treatment has been discarded
in favor of a purely graphic representation.

The basis on which the graph ¢ (' ¢, Fig. 1, is founded
is only roughly approximate, since the aerofoil weight
included as part of the total may be considered as in
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reality borne locally, and as not giving rise to serious
or sensible stresses within the aerofoil structure, so that
the structural stresses within the aerofoil are due to
the weight W minus the aerofoil weight. This intro-
duces some complication, but the departure is ecasily
dealt with by graphic construction. Thus, in Fig. 2, the
corrected curve of aerofoil weight is obtained graphic-
ally from the curve given in Fig. 1 to comply with the
new condition. The curve is first laid out as before,
and increments of W are added equal to w at any select-
ed points on the curve, the corrected curve being drawn
through the points so obtained. The equation to the
new curve is thus:

w = {I(IV—»UJ)%

In Fig. 3 an example is given with a curve (derived
as in Fig. 2) representing a machine designed for a
military load of 500 pounds and with an aerofoil weight
which would correspond in practice (according to the
ordinary current methods of construction) to a factor
of safety of about 5 or 6, as recommended by the Advis-
ory Committee for Aeronautics. Here it will be seen
that the ultimate maximum percentage of gross wcight
which can be carried as gasoline represents about 18%
per cent, and the gross weight of machine correspond-
ing to this is in the region of 6,000 pounds. Clearly
from the diagram it would be absurd to build a machine
6,000 pounds in weight, for its actual consumption of
gasoline would be twice as great as that of a machine
3,000 pounds gross for the same duty, and the latter
machine would have over 80 per cent of the flight range
of the other, as indicated by the relative gasoline capac-
ity. According to the rule given in the simpler case,
Fig. 1, the aerofoil weight == twice the military load,
shown by point A in Fig. 3, the appropriate gross weight
is about 4,700 pounds, and the loss of flight range as
due to the lowered percentage of gasoline is a matter
of about 2 or 3 per cent—that is to say, the gasoline
capacity will be about 18 per cent of the gross load
instead of about 181%. It is evident that no sane de-
signer would go beyond this point.

If for ordinary military flying we take it that 75 per
cent of the maximum relative gasoline capacity is good
enough, then, for the machine in question, the gross
weight will be about 2,800 pounds, as shown by point B,
and the aerofoil weight will be approximately equal to
the military load. The actual consumption of gasoline
of such a machine for a given military duty will be
less than half of that which would be necessary if the
actual minimum (corresponding to 6,000 pounds gross
weight) were adopted. From the diagram in question
it is clear that for the military load of 500 pounds a
machine between 1 and 2 tons weight is appropriate,
1 ton being sufficient where a 10 per cent gasoline capac-
ity is all that is required, as in local reconnaissance or
for defensive purposes, and 2 tons in the case of a ma-
chine for raiding or other purposes in which great
range or radius of action is important. Thus the ma-
chine of 1 ton would have a flight range of between 300
and 400 miles, and that of 2 tons about 700 miles; be-
yond this no material advantage can be obtained.

As examples of two extreme values of military load
Figs. 4 and 5 are given, the construction being
identical to that shown in Fig. 3. In Fig. 4 the mili-
tary load has been assumed as 150 pounds, a lower limit
representing a pilot only, with virtually no equipment.
In Fig. 5, as an extreme case, the military load has been
taken as 2,000 pounds, this being a load beyond any-
thing ordinarily required and would correspond to the
carrying of a Whitchead torpedo, or it would repre-
sent a capacity of three bombs of 6 hundredweight each.

In both Figs. 4 and 5, as in Fig. 3, the factor of safety
or dynamic load-factor of the aerofoil has been taken
in accordance with the recommendations of the Advis-
ory Committee for Aeronautics as about 5 or 6, and the
weights are further based on present-day practice in
biplane construction in which this factor of safety is
embodied.

These figures speak for themselves; it is clear that
if Figs. 3 and 4 be taken to represent the limits of ordi-
nary military flying, the writer’'s 1908 estimate of the
probably useful range of weight of aeroplanes is fully
justified. The carrying of a load of over 2,000 pounds
(as in Fig. 5) may fairly be regarded as duty of an ab-
normal kind, involving a special machine outside the
ordinary run of experience. Such machines would form
but a very small portion numerically of the total of the
aeronautical forces.

It is now time to consider the extent to which the
assumption of a constant flight velocity is, in fact, justi-
fied, and to point out the cffect of the foregoing conclu-
sions on departures from this condition. Iirst, it may
be remarked that the lower limit of flight velocity—that
is to say, the lower limit for which it is possible to
design as the normal speed of flight-—is determined by
questions of stability and by questions meteorological
and military. The superior limit to which it is pos-
sible to design is, on the other hand, related to the

horse-power required, and by the arca of the flight
grounds, which, under practical military conditions, can
be made available.

As to the lower limit, tirst on the question of sta-
bility, those best qualified to speak here are in disagree-
ment ; the crux of the matter is whether or not inherent
stability is necessary or desirable. Kver sincee the for-
mation of the Advisory Committee for Aeronautics in
1909 there has been a battle, if one may say so, in prog-
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ress between the scientific construetor and the flying
man; but the difference of opinion between the two is
becoming less as time goes on. The scientific construe-
tor, who has from the first maintained that machines
should possess inherent stability, has virtually won the
day. This, it may be said, is largely due to the efforts
of the late Mr. T. I&. Busk, who himself became a pilot
in order to prove the then pilot’s view as wrong. Briefly
put, the argument of the pilot was that a machine with
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inherent stability was less readily controlled than one
which was neutral or actually unstable; further, that
the inherently stable machine of necessity requires to
be hand-controlled when alighting under difliculties, and
if the pilot thus of necessity has to rely upon his own
skill on occasions, it is better that he should always
have to do so than only occasionally. The arguments
on the other side, however, have proved too strong for
this point of view to hold; the fact that an inherently

Lower Rewght Limit
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stable machine will fly itself through clouds and in the
dark, and has its own sense of the truc plumb as distinet
from the apparent plumbh, means that it is at an cnor-
mous advantage under many conditions which have to
be faced by the military machine. Jeyond this, for
plain straightforward flying, the inherently stable ma-
chine requires comparatively little skill, and does not
wear down the pilot under bad weather conditions. 1t
is, perhaps, worthy of remark that, on the other hand,
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there are particular cases in the military use of aero-
planes under which the conditions are better fulfilled
by a machine whose stability is imperfect; but this is
a case for a special type of machine for particular
duties rather than an argument against inherent stabil-
ity as a general proposition. F¥rom the standpoint of
the present article it is cnough to state that the smaller
machine is at a great advantage over the larger one on
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the score of stability. From the meteorological point of
view (apart from stability) both large and small ma-
chines are on the same footing as to the minimum flight
velocity. There is a certain agreed maximum wind
veloeity which the machine must be capable of exceed-
ing in such ratio as will not too greatly upset calcula-
tions as to its time of flight. From the purely military
point of view also the large and small machines are on
approximately the same footing as to the lower limit of
their designed velocity. The question here is mainly
that of pursuit and that of a moving target. In the
latter respect the smaller machine has some advantage
owing to its ability to dodge more rapidly. Therefore
it might be tolerated if its speed were slightly lower;
however, this is hair-splitting. It may be said broadly
that, from both the meteorological and military point
of view, the minimum veloeity admissible is independent
of the size of the machine.

Now, as to the maximum velocity limit. Here,
whether we consider the matter from the point of view
of size of flight ground or from the point of view of
the horse-power weight factor, the large and small ma-
chines are on, roughly, the same footing. It is quite
true, however, that, for a given horse-power/weight fac-
tor, the large machine is capable of somewhat greater
speed; the extent of this advantage, however, in any
designs which have been so far produced is not great.
It is impossible to take account, as a generalization,
of this advantage; it is due to the possibility of a rela-
tive reduction in the body resistance. In practice, how-
ever, the designer ean make his own estimate, and calecu-
late, in view of the higher speed, what his reduction
of span will be, and what saving in aerofoil weight this
represents; he can then apply a suitable correction to
the aerofoil weight curves given in Figs. 3, 4, and 5,
and from this he will be in a position to compute to
what extent it will pay to increase his gross weight for
a given duty over that given by the uncorrected dia-
gram. The writer will say here that in any ecase with
which he is acquainted this will only amount to a mod-
erate correction, and can in no case invalidate the meth-
od or general results.

It is thus abundantly clear that, for the purpose of
broad theory, the assumption of constant flight velocity,
no matter what the size of the machine may be, is fully
justified. It is, however, of interest from two points of
view to show the effect of designing for different veloci-
tics.  Iirst, we may take it that the weight of the
gasoline motor per horse-power may be reduced Iy ad-
vance in knowledge and experience. The gross weight
allotted to the power installation in Figs. 3, 4 and 5
may then be reduced, or alternatively the power of the
given installation can be increased, and the flight veloc-
ity augmented accordingly. In the former case the
solution is given by the general theory enunciated, as-
signing a different proportion of the gross weight in
Figs. 3, 4, and 5, by giving a different inclination to
the line from which the zero of gasoline capacity is
measured, thus inereasing the gasoline capacity to the
extent of the weight saved from the improved power
installation. In the diagram so modified, to comply
with the new conditions, the minimum point is not
affected.

If, on the other hand, the weight s: ving takes the
form of additional motive power, then the designed
flight velocity may be increased (but only with the pro-
vision of better flight grounds), and investigation shows
the effect of this as an alteration in the scale of the
diagram. 'The basis of seale alteration here is, if V =
velocity of design in feet per second, multiply the seale

V2

value of W as given by - ——.,
FYERY So00

or, assuming biplane con-

struetion, alternatively hy 0.7 1:, where s is the span in
52
feet.

It is of interest to take the case of a designer who,
ignoring the considerations discussed in the preceding
paragraphs, decides to maintain a constant span with
Increase of size and to furnish greater horse-power,
and fly appropriately faster. If he takes this course,
it is easy to show that his acrofoil weight now increases
approximately as the gross weight, so that in the dia-
gram the acrofoil weight may now be defined by a
straight line directed from the origin 0O,. The horse-
power required for any given resistance/lift  factor,
however, and consequently the weight of the power in-
stallation, now goes up as W X V, and since V in-
creases as V W, the rate of the horse-power installation
increases as W Vv W, or as W3 Thus the position is
fairly represented by a transposition in the interpre-
tation of the construction given in Figs. 3, 4, and 5;
the quantity formerly representing the power installa-
tion now represents aerofoil weight, and the quantity
formerly representing aerofoil weight now represents
power installation, and thus the big machine is at the
same disadvantage as previously :
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Special Steels’

With Particular Regard to Their Use in Motor Vehieles

Trires paper has a more direct bearing on the special
steels used in automobile service than elsewhere. How-
ever, I understand that the demands made on gpecial
stecls by gas tractor practice are in most cases similar
to those made by automobile service. At any rate, the
advantages possessed by the special steels over the ordi-
nary carbon steels apply with equal forcee to the two
services,  Materials for certain tractor parts would be
seleeted with reference to abrasion resistance, especiatly
at somewhat elevated temperatures, whereas in automo-
bile service material for the same parts would be se-
leeted with particular reference to its dynamice tough-
ness.

Nickel Steel—'The first important special steel, of the
type used in automobile practice, was nickel steel; in
fact, the nickel steel first desceribed by Riley in 1889
was an centirely new type of special steel, the special
steels up to that fime being those used for tool steel, ete.

The nicke! is added for two reasons—first, on account
of the strengthening effect, as 31 per cent nickel in-
creases the elastie limit of earbon steel by 50 per cent;
and sccond. the dynamic toughuiess, as shown by fatizue
tests and the notehed bar impact test, is double that of
carbon steel. It muxt be pointed out, however, that
this great improvement in properties can be secured only
by use of a proper heat treatment.

Chromium Nteel—Chromium steel was introduced by
Mushet in the 60's in Kungland and by DBauer in New
York at about the same time.  Tts most noteworthy
effeet on carbon steel is the increase in hardness pro-
duced, but the clastie limit like that of nickel steel is
also in the limit of carbon steel.
Chromium also improves the physical structure of steels
by making them finer grained. This has the effect of
offsetting the lack of ductility of chromium steels which
is evident from the relatively lower elongation and re-
duction of area. In this way chromium steel furnishes
an example of the fallacy of judging steels by statie
tests alone, as the real toughness of construction steel
is brought out only by tests such as the dynamice tests
and notched bar impact fests,

Chrome-Nickel Steel-—1ere we come to the most re-
nowned of all automobile steels.  In considering the
effeet of adding chromium and nickel to carbon steel,
let us consider first the nickel and then the chromium.
Nickel on being added to earhon steel dissolves almost
entirely in the ferrite and the effeet is to increase the
clastie limit. The sccond influence is that of decreasing
the grain size which causes @ marked increase in tough-
ness whieh T have already referred to. Chromium, on
ihe other hand, forms a double carbide with iron and
the effeet of adding chromium to nickel steel is to in-
crease the hardness by means of the double carbide. In
this way chromium raises the clastic limit and elastice
ratio of nickel steel, but does not destroy its toughness.

Henee it is clear that chrominm and nickel added to-
cother to carbon steel inereiase, very materially, the
olastic limit, the clastie ratio, the dynamic toughness,
and the hardness. This steel is an excellent example
of the manner in which one special clement can rein-
force another special element when added to carbon
steel and combine to produce a much superior steel
There are numerouas steels on the market which have
ciqual or even hetter static properties, but it is doubtful
if they are cqually capable of standing up in service,
on aceonnt of the difference in dynanic properties.

Chrome-Vanadinm Steel and Clirome-Nickel-Vanadinm
Steol- Vanadium added to ehrominm steel and chrome-
nickel steel produces an inerease in toughuess due to
the faet that it makes them finer grained, more uniform,
and more susceptible to heat treatment.  The chrome-
ranadium and chrome-nickel-vanadium steels are classed
with the chrome-nickel steels as being the best construe-
tion steels as vet developed for this type of sevvice.

Sitico-Mangancse  Steels- -Certain types  of - silico-
manganese steels have been developed whichh possess
exceptionally high elastic limits and which can resist
vibratory stresses and therefore are useful as springs.

Tungsten Steels— 'Tungsten steels are used originally
as tool steel on account of their great hardness, but they

excess of elastic

also possess a property which makes them of use in
automobile service: viz., that of resistance to abraxion
at elevated temperatures.  On this account they are
used for valves.

=Paper proseufed  at the Minnesotn loeal sccetion of  the
Ameriean Society of Mechanieal neincers and published in
the Fourial of the Society

VAseistant Professor of  Metallography, The University of

Minupesota,

By Samuel 1. Hoyl.

The advantage of the special steels over the carbon
steels for use as construction steel is due; more than
to anything else, to the increiase in toughness which is
seceured, especially dynamie  foughness.  The carbon
steels ean be made appreciably stronger by increasing
the carbon content. and by treatment, but they
would be made hrittle and therefore of no The
special steels, however, ¢an be made strong and tough
at the same time.

The inereased toughness can be utilized in three dif-
ferent ways, aceording to Le Chatelier:

1.—Maintaining the same strength and toughness, the
parts can be made appreciably lighter. This is of great
importance in automohile construction where weight is of
prime importance, especially as far as speed, endurance,
cconomy, and upkeep are concerned.  The diminixhed
weight is also an important factor in the cost of produc-
tion ax the extra cost of the speeial steels is oftentinmes
more than balanced by the lower manufacturing costs
due to the lower weight.
in the weight of the parts, especially the moving parts,
lessens the sudden strains which are imposed hy foreed
stopping and other irrcgutaritios in the service,  DBut the
advantages of using light weight parts in place of heavy
parts coniprise not only the saving in handling the mate-
rial on the floor, in maehining and in assembling, but
also the advantages derived by the buyer.

2—With the same weight and toughness the parts
can be more heavily toaded.  This lessens the danger
of overloading which often results in deformations sufli-
cient to put the overloaded part out of service.

3. With the same weight and strength much greater
toughness can be sceured which amounts to insurance
against accidents and failures.

In what is presented above, T have referred not to
statie toughness as determined by statie tensile tests,
but to dynamic toughne
impact tests,
ing the value of special steels by means of statie tests
alone, not only that the relative
carbon steels are not brought out, but that at times the
results of statie tests are direetly misleading.  This
is not a pleasant thougzht for him who would go fo but
little trouble and expense in testing construetion steels,
but it is a faect and as such must be sguarely met.

I wish to repeat another important point in connee-
tion with the production and uxe of special steels; viz.,
in order to make special steels worth while to justify
the increased coxt, they must be properly heat treated.
This is a subject which hnsg not as yet, at least in our
country, received the attention which it deserves and
which in the future is bound to be paid to it. This
negleet is due, I believe, not only te the fact that the
special steel industry iy in its infaney, but also to the
special diflicultties of a scientitic nature involved. hoth in
the determination of the proper heat treatment to be
employed for cach particular case and in
carryving out the heat treatment of the parts concerned.

Alxo T might add that the solution of the problem lies
in two directions.
tractor and automaobile
awake to the possibilities of such use.
the manufacturer must ereate a demand for a superior
product in order thaf he may produce a more =alable, a
But it
for the maker of speeial steels, not

heat
(IS

In gas tractor service a saving

S determined in dynamice and

In fact a great mistake is made by judg-

ralues of special and

vroperiy

The users of special steels, such as

manufacturers,  mus=t be

FLETTS

in other words,

more durable, and a more economical machine.
is also necessary
only to produce high grade steels of the proper chemical
analysis, but he st also know the Kind of steel to
be used and, what is more important, the proper hent
treatment to suit the individual requirenients,
Whether the maker of {he steel, the manufacturer or
A middle-man shall actually perform the heat freating,
depends on which one is best equipped to do that kind
of work. Of prime importance is that the heat treat-
ment be properly done.  In other words, the steel maker
should advise with the manufacturer and tell him which
«teel is best suited for his parvticular purposes, all things
considered, and heat treatment is
order to bring out the desired properties.
From my own experience I cannot say that this ideal
state of affairs exists in the United States. As a matter
of faet, the steel makers, as repre=ented by their sales-

what necessary in

men, while ready at all {imes to recount the virtues of
their special steels, seemn to possess little servieeable in-
formation for the purchaser and transactions are carried
on lareely on n basix of the static propertics.  One ean-
not wonder that many manufacturers feel that speeial
sfeels are but an expensive laxury.
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Next the kinds of steel used for different parts will
he taken up brietly and, inecidentaily, T shall have a few
words to say about ease hardening practice,

Awles It talls to the lot of axles to receive some of
the severest strains which are encountered.  Axles must
be statically strong (high

tough, design or

elastic Timit)y, dynamically

and, if poor workmanship must be
considered,? they should also have hoth high statie and

dyoamic noteh

toushness.  Tonghness i secured hy
nickel and vanadium while strength is seeured by nickel
and chromium so thuat the
for are  nickel,
vauadium., and chrome-nickel-vanadinm

Cranl-Nhafis. Many times it is desirable to reduce
the weight of the crank-=hift at the time
maintain a certain degree of toughness and stiffness,
If =0, it
ranadium

steels to be reconnmended

axie service chrome-nickel, chrome-

steels.

and Sane

ix advisable to use cehromenickel or c¢hrome-
steel, hut, of course, the heal treatments
would be different from those for axles. The require-
ments for this scervice are high resiticney in combina-
tion with comparatively low elonzation so that
impacts ¢an be absorbed without causing serious deform-
ations in the

Chitan-Shaflis.

heavy

crank-shaft.
The duty is naturally lighter on cam-
shafts than on crank-shafts and axles, hut a saving in
weight ean be effected by using nickel, chronre-nickel,
or ¢hrome-vanadingm steel.

Gears.—Many
place of case hardened gears.

heat treated vears are being used in

The combination desired
two properties which are
diflicult to combine in oy one picee.
er degree of tonghness c¢an be

is hardness aud toughness,
However, a great-
with the

chrome-nickel,

secured
The

siame

hardness by using special steels,

chrome-vanadiun, and chrome-silico-manganese  steols
are used for this purpose.
Nprings.~ Springs require a0 combination  of  high

clastie limit and high dynamic resilieney, and of course
dynmmic toughness. Springs and erank-shaf{s share the
The
difference for these two serviees is that in one caxe the

property of high dyvnamic resiliency in common.

permissible deformation is very small, while in the other
ase it is necessarily large. The steels used for springs
are chrome-vanadium and a special type known as silico-
A NZANESEe.
Frames--Frames must be tough and have high re
Nickel,
and chrome-vanadium steels are used extensively for

sistance to vihratory stresses. chrone-nickel,
thix work.

Kteering Armis. Steering arms are subjecl to a conn-
bination of stresses which is probably more complex
than the strains on the other parts. Ifor
the design and workmanship of steering arms arce espe-
cially important.
nickel.

Roller Boarings.-—Roller hearings must be hard and
yet not too brittle. There hitve been two types of steels
this the high
chromium steel and chrome-vanadium steel oil-hardened.

thi~x reason

The steels used are nickel and chrome-

developed for work, viz., sirhon-high
Valves-—I1f a special steel is desired for valves, it is
usually tungsten steel, but certain high nickel steels are
also used.
Case Hardening Praclice.-
cess of case hardening is annealing in the case harden-

The first =tep in the pro-
ing mixture or “cement” for a sulficient length of time
and at a sufficiently high temperature to produce the
ase desired. The second step ix called the first quench-
ing which has as its object the regeneration or toughen
ing of the core.
which has as its objeet the havdening of the case,

The third step is the second quenching
There
are many advantages secured by using the special steels
and T shall mention several of then.

T—Certain of the special types are much less affected
by the first annealing process than the carbon steels.
That is, the annealing produces a much smaller growth
in grain size which in itself, aside from the greater nat-
ural strength and toughness of the special steels, retains
erenter tenacity and toughness in the core.
2~ Cerinin special steels permit o moedification of the

H

heat treatinent so that the first and sccond quenchings
can he combined into one treatmoent is w0 caleu-
Lited that it iv satistactory for hoth the case and the

which

core,
g The resnlts are rendered more certain by using
special steels: i e, the ease can be made more uniform

and harder while the core ean he made stronger snd

fougher.

Tt b come tnder oy percennl o ahecervation ol hoth ol

these points requive serjous consideration
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4—Deformations due to quenching can be more easily
avoided with certain special types of steels, for instanee,
the air hardening stecls. These steels belong to a class
of steels that is not generaily manufactured at present
in the United States, and should not be confounded
with tool steels.

D.-—A higher earbon content can be permitted in the
core without losing the property of toughness. An ex-
ample is furnished by the chrome-nickel steels with
which a carbon content of 30 per cent can be usced, a
steel which also produces a hard case suitable for parts
subject to wear and shock.

6.-—In carbon steels two of the constituents, ferrite
and cementite, have a habit of forming in relatively
large crystals, the presence of which is dangerous on
account of the brittleness and linhility  of exfoliation
therehy.,  This can be using

produced eliminated by

specinl steels.

7. The use of special

coflicacy of the treatuent.
The parts which are commonly case hardened are eam

steels greatly increases the

shafts, roller bearings, and gears. For cam shafts a
low carbon, nickel or chrome-nickel steel is used which
is case hardened on the wearing surfaces of the
For roller bearings, low carbot, nickel, ¢chromium, nnd

Jams.

chrome-nickel steels are used depending upon the serv-
ice.

Steels which arve quite generatly used for gears are
low carbon, c¢hrome nickel and chrome-vanadium steels,
and it might be added that these stecls
in o practical manner, give a
bination of
treated
greater,

In the limits of a paper such as this, it is not possible

case hardened

more sitisfactory com-
heat
somewhat

properties than is produced by the

part=<.  although the expense s

to ennmerate the many advantages aside {rom saviog in
ete., are
from the use of special steels, but T wish to cite, in con-

weight, iucreased  togghness, which derived
clusion, a case which will show at Teast one of the possi-
bilifies.

This example is taken from the work of Guillet, the

noted Freneh metallographer. This steel was developed

primarily to simplify the heat freatment and in fact it
i simply necessary to heat the steel up to about 1,550
This treatment
produces the desived properties in the same manner that
the double heat treatment does for the earbon steels.
The composition of the steel s as follows: C 0.75 per
cent, Ni 3.82 per cent, Cr 1.25 per cont, Mn 0.52 per cent.
The properties are given in the following table:

deg. Falir. and allow it to cool in air.

| |
Elong i Resist-

[ Tonsile  Blustic ‘ Tlong.
. ANce
['Strength Limit | per cent s Roof A-ance to
; ! Pper cent | Tmpact
I e e e E—
Anncaled ‘ 1R.000 110,000 12 ; 10 3
Atr Hardened 1 102,000 158,000 G020 | S

The stoneation and reduction of area are less in the
aiv hardened steel, but the resistance to impact is ap-
preciabhly o greater, showing o greater dynamie tough-
ness, the property which <eyves hetter than any other to
deronstrate the superiority of spectal steels over the

carbon steels.

The Utilization of Cull Citrus Fruits

Suggestions for Saving a Natural Product That Is Now Largely Wasted

I~ the paeking of eitruy fruits. a considerable
portion of the fruit coming into the packing houses is
untit for shipment, and must be discarded; this dis-
carded  fruit constitules the culls, and may amount,
during poor seiasons. o as much as 10 per cent of a
eiven lot of fruit, though ordinarily the proportion is
not 8o high.  The usual causes of culling are extreme
over- and under-size. stem-end rot, trawmatic injuries
to the peel, and blue molds. A few of these culls are
disposed of at low prices for quick sales in the local
markets, while a good proportion are consumed by the
local eatile or simply allowed to decay on the ground.
A conxiderable number of these culls have the flavor
and food value uniwmpairved, if utilized immediately.
The main problems offered were (¢) to find a satisfac-
tory process by which the juice of these culls could be
preserved for at least two years, without conflict with
the national or Rate pure food Laws, and (6) to develop
i metbod by which the flavoring oil could be removed
from the peels in such a4 manner that the product would
meet the conmercial requirements for such an oil, and
could well ax a domestic product, in competition with
The recovery of the citrie acid

pro-

the imported Htalinn oil
formed one of the minor problems.

A large experiments  were with
different determine  their effect on the
stability of the juice.  As had already been observed,
it was soon found that simple pasteurization of the
suflicient to protect it from further
after pasteurization, usually
less than two weeks, the juice kept without apparent
change, but after the lapse of this time a change of
color bhecame evident, the juice darkening and finally
becoming muddy; this change in color was accom-
panied by a deterioration in flavor, which eventually
hecame offensively aerid. AN specimens did not change
to the degree. but it was found impossible to
correlate this difference between specimens with differ-
ences in acidity or sugar content.  Such darkened speci-
mens appeared to be sterile, no organisms heing shown
by incculitions on standard agar or on sterilized orange
under microscopic examiniation.  The effeet
seemed to he due to action, but although a
tirge number of tests were made, these (ailed to indi-
cate just what change had taken place in the darkened
juice. It was found, however, that the removal of the
air dissolved in the juice and that in the container
above it, followed by pasteurization, was suflicient to
prevent this deterioration of the juice for a conxiderable
tinme—in faet, all failures which oceurred within two
years could be traced to air having gained aceess to the
juice through leaks which developed in the stoppers on
long standing under varying conditions of temperature.
found, further, that, as would naturally be
expected, it was the of the which was
active in producing thix change, although replaecing the

number  of made

processes  to

juice was not

change: for a short time

Nane

juice. or
chemical

It was

oxyeen air

utilization of the cull citrus fruits from the packing houses
in lorida, coveringg the authors work on this subject during

the period from October, 19110 to August, 19135, under the
auspices  of  the Florida  Citrus Dxehange. at the Mellon
Tnstitute of Industrial Reseaveln of the University of  Pitts-
birgh Prublication hax heen withheld, up to this tine. in
aceordance with the fellowship agreement o complete publi
fation ol the entive report will be made at o later date,

Ropublisied from The Jowrnal of Industeial aud Iingineering
Clhemistry.

By . Alex. MeDermotl

with did rapid and
strong a darkening as would the effeet
being but little different from that of air alone.
It may be of interest to that the
conunon organized contaminition of orange juice which

air pure oxygen not. produce as

he expected,
note here Host
was cncountered in this work was a strain of {he wild
yeast (C“Kabmhete™)  Willia thix
organism which is responsible for the development of
the ester (tpparently ethyl acetate) which
so frequently be noticed in orange juice which has stood

anomala, and it Qs

odor nury

some hours at room temperature; the yveast was Kindly
identified for me by Dr. Alb. Kibcker of the Carlsherg

Laboratory, Copenhagen.  Acetie acid bacteria  were
also found occasionally, in every case observed being

secondary to the wild and on long  standing
various molds developed. molds of
the of the and /.
olivacon, appeared to be unable to grow on the steril
ized juice, and all attempts to inoculate them direefly

resited instead in

youast,
The common blue
Penicilliuwm italiewm

peel arange,

from infected fruit on thix medinm
the growth of the Willia.

The simplest. method of effecting the removal of the
air from and above the juice in the containers scemed
to be to replace it and of
those commereially possible, carbon dioxide appeared to
be the best. A number of specimens of
orange and grapefruit juices were prepared. in which
the juice was charged with carbon dioxide af
spherie pressure. and the air above the liquid replaeed
with the dioxide:; the bottles then sealed
paratfined =toppers, pasteurized. and the joint between
the stoppers and the necks kept covered with paraflin
Thix

means perfecl, gave a considerable number of specinens

by some non-oxidizing gas,

very large

atmo-

were with

while cooling. system of scaling, while by no
which remained without apparent c¢lianze for two yenrs
Charging with O, under pressure, without
removal of the air present. did not afford
against deterioration. It was found that pure nitrogen,
hydrogen or natural gas) gave ax
cood results, xo far as preservation was concerued, s
did the carbon dioxide, but owing to their Jower solu-
bility they were somewhit more diflicult to deal with
than the dioxide.  Nitrous oxide. as might be expected,
gave results about like those of pure oxygen.  So far
as flavor is concerned, the hydrogen was superior te
the other thougzh,
T'he earbon dioxide gave o =lightly unnatural

or more.
profeciion

methane  (washed

any of of course, harder o

handle.

TSN,

tang to the juice, suggesting incipient fermentation to
some who tasted it

Sealing in vacwo was also tried, and eventually proved
to be the most satisfactory method of meeting the diti
culty.
that the juice retained its tlavor best when pasteurized
muder as complete a vacuum as possible, the asual proe-

Tarly experiments using sealing bhottles showed

ess being to exhaust the container to about 285 inches
vacuum, while wiater at a temperature
slightly above the boiling point at this pressme: the
contents were then allowed to boil a
the reduced pressure, o drive out the
Heuid then cooled, and the hottle sealed.  Such propara-
tions kept excellently, ax long as the hottles vemained

imtiersed in

litfle while under

dissolved zuses,

sealed ;s breakage of (he senl wax followed hy discolora

tion and deterioration of tlavor, as i the fresh fuiee
Later experiments were made  uxing (he mefhod of
viacumn sealing with a rubber gasket and enp whieh

has been xo widely applied recently in the preparation
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of food produoct=. expecially by the Deech Nut Company.
It wasx found thnt
the dilference in
in the container
that ot which it
then the container placed in the sealing machine, ex-
hausted, chullition permitted for a
then
senly fail oceasionally, and such failures were always

cood resyits were obtained,
the juice
wits heated tooa slightly above
the vacuum employed,

epually
niin operation being that
point
would boit at
minut e or so, and
the jar scaled and pasteurized.  OC course, these
evidenced by discoloration of (he juice.

What has been said heretofore has referred mainly
to orange juice; the juice of the grapefruit undergoes
flavor,

arange

the same dixeoloration and change of
the
sonewhat

eNilcethy

on simple paxteurization in air, s does
Jjuice.
different propoxition, as it is reported in the lteratnre

that repented simple pasteurization is all that i neces-

Lemon juice, however, seems to he a

sary to prevent deterioration: no direct experiments
were nede with lemon juice. but it was found that the
repeated pasteurization (pesicurized at 63-65 deg. Cent.
on (wo or even three successive days) was insuflicient
to inhibit this change in orange juice.

T he
factor in the fiavor of the juice.
60 deg. Cent. insuicient (o prevent the develop-
the Wiiliia, and

fermentation, while st temperatures above 70 deg. Cent.

{emperdature of pastearization is an fmportant
Temperatures helow
woere
ment  of spores of with subsequent
the flavor began to be noticeably that of cooked juice,
and lacked the frestness of the untreated prodoct. Pas-
teurization at 63-65 deg. Cent., forr 15 minutes, provided
the entire volune of {he juice reached that temperi-
ture, wnve the most satisfactory results, so far as flavor
Cent.

the question when pre-

wits conceried, Nterilizing ot oy dew, and auto-

cliving at pressure are out of
the
without

noi-oxidizing:

atural Havor s (o be considered;
the

atmoesphere

servition of

autuckaving repbiceement of the air by a

usually  caused  immediate
in addition to the deterioration of tlavor.
Ifor the Best flavor it was found that all of fhe frait

should be peeled hefore expressing the jJuice; the

darkening,

not
Juice from all peeted froit was tat and uninviting, but

it 5 to
the juice had about

10 per cent o of the oranges were left unpecled,

the corveet (lavor.  OF course, the
addition of the expressed oil from the peel is possible,
hut thet didl
satisfactory a flavor ax the retention of unpeeled Froit

in the lot

experiments indicnted (his not give as

fo be pressed. For grapetrait juice, it was
found necessary to peel completely all the fruit, and (o
supply the flavoring by adding 5 (o 1O per cent of un
pected oranges:
duced a

The clarification
Ifor commercial

retention of the grapetruit peels pro-
ligquid of extreme hitferness,
of the juice is a serious problen.
that the
not a natural

howeser,

purposes it owotld scem hest

Juice he nearly clear, although t(Lis s
The
not yvield readily 1o the ordinary methods of clarvifiea
lileraticn: of methods tried. the hest
sults were relaival el the juice

condition for ormnge juice. juice. does

fion or nmany re-

obtained with Iifiers,

being talken fivst through o chuifyving bowl fo remove
the greater part of - ithe <uspension. and ihen through
A filtering centrifuge. The diquid so obtained is not
water-clear, Tat contains comparatively  litle suspen-
Ciot N ositernate procedinie b fo peetenrize ont o of
coutaet o with the air o darge containers, aod allow Lo
~etie, then draw off the clewr supernatant Thpeid affer

several weehs, bottle ke fresh juice, and treat the
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4.—Deformations due to quenching can be more casily
avoeided with certain special types of steels, for instance,
the air hardening steels.  Thege steelg belong to a class
of steels that is not generally manufactured at present
in the United States, and should not be confounded
with tool stecls.

H-—A higher carbon content can be permitted in the
core without losing the property of toughness. An ex-
ample is furnished by the chrome-nickel steels with
wlhich a carbon content of 30 per cent can be used, a
steel which also produces a hard case suitable for parts
subject to wear and shock.

G-—In carbon steels two of the constituents, ferrite
and cementite, have a habit of forming in relatively
large crystals, the presence of which is dangerous on
account of the brittleness and liability of exfoliation
produced thereby.  This can be eliminated by using
special steels.

T.—The use of wspeeial
efficacy of the treatment.

The paris which arve commonty case hardened are cam

steels greatly incereases the

shafts, rotler bearings, and gears. For cam shafts a
low carbon, nickel or chrome-nickel steel is used which
ix case hardenced on the wearing surfaces of the cams.
For roller bearings, low earbon, nickel, chromium, and
chrome-nickel steels are used depending upon the scerv-
ice.

Steels which are quite generally used for gears are
Tow carbon, chrome nickel and chrome-vanadium steels,
and it might be added that these steels, case hardened
in a practical manner, give a more satisfactory com-
hination of properties than is produced by the heat
treated although  the somewlhit
areater.

In the limits of & paper such as this, it is not possihle
to enumeriate the many advantages aside from saving in
derived
from the use of special steels, hut T owish to eifte, in con-
clusion, a case which will show at least one of the possi-
bilities.

parts, expense s

weight, increased foughbess, efe, which arve

This example is taken from the work of Guillet, the

noted French metattographer, ‘This steel was developed

primarily to singdify the heat freatment and in fact it
is simply necessary te heat the steel up to about 1,550
deg. Iahr. and atlow it to cool in air. Thix treatment
produces the desired properties in the same manner that
the double heat treatment the earbon steels.
The composition of the steel 1s as follows: C 0.75 per
cent, Ni 582 per cent, Cr 1.2% per eent, Mn (.52 per cent.
The properties are given in the following table:

doces for

| ;
Ilastic 1 Klong |
Limit per vent

Blong. ~ Resist-
R. of A, ance to
per cent ;. Impact

t Tensile
i Strongth

18,000

Anncaled

i
|

1 110,000 10 )
Air Tardened 192,000 - 185,000 20 | S

The elongation and reduction of arca are less in the
Lot
=howing 2

air hardened steel, the resistance to impact is ap-

preciably o greater, credfer dynamie tough-

ness, the property which serves better than any other to
demonstrate the superiority of special steels over the

carbon steels,

The Utilization of Cull Citrus Fruits

Suggestions for Saving a Natural Product That Is Now Largely Wasted

IN the packing of ecitrus fruits a considerable pro-
portion of {he fruit coming into the packing houses is
untit. for shipment, and must be disearded; this dis-
arrded fruit constitutes the eulls, and may amount,
during poor seasons, to as much as 10 per cent of a
siven lot of fruit, though ordinarily the proportion is
not so high. The ciuses of culling are extreme
over- and under-size, stem-end rot, traumatic injuries
to the peel, and blue molds. A few of these culls are
disposed of at low prices for quick sales in the loecal
markets, while a good proportion are consumed by the
local cattle or simply allowed to decay on the ground.
A considerible number of these culls have the flavor
and food value unimpaired, if utilized immediately.
The main problems offered were («) to find a satisfac-
tory process by which the juice of these culls could be
preserved for at least two years, without contlict with
the national or State pure food laws, and () to develop
a method by which the tlavoring oil could be removed
from the peels in such a manner that the product would
meet the commercial requirements for such an oil, and
could sell ax a domestic product, in c¢ompetition with
the impoerted Italian oil. The recovery of the citric acid
formed one of the minor problems.

A large number  of

usual

experiments were made  with
different processes to  determine their effect on the
stability of the juice.  As had already been observed,
it was soon found that simple pasteurization of the
juice was not sullicient to pretect it from further
change; for a short time after pasteurization, usually
less than two weeks, the juice kept without appavent
change, but after the lapse of this time a change of
color became evident, the juice darkening and finally
becoming  muddy ; color was acconi-
panied by o deteriovation in flavor, which eventually
Al specimens did not change

this c¢hange in
became offensively aerid.
to the same degree, but it was found impossible to
correlate thix difference between specimens with ditfer-
enees in acidity or sugar content.  Such darkened specei-
mens appeared to be sterile, no organisms being shown
by inoculations on standard agar or on sterilized orange
The offect

althougzh a

under microscopic examination.
seemed to be due to chemical hut
large number of tests were made, these failed (o indi-
eate just what change had taken place in the darkened
juice. It was found, however, that the removal of the
air dissolved in the juice and that in the container
above it, followed by pasteurization, was sutlicient to
prevent this deterioration of the juice for a considerable
timoe—in fact, all failures which occurred within two
years could be traced to air having gained access to the
juice through leaks which developed in the stoppers on
lomg standing under varying conditions of temperature.
It was found, further, that, as would naturally be
expected, it was the oxygen of the air which was
active in producing this change, although replacing the

juice, or
action,

£ Author's abstract of a rather extensive report on the
utilization of the cull citrus fruits from the packiug houses
in Florida, coveringg the author™ work on this subject during

the period from October. 19110 to August, 1913, under the
auspices  of  the Flortda  Citrux Lixchange, at  the Mellon
Institute of Industrial Resecareh, of the University of Ditts-
hurgh,  Publieation has heen seithheld, up to this time, in
aecotdanee  with the fellowship agrecioent @ complete publi
entfion ol the eatire report will be wade at oo later date.

Republished from The Jowrnal of Tndustricl and fogiiecring
Cliemistiyg.

By F. Alex. MeDermoll

air with pure oxygen did not produce as rapid sthd
strong a darkening as would be oxpeeted, the effeet

being but little different. from that of air alone.
It muy be of interest to that the
common organized contamination of orange juice which
was endoutitered in this work was a strain of {he wild
yeast  (“IKalmhete™) Willia anomala, and it is this
organism which is responsible for the development of
the ester odor (apparently ethyl acetate) which may
so frequently be noticed in orange juice which has stood
some hours at roomn temperature; the veast was Kindly
identitied for me by Dr, Alh. Kioeker of the Carlshery
Copenhagen.

note here most

Laboratory, Acetie acid bacteric were

also found occasionally, in every case observed bheing

secondary to the wild yeast, and on long standing
various molds developed.  The common blue molds of
the peel of the orange, Pewicillivm ilalcum and [

olivacewin, appeared to be unable to grow on the steril
ized juice, and all attempts to inoculate them direetly
from infeceted fruit on this medinm resulted instead in
the growth of the Willia.

The simplest method of effeeting the removal of the
air from and above the juice in the containers seemeoed
to be to replace it by some non-oxidizing gas, and of
those conmmereially possible, carbon dioxide appeared to
be the best. A
orange and grapefruit juices
the juice was charged with
spheric pressure, and the air above the liquid replaced
with the dioxide; the bottles with
parattined stoppers, pasteurized. and the joint hetween
the stoppers and the necks kept covered with paratflin
while This while by no
means perfect, cave a considerable number of specimens
which remained without apparent change for {wo yenrs
Charging with (O, under pressure, without
removal of the air present, did not afford proteetion
against deterioration, Tt was fownd that pure nitrogen,
hydrogen or (washed natural
cood results, so far as preservation was coucerned, ax

very number of specimens of
were prepared, in which

carbon dioxide at atmo-

trge

were then scaled

cooling, system  of sealing,

or more.

methare cas)  gave as
did the carbon dioxide, but owing to their lower solu-
bility they were somewhat more ditlicult to deal with
than the dioxide.  Nitrous oxide. as might be expected,
gave results ahout So far
as flavor is concerned, the hydrogen was superior to
any of the though, of
handle. The carbon dioxide gave a slightly unnatoreand
tang to the juice. suggesting incipient fermentation to
some who tasted it

Scaling in vacuo was also tried, and eventually proved

like those of pure oxyvgen.

ol her gases, course, harder to

to be the most satisfactory method of meeting the difdi-
culty.
that the juice retained its Havor best when pasteurized

Iarly experiments using scaling bottles showed

under as complete o vacuum as possible, the usual proce-
ess being to exhaust the container to abont 280 inches
vacuun, while water at a temperature
slightly above the boiling point at this pressure: the
tittle while under
the reduced pressure, to drive out dissolved gases, the
liquid then cooled. and the bottle =eated.  Such prepara-
tions kept excellently, as long as the bottles remained

immersed in

contents were then allowed to boil a

sealed ; hreakage of the seal was followed by discolorn

tion and deterioration of thivor, as in the fresh fniee
Later experiments were made using (e method of
vacuunr sealing with o rabber gas<ket and ecap. which

has been so widely applied recently in the preparation
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of food products, especially by the Beeeh Nut Company.
It was found (hat equally good results were ohtained,
(he the juice
in the container was heated (o n slightly above
that at which it would bail ol
then the container plhiced in the sealing machine, ex-
and
OF course, these

main diiferenee in operation heing that
point
the vacuum enrployed,
hiusted, ebullition perrnitted for o minute or so,
then Che jar sealed and pasteurized,
seals fail occasionally, and such failores were always
evidenced by discoloration of the juice.

What has been said horetofore has referred mainly
to orange juice; the juice of the grapetenit undergoes
the flavor,
on =imple

change of
the
Lemon juice. however, secms (o be o somoewhat

exactly sante discoloration and

pasteurization in air, ax does orange
Jjuice.
different proposition, as it is reported in the literature
that repeated simple pasteurization is all that is neces-
direct

were niide with Temon juice. but it was found that the

sary too prevent deterioration: no experiments
repeated pasteurization (poasicurized at 63-65 deg Cent.
on two or even three successive davsy was insuflicient
to inhibit this change in orange juice.
inmportant
Temperatures below
the develop-
subsequent

The femperiture of
factor in the
GO deg. Cent.
the
fermentation,

pasteuarization ix an
flavor of the juice.

were insuflicient. to prevent
Willia,

while at temperiures sthove 70 deg, Cent.

ment of spores of and with
the flavor hegan to he noticeably that of cooked juice,
Pas-
teurization a1 63-6% deg. Cend., for 15 minutes, provided
the entire volunie of the juice reached that tempera-

dnd laceked the freshness of the untreated product.

ture, gitve the most satisfncetory results, so far as flavor
100 deg. Cent. and auto-
(he guestion when pre-

wits concerned.
claving ot
Rervittion of

Sterilizing at
pressure are out ol
the natural
autecliving without
non-oxidizing

flavor is o e considered

the replacement of

usually

the air by a
atmosphiere caused  innnediate
darvkening, in addition to the deterioration ol lavor.
Ifor the hest tlavor i was found that all of the froit
should not he peeled hefore expressing the juice; the
juice from all peeled Tt was tat aond uninviting, but

ir 5 to 10 per cent of the oranges were left unpeeled,

the juice had about (he correet tlavor.  OF course, the
addition of the expressed oil frone the peel is possible,
bt experiments indicated that this did not give as

Ratixfactory a tlavor ax the retention of unpecled Froit

in the Tot fo be pressed, IFor grapefruit juice, it was

fornd necessary to peel completely all the fruit, and (o
supply the tlavoring hy adding 3 fo 10 per cent ol un-
retention of

peeled oranges; the srapefruit

lgquid of extreme hitterness.

peels pro-
duced a

The
ITor commercial

problem.
that the
natural
however,
not viekl readily o the ordinary method= of clarifien-
methods tricd, the hest re-
sults werve obiained. with Dielaval clarifiers, the juice
heing tirst
frtyt of

clarification of the juice ix a scerious

purpoxes it would scem hoest

Juice he nearly clear, althongh this is not a

condition for ornnge juice. The juice. does

tion or tittration: of many

tiken thronely o claritying howl to remove

the greater the snspension. and (hen {hrough

A fiHering cenirifuge, The liquid w0 obtained is not
water-clear, Tl contains compeoratively  little suspen-
ROt Viv o dlternnds procedsire o o pa tenrize ont o of
conbaet swith the air in Brge containers, and allow o

sisttle, then dease off the clear sapermdant Tignid after

several weeks, bottle Hke fresh juice, and treat the





