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Modern Views of the Sun--:-I* 
An Irnportant Star Whose Real Nature Is Only Beginning to Be Understood 

THIS to us all important star, the sun, has in all 
timeR and all age:-: exdted the keeneRt interest and 
wonder in mankilHl. It was in several races invoked as 
one of the deities who rule over mankind, and, indeed, 
though perhaps not realized to the full by its followers, 
sun worship had a better basis for its existence, so 
far a:'4 man';; material welfare is concerned, than any 
of the pagan religions. 

Iu monern timeR we are only at the beginning in ob­

taining Horne idE'a of the rE'al nature, constitution and 

influence of the sun. Indeed, we need go no farther 

back than to the first Herschel to find that the sun was 
then considered a solid body essentially like the earth, 

surrounded by luminous, light-giving clouds, and that 

the RIIll-HlIOb; were mountains on this huge globe stick­

ing up their head:-: through the clouds. It was probably 

not until the discovery of ;;peetrum analysis, little more 

than half a century ago, that the true nature of the 

sun began to be (limly realized. Just as in the study of 

the stars, the last deeade or ';0 has seen more real ad­

vances in tbe study of the eonstitution, structure and 

motions of the sidereal universe than all preceding 

time, so the last twenty years of solar research have 

been more fruitful in teaching us the nature of thiR 

dominant orb of our system than all the labors and 

speculations of earlier periods. 
AmI yet, just at'; in sidereal astronomy the advances 

of the present would have been impossible without the 
patient and painstaking observations of past genera­
tionI', so in solar research we owe more than is general­
ly realized to those who have carefully observed and 
faithfully recorded the visible phenomena of the s·un, 
who have attempted to correlate them with terrestrial 
phenomena and who have advanced hypotheses, no mat­
ter if mistaken, to account for the observed facts. 

Tl:w importauce of the problem of the constitution of 
the Run is being more and more realized, not only by as­
tronomerfl and seientists, but by representative governing 
bodies and the intelligent public as well. This is indi­
cated by the formation, within the last ten years 
or so, of the International Union for Co-operation in 
801ar Research, an association of the prominent as­
tronomers, physieists and other scientific men of the 
world, interested in solar research, with the purpose of 
intelligently co-ordinating and combining the energiE's 
of all institutions into the most profitable channels 
of attack, and of preventing useless duplication of 
work. 

'l'his orgauization has already been of immense advan­
tage in standardizing and systematizing the methods of 
research and arranging for co-operative work in the 
various problems. It forms an authoritative interna­
tional body whose deeisions on systems of units, nomen­
clature, etc., shall be final. The adoption of standard 
methons in the determination of wave lengths and of a 
number of standards of wave-length for universal use, 
correct probably within one thousandth of an Ang­
strom unit, or one part in five million, is one example 
of a deeision which more than justifies its formation; 
and a second is the adoption of the Harvard system of 
classification of stellar spectra for universal use. 

The other instance of the dawning realization of the 
importance of the study of the sun has been the organi­
zation, under the auspices of the Carnegie Institution, 
of the Mt. Wilson Solar Observatory, also established 
just over ten years ago. This is probably the best equip­
ped observatory in existence, with nearly every appli­
ance that man can devise to assist in its special work 
on the sun, with the allied physical and astronomical 
problems. Under the able direction of Mr. George E. 
Hale, our knowledge of the structure and movements of 
the sun's upper atmosphere has already been wonder­
fully extended and I shall have occasion frequently to 
refer to the discoveries made there. 

In view of the limited time at my disposal it has 
seemed best to give you a brief account of present day 
views of the nature of the sun without attempting other 
than incidental reference to the historical development 
of the subject. To make the subject as comprehensible 
as possible to the layman, let us open it, even at the 
risk of some lack of sequence later, at the very begin­
ning. If we look at the sun, through smoked glass we 
see an intensely bright disk with a sharp circular 
boundary which is called the limb, and, sometimes, 
with dark spots on its surface. If we use a telescope 

• Address of the retiring president of the Royal Astronomical 

Society of Canada at its annual meeting, 1916. Republished 

from the Journal of the Society. 

By J. S. Plaskett 

of higher and higher power, of course with the in­
tensity suitably diminished by shade glasses or other 
means, we find that the outer boundary still appears 
perfectly sharp and circular, that we see many more 
spots, that the surface of the sun, generally called the 
photosphere, is not uniformly bright but is mottled in 
a way that has led to its being called the rice grain 
structure, and that some parts near the limb and also 
often near spots are much brighter than the general 
surface, such parts being called facuhe. If these ob· 
servations are continued we would find, as was discov­
ered about eighty years ago, that the numbers and sizes 
of the spots and faculre varied, that they passed through 
a complete cycle of change, through maximum and 
minimum spottedness, in a little over eleven years. An­
other evident, and even obtrusive, fact of observation is 
that in addition to sending us a great deal of light we 
also receive a considerable amount of heat. 

In addition to these observational facts let us recount 
a few well-known dimensions. The sun, whose diameter 
is 865,000 miles, is situated nearly 93,000,000 miles from 
us. Its volume will evidently be (865/8)' or 1,306,000 

times that of the earth. A simple dynamical calcula­
tion, based on the known times of revolution of the 
moon around the earth and of the earth-moon system 
around the sun, shows that the sun has 332,800 times 
the mass of the earth. The density of the earth, which 
has been very accurately determined by the physicists, 
is 5.52 times that of water, and hence the sun is 1.41 

times as heavy as an equal volume of water. If ex­
pressed in pounds the mass of the earth is 1,317 followed 
by 22 ciphers and of the sun 438 followed by 28 ciphers. 
It readily follows that the attraction of the sun at its 
surface is 27.6 times that of the earth at its surface, 
and a man weighing 150 pounds would weigh over two 
tons on the sun and would be crushed to death under his 
own weight if he had not been already turned into vapor 
long before he reached the surface. 

The sun being 93,000,000 miles from the earth, it is evi­
dent, even to the least observing and thoughtful, that it 
must be exceedingly bright and hot to give such striking 
evidence of these effects at that enormous distance. No 
doubt most of us have been present at a fire and have 
noticed how rapidly the heat diminished as we moved 
away, that, even if unpleasantly hot at a hundred yards, 
it was quite comfortable at two hundred. It seems quite 
reasonable to say that, if the sun radiates so much heat 
at 93,000,000 miles, it must be hotter than any tempera­
ture attainable on the earth. 

It is evident that no direct method of determining 
the temperature of the sun can be used, but there are sev­
eral indirect methods, fortunately, by which we can 
obtain the temperature of the visible radiating surface, 
the photosphere. These are mostly too technical for a 
lecture of this kind, but one of them, perhaps, may be 
made to come within its range. Theory and experiment 
have shown that the radiation, the emission of heat ann 
other energy, from a perfect radiator (the sun is proba­
bly not quite a perfect radiator), varies as the fourth 
power of the temperature. This is known as Stefan's 
law, and it is evident that if we can find the radiation 
sent out by the sun, we can determine its temperature 
by extracting the fourth root of the radiation. The 
radiation or amount of energy emitted by the sun at the 
distance of the earth has been very carefully and ac­
curately determined (of this I shall have something to 
say later on), and has been found to amount to 1.95 

calories per square centimeter per minute. This is the 
value outside our own atmosphere, but, owing to the 
absorption of the latter, less than two thirds of this 
reaches the earth's surface; 1.95 calories means in plain 
language that if you have a little cube of water each 
side being a centimeter, two fifths of an inch long (less 
than a thimbleful of water altogether) and if the sun 
is allowed to shine directly on one of these sides for one 
minute, and no heat is lost by reflection or otherwise, 
the temperature of the water would be raised 1.95 deg. 
C., or 3.5 deg. F. Put in another way, the amount of 
heat reaching us from the sun is sufficient to raise the 
temperature of a layer of water two fifths of an inch 
thick 3.5 deg. F. in one minute. Knowing the amount 
per square centimeter, 93,000,000 miles from the sun, we 
get the total emission by multiplying 1.95 by the super­
ficial area in square centimeters of a sphere 186,000,000 

miles in diameter. Dividing this enormous amount by 
the superfical area of the sun, we get the amount radi­
ated per unit area, and, applying the proper constants 
and extracting the fourth root, we obtain the tempera-

ture of 5,860 deg. C. absolute. As the sun is probably 
not a perfect radiator, its temperature would be higher 
than this figure, and the other methods indicate a tem­
perature not less than 6,200 deg. C., probably approach­
ing 7,000 degrees. On the ordinary Fahrenheit scale 
these are 10,700 and 12,100 degrees. Ordinary cast iron 
melts at 2,000 and platinum at 3,200 degrees, so you will 
realize that the photosphere must be composed of gases 
and vapors only. 

Our ordinary methods of observation and analysis 
have shown us that the visible surface of the sun has a 
mottled appearance, is cyclically invaded by sun-spots 
and faculre and is at such an excessively high tempcra­
ture-nearly 12,000 deg. F.-that it is unlikely to be 
composed of anything but gases and vapors. 

To learn more of the structure of the photosphere 
and the upper solar atmosphere other methods of at­
tack are necessary, and let us now see what we can 
learn from the spectrograph and spectroheliograph and 
various auxiliary attachments of them. 

Every one, surely, in these days knows what a mar­
velous increase in our knowledge of the constitution 
and physical condition of the heavenly bodies has come 
to us by means of the spectroscolle or spectrograph, the 
latter being the modern form designed to photograph 
the spectrum. We all know, for example, that by com­
paring the positions of lines crossing the spectrum of 
any body with the positions of the lines in the spectra 
of the various elements, we can surely identify the ele­
ments present in the body. And, further, we know that 
if the lines crossing the spectrum are separate bright 
lines, the body is composed of incandescent gases and 
vapors. If the lines are dark, then between the spec­
tograph and the bright body there is a layer of cooler 
gases, not necessarily cold, but a lower temperature than 
the bright body. If the spectrum is one continuous baud 
of color without lines the body is an incandescent 
solid or liquid, or possibly a gas under great pressure. 
Furthermore, any shift from the normal positions of 
any of these lines shows that the gas or vapor produc­
ing these lines is in motion toward or from us or is 
under pressure, motion and pressure shifts of lines 
being usually easily differentiated. The accuracy of 
modern spectrographs is so great that we can easily de­
termine, on the sun at any rate, where there is plenty of 
light, a motion of the gases equal to the speed of a man 
running. 

A little reflection will show how much these unique 
properties and possibilities of the spectrograph enable 
us to determine of the constitution, physical condition 
and motions in the photosphere and upper atmosphere 
of the sun usually called the chromosphere. The solar 
spectrum is apparently a continuous spectrum crossed 
by thousands of dark lines. The continuous part shows 
that the light-emitting part, the photosphere, is either 
incandescent, solid or liquid matter or else gaseous ma­
terial under· great pressure. The dark lines show that 
above the photosphere is a layer of gases and vapors 
at a lower temperature, sometimes called the reversing 
layer. A comparison of the positions of these lines with 
those of the terrestrial elements testifies absolutely to 
the presence of the vapors of some forty elements in 
this reversing layer, and possibly to a dozen more. 
Nevertheless, every scientific man believes that all the 
terrestrial elements are present in the sun and the lines 
of some of them do not show in the spectrum only be­
cause they give relatively weak spectra which are over­
powered by the stronger spectra of those whose lines are 
visible. 

When the exceedingly bright photosphere of the sun 
is covered by the moon at total solar eclipses, the spec­
trograph shows that the cooler gases in the reversing 
layer are really incandescent and at a high temperature. 
At the instant the photosphere is obscured the spectrum 
changes or flashes from a dark-line to a bright-line spec­
trum, every dark line practically being replaced in the 
same position, though not always of the same intensity, 
by a bright line. This of course is indubitable proof of 
the presence of this layer of incandescent gases, while 
the length of the curved lines for the different elements 
enables a close estimate of the heights to which the va­
pors of these elements extend above the photosphere. The 
depth of this reversing layer or chromosphere is not uni­
form and the height to which the various gases ascend 
is different, depending in general upon the density, the 
heavier gases remaining at the lower levels and not 
often exceeding a height of 'iOO kilometers, about 450 
miles. Hydrogen, calcium, helium, sodium and a few 
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others rise to much greater heights up to 10,000 or 15,000 

kilometers-6,000 to 9,000 miles. Rising higher still 
above the photosphere are the prominences which are 
apparently eruptions or outbursts of luminous gas which 
the spectrograph has shown are generally hydrogen and 
calcium. These were first seen at eclipses but cal). now 
be observed and photographed at any time. The promi­
nences pass through a similar cycle to the spots and are 
apparently related in some way, although even when 
there are no spots the sun is never free from prominences. 
These prominences sometimes shoot up to the enormous 
height of two or three hundred thousand miles, occa­
sionally reaehing a velocity of two hundred milefl, a 
second. They are, to my mind, striking confirmation of 
the disturbed condition of the interior of the sun. 

But, besides these tremendous eruptions, the spectro­
scope shows that the chromosphere, and probably also 
the photosphere, is rarely quiescent. Over and near sun­
spots, for instance, the work of Evershed first showed by 
the displacement of the spectral lines that the vapors 
were in lI!otion and this work has been further extended 
and rendered beautifully complete by the work of Hale 
and St. John, at Mount Wilson. Before treating more 
particularly of the motions and structure of sun-spots, 
I wish to speak of an instrument by which the chromo­
sphere can be photographed at different levels and in the 
light of different gases. 

The principle of this instrument was independently 
brought out by Hale and Deslandres, about 1890, but the 
first spectroheliograph, 'lS it is called, was constructed 
and used by Hale in 1891. This instrument, by which 
the distribution of the various gases and vapors at vari· 
ous levels in the sun's atmosphere can be photographed, 
is an ingenious application of the principle of the spec­
troscope. Many of the elements, especially calcium and 
hydrogen, give very strong and broad absorption lines 
in the sun's spectrum. It occurred to Hale that by iso­
lating the light from one of these lines in a spectro­
graph it might be possible that by suitably moving the 
sun and spectrograph relatively, to obtain a photograph 
of the sun in the light of this gas. Various forms of 
spectroheliographs for accomplishing this aim have been 
devised, but I need only describe the simplest. 

If we have a large spectrograph with a slit as long as 
the diameter of the solar image, this will form a spec­
trum as wide as the sun crossed by lines as long as the 
solar diameter. If in the place of the photographic 
plate we place a metal plate with a slit in it, adjustable 
to any position, it will be possible for· us to place this 
slit on any desired line in the solar spectrum. Evident­
ly, under such circumstances, only the light from the gas 
or vapor producing this line can get through the second 
slit. A plate placed immediately behind this second slit 
will record the distribution of this particular luminous 
vapor over the particulltr narrow segment of the sun 
which is on the first slit. If then the plate and image 
of the sun are kept stationary and the spectrograph as 
a whole moved transversely across them, we wiJl record 
successively on the plate successive segments oil the 
solar disk in the light of the particular vapor whose line 
is on the second slit, or in other words, we will obtain 
a photograph of the sun in the light of this particular 
vapor. This photograph will evidently record the dis­
tribution of this vapor, and this vapor only, over the 
sun's disk. 

The spectroheliograph has been used almost continu­
ously since its invention to obtain photographs of the 
sun in the light of calcium vapor, and the records of 
calcium flocculi, as the cloud-like formations covering 
the sun's surface are called, has been a valuable supple­
ment to the direct photographs in ordinary light and 
clearly show the turbulent and ever changing state of 
the chromosphere. At Mount Wilson the sun's surface 
has also frequently been photographed in the green, 
blue and violet lines of hydrogen and occasionally in 
iron lines. These photographs show an entirely differ­
ent characteristic appearance and structure from each 
other and from the calcium spectroheliograms. 

But probably the most striking spectroheliograms are 
those made in the light of the red line of hydrogen, H a 
as it is called. These have been obtained at Mount Wil­
son comparatively recently, after the introduction of 
sIlecially stained plates highly sensitive to red light. It 

is the red light of hydrogen which ascends to the highest 
levels in the chromosphere and which is the most promi­
nent in eruptions and prominences. The spectrohelio­
grams in this light have a characteristic appearance 
entir,ely different from those made in the blue or violet 
lines of hydrogen or in any other vapors. The most strik­
ing features about them are the curious whirls or 
twisted appearance of the gaseous matter around sun­
spots, and the strong resemblance of these whirls to 
the lines of force around magnets led Hale to suspect 
that there might be a magnetic field around sun-spots. 

This supposition was very natural, as the relation be­
tween the spottedness of the sun and the activity of the 
earth's magnetism had long been recognized, the curves 

of sun-spot numbers and those representing the daily 
range in the declination and horizontal force corre­
sponding in the most remarkable manner. Further, it 
has been noticed that terrestrial magnetic storms are 
often nearly coincident with the central passage of a 
large sun-spot over the sun's disk. 

To suspect that whirls in the Ha spectroheliograms 
were indications of magnetic fields, and to prove it, 
were two entirely different matters. Even if such Il 
field were possible of detection by magnetic methods on 
the earth, it would be impossible to definitely corre­
late such magnetic effects with any sun-spot showing 
whirls. 

But here again the wonder-working powers of the 
spectroscope were brought into requisition by Hale in 
a most ingenious manner. About 1896, Zeeman dis­
covered that most lines of the spectrum are separated 
into two components when the incandescent vapor pro­
d ucing these lines is in a strong magnetic field, and is 
observed by the spectroscope along the lines of force. 
With less powerful fields the lines are only widened. 
In addition to this doubling or widening the light is 
changed in charader, it has become polarized, a curious 
one-sided form of light, and this polarization can be de­
tected by suitable optical apparatus, such as a Nicol 
prism. When such a test was applied by Hale to some 
of the lines in the spectrum of a sun-spot it was found 
that they behaved in exactly the same way under the 
analysis of the Nicol prism, as their terrestrial counter­
parts did when the vapor producing them was in a 
magnetic field. 

Here then was incontestable proof that the curious 
whirls around sun-spots in the II a. spectroheliograms 
were of a magnetic character and that there was a mag­
netic field around sun-spots. By comparing the widen­
ing and the behavior of the sun-spot lines with their 
terrestrial counterparts under fields of varying strength, 
it was found at Mount Wilson that the fields around 
sun-spots varied up to a maximum of 4,500 gausses, 
which is about 7,000 or 8,000 times the strength of the 
earth's field, but not as strong as the .average electro­
magnet. The polarity of the spots was found to vary 
in a somewhat irregular manner, large spots in northern 
and southern hemispheres being usually of opposite 
polarity and the same thing being true of the two main 
members of a spot group. 

The strength of these fields is not sufficiently great 
to account for the magnetic storms on the earth which 
occasionally derange magnetic and telegraphic appara­
tus and which must be due to some more powerful and 
as yet unknown influence. But it seems evident that the 
striking similarity between the curves of spot numbers 
and the daily range of the terrestrial magnetic elements 
can be simply explained by the influence of the mag­
netic fields around sun-spots. 

More recently Hale has shown, in a somewhat similar 
way, that in addition to the fields surrounding spots, the 
sun has a general magnetic field similar to the earth, 
only about 80 times as strong. 'J'he magnetic poles of 
the sun coincide approximately with its axis of revolu­
tion, the north magnetic pole being toward the north, 
as in the earth. The Zeeman displacements by so weak 
a field as this are exceedingly minute and require the 
greatest care and precision in measuring. These dis­
coveries and measurements of the magnetic fields in the 
sun are striking examples of the wonderful experimental 
work carried on at Mount Wilson and are of the utmost 
importance. 

But they have been supplemented by much additional 
evidence as to the physical conditions in and around 
spots. Considerably earlier than the discovery of the 
magnetic effects it was shown that the spot vapors were 
at considerably lower temperatures than those over th9 . 
surrounding photosphere. This was done by a mass of 
cumulative evidence gathered by means of the spectro­
graph. It has long been known that the spot spectruIll 
is different from the ordinary solar spectrum. Some of 
the lines are widened and strengthened, some are weak­
ened, some are doubled as noted above, and many fine 
lines not present in the photospheric spectrum are pres­
ent in spots. In the case of the widened and weakened 
lines it was found that these lines behaved in general in 
a similar way in terrestrial spectra as in sun-spots when 
the tempe,rature of the vapors producing them was re­
duced, thus showing that the spot vapors are at a lower 
temperature. It was further found that the numerous 
fine lines in the spot spectra were due to the formation 
of such compounds as magnesium and calcium hydride 
and titanium oxide, which can only exist at consider­
ably lower temperatures than the photosphere. These 
facts formed convincing evidence that the vapors over 
sun-spots were at lower temperatures than over the sur­
rounding photosphere. 

As stated earlier, the radical motions of the vapors 
over sun-spots were first observed by- Evershed, but his 
work has quite recently been much extended by St. John, 
at Mount Wilson. These motions have, of course, been 

measured by the spectrograph from the displacements 
of the lines from their normal positions, and they vary 
for different elements and for different levels in the 
chromosphere. The hydrogen and calcium at the upper 
levels move inward at about two kilometers a second, 
this velocity diminishing as we go down and come to the 
hea vier elements, finally turning into an outward mo­
tion, of the order of one-half a kilometer per seconn., for 
many of the lines of iron and other metals which l�p. 
at low levels. There seems to be a circulation of the 
vapors from above in and downward, and from below 
up and outward. 

Rased on these results, on the lower temperatures in 
the spot-vapors and on the whirling motion and mag­
netic field around sun-spots, Hale has advanced a work­
ing hypothesis on sun-spots which includes all the data 
so far obtained and offers a reasonable explanation of 
the observed facts. According to this hypothesis a sun­
Rpot is the result of all eruvtion, or some other deep­
seated cause of which nothing is definitely known, 
which tends to produee rapid local upward movement 
of a column of ga� from within the sun toward the sur­
face of the photosphere. This column is given a whirl­
ing motion by differences in velocities or irregularities 
of some kind, producing a vertical motion much like a 
tornado or waterspout, the circulation in the spot being 
vertically upward and then outward along the photo­
sphere. Expansion produces cooling at the center of the 
whirl or vortex and a comparatively dark cloud, the um­
bra of the sun-spot, results. A rapid flow of negative 
ions sets in toward the cooler gases at the center and 
these ions whirled in vortex pl'odtice a magnetic field. 
Higher up in the solar atmosphere the descending gases, 
hydrogen and calcium, are drawn in toward the center, 
producing the whirls shown on the IIa. .spectroheliograms 
and giving the spectroscopic evidence of inward motion 
previously adduced. 

(To be continued.) 

Nitrogen: Its Virtues and Its Vices 
PERSONS who talk of the importance of chemistry in 

this war are usually talking of one thing only though 
they may not know it-and that thing is nitrogen. The 
chief chemistry of the war is praetically centered on 
nitrogen. Recognizing this fad, it is strange to think 
that we live by breathing an atmosphere containing 80 
per cent of this element which in certain combinations 
is dealing out death on an appalling scale in all the 
fields of action. There are practically no useful explo­
sives employed in which the action of nitrogen is not 
concerned. Without its aid the great ships at sea could 
not be sunk, or in/locent victims on land killed, or pro­
perty destroyed by the aeroplane and dirigible; while 
it serves to mow down whole columns of men in the 
field, for rifles, howitzers, machine-guns, and grenades 
are all dependent upon, and made terribly deadly by, the 
offices of nitrogen. We every day pass on to our lungs 
something like 450 gallons of nitrogen per 24 hours, 
which would be enough to make 30 pounds of tri-nitro­
toluol, or 40 pounds of gun-cotton. In our early training 
in �he elements of chemistry we were wont to regard 
nitrogen as a singularly uninter.esting gas on account uf 
its negative behavior. It did not burn like hydrogen, 
it did not support combustion like oxygen, and, in 
short, its presence was generally assumed because of its 
inactivity and because it did not directly respond to any 
test. And yet this element is the greatest of all as a 
munition power; it is hardy an exaggeration to say that 
applied nitrogen is going to be a factor in deciding the 
issue of the war. It is remarkable, also, that this ele­
ment forms the central figure in the protein group or 
tissue-repairing material of our foods. To say that 
without protein we die, practically means that without 
nitrogen we die. The gas without positive tests is as 
necessary in one form for our support as in other forms 
it is ready to destroy us. Nitrogen's power depends in the 
first place on the fact that it carries in oxygen to com­
pounds which are thus rendered explosive, turning all 
the elements into a huge volume of gas, itself being set 
free. The very inertness of nitrogen, or its objection to 
affinity, means that on the least provocation it will easily 
release its partner oxygen, handing this over to the com­
bustion of other elements present, with the formation of 
volumes of gases, the nitrogen returning to what is ap­
parently its congenial condition, the free state. As a 
fertilizer in the soil nitrogen acts as a stimulant and 
supplies the- necessary nitrogen to the plant. In other 
words, it is a plant food. Thus the remarkable thing 
about nitrogen above all other elements is its power to 
destroy life or to sustain it according to the associates 
with which it is in company. With certain accomplices 
it forms death-dealing explosives, with others it becomes 
a nutritive material. It is the essentially romantic ele­
ment, devil or god, according to its associations.-Thc 
Lancet. 
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Radiations from Exploding Atoms* 

Phenomena Which Spontaneously Arise in the Breaking Up of Radioactive Atoms. 

IN choosing this title the speaker said that he had not 
fore�een that the object of his di�course might be misin­
terpreted, hut the explo�ion which he proposed to discuss 
had no COJlllt'ction with the common explosive,; used in 
milita I'y operations, but were the mlOrmously more 
powerful phenomena which spontaneously arose in the 
brea k-up of radioactive atoms. It was most fortunate 
that the quantities available of theRe substance" were 
too small to be of military vahw ; amI, indeed, it wa s  
a happy chance that t he radiations from these atomic 
explosiolls, instead of servilig as agents of de"truetion, 
found t heir sole praetkal utility ill the beneficent treat­
ment of disease. Everyone now knew that it was be­
lieved that the radiations in question were as"ociated 
with the spontaneous transformation of one atom into 
another, the successive transformation of radium heing 
represented in l<'ig. 1. Associated with this process 
three characteristic types of radiatiolls ha d been recog­
ni7.ed,. and were known, respectively, as the a rays, the 
(3 rays, and the 'Y rays. The explosion of an atom wa!'; 
an event of extraordinary violenee, being at least 10 
million timps as llowerful as ordinary ehemical explo­
sions when referred to ('jillal quantities of matter. 

[n most of these atomic explosions an a partiele was 
expelled. The a partiele wa,.; an atom of matter, amI 
the speed with which it was IJl'ojeeted attained 10,000 
miles per :o;econd, so that it carried away with it a very 
large amount of energy. 'l'here wa s, however, an ex­
plosion of a different Idnd, sneh as that of radium B, 
represented in 1<'ig. 1. In this no a particle was ex-

relied, bnt a (3 ]larticle merely. 'I'hese (3 partieles were 
identieal. with the cathode rays of a vaeuum-tube, and 
were now commonly called electrons. In other cases 
the explosion was accompanied hy the appearance of 
the 'Y ray!';, which, ill fact, were an almost invariable 
accompaniment of the expUlsion of a (3 particle. 

An idea as to the enormous a mount of energy accom­
panying each type of radiation could be obtained a s 
follows: One of the simplest ways known of giving 
a very large amount of energy to a particle was to 
employ a vacuum-tube with a potential of, say, 20,000 
volts between its terminals. In these conditions the 
atoms of the residual gases were dissociated or ionized, 
and these charged particles moving in the electric field 
attained very great speeds. There was thus a great 
deal of energy in the moving particles, which were, in 
fact, cathode rays, equivalent to the fJ radiation ; but 
there were also, aN Bir ;J. J. 'l'homson had shown, posi­
tively charged particles also moving very rapidly. Now 
the a ray was known. to he a positively charged atom 
of helium, but to get it moving in a vacuum tube with 

a velocity equal to that with which it was expelled from 
radioactive elements would require an electromotive 
force between the terminals of not 30,000 volts, or 

even 100,000 volts, but one of 4,000,000 volts. The 
energy of expUlsion of the fJ particle was also very 

large. In the case of radium G, this particle was shot 
out wit h  a speed corresponding to a fall  through at 

least 2.000,000 volts, in some cases through nearly 4,-
000,000 volts. Hence the fJ rays were far more pene­
trating than the cathode ra ys produced in any vacuum­
tube. Thus, quite apart from the interest attaching 
to the atomic transformation, the radiations had an­

other intNest, providing as they did examples of in­
dividual concentrations ot energy of far greater in­
tensity th::n any we could vroduce, or even hope to pro­

duce, in our laboratories. 
The a particle was an atom of helium carrying two 

positive charges, and it was important to measure 
the speed with which it moved. 'l'his could be accom­
plished by Bir J. J. 'I'homson's method of measuring 
the deflection the particles underwent in passing through 
a magnetic and through an electrosta tic field. The ap­
paratus u�ed was represented diagrammatically in Fig. 

By Sir Ernest Rutherford, F.R.S. 

2. At S there was a fine source of the rays, such as 

a wire coated with a radioactive film. The rays shot 
out passed between the parallel plates shown, and 
thence through a fine slit on to a photographic plate 
at P. If there were no field between the parallel plates, 

;;; s � ----- p 

�� 
Fig. 2. 

the rays struck the photographic plate centrally, but 
on establishing a field they were deflected up or down 
according to the direction of the field. Hence by re­
versing the field two sets of lines were obtained on 
the same plate, the distance between the two consti­
tuting the measure of the deflection undergone. The 
result ohtained when the rays were passed through a 
magnetic field was illustrated in Fig. 3. The elec­
trostatic deflection was much more difficult to measure, 
but it could be done, and Fig. 4 showed the result ob-
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tailled. It would be seen that in eaeh photograph there 
were three lines, two of which were nearly coincident 
in the case of the magnetic deflection. These were due 
to the three set s  of a particles emitted by the thin 
emanation-tube due to the emanation, radium A and 
radium G ( see Fig. 1 ) .  The three sets of particles were 
much more widely separated by the electrostatic deflec­
tion than by the magnetic, because while the magnetic 
deflection was proportional to the velocity of the par­
ticle, the electrostatic was proportional to the square of 
this velocity. These experiments were started in Mont­
real in 1902, but it was not till last year that Mr. Rob­
inson and himself had succeeded in obtaining the pho­
tographs shown. By the aid of these photographs the 
speed of the a particles had been determined within a 
limit of error not exceeding a quarter of 1 per cent. 
In addition the ratio ejm of charge to mass could also 
be determined from the plates, and the value obtained 
confirmed the view (previously arrived at) that the 
atomie weight of hel l ium was 4, and that as an a 
particle it carried two charges of electricity. 

The a particle being expelled from the radioactive 
atom at a very high speed, the residue left recoiled as a 
gun did when fired. By similar means to those already 
explained, it was possible to find the velocity ot this 

recoil, which was sufficient to carry the atom back 

through some centimeters of air at 1 millimeter pres­
sure. If the ordinary laws of mechanics held for these 
atomic explosions, the momentum of the recoiling maSR 
should be equal to that of the a particle expelled, and 
this was found by Makower to be the case. 

H appeared, however, that the recoil atom carried 

one charge only. Since the momentum of the recoil 

atom was the same as that of the Cl particle expelled, 

it appeared that the ordinary principles ot mechanics 
still held, even for these exceedingly violent atomic 

explosions. 
As already stated, the (3 rays corresponded to the 

ordinary cathode rays, and, like them, could be devi­
ated in a ma gnetic field. l:'sing the arrangement shown 
diagrammatically in Fig. 5, the rays issuing from 

the source at S were bent round by the field and 
impinged on the photographic plate P P. On develop­
ment this plate showed that in certain cases the fJ 
ra�'s after being curled round by the field were not 

uniformly distributed over the whole distance P P, but 

were concentrated into bands or lines, as indicated, 

giving a veritable (3-ray spectrum which was character­
istic of the particular element under investigation. Very 
accurate measurements had been made in this way by 
Rutherford and Robinson with radium B and with 

radium O. Each band was due to {3 particles ejected at 
the same speed, which could be measured from the 
photographs. In t he case of radium B, the highest speed 
observed was 0.823 that of light, or 15Q,OOO miles a 

;;econd. Radium 0 gave far more lines, and of these 
oyer fifty had been measured. The highest velocity at­
tained was 0.985 that of light ; and the velocity of light 

Fig. 5. 

was belicved to he the limiting value to which a {3 

particle could attain. 
How was t he production of these fJ-ray spectra to 

be expla ined? It was known, for example, that an 
atom of radium U on an average emitted only one fJ 
particle, �-et these single partieles produced, say, 50 
distinct lines. The individual atom could not be re­
sponsible for these, and it was thus to be assumed 
that the fJ-ray spectrum was a statistical result due 
to the conj oint action of a very large number of atoms. 
Hence it would appear that two atoms of an element 
did not necessarily break up in exactly the same way. 

Coming next to the 'Y rays, these were equivalent 
to X rays, but very much more penetrating. They 
could also he analY7.ed in great detail, and the results 
obtained were of very great interest. Bome years ago 
Barkla had shown that when X_ rays fell upon copper, 
for example, the CDpper, under certain conditions, gave 
out X rays which were as characteristic of copper as 
the D line was of sodium. These characteristic radia­
tions varied in penetrating [lower with the atomic weight 
of the radiator. It thus appeared that the X rays 
excited definite modes of vibration in the interior of 
the atom, and it was thus probable that the 'Y rays 
ejected from radioaetive bodies correRponded to funda­
mental modes of vibration in these atoms. They were 
thus not due to fortuitous collisions, but were as char­
acteristic of the atom from which they came as was the 
fundamental note of a violin string. To test this view, 
the speaker and Mr. H. Richardson had analyzed the 
penetrating powers of the radiatioll from radium B, and 
found several fundamental types. In some cases there 
were as many as five types, of which two might cor­
respond to the characterist ic radiations of Barkla, 
while the others were llew types, which it would be 
very difficult to observe by the use of X rays. It thus 
appeared that there was nothing of an accidental Char­
acter in the behavior of a radioaetive atom, but that, 

Fig. 6. 

in studying them, we were dealing with the modes of 
vibration eharacteristie of it, and a eOllf>ideration of 
these should throw li.ght 011 the atomie strueture. 

Laue, Bragg, and others had actually determined the 
spectrum of X rays, but it was more difficult to ac­
complish the same feat in the case of 'Y rays. A very 
long exposure, extending over a day or more, was re­
quired, and the accompanying fJ radiation had to be 
got rid of. At Fanchester, however, Dr. Andrade and 

the speaker had succeeded by using the apparatus rep­
resented in Fig. 6. The sour!;!e A was a tube containing; 
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a relatively large amount of radium emanation. The 

radiation after passing between the two lead blocks B B 
through a fine slit fell on, and was reflected from a face 

of a thin erystal of rock salt placed at O. A rotating 

arm centered on 0 carried a photograph plate P P, on 

which the radiation fell after reflection from the crys­

tal. '1'he crystal and lead plates were placed between 

the poles of a powerful electro-magnet, which deviated 

the f3 radiation away from the plate. Without this 

precaution the f3 rays would b lacken the vlate in five 

minu tes and completely mask the "I ray speCtrum. A 
diagram of the "I spectra thus obtained was shown in 
l" ig. 7. I n this case there were two lines both fairly 

strong, and these were found to coincide in position 

( within 1 part in 300) with the characteristic radia-

Fig. 7. 

tions of lead. The plate therefore gave evidence that 

Ra B had really the same general chemical properties 

as lead, although its atomic weight was 7 units more. 

It had vroved very difficult to determine the spectra 

of the very penetra ting "I rays, yet success was finally 

attained, the wave-length found being half that of 

the hardest X rays known, having the value of less 

than 1/10 of an Angstrom unit, or 1/50,000 that of 

ordinary light. 

'1'he next voint that a rose was a difficult one, viz. : 
the connection between the "I-ray spectrum and that of 
the f3 rays. The olle was produced by waves, the other 
by flying particle;;. I n  the latter CtHie the spectrum 
showed tha t these pa rticles were shot: out with per­
fectly definite speeds, while the "I ray spectrum showed 
that the "I rays had equally definite frequencies. I t  
w a s  known that the characteristic radiation o f  an ele­
ment eould be exci ted either by using X rays or cathode 
particles, and a lso that the frequency of the character­
istic radiation increased with the energy of the indivi­
dual cathode particles. Another result of great im­
portance was that when X rays were passed through 
matter f3 particles were ej ected, the energy of the X ray 
being converted into that of the ejected particle. This 
transfer was wel l shown by }1'ig. 8, which was a repro-

Fig. 8. 

duction of a photograph by Mr. C. T. R. Wilson, ob­

tained on passing X rays through moist a ir. '1'he elec­

trons set loose ionized the gas molecules, which then 

erved as eenters of condensation, thus showing the 

track of the f3 particles through the air. ]n this case 

the energy of the X rays passed into the energy of the 

pled rom;, whiell ill its turn was absorbed by the air. 

'1'he energy of the electrons shot out was n eady pro­

portional to the frequency of the X rays responsible for 

their ej ection. The energy of the X rays was, more­

over, given out in definite quanta depending on the 

frequency of the wave. 'l'his quantum of energy was 

collected in the electron, and caused it to shoot out 

with great speed. '1'he equality of the energy causing 

the emission and that of the ejected pa rtiele held ap­

proximately, but it  could not yet be said that it was 

exact. 

Marked differences in the character of the radiations 

were observed in different substances. Thus with radi­

um R or 0, the "I radiation given out was very strong, 

and the f3-ray spectrum was banded, as already ex­

plained ( see Fig. 5 ) . With radium R, however, the 

"I radiation was very weak, and in that case the f3-ray 

spectrum had no bands, but was continuous. 

'1'here was evidently, therefore, a connection between 

the "I and the f3 rays. This had been shown more direct· 

ly by an apparatus on similar lines to that indicated 

in Fig. 5. Using an a-ray t'.lbe, the f3-ray spectrum was 

obtained in the ordinary way. The source of radiation 

was then covered with a sheet of lead , and another 

exposure made. This lea d stopped all the r> rays, and 

only the "I rays got through it. Nevertheless, the plate 

on development showed exactly the same f3 radiation as 

before, the lines or bands occupying exactly the same 

place as when the lead was removed. The "I rays, in 

fact, which got through the lead produced new f3 rays, 

which gave exactly the same spectrum as b efore. The 

f3 rays, in these lines, therefore, would appea r to be 

produced by the conversion of the "I rays i nto f3 radia­

tion. The velocity of the f3 partiele produced by a 

wave of a given frequency was thus a Iways the same. 

The energy of tile f3 rays was connected with the 

frequency of the "I rays, and increased by defillite 

increments, as shown in the following table : 

The numerieal value of Planck's quantum for the 

Veloci ty o f  8 
Nearest Particle Expressed Observed Energy 
Inte�"l as Fraction of the Energy + 1013 e. + 1.285 x 1013 e. Num er. Velocity of Light. 

0.750 

I 
2.59 2.015 2 

0.868 5. 16 4.010 4 
0. 917 7.6b 0.98 6 
0.946 10.31 8.02 8 
0.952 11.49 8.94 9 
0.959 12.82 9. 97 10 
0.964 14.09 10.96 1 1  
0.969 15.42 12.00 12 
0.972 16.71 13.01 13 
0.978 17.96 18.97 14 

strong line reflected from rock salt a t  1 degree wa s 

1 . 2S5 X 10"e, and referring to the table it would lle 

seen that the energy in the ej ected particle was for a 
number of lines practically an integral multiple of this 

constant. }1'or three strong groups of low-velocity rays 

from radinm B,  the energies corresponded very closely 

with three lines in the "I-ray spectrum in l'lanek's law. 

But in the case of the swifter rays, the frequency of 

the "I radiation producing them was much too low, 

and should, in fact, if Planck's law held, in some cases 

be twenty times its actual value. Such a radiation 

would be exceedingl y penetrating compared with the "I 

rays. He believed, however, lhat these very swift: f3 

radiations were really produced by "I radiation" of not 

excessivelY high frequency, in,  perhaps, somewha t l l1 e  

following way. 

'1'a king a model atom of the Bohr ty pe, SHell  a s  rep­

resented i n  Ii'ig. D, suppose U II plpd l'on lmn("], po/ ont 

Fig. 9. 

of the inner ring ; then there would be a tendency for 

a n  electron to fal l  from the ollter into 1 11 e  i nner ri ng, 

tims setting the latter in vibration, a mI g i vi ng rise 

to a "I radiation. I n  certa in eases two or t h ree elpc­

trons might be knoeked out s i lllul taneously, and thell 

two or three waves of the same freq uency would i Hsue 

t ogether, and when these rays met a l l ot h er atom, the 

energy of the whole lot might be tramiferred to a single 

f3 particle, which would accordingly be ejected at a 
correspondingly high speed. 

As the table showed, there wa s a close connection 

between the energy of the r> particle l i b erated by "I 

rays and tile energy of these rays, and it was of in­

terest to determine whether there was a similar COll­

nection between the energy of the X raYK liberated when 

a target was bomba rded by cathode rays falling through 

different voltages. Using a C oolidge tube, and work­

ing in conjunction with Barnes alld H lell a rd,;o n ,  the 
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spea ker had obtained the results shown in }1'ig. 1 0. 

The straight line showed what the connection between 

the frequency and the voltage should have been did 

PlAnck's law hold in this case, while the curved line 

showed the actual results observed. Up to a fall of 

40,000 volts the two lines agreed fairly, though the 

discrepancy was 15 per cent ; but with higher gradi­

ents the two curves diverged rapidly. '1'he frequency 

reached its maximum at 145,000 volts, and underwent 

110 further increase when the voltage was raised to 

175,000 volts. It was clear that Planck's relation did 

not hold for excitation of X rays by electrons, except 

possibly at very low speeds. It was of interest to note 

that the f3 particles from radium G, which had an 

energy duc to a fal l  through two million volts, did 

not yield "I rays of llIore than twiee the frequeney of 

the X rays obtainable from a Coolidge tube. 

A probh'lll wh ich rpnHli l led to be sol vp{] was thp max i ­

mum frpqw'l wy of the "I rn ys l iberatp<l from a rad io­

active body. I n  the foregoing he had assumed tha t 

the ray;.; eanlP !�Iltirely from one of the i n lier r ing� of 
electrons, but if the nucleus itself lJecame i n vol ved, 

"I rays of very much greater frequency shou l d  be p ro­

duced. In fact, from theoretical consideratiollH, he 

thought tha t "I rays capable of pa ssing through a m i l e  

of matter should exist, but, so f a r ,  n o  evidence had 

yet been found of this very penetrating radia tion. 

Comets 
I H AVE l a tely had an illteresti n g  F ij ian tra dition of a 

b r ight eomet, seen i n  l<'i j i  at t h e elld of the eighteenth 

century, brought t o  my not ice by Mr. K i lll 'l'hurn. 

" \Vhen dawn wa" nl'a r they saw a three-ta i led star 

rise above the horizon. '1'he a ppeara nce wa,; presaged 

by a brightness ill the sky, the eomet itHelf soon apvea r­

ing. '1'he midd l e  tail was the largest, and ill b rightness 

resembled the hue>; of a ra i nbow. 'rhe otllPr  tails,  one 

on eaeh side, were e'lual to eaeh other and white. '1'he 

cornet was seen for thi rty-seven nights, a fter which our 

forefathers saw it no more. 'I'hey took it as an omen 

of the death of their chief" ( which, in fact, followed 

soon ) .  Another account adds that a wasting sickness 

decimated the people at the same time. 1<'r01l1 the av­

proximate date given by Mr. im '1'hurn I conclude that 

the cornet was probably 17119 I I ,  in perihelion on Christ­

mas Day, 1 79ll, which was seen for ten days i n  J<�urope 

with a tail 1 degrees to 3 degrees l ong. I have cal­

culatpd a n  ephempri s , and find that it approached the 

11,arth during J a nuary, l S00, but went into high south 

dedinatioll, so as to be i n v i >; i b [ p  in IGu ropp, but con­

spicuous to the }1'ij ians. I f  my idpnti tiea 1ion is right­

and 1 htl ve Hinee fou n d  that the same prob l em was 

vut to Mr. H. P. Hol l i H  i n  IS94, and that hI' adopted 

the same cOlll et-we are i ndebted to the l,'ijiam; for the 

Iwo w l edge that this was really a llmeh grander comet 

than we should have 8w;lleetetl from the IC u ropean ac­

(·ou ll l s .  We may compare the IllPdiot're asvect of Bal­

I py ' s  Comet in t he British 1;,;] (,s w i t h  the grand sjJectacle 

tha t southern obser vt�rs witnessed . 'rhe ident i1ication 

helps to Ji x the date of ea rl y I', u roppa n intercourse 

with �' i j i  and t.lle begin ning of the sallda l w ood trade. 

M I'. im 'l'hurn tells me that the ship " A rgo" waiS wrecked 

in !I'iji  a bout the time of t.he eomct. 

Neujmin'" Comet (a ] DlG )  is another member of 

.Ju p i ter's fa mily, with a period of about 6.:3 yea rs. I t  

was nparest t o  the H u n  o n  M a rch 1 0t h. 'rhe p l a ne of 

its orbit al ld directioll of IJeri h e l i o l l  a re nea r l y  the same 

a s  th ose of I� nel, p's Comet ; but this iN a m!'rp Coillci­

dpncc , as the perihelion distall("p of }<, nel, p  is inside 

Mercury's orbit, that of NpUj lll i l l  o u t Nide ti l !' IGarth's 

orbit ; a l so its period is doublp that or J·] II(·ke. It will 

be too faint for eaH'y observatiol l  by tIll' t i llll' thh; ap­

pears.-A . e. n. Uro1l1!rnelin, F. H.  A .  N., in Kn o w iplif/C. 

Standard Figures for Measuring Instruments 
I N 8TRlI M ENT-MAK!<;RS wil l  find some useful sugges­

tions i n  a 8hort paper by Mr. A. 1'. Trotter ill the 

J01trnal of t he ins ti t u tion of !<J !ecl riell l /1nyince:rs for 

}1'ebruary ] st. I II H lOS lVIr. 'I'roUer preparpd some notp8 

on the most suita ble l I u merals for tl l P ,wail'S of mea sur-

Numerals designed by M r. A. P.  Trotter, minim u m  thickness. 

iug instruments ; these were reePlI tl y phH:pd a t the 

disposal of the Metal Panel of the }I,"gineerillg :-i t  a ntl­

ards Committee, and have now been publ ished at their 
suggestion. Most of the figu res which lVI r. 'l'rotter 

proposes as "standanl" combille 1 he maximum of legi­

bility and convenience with a considerable degree of 
elegance ; his 2, 3, a nd 7 are admirable. A more open 

5, with the vertical a nd horizonta l l i m's fu rther to the 

right, may, however, be p referred ; amI t.his would 
enable the tails of the 6 and II ( which it is proposed 
should simply be an inverted (j) to be set at a less 
violent and uncon ventional a ngle without danger of 
confusion between the fi and 6 ;  the extension of the 
horizontal bar o f  the fi to the right:, beyond the rest of 
the figure, would preHPrve its distinetioll from the 8. 
A Hlightl y wider .{ wonl<1 a lHo bp au improvement.­

Nature, 
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The Evolution of Malleable I ron* 
Early Practice a n d  the Lesson from Scientific Investigation and the MIcroscope 

TH E procc:,s of making m a l l eable iron was ;;Iow in 

entering into a transit ory stage. but once � t a rted it 
gained headway amI we doubt if an.I' other industry 

has taken so large a stride in the right ll irp('tion : n  

the Im"t fpw year;;, Ycry few rea lly k n ow how mue!!  

more d ucti l e  and :-;trong the mal lea ble iron of to-da�' 

is than that made twen ty-/i l'e y<'a rH ago, 
'Wi thin a qua rter of It cpntury pig iron was bought by 

fraeturp a l most pntirply,  '1'he blast-furnace man pa id 
l i t tl c  attplltion t o  lIHll Iganpse, Rulphur a n d  I)hosphorus, 
\Vp k n ow that he waH not a l ways right aH to silicon. 
for li n  iron highpr i n  ('a rbon than another wil l shu\\' 
morp mott l e:; e l'en w ith the ,mme silit-on eont t�nt ; he 
'ntH rlealiug with two yari abll'�, wherp h I'  figu rpd on but 

Dlit', 
HOW T H !,  M A LLEABLE M IXTURE WAS MADE. 

'fhe w h i t p  i r o n  mixture from w h i e h  m a l l e a b l p  iron 
wa� m a de \yas arril'ed at in a ypry ('rude way. '1'h� 
method waH rul e-of-tIlUmb. The initial  dlllrge a Yer­
agpd :Ui Oil the basis of pig-iron grading. The ch:1I'/.;e 
for a tpn-ton heat waH as fol low:-; : 

"The :-;prue and serap might be consid ered as l'quh a­
l e n t  to N o .  6 grading pig iron, '1'hen if 10,OOD pounclH 

of l-'prue a lH} Hcrap were used, 9,000 poull dN of 1'\0. 1 l ' i� 
iron and 1 ,000 poundH of No. 4 pig iron. tll ,_' :l 1'Na :.;e 

grade of the IlPat would be 3.65, wili(' h fot' thi� ease 

m i ght hayl' been dpemed ]Il'ar enough to I'e "ati�fact()n·. "  

�ome lll a nufaeturer� d i d  n o t  evell ' l SI' all l'lllpi rit':l1 
formula. �ome of the iron made a t  this time stoOll 

up as well. But plenty of bad Iwa 1':; were made P I'Cll 

wlwn the i n itial eharge was as desired ( around 3.5 ) .  

'1'he i ron of thi:-; period varied greatly and was not re­

liable. Chemical a l laly:.li� waH i-luggested m; a means 

of i mprovement. 
The :-;econd veriod dates back ahout twenty-five or 

thirty years, chemical l aboratorie� luwing been intro­
duced into a llIunber of p l a nts from l SS5 to 1890. Pig 

iron then ('ou l d  b e  bought \J y  :t nu ly:-;is a s  well as by 
grade. 'rite emllirica I m ethod of figuring cha rges was 

pli minated and the vraetice of obtaining the percentage 
of �i lkon in tllP in itia l charge was adopted. 

I M PORT A N n�  OF PlI OHPHORUS A N D  S ULPHUR. 

B u t  evpn with chemical laboratorieR, had mal leabl e 
i ron eOlltinued to make itself manifest. The principal 
difficul ty was that the chemist did not know j ust what 
elempnts ('a used the troubl e and thosc t hat he did 
a naly�1P for he considprcd in the wrong light. Many 
chemists thought that silicon was the main factor, 
while carbon was seldom considpred . 'Ve know now 

that the silicon content has an important bearing, but 
that the dl'termination of silicon without knowing the 

carbon content gives almost useless information. 
Chemists knew that phosphorus ancl sulphur were 

important in determining the qual ity of steel , so they 
proceeded to restrict it in malleable. IIere again the 
sulphur cOlltent is unin teresting unless we know the 

manganese, and we are j ust recently beginning to be­

lieye that IJhoflllllOruH has needlessly alarmed Ul'l in 
ma lleable iron. 

'1'he �;u('ce�s of the ehemical laboratory, aR then 
eonstitllted, waR doomed to failure. Poor iron persisted 
a nd )Jeopl e cOllcl uded ehemical analysis was no hel p ; 

in Illany pla nts it was abandoned. But the need for 
improvement bpgan to be felt more and more, and 
after several years malleable iron manufadurers be­
gan to take up chemical analysis again. 

J<'rolll 1 S95 to 1900 many malleable plants again 
equipped ehemical laboratories, doing their best to 
solYe some of the problems which confrollted them, 

but they eonti llued to look a t  the analysis in the same 
light as that of steel , and this more than any other 

fact prevented the disl'overy of the main difficulties. 
The different elements were considered independently 
as to the effects produeed and thp possibility of one 
plement m odifying or ehanging t he effeet of anoth!'r 
was not considered. 

STEELY IRON. 
One of the most pprplexing diffieulties encountered 

was the occasional appearan('e of "steely iron." It 
showed a white, steely fracture a fter being annealed 
and remained so even after haying been re-annealed, 
Sueh iron usually shows a high tensile strength, hut 

is inferior when tested transversely. Its duetility is 
almost nil. This iron was obviously unsuited for rail· 
road eastings or any subjected to shock. It was a 
"Sword of Damocles" oyer the head of the malleable 

"From a paper presented at the convention of the American 

Foundrymen's Association a t  Atlanti(' City, N. J . , 1 915,  re­
ported in tbe Iron A ge. 

By .J . P. P('ro and .J. C .  Nulsen 

iron t rade. On analysis it was foulld to be low in 
Ril it-Oll HI}!l for a timp Hteely iron wm; suppl):-;ed to hl' 
the rpslllt of al 10willg the Hi l ieon to get below a eprtnin 
limit. 

Just about the time malleablp manufacturers were 

e(ll lgratlllatil lg' thclllsplYes on the faet that the eaWli' 

of :;t pely i ron had bf'pn found, some Olle submitted a 
SamI) l e  with sil ieoll 0,94 ]leI' ('ellt. A I J  hopps of arri ving 
a t  t h p  eon'eet solution were shattered.- This was not 

the only trouble. 'rhe genera I practice then waR to 
a n al yzp for ('a rbon, silieun, manganese, sulphur and phos-
1,IIOI'UH. I t  waH ('onsirlerpd that a l l  carbon present in 
tile iron after tlll llea ling waH in the tempPl' g ra vhite 

form a nd, t hereforp, a great mallY ehpllli"ts ll n a l yzpd 
the iron on the hasis of total earbon. '1'llis W ll S  wrong, 
but it resul t ed in many perplpxing llroblpllls ,  

l\Ial l eable iron of illferior quality sometimes was 
obtained, but when analyzed it  showed lIea rly the same 
cllemieal content" a �  t ha t  of exeeI Jell t qlHllity. 'l'hi" 

was jlll zzl ing amI the (}ptel'millation of the eanse seemed 

hopelpflH. 
A S SOl'L\TED EFFOHT A M ONG PIIOIJUCERS. 

'1'his is rp]ll'PllPllta tiYe of conditions up to l ess than 
ten ypn rs ago, wilen some of t h e  leadillg mll Jlufadurer" 

of lllal lpa ble nlPt to talk over the situat ion. '1'hey feared 

tha t  tile poor m a l l ea ble would slowly but surely hurt 

the industry aud llJ'pj udice t he u"ers, especially rail· 

roa d m ell and implement manufadurers, a gainst it.  
I t  was deeided that:, a" 110 seientific research had ever 
hppu attpmlltt�ll , sOllie eminent m etallurgist should uudpr­
t n  ke tlli,.; wOJ'k aud �ee i f  he ('oult} n o t  help the1ll . �\I('l! 
n Illall  waH Ji n a l l y  fOUlld tllHI womlerful rf'suli s have 
heen obtained. 

'Ve haye l e!Il'npd th a t  �teely iron can be made with 
the HiJiCOIl high as well as low, because elll'boll also 
was a faetor. I f  t h e  ca rhon is below certa in limits 

i t  will stay in the earbine<l state as pparl ite, and cause 

steely iron, no ma tter what the Rilieon, Our former 
a �,.;umptioll that too low "i/ieon ('auspd Htpely iroll also 
was eorrect. I ron too l ow ill silieon CllllllOt be forced 
to give up the c01Uhinpd ca rbon, no matter what the 
carbon may be. 

In like manner we haye learne<1 that sulphur and 
mangane;;e a re ju:-;t as elosely rplatpd. .I<'ormerly i t.  

was bplie\'l'<l that if the Rulphur was below 0.05 per 
Cpllt it could not harm maIJpa ble, because it <lid not 
h a rm steel. We used to think that an iron with O.O:! 

per eent sulphur was better tha n one with 0.06 per cent. 
But if the ma nganese in theRe two irolls is 0.24 PCI' cellt, 

the one containing 0,06 per cent sulphur is the better 
iron. 

PH OSPHORUS LIMITATION. 

There has been some cloubt as to whethpr the l imi· 
tation of phosphorus to 0.225 per eent was not a nepd­

less precaution. '1'he malleable iron specifieatiollf; u:,;ed 

in the past did not aecomplish their purpose ; they did 
not proteet the buyer from poor malll'able or a ssure a 
good quality. 

Nearly all the old specifications eonta in a e1ause 
that malleable iron shall not contain oyer 0.05 per cent 

sulphur or over 0.225 per cent phosphoru". Nothing 
i s  said about the manganese content and, thereforp, 
limiting the sulphur to 0.05 per cent is in some eases 
the means of securing bad iron rather than good. For 
instance, iron with a manga nese of 0,34 per cent would 
be of inferior quality with a sulphur content of 0.05 

per cent, but it would be satisfactory if the sulphur 
was 0.OS5 )leI' eent.  If a l imit is placed on sulphur, 

the manganese content also should be l imited, but it 
might preferably be stated that the sulphur content 
shall be from one third to one fourth the manganese 

('on tellt, as there is no temptation to unreasonably 
raise either of these elements. 

'1'he same is true as to silicon and carhon. It is 

meaningless to limit the percentage of the one without 
a ssigning the proper corresponding yalue of the other. 

Perhaps the greatest improvement from this scien­
tific work has been the introduetion of m icroscopic 
investigation as well as chemical and physical analyses. 

Much depends on the state in which the elements exist, 
whether the carbon is combined with the iron to form 
pearlite and cementite or whetller it is in the free 
state, as temper earbon, all of whieh is clearly brought 
out by means of the mieroseope. 

WHAT TH E MICROSCOPE lIA S  DONE. 
The mieroscope reveals whether a piece of malleable 

has been annealed too short a time or at too low a 
temperature ; whether tlle annealing temperature was 

too high, or if the cooling waH too fast, questions of 
doubt before this rp�earch. 

'l'he practice in many maIJeabl e plants to-day is to 
caNt th ree types of test bars from each heat, one set 
% ineh 0;(111:1 l'e and 14 inches long for transverse test ; 
:J notllPr set of % -illeh round test bars for tensile 
strellgth and elollga tion, alld olle set of wedge-shaped 
bars for a dynamic teNt. 'rhe latipr bars are 6 inches 

long and 1 inch wide. 'J'llPY are V2 inch thick a t  the 

base amI taper to l/16 inch thick a t  the point. '1'his 
\\'('(Ige i;.; held upright under a drop hammer deliYering 
a 70-foot pound blow and is gradually eurled up with 
each hlow. This last teHt is also a direct result of 
the researeh work undertaken and is one of the m ost 
sel'ere ami exacting to which malleable cast iron has 
e\'pr ht'pll subj ected. All of these tests haye yalues 
a H:-;igned to them, to which the i ron must conform be­
fore it iH  pa"Hed as 1 00 per cent in quality. 

A few years ago, when we tirst began to under­
;.;ta ml the relations of the elements in malleable iron 
a mI to ehange the white iron m ixture to eonform with 
thi:-; Imowledge, we thought w edges tha t  stood seyen 
70-foot-pound blow;; represented good iron. In a short 
tillle the q1laliiy of the iron had so far improved that 
we (leehlell on ten blows, and about a year ago we had 
to ehange this so that twenty blow;; represented 100 

per eent quality ; but still we are not high enough, 
as we are making iron that will easily a verage thirty­
five blows. 

lI ow far this imllroYement may go is not known, 
as we haye tested bars that stood 108 bloWH. 

In like manner the tensile strength of the iron h a s  
improved. '1'he a verage tensil e  strength of malleable 
made tifteen to twenty years ago was from 38,000 to 
40,000 pounds pel' square inch. 'ro-day a t  some plants it 
will ayerage 50,000 pound" per square inch, and we 
lIa VI' broken one bar that tested 71 ,500 1l0unds per 
squ a re inch. 

A LESSON FROM STEEL CASTING M A N UFACTURERS. 

We may profitabl y take a Ipsson from the HteeJ cast­

ing manufacturers who ha ye been perfeeti ng their 
product while we have been almost at a standstill.  As 
a result, they are supplying castings which, from the 

nature of the service required of them, would he far 
more satisfactory if made from a high-grade maIJeable 
iron, Unfortunately, however, too many of our mal­
l eable manufacturers a re still satisfied with the pro­
duction of inferior iron and are not takillg advantage 
of the knowledge and results obtained in securing uni­
formity and high quality. This attitude is detrimental 

to the entire industry and makes it possible for the 

steel casting to replaee the malleable. When malleable 
castings fail in service, it is not the indiyidual casting 

that is  condemned, but malleable i ron generally. A 
large part of the steel castings used, espeC'ially ill rail­
road work, could be replaced by good mal leable, both 
from the standpoint of eeonomy and adaptability. 

This may be a strong statement, but it is an in­
controvertible fact that for certain classes of work 

mallpable iron is indisputably superior to steel. Cast· 
ings subjected to shock or to dynamic stresses, if made 
of a good quality of malleable iron, will outlast steel 

or any other ferrous metal, for malleable iron is not 

as susceptihle to fatigue failure as cast steel, owing 
to the difference in structure of the two materials. 

STEEL AND MALLEABLE IRON COMPARED. 
Steel is of a crystalline nature, practically uninter· 

rupted throughout its section. The basic structure of 
malleable iron is also crystalline, but this structure is 
not continuous, but is interrupted by particles of temper 
carbon. Ductile materials such as cast steel and mal­
leable iron are weaker under shear than under tension 
and will fail in shear whether the force applied is 
tension or compression. 

When the applied load excef'ds the elastic limit the 

crystals begin to slide over each other, the amount of 
sucll slipping or sliding corresponding to the perma· 

nent deformation received. As these crystals slide the 
infinitesimal irregularities on their surfaces interlock, 
whieh increases the friction between these two particu­
lar crystals, bringing them to rest and starting the 
slipping between adj oining crystals. '1'his motion con­
tinues across the section of the metal in question until 
the force a pplied has become so great that the weaker 
crystals part, intensifying the stress on those remain­

ing, when the next weaker crystals part, and so on untn 
complete failure occurs. 

The surfaces over which these crystals slide a re 

sometimes called slip pla nes and since the crysta lline 
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nature of steel is practically uniform and uninterrupted, 
it is an easy matter for these slip planes to extend 
themselves across the section of steel in a continuous, 
though irregular liue, causing cracks and failure. 

Malleable iron starts to fail i n  the same ma nner, 
[mt before more than olle or two adjacent crystals have 

fai led, the incipient fracture will have run into a tem­
per carbon spot. These spots mmally are located at 
the cOlljUllction of tIll·pe or four crystal s,  so that there 
a re three or four paths along which the fracture may 
continue aIHI the probability is that the one serious 

craek wil l break up, taking three or four of these 

pa ths. 'l'hpse new paths, in turn, nUl into carbon SlJot�, 
rega rdleN"; of whether the smaller fractnrt'H are st i ll 
further IJroken up. I n  this w a y  t h e  advance o f  one 

la rge serious fracture is prevented from working 
Ktm ight a cross the section of metal. 

F A I L URE DUE TO FATIGUE. 

It iR hopei! tllat we soon may lea rn more about 
fa ti gue f l i l 1u·p and establish why m a ll eable iron is leRH 
HUN(·ept i h l p  to t hi s than steel . Malleable iron has a 

Isotopy * 
The radioactive elements are elements that are under­

going transformation, accompanied by the emission of 
rays. There are three great sorips of radioative elements, 
the uranium-radium , the thorium. and the aeti nium 
series.  

U R A N I U M  H A n l l T M  RIC IUIC S .  

Uranium a .'i,OOO,OOO,OOO ypars 

'" 
Uranium X I  

'" 
Uranium X 2  

'" 
Uranium II {> 

'" 
Ionium a 

'" 
Had i u m  a ,  {3 

+ 
Radium pmanation a 

'" 
Radium A a 

'" 
Radium H 

i' 
Radium C1 a , fl, , 

'" 
Radium (' 2  {3 
Radium D {3, , 

'" 
Radium E 11 

'" 
Radium 1<' (Polonium) a 

+ 
? 

THORIUM SIC R I E S .  

24.G days 

1 ,000,000 years 

100,000 yrars 

2,000 years 

a.86 days 

3 minutcs 

2(; '7  minutes 

HJ . .'i minutes 

t . :{R minutes 
Hi years 

5 . 10 days 

140 day s 

Thorium l a :m,ooo,OOO,OOO ypars 

+ 
Mesothorium 5.5 ypars 

'" 
Mesothorium I I  fl "  G . 2  hours 

'" 
Radiothorium a 2 years 

'" 
Thorium X a , 11, , a .G.'i days 

'" 
Thorium emanation a .'i4 seconds 

'" 
'l'horium A a 0. 14 seconds 

'" 
Thorium B fl" 1O.G hours 

'" 
Thorium CI a, {3 GO minutes 

'" I Thorium C 2  
t Thorium D 

a very brief 

{3" a . l  minutes 

'" 
? 

ACTINIUM fl g R I F. S .  

Aetinium ? 

'" 
Radioactinium a, 11 , , 19 . .'i days 

'" 
Actinium X a 10.2 days 

t 
Actiuium emanation a :3.9 seconds 

'" 
Actinium A a 0.002 seeonds 

'" 
Actinium B B, , 36 minutes 

.'" 
Actinium C a 2 .1  minutes 

'" 
Actinium D fl, "! 4.71 minutes 

'" 
? 

* Abstract of an article by Harry Schmidt in Die Umscha!l. 

further and very important a dvantage over steel in the 
soundness and solidity of its sections, provided care is 
taken to eliminate shrinlmge spots. I t  is cast at a 
lower temperature than steel and hence is free from 

occluded gases which cause hlowholes and unsoundncss. 
Houndness of section, coupled with the fact that the 

ratio of ultimate strength to the so-called elastic limit 
of mallpallle is much highpr t han the same ratio in 
steel, should j ustify a much lower factor of safety in 
de;,;ign than would lle permissible in cast steel , as the 
a l10wallle working stress of malleable iron is a bout 1 0  
per cent higher tha n that o f  ste!'!. 

As an illustration we wil l assume t hat the ultimate 
strength of cast steel is 65,000 pounds per square inch 
and the ela;,;tic limit is  quoted at 3G,000 pounds p('r 
square illCh. Many malleable plants to-day a re pro­
ducing iron with an a verage ultimate strength of UO,-
000 vounds per square inch, which, while l ower than the 
ultimate strength of steel at 65,000 pounds, still has 
all ela stic l imit of approximately Cl8,oon pounds ppr 
R([Ua re iJl( ·h or about Ii per cent highpr than t h at of 

Each element produces by its spontaneous disintegra­
tion the element that follows in the series, at the same 
time emitting rays of the character indicated in the seeond 
column of the table. The a (alpha) rays are strel1Ins 
of positively eleetrified helium atoms, the {3 (beta) rays are 
stream s of negative electrons, and the "! (gamma) rays 
are trains of ether waves quite analogous to Ropntgen 
rays. 'fhe third column of the table gives the "h alf 
period" of each element, i .e .  the time in whielt any 
quantity of that element is diminished one half by 
disintegration .  

A few years ago Soddy attempted t o  determine the 
chemieal eharacter of meso thorium by the following 
method. }'ive kilogrammes of thorianite, a mineral 
containing many radioactive ingredients, were dissolved 
in nitric acid. The solution was mixed with barium 
nitrate solution , and dilute sulphurio acid was added, 
which precipitated the mixed sulphates of barium , 
radium and mesothorium . After this precipitate had 
been removed, a second precipitate was formed by 
adding more barium nitrate and sulphuric acid to the 
solution. The operation was repeated a third time, each 
precipitate being collected and weighed separately. The 
aggregate weight of the three precipitates was about 
200 grammes. Their radioactiv ity, as tested with elec­
troscope, differed greatly, the first precipitate being 
strongest, and the third the weakest. The precipitates 
were separately converted into chlorides, which were 
dissolved in· water. By fractional crystallization of these 
solutions the radium and mesothorium were separated 
from the barium. Examination of the radioactivity of 
the various fractions by a special method revealed the 
remarkable fact that the proportion of mesothorium 
to radium was the same in all. This proved that, in 
fraetional crystallization, mesothorium and radium aet 
like a single element. In other words, they are chpmically 
identical. Thorium X, also, is inseparable from them, 
so that we have a group of these three elements which 
possess the same properties despite the difference in their 
atomic weights (meso thorium 228.4, radium 226.4, 
thorium X 224.4) . A second group of identical elements 
indudes thorium , ionium and radiothorium ; a third 
group comprises the three emanations, radium D 
(radio-lead) and lead. }'leck subsequently discovered 
the following groups :  uranium X, radioactinium and 
thorium ; m eso thorium and actinium ; thorium B and 
lead ; radium B, actinium B and lead ; thorium C, radium 
C, actinium C and bismuth ; radium E and bismuth. 
Soddy has given the name isotopes to such elements .  

There are reasons for believing that t h e  final products 
of radioactive disintegration (indicated by ? in the tables) 
are identical with lead, although the theory gives them 
atomic weights different from that of ordinary lead. 
Now Lembert has determined the atomie weight of lead 
obtained from uranium minerals, and found it to be 
206.6, while the atomic weight of common lead is 207. 1 
This proves that two chemically identical elements may 
differ in atomic weight, and presents the new problem 
of studying the atomic weights of elements in relation 
to their origin. 

How far does the chemical identity of isotopic elements 
extend? According to the modern eleetro-chemical theory, 
a solution of copper sulphate (Cu S04) contains positive 
copper ions and negative S04 ions. A copper rod partly 
immersed in the solution shows an electric potential 
differing from that of the solution by an amount which 
depends on the concentration of copper ions in the 
solution, according to a law which Nernst has expressed 
in simple formula, applicable to any metal in contact 
with a solution of its own ions. Von Hevesy and Paneth 
have found that the addition of lead ions to a solution 
of radium D nitrate produces the same change in the 
potential difference between the solution and metallic 
radium D in contact with it that a corresponding addi­
tion of radium D ions would produee. 

'fhe existence of isotopic elements aeeords with Ruther­
ford's conceptioD of the atom as a number of Degative 

steel. Hince in the design of castings it is the elastic 
limit and Ilot the ultimate strength which i:,; considered, 
it would seem that the facts, in c onnection with the 
,mperior soundness alHI freedom from bl owhoJps of 
ma l l eabJp castings, shou1<1 be ampl e justiticat ion for 
m;illg It lower factor of f<afety in arriving at the work­
ing st ress to be used. 

Malleable iron has greater rust-rpsisting projlPl"ties 
thall  a llY of the other fpITOUS meta l s .  'l'hereforp, for 
m:e in railroa d ,  imp ll'nJent and other work Kub.i Pctell 
to t"orros i on , it is to be preferred to case stepl or gra y 
i roll. 

Our <Iesre is to see a much-a buspll metal ( chieft .,· 
so t hrough the iglloranCe, or earl' J pssness borderin g 
upon dh;IHllleHty of too many of the producprs of mal­

leabl e  iron ) given its rightful position in the enginel'rillg 
wor1<1. An ell l"IIPst hope is l'xpressl'd tha t t hb: paper 
may awaken an interest in IJroduc(�rs ·of malleable 

iron castings which will tpnd to securt' the higlwst pos­
sible qua lity i n  OlW of the IIIOSt useful of HIP fPITOUS 
metals. 

electrons revolving about a nucleus, whi(�h contains an 
equal number of positive charges and the whole 
mass of the atom. Most physica l and ch l'mi('al properties 
of an atom depend ehietly on the numiwr of f'le(�tron s 
and of positive llueiear charges. Two isotopic'. atoms,  
therefore, may be assumed to posspss nuclei whi('h 
differ in mass, but have equal positive ch arges and are 
surrounded by the same number of ph,.,trons.  Hence 
their speetra should be identical. This i rll'n tiiy has been 
demonstrated in the case of ionium and thorium , the 
only case yet investigated. 

Treating Stomach Trouble by Electro- Magnet 
A N��W process of llia gnosill g  cel-ta in  a ffections 

of the digestil"e orgalls has been attractillg a t ­
tention recently i n  various (Jerman >-lcit'll titi e  jOI\l·ml l s .  
A s  described by Prof. ];]. Pa ge, it consists ill fir,.;t Ii I l i ng  
t h e  stomach a n d  intestille with a compound o f  i ron. 
feIToso-ferrie oxide, i .  P . ,  ferru In redudU1n, a nd t hen 
suspending a powerful electro-magnet aboye the ab­
domen so that its attractive power is exerted th rough 
the abdominal wall upon the iron compoul1(l With

-
ill 

the llody. The ferrum reductulll ga thers at t h e  poin t 
nearest the [lole and thns permits an alteration of posi­
tion in the d ifferent portions of the intestine to be 
made. 

'Phis ferrous solution is opaque to Rontgen rays, so it 
is easy to control the alterations of position by mea n ,.;  of 
IWlItgenogra ms. 'I'lle magnet is susIJPndell i n  a n  iron 
frame by means of a universal j oint so as to turn 
freel y, a nd it can be guided by means of a double 
handle. Suitably formed p ole-jJie(·es a r e  arra ngpd 80 
as to be interchangeable. 'I'he portiolls of t he a li­
mentary canal filled with the iroll oxide are attract ed 
by the ma gnet and they can thus be readily manipulated. 

'I'hus a motioll of the muscul a r  fibers of the intest i n e  
c a n  ll e  excited, a n d  a sort of intestinal massa ge pro­
duced. 

'I'he ma gnet is described as foll ows by Prof. II . dll 
B ois : I t  consists of an iron core, 0.5 meter long and 
a bout 12 cpntimeters thick,  with a cOllea l"e-shaped pole 
at an enla rged end, and with an OPlJoHite flanged pole 
at the other end. 

W,ith this form of pole the magnetic field attains its 
highest value when at a certain dista nce from the 
iron. 'I'11e coils are wound of enameled wire, a nd a re 
graduated in strength from the worldng pol�� to t h e  
opposite pole. I f  t h e  magnet b e  ;;hort-ein·uitl'd a t  
regular intervals o f  time ll y  meam, of an interrupter 
or current breaker operated electro-ma gnetically, then 
a pulsating traction is exerted, which senes to increase 
the intestinal motion. 

'I'he minimum weight is obtained, i. e. about 160 
kilogrammes, by a ratio of about one to four between 
the length and diameter of the magnet. This also 
makes the watts employed small,  i .  e. about 3 kilowatts. 
'I'he Rontgen tube must be RO arra nged that the cat hod", 
rays are turned aside to onl y a small extent ; lin iron­
enclosed tulle, Zelinder tube, can be m :ed, or a com­
pen;;ation coil can be a r ranged around the tube. 'I'he 
a ttractive power can be tested by test Iml l s  mad!' out 
of a mixture of ferro ferrite ( Fe3 0, ) with an ullln a g­
netic powder and some adhesive materia l ;  tlt!'HP a !"e lll adf' 
in pill shape and are about 1 centinIPtpl" in diameter. 
The attractive power is measured witlt tI s]lira l  I-lpring. 

'I'his magnet can also be employed for t he rPlll Ol'a I 
of fra gments of iron from the body. 

Saving Daylight 
I T  is regretted that in the a rtid e on " Saving D a y-

light," which appeared in the iSl-lue of the HlJPPLE�1I<:NT 
of July 8th, there was a typographical error ill spe l ling 
the name of the author, Dr. George }<'. Kunz. I t is 
trusted , however, that this gentlema n is so wel l known 
to our readers by reputa tion tha t there tum bpen no 
m i ,mIlllerstandillg as to hiR identity. 
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T h e  monkey house. 

The aviaries. Herbivora building. Carnivora house. 

The Zoological Garden of Cincinnati 

A Model Institution, Both in Its Collections and Management 

I N  the order o[ importance in this country, perhaps 
the ZoOlogical G a rdens of Cincinnati stand next to the 
one in New York city, which latter is the last institu­
tion of the kind describ.ed by me in the present series of 
articles on the subject.' At this time, no zoological park 
of its size is better stocked, better kept up and con­
ducted, or contains more interesting animals than the 
one founded by Mr. Andrew Erkenbrecher in Cincin­
nati, which wa s opencd to the public on the 18th of 
Heptembcr, 1875. In the State of Ohio, no one was 
better fitted to make a success of this enterprise than 
Mr. Erkenbrecher ; for, from the time he was a boy, 
he had studied and collected many living specimens 
of birds, mammals, and other forms. These he had 
kept as pets on his farm ; and, indeed, a t  this writing 
there is a big bird cage at the "Zoo" which is the very 
one he used for his feathered favorites on that farm. 

Before the ZoOlogical S ociety was organized in Cin­
einnati there was in existencE' in that city a Society of 
Acclimatization, and it was at a meeting of this body, 
Oil .Tune 30th, 1873, that the matter of instituting a zo{)­
logical park was first agitated. The eminent zoOlogist, 
Doctor Brehm, of Berlin, wrote a l etter on the question 
to the society, and this l etter had much to do with the 
i nitial enthusiasm which characterized the progress of 
the organization of the scheme. Such prominent com. 
mercialists of the time as Mr. r<'lorenee Marmett, Mr. 
Albert Fischer, and others, promptly backed the project 
financially ; the formation of a fine stock company put 
the concern squarely on its feet, and, after some of 

J " The New York Zoological Park. " 
SC I E N T H ' I C  A M E R I C A N ,  June 3rd,  1 9 1 6 .  

S U PPLE M E N 'l'  fro T H E  
N o .  2109. 

By Dr. R. W. Shufeldt 

the early vicissitudes were safely met and overcome, 
the enterprise became an assured success, both from a 
financial aud educational point of view. 

Originally this park included in its area sixty-seven 
acres of ground, but some of this was subsequently sold 
in order to liquidate certain outstanding indebtedness. 
At present the institution owns the entire tract, and 
all parts of it are in a very fl ourishing condition. In­
deed, Cincinnati may well be proud of this wonderful 
place of resort, which not only adds to the long list 
of the city's attractions, but forms another most de­
serving center where the zoOlogy and zoography of the 
United States may be studied under the most advan­
tageous circumstances. So evident is the truth of this 
that, in a recent letter, the eminent zoological authority 
of Hamburg, Mr. Hagenbeck, was led to say, after hav­
ing made a careful personal inspection of the entire 
establishment, that within the last fifteen months he had 
visited all the principal zoological gardens in the world, 
and that, as to the condition of the collection, build­
ings, grOlmds, the care displayed and success achieved 
with the animals and birds, the Cincinnati ZoOlogical 
Garden was second to none, without exception, and 
superior to any other in many respects. 

The sixty acres now embraced by these gardens are 
located about three miles from Fountain Square, in 
Cincinnati, in that well-known group of picturesque 
hills in the city's most charming suburb. Topographi­
cally, the grounds are greatly varied for so limited an 
area, there being valleys as well as undulating plains, 
covered with verdure and diversified plant and tree 
growth. 

As in the case of the New York Zoological Park, the 
general care of the grounds is under the supervision 
of a special department, which will account for the 
exceptional beauty and taste displayed in the land­
scape gardening to be noted on every hand. That the 
general arrangement of the grounds is all that is to 
be desired will be appreciated through a study of 
the map illustrating the present article. Particular at­
tention is directed to the broad gravel-walks passing 
through these gardens in sweepIng and a ttractive curves, 
many of them leading over rustic bridges of unique 
design, spanning ravines too deep to be otherwise 
crossed. The visitor soon discovers, in addition to the 
pretty vistas ariSing from this skillful plan of the origi­
nal designer, that convenience has been closely studied ; 
for these roadways and paths take in the cages, build­
ings, and all else found in this admirably arra nged 
park-all this in a most delightful succession, one fea­
ture after another presenting itself for inspection and 
study as the paths are traversed. 

Most of the buildings are fine structures, erected in 
iron and stone and of pleasing designs ; some of tl,le 
most attractive ones are to be found among my illus­
trations, as well as a few of the garden's interesting 
dpnizens. 

Mr. Stephan, the gardens' able and veteran director, 
will be pleased to show you their superb Club House, 
with its broad and homelike verandas, later conducting 
you to the immense building erected for the Carnivora, 
as well as to the circular Monkey House, the long row 
of aviaries, and the grand home for the eagles and 
vultures. Then there is a fine music stand and pavil-
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A pair of fine wapiti, or Americap elk. 

A pair of swans, with cygnets, on the lake. t. O G A T I O I'4  Of' A t. t.  B U l t. D I  G tS  A I'4 D  A I M A I.  • 
Arrows show Route to be taken. Clnclnn.:tt l  Zoolf' £fcul G4rdtn. 

I MaiD ED lraoce 2 1  O,t ricb l oci sure 39 :\l iok  
2 Llama 22 l:.mu l oclosure 40 First  Cage of tbe Zoo 
3 Black Fallow Deer 23  Hog Deer Inc losu re 4 t Al l igator Bas in 
4 Siberian Camel 24 Spotted Axis Deer In- 4 2  W i n ter Quar ters aod 
5 Elk closure Pavi l l ion 
6 J ookey H ouse 25 Camel Yard 43 Coon T ree 
7 Pbeasant  Yard 26. Zebra Yard H Ca rp Pond and  Water  
8 Avaries 27 Moun ta in  Goa ts aod Fall 
9 Carnivora B u i ld i n g  Sheep 45  Zebu Yard 

10 Caronsel 28 nake Cage 46  Spr ing 
1 1  Squ irrel H ouse 29 W h ite Fal low Deer 47  V i r g in.a Deer 
" Amphi thea t re 30 Red Deer 4l! Smal l  An ima l  House 1 3  l!. lephan t and Came l  )1 Bear Pits 49 Eagle a n d  Vu l t u re $tand p Smal l  Fu"X House J l ouse 
' 4  Pon y  Hace Track 3 3  mall Skun k H ouse 50 Propo,ed E l e p h a n t  
1 5  Green House 34 Badger Ca�e H ouse 
.6 Generat ing S tat ion 115 Sea Lioo Basin 5 1 Owl  Cage 
1 7  Yak I nclosu re 36 \ ater Buffalo 52 Lake 
1 8  B u ffalo I nclosure 37 Proposed Lilly a n d  53 Baod Staed 
1 9  Wol f Dens Fish P(;o d s  5� Restau ran t  
20 Kangaroo 38 Prairie Dogs· 

Chapman's zebra [ E. b. Chapmani] .  Plan of the Cincinnati Zoological Gardens. 

ion not far from tbe sumptuous quarters tbat bave been 

so generously built for tbe elepbants, ostricbes, seals 

and sea-lions, and many otber animals. Tbese struc­

tures ba ve cost a great many tbousands of dollars ; 

but even so, tbe stock is now paying the company well 
for tbe investment, and tbey have tbe satisfaction of 

knowing tbat tbe institution is an endless source of 

pleasure to bundreds of visitors annually, to say not 

a word as to tbe educational value of wbat is so boun­
teously placed on exhibition tbere. 

At different times the collection has contained a large 

number of tbe best known forms occurring in this 
country, as well as many from abroad, wbile all the 
specimens usually found in large "zoos" are always 

to be seen and In fine condition. 

A few years ago the bird collection contained the 
last living wild pigeon ( Ectopistes migratorius ) in ex­
istence, and wben this unique and valuable specimen 
died, it was turned over to me for anatomical descrip­
tion. This piece of work I promptly accomplisbed and 
published, thus making a complete account of tbe skele­
ton and general anatomy of the species accessible to 
future students of avian anatomy. I also pbotograpbed 
tbe specimen, and reproductions of those photograpbs 
ha ve been published in many places-some in natural 
colors-while hundreds of public schools throughout 
the country have bad those pictures framed for the 
class-rooms as a warning to all school children against 
the wanton destruction of the wild forms of tbis coun­
try. It  is a well-known fact that this beautiful bird, 

once existing in our midst in untold millions, was 

practically exterminated by man ; and, being extinct, 

it will never be seen 01- known in life on this globe 
again. 

The Cincinnati ZoOlogical Gardens publisbes, from 
time to time, a number of very useful and instructive 

"Guide-Books," as well as descriptions of many of tbe 

animals to be found in its collection. Among tbese we 

find "Zig-Zags at the Zoo" ; "Studies in ZoOlogy" ; "A 
Little Hand-Book of tbe Cincinnati ZoOlogical Gardens," 
and similar publications. Tbese are all beautifully and 

tastefully ill ustrated, and brimful of gpnpral informa-

tion on animals. Several of tbem, too, are very essen­

tial for casual visitors to tbe city, wbo have tbe time 

and desire to spend a forenoon profitably by a visit 

to tbese instructive grounds ; moreover, the sale of tbese 

publications adds considerably to tbe company's revenue, 

as do simil ar properly prepared, edited and illustrated 

publications in the case of otber institutions of tbis 

kind . 

Among otber attractions tbere are some pretty, well 

mounted specimens of mammals and birds on exhibi­

tion at tbe Carnivora Building. Tbere we see what tbe 

taxidermist bas done for old "Cbief," a notoriously 

vicious elepbant, wbicb tbe authorities were obliged to 

slay a few years ago on account of its infamous temper 

and the danger it was to any that came near him. 

There is also a group of mounted lions, and one of a 
YOUl}g giraffe, the last being tbe only specimen born in 

tbis country at tbe time of its deatb. When it died 

it was but five or six days old. In the same building 

we find a mounted specimen of the same species, the 

latter being one of a pair bougbt in 1877, and this 

particula r  animal flourisbed at tbe "Zoo" for sixteen 

years. In life it was eighteen feet in beigbt, and witb 

bead and neck extended could reach twenty feet above 

the ground. It was a male, and tbe Barnum and Bailey 

Company purchased the female about eighteen years 
after the death of the male. These are all good ex­

amples of the gardens' museum, and the collection will 
doubtless be added to and extended from time to time, 

as the rarer animals succumb to age or die from otber 
causes. 

Tbree years ago tbere were 520 mammals living in 

tbese gardens ; 1 ,200 birds, and 125 reptiles-tbe en­

tire collection being valued at , forty-tbree tbousand 

dollars. At that time ( 1913 ) thIs garden owned the 

finest male lion in the United States ; tbe largest herd 

of buffaloes ; the biggest polar bear ; the finest pair of 

giraffes ; tbe smallest zebu or sacred cow of tbe Ori­

ent ; the longest python and alligator, and the tamest 
elephant. Witb respect to this list I would say, tbat 
the three only giraffes born in tbis country were born 

in these gardell � ; and the superintendent informs me 

tbat, growing witbin the preserves, tbere is at least one 

of every species of tree indigenous to tbe State of 

Ohio. 
Every day in tbe year visitors may resort to tbis 

park, tbe admission for adults being twenty-five cents 
and for cbildren ten cents. Tbere is also an Associate 
Membersbip arrangement, members being allowed to 

purcbase "coupon books" of twenty-five tickets for five 
dollars, reducing tbe admission fee for adults to twenty 

cents. There is also a special rate-system for casuals, 
and other arrangements, sucb as tbe one for special 

par&ies outside of tbe city, whicb can secure railroad 

zoo tickets at a low rate ; these are intended particularly 
for "excursion parties." 

Witbin tbe grounds tbere are plenty of wbeeled 

cbairs and go-carts for bire ; tbere are good cafes, and a 

magnificent band-stand, upon whicb a military band 

gives regular entertainments. Certain parts of the 
ground are set aside for picnics or other social gatber­

ings, and tbese are kept in control by special regl/J.9:­
tions which protect tbe animals, prevent acts of van­

dalism, and so on. 

A contract bas been made with Mr. Enno Meyer, of 

Cincinnati, to pbotograpb all new animals acquired ,by the 
gardens, also new buildings and special features, and be 
is usually very successful in certain lines of his work. 

Most of the reproductions of the photographs illus­

trating the present article are by Mr. Meyer. 
Among tbe lessons which the Cincninati Zoological 

Gardens bas for us is, tbat an institution of this kind, un­

der good management, may be self-sustaining as well as an 

excellent paying proposition, and all this witbout any 

detriment to its educational advantages. Under sucb 

a management, too, it can be of the greatest service to 

tbe city in whicb it is established, to tbe country, and to 
visitors from foreign lands. Finally, in due time every­

thing can be carried out upon a grander scale, as more 
and better buildings ; a very mucb larger, more varied 

and healtbier collection of animals, and the establish­

ment of special Jines of research work in the structure 

and natural bistory of animals, with tbe ability to 

publish sucb studies. 
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The Corrosion of a Solid Solution 70/30 Brass* 
By William E. Gibbs 

WHEN an alloy of copper and zinc is immersed in [;ea­
water it may corrode uniformly in three ways : 

( a )  It may lose both constituents simultaneously and 
at the same rate. Both copper: and zinc are then found 
in the corrosion product and in the proportion,; ill which 
they are present in the original alloy. This is called 
"complete" corrosion. 

( b )  I t  may lose one constituent only, eii:l1e t· eoppc·r (11' 
zinc. The corrosion product will then contain copper 
or zinc-not both. This is called "selective" corrosion. 

( c )  It may l ose both constituents simultaneously but 
at different rates. The corrosion product will then con­
tain both copper and zinc, but in a ratio which is dif­
ferent from that in which they occUr in the alloy. 

I n  addition to these three types of uniform corrosion 
localized action may occur at various points of the metal 
surface. This localized action may be "complete" or 
"selective." I f  the first, it produces a pit ; if the sec­
ond, it produces spongy copper or an alloy richer in 
zinc. Very frequently in practice these products of a 
selective local attack are worn away mechanically, and 
the final result is as in the case of "complete" localized 
corrosion, the formation of a pit. 

S ome of the many factors which determine the char-
acter of a corrosive attack are : 

( a )  The composition of the alloy. 
( b )  The temperature. 
( c )  Aeration of the sea-water. 
( d )  The concentration of the sea-water. 
( e )  The catalytic action of oxysalts of zinc and cop­

per. 
( 1 )  The physical condition of the metal. 
( g )  Contact with electro-negative substa nces, such as 

carbon. 
( a) The Oomposition Of the Metal.-The rate of cor­

rosion of c opper in sea-water at ordinary temperatures 
is diminished by alloying it  with zinc. This diminution 
increases rapidly as the proportion of zinc is increased 
until it 'reaches a minimum, when the alloy contains 
an equal number of atoms of copper and zinc. I ndeed, 
the alloy containing 50 atoms per cent of copper and 
zinc appears to be almost unattacked by sea-water at 
ordinary temperatures. 

When the alloy contains more copper than zinc, the 
proportion of copper in the corrosion product is ·rather 
more tha n  in the alloy-i. e., the copper dissolves more 
rapillly than the zinc; It  would seem that the rate of 
corrosion of pure zinc is diminished by the addition of 
copper in a correspondingly regular manner until it 
reaches a minimum of the alloy containing 50 atoms per 
cent of zinc. In alloys containing more than this amount 
of zinc the zinc dissolves rather more rapidly than the 
c opper. 

The curve showing the relation between the rate of 
corrosion and the composition of the alloy exhibits 
during the first few weeks a second minimum point 
in the neighborhood of the 70/30 alloy. This, h owever, 
speedily disappears, and after ten weeks the curve ex­
hibits the familiar deep U shape, characteristic of the 
properties of a series of solid solutions. This curve is 
being re-determined by Mr. F. G. Martin and the author. 
It is proposed also t o  extend the investigation to higher 
temperatures. Loss of weight m easurements are being 
supplemented by a careful analysis of the corrosion 
products. 

( b )  1'he Temperature.-The initial rate of corrosion 
of 70/30 brass · increases as the temperature rises from 
15 deg. Cent. to 50 deg. Cent. Between 50 deg. Cent. 
and 60 deg. Cent. the initial rate of corrosion appears 
to fall off very quickly, for at  60 deg. Cent. it is less 
than at 15 deg. Cent. 

In every case the rate of corrosion falls off with 
time, and more rapidly at higher temperatures than at 
low. Consequently, although the initial rate of cor­
rosion is greater at higher temperatures, the a ctual rate 
of corrosion after a given time will be smaller. 

Analysis of the corrosion product at 15 deg. Cent. and 
50 deg. Cent. indicateS that at these temperatures the 
attack takes place in three successive stages. First 
there is a selective a ttack upon the copper ; this is suc­
ceeded by a period of complete corrosion ( after nine 
days at 15 deg. Cent. and twenty days at  50 deg. Cent. ) ; 
the third stage is a selective attack upon the zinc. In 
other words, at the beginning of corrosion the rate of 
solution of the copper is much greater than that of 
the zinc. This gradually falls off ; at the same time the 
rate of solution of zinc gradually increases. For a short 
time they are approximately equal ; after that the rate 
of solution of the zinc is much greater than that of the 
copper. 

In stagnant sea water this third stage occurs more 
quickly at  15 deg. Cent. than at 50 deg. Cent. It is 
probably dependent upon the amount of 0 and C02 pres-

• A Contribution to a General Discussion on "The Cor. 
rosion of Metals," held before the Faraday �odcty. 

ent in solution in the sea-water. I t  is hastened by 
aeration. It appears to be associated with the forma­
tion of a film of copper oxide which protects the cop­
per but permits solution of the zinc. 

( c )  A eration of the Sea-Water. -At temperaturel' up 
to 50 deg. Cent. aeration of the sea-water increases the 
initial rate of corrosion. At 50 deg. Cent. its effect is 
very slight, while at 60 deg. Cent. it diminishes the 
rate of corrosion. The effect of aeration appcars to 
be greatest a t  low temperatures. This is no doubt 
associated with the well-known fact that rapid local­
ized corrosion occurs just inside the inlet enll of the 
tubes in the coldest part of the condenser. I n  every 
case it increases the proportion of zinc in the cor­
rosion product. 

The corrosion of pure copper in sea-water is checked 
by aeration owing to the formation of an oxide film. 
On the other hand, the corrosion of pure zinc in sea­
water is consillerably accel erated by aeration. 

( d )  Dilution of the Sea-Wa ter.-Diluted sea-water 
attacks 70/30 brass more slowly than ordinary sea­
water. At the same time the proportion of zinc in the 
corrosion product increases rapidly as the sea-water is 
made more dilute. 

Thus after thirty-four days a t  50 deg. Cent. in aeratcll 
solutions of sea-water at the following concentrations, 
s/l, s/2, s/4, s/8, s/16 ( where s/l is the concentration 
of ordinary sea-water, s/2 being half that concentra­
tion, and so on) , the percentage of zinc in the corrOHion 
products . was respectively 18.0, 24.2, 33.9, 44.1 ,  and 58.5. 

I n  s/l and s/2 sea-water, therefore, the copper in the 
brass dissolves more rapidly than the zinc, but in s/4, 

s/8 and s/16, sea-water the zinc qissolves more rapidly 
than the copper. 

This is in agreement with the general belief that estu­
ary waters are more selectively corrosive than the water 
of the open sea. 

The solubility of pure copper in sea-water is dimin­
ished by dilution of the sea-water and is l east in dis­
tilled water:. The solubility of pure zinc in sea-water 
is increased by dilution of the sea-water, and is great­
est in distilled water. I t  appears from this that the 
dissolved salts are responsible for the solution of cop­
per and the water and the dissolved gases for the solu­
tion of the zinc. 

Dilution of the sea-water, therefore, while retarding· 
the actual rate of corrosion of 70/30 brass, actually pro­
motes dezincification. 

( e )  The Oatalytic Action Of Zinc and Oopper O!C1J­
salts.-Moist zinc chloride at ordinary temperatures 
does not produce dezincification. When heated to 70 

deg. Cent., howev.er, rapid dezincification is set up, ow­
ing to the formation of zinc oxychloride. When zinc 
chloride is added to sea-water at 40 deg. Cent., in which 
a piece of 70/30 brass is suspended, it  produces a 
finely divided white salt, zinc oxychloride, which gives 
rise to rapid dezinclfication of the brass similarly at 
50 deg. C ent. 

Aerated sea-water at 60 deg. Cent. produces white 
spots on the surface of the 70/30 brass. These white 
spots are found to cover a reas of copper, showing that 
they have produced dezincification. 

Sea-water when allowed to dry on a piece of 70/30 

brass at ordinary temperatures forms a greenish blue 
crystalline salt which covers a pit. It does not appea r 
to give rise to dezincification, but prom otes rather the 
solution of copper. 

Sea-water when allowed to dry on 70/30 brass at 
100 deg. Cent. forms a white salt which does promote 
dezincification. 

At ordinary temperatures, therefore, the attack is 
greater upon the copper, and the copper oxychloride is 
formed. This salt catalytically facilitates the solu­
tion of copper. At high temperatures ( between 80 deg. 
Cent. and 100 deg. Cent. at any rate ) the attack is al­
most completely upon the zinc, and oxychloride is 
formed. This salt catalytically facilitates the solution 
of zinc. 

In connection with this fact it is interesting to note 
the following experiment : A tube of 70/30 brass was 
heated internally by steam. C old sea-water fl owed con­
tin

'
uously round the outer surface. At various points 

of the surface air-bubbles were formed. Where these 
air-bubbles appeared upon the surface of the hot tube 
rings of zinc oxychlorille were formed, presumably by 
the evaporation of the thin film of sea-water in the 
presence of the air of the bubble. In some cases a suc­
cession of air-bubbles had followed one another at the 
same point of the surface, each producing a ring of 
white salt, and so gradually increasing the deposit of 
white salt. This might be a frequent cause of local­
ized dezincification in condenser tubes. 

( 1 )  The Physical Oondition of the Metal.-When 70/30 

brass is hard drawn it corrodes less rapidly than when 
it is annealed. At the same time, h owever, there is a 
greater proportion of zinc in the corrosion product. 
Dezincification, therefore, occurs m oPe readily in a 
hard-drawn 70/RO tube than in an anneal ed 70/30 tube. 

(g ) Oontact with Electro-negative Substance8 .-Car­
bon or coke resting upon a clean brass surface is gen­
erally in good electrical contact with the brass. When 
good contact exists between the two the rate of solu­
tion of the brass is increased fivefold, and the propor­
tion of zinc in the corrosion product rises to 60 per cent. 
At the same time the surface of the metal becomes cov­
ered with a loosely adherent red film of copper oxide, 
which can be removed by a mere touch of the finger. 
The effect produced by contact with coke is much great­
er at 50 deg. Cent. than a t  1 5  deg. Cent. The e.m.f. be­
tween coke and 70/30 is about 0.19 volt. Between colre 
and zinc there is an e.m.f. of about 1 volt. 

Other substances, electrically neutral, such as string 
or brick; act as loci for the accumulation of oxysalts of 
Zn and copper, and so lead to accelerated l ocal cor­
rosion. 

A piece of coke · fixed in a condenser tube might ac­
celerate sel ective corrosion in three ways : 

( a )  If contact were good it would exert an electro· 
chemical action. 

( Ii )  By obstructing the free passage of the water in 
the tube it would lead to a greatly increased tempera­
ture along that part of the tube between the coke and 
the inlet end. This would facilitate general dezincifica­
tion of that portion of the tube. 

( e )  The water on the outlet side of the coke would 
only be able to trickl e along the tube, anll the continu­
ous film evaporation to which it would be subjected 
w oulll, if the tube were hot enough, produce deposits of 
zinc oxychloride. This also woul d facilitate dezincifi­
cation of the tube. 

Other cases in which corrosion, particularly selective 
corrosion, is localized at certain points along a condenser 
tube appear to be due to a lack of homogeneity in the 
metal itself. Perhaps local e .m.f. ' s  are set up between 
areas containing 

'
dissolved copper oxide and the re­

maining portion of the tube. The presence of strained 
metal in the hard-drawn alloy may be a contributory 
factor in the early stages of corrosion. It is general ly 
noticed that the white spots of zinc salt, which indicate 
the occurrence of dezincification, always occur first along 
the drawlines and upon the filed edges of the test­
pieces. 

A general consideration of the foregoing facts con­
veys the impression that a solid solution of zinc and 
copper is intermediate in character between a physical 
mixture and a chemical compound. The copper and 
the zinc retain to a very large extent their own charac­
teristic individuality, but in each case it is modified 
by the presence of the other constituent. I t  is as though 
there were some kind of weak chemical com bination ( or 
rather physical combination, since the chemical char­
acter of the constituents is not changed entirely but 
only m odified ) between the two, whereby the available 
energy of each is diminished. 

In 70/30 brass the diminution of the available energy 
of the zinc is of course greater than in the case of the 
copper, for the influence which is exerted by a dissolved 
metal upon the character of the solvent metal is a 
function of the atomic volume. In the case of zinc and 
copper the atomic volumes are practically equal and 
the influence of each constituent upon the other be­
comes a function of the concentration. When, however, 
the proportions of zinc and copper are equimolecular 
the available energy of both is reduced to a minimum, 
and the rate of corrosion at  ordinary temperatures be­
comes practically zero. 

I n  the alloys containing more than 50 atoms per cent 
of copper it is the copper which dissolves at first, a l­
though zinc is more rapidly soluble in sea-water. This 
suggests that the chemical activity of the zinc is neu­
tralized in the solid solution. 

The electrode potential of zinc in sea-water at  16 deg. 
Cent. is -0.5100 volt and of copper + 0.3896 volt. That 
of 70/30 brass is + 0.3460 volt, and therefore resembles 
copper rather than zinc. Similarly, the chemical activ­
ity of the copper is reduced considerably by the pres­
ence of the zinc in solid solution, and appears to reach 
a minimum when the atomic concentration of the zinc 
exceeds 50 per cent. 

The strength of any combination between copper and 
zinc and the influence exerted by it upon the properties 
of the constituents w ould depend upon : 

( a )  The composition of the alloy. By which is meant 
the concentration of zinc and copper in the a lloy and 
the presence of other metals, such as iron and tin, amI 
of non-metals, such as oxygen. 

( b )  The physical state of the alloy,  i. e., whether it 
is solid or liquid, amorphous or crystalline. 

( c )  The physical environment of the a l l oy ,  itl' tem­
perature and pressure. 

( d ) '.rhe chemical environment of the alloy, which in 
this case refers to the nature and composition of the 
corroding solution. 

Is  it possible that a compound or compounds of cop­
per and zinc exist stable only at l ow temperatures­
say hel ow £i0 d('�. Cl'l1t. ? 'J'hI'Re may di�Rociate into 
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a system of solid solutions as the temperature rises and 
the composition is altered. 

Such a concentration appears to afford a reasonable 
explanation of the corrosion of 70/30 urass. I ts appli­
cation to other fields of investigation does not come 
within the scope of this paper. 

Hydrogenated Oils in the Soap Industry* 
By Carleton Ellis 

THE developments In o i l  hydrogenation have brought 
to the soap industry an innovation of fundamental im­
portance in the domain of raw materials. 'l'lie soap 
lllanufueturer, no longer well uule to purchase the best 
gra d e  of fats in face of the liigh prices paid uy the 
lllargarine and otlier fat edible industries, has now at 
his disposal the mpans for utilizing lower grade materials 
in substitution for more costly stock. 

By hydrogenation, oils which formerly made soaps 
ouly of soft consistency, now yield the more valuable 
hard soa ps. 'rhis has led to a very rapi d  developlllent 
of the art with respect to the production of soap making 
fat s. In particular, fish and whale oils have been made 
u>'p of, beea use the,;e oils lllay be completely d eodorized 
uy the addition of hydrogen. 

According to a Japanese chemist, Tsujimoto, the odor 
of fish oil is due almost entirely to a fatty constiment 
and not to so-called impurities. 'l'his fatty constituent 
is cillpanodonic acid having the formula ClsH2802' 
whkh, therefore, uy the addition of 8 hydrogen atoUls, 
uecollles stearic acid. 'V hen hydrogenated down to an 
iodine nUllluer of auout 50, fish oil has the consistency 
of hard tallow and the odor of fish oil is wholly ausent. 
Even the fishy taste is scarcely in evidence. 

}<'or soap making, this llroduct is satisfactory, as it 
('omvlies with the tel:lt for a deodorized fish oil suitaule 
for soap making in that the odor of the original oil is 
not apparent when ironing laundered goods on which 
such soaps are used. If, however, at least with the 
poorer grades of oil,  the hydrogenation i s  not carried 
on to a point where the iodine nurnber is approximately 
50 or less, there is  some danger that the fishy odor will  
become apparent during the ironing operation. 

It appears not improbable that unstable odor-forming 
nitrogenous impurit i es in fish oil add hydrogen during 
the hardening process and are transformed into bodies 
of a stable character. 

A German-Norwegian company, capitalized at about 
$833,500 organized to work a new German m ethod for 
hydrogenating whale oil has commenced operations at 
}<'redrikstad, Norway. 'l'he Hafslund Falls are being 
utilized to generate the electric power required by the 
work and also to manufacture by electrolysis t he hydro­
gen required for the hardening process to which the 
purified whale oil is submitted and converted into a 
solid neutral fat. 'l'he daily constl,lllption of oil  is 
about 300 uarrels.1 ( .Jour. Ind. and Eng. Ohem., 1913, 

608. )  
Samples o f  Norwegian hydrogenated whale oi l  which 

have come to the writer's attention are of exceptionally 
high quality.  

Whale o i l  of the grades known as 0 and 1 hydrogenate 
readily with nickel a s  a catalyzer. No. 2 is somewhat 
more difficult, and No. 3 is decidedly trouulesome of 
trpatment without special refining. 

Aueruach ( Chem. Ztg. 37, 297 )  considers the hydro­
genation process responsible for an ad\'ance in the price 
of fish oils  so that they will be of douutful uenefit to 
the soap industry. Also he states that the so-called 
11Ilrnpd odor which was noticeaule in soap made from 
hardenpd fats is  said to have been overcome. Besitles 
fish and whale oils, he notes that eastor oil is used for 
insulation purposes in the electrical field. 

The commercial side of fat hardening is  discussed ' 

to some extent uy Schicht ( Seifen. Ztg., 1913, 287 ) and 
the value of fish and whale oils in this field i s  conSidered. 

As Dr. Holde states ( Seifen. Ztg., 19]2, 918 ) ,  oleic 
acid, the most i lllportant constituent of all  sellli-drying 
l iquid oils, requires only 2 parts of hydrogen to 282 
parts of oil  in order to get stearic acid, while l inoleic 
and linolenic acid require 4 and 6 parts, respectively, 
to 280 and 278 parts. Ricinolic acid, which contains 
one atom of oxygen more than oleic acid, forms an 
oxystearic acid which has a very high melting point, 
but which also only contains 2 atoms more of hydrogen 
than the original acid. �'he glycerides of stearic or 
palmitic acid natura lly remain uncha nged throughout 
the operation. 

. In this country very l ittle has as yet appeared in the 
l i terature regarding the application of hydrogenated 
oils in soap mak ing, but in Gerlllany considerable space 
has been given uy the trade journals to discussions of 
tbe subject. Some of the statements at'e of a very 
- --- ----

"From The A merican Perfumer. 

'The Knowles Oxygen Company, of Wolverhampton, Eng · 
land, has contracted with the Snnligh t Soap Factory in Port 
Arthur, to erect an annex to the plant for the production of 
the hydrogen necessary for h ardening palm 011 ; the oxygen is 

to be collected !lnu sold. 

contradictory character, as is, of course, to be expected 
in the early stages of development of this important 
suuj ect, especially in view of the very considerable 
degree of empiricism which prevails in some branches 
of the soap m aking industry.2 

It is to ue regretted that so much of the published 
matter relates to the products of one concern, the 
ta lgol, candelie and simi lar hydrogenated fish and whale 
oils, etc., of the Germania Oelwerke at }i]mmericll, but 
while soap making a s  practi ced in G ermany differs 
considerably from the practice in this country, it is 
bel ieved the work auroad will  prove at least suggestive 
if not instructive. 

In the following an attempt has been made to briefly 
review the more important contributions in this con­
nection. 

Garth ( Seifen. Ztg., 1912, 1278 ) states that fish and 
whale oils are the raw materials for a considerable 
proportion of the hydrogenated products which up to 
the present time have found appl ication in soap making. 
Being relatively low priced raw material lllany attempts 
have been made to make cheap soaps from fish oil .  
These attempts in the past have been unproductive 
becauHe the objectionaule odor reappears after goods 
are l aundered. lIence, there are many proposa l s  di­
reded toward the production of odorless fish oil .  As is 
known, fish o i l  contains nitrogenous compounds and 
('erta in of the lower fatty acids arising from decompo­
sition of the fish uefore the oils are expressed. Most 
of the proposals are based upon the assumption that 
these sources of the evi l  odor can ue removed by the 
action of energetically reacting uodies, such as sulphu]'i� 
acid and the like. However, neither treatment with 
strong acids nor disti l lation with superheated steam 
produce uIlobjeetiollable products. By hydrogenation 
the disagreeable odor disappears ; nevertheless, there 
always remains an odor simi l a r  to that of disti lled olein 
which, however, is completely concealed if the product 
is  worked up with a goodly proportion of other fats. 

Garth ( Seifen. Ztg., 1912, 1279 ) observes that the 
hydrogenated fats which have been used in the soap 
manufacture appear in the trade as talgol, talgol extra, 
candelite, candelite extra, crotolein talgin, etc. 'l'algol 
has a melting point of 35-37 deg. Cent. amI an iodine 
Ilumuer of 65-70. �'algol extra melts at 42-44 deg. Cent. ,  
lind the iodine number 45-55. The candelite product,; 
are hanler, candelite melting at 48-50 deg. Cpnt. and 
having an iodine number of 15-20, while candelite extra 
melts at GO-52 deg. Cent. and exh ibits an iodine numuer 
of G-I0. 

Heller ( Seifen fabrilcant, 1912, No. 31 ) furnishes the 
following Ila ta on these products : 

Acid Saponifica- Unsaponi- Iodine 
No. tion No. fiable. No. 

Talgol __ _ _ _ _ _ _ _ _ _ _  3.G  1 90.7 0.33 fi3.9 

Talgol extra _ _ _ _ _ _ _  3.8 HlO.G 0.31 36.1 

Candelite 3.8 ] 90.4 0.41 18.1 

Candel ite extrn _ _ _  A.4 1 88 .4 0.52 10.4 
Melting Fatty Acids Acid 

Point. 'riter. No. 
Talgol _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  38." 34.G ] 99.7 

Talgol extra _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  45.G 43Ji 1 99.9 

Candel ite  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  48.5 47.4 198.9 

Candel ite extra _ _ _ _ _ _ _ _ _ _ _ _ _ _  51.8 50.5 199.9 

Schaal has reported3 the results of his observations 
on the two products "ta lgol" a I\(1 "ealHlelite" derived 
by hydrogenation of train or fish oil ,  and has called at­
tention to the adaptauil i ly  of these iUlrdencd fats in the 
production of soap uase or m i l led soap. Both talgol 
and candelite have a tal lowy appearance with this 
difference that one is softer and one is harder than 
tallow. At first glance one is l ikely to regard these fats 
as similar to high grade soap tal low, but the odor of the 
product immediately shows this  is not the case. �'he 
odor is not disagreeable and, in fact, resembles some 
grades of tallow. It i s  suggestive of the cheesy odor 
g iven off uy tallow which has been stored for a con­
siderable time in w n rm weather. Of the two products, 
talgol and eandl'l ite, the odor in the latter is less 
noticeaule. 

In his first investigations Scbaal simply replaced a 
part of the softer fats, as he thought talgol would lose 
its firm consistency during the boil ing operation, and 
would return to a conSistency approaching that of the 
original oil .  This assumption proved to be unwarranted, 
as tests with small samples showed that the talgol fatty 

'In :mnglan d  one l a rge concern is offering several grades of 
hardened fat ranging as follows : 

At 
A2 
C1 

C2 

. . . . . . . . . . . . . . , . . . . . 

. . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . 

Iodine. 
50 
85 

60 

75 

M_ P. Titer. 
40-42 :lG 
28-30 32 

44-46 45 

35-37 36 

'The result of protracted i nvestigations by S chaal on the 
utilization of hardened oil" i n  soap manufacture are published 
in til(' Se'ifensieder ZeUunll, 1 9 1 2 ; 821, 846, 954 and 979 ; 
1913,  1 73, and in a uook enti tled "Die Moderne Tolletteselfen­
I!'abrikation," A ug"uurg; 19 t3. 

acids were as hard as the talgol itself. The first fat 
mixture used for preparing a soap consisted of the 
following : Forty parts tallow, ]5 parts talgol, 30 parts 
uone fat, 15 parts cocoanut oil .  

No rosin was used as i t  was desired to determ ine thp 
inftuence of the talgol odor. ])uring the boi l i n g  tIll' 
odor of talgol was plainly in cvidence, llllWh more 
noticeaule, in fact, than could be ouserved a ftprwarlls 
in the finished soap. '1'he dried curd exhiuited a whol ly 
agreeable odor in which the characteristic odor of 
talgol could not be detected, and no odor was in evidencp 
of a nature calculated to affect the perfume. 'I'he soap 
was not perfumed, but was wrapped in paper aIld laid 
aside a few weeks for further observation. In another 
trial the tallow was reduced and the talgol i ncreased in 
amount, the formula being : 'l'wenty-five parts tal low, 
:15 parts talgol, 30 parts bone fat, 10 parts cocoanut oil .  

'I'he saponi fication progressed satisfactorily, i ndicating 
that talgol readily united with alkali. As the bone fat 
employed was of exceptionally dark color, the soap was 
lllpa�hed in the kettle with 0.2 per cent blank it. �'he 
dried product had a fine ivory white appearance, uut thp 
odor of talgol was apparent, although not so pronollnred 
as to render the soap unusaule. �'hi s  soap uase m i lled 
rery smoothly and easily, giving an excellent finish. I n  
another trial 5 per cent of rosin w a s  introduced w i th 
improvement in the odor of the soap base. 

'1'he mil led and perfumed soap was kept under obser­
vation, and i t  was noted that some perfumes were 
affected uy the talgol odor. A person with a keen sensp 
of smell would immediately detect the presenee of talgol .  
Tests were conducted with a number of perfullles, in­
cluding hyacinth, l i lac, rose, patehouly and violet, each 
cake being separately wrapped in parchment paper.4 It 

was found that the two first mentioned perfumes were 
more sensitive to the presence of talgol smell and gave 
a momentary impression that the soap had become 
rancid ; the rose was slightly affected, while the other 
samples were not noticeably changed. Schaal reaches 
the conclusion that the highest grade o f  toi let soap per­
fumed with delicate essential oils is affected uy the use 
of talgol or candelite and that these hardened oils wll l 
not find an application here. Such soaps are, however, 
sold only to very fastidious trade and require in any 
case perfumes of the very highest grade. On the other 
hand, in manufacturing ordinary grades of toilet soap 
Which a re, of course, made in enormous quantities, up 
to about 35 per cent of talgol or candelite may be em­
ployed advantageously in the fat stock. As regards 
solubility in water and free lathering properties, Schaa l 
found talgol or candelite to afford satisfactory results, 
the soaps which he prepared forming a lather imme­
diately which was thick and voluminous, a cting, in fact, 
l ike any standard soap. It is reported that the Olwerkp 
Germania has been successful in producing a completely 
odorless product at a somewhat higher cost. If such a 

deodorized product can be put out at reasonaule price, 
it  will be possible to make toilet soaps of the highest 
grade with hardened fats derived from relatively cheap 
oils.  

Of talgol Schaal notes thnt the fat is  readily deprived 
of its glycerine and especially well uy the Kreuitz 
process, and soaps made from this stock are prime 
products. 

Schaal states that so long as these hardened fats are 
not entirely odorless, they cannot be advanced for the 
manufacture of soap stock of the first clas::;. For these, 
the best beef tallow, etc., must remain the raw mater� 
for this class demands the best that the soap Industry 
('an produce. Talgol is, therefore, considered sultabit> 
only for working up into soap stock o f  second and th ird 
grade. In these sonps the priee of raw material plays a 
considerable role, and thus talgol vroves an advanta­
geous substitute for tallow. 

Power Installations in the United States 
WH ILE 80 per cent of the total installed power from 

all sources in 1912 was steam power, and while nearly 
three fourths of the total primary power instal led in 
commercial and municipal central stations (or estab­
lishments for the sale of power ) and in street and 
electric railway plants was steam power, the preponder­
ance of steam power is found, according to the figures 
given, in the Eastern States ; and the per cent of in­
crease in water power development for public service 
use in the three years since 1912 has been three times 
as great as in steam power. Primary power installa­
tion from all sources and for a l l  uses increased in the 
eleven Western States 240 per cent from 1902 to 1912 
or more than two and one half times as rapidly a s  1� 
the remainder of the United States. This includes pri­
mary power used directly in manufactures, 94 per cent 
of which is found in the Central and Eastern States.­

Report of the United States Department of Agriculture. 

'Helmal give" a nnmber of perfume formulre for hydrugen­
ated oil soaps i n  Sei/en. Ztll. 1 912.  979. 
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A New Electrolytic I nterrupter 
A Simple and Valuable Apparatus for the Wireless Experimenter 

TH E interrupter described here is a modification of 
the well-known Caldwell- Swinton type. The latter 
consists of an outer glass vessel containing diluted 
sulphuric acid and a lead plate electrode, and an inner 
vessel, which often takes the form of a glass or porcelain 
tube. Tnis inner vessel also contains a lead plate as 
an electrode and has a small hole at the bottom, so 
that both vessels are filled with diluted acid to the 
same level. In operation, however, the liquid rises 
in the inner vessel and issues from a relief branch near 
the top of the inner container, returning in this manner 
to the outer vessel. 

This returning stream of liquid has often caused 
short-circuits and current leakages, which are rather 

H I 

B 
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By C .  A. Oldroyd 
This interrupter requires a voltage of at least 65 

volts and can be used on voltages of 200 and above. 
It  works equally well with either alternating or di rect 
current. 

The interrupter can be easily made by the average 
experimenter and the construction will be described 
in detail. 

Procure, first, the glass jar A, which should be about 
10 inches high by 6 inches diameter. '.rhis will be 
sufficient for coils up to 20-inch spark length and the 
interrupter can be worked for long stretches at a time 
without undue heating. 

Cut a glass plate so that it will fit nicely into the 
jar A, and drill a hole one-quarter inch diameter, 
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bottom of the jar and also at the other side, and the 
glass plate B will  be held firmly by the black wax on 
each side. 

The vessel itself is now completed, and we turn next 
to the lead plates ]) D. 'l'hese are 8% inches long by 
3 inches wide, a nd cut from lead pl ate about lis inch 
thick. Two holes are punched through eaeh plate 
about % inch from one end, big enough to take the 
round-headed screws P. 

The lug at the top is then formed by bending the 
plate over one inch from the end. 

We turn now to the cover II. It is made from oak 
and turned so that the bigger diameter is the same as 
the outer diameter of the jar,  whil e the smaller diam-
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serious, as this interrupter is often u sed with voltages 
exceeding 200. 

The rising of the liquid in the inner vessel is due 
to the different cubic capacity of the two containers, 

and disappears immediately if we give both containers 
the same capacity. This has been achieved in the 
interrupter described here in the following manner. 

The glass vessel A is divided by a glass plate B into 
two containers of equal capacity. A small hole is 
drilled through the center of the glass plate B, the 
opening of which can be varied by sliding the pointed 
end of a glass tube E backward or forward. This en­
ables us to vary the rate of interruptions within wide 
limits. 

D are two lead plates which serve as electrodes, 
and are suspended from the cover 11. 

The glass jar is filled with diluted sulphuric acid, 
and the interrupter is connected in series with the 
primary of the spark coil. 

. j 
A new electrolytic interrupter. 

through the center of the plllte. To do this take a 
triangular file and, using oil of turpentine as a lubri­
cant, drill the hole by twisting the file. The plate 
must be carefully supported in the center or the glass 
will crack. As soon as the point of the file penetrates 
the glass, start from the other side and continue till 
you get a smooth round hole of one-quarter inch 
diameter. If you do not care to do this drilling your­
self, and risk the plate, the glazier will do it for you 
for a nominal sum. 

Now we have to fix the glass plate B in the vessel A. 

To do this, clean and dry the glass jar and plate 
carefully and warm both near a fire till they are about 
as warm as your hand can bear. Melt some black 
wax ( such as used for sealing accumulators ) ,  and in­
clining the glass jar A, pour the wax in a fine stream 
into the corner between jar and plate. The wax wil l  
r u n  down a n d  glue t h e  glass vessel t o  t h e  plate, as shown 
at C, in tne drawing. Repea t this oppration at thp 

eter should fit easily into the jar itself. Those who 
ha ve no lathe can make the cover by cutting two 
disks to the diameters required and screwing them to­
gether, taking care that both disks are eoncentrie. A 
slot 1 %  inches long by 1 inch wide is now cut through 
the cover for the adjusting piece U. }'inish the sides 
of the slot well off so that U can slide easily when in 
place. 

The cover is then immersed in molten paraffin-wax 
and l eft to soak for about an hour to make it acid-proof. 

Next make the adjusting piece U. This is made from 
oak to the dimensions given, and consists of two parts, 
denoted by shading. The bottom part is 14 inch thick, 
and screwed to the main part when in place. This 
adjusting piece receives a slot K, for the adjusting 
lever L, and a pin G, 1/16 inch diameter, is driven 
through U and the slot in L, when in place. A hole P 
is drilled into the bottom of U to take the glass tube 
R. The a djusting 1(>Y(>r L i s  madp from brass rod 5/16 
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inch diameter, and has a slot  at one end to let  the pill 
G pass through. At a distance of 1 % inches from this 
end a hole Ys inch diameter is drilled for the pin Q. 
A short nieee of vulcauite tube M is slipped over the 
adj usting lever and glued to it, so as to form a handle. 
Next we make the bearing 0 and Q.  0 is a disk 1 %  
inches diameter and 1 / 1 6  inch thick,  and cut from 
brass "heet. A hol e 3/32 inch diameter is drilled 
through the center and three small holes to suit wood­
screws N. as shown. Q is made from brass rod Vs inch 
diameter to the dimensions given, and one end is filed 
down to �j/:32 inch dia meter, s lipped through the 
hole in 0 and the projecting end riveted over. 

'Ve can now a ssemble the adjm;ting lever a nd it,; 
bea ring_ A wa sller R, :1/B2 inch thick, is placed over 
Q, then Il, and final l y  S, whieh is a wa sher 1116 inch 
thiek. The projPcting end of Q is now riveted over, 
but not so tightl y as to prevent its moving with entire 
freed om . 

The last pa rt to be made is the adj usting tube 11. 
This is ma de from a glass tube % inch dia meter. About 
3 inches from one end the tube is bent at right angle.; 
and then drawn out in a fine end, as shown. 'l'he par­
allel part h; then cut to correct length and glued ( with 

Photographing Colors 
EVERY layman has noted that in a photograph blue 

d o t h es a pppar l ight while red garments show dark. 
'1'his a rises from the fact that most plates are sensi­
tive to blue light, hut not to red. Interesting investi­
ga t ions regarding t he effects of the primary colors upon 
ditIerpnt photographic plates are described, says Die 

i'rn8r"han of March 4th. in a recent German work en­
titled "Photography for All," by A. Lassalldy. 

1·'01' the purpose of his experiments the author em­
ployed plates of three different types of sensitivity ; 
the ordinary commercial plate, the orthochromatic plate 
whose range of color sensitivity incl udes the yellows 
as well as the blues, and the panchromatic, which re­
acts more or less to all colors. I II order not to confuse 

Fig. 1. 

Fig. 5. 

the issue with shades and shadows, perspectives, and 
light strildng the plate at va rious a ngles, desigm; 
prin ted in colors on a flat surface were selected as 
the obj c('( s of the experimfC'nts. 

In 1" ig. 1, reproducing a photograph made 011 the 
ordinary commercial plate, it will be observed that the 
blue tintcd leaves and the blue parts of the two larger 
butterflies are almost as light as the gray background. 
'l'he rest of the figure is practically uniform in shade, 
indicating, :-;ince these cuts are positives, not negatives, 
tha t this type of plate is practically unaffected by 
colored light except that from the upper end of the 
spectrum. 

Fig. 2 exhibits the workings of the orthochromatic 
plate. 'Ve observe that the yellow berries and the 
sellow wings of the small butterfly a re now distinguish· 
able from the rest of the figure, while the blue is, if 
anything, even lighter than before. Note that not only 
here, but in nearly all the cuts, the green leaves are 
dark, showing that photographic sensitivity does not 
run continuously along the spectrum, but j umps around. 

With the yellow filter ( 1" ig. B )  the orthochromatic 
plate shows great extension of sensitivity. The yellow 
i:.; now quite as bright as the gray. '1'he blue is con­
siderably darker than it was ; in fact, almost as dark 
as the green, to which, here, for the first time, the plate 
appears to have reacted. Even the red of the sun, the 
flowers, and the borders of the berries, is slightly dif­
ferentiated from it dea d black. On the whole, since the 
�'ellow appears brighter than the blue, and this ill turn 
brighter than the green and the red, this apparatus 

shellac varnish ) into P, taking care that the point of B 
is exactly opposite the hole in the glass plate n. 

We can assemble, now,  all  the remaining parts, 1 .  e.  
the lead plates and adjusting gea r. 

'I.'wo binding posts V are required, which shoul.1 he 
screwed into the cover 11. 1 is a 10-ampere fuse, which 
was added for safety's sake, and is screwed to the 
wooden cover 11. 

We have now to connect the parts as shown in thick 
chain-and-dot lines. 'I.'he binding post V' is eonneded 
to one screw D' of the fuse, the other screw is con · 
neeted to the lead plate. '1'he other binding post V is 
:-;imply conneeted to the lead Plate B. It is a good 
plan to solder the connecting wires to the lead plates, 
taking care to make a good contact. The bottom side 
of the cover 11 and the lead plates D D, to about 2 %  
in("hpH from the cover, n o w  get several coats o f  good 
black insulating paint, which can be bought from 
stores catering to the experimenter. 

The interrupter is now completed and has to be 
filled with acid. This is sulphuric acid 1 part, water 
10 parts. The acid should always be poured slowly 
into the water, under constant stirring with a glass 
rod. 

reproduces rather satisfactorily the general visual ef­
feet of the original .  

'1'he panchromatic plate ( 1" ig. 4 )  a ppears to b e  but 
slightly  more sensitive to red than the orthochromatic 
with filter ; but it distinguishes rather well between 
blue, green and red. When used with the yellow filter 
( 1" ig. 5) it is more sensitive to red and yellow, and 
separates the latter distinctively from the blue ; but it 

fails altogether to distinguish between green, blue and 
black. The substitution of the autochrome filter or 
the red filtcr ( Figs. 6 and 7) increases he sensitivity 
to red and yellow ; in fact, in the latter case, the plate 
appears to have been completely light-struck by these 
part,; of the pattern, so that the print shows no trace 
of these colors. When used with a green filter, how-

Fig. 2. Fig. 3. 

Fig. 6. Fig. 7. 

ever ( Fig. 8 ) ,  this plate gives what would be easily 
the most satisfactory result of all, were it not for the 
confusion of red and green. 

The results of these experiments afford a guide for 

one desiring to photograph a scene in which color plays 

a prominent part. 1" or example, if the subject were an 

interior decorated in blue and yellow, it would be de­

sirable to distinguish between these, without making 

either too dark. This could be done by the methods 

of 1" igs. 2, 3, 8, or possibly 6. If greens also entered, 

it would proba bl y be desirable for them to print dark ; 

so the method of Fig. 3 might be rejected. And simi­

lar considerations would indicate the most advantageous 

plate and filter for any combination of simple colors. 

History of the Collar 
i:-lEPARA'l'E collars for men's shirts are said' to have 

been first made about 1825 by the wife of a blacksmith 
in Troy, N. Y. This woman did the family washing 
and ironing, and realized that shirts with separate col­
lars would not haye to be washed as often as did shirts 
with collars attached. She appl ied her idea not only 
by making separate collars for her husband's shirts, 
but by making them also for sale. 

This innovation attracted the attention of the Rev. 
Ebenezer Brown, a retired Methodist minister, who 
kept a small drygoods store in Troy. Enlisting the 

" fh e  City of Troy and its Vicinity : By Arthur James 
Walse. Troy, 1886. 

Mix acid and water in a porcelain or earthenware 
vessel as the l iquid heats up during the mixing process, 
and, after it ha s ('Doled down, pour it in the glass jar 
of the interrupter up to about a inches from the top. 
Pour a thin film of oil ( about 1fs inch thick ) on top 
of the acid, as this prevenb; spraying or eseape of 
vapors. Place, now, the cover 1l in position, and the 
interruvter is ready for service. 

By moving the adjusting handle 111 you move the 
glass tube E, and this in turn opens or cioses the hole 
in B. 

By using a smaller opening you get a higher rate 
of interruptions, by using a greater opening you get 
more current, so you can adjust the interrupter to give 
the maximum effeet for the conditions required. 

The interrupter is connected in series with the primary 
of the coil ; that means the current flows from the 
main, through the fuse to the first lead pl ate, through 
the liquid to the second lead pla te,  and from here 
through the primary of the spark coil Im ck to the main. 

'I'he binding posts V should be of the insulating type, 
if possible. 

A condenser is not required when using an elec­
trolytic interrupter. 

aid of the female members of his own family, the Rev. 
Mr. Brown, about 1829, began offering "string collars" 
for sale, and soon developed a profitable new branch of 
his business. 

All of the work on these first separate collars was 
done by hand, for the sewing machine had not yet been 
invented. 'l'he linen was cut on the kitchen ta ble, which 
was also used for the ironing after the collars were 
sewed and starched. After the business became estab­
lished, the cutting was done in the merchant's store. 
and he bargained with a number of women to take the 
cut pieces to their homes, and there make, wash, a nd 
iron the collars At this early day the business afforded 
only occasional employment to only a few women, and 
each made and laundered not more than a dozen collars 

Fig. 4. 

Fig. 8. 

a day, for which she received 3 shillings worth of store 
goods, the value of what was commonly called a shill­
ing being 12 % cents. 

Except the bands, the fiff;t separate collars were gen­
erally all linen and of two thicknesses, although some 
were faced with cotton cloth. They were slightly stif­
fened, had high points extending above the chin on 
either side, and were tied around the neck witn a 
string of tape attached to each end of the collar, hence 
the name "string collars." The collar was supported by 
a stock made of bombazine or satin, stiffened with hair­
cloth, and this also was tied around the neek. The 
collars in assorted sizes were placed in paper boxes 
16 or more inches in length, and sold at 25 cents each 
or $2 a dozen. 

1<'alse or detached shirt bosoms, made of linen, and 
often called dickeys or shams, were then worn. They 
were frilled, plaited, or plain, and were held in place 
by strings that went around the waist and neck. 

The sewing machine was introduced into the collar 
industry in 1852-after some hesitation by the collar 
makers, according to Weise. Steam power was first 
used in 1855.' 

Electric cutting machines were introduced in shirt 
and collar factories about 1870, buttonholing machines 
about 1880, and button-sewing machines about ten years 
later.-Miscellaneons Series, No. 36, of the Departrnent 

of Cornrn eree. 

• Ibid., pp. 75 and 271.  See also Twelfth Census of the 

United States, Census Bulletin No. 1 88, June 12th, 1902, Co!· 
lars and CutIs, by Arthur L. Hunt. 
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I n dian Hand- Painted Calicoes* 

Their History, the Cornplicated Methods of Production, and Influence on Modern Methods 

FOR mHny yt'a r,.; pa�t I l i a  \"c bl�I�1 I a ll pa gel' ('ollector 
of ea r ly O l' i pn t a l  r H n l' i ( ·� .  At li n.; t I fo nnd the llesigm; a 
�ource of Jnuch i m;p i l'a t ioll i n  the dl�velopllleh t  of my 
myn \York ; then fol lo\Yed the spirit of illV(�stigation as 
to tbeir origin and the method of their production, and 
in th i s  work I a pvea r to have stl'l\('k, as  i t  were, a field 
�omewhat lIegleeted by my contemporarics ; for although 

�ome few writers and chem i sts have contributed articles 
on the proeesses adopted by the Hindns, they have not 
dPH l t  with eXll l llples of the go()(ls produced by the very 
l'ompl i t'a ted aJl(! lahorious methods employed by the 

nat ivps of India.  It i s  only by such study one can apvre­
date how mlwh the print indnstry of the world is in­
dented to  Ind i a .  

Some o f  these ha lll1-pa i lited ca l i coeR a r e  st i l l  t o  he 
found ill the a r t:  and teehn ical musel111IS of }i]urnpe, and 
there a re lIIore i n  the [lril-a te ('olleetions o f  profcss ional 
dps igners. 1<'1'0111 inqu i ri es I hal-e nUH1e in I wl i a  :tIuong,.;t 

art lIIUSeU/llS, it a ppears that no good speci lllens have 
been Ill'psen-ed i n  that eou ntry. 

My lirst tm.;k wil l  he to deal wi t h  the h i Htorieal side 
of pr i nt i ng. I fi l l(! that it is genera lly agreed, amongst 

t ho�e who have stlulied the history of printillg, tha t  the 
art of i nlpreNH i ng all(l i mparting a deHign upon r'otton or 
linen in eolorH w h i ch w i l l  wi thRtand washing, orig inated 

i n  I n el i a ,  and that whatever sdence there may have been 
in t he a rt, when gnrope was RO largely supplied with 

the painted and printed fabrics of IndIa In the seven­
teenth and eighteE'nth eenturies, the chemical processes 
adopted by the Hindus at that pe1'iod were the same in 
pri Jl(' ipie as  those described by the elder Pl iny, who 
wrote A.D. 70. Pli ny's writings are the bedrock from 

w h ich a l l  resea rch of th iR natnre begins. 
lIe says, in referring to Egypt ( Lib. xxxv. chap. 1 1 )  : 

" G a l"ltlents a re painted in EJgypt in a wonderful man­

npr, the white cloth being first stained in various plaees, 
not with tl,vestuffs, but with drugs, wbich have the 
propN·i.y of absorbing colors. These applications <10 not 
appea r  on the cloth ; but when the cloths are afterwarrls 
plunged into a cauldron containing the dye l iquor they 
are withdrawn fully dyed. It is wonderful that, al­
though there be only one dye i n  the cauldron, the cloth 

is tl�-ed of several colors, according to the different 
properties of the drug,; whicb have been applied to 
different parts ; nor can the colors be afterwards re­

tnoved , A cauldron which would of itself only confuse 
t he colors on doth previom;ly dyed, in this way i mparts 
sel'pral colors from a single dyestuff, paintillg (or 

dyein g )  as it  hoi l;.; ."  From this passage it is evident 
tha t the drugs employed to stain tbe eloths were differ­
ent mordants, and that some knowledge of ea l i f'o print­
ing or dyeing was known by the Egyptians, acquired no 
doubt from H industan. 

I shall  now, at this stage, pass over 15 centur ips and 
dea l with my subject from about the time when the 
Re\'eral rival lDast India companies were instrumental 

i ll making known to Europe, among our goods, these 
printed and pa inted cottonR. The first in the field were 
the Portuguese, they having reacbed the East Indies 
by way of the Cape in 1 41)8. 'l'his route transferred to 
them lIIudl of the trade tben in the hands of the Vene­
tia ns  and Genoese, by way of the old trade route 
through the Persian Gulf to Bussorab, Bagdad, and 
A leppo, from whence, via Alexandretta and Beyrout, tlle 

merchandise found its way to Venice and otber parts 
of Enrope. At that time Bruges was the distributing 
cell ter oyer Northern Europe, afterwards Antwerp, and 

later on, after the destruction o f  that city by the Span­
hU'ds in 1 57fi-85, Amsterdam became the center. For 
IIpa r ly a century the Portuguese held undisturbed su­
premacy of the Indian trade via the Cape. The early 

Duteh trade with India was indirect, and came through 
t1Wi1'  connection with the Portuguese, who had, as I 
have said, diverted the Eastern trade direct to Lisbon 
by water. By an interdict in 1 580, issued by Philip I I .  

of Spain, t h e  merchants of Amsterdam were precluded 
from trading with Lisbon. 'I'he energies of tbe Dutch 
IVpre, in consequence, devoted to more direct intercourse 
with India. Mercbant adventurers making suecessive 
journeys to the Indies eventually amalgamated in 1602 

into one corporation, under tbe title of the Dutch East 

India Company. 
In 1 587, among tbe ships seized by Drake when the 

Spa n iards were about to invade England, was the "St. 
Pbill ip," a Portuguese carrack coming from tbe East 

Indies. 'l'be papers of this vessel afforded mucb infor­
mation as to the value of tbe Indian trade. In 1592 

* From the Journal ot the Royal Rooiety ot Art. 

By George Percival Baker 
,[uuther carraek , the "l\Iadre de lHos," was eapLured by 
some Engl ish privateers, who brought her to Dartmouth ; 
aw! i t i s mentioned that alllong her cargo were cali­
eoes, bllYUR, quilts, earpets, and other rich commodities. 

It was the capture of these vessel s  that determined the 
}'Jllgl isl! to establish direct communication with India, 
and led to tbe memorial  of the llromoters of the London 
East India Company to Queen El izabeth in 151)1), to be 

fol lowed in 1fiOO by the granti ng of its ,Charter. 'l'be 

French do not appear to have heen in the field quite so 
early, aud it  was not till 1fi64 that Colbert, the Con­
trol ler o f  Finances, induce!l his Sovereign, Lou is XIV.,  
to grant the Charter to the 1<'rench East India Company. 

Coming now to the references made by travelers and 

merchants on the subject of the prints under review, I 
find that in 141)8 Odoa rdo Barbosa , one of the Portuguese 
arlventurers who visited India i mmedi ately a fter the 
di scoYl;ry of the Cape route, refers "to the gn'at quan­
tity of cotton cloth adm irably 'pintadoed' " ( pa i nterl­

the word was later adopted as a trade phrai4e hy the 
far' tors aIHl otllcers of the Dutch and Engl ish East 
Illdia Companies ) .  

I n  1563 Ca�sar }i'rcrleriek, wl!o traveled to India via 

Bussorah, described the "ext ensive trade carried on be­
tween St. Thomay and Malacea in tine bombast doth 
( cotton ) of every sort, painted, wh it'h is a rare thing, 

beea nse these k ind o f  doths show as they were gilded 
with diYers colors, allll the more they are washed the 
l ivelier tbe colors will sbow." 

In 1657 Boullaye-Ie-Gouz writes : "Hitherto it  is not 

known how the natives apply so successfully the colors 
to the 'foyes' and toilcs pcintC8 in such a way that they 
lose nothing in tbe washing. 1 showed some i n  1<'ranee 
to seyeral dyers who were filled with admi ration at 

them, a ssuring me that tbe dyes in India are pure and 
quite simple, whereas those of Europe are sophisticated 
( altcrec8 ) ." 

In 161):3 Dr. IIavart, !\I.D., a Dntch botanist, i ll  a 
work entiBed the "Rise and E'all  of Coromandd," writes 
with much detai l  on indigo dyeing, anrl in the same work 
ma kes meagre reference to "the chintsen, which arc 

painted at Palicol, after designs whicl! are given to the 
painters, wbieb they imitate very well, for the natives 
are so stupid that tbey are unable to 11roduce anything 
original ; but they can imitate and produce a perfect 
copy ; but one chintsen is not always as good as another, 
although both may have been painted by the same 

hand In another passage he says : "They 

have at thiS place four kinds of painters, who have each 
his special duty, connected with the painting establ ish­
ment, among whom the work is shared ; they in their 

turn sublet tbe work to their subordinates, who actually 
do the work. 'l'hese latter are mostly people without 

means, so that, in  order to pay their debts and yearly 

poll-tax, they are obliged to work very laboriously or 
else they would be reduced to beggary. 1<'01' this reason 

more cbintr-es are produced in Pal kol than in the south. 
The painting of chintzes proceeds in the most leisurely 
manner in tbe world, in a manner similar to the crawl­
ing of snai ls, whieh appear to make no headway. Any­
one wbo woul d  represent patience, and bad no other 

model, could use one of the chintz painters of Palicol ." 
The writer in another place has a few l ines describ­

ing the painting process, but it is  so vague and incom­

plete tbat I forbear to quote it. 
In 1777 Abhi' Raynal, who i s  the author of a work 

entitled "Histoi re Philm.;ophique et Politique," says 
alllong otber things : "Quite a colony of Europeans 

of various nationalities are located at Masulipatan, 
'l'hey are engaged ill  the export cotton goods. They 

also buy the painted cottons, which, however, European 

printers have not tbe enterprise to copy. 
"It wil l  be an abuse of the reader's patience to trace 

the slow processes used by the natives of India in tbe 
art of painting these elotbs. They say tbey are due more 
to the antiqui ty of the art than to the fertil ity of their 
genius. There is one thing apparent in this conjecture, 
and it is  tbat they have not advanced a single step in 
the art for many ages." 

I propose at this stnge to introduce the most impor­
tant information we possess of a tecbnical nature on 

the methods adopted by tbe natives. This is to be 
found in certain letters written by a Jesuit missionary 
at Pondicherry, Fatber Cceurdoux, to another Jesuit 
father resident in Europe. They appear in "Lettres 
Erlifiantes et Curieuses," and are dated 1742. Briefly, 

they are as fol lows : 
"Take a lengtb of half-bleached doth and immerse it 

in a bath of buffalo milk to which is added the dry fruit 

of  a lII y rahola ll, r'a l l ('d katIol1, redl1( ·('tI to a litH' llowdpr. 
When the ('[oth i :-;  thoroughly steeped, IY i t hclraw, wring 
and put it  to dry i n  the sun. 'l'he next day l i ghtly lYash 
in vlain water, dry in the sun, and afterwa rds l eave in 
the shade. This intern:d preparation is  followerl by an 
extel'llal one, having for i t s  object the smoothing o f  the 
cloth, so that no ohstrtwtion is offered to the b l'llHh when 
they come to paint. This operation is to folrl t h e  doth 
into quarters or sixths and then beat it  with a smooth 
ll ieee of fiue gra ined circular wood, about the thiekn('ss 
of one's arm, upon anotber similar piece. 'I'his oppra­
tion we know a s  beetling, and imparts to the doth the 
S lIIooth surface so necessary in the overa tion of JWlll ' i l ­

ing or p a inting. The pleats are reversed and the oper­

a tion repeated. Two men, seated oppos ite each other, 
beat the eloth as they think fit unti l  allpea r:mce and 
cX[leriencc lead them to know that it i s  sumcicntly 
pol ished and smooth. 

"The pai nter or artist, having prepared h i s  dlilsign 
upon papel', next bas to tram�j'er i t  011 to the eloth. 

Ill' begins by pricking the main outlines of the dcsign 
with a fine needle, then lays his papcr on t he cloth, 

and passes over it a pad conta ining ehareoal  powder, 
Which, penetrating t!trongh the pricker! holes, hy this 
means transfers the main features of the deSign 011 to 
the cloth. 

"Th is  black is  the first eolor to deal with,  anrI for t h i s  

Inu']Jose I should deseribe i t s  preparation. They COl Il'ct 

a heap of iron fil ings and dross, which they subject to 
the heat of a fire made of banana lea ves-�whieh thpy 
Ill'pfer to any other fnel, preHunll�bly on account of the ir  
reducing action-to reduce any oxirle present. 'Vhen 
cool, the fil ings are placed in a vessel and hot riee­
water l iquor is poured oyer them-it is probable Bmt 
this rice had been hoi led some time previonsly and 
al lowed to ferment anll become acid. The solution is 
then exposed to sunlight, and later the l iquor thrown 
away, and the vesHe! conta i n i ng the iron is refi lled w i t h  

sour cocoanut-tree wine.  The solution thus ohtained is 
aCl'tate of iron. The preparation is again subjected to 

�xvosure in the sun for seyeral days, and is then ready 
for u se in the form of lin i ron l iquor, en I"e heing taken 
not to give an exceRS of iron, which has destroyi ng 
properties. A good black is formed with the tann i n  or 
astringent of the kadou, already applied with the buffalo 
mille 

"Having penci led in the design over the charcoal 
tracing with the iron l iquor, whereyet' needed for blaek, 
the next stage is to subject the cloth to boi l ing  watel', 
to which some of the aRtringent kadou is now added in 
ordc,r to form a good deep blaele '['be n ext  Rtep is to 
prepare the eloth to receive the blue, and f01' this (lur­

pORe it is required to be freed from the a stringent 
a lready nppli ed, by inserting the cloth i n  a maeerat ion 
of goat's or sheep's dung, well wa shing a nrl dl'ying in 
the sun ; fai lure to do this  would cause the blUe when 
dyed to become black. 1<'urthermore, the cloth at the 

beginning was half bleached, and the properties of the 
dunging are to help to whiten the cloth. The beating 
process already explained is repeated very profuRely. 
'I.'he blue is not painted 011 . w ith a brush, but a wax 
I'esist is  painted over the wbole cloth, except only in 
the places appropriated to blues and greens. Liquid 
wax is put on with an iron pencil ,  and when done the 

doth is exposed to the sun and care taken that the 
wax penetrates to the otber side of the cloth. The 
cloth is then sent to the indigo dyer to be dipped. When 
dyed tbe wax must be thoroughly removed by boiling 
(he cloth in water, and when cool the wax which floa ts 
on the surface i s  skimmed off with spoons. 'rhen fol­

lows dunging, hot-water washing with a sort of impure 
soda, or fuller's-earth, renewed steeping in dung, and 
beating about 400 times on a stone. The cloth is then 
strongly wrung out, and left for 24 hours in a macera­
tion of cow's dung, to be followed by the usual wasb ing 
und boiling process. In this way it is rendered ready to 
receive the kadou and huffalo milk treatment a s given 

in the first instance. The cloth i s  again beetled hy 
beating, and in this way is  gradually being prepared for 
the next dyeing operation-that of red. Then it is that 
lYax i s  penci led in, as a resist, on all such places where 
fine tracery of white appears over reds and pinks and 

l i lacs. The cloth is  now ready to receive tbe red, pink 
und lilac mordants, and this is  done by applying Pliny's 
method of painting or penci l ing in the various mordants, 

all(l a fterwards dyeing the whole cloth in a red l iquor 
bath. In this case tbe mordants employed, as deseribed 
by the Jesuit fatber, were drugs composed of alum and 

certain kinds of hard water, obtained in Pondicherry, to 
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II"h ieil would be added japan wood, just enough to stain 

the etnul�ion wilen painting, as alum alone i s  inyh·;jble. 
The plaees on tile cloth for reds would requi re to be 
pH i nted w i t h a strollger emulsion of alum than the 
[ l laeeH for pinks ; while the v iolets would require to be 
painted with a mixture of alum and iron l iquor, eOlll­
[JoHPtl o f  the iron rust and the sour rice-water. 

' ' 'I'he 3 varied mordants having been apvlicd, tile next 

Htpp is to subject the cloth to a severe washing in water 

( wh ich I conclude hnd alkaline properties, beeause he 

rpmHrks this is  the principal  thing in sight, having for 

I t "  ohject, so far as I can j mlg-e, the fixation of the 

Eliumina Hnd iron ) .  Then beat on a stone i n  orrler to 

remove certain of the greasiness occasionetl by the 

buffalo m i lk,  and to prepare i t  to more evenl y  imbihe the 

red dye l iquor, which now forms the next opera t i on. 

Tll i "  bath is made up of tepid.  water with the roots of a 

[I1 1mt cal led chay ( O ldenlandia llrnlJcl'l(�ta ) ,  retlueed to 

a 1J0wd(>l' whieh has been treated with bitter water, and 

w h i l e  the doth now inserted is in the dye l iquor i t  is 

brought to the hoil ; then it is  taken out in order that 

the dyer may remove any Rta i m; or Rplashps or red 

Iv\} ich may be (len'loping in their wrong places, owing to 

the ca releRsn ess of the paintf'rs when applying the mor­

dantR ; for thiH purpose they use lemon ju ice. 'YIl('n 

t h i s  operation i s  <lone t lH'Y return the doth to the dye 

ba th, increaHe tlw hoi l ing, colllpleting the operation by 

a gradun I cooling (lown. After this  the doth is  flub­

j petpd (0 tlw Rame severe t reatlllent of washing i ll yari­

on1-4 bathR of (lung an<1 soap, exvosed to the sun and 

w a t pred o('(':tsiona l ly until the whi tps are a good bleach, 

and the stain from the reds removed from sueh part s  

where i t  is not required. 
"Ypllow has next to be applied, and this  i s  nUl<le Ull 

w i t h  a solution ('olllpri>;ed of alulll, llIyrabol a n  antl t h e  

r ind of l lolllegnl lla te, w h i eh is p a inted or pencile(l oy('r 

p la('pl' where yellow is  req u i red, and also where the 

hlup a l ready dyed is  to be turnpd into green. Tile yel­

lo'y �'ou w i l l  obsNve, is directly applied, and i n  (,OIlRe­

tllll'lJeC is t he weakest of aU t heir colors." 

Rpf()J'(� ('onduding, a word must be said as to the 

I nd i a n  [leneilR.  They are nothi llg more than a s l lla l l  

p ip t 'e  of ba mboo, sharpened and spl it at the end for  a 

diHtam'e of a finger-point. 
T hese letters from l"a ther C(l�u['(loux exh i h it rel llark­

abl e pa t i e1we ; he Reems to lJaye fol lowed every pl'Ot 'ess 

comlllunieated to him by the natives with infinite det a il .  

I n  l'OlH'l udi ng h i s  lettpr he says : "'What I h a y e  to te l l  

I-OU IllV Rev. Father, has been a('(luired from v a r ious 

;)eO;lhytes ski l l ful  in this !'ort of work with whom I 

hn n' cOllverRed since bapt ism. I ha " e  questioned them 

fn'qm'ntly and Rcparately, and the i r  replies I now send 

you." 
A certa in M. Poivre reviewed these letters, and, writ­

ing to J<'ather Cmurdoux, Rays : "Amateurs in the art, 

not calit'O printers, hut a mateurs or beginners, should 

w i l l i ll�ly aeknowledge theRe new d iscoveries, which you 

have heen able to furnish them wit h"-and then, a Rk ing 

for further information, he suggests that : "If you 

could pORsibly divest yourself for a short period of 

you r a postolic zeal, you would render a real service to 

our ('UriCIl.7J i n  IDurope." }-[p ('olleludes h i s  lettpr by 

sa y i ng that "it is surprising that no FJuropeans have 

Rtriven to enrich their country on the subject of an art 

from which much advantage would necrue, and that it 

sl\Ould be the desire of our tra velers, in quitting their 

conntry, not to be forgetful that there are no people 

who are not in possession of some particular art, the 

k nowledge of which would be useful to Europe, etc. ,  etc. 

{Tp to th� present, you, Rpv. Father, and those who work 

a mong the Chinese missions, a re the only travelers who 

have given an example of work so useful .  'I'he pains 

t hey have taken to discover the methodR of the Chinese 

workers of porcela in, the cultivation of the mulberry 

[11\(1 the nurture of the s ilkworm, have meri ted the 

t hanks of all their countrymen ,  whom they have so well 

sP1'I'cd. 'Yhy is  so brill iant an example so l ittle fol­

lowed ?" 
A l tholl�h I lmve been unable to find that these COll\­

llilll\ientions were made pub l i c  t i l l  nearly twenty years 

a fter they were written, we may with safety conclude 

that  eerta i n  printers had the benefit of the information 

imparted by the JeRu it missionary. 

A lthough the letters I have quotpd from li'ather 

Cmurdoux were rendered somewhat incomplete, either 

by rpa Ron of the H indus not underst anding the principle 

l1�derlying the succeSR of the operation of dyeing the 

I'pds or eIRe the difficulty the .Jesuit father would have 

i n  interpreting their description o f  the procesRes, the 

general opcrntions were undoubtedly of �reat service 

to the eal i co printers of FJurope, as is evinced from the 

llianv text-books on the industry publ ished between the 

year� 1 760 and 1 S00. Furthermore, the general opera­

tions formed the Iwy to the process of madder printing, 

and, as madder WfiS known in FJurope at this period, this 

,yas the dye root llRed by European printers and dyers 

in the place of the Hindus' chay root. 

T hus it will be seen how important a part does chem-

istry play in the prodllctioll of these Indian painted 
cottons, and one might well ask, how eame the natives 
of 1 1\(1 i a  to possess the knowledge of the a r t '!  'Yere the 
secrets IlH1Hletl down to them from father to Hon, t hrough 
those 20 centuries o f  civi l ization which are credited to 
them ? Or was the art originally acquired by "�onw 
lueky chance, or from a sl ight and contemptible begiu· 
ning," or have they "by l ong experience and curious 
observations and various improvements, matured and 
hrougllt the art to perfection" ? 

'Yhatever the beginning, eertain it is that the a rt since 
evolved step by stell in  the manner recorded by the 
observant Jesuit father no longer exists ; iu fact, the 
IIil](lu dyer an(l printer to-day is entirely dependent on 
synt\l('t  i c  dyestuffs. 

From the eOlll m u n i <-ations I have quoted, no less than 
2G spparate oper a tions fi t least were neetled to complete 
a ehi lltz cloth, elllplo y i n g  i n  its production a comple­
ment of sueh colors a" h lack, red, pink, blue, green, puce 
a11(l yel low, all (l t l l i"  whatel-er s ize the pi eee of doth. 

The spe(' i a l  feat ure i ll their produdioll which must be 
emphnsi;r,ed i s  the fad that they were produced by the 
method techn ical ly  known among text i le printers as 
1 l l:ltlde1' pri nt i Jlg-, aIHl a lthough the process was a long 
opera tion,  the colo)'s Pll l p loJ-etl were few, a nd no modern 
Illethod of print ing i n  lli reet ('olors can protluce them, so 
fnr ns I am able to judge, EO fine, so sol id, and so 
beauti ful.  

I t  wiI I  now he i llY TJ l11'[lose to trace the influence of 
the Indi :m methods of ca l i co pa i n t i n g  011 t h e  p r i n t  in· 
dustry of l�urope a t  the pNiod under review, and in 
(!ea lin .� with the word "pa i nt i ng" I :-;houl<1 i nclude print­
ing as wel l ,  for a lthough I have no specimen of these 
pri n t pd goo(ls, we may :-;afely conclude that the early 
('olton prints of two or three colors, particularly of 
sill a l l  rppeats i n  the dm;ig-ll, which came to Europe 
through the a gencies of the various East Ind i a  Com­
p n n i ps, were pro(}ueed hy hloek printing. Furthermore, 
it should be noted that in the Middle Ages the industry 
was wPlI estahlished throughout Asia Minor, where it 
is said to haye been introdueetl from India by Arme­
n i a n s  an(l G reeks. This I consicler very probable,_ be­
cause Asia Minor offered eyery opportunity for a calico 
print country ; it possesses its own eotton, alum, madder, 
�'eI low berries, pomegranates, galls.  and other dyes. 
Furthermore, the Armenians were among the more im­
pOl·tant traders of the foreign communities in Madras, 
Cnl ieut, Masulipatam, Guzerflt, Ormuz, and other places. 
I II the l iterature of the Levant, in the Middle Ages, and 
also a mong the records of the Dutch and FJngliRh East 
I lldia Comp:llliel', one is  constantly coming across these 
traderR, the fol lowing being a typical case taken from 
Mr. li'oster's work on the I'�nglish factOl'ies i n  India. 
Henry Bamford records an account o f  his  journey from 
Agra to Tatta Mar, 1 G3!l : "Agra is l ittle frequented un­
less by Armenian and Persian merchants, the commodity 
thnt took them there bping only chintz, which arc here 
made i n  g-ootl quantities, well colored, in appearance 
l ittle inferior to those of Masul ipatmn, all of which 
commodities arp hy the Persians and Armenians trans­
ported to Spahan, and otlwr parts thereabouts by the 
\Yay of Candahar." 

In l ike manner the Greeks introduced into Europe the 
Turkey-red llrocess of dyeing, brought originally from 
Indi a ,  and in this  way we may readily understand the 
possibil ity of the art of printin� filtering throug-I! Asia 
M inor westward into Europe, throug-h the mediulll of 
the Armen i ans anel Greeks. The opening up o f  the East 
Tndies round the Cape in 14!lS would introduce a num­
ber of new dye products, and with them came also 
information as to their metho(ls of use,  which we may 
surmise were treated as trade secrets and not published 
to the world-ill fact, there are indications in the com­
I l l llnicatioll s from the .Tesuit fathpr that such was the 
('aRC. 'Ye m flY also belieye that among the first to com­
mun icate the proeeRses would be the Dutch, for I find 
t lJa t among the earliest text-books are those of Hol­
Itl lld. 

As to FJIlg-Iand, T find that in 1(l1!) a special privi lege 
was granted to George 'Yood for 21 years, who has found 
" a  wai e  to p1'inte  upon lynn en doth."  This process I 
regard as printing in o i l  or pigment color for wall deco­
ration, and my reason is that there is  evidenee that the 
earlier printings in FJngland, Germany and Franee were 
su('h. 

There are also the fol lowing- letters patent-in 1 624, to 
Will i a m  Shipman, "sowing, sel l in .� and planting of the 
I}prll he, roote and plant called madder." 

1G7fi, Will Sherwin, "new and speedy way for print­
ing- hroad doth, being the only true way of Flast India 
printing and stayneing sudl k i nd of goods." 

1 7] G, Peter Dubison, "printing, dyeing, or staining of 
cal icoes i n  grain," which "shall  equal if not exceed in 
hpauty and use those stained in the Indies."  

I think we may take 1 676, which was the date of the 
pntent to Will iam Sherwin, as about the time to fix the 
date when the fl rt of printing was introduced into Eng­
land, Sir Josiah Child, a director of the E. 1. C., in a 

pamphlet published in 1677, mentions that goods then 
coming over frolll I ndia were for the purpose of being 
[Jrinted upon in imitation of I ndian chintzes. 

More (1ireet evidence gives ] HUO as the date of the 
fin;t printing factory estab l ished ill ICngland, at  West 
�lleen, now known as the Old Deer Park, Richmond, 
and about IGO feet from the 'l'hames. It is  sai d  to have 
he('ll started by a J<'renehman who came over from HoI· 
land, where he had taken refuge after the revocation of 
tile ediet of Nantes i n  ](;8G. A l a rge number of persons 
were employed at this establ i shment, both male and 
fema l e. It  is recorded that they wpre "a sa uey and 
independent lot ,"  and that IUehllloll(l was overrun by 
the ca l i co printers, 

Yery soon after the lliclllllond pstabl i Hhment, we find 
a considerable printing work s b('ing carried 011 at Brom­
ley Hal l ,  on the Lee ill I'Jssex, followed by many others 
011 the outlying streams arollnd London. 

'Yhprever there is good water and an abhr!Y, there 
would a l so be found the w h i t8tel' or bleacher, to be 
fol l owed by the cal ico printer. 

I fintl reeonls of llrinters at Wa l tham AhllPY, Merton 
.\bbf'Y, :\litchnm, 'Yandswortll, IH lelVorth, Lewisham and 
Cl'nyford. 

The new i ndm;try of eali('o pr i nting was j ust growi ng 
in i lllvortanf'e, alltl haa "taken on" ; the dlintzpH pro­
dllced by Ollr peovle were for 1 he home t r:u1e as \Veil as 
for eX11ort. 'l'he i]](lustry Iya H  en('ollragrd fllrthe1'll1Ore 
by the prohibition i n  1700, by Ad of Parl iament, of the 
import ation of the real artiele from I n d i a .  This  Ad 
of 'Yillialll I I  r .  was intendetl to proteet the 1GngI ish 
woollen and silk manufact urers fro III the competit ion of 
Indian goods. 'I'he weavers .had all a long mall i feRtpd 
the greatest hostil ity to the use of  pri nted eal icops from 
t i le ICast. In the year 1(;80 th('y moblwd the I n d i a  
lIouse, in reyenge for some large i lllportationR then 
m ade of the ehintlr.es of Malabar. In spi te of the pro­
h i hi tion and the exeessiye penal t i es of £200 illlpOSP(\ on 
smuggl i ng, the importetl goods found the i r  way into 
the C'onntry. Fashion had to be grati tietl, and the 
greater the restrictions the llIore determined were the 
ladies to have their own way. 

'J'he Act o f  1700 did not preclude the p l a i n  doths of 
India from being admitted into the pountry, 1ll](ler a 
duty ; t o  which was imposed, in 1702, a n  exeise tax of 
:\(1. pel' square yard on all home-made printed ea l i ('ops, 
a fterwards increased in 1714 to 6d. [Ier yar(l. I n  spite 
of all  these taxes our peo11le had bpcollle accustomet! to 
the lise of printed calieoes ; they were cleaner, offered a 
greater choiee for the WO!llen of this country, they madc 
da inty �a rments, and it is natural that the preva i l i ng 
kerseys, serges and cam lets, which formed the staple 
goods of th e  country, would suffer. 

A new alarm was raised among the manufnctllrprs, 
with the result that the legi slators of that day, intimi­
tlnted as would appear by the l�ast Lon don mohs, 
P!laded in 1720 an absurd and summary law prohihiting 
the wearing of al l  printptl cal icoes whatsoever, p i t  her 
of foreign or domestic origin. The enaetment proyed a 
t e!Tible blow to the rising indllstry in thnt it  eonfined 
the operations of the printers to the print i ng of l i nens 
awl C'loths with a l inen warp and mtton weft. 

'1'he business continued to flourish though i n  a lesser 
degree, and wa s ca rried OIl almost exC'lusively in the 
suburbs of London, t i l l  a ftcr the middle of the e ig-h­
teenth century, when a greater commercia l  revolution 
was in progress-that of Arkwrig-ht·s spi nn i ng jenny, 
amI \Yatt's improvement of the steam engine. Gradua lly 
i t  had the effect of driving the industry to the North, 
to cheaper fuel centers, where, in conjunction with 
cotton-spinning and weaving, that new and bril l iant era 
of machinery was in store for this country, which in 
time gave greater scope to tllP activities of the rifling 
gcneration of ealieo printers. 

About the period of 1714 to 17r.o our p1'i ntel'H had 
reaehed a degree of sn('ll excellency m; to mPl'it the 
praises of .Jean Rhymer of Rale. He wrote a very 
valuable record of the earl ipst days of cal ico printing 
in Bale, and bought Ind i a n  g-oods in Holland and gng­
laml, to be a fterwards printed by himself in h i s  own 
eO\mtry and by others ill Hol l and. He waR of al l  men 
eminently qualified to judge, and his testimony I regard 
as mo�t interesting, as it helps to place this country in 
the foremost position as printers at about the time he 
wrote. Among other things he says : "It was only at 
Npuehatel that the printers songht to combine glory w i th 
profit, and to make goods imitating the lilngl ish and 
Indian prints.  Now the Engl ish had closely followed 
the Duteh in printing, and soon surpnssed the i r  teachers 
in excellency." I n another pasRage he says : "It was 
reserved for the English to attempt an imitation of the 
best Indian work in prints, and to arrive at a degree of 
pt'rfection which no one would have thoug-ht possible. 
All the world knows thi s  people, whose industry and 
plodding patience in overcoming every kind of difficulty 
exceeds all imagination. This nation cannot flatter it­
self with having made mllny discoveries, but it may 
glory in having perfected all that has been invented by 
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others. Whence the saying t o  have a perfect thing I t  
must b e  invented in ]j'rance and worked out I n  England." 

Turning to France, the influence of these I ndian goods, 
to which must be added the gradual creation of a new 
industry, led to chaos and much disaster in the history 
of that country. At that period, viz., at the middle of 
the seventeenth century, texti le printing was not known 
in France. I gather from certai n  writers that some 
such industry existed in the Middle Ages, but as I am 
by no means satisfied as to the style of work it may have 
been, I will refrain from offering an opinion. Whatever 
the process, it is evident it was very limited in palette 
of colors, and that l i ttle by l ittle the industry sank into 
oblivion. The real article from India appears to have 
revived the ancieut industry, and many works and small 
ateliers, I read, were installed throughout the country, 
encouraged by Colbert, the Minister of Finance. The 
production in tlle early stages of the revival in no way 
resembled the real article, though they bore the name of 
l ndienne. They were in the most part, so far as I can 
gather, printings by block and paintings by hand on 
yarious fabrics in pigment colors, j ust as one would 
print in these days upon wall-papers. 

It is very clear that whereas our printers in the early 
days of the industry, 1690 to 1720, were printing on tlie 
l ines of Indian methods, the French had not yet acquired 
any of those processes known as the madder style. It is 
the more remarkable, and makes it difficult for me to 
comprehend, how such faked goods, plus the importations 
of the real goods direct from India, and also through the 
intermediary of the English and Dutch Companies, 
could poss ibly upset the equil ibrium of France's national 
industries. That they did is  certain, and to such an 
extent that one writer, l'Jdgard Depitre, says, in the 
preface of his work entitled "La Toile Peinte en France 
au dix-septieme et dix-huiti�me si�c1es" : 

" So  much was written in the seventeenth and eigh­
teenth centuries on the subject of toiles peintes as on the 
subject of cereals, that it occupied the central authori­
ties, and inflame d  the people ; for three-quarters of a 
century it remained establ ished a burning problem and 
created lively discussions ; it was the object of  two 
edicts, and some 80 decrees in council ; at one time it 
became a state question ; i t  divided France into 2 camps, 
gave birth to an abundance of literature, provoked pas­
s ionate controversy, in which the best-known economists 
of those days took sides. It was, in fact, a question, 
furieusement historique." 

The question is interesting and requires that I should 
review the situation. Already in 1664, when the 
F. E. I.  C. was founded, instigated as I have said by the 
Minister Colbert, the real goods were well established on 

the market. The French, we must understand, were in 
those days, as we know them in our time, the leaders 
of fashion, and the effect of these Indian goods having 
become not only universally fashionable, but also a 
necessity for purposes of decoration, the national indus­
tries of France suffered in consequence, in proportion to 
their export as well as to their home trade. 

In 1683 the return_ cargoes of the F .  E.  I .  C. comprised 
mostly toiles peintes and plain cottons, and produced 
£ 1 ,500,000, the company gaining 300 per cent. From 
1675 to 1684 8 vessels returning to France with cargoes 
costing £1,87'0,000" realized in France £4,370,000 ; these 
toiles peintes being the most profitable of the company's 
imports. Already the silk and wool weaving Industries 
had been provoked to great hostility, and now the article 
of another country ( which in no way was reciprocal in 
its trading)  had usurped, as it seemed to the French, 
the i r  prerogative of supplying goods of fashion, and 
robbed the country of an export trade which had hitherto 
added to the national wealth of the country ; further­
more, the importation of the Indian goods through the 
Engli sh and Dutch East Indies Companies aggravated 
the grievances. Drastic measures had to be taken to 
curb the increasing d iscontent of the manufacturers. 
For a long time past rel igious persecutions had pre­
cluded many skilled Protestant workmen from pursuing 
their regular vocations. It  would appear that, in conse­
quence, they occupied themselves in this new industry 
of printing Indiennes, which I have no doubt was not 
included in the barred occupations. 

But a more severe blow was struck at the industry 
when, in 1685, the Edict of Nantes was revocated, since 

this industry, l ike so many other industries, was in the 

hands of the Protestants. 

Notwithstanding the latge exodus of workmen created 

by this enactment, it failed to improve the situation 
and when at this period, on the arrival of a vessel at 

Rouen laden with large quantities of toiles peintes, the 

sale of home-made serges suddenly ceased, and other 
measures had to be devised, and so a double decree was 
passed prohibiting the importation of all real Indian 

printed and pa inted goods, and also the production of 
all home-m ade prints, whether for wearing apparel or 
for decorative purposes. The decree further enacted 
that all printers were to cease work ; printing blocks 

and all apparatus connected with the industry were to 
be destroyed. It also prohibited, under severe penalties, 
the wearing of chintzes. 

The " Indiennes, " as forbidden fruit, became the pas­
sion of the better class of women. They openly defied 
the l aw by establishing clandestine depots for the sale 
of these goods at Versailles and at  Fontainbleau to serve 
the Court. The w ives of Ministers who were expected to 
carry out the edicts were the fi rst to break the law and 
wear the toiles peintes. Madame Pompadour, the Court 
favorite, furnished a chateau at Bellevi l le  with the 
contraband goods. The war lasted 73 years, and much 
property was destroyed and dire punishment enacted ; 
but fashion in the end was the winner. 

During all these years of inertia as calico printers, 
]j'rance had been slowly coming to the front as wool 
printers ; and later, when the government real ized the 
uselessness of the struggle and decided in 1759 to annul 
the prohibitions, she was ready to take her place among 
the foremost calico printers of Europe, basing her work 
on the processes of the Hindus, and reproducing the 
designs of Persia and India. Very soon a hundred works 
were to be counted throughout the country, the best 
known and the one whose name was printed on the 
toiles peintes being that of Oberkampf at Jouy. 

In Germany, in the seventeenth century, such printing 
as existed in that country was by block with pigment 
colors mixed with oil ; gold and silver were also used. 
They printed on linens and pile fabrics for decorative 
purposes. The type of designs seems to have been Gothic 
and Byzantine. Owing to the strongly establ ished Ger­
man weaving industry, there does not at this time appear 
to have been a call for prints for wearing apparel. '1'0-
ward the end of the seventeenth century Engl ish and 
Dutch prints began to be imported, and they threatened 
to swamp the German productions. About 1690 Neu­
hofer, a printer of Augsburg, seeing that his styles were 
being pushed aside, went to England and Holland to 
learn how printing was done in those countries. He eame 
baCk, and after a certain amount of initial di fficulty and 
oppOSition from the dyers, he made a success of these 
new methods and built up a large industry. The -dyers 
opposed him when they saw that dyeing ( madder dye­
ing ) was part of his process ; they said that he was 
infringing on their privileges. After him a great number 
of other concerns got to work on this, to them, new 
process of printing fast and washable colors. In 1750 

Schijle, the most important of the Augsburg printers, was 
printing on cotton all  manner of madder reds, browns 
and violets, on white and colored grounds, and he im­
ported large quantities of cotton piece-goods from the 
East Indies via Holland for printing on. This incurred 
trouble from the local weavers' union, which brought 
legal proceedings against him . 

I must now close my story. The subject covers a wide 
field with most interesting matter, which cannot be told 
in the short time at my disposal.  I must, however, ex­
press a hope that some native student of India, prefer­
ably one interested in dyeing and conversant with the 
l iterature of his country, wil l  make an investigation of 
this subject and place upon record ful l  descriptions of 
how the natives of India came to acquire the methods 
recorded by the Jesuit fa ther. 

A Possible Substitute for Jute 

JUTE is the most widely used material in th€' world 
for making the sacks for packing cotton, sugar, coffee, 
grain, wool , etc., and m ost of it comes from India, 
which is said to export over a billion yards of jute 
cloth each year and over a third of a billion bags mad€' 
of the material. Besides this India also exports a bil ­
lion and three-quarters pounds of jute yarn, not to speal, 
of the raw jute for manufacture elsewhere. So far 
there has apparently been little effort made to find a 
substitute for j ute, as its cost has been regarded a s  
fairly satisfactory. Since the commencement o f  the 
war, however, the price of j ute has gone up, and con­
sequently substitutes are being sought, with the result 
that it has been · found that Cuba has a plant of con­
siderable promise. This is known as "Malva," here­
tofore considered as a weed, that grows wild in many 
parts of the island. There are eleven species of this 
plant known in Cuba, but the one that is considered 
the Dest suited for the production of textil e  fibers is 

known as "malva blanca," and it has of late been culti­
vated to some extent. Malva sometimes grows to · a  
height of twenty feet, hut averages from six to ten 
feet in height, with a stalk ranging from half an inch 
in diameter to three times that size The fiber is con­
tained in the bark, that of the young plant containing 
a single layer, while older plants may contain as many 
as eight layers. This fiber is equal in strength to the 
Indian j ute, but much finer, and more resembling flax, 
and it is therefore believed it will be found useful for 
rope making as well as  for bag fabric. 

Increasing the Yield of Toluol 
IN the Journal oj Gas Lighting ( English ) ,  Mr. G. 

Stevenson gives the result of experiments for increasing 
the yield of benzine and toluene at the Long Eaton Gas 
Works. With coal a l one, 1 ,563 pounds of benzine and 
0.941 pound of toluene was obtained. When 5 per cent 
of limestone was mixed with the coal the amounts were 
increased to 2.941 pounds of benzine and 1.409 pounds 
of toluene. 
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