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Astronomy For 1915* 
A Review of the More Notable Events, and Work Accomplished 

By P. Puiseux, of the Paris Observatory 

1. INSTRUMENTS AND METHODS. 

THE faint stars which constitute a vast majority of 

the heavenly bodies visible to us were, for excellent 

reasons, neglected by early observers. Even yet we 

know but little of their physical states. Nevertheless, 

these stars are of ever increasing importance in 

science, since it has been recognized that they de­

termine fixed directions in space. Their study is essen­

tial to verification with any degree of vigor of the 

principles of dynamics and the laws governing the 

propagation of waves, as regards both improvements 

In statement and investigation of consequences. The 

further we wish to extend these brilliant conquests. 

the more we are brought to feel the necessity of rely­

ing upon the large number of stars which we knOw 

certainly to be without proper motion. The catalogues 

compiled during the past century at the cost of such 

severe labor must be considered insufficient. Neither 

the meridian circle, an instrument extensively applied, 

but of small returns, nor the int�rnational photo­

graphic map, an enterprise on a grand scale but whose 

completion is still remote, begins to satisfy the im­

patience of astronomers. The search goes on for 

llIore expeditious tools, for reflectors permitting the 

comparison in a single field of widely separated stars, 

for lenses capable of photographing at a single ex· 

posure and without deformation a considerable part 

of the sky. 'l'he reflector systems proposed at various 

times seem to have remained in the domain of theory; 

but the photographic couple of two groups of lenses 

studied by Schlesinger has had an important appli­

cation, pursued by the combined resources of the Lick 

and the Alleghany Observatories. In a field of four 

degrees radius, within which are always found a suf­

ficient number of well defined stars, the clearness of 

the image is such as to assure a precision equal to 

that of the best meridian observatories; and the work 

can be conducted with considerable speed.' 
Is is possible to increase this clearness still further, 

with perhaps some small sacrifice in the number of 
stars registered in a given time? This result is at­
tained by Kapteyn, who places the plate to be measured 
beneath a developed plate of the same region of the 
sky, exposed with the same adjustment of the telescope, 
but with a different focus. Each star is then shown 
upon the screen by a tiny circle whose blackness is 
llroportional to the intensity of the source, and whose 
sizes upon the second plate are practically equal. 

Then, too, liquid collodion may be used to ad­
vantage, after Knobel. The sensitive plates prepared 
with gelatine, which are generally adopted for the sake 
of economy and speed, do not give such fine, homo­
geneous structure as the older process. Knobel is 
anxious to !!ee the latter restored to its place, especially 
for photographing the details of the solar corona.' 

The progress, realized and anticipated, in celestial 
photography has not arrested in any way the efforts 
to eliminate slllall errors in meridian observations. 
The use of movable threads with automatic register of 
position, and that of screens to obscure the brighter 
stars, are seen more and more in practice. But a dis· 
cussion by Thackeray has shown that even for a merid­
ian circle laid down and usen with the most extreme 
care, as that of Greenwich, the coefficient of flexion 
can vary notably from year to year.� 

The constant of aberration which enters into all ob­
servations of stellar positions, has been newly determ­
Ined by Jones,' making use of a telescope floating upon 
mercury. The value found, 20.467 seconds, justifies the 
decision of the International Oonference in 1896. Even 
though the solar parallax is obtained by another 
method with greater relative precision, the method 
followed by Jones, and of which application is still 
under way, rp.tains a degree of interest as furnishing 
a value for the velocity of light in interstellar space, 
and information regarding latitude variation. 

It is proposed by de Sitter to determine the con­
stant of aberration by choosing four equational stars 
separated by intervals of about ninety degrees, com­
paring two consecutive arcs on the same night by aid 
of two fixed telescopes installed in the horizon and 
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facing a fixed mirror. and combining foul' measure­
ment!! of this sort effected at intervals of three months. 
The hope was held that elimination of the inevitable 
causes of error-refraction, annual parallaxes, proper 
Illotions, instability of apparatus-would be better ef· 
fected by this method than with the system of multiple 
mirrors, already proposed or employed for the same 
purpose.' 

In various connections the desirability has appeared 
of identifying the gravitational attraction with some 
other physical force, and of assigning to it a mqde and 
a velocity of propagation. Experiments directed toward 
this goal have not given the hoped-for results. But, 
according to Eddington, it would be wrong to give up 
ultogether effort in this directlon. to recognize definitely 
the relation involved 

'
by this force as intangible, or 

Its transmission as instantaneous. So there is nothing 
to prevent the supposition that in an intense gravita­
tional field the progress of light waves is impeded. A 
favorable occasion for the verification of this hypothesis 
would be presented by an occultutation occuring dur­
ing a total eclipse." 

II. STUDY OF STARS AND NEBULAE. 

Is it possible to assign a center and bounds to the 
universe of stars, as we are accustomed to do without 
scruple in the case of the solar system ? This great 
problem has been much debated. W. Struve and J. 
Herschel held opposite positions with regard to it. 
More thal1 ever we may say that discussion of the 
question is in order, and that the affirmative reply of 
Herschel is visibly gaining ground. '1'0 the existence 
long ago observed, of a rough plane of symmetry 
marked off by the Milky Way, may now be joined 
other indications: the sharp limitations upon the mem­
bership of certain spectrum classes, such as the helium 
stars, the rapid diminution in numbers of the stars of 
Ultimate magnitudes accessible by photography, the 
existence of a region of maximum density in leaving 
which we find the mean interval between the stars in­
creasing, the direct correlation between the total ve­
locity frnd the richness of the spectrum in lines of 
ubsorption, the inverse relations between the radial 
velOcity and the galactic latitude, between total veloc­
Ity and mass, between velocity and absolute bright­
ness, the preference less marked of the stars for a 
particular direction as we advance in the spectrum 
series. 

Such an accumulation of probabilities falls little 
short of the value of a demonstration. The relation 
between the velocity and the absolute brightness, less 
easily exhibited than the others, is now placed upon a 
firmer basis of fact by the recent labors of Adams.' 
These justify the attempts of Turner and Eddington 
to relate the general movements of the stars to New­
ton's Law. There are so few stars, relatively, whose 
mass is known that we can say nothing of the field of 
force determined by them. However, the present state 
of knowledge of velocities, if we speak only of those 
stars whose proper motions have been determined, is 
not too tenuous for us to verify that Kepler's Law 
holds. Eddington, enlarging the concept of Laplace, 

has undertaken with a degree of success to define the 
simple distributions of matter from which would nec­
essarily be derived a universe, perhaps not identical 
with ours, but at least analogous to what we see. The 
hypothesis of complete spherical symmetry is the most 
convenient as a point of departure for calculation; but 
it is far from obligatory, and, in fact, there is found 
a certain advantage in introducing at the begiuning a 
flattened form and a general rotation. In any event, 
a species of organization in time takes the place of 
the amorphous state assumed at the debut of the uni­
verse, and collisions, it would seem, should be too in­
frequent to give rise to confusion. 

But the chances of collision would be greatly aug­
mented if the major part of the cosmic matter, instead 
of being assembled into bright globes widely separated, 
were distributed more evenly in a dark state. Linde­
mans claims that the latter is the case, basing his 
opinion upon the obscure appearances of temporary 
stars. This phenomenon is altogether too frequent to 
be attributed to collision between bright stars. These 
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views, if alTPllh�t!, wu ult! lllaee, un an average, in a 
given space, four thuusand tillles as Illany dark stars 
as visible ones ; and according to Lindeman such a 
hypothesis clears up more difficulties than it intro· 
duces. King> is led to a conclusion even more sur­
prising in inquiring what quantity of fine particles 
would have to be diffused uniformly through space to 
produce the illumination obscured in the nocturnal sky 
-an illumination feeble, but still too great to be ex­
plained on the ground of direct radiation from the in­
visible stars. He finds that this attenuated matter 

would have an aggregate mass one hundred thousand 
times as great as that of all the known stars com­
bined. But this figure may be regarded with suspicion 
since it is entirely possible that the reflective par­
ticles are notably more numerous in the neighborhood 
of our globe than in interstellar space. I<'inally 'l'urner, 
analyzing the zones already published in the astro· 
graphic catalogue, remarks in certain regions of the 
sky a pronounced deficit of feeble stars, and draws the 
conclusion that there exist local dark veils, particularly 
unfavorable to the perception of remote stars. Such a 
veil would outline a spiral analogous to the Milky 
Way, but of altogether different position.1• 

The attraction of these incursions, necessarily haz­
ardous into the domain of the invisible, should not be 
allowed to induce neglect of the information to be 
derived from a study of the bright stars. One here 
feels himself upon more solid ground; but to effect 
any progress in a field already so well explored, it 
is necessary to call upon the resources of the most 
delicate physical experimentation. 'l'he annual paral­
laxes determined photographically by Davidson and 
Slocum with the great refractors of the Yerkes and 
Greenwich observatories are in this connection models 
whi�h it is easier to admire than to imitate. W. Cob­
lentz has succeeded in imparting a sensitiveness truly 
prodigious to a thermo-electric couple of bismuth and 
platinum placed in a vacuum. The number of stars 
whose calorific emission can be measured in the Cross­
ley reflector of the Lick Observatory is greatly aug­
mented by the use of this. It is established that a red 
star represents a source of energy averaging from 
two to three times as powerful as a white star of the 
same magnitude. From Coblentz's observatories, Burns 
and Merrill deduce for the temperatures of the stars 
figures running from 2,500 to 8,000. degrees, and not· 
ably less than the values suggested by study of their 
luminous intensities. 

Photometry is still the favorite field of activity for 
a number of skilled specialists. Sea res, by a long pho­
tographic exposure through a yellow screen, has de­
termined the place in the scale of magnitude of stars 
one hundred million times less bright than Arcturus; 

. 

it is a remarkable feature of this process that the last 
minutes of exposure always contribute less to the in­
tensity of the final image than do the first. Stebbin'!l 
has continued his use of the curious properties of 
selenium to betray minute variations in brightness. In 
the case of the star Orion, a part only of the temporary 
obscuration can be explained by the passage of a satel­
lite; and the duration of the eclipse affords, as already 
was shown, an upper limit for the density. In this 
as in many other analogous instances, the density ob­
tained is low in comparison with that of the sun; and 
this circumstance is sufficiently general to lead us to 
regard the sun as an abnormal member of the star 
aggregate. These low densities can be admitted with­
out much difficulty so far as the white stars are con­
cerned, for these may be considered as still undergo­
ing contraction. But it is more surprising in the case 
of stars whose spectra are entirely similar to that of 
the sun. Perrine concludes that, if a maximum of 
characteristic light is noted, it would be advisable to 
abandon the explanation by means of eclipse, subject 

likewise to other drawbacks, and consider the variation 
in brightness as due to physical changes affecting a 
single one of two associated bodies. This would in­
crease in luminosity by discontinuous increments, just 
as do certain comets when close to perihelion. H. C. 
Plummer attributes the phenomenon, in the case of a 
variable of short period, rather to the pulsations of a 
light-absorbing layer in the star.n 
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The powerful spectroscopes installed at the Lick 
Observatory have notably increased the list of nebulae 
to which we can assign a radical velocity. It appears 
pretty well established that small or regular nebulae 
are in general of more rapid motions than the ex· 
tended nebulae, more mobile even than a majority of 
the stars. For the spiral nebulae, which are regarded 
as foreign to the �Iilky Way, the velocities found are 
t'xplaint'd in good part as apparent, due to a general 
translation of the galactic system. 

III. STUDY OF THE STARS. 

In view of the imposing array of established statis· 
tic's which have been collected over such a long spaee 
of time, and upon a uniform plan, the observations of 
solar activity gathered in a single year have but 
little weight. They suffice, nevertheless, to show that 
the solar meteorology is as little amenable to mathe­
matical formulae as is that of the Earth. In spite 
of an enormous expenditure of money and of labor, 
the success attained by Schwabe more than half a 
century ago remains an isolated one. 

In the Spring of 1915 there was a recurrence of the 
great depressions and protuberances which came pretty 
close to the generally expected maximum. The relative 
calm which reigned during the last months of the year 
was quite unlooked for. The passage of the numerical 
preponderance to the southern hemisphere tends to 
create the belief, in accordance with past experience, 
that the maximum is already attained, often an in­
creasing phase of notable brevity. But on the other 
hand the latitude distribution of the protuberances 
was, toward the end of 1015, almost the sallle as in 
1003, two years before the maximum of the last eleven 
year cycle. Butter has had the good fortl1l11� to catch 
photographically an arch that was dissipated in Ie:,;:,; 
than a half hour, after having attained an altitude 
equivalent to a quarter of the sun's diameter. 'rhe 
phenomenon seems to have had some connection with_ 
a cloud of flocculi, but not with the visible depre:,;­
sions. 

'l'he diagrams and Illllllerical tables established by 
the work of several suecessive years eliminate tem­
lJorary irregularities and permit the drawing of 
more general conclusions. 'I'lwse discussions have 
usually been conducted in >iuch a way as to 
throw light UlJon the correspondence between the 
solar activity and the terrestrial magnetism, the latter 
itself recapitulated in a form to eliminate the per­
tUbativp influence of the season. According to Maun­
der, the list of magnetic pertubations observed at 
Grpenwich from 1!)04 to HJl3 indicates, for that period 
as clearly as for preceding ones, a tendency of the per­
turbations to repeat themsplves after an intprval equal 
to a synodic resolution of the sun. The stUdies of P. 
Cortie, pmbracing the twenty-five years from 1889-1913, 

show that the equatorial sun spots disturb the mag­
netic npedle more than do those of high latitude. The 
strongest perturbation of the present cycle, occurring 
on June .17, 1015, accompanied the conjunction with the 
Earth of an equatorial spot, which itself was of ex­
ceptional character. Of the three strongest magnetic 
perturbations of the year 1D14, two accompanied the 
passage across the solar disc of the same spot, the 
largest that had been seen since 1D10, while the third 
was contemporaneous with the passage of another spot­
ted region, diametrically opposite the first." 

The study of the sun's rotation, by means of a COlll­
parison of the spectra of various points of its edgp. 
calls for delicate obsprvation and minutp calculation 
above all, when no hypothesis is hpld in advance as to 
the distribution of velocities. It need oceasion no as­
tonishment that these investigations in general extend 
only over short intervals and see the light of day only 
after the expiration of a good long time. From the 
plates of June, Un1, Hubrpcht has found13 that the 
two hemispheres, north and south, do not turn to­
gether, and that the angular velodty, instead of dp­
creasing uniformly from equator to pole, prespnts a 
minimum at a high latitude. These condnsions, as 
Fowler has remarked, agree poorly with those derived 
at other obsprvatories, notahly at thp Lick by Adams 
and at Ottawa by Plaskett. To be snre, the intervals 
of time considered were not the same; but it can 
with difficulty bp admitted that even the superficial 
rotation has changed its place in so short a time. 

The Tower TeleSCOpe at Mt. Wilson, under the hands 
of Adams and Saint John, has brought about the reali­
zation of an advance in the spectral study of the ex­
treme edge of the sun. These observers have succeeded 
in bringing out, under ordinary conditions, more of the 
hright lines than ,it has heretofore been possible to 
distinguish in the spectrum of a total edipse. Com­
pared with the corresponding J<'raunhofer lines, these 

12JllflUtlt111 NlIt1{',C8, LXXV, 4Hn. 
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present a very slight divprgence, easily explained by 
the varying elevations of the layers of vapor above the 
photosphere. Julius prefers tn call upon the anomalous 
dispersion noticeable when twn radiations of different 
ehemical origin are registered in close proximity in 
the spectrum. But it is doubtful whether in doing this 
WP call free thp measurements from every systematie 
muse of error. Albreeht has called attention" to cer­
tain fuets favorahle to this explanatioll, anll pstilllates 
at half au atlllosplwre tlw vre;,;snre iu the rever>ipd 
layer. 

The efforts of Hale and Bailcock to verify thp Stark 
pffeet upon thp liues of the solar spectrum have giVPll 
little :,;atisfactiou. It appears that the intensity of the 
eleetri<- field must be very feeblp on the level of the 
HpotS. Zeeman's phenomenon of the shape of the spots 
is comparatively easy to verify. It has been noted 
often enough that these are associated in couples par­
allpl to the equator and of opposite magnetic polarity 
If this eoupling be interpreted as indicating a local 
vortex of electrified matter, it is significant that the 
sen"e of the rotation, opposite on opposite sides of thp 
equator, is a second time reversed at high latitudes. 

Yarious detailed examinations of the photographs of 
tllp total eclipse occurring on August 21, 1D14, have 
hut reeently seen the light. The more obvious feature;; 
of thp corona are rpadily rpcognized, after P, Cortie, 
as a somewhat divergent cluster of jets, each in the 
form of a conic section, and all issuing from the same 
disturbed area. 'l'he new line noted in the red portion 
of the spectrum of the corona exhibits a displacement 
which, according to DosIer, may be taken as indicat­
ing an equatorial vplocity in the lower layers of four 
kilomptprs per second. It remains to be detprminpd 
whether this velocity is that of a rotation en massI', 

or merely that of ionized partides possessing a spp­
dal luminosity and an indep(�ndent motion. 

Abbott and Fowle have been able to send recording 
pyrheliometers up in balloons to a height of 24 kilo­
meters. Even under these conditions the heat recpived 
did not exceed two calories per minute per square 
centimeter. 'l'he opinion of Langley, who believpd that 
a considerablp reduction of the solar energy was 
brought about by the upper layers of thp atmosphere, 
becomes more and morp untenable, save, perhaps, with 
reference to the violet end of the spectrum, 

IV. STUDY OF THE PLANTS AND COMETS. 

There were in 1D15 no unexpected comets, As much 
cannot be said of the failure of the second periodic 
eomet of Swift (1880 VI.) to make its anticipated re­
turn. The brightest comet of the year (1915a Mellish) 
presented from June to October a spectacle of a head 
divided into several fragments, difficult to characterizp 
and to follow. Such an accident befell the great comet 
of 1882, and, lIlueh earlier, that if Biela. It was rec­
ognized, not long ago, that the orbit. of this lost comet. 
coincided quite well in two points with that of til!' 
comet 1896 VII, but it has not been explained how the 
launching of Biela's comet upon this new patch could 
have been effected. 

Of seventy-four asteroids chronieled during the 
cour:,;e of the year, a certaIn number have been identi­
fipd after closer examination, with ones already known 
but temporarily lost to sight. Among these may be 
mentioned the planetoid Dike, looked for in vain since 
its first discovery in 1868, at the price of considerable 
labor. 1<'or this once chance has been more fruitful 
than calculated. But more value is rightly to be at­
tached to a discovery resulting from methodic prepara­
tion, and credit should be given rather to the patient 
workers who break the way for careful measurements 
of the variations in brightness and the changes in the 
position of the planets. Thus, Hall reports" that from 
I<'ebruary to May the planet Neptune, as compared with 
two neighboring stars, underwent variations almost an 
entire magnitude in range, and of a period of 7 hours, 
50 minutes and 6 seconds. 'l'he conclusion is drawn that 
the planet possesses two hemispheres of unequal hright· 
ness, and that the period given represents its time of 
axial rotation. 

The empirical formula introduced by Newton to 
put the theory of the moon's movements in accord with 
observations no longer fulfils its purpose. Ross dem­
onstrates this in discussing the occultations of stars 
noted during the year at Greenwich and at Washing­
ton. But it may be that the acceleration of our satel­
lite is only apparent, and connected with an actual 
elongation of the sidereal day, conventional unit of 
measure for time. If this is the case, variations, less 
pronounced but still perceptible, should appear in the 
movements of the sun, of Mercury, and of Venus. The 
stUdies of Glanert, covering the period from 1870 to 

1910, indieate that this is probably what has taken 

14Astl'opliliRical JUU1'l1aZ, vol. XLI. 
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place; he puts the elongation of the sidereal day at 
.03 seconds." 

Insignificant as this figure appears, it corresponds 
to a considerable loss of kinetic energy, whose fate we 
are anxious to discover. The displacement of the tidal 
crest, which always lays at the meridian passage of the 
moon, might by its friction counteract the superficial 
cooling, and at the same time effect a certain trans­
f!'l' of' pnprgy from tlw rotatory motion of our globe to 
the IIIOYl�lllellt of the I'Jarth and the moon in their or­
bits. Othpr sources of loss would be found in the 
maintenanee of the terrestrial magnetism, or in a 
progressive alteration in the disposition of ma­
terial within the globe. Whieh of these items 
is most likely to be betrayed by discovery of 
its pE'riod, to bp subjected to numerical evalu­
atiou'! Apparently it is the disymmetric attrac­
tion of the moon upon the aqueous mass that causes 
the tides. The calculation has been attempted on nu­
merous occasions, most recently by Sir Joseph Landor." 
There is nothing to confound the hope of thus putting 
the ancient eclipses into accord with the modern the­
ories of lunar movement. But it appears that in all 
these attempts the investigator has been content to 
reprpsent the deformation of the terrestrial oceans by 
means of a formula altogether too summary and sim­
plified. A better grasp upon the realities of the prob­
lem should result from the utilization of the important 
body of tidal observations made in recent years, either 
by the many polar expeditions, or in the permanent 
stations established in Am.;tralia. 

Some years ago Kimura showed that tprrestrial lat­
itudes, at least along thp parallel upon which are lo­
cated the stations of the International Service, display 
an annual oscillation of .06 seconds, whIch cannot be 
accounted for by gravitational theory. It has been 
gpnerally supposed that this variation was merely 
aplmrent, and caused by atmospheric refraction. The 
instrument and its case are cooled by nocturnal radia· 
tion, the surrounding air hecomes deformed, and the 
ohsprved height of the stars changes as the change of 
season accpntuates or diminishes this action: so ran 
the argument. But this convt'nipnt explanation has 
fallen into discredit through the calculations of Sir 
.Toseph Larmor.18 To consider the annual variation in 
latitude as an atmospheric effect, it would be neces­
sary to attribute to the process of nocturnal cooling 
an amplitude which is denied it by meteorological ob­
servations. 

It was believed, not so long ago, that the old con­
troversy regarding the oblateness of the terrestrial 
globe was settled. This is not strictly the case. To 
be sure, it is no longer a question, as in the time of 
:\Iaupertuis and Mairan, of deciding whether the Earth 
is oblate or prolate, bllt rather one of fixing upon some 
figure betwpen 200 and gOO as the reeiprocal of its 
ellipticity. Geodesic rneasuremenb.; and lunar obser­
vations seem to demand a value less than 295. But 
gra vitational observations and the theory of precession 
demand just as strongly a value greater than 207. 
With the system of compensation introduced by Amer­
ican scientists, the geodesic data have at length been 
made to accommodate themselves to the figure 207. But 
according to the investigation of de Sitter," 295 is an 
absolute upper limit imposed by the theory of the 
movements of our satellite and by measurements of 
the lunar parallax. The only expedient which he is 
able to suggest to reconcile the conflicting evidence 
consists in regarding the moon as denser near the sur­
face than at great depths; and he frankly points out 
that this is little short of an absurdity, 

Jeffreys2. has called attention to another divergence 
of opinion, with regard to the coefficients of compressi­
bility of the Earth. The values assigned to these co­
efficients are very different, according to whether the 
variation of latitudes, the amplitude of the oceanic 
tides, the moon's deviation from the vertical, or the 
time of propagation of seismic shocks, is taken as a 
guide. The oscillation of geographic latitudes in­
dicates a slow deformation, the participation of the 
terrestrial shell in the diurnal tides points to a rapid 
one. It seems, therefore, that the physical constants 
defined in accordance with laboratory experiment lose 
their significance when we come to consider the 
colossal pressures-quite inconceivable to our 
minds-which rule inside the Earth. Analogous re­
marks apply to the sun, and acquire here a real value 
in connection with the radical views of Innes, who 
considers such bodies as reservoirs of latent energy, 
capable of passing by explosion into the state of white 
stars or nebulae. 
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The Making of a Photographic Objective* 
Description of a Course in Applied Optics at the Emerson McMillan Observatory, Ohio State University 

PHOTOGRAPHY, ill it� more serious vhase, 11m; taken an 
important plaee in almost every field of human activity. 
As a ('ollllition for the bpst work, a high-grade lem; is 
a necessity, alld e;.;pecially so for those extremely 
short exposures re(luired ill the photography of rapidly 
moving objeets. It often happells that some of tile 
most perfect awl at the sallle tillle mOHt diffieult speci­
mens of optieal (lesign are fOlllld 011 eamera;.; so sma]1 
that they call be easily earried ill one's coat pocket. 
'I'hese so-ealled anastigmat,; furllish to the ovtieian a 

Fig. l.-Cutting disks from a slab of glass. 

difficult and yet at Ill(' Rnme time most fascinating 

prohll'1U for mathematieal inn'stigation. Thousands of 

photographk objl'eti\'Ps aI"(' plaeed on the market eVl'ry 

year, yet though almost l'vpry hrall('h of engineering is 

covered hy our tl'dlllieal sehools, I know of no place 

outside of Germany where a student can be instrueted 

in the design al](1 construction of a simple photographic 

objectivp. Professor f'i1vanm' P. Thompson in his in­

augural address as Presir\pnt of the British Optieal 

Convention, heW ill 1,01111011 in 1 fl12, states: "In the 

universities amI ('olleges the only lwople who are 

learning OptiC's arp merely taking it as a part of 

PhysiC's for the sake of paf4sing all examination for a 
degrep, and eare nothing for the application of Opties 

in the industries. Tl]('y are I)Ping taught Optics by 

men who are not optieiam;, who lIevpr ground a lens 

or ealculated eypn all a<"ln·olllatie doublet', who never 

worked all opthaloHcollc or nlPasured a cylindrical 

lens." Farther Oil he Hvpa[(s as follows: "\Vhat is 

wanted is an e"tahlisllll]('llt wlwre the whole atmosphere 

is one of optical interest; wlwre theory aIHI practiee go 

hand in hand; wl]('re the matlwmatician will himself 

grind lem;e� amI measure thpjr performanee on the 

test bench; where hraiueraft will he married to halld­

craft; wlwre preci8ioll, whether in ('omvutatioll or work­

manship, will he the dominating amhition." 

Some four year,; hefore the ahoye quotations were 

written, the author started to work up a eourse in 

Optics whieh should aim, not ollly to gin� to the student 

a knowledge of the fundamental tllPory of lenses, but 

should also apvly those prindllles to the methods of 

optical design amI thus Pllahl(� him to compute the 

curvm; of the compollellt 1('\I";ps of tl pllOtographic oh­

jeetiYe. Thi" has 1I0W hecll fairly well worked out and 

is given in the Ar(s (·ollpgl'. 'rIll' ImsiN of thiN coursc 

is "A Sp,tpllI of AppliP(1 optitos," hy H: llpllnis 'l'aylor, 

the inventor of the Cooke Il'n:-<. '!'his Nvlell(li(1 volullle 

develops, from till' standpoint of g('ollll'trie o]ltics, :l 

eOlllplete dis('ussioll of the formation of all image by 

a ('ombinatioll of allY lIumher of 1('IISeN, hut doe,.; not 

apply the lIldho(ls awl forlllul:w tlll'w developed to 

the adual dpsigll of a l'hoto/,(raphk ohjedivl'. 'l'h!' 

writer of this paper wa,.;, Ul('rl'iore, c()IllJlelle(1 to work 

out this vart of the theory for himsclf awl, as he had 

always felt that all mathl'muties shou](l ultimately end 

in arithnwtic, and that all arithmetic :-;hould ultimately 

end in <loin/,( something, he 1"esolve<1 at the outset that 

the eour8e should end in lahoratory work in the actual 

computation, grin(lillg awl polisllillg of lenses. As to 

how well thi;.; has slH'(·ee(led, I will let the illustrations 
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which aceompallY thh.; article speak for themselves. 
Huflice it to i·my that the half-tone cuts were made 
from five by :;even enlargements from negatives one 
and three quarter:,; by two and one eighth inches, taken 
with a lens dCl5igncd and puiU at this observatory and 
workillg at an aperture of ]i' six. A peculiar feature 
of this lens is that it is composed of four lenses all 
cut from the same piece of erowll glass. This lens 
beautifully illustrates the importance of adding to the 
thcoretical side of the <,ourse the practical work in 
the lahoratory in construetion and testing, as this lem;, 
though i;l the maill sath.;factory, has onp serious defect 
amI a dded which iii very instructiye in that it shows 
that at a certain floillt in the dpsign the theory wa,; 
weak amI Ilpetied to be extended amI enlarged. It 
should be Htated tllat this theoreth,al ill ve;;tigation is 
IIOW cOlllpleted and ready to be vut to the test of 
vractice. 

'I'hiK ob;';l'rl"utory pOSHeS";('H a well-p(]llil'l)pd in"tru­
meut shop, which was used for the practical side of this 
work, and it lias spemed to mc that a deseription of 
how we llHed tile ordinary tools of a machine shop, of 
what svedal apvliance,.; we were compelled to make, 
and how we finally ground and polh;hed our lenses would 
he of gelleral interest. 'l'heHe methods do not pretend 
to he the he,.;t, 1101' those aduaUy emvloycd by the 
nHtIlufact.ul"(�r, hut they do illustrate how a lens ('an be 
made awl how a little illgelluity will enable one if 
lw has the stalHlard tools of U lllachine shoV to carry 
out almost auy kind of experilllPntal work. 

AH a preliminary t () tllis, a bripf outlillp of the prob­
lelll before the Il'lli; designer may be of intpre:-;I. A 
simp]p lenH consi"ts of a [Jiece of glass bounded by 
either plane or sphcrieal surfa('ps, as these, excevt in 
large refleeting Fmrfaces, are the only kind that can 
be made with suffieient accuracy. f'uch a lens would 
have a great many defp('(s or errors and would be un­
able to gil·e a sharp image on the photographic plate 
unles!'; stoppcd down to a very Hmall aperture. By 
changing the radii of the surfaces, and the thickness 
of the lens, the designer can vary these errors, but 
after all is said and done he ean do but little to im­
prove the single lens. He then combines lem;es of 
different forms and of different kinds of glas" into a 

Fig. 3.-Sawing and shaping lens disks. 

sillgle ohkd.in', ill thi� way making the po"itive errors 

of some of the lellHl'S bulanee the lIegative error,.; of 

the others. until he arrive,.; at a combination which ill 

more or le:-;s perfeet tl('('ording to his skill as a de­

signer. How thh; is ac('olllplished i:-; far beyond the 

limits of this paper, HO I will now proeeell to the me­

ellankal side of the problem. 
The first com;idpration is the gla,.;s; of eourse it must 

be what is known as optical glass, and its selection is 

really part of the work of the designer. Ovtical glass 
is nothing more than a very perfect kind of glasil which 
hm; been exquisitely annealed. You are all familiar 
with the intellse green of window glass when seen edge­
wise; a pieee of white paper will hardly bc ehanged in 
color when seen through 12 inches of a good optical 
crown. 'rhe best optieal glass is not made in this 
country, but IIllmt be llUrehased from either Schott & 
Gen. of Jena or Mantois of France. The .lena glass has 
heeome very celebrated, and most of the lens makers 

,Fig. 2.-Grinding and Shal)ing the edges of the disks. 

state that their IplI:;e" are made out of it, and as a 
eon:;pqllellee most 1)('o11le think that .Tena glass means 
a (,l'rtain kind, while, as a matter of fae!, tlleir catalogue 
for HJ09 show,.; ahout sevpnty rlifferellt varieties. These 
differ in optieal qualities and ehemieal eomposition, and 
cost from about a dollar to five dollars a pound, with a 
few "peeial varieties ('osting a:-; lllueh as fifteen dollars. 
This glass eomes in slabs, but will he ('ut hy the makers 
with either a diamond saw or a sand saw, the purchaser 
paying for tllP "Haw <Iu,;t." 

The slabs that were used here were 2" x 6" x "h", and 
the first operation waN to eut from these round disks 
a little larger than the finished lfms. 'l'his was accom­
plished in the following mallller and iR iIlm,trated in 
I<'ig. 1. In the chuck of a drill speeder on a Barne,; 
drill press was placed a 14" ;;teel rod whiC'h carried at 
its lower eml a ('opper tube, A, whieh was steadied at 
the bottolll hy a steel washer, hored to a loose fit to 
the tube, alHI clampe(] to the gla:;s as shown. Number 
40 carborundum was used and lubricated with plenty 
of wuter. 'l'lw tube mu,;t he lifted fre(luelltly to allow 
the abra�ive to flow to the cutting edge. This is done 
so oft ell that it seems almost a continuous motion of 
lifting and vrpssing down again, the tool resting on 
the glass hardly more than two or three seconds at a 
time. The cutting lIlay be done at such a speed as to 
allow of a slight heating. As soon as the tube has cut 
itself about a sixteenth of an inch into the glass, the 
guiding washer may he removed and the glass will then 
act as its own guide. A disk about one inch in diameter 
and a half of an ineh thick could be eut out in a little 
over a half of an hour. At n, l<'ig. 1, is shown one of 
the uncut slahs, awl at C amI D two that are about 
used U]l. 'l'hough working rather Rlowly, this proved 
quite satisfadory, though wasteful of glass, as it cut 
a rather widc scarf; eOllver IllUi;t be used; brass was 
tried, Imt tile \\"('ar was so great as to render it almost 
u:,;eless while the copper shows nlmoHt none. 

As these di�ks are eut out they are !lot only eone­
shaped, hut the edges are yery rough, so that the next 
olleratioll was to grind these to smooth and true eircular 
IUsks. 'l'his was done on a \vells tool grinder shown in 
I"ig. 2, which was slowed way down hy plaeing a large 
pulley on the eountcr shaft. The glass to be ground 
wa" held hy cementing it with pitch onto a piece of 
hrass rod which in turn was held in the drawing collpt 
of the head A. A special wheel B, made by the Norton 
veovle for grinding the rims of spectacle lenses, was 
used and the maehine slowed until the wheel would 
ket'll wet when running agaillst a sponge, U, resting 
in water. The glass disk was in this way kept dripping 
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and heating entirely prevented. The grinding was tlwn 
carried out j ust as with any other material and the 
edge was made beautifully smooth and true in a few 

m inutes. The beauty of pitch as a cement for holding 
the glass if; that a slight lleating will soften it so that 
the disk can be shiftea to any position, and then a aash 
of cola water clamps it in place, ana at the same time 

the pitch will slowl y yield to the slightest pressure, ><0 
that in a few minutes the glass is entirely free from 
strain. In manufacturing this sort of work is done with 
a diamond and is, of course, done much more quiekl y. 

The disks were thick enough to make two lenses 

each, so we sawed them into two, 
'
a "  il hmtrated in Fig. 

B. A is an old polishing hea(l upon whieh was m ounted 
a pulley at one end amI a copper disk, B, at the other, 
the disk being held between large washers. G is a cast 
iron box fastened to an arm, D, hinged at M and kept 
pressed against the copper disk by a cord passing over 
two pulleys Oil the ceiling. 'l'his made a most excellent 
automatie feed. The glass to be "plit was fastened to a 
block of pine with pitc-h and the wood held in the iron 
box, G, with wedges. Numher 40 carborundum wa" 
used with plenty of water and the glass was cut through 

faster than a power hack saw would cut through steel . 
The glass should be cut half way through and then re­

versed so that the final break will come in the midale 

and thus prevent the edges from spawling otI. '1'he chief 

defeet of this machine was the way it  f;cattereel emery. 
'l'he disks are now rea dy for the griIHling whie'h is donf' 

on the machine on the right of ])'ig. 3, whieh consists 

simply of a vertical spindle run hy a quarter twist belt 

from the counter shaft against the wall. The end of this 

"pindle is tapered at the upper end to receive the grind­

ing tool or laps, shown on the table in l!'ig. 5, which also 
shows the spindle raised I-lO that the grindin,C: lap is seen 

above the tin box, G, which surrounds the spindle to 
catch the abrasive that is thrown off in grinding. 

The glass is fi rst smoothed down on a flat lap until 
it  is of equal thickness at all points as measured by a 

m icrometer, when it is ready to be ground to the proper 
curves. For this purpose the spherical l aps, shown in 

Fig. 5, are turned in the special machine ilJuHtrated in 

l!'ig. 4. 'l'he compound rest of an old Sellers lathe was 
removed and in its place, on the cross slide of the car­

riage, was mounted the sphere turning rest. This con­

sists of a base, A, in which the slide, B, is so mounted 
that it can be rotated about the center, G, by turning 

the milled head, D, which carries a worm at the op­
posite end. Ji) is the tool post with the cutting tool '[' 
and L, thc lap to be turned. A hole was drllled at C 
into which was fitted a round piece of steel, the upper 
end being pointed and then half cut away like a center 
reamer. This was used in finding the zero ; the rod, 
pointed end up, was placed in the hole at C and the cut­
ting tool acJjusterl against the flattened side. The zero 
position is then determined hy measuring, with an in­

side micrometer, the eJiHtance from the tool post to a 
stOll pla('e(l nt the end of the slide, n. Dy adding to or 
Huhtraeting from the ?:ero reading of the micrometer the 
length of the radius of the grineling lap, the tool post 

may be set to the Ill'Oller position for either a convex 
or a concave surfae-e. 'l'his, however, is onl y approxi­
mate, for these laps must be made with the highest pos­
sible aceuracy. After sutlieient cuts have been taken to 
give a spherical Ru rfn ce, the rndills  is cn I'pfll l ly meaf;\Il'ed 
with a special Rpherometer and the error in the raeJius 
corrected by ehanging the position of the cutting tool by 
an amount calculated from the rt'aelings of the spher­
ometer. This spherometer we were com]lel led t o  lmild 
as we could find none of sutlieiellt aceuraey on the 

market, and it is de�cribed in a note at the end of this 
article. 

In Fig. 4, R is simply a steady rest made with the 
large overhang to al low the slicle, R, to Hwing u\I(1er it 
in turning a convex surface. 'l'wo rnaster laps, male 
and female, must he made and careful ly groune] to· 
gether. Every effort should be ta ken to make these as 
;ccurate as possible, since upon these depends the good ­
ness of our l en". 'l'his spedal tool i,; easy to make 

and leaves n othing t o  he desi red in its operation. De­
tail drawings and direetiom; for making it are given in 

a note at the e\l(I. 
\Ve now come to the gri nding or lapping of the lensefl 

themselves. This is clone in a lap turned as above and 
carefully fittpe] to the master laps and whieh must be 
trued from time to tiIlle as the work progresses. This 

lapping of glass if; entirely different from the lapping 
of metals in that, while in metals the lap is to be kept 

almost free from the abrasive, in glass the lap must be 
freely supplied with emery and water or cleep scratches 

will re,ml t. The best way to apply the emery, is with a 
paint brush ; the brush, saturated with emery, being helcl 
in front of the lem; as it is ground. The lens may be 

heW in the hand or cemented to a disk of brass having 

a center hole drilled in the baek in which is pl aced a 
pointed piece of steel held in the hand, the lens being 

free to rotate about the pointed steel holder. Of course, 
where the lens has to be ground to a definite thiekness, 
it must be held by hand. l!'lour of emery was used 
to rough grind, though e'oarser gra des would have 
worked faster. The final smooth grinding was clone 
with a speeial fine emery made for this purpose by 
Bausch and Lomb. G reat care must be taken in the 

grinding to keep the lens as nearly centered as possibl e. 
A lens is said to be centered when t he line whieh joins 
the centers of curvature of the surfaces passes through 
the center of figure. Obviousl y, if a douhle eon vex lplls 

could be ground to a knife edge it would he centered, hut 
if this were done, the edge would be almost certain to 
crumble in the final polishing and deep Heratehes resul t. 
The centering of a eon vex lens can be watched by keep­

ing the edge as nearly uniform of thiekness as possihle ;  
with a eOlleav!' I pIlS, if the original blank i� made largpr 

Fig. 4.-Making laps for grinding lenses. 

than n ecessary and care 'is taken to make the sides par­
allel, the centering can be watched by keeping a flat 
edge of equal width around the concave portion, the lens 
being placed back on the flat tool, from time to time, as 

the work progresses. If  care is used the lens need be 
but little larger than tile finished size to allow for the 

final accurate centering to be described later. 
After being smooth ground the lens is beautifully 

smooth and vel vety to the tom'h, but is .i ust as much 
ground gl ass as ever, that is, it is absolutely opaque. 
We now come to the polishing. This is done with special­
ly prepared rouge and only an excessively small amount 

of glass is taken off. Lord Rayleigh in a paper on 
"Polishing of Glass Surfaces, "  read before the B ritish 
Optical Convention, held in 1905, states : "I started 
with a finely ground surface, rather more finely ground 

I think than is used in practice, and I found that iE 
order to obtain a pretty good llol iHh it was neeessary to 
remove a weight of glass conesponding to a depth of 

Fig. 5.-Machine with two polishing heads, one hori­

zontal and the other vertical. 

about six wave lengths. I do not pretend that such a 
polish would satisfy the requirements of commerce ; 
probably the six would have to be raised to tpn or 
twelve in order to get to the bottom of the deepest pitH ."  

\Vhen it is remembered that a wave length is niJout the 
fifty thousandth part of an inch we realize how very 
delicate such lapping m llst be. For this work the lap is 
covered with pitch which has been hrought to the proper 
degree of hardness either by hoiling to harden it or by 

adding asphalt varnish to soften it. 'l'he proper degree of 

hardness is very important and must be adjusted to the 
temperature of the room. Obviously if the pitch is too 

soft it will not hold its shape, and it will be impossibl e 
to hold the polishing tool to the proper raelius. I have 

put three different curves on a lens ahout an inch in 
diameter in a few minutes, and it had to go back on the 

grinding machine before it could be finished. 

The polishing tool is prepared as follows : A disk of 

pitch, about one and a quarter inches thick, is cast by 
pouring it in a mold made by a strip of brass bent to a 

circle, the ends clamped with a toolmaker's clamp, 
and rested on a piece of cold eaRt iron which has been 
planed smooth. This should be of such size that when 
bent to the proper shape it can be molded over a tool 
similar to the grinding tool but with a radius ehanged 
by about the thickness of the pitc-h. This tool is then 
heated and painted with a stick of pitch, the disk 

warmed, and the two pressed together ; when cooled the 
pitch will stick tight to the iron but will be far from 
a smooth surface. This and the mm;ter tool of the op­
posite curvature are placed in warm water and pressed 
together, and at the :-mme time slowl y rota ted, one 
about the other. When a good fit is secured they are 
eooled and a number of small holes, about one·eight 

inch in diameter, are drilled all over the pitch to distri­
bute the abrasive, which of course spoils the surface and 
the tool must be again pressed. This pressing to shape 
must be done repeatedly and requires great care and 
some practice in order to have the pitch come to the 
exact oppoHit(� of the IH'psf;ing tool . 'rhl' most impor­

tant thing is to do the pressing slowly and in fact in 
the whole process of this work one must never get in a 
hurry. Ritchey, in his memoir on the construction of 
the great sixty-ineh at Mount \Vilson, recommends 
covering the pitch with beeswax, aud for quicker and 
]lOOrer work a cl oth polisher may be used, the cloth be­

ing a special fplt and cemented to the cast iron tool 
with a thin layer of pitc-h. 

'l'he abrasive is rouge or reel oxide of iron and 
its preparation is ful l y  (Ieserilled in the above 
mentioned work hy Ritchey. \Ve purchased the anhy· 
clrous rpcl oxiele of iron from Merck & Co. This was 

mix{,d with plenty of water in the jars shown at E, 
])'ig. 5. The rouge will rapidly precipitate, the coarse 
partieles falling to the bottom, and leaYing clear water 
above the precipitated rouge. The upper two thirds of 
the rouge will be almost perfect and will give a beau­
tiful polish when carefully siphoned off. This should 
be kept in tightly corked bottles, one of the best things 
is a horse-radish jar, as this has a place for the han­
dle of the brush in the glass stopper, and all dust and 
grit ean he eaRil y washed off before the jar is opened. 
For polshing, the lens is cemented to a handle at whose 
end is a pieee of brass turned to fit the lens in the 
sphere turning machine already described. Even in a 

small lens the polishing tool must be run slowly ; the 
�jJeed� (,f OUl' ma chines run from 170 to BOO revolutions 
per minute, and the fastest can seldom be used. The 
reason of this is that the lens flts the polisher so perfect­
ly that almost a perfect vacuum is formed, and the lens 

hugs the polisher so cl osely that it is impossible to hold 
it in smal l si?:es hy hand al one, and in the ease of a eon­
vex surface, if the eavity h; earried clear out to the edge 

of the glass disk, this may he brokpn Rimply by the frie­
tion due to this grip of the glass and pitch. Fig. 5 shows 
a hori?:ontal polishing heael at R and a vertieal one at C. 
There h; little ehoiee exc-e]lt that for convex surfaces R 
seems the best, as it can be run faster, while for eon­
ca VI' C seems better. 

'rhe lenses are now ready to be centered, that is,  the 
circumf.�renee so turnecl that the liue which joins the 
('enters of eurnlture of the two spherical surfaces shall 
pass through the (,pnter of fignre. In order to aecomlllish 
this, tllP lem; is Jirst elpHn('el from the piteh used to cement 
it to the handle used in hol ding tile lens for polishing. 
])'01' a long time I couW find IlO way of doing this satis­
faetoril y  wheu pitch was the (,PlIlpnt ;  finally, I laid my 
trouhl es before Dr. A. 1\1. Blpile, head of the department 
of physiology, and he suggested to first soak the lens 
in lard and then wa:-;h it in benzol ( C,H, ) .  This worked 
like magie, though the fi rst time I tried it I used some 
lard that had been heated with some pitch in it, which 
made the lard very soft, in faet, almost as soft as it could 
be and yet not be a n  oil ,  and this same lard was uRed 
ovpr anel over again. The action is rather peculiar ; the 
lard cloes not apparently a ffect the pitch at all , but, af­
ter a few minutes in the beu?:elw it all flakes off and 
leaves the lem; perfeetly e1ean. The actual centering is 
tllPn e 'arri('el (lut on the grinel ing mH ehine Rhown in ])'ig. 2 ; 
A, hol der ; n, whose front fac!' has \lPPIl tnI'llI'd ill the 
spherical turning maehille to tit one of the surfaees of 
the lem'l, is held in thl' head, .1 .  If the lens be cemented 
to this with a thin coa t  of pite'h, it is obvious that the 
surfaee of the lens next to the hoWer will have its center 
of curvature {'oineiel e  with the axis of rotation of the 
spindle of the head, A ,  but the center of curvature of the 
other lenR surface wil l probahly fall outside of this 
axis. A lamp, L, has a tin ehimnl'y with a pin hole in it 
turned toward the lens, this pin hol e forming a brilliant 
point of light, an image of which i" formed by eacll sur­
face and reflected by the total refieeting prism, P, into 
the telescope, '[', where it if; seen through the eyepiece. 

If the centers of curvature of hoth i'mrfaces do pot !lC' 
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curately coincide with the axis o f  rotation o f  the head, 
A, the images of the pin hole will describe circles as this 

axis is rota ted. The back surface will, of course, be 
centered if the layer of the pitch used as cement is 

of uniform thickness, which will generally be the case it' 
the work has been carefully done ; but in any case the 
image formed by it should be examined. If the front 
surface is out of center, as it generally will be, the 

holder should be warmed and the lens shifted, care 
being used to keep it  tight against the surface of the 

holder as it is being shifted. As soon as both images 
remain stationary as the head, ,A , is rotated, the lens is 
fed against the wheel, B, and ground true and to size. 
This worked beautifully and the tests were wonderfully 
sensitive. As soon as the component lenses of the ob­

jective have all been thus centered, they are ready to be 

assembled in the cell or shutter in which they are to be 
used ; but as this is simply a matter of careful machine 
work, I need not describe it further. 

I know of no literature on the grinding of small lenseR 
though the following m emoirs on the making of l arge re­
flecting telescopes should be in the hands of any one in­
terested in this work : 

On the Construction a! a Five-foot Equatorial Reflecting Tele-
8cope.-By A. A. Common, LL.D.,  F.R.S. Memoirs of the 
Royal Astronomical Society, Vol.  L.,  1890-91. 

On the Construction of a Silvered Glass Telescope, Fifteen alHI 
a Hal! Inches in Aperture, and Its Use in Celestial Pho­
toyrap hY.-By Henry Draper, M.D.,  Smithsonian Contrihu­

tions to J(nQlc ledye, Vol. 34. 
On the Modern Reflccting Telescope and the Makinll and Test­

inll Of Optical Mirrors.-By G eorge W. Ritchey. Hmithson­
ian, Contributions to KnojIJlcdlle, Vol. 34. 

Ancient Volcanoes in South Africa 
IT has l ong been known that there are in Cape Colony 

and the adj acent territories many interesting relics 

of volcanoes of ancient date. Some of these are so old 
that they have been reduced to the general level of the 
surrounding country, and may even form depressed 
areas ; while in others the original form of the moun­
tain is to a certain extent still preserved. III the former 

category come the well-known pipes of Kimberley and 
the Premier mine, which are tilled with a peculiar rock 

known as "Blue Ground." In this are found diamonds. 

The special feature of this sort of breccia is  that it is 
n ot composed of volcanic rocks in the ordinary sense of 

the word, but consists chiefly of fragments of the sedi· 
ments through which the pipe has been drilled, with an 
admixture of blocks of igneous rock that appear to have 

been brought up from great depths by the explosion. 
Other necks, again, contain a plug of the rather rare 

rock type, melilite-basalt. It has been suggested that 

the blue-ground plugs are the result of a very watery kind 
of eruption, taking place at a compara tively low tem­
perature, and pcrhaps partaking rather of the nature of 
a mud-volcano. Dr. A. VV. Hogers haH recently descrilled, 

in The Tmnsactions of the Hoyal Society of South Af­
rica, another interestin g volcanic mountain presenting 
some novel features. �'his m ountain, called "Geitsi 
Gubib, " is situated in what was formerly German South­
west Africa, ncar the Keetmanshoop Railway, rising to 

a height of about five thousand feet above the sea and 
one thousand eight hundred feet above the high plateau 
on which it stands. It is rillg-shaped, and shows a very 
well-marked central depression, which, however, does 
not seem to be in reality the original crater, but m erely 

a hollow produced by tile more rapid weathering of the 
softer rock of the plug. The original outlines of the 
volcano were probably destroyed long ago by denudation. 
The central plug is  very large, about two miles in diame­
ter, and is filled by a peculiar breccia, consisting for the 
most part of sedimentary material, some of which may 

have come from the Karroo series. There are likewise 
abundant fragments of quartz-gabbro, and of felspar and 
augit�, derived from the gabbro ; but there are no speci­
mens of those pecul iar igneous rocks, such as ecolite, 
which are so characteristic of the K imberley breccias. 
Around the neck the strata of the Fish River series show 

a very well-marked dip toward the center, such as is seen 

in many other volcanoes, and they are likewise penetrated 
by two or three dykes filled with tuff. The breccias and 
tuffs resemble those filling pipes and fissures at other 
localities in South Africa, such as Saltpeter Kop, Kobe 
River, and Grenaat {( op, and also appear to haye close 

affinities to s ome of the tuff-filled Carboniferous necks 
of Scotland. The most n oticeable feature is undoubted· 
ly the complete absence of fragments of lava of the or· 
dinary types. 

The origin of tuff-filled necks of this kind presents a 
difficult problem, and several different explanations have 
been suggested. Some writers have even supposed that 
they may be due to the impact of gigantic meteorites, 
which burrowed down far within the crust of the earth, 
churning up the rocks and causing them to rise as a 
kind of pasty mass within the hollow thus produced. 
This explanation was suggested and discarded by G. K. 

Gilbert in the case of the Coon B utte crater in Arizona, 
since the difficulties involved were very great. It  can-
110t, however, be rejected as wholly impossible in all 
instances. Nevertheless, it seems m ore probable that 
these breccia-pipes originated from a single great vol­
canic explosion at  a considerable del'lth, which blew out 

the overlying rocks mingled with steam and gases, ceas-

M 

Fig. 6.-A spherometer for short radii. 

, I n Fig. G, .-i is  a regular Brown & Sharpe micrometer head 
with the measuring point ground to an angle of GO degrees 
and slightly rounded ; B is a round steel base all  machined 
at one setting In which the micrometer head is clamped by 
a set screw not shown. 

Let r be the radius of the spherical surface, MNO, and we 
will have a t  once 1"= ( a ' + d2 )  / 2d. 'l'he advantage of this 
form of spherometer is that it  is very easy to make the point 
of the micrometer exactly central with the 1Jase and the 
value of 2a can be accurately determined hy means of an 
ordinary micrometer caliper. For a convex surface, 2a should 
obviously be the inside diameter of the base, B. 

I n  using the instrument, two tables, o n e  for concave and 
one for convex surfaees, should be prepared ; these tables 
to give the power i n  dioptres for eacb one thou sandth of a n  
inch i n  the v a l u e  of d. Using the A merican Optical COIll­
pany's Htandard I n dex, na mely, I'- equal to 1.::;000 and one 
dioptre as being the power of a lens of 40 inches focus, we 
h ave, for a plano lens. p = 40/f=40d/ ( a'+d')  since f=r/ (1'--1) . 

'l'hc advantage of forming the table in dioptres in place 
of radii directly is  that the tahular differences arc small 
a t  all  parts of the t a b le so that interpolation can be readily 
done and this is not the case in tables which give the radii 
directly. 

I f  upon measuri ng the radius of the tool or lap being turned 
in the sphere turning maehine, 11�ig. 4, ,vith this sphero­
meter. the tool is fou nd to he in error hy an amount /::" p 
this Illay be correetpd lIy chan:::i n g  the position of t h e  cutting 
tool by a n  amount 20 /::" p/p'. 

Fig. 7.-Cross·section of sphere t urning rest. 

I n  Fig. 7 is  shown a cross section of the sphere turning 
rest further illustrated in 1<'ig. 4. In machining this the 

following suggestions should be followed. 'rhe piece M should 
be cast with a lug projecting from the face PQ to chuck it 
by and all  the turning done at one chucking. It  should 
be made a close fit to R a n d  bolted tight against DG and 
ED" with t h e  bolts S. and S., clearance being given along 
the line HF. 'ro compensate for wear the face D G  and ED' 
can be relea ved from time to time with a file. The base N 
should be planed along .-iB, where it fastens to the cross slide 
of the carriage, then ' bolted to a face plate of the lathe and 

finished, care being u sed to leave the setting of th e com­
pound rest unchanged between machining the faces CD and 

C'D' of t h e  pieces M and N. The dove tail on R should be 
first planed and then this bolted to a face plate and the 
boss GHFE and the faces J(G and EL turned a t  one setting. 
If these directions are followed almost no hand work will 
be needed. 1V is  a brass worm wheel held by screws not 
shown, and .J is  the sliding tool post cla lllped at X with the 

too l at J('. 

ing before lava had , time to rise to any considerable 
height in the vent. At any rate, it is clear that the last 

word has not been written on this subject, and further 
investigation of the remains of old volcanoes in South 
Africa may be expected to yield results of great interest 
and importance.-Knowledge. 

Swimming- Pool Sanitation 
iN large cities the question of supplying adequate 

swilllming-pool facilities, and their san ita t ion, is a very 

perti nent one. Because of the mode of l iving, especially 

ill the congested districts, this offers really the only 
means of sufficiently cleansing during weather when 

this seems most necessary, besides offering the readiest, 
though temporary, relief from the depressing heat of 
the Summer months. It is for them a stimulant of first 

yalue in o vercoming the relaxation and the exhaustion 
accompanying such weather. At least for bathing and 
cleanSing purposes, the pool-or its prototype in minia­

ture, the bathtub--method is entirely unsatisfactory 
because it entails rewaslling in the water contaminated 

by the very materials one desires to get rid of by the 

bath. At best, this method is  unsanitary, and the sooner 

all pool s  and tubs are replaced everywhere by the 
sllo\ver bath the better. If this is properly and not 
extravagantly u sed, the consumption of water may be 
very small. 

In cities l ike New York, situated on tidal water, the 
use of stream pools for bathing purposes in the Sum­

mer is a universal practice. The questIon or the safety 
of these stream pools is most important, espeCIally when 
the waters are depositories for sewage. Even the tidal 
waters surrounding such a city as New York are not 
sufficient to remove the enormous amount of sew age 

deposited. While ordinarily the typhoid-colon element 

in water is not a large one, because usually so soon 

and so much diluted, where there is bathing at the very 

points of discharge of the sewage, the danger to health 

is  great, especially in respect to the spread of typhoW 
where there is a large carrier population. Moreover, 

the whole gamut of pathogenic bacterial infection can 
be spread by pool water. Epidemics of vulvovaginitis, 

venereal disease, aural and ocular conditions have bpen 

reported as having been spread by swimming pools. 
As a later development in swimming pools, the in­

door pools offer a great many advantages, and obviate 
the prolifiC source of infection carried by live sewage. 
The u sual drinking water being used, the opportunity 

for infection is only that of drinking water, and to 
a much lesser degree if the water is I{ept fresh and 

wholesome by one method or another. The element of 
colon contamination i s  supplied almost entirely by 

the bathers themselves, the dilution depending upon 
the amount of fresh water added, and the frequency 

of the addition. Investigations carried on by Manheimer 
( Public Health Report No. 229 ) showed that this ele­

ment of pollution was quite appreciable. I-Ie made the 

amount of the bacterial content of the water and tile 
presence of colon bacil l i  as his bacteriological index 

of the purity of the water, and the clearness and the 
ability to see the bottom of the pool as his practical 
index, being especially the index of the amount of solid 

matter suspended in the water. The larger the pool 

capacity in relation to the daily attendance, and the 
greater the frequency of the change of the water the 

safer is the pool. 'rhe least expensive and the best 
method of mainta ining pool sanitation is by refiltratioll 
of the water used, combined with some chemical treat­

ment, usually a coagulent like alum or calcium hyper­

ehlor ite. When the latter i� used, a trace of chlorine 
mu;;t hc presellt in the water to make it  adequate. 

'1'he insta llat ion of indoor swimming pools, as rec­

ommelllied by the New York Department of Health, will  
soon take the place of the highly unsanitary stream 

swimming pool s.  But the installation must be along 
proper l ines as to capacity, attendance, refiltration, and 

chemical treatment, else all the good that might ac­
crue from the indoor pool will be 10st.-McdiNl l  Hcc()1"I1. 

Treatment For Burns 
I N  the treatment of sepsi s we use chiefly hyperton ic 

saline solution fot· burns of the extremities, if possible 
as a bath, a s  this serves 

-
the double purpose of keeping 

away air and cleanSing the wound. To the face, if it 
is impossible to apply a continuous saline douche so as 
to cover completely the whole surface, we apply an oil  
conSist ing of menthol, 2 grains ; eucalyptus oil, 3 min. ; 

carron oil to the ounce. vVe on no account apply a 
dressing ; the o i l  is applied from a bowl kept at the 

bedside, from which it  is carried to the face on cotton­
wool . 'l'his is applied at frequent intervals, the eyes a t  
t h e  same time being irrigated with boric lotion. At 
least three or four times a day the face is s l i ghtly 
sponged with saline so as to remove any pus which 
may be present and the greater part of the oil. This 
ensures that the oil is kept fresh and that no pus 
is allowed to be imprisoned under scabs, which quickly 
form if this precaution is not taken. If this is done 
frequently it is the simplest matter, and even the 
slightest hremorrhage is avoided, and above all any 
l ittl e  islands of epithelium from which the new skin 
will  be produced are preserved.-Lancct. 
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Notes on Carburetion* 
Principles of Operation and Functions of Vaporizing Devices 

CARBURETION in this paper will be confined to the 
induction principle-that is, one in which the flow of 
air and fuel is induced and maintained by air displace­
ment. It will therefore be apparent that the flow 
must vary from zero when the piston is at rest to max­
imum velocity when the piston has attained its m axi­
mum velocity. As soon as the piston begins to move 
on its induction stroke, air displacell).ent occurs and 
the pressure in the passages between the carburetor 
and piston head become negative, decreasing gradually 
until maximum velocity is reached. 

The simple carburetor consists of a tube of constant 
diameter, having a fuel jet in communication with the 
ni l' flow. As the quantity of both air and fuel vnry 
as the square of the tube diameter, it would seem nec­
essary only to so proportion the tube and fuel duct to 
attain a proporional mixture for all air velocities. 

If one were dealing with a perfect gas or were able 
to so deliver the fuel to the air stream thoroughly 
atomized, homeogeneously mixing it with the air with­
out any expenditure of energy of the air stream, a pro­
pOl·tional mixture of the air and fuel for all speeds 
might be expected. This, however, is not possible as 
fri('tion head, viscosity and other retarding influences 
that vary with the velocity must be contended against. 

Why does a simple carburetor seemingly deliver an 
increasingly richer mixture as the air velocities in­
crease ? This in the opinion of the writer is due to 
inefficient atomization when air velocities are low and 
lack of thorough saturation of the air stream with 
the fuel molecules. To offset this condition fuel must 
be admitted under less retardation, or in other words, 
the fuel orifice must be increased. As the air velocities 
increase, so also does the efficiency of atomization. The 
in('rease in the fuel orifice, which was necessary for low 
air velocities now becomes excessive, consequently the 
quantity of fuel molecules becomes greater as the air 
velo('ities increase, resulting in an over-rich mixture. Th�' 
Aimple carburetor must of necessity be l imited in its 
range of capacity and is at best w�steful of fuel. 

A combination of the mixing valve and the simple 
tube carburetor becomes the foundation of our present 
instrument. The range of the mixing valve is far more 
limited than the simple tube, the tendency being toward 
rapid impoverishment as the air 'velocities decrease with 
a ir-valve opening. It will be noted that its action is 
the reverse of the simple tube carburetor. The mixing 
valve delivers an increasingly weaker mixture as the 
air quantities increase, while the tube delivers a richer 
mixture under the same conditions. 

Attempts to correct the tendency to over-richness ex­
hibited by the simple carburetor led to the early adop­
t ion of the auxiliary air valve. The popular concep­
tion of its function seems to be that of correction by 
diluting with air the over-rich mixture delivered by the 
simple tube portion of the carburetor. This is true, but 
its dual function is to not only add an extra amount 
of fresh air, but more particularly effect a modiflcation 
of the air velocities at the fuel jet; that is, it increase3 
the air supply, which decreases the tension on the air 
flow at the jet and consequently effects a reduction of 
inspiration, resulting in a weakened mixture. 

As will be apparent from the foregoing, the auxiliary 
portion, be it spring or weight, can serve but one pur­
pose-that is, to correct an over-rich mixture and at one 
point at a time. 

It therefore follows that no adjustment of spring 
tension can do more than slightly modify this ten­
dency toward impoverishment of the mixture, while the 
addition of various forms of subsidiary springs becom­
ing operative only at some point of valve opening can 
do no more than correct the air at one given pOint and 
then start, as it were, merely a new scale of errors. 
This is not only true when springs are used, but is an 
unavoidable fact when correction is attempted in this 
manner by any means. 

The multiple-jet type may be compared to the aux­

iliary-air type, being an attempt at correction by the 

addition of jets as needed, and is subject to the same 

criticism as pointed out in the auxiliary air-valve con­

struction. Results approa,:hing perfection may be at­

tained by this method, but
' 
of necessity they must be 

sensible in construction. The jets in the smaller sizes 

must be minutely small if any number are to be em-

* From paper read before th e National Gas Engine A ssocia­
tion convention at Chicago, June 27-29, 1916. 

By Edward E. Dean 

ployed, with consequent troubles from water and for­
eign matter in the fuel. 

The variable-fuel orifice type, in which a tapered 
valve is withdrawn from the fuel orifice in relation to 
the quantity of air paSSing through the carburetor, in 
principle approaches the ideal. However, when one con­
siders that the fuel and air ratio by volume is about 

one to eight thousand, and as this method is a direct 
graduation of the one part, its sensitiveness will be 
apparent. 

The successful carburetor must accomplish as fully 
as possible atomization of the fuel at all working air 
velocities and a thorough saturation of the air stream 
with fuel mOlecules, consistent with volumetric effi­
ciency of the motor, and must so deliver the mixture 
to the manifold. It .must be simple, with no more 
moving parts than absolutely necessary, and its princi­
ple must consist in controll ing the air pressures which 
directly effect inspiration. 

To successfully util ize kerosene or other fuel oils 
in an internal-combustion motor of the carburetor type, 
it becomes necessary to deliver the fuel charge to the 
combustion space thoroughly saturated with the fuel 
molecules in a correct proportion for all air velocities. 
The accomplishment of this depends upon several fac­
tors. 

The correct design of carburetor would be one in 
which the air velocities must be maintaineu sufficiently 
high at all speeds to effect a thorough atomization of 
the fuel stream from the jet and at the same time not 
so high as to cause wire drawing, resulting in a partial 
charge and loss of power. 

The writer would divide the process of carburetion 
of air and fuel into three stages, the carburetor being 
responsible for the first stage, the manifold and inlet 
passa ges the second stage, and the period of compres­
sion the third and .final stage. 

Assume that the mixture has been delivered to the 
manifold in a thorough state of saturation, which is 
the completion of the first stage. Throughout the sec­
ond stnge this thorough admixture of air and fuel not 
only must be maintained, but must be assisted by p 'lr­
tial vaporization and delivered to the third stage. In 
the third stage occurs gasification due to compression, 
which accompl ishes a closer commingling of the fuel 
molecules with the air, resulting in rapid flame propaga· 
tion. This is assisted materially by the rise in tem­
perature due to compression and heat from the cylinder 
,,,ails. Summarized, we find : First s tage, atomization; 
second stage, vaporization; third stage, gasification. 
'Vhere these three stages are accomplished successfully, 
the use of fuel oils is possible. 

'I'he temperature of the incoming air is subject to con­
siderable change in passing through a carburetor drop­
ping practically I'iO . per cent under normal conditions. 
This is due to expansion after leaving the tube restric­
tion and loss from evaporation of the fuel. 

As kerosene begins to give off a vapor at about 80 deg. 
Fahr., it follows that the temperature must not fall  
below this figure at any time and should be somewhat 
higher consistent with volumetric efficiency. To offset 
this temperature drop, we may increase the tempera­
ture of the incoming air. However, this is not enough. 
If we could maintain a suspension of fuel molecules in 
the air stream without any deposition, this would be 
sufficient. Unfortunately we must have bends and turns 
in fuel passages, all(: as the fuel molecules have a 
greater specific gravity than the air, they will be im­
pinged or thrown ag<tmst the sides and remain in a 
liquid state. This means an impoverished mixture. 
This must be avoided and can be by applying heat to the 
sides or walls of the manifold, which will materially 
assist in revaporizing these molecules and sending them 
back into the air stream. 

Modern practice seeins to point out the advisabil ity 
of applying heat to assist carburetion. There are at 
least three practical methods being used successfully : 
Raising the temperature of the intake air, heat jacket· 
ing the manifold, and applying heat directly to the fuel 

- supply. The successful burning of the lower-grade 
distillates depends upon at least the two former means. 
The third may be employed with good results. 

In the application of heat we are attempting to main­
tain a temperature within the carburetor and passages 
sufficiently high to assist and maintain vaporization. 
This is !Jest accomplished through the medium of rais-

ing the temperature of the intake air. Preheating the 
fuel will  assist in atomization, but owing to the ex­
tremely small amount entering the air stream, can have 
but slight effect in maintaining the necessary tempera . 
ture for vaporization. Applying heat to the fuel pas­
sages is very necessary, especially where the charge has 
some distance to travel. Deposition of fuel must in­
evitably take place, and unless this can be got back into 
th!;! incoming charge, it must arrive at the combustion 
space in an impoverished condition. It is therefore very 
essential that heat be applied to the manifold anll 
brought as near to the carburetor as possible. 

As the speCific gravity of the fuel increases, so should 
the temperature of heat application increase. With 
present-day gasoline much benefit could be derived by 
jacketing the manifold with hot water throughout its 
entire length ; but with kerosene, hot water is not suf­
ficient-exhaust gas must be used. Here arises a situa­
tion which does not lend itself to direct application 
when best results are sought. 

At low motor speeds, when air velOCities through the 
carburetor are low and atomization is incomplete, we 
should have the highest temperatures, especially around 
the manifold jacket. The temperature and quantity of 
exhaust gas is limited at this time. Therefore the sup­
ply of exhaust gas is inversely proportional to the 
needs. 'I'o olrset this condition a governing means 
m ight be employed so as to utilize all the exhaust at 
low speeds, controlling it as much as may be found 
necessary for the increase in speed. 

The manifold should be as short as possible con­
sistent with good diffusion and proper distribution. It 
should have few bends and large radii, avoiding pockets 
and change of cross-section to such an extent as shall 
affect the velocity of the incoming charge. 

Can Cannon Fire Cause Rain ? 
THE cause of the prolonged rainy period that pre­

vails in France is traced by some persons to the cnn­
non firing, and there is a difference of opinion in thii'! 
regard among the public. In order to learn what COIll ­
petent authorities thought about the matter, the Journ a l  
consulted Prof. A .  Angot, director of the ('entral Met­
eorological Bureau at Paris. He considers that therl' 

is no relation whatever between the rain and the can­
nonading that is  now going on, and remarks that till' 
years 1 910 and 1912 were notable for heavy rains, and 
in the former year there occurred the inundations of 
the Seine. On the contrary the year lUll was unui'!U­
ally dry. Experiments have been made in this and 
other countries to bring about rain by firing numerous 
a nd very heavy charges of explosives, but without pro­
ducing t he desired effect: It should be noted that the 
production of rain is always mnnected with the gen­
eral movements of the atmosphere. To ('ause rain tht' 
moist air must be drawn up by an a scending air cur­
rent, which is sufficiently rapid and prolonged, and it 
mins at a certain place because the winds, often com ­
ing from a long distance, being moist air to this point 
and are at the same time strongly ascendant. It is 
worthy of remark that these ascensional movements are 
made by enormous masses of air compared with which 
the air displacements caused by the explosion of shells 
or firing of cannon are quite negligible. Such effects 
are so minute in comparison with the complex phe­
nomena of the atmosphere that man's action would bl' 
quite chimerical should he attempt to control such phe­
nomena, at least in the present state of our knowledge. 

Army Service Museum 
A M USEUM which presents a special interest at this 

time was recently inaugurated at the Val-de-Grace Hos­
pital of Paris, which takes a prominent part as regards 
the scientific treatment of the wounded. The museum, 
which is in charge of Prof. Jacob, has two large rooms 
devoted to surgical subjects, among which are remarked 
the numerous models relating to reconstitutions of parts 
of the human body. Other rooms contain a large col­
lection of modern scientific means of destructi on used in 
the war and also a series of protecting masks for as­
phyxiating gases. We also remark the well-fitted lab­
oratory, which is devoted to anti-typhic vaccination, 
and in another place there is installed a miniature rep­
resentation of the working of the health service in the 
army. 
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Casting molten gold into ingots in iron molds. Weighing ingots of gold at the U. S. Assay Office. 

Melting Down Foreign Gold 
What Becomes of the River of Coin Flowing From Europe 

WHEN the great war began the allied countries found 

themselves not only inadequately provided with the 

materials which had heretofore been considered neces­

sary for the conduct of a military campaign, but they 

were also practically destitute of the hundreds of 

things that the new methods of warfare since devel­

oped have made indispensable. 'l'hey were short of 

arms of every description, from the pistol and bayonet 

to the great siege guns that were so sensationally dis­

closed by the Central Powers, together with ammuition 

for the same. They needed clothing and food in im­

mense quantities, motor vehicles of every description 

for the transportation of men and materials, locomo­

tives, aeroplanes, motors, balloon material, barbed wire 

and thousands of other articles, and these so quickly 

that their own resources were able to meet but a 

fraction of the demand ; and naturally they turned 

to the vast resources of America for assistance. 

It is not alone for materials for the armies that 

the resources of America have been requisitioned, but 

supplies of every description have been needed for 
home consumption, as the diversion of every available 

manufacturing establishment to the making of muni­
tions, and the lack of men to culti" ate the fields has 

resulted in a shortage of almost everything in all the 
countries engaged in the strife, so that a double de-

� mand has been thrown upon the United States that is 
steadily draining it of material that is Itetually needed 

at home. 
In payment for this vast mass of material gold, 

largely in the form of the coin of the various purchas­
Ing nations, has been flowing into this country in vast 

amounts for more than a year, and the tide is still on 
the flood. Not only have these payments come from 

Europe, but gold has poured across the border from 

Canada so fast in reeent weeks that a reeent shipment 
of $20,000,000 had to be divided between the New York 

Assay office and the Philadelphia Mint in order to give 
employes of the former institution a chance to get 

caught up with their work. 
While records are not complete to the final dollar's 

worth of gold imported so far this year, in round num­
bers the total has been around $500,000,000, and of 
this amount $294,090,000 has been entered since May 
10 either lit  the New York ARRay office or at the Phila­
delphia Mint for the lIccount of various blinking houRes. 

So far it has not been found necessary or expedient 

to make shipments to the Denver Mint, as was sug­
gested when the unusual quantity of gold began to 

arrive. The Assay office in New York was prepared 
from the middle of July on to receive approximately 

$3,000,000 a day on the average of the bars and coin 
exported by Canada and England, though the shipments 

were not expected to be regular. There have been 

many scattered receipts of amounts ranging from 

$10,000,000 to $25,000,000, but the bulk of the importa­

tion has been divided into shipments of �2,500,OOO up 
to $5,000,000. 

No less important from the banker's point of view 
than the extraordinary total imported is the prospect 
that the inflow will continue for an indefinite period. 

The influence of this gold on the credit facilities in this 
country cannot be estimated. 

Comparisons with the amounts received in previous 
years is most interesting. The gain in gold reserve 

sinee the beginning of 1914 has been nearly two-thirds 
as large as the entire per capita resources in 1896. 

So great has the amount of foreign coin been that it 

has been impossible to utilize all of it in its original 
form, and consequently a very large proportion of this 

coin has been sent to the mints of the United States 
to be melted down into bars and ingots, which later 
can be re-coined into United States money, or made 
use of in these forms for future transactions. Most 
of this work of melting down the foreign gold has 
been done at  the U. S. Assay Office in New York, and 

the accompanying illustrations show some of the opera­

tions. In the cover illustration a workman is shown in 
the act of shoveling gold coin into a melting furnace, 

and it is startling to see such wealth being handled 

with an ordinary coal scoop. Another picture show­
ing the weighing of gold bullion on a scale of great 

size, but necessarily of extreme accuracy, gives a strik­

ing impression of the difference in mass between the 
brass weights and the bars of fine metal. 

Some Curious Electrical Experiments 
X-RAY I NVESTIGATION.-Take an ordinary electric l ight 

bulb, coat it with aniline violet col lodine. 'rake an or­

dinary piece of glass ; coat same with a l ittle sulphate 
of quinine dissolved in gum-water. Expose a plate for 

X-ray photograplJ in ordinary way to the light of vio­

let lamp passing through the quinine sulphate screen. 
X-ray effect clearly observed. 

Take same violet lamp, place in a small mount, and 

attach to the eyepiece of any telescope. Put the lamp 

in series with a dry cel l ( sufficient to send a current 
through lamp, but not to incandescence ) .  Insert in the 
circuit a telephone receiver, in front of which is a 
microphone augmenter in circuit with a second tele­
phone. By winding round the ebonite case of the first 

receiver telephone 50 to 100 turns of No. 30 wire in 
series with an independent battery and adjustable re­

sistance, a steIJar bolometer for measuring radiant heat 

is obtained far superior to the ordinary Lawley bolom­

eter. The arrangement can also be used as a very deli­
cate thermograph for measuring low temperature ; even 

liquid a ir  and hydrogen providing compensating resist­

ance is sufficient. 
Take the same lamp ( violet ) , place in series with 

battery ( to l ight ) ,  and an ordinary electric beIJ contact­

breaker ; place lamp by the side of any potted plant, so 

that light-wave can pass ( actinic wave, that is ) , 

through flower-pot to root,; of plant, stimula ted growth 

is obtained. 
Take same lamp in series with lighting battery and 

soun
'
d-augmenter microphone, which should be carried 

into a distant room where music is being played. Place 

the lamp in a dark room, and sit besIde it while the 

music is being played, and note the effect of the violet­

l ight vibration ( from music ) on the weary brain. Beats 
all spirit hanky-panky business-a genuine cerebral 

phenomenon that requires no half-guinea medium to 

prodnce. 

'l'ake same violet lamp and screen battery ( sufficient 
for current only ) in series with telephone receiver. At­

tach a microphone sound augmenter in series with 

second telephone and battery. Place the violet lamp 

and screen on allY dead body-plenty of eats about­
but do not use the landlady's pet 'l'ommy, or look out 

for the S.  P. C. A. A faint humming in the second 

'phone will  be produced as long as any organic life is 

present in the corpse. It does not cease until days 
after the normal phYSical l i fe il'! dead-in fact, the 
aroma of the corpse will  stop experiment long before 

the telephone thinks of going on strike. 
Take the same lamp and screen ( lamp current not 

sufficient to l ight ) ; connect series to battery and tele­

phone sound augmenter and second telephone. Place 

lamp where you please. If any person or object crosses 
the path of the lamp-providing any ray of light 

touches the moving body or person-the distant 'phone 
will  "hum"-in fact, there are times when the "hum" 
will be produced from a dark room without a stray ray 
of light in same. Now we shall have the spirits mov­

ing to tell us the reason why. Well ,  never mind the 
spirits ; but what price a good burglar-detector ? Once 

Bill Sykes crosses the path of the lamp, and the fa int 
light of his lantern or eleetric torch kindly rings the 
beI J for P.C. A7 round the eorner to make a friendly 

call .  It ought to be superior to that door contact he 
has just put out of action !-C. MaYfield, in English 
Mech anic. 

A Cheap Disinfecting Fluid 

A MOST useful work that is being performed by munici­

pal and government electric plants in various parts of 
the world is the preparation of a disinfecting fluid, 

quantities of which are required in every city and town. 

This fluid as usually produced is prepared by the elec­

trolysis of a saturated solution of chloride of magnesium 

together with certain proportions of common salt and 

caustic soda. In some cases, at stations situated on the 

sea coast , sea water is converted directly without the 

addition of any other material, and the only expense 

is for the electric current. The disinfectant produced 

as above described costs but a trifle, so that any town 

possessing apparatus for the purpose can afford to use 

the liquid quite freely. 
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Peanuts stacked in the fields to cure before picking. Picking peanuts by hand from the field stacks. 

The Cultivation of Peanuts 
A Valuable Crop That Grows in  Many Climates 

THE peanut is the fruit of a leguminous plant closely 
allied to the common garden bean or pea. It is known 

botanically as arachis hypogea. The generic name 

arachis is derived from the Greek word arachos, mean­

ing weed, and the specific term hypogea comes from 

hypo, under, and gea, earth, an allusion to the fact that 

the fruit of this plant develops in the ground. The 
unripened pistils are thrust into the ground immediately 
after flowering, where they develop into pale, yellow­
ish and slightly curved pods several inches in length 

holding from one to four seeds. The fruits are com­
monly, though incorrectly, known as nuts, when as a 
matter of fact they are peas and are sometimes called 
grouper peas or ground peas. In the trade they are 

referred to as ground nuts, eartlmuts and monkeynuts. 

A true nut botanically bears no relation to the fruit 
of the so-called peanut. 

The peanut is an important agricultural crop and 

is now almost universally cultivated, finding a con­

genial soil in nearly all parts of the world. It  is one 
of those plants that cannot, strictly speaking, be 

classed either with the products of the temperate cli­
mates, or with those of the tropics. It  holds a certain 

intermediate place, and gives best results in Ii re­

gion that had originally a dense growth of hardwood 
forests. It  will not stand frost, however, and can 
be cultivated successfully only where the growing sea­
son is long enough for the plant to attain maturity. 

Yet as it  is but a short time in the ground, it can be 

grown in any place where the grapevine will  thrive 

successfully. 
The peanut is  said to be a native of Brazil, and it 

seems peculiar that it grows at all in temperate re­

gions. For the best results with peanuts, a growing 

period with no extremes of temperature is essential. 
While it does not do well in extreme heat, it is cul­

tivated in nearly all tropical countries. In the United 

States it is confined chiefly to the Southern States, 

though it is cultivated also in the Middle States. It 
has been introduced into the states of the Middle 
\Vest, Southwest and into California. The peanut 
industry has been greatly developed,' in the South 

since the Civil  \Var, where it  is gradual ly becoming 

more promising and forms one of the paying crops. 

Although peanuts wil l grow in fairly well-dra ined, 

rich, loamy soil,  it will yield best results in deep, 

rich, warm and loose soil that contains sand and 

gravel. Some experienced growers describe the best 

soil for peanuts as a light, gravelly clay. Peanuts will  

grow well in sandy soils but only on condition that 

the plants are well supplied with suitable plant food, 
otherwise their growth, though encouraging at the 

first, will be disappointing in the end. On stiff clay 
the plants are unable to push the young pistils into 
the ground and they will soon wither and fail  to 

attain perfection. On humus soils where vegetable 
matter abounds, the plants grow with great vigor and 

luxuriance. But peanuts will grow reasonably well 
on any soil that is moist, friable, and plentifully sup­

plied with plant food in available form. 
The methods of cultivation are fairly uniform 

throughout. After the land is plowed early in the 

Spring, it must be thoroughly pulverized immediately 
before planting. The seeds are carefully hulled out 

by hand so as not to break the inner thin husk, and 

planted about 2 inclws deep In rows about 30 inChes 

apart and about 8 or 9 inches apart in the rows. 

The surface soil must be kept well pulverized so that 

the tender young plants can easily come through. 

The plants must be hoed and cultivated at intervals 
during the Summer. The crust must be broken as 

often as it forms. This can be done at first by means 

of a harrow and finally with a double shovel. The 

grass, which is the arch enemy of the peanut plants, 
must be kept out. 

Peanuts should be harvested before the fi rst frost, 
if the vines are to be util ized as hay. Peanuts are 
harvested by passing a plow up one side of the 

row and down the other, thus loosening the plants 
by cutting off the tap roots. Men with pitchforks 

follow the plow, remove the plants from the ground, 
shake off the sand and other dirt and lay them in 

the sun for half a day or more, when they are piled 

in windrows. The stacking is done with great care 
so as not to injnre either the vines or pods. Poles 

Delivering the vines at the thresher house. 

about 7 feet high are driven into the gronnd with 
several sticks on the ground so as to keep the vines 

from getting in eontact w ith the soil, thus insuring 
a freer eireulation of air and preventing heating. 

'l'he piles are sometimes cO'\'ered with straw or corn 

fodder to keep off rain and to insure quiei;:er drying. 
They are then passed through a peanut thresher, which 
separates the pods from the vines. This operation 
was formerly performed by men, women and chi ldren, 

but the new method of removing the pods by machin­

ery is not only less tedious but also much quicker 

and less expensive. These threshers have heen pretty 
generally introduced, though there are still some 

growers who have the pods picked hy hand, mmally 

paying from 8 to 12 cents a hushel . 
When properly cultivated peanuts will yield from 

50 to 70 bushels of pods per acre and from 1 to 2 
tons of good hay. The vines produce excellent fodder 
for cattle, especially when well cured. If they are 

injured by frost prior to harvesting they are unfit for 
cattle, but should be fed to hogs or placed back on the 
field as manure. The vines, l ike the plants of clover 

and cow peas, are excellent for green manuring. The 

roots develop an abundance of tubercles which contain 
bacteria-like bodIes which elaborate nitrogen for the 

nse of the plant. 

Thet importance of the peanut industry in the 

United States Is generally recognized. The splendid 

results that have been obtained in the Southern States 

for many years have focused attention upon the pea­
nut possibilities of the Middle West and the South­
west. California is also an important peanut-pro­

ducing region, but with all  this enormous production 

of peanuts this country does not produce all the pea­

nuts required for home use. The average annual im­
ports from Africa, China and India amount to more 

than 20,()()(),OOO pounds, valued at about $1,000,000. 

Simple Astronomical Instruments for the Teacher 
So far as my knowledge goes, not even a name exists 

for what I am about to refer to ; hence I will coin the 

term "Equatorial Pointer." What I have in mind is 
really a working model of an equatorial telescope ; suf­

ficiently accurate when placed level in the meridian 
to point-when set by its circles-to constellations, 

elusters, and with some approach to accuracy to stars. 
I have no lathe, and no opportunity for working In 

metal, but a few years ago I constructed a wooden 
instrument of the sort suggested. The "telescope" or 

finder was simply the empty tube of a worn-out garden 
syringe with the piston removed, the eye being placed 
at the small end. The Declination Circle was a brass 
protractor such as schoolboys use, and cost threepence. 
'l'he hour circle was a tin can lid, painted black and 

then divided into hours and quarter-hours. The clamp 

on the Declination Axis was a common window sash 
fastener. Two spirit levels costing sixpence each were 
fixed on the base, also a compass. I only intended it 

to be sufficiently accurate to enable a pupil of mine to 
understand the principle of the thing ; to distinguish 

Castor from Pollux, to locate the Pleiades, to find 
Coma Berenices and Pr::esepe, and to distinguish Saturn 

from Aldebaran. But it did much more than this. In 

the twilight, when one had no other guide to position, 
it loeated Mercury by presenting one small circle of 

the heavens only. If the planet was not exactly at 
the center of the field, in every case it was within the 
circle presented for examination. 
Venus was found by daylight. 

In the same way, 
The instrument was 

useful for indicating to others the exact spot where the 

sun or moon would rise or set on any given day of the 
year, and to indicate the direction at any moment 
of the object, whether above or below the horizon. 
Likewise the diurnal arc of the sun in December 

or in June could be shown. There were, of course, no 

lenses--simply a tube, a pointer. To stUdents and to 

teachers alike, a neatly made model of this nature 
would be of immense value. 

Real working models of steam engines and scores 
of other things can be had for a few shillings, why not 

such an educational contrivance as an equatorial 
pointer ? The Hour Circle in five"minute divisions, and 
the Declination Circle in half-degrees would be amply 
accurate enough. The diameter of the field of view 

might be large enough to cover the Pleiades. Finally, 
the cost must be l ow. 

A cheap transit instrument ( for teaching purposes ) 
is also needed-one to give the time from rapidly mov­
ing Equatorial stars with about the same accuracy as 
a sundial, say within a couple of minutes. 

I also made an instrument of this sort, again using 

a hrass gar(len syringe tube without lenses.-Ji'ream'iclc 

G. Taylor, in the EngURh lIfl'chnnic. 
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The Naval Reserve Force 
A Portion of a Bill Approved by Congress August 29,  1 91 6  

THERE is hereby established, under the Department of 

the Navy, a Na val Reserve J<'orce, to consist of six 

classes, designated as . follows and as hereinafter de­
scribed ; 

First. The Fleet Naval Reserve. 
Second. The Naval Reserve. 

Third. 'l'he Naval Auxiliary Reserve. 
Fourth. 'l'he Naval Coast Defense Reserve. 
Fifth. The Volunteer Naval Reserve. 
Sixth. Naval Reserve l!'lying Corps. 

'l'he Naval Reserve Force shall be composed of citi­

zens of the United States who, lJy enrolling uuder regu­
lations prescribed by the Secretary of the Navy or by 

transfer thereto as in this Act provided, obligate them­
selves to serve in the Navy in time of war or during 

the existence of a national emergency, declared by the 

President : Provided, That citizens of the insular pos­
sessions of the Uuited States may enroll in the Naval 
A uxiliary Reserve. 

'l'he Secretary of the Navy shall make all necessary 
and proper regulations not inconsistent with law for 

the administration of the provisions of this Act which 

relate to the Naval Reserve Force. 
Members of the Naval Reserve Force may be ordered 

into active service in the Navy by the President in 

time of war or when, in his opinion, a national emer­

gency exists. 

There shall be allowed in the Naval Reserve Force 
the various ratings, grades, and ranks, not above the 

rank of lieutenant commander, corresponding to those 

in the Navy. Officers of the line may be appointed 
for deck or engineering duties, as they may elect. 

Members of the Naval Reserve l!'orce appointed to 
commissioned grades shall be commissioned by the 

President alone, and members of such force appointed 
to warrant grades shall be warranted by the Secretary 

of the Navy : Provided, That officers so warranted or 

commissioned shall not be deprived of the retainer pay, 
allowances, or gratuities to which they would other­

wise be entitled. Officers of the Naval Reserve J<'orce 
shall rank with but after officers of corresponding ranl, 

in the Navy. 
Enrollment and reenrollment shall be for terms of 

four years, but members shall in time of peace, when 
no national emergency exists, be discharged upon their 
own request upon reimbursing the Governinent for any 

clothing gratuity that may have been furnished them 
during their current enrollment. 

Persons enrolling shall be required to take the oath 

of allegiance to the United States. 

When first enrolled, members of the Naval Reserve 
I!'orce, except those in the Fleet Naval Reserve, shall 

be given a provisional grade, rank or rating in accord­
ance with their qualifications determined by examina­

tion. 'J'hey lllay thereafter, upon application, be as ­
signed to active service in the Navy for such periods of 

instruction and training as may enable them to <lualif�' 

for and lJe confirmed in such grade, rank or rating. 

No member shall be confirmed in his provisional 

grade, rank or rating until he shall have performed the 
minimum amount of active service required for the 
class in which he is enrolled, nor until he has duly 
qualified by examination for such rank or rating under 
regulations prescribed by the Secretary of the Navy. 

No person shall be appointed or commissioned as an 
officer in any rank in any class of the Naval Reserve 
Force, or promoted to a higher rank therein, unless 
he shall have been examined and recommended for 
such appointment, commission, or promotion by a board 

of three naval officers not below the rank of lieutenant 

commander, nor until he shall have been found physi­
cally qualified by a board of medical officers to perform 

the duties required in time of war, except that former 

officers and midshipmen of the Navy, who shall have 
left the service under honorable conditions and who 
shall have enrolled in the Naval Reserve Force, may 
be appointed in the grade and rank last held by them 

without examination other than the physical examina­

tion above prescribed. 
The retainer pay of all members of the Naval Re­

serve Force, except the Volunteer Naval Reserve, while 

enrolled in u provisionul rank or rating, and until such 

time as they shall have been confirmed in such rank or 
rating, shall be $12 per annum. Thereafter, the re­

tuiner pay shall be that prescribed for members in the 

various clD sses. 
Retainer pay shall be in addition to any to which 

a memlJer muy be entitlcd by reason of active service. 

Retainer pay shall only be puid to members of the 
Nuvul Heserve l!'orce upon their mU.king such reports 
concerning their movements und occupations as muy be 

!'equired by the Secretury of the Navy. 

Members of the Nayal Heserve Force who reenroll 
for u term of four yeurs within four months from the 
date of the termination of their last term of enroll­

I l lent, and who shall huve performed the minimum 
amount of uctive service required during the preceding 

term of enrollment, shull, for each such reenrollment, 
receive un increase of twenty-five per centum of their 

base retainer -pay : Provided, That enrolled members 

who shall have completed twenty years of service in 
the Navul Reserve Force, and who shall have per­
formed the minimum amount of uctive service required 
in their cluss for maintaining efficiency during each 
term of enrollment, shall, upon their own application, 
be retired with the rank or rating held by them at the 
time, and shall receive in lieu of any pay, a cash gra­

tuity equal to the totul amount of their retainer pay 
during the last term of their enrollment. 

Retainer pay shall be paid annually or at shorter 
intervals, as the Secretary of the Navy, in his discre­
tion, may direct. 

No existing law shall be construed to prevent any 

member of the Naval Reserve Force from a ccepting 

employment in any branch of the public service, except 
as an officer or enlisted man in any branch of the mili­

tary service of the United States or any State thereof, 

nor from reeciving the pay and allowances incident to 

such employment in addition to his retainer pay. 

Enrolled members of the Naval Heserve Force shall 
be subject to the laws, regulations, and orders for the 
government of the Regular Navy only during such 
time as they muy by law be required to serve in the 
Navy, in accordance with their obligations, and when 
on active service at their own request as herein pro­
vided, and when employed in authorized travel to and 

from such active service in the Navy. Members of the 
Naval Heserve Force shall be issued a distinctive badge 
or button which may be worn with civilian dress, and 

Whoever, not being a member of the Navul Reserve 

I!'orce of t!:lC United States und not entitled under the 
law to wear the same, willfully wears or uses the 

badge or button or who uses or wears the same to ob­
tain aid or assistance thereby, shall be punished by a 
fine of not more than $20 or by imprisonment for not 

more than thirty days or by both such fine and . im· 
prisonment. 

All members of the Naval Heserve Force shall, when 
actively employed as set forth in this Act, be entitled 

to the same pay, allowances, gratuities, and other em­

oluments as officers and enlisted men of the naval serv­
ice on aetive duty of corresponding rank or rating and 

of the same length of service. When not activelr 

pmplored in the Navy, members of the Naval Reserve 
l" oree shall  not be entitled to any pay, bounty, gratuity, 

or pension exeept as exprt'ssly provided for member" 

of the Naval Heserve l<'oree by the provisions of this 

Act. 

Enrolled members of the Naval Reserve Force may, 
in time of war or national emergency, be required to 
perform active service in the Navy throughout the war 
or until the nutional emergency ceases to exist. 

Members of the Naval Reserve Force shall, upon first 
reporting for active service for training during each 
period of enrollment, be credited with a uniform gra­
tuity 0:1' $50 for officers and of $30 for men. 

Upon reporting for active service in time of war or 

national emergency the uniform gratuity shall be $150 

for officers and $60 for men, or the difference between 
these amounts and any amounts that may have been 

credited as a uniform gratuity during the current en­
rollment : Provided, That should any member of the 
Naval Reserve Force sever his connection with the 
service without compulsion on part of the Govern­
ment before the expiration of his term of enrollment, 

the amount so credited shall be deducted from any 

money that may be or may become due him. 
Hereafter, in shipping officers and men for service on 

hourd United States auxiliary vessels, preference shall 

be given to meinbers of the Naval Reserve Force, and, 

after two years from the date of approval of this Act, 

no person shall be shipped for such service who is not 

a member of the Naval Reserve Force herein provided. 

Members of the Naval Reserve Force may, upon ap­

plication, be transferred from one class to another class 
for which qualified under the provisions of this Act ; 

and may in time of war volunteer for and be assigned 

to duties prescribed for any class which they may be 
deemed competent to perform. 

The Secretary of the Navy shall prescribe a suitable 
flag, or pennant, that may be flown as an insignia on 

private vessels or vessels of the merchant service com­
manded by officers of the Naval Reserve Force : Pro­

vided, That it shall not be flown in lieu of the National 
ensign. 

The Secretary of the Navy is hereby authorized to 
establish schools or camps of instruction at such times 

and in such localities as he may deem advisable for the 
purpose of instructing members and applicants for 

membership in the Naval Reserve Force. No applicant 
shall be accepted for instruction unless he agrees to 

abide by the regulations of the school and pursue the 
course prescribed by the Secretary of the Navy. Per­

sons who satisfactorily complete the course will be 
given certificates of qualification for the rank or rating 
for which duly qualified, and may be permitted to en­

roll in the proper class of the reserve in such rank or 
rating. For the purpose of carrying into effect this 
paragraph of the Act there is hereby appropriated, out 

of any money in the 'l'reasury not otherwise appropri­
ated, $30,000, which is hereby made available to be ex­
pended as the Secretary of the Navy may direct in the 

necessary equipment and maintenance of such schools 
and camps. 

FLEET NAVAL RESERVE. 
All former officers of the United States naval service, 

including midshipmen, who have left that service under 
honorable conditions, and those citizens of the United 
States who have been, or may be entitled to be, hon­
orably discharged from the naval service after not less 
than one four-year term of enlistment or after a term 
of enlistment during minority, and who shall have en­

rolled in the Naval Reserve Force shall be eligible for 

membership in the Fleet Naval Reserve. 

In addition to the enrollments in the Fleet Na val 
Reserve above provided, the Secretary of the Navy is 
authorized to transfer to the Fleet Naval Reserve at 

any time within his discretion any enlisted man of the 

naval service with twenty or more years' naval service, 
and any enlisted man, at the expiration of a term of en­
listment who may be then entitled to an honorable dis­
charge, after sixteen years' naval service : Provided, 

That such transfers shall only be made upon voluntary 
application and in the rating in which then serving, 

and the men so transferred shall be continued in the 

Fleet Naval Reserve until discharged by competent 
authority. 

The Secretary of the Navy is authorized to assign 

any member of the l!'leet Naval Reserve to active duty 
for training on board ship, upon the application of such 

member, but any member who has failed to perform 

three months' active service with the Navy in any term 
of  enrollment shall, on the next reenrollment, receive 

retainer pay at the rate of $12 per annum, until such 
time as he shall have completed three months' active 

service. The three months' aetive service with the 
Navy may be taken in one or more periods, at the elec­
tion of the member : Provided, That no member shall 
be entitled to travel allowance unless the period of such 

active service is for not less than one month, or unless 
specifically provided for by such regulations as may be 

prescribed by the Secretary of the Navy. 

Men enrolled in the Fleet Naval Reserve with less 
than eight years' naval service shall be paid at the rate 
of $50 per annum ; those with eight or more years and 

less than twelve years' naval service shall be paid at 

the rate of $72 per annum ; and those with twelve or 

more years' naval service shall be paid at the rate of 
$100 per annum, such pay to be considered as retainer 
pay for the obligation on the part of such members to 

serve in the Navy in time of war or national emer­
gency : Provided, That for all purposes of this Act a 
complete enlistment during minority and any enlist­
ment terminated within three months prior to the expi­

ration of the term of enlistment by special order of the 

Secretary of the Navy, shall be considered as foul' 
years' service. The annual retainer pay of officers of 

the Fleet Naval Reserve shall be two months' base pay 

of the corresponding rank in the Navy. 
Reenrollments in the Fleet Naval Reserve shall be 

for four years. Officers and men enrolling in the Fleet 
Naval Reserve within four months of the date of the 

termination of their last naval service or reenrolling 

within four months of the date of the termination of 

© 1916 SCIENTIFIC AMERICAN, INC.



October 14, 1 916 SCIENTIFIC AMERICAN SUPPLEMENT No. 2128 251 

their last term of enrollment sha II recei yt� an increase 

of twenty-five per centulll of their retainer pay for 

each such enrollment : Provided, That men who have 
enrolled in the Fleet Naval Reserve within four montlu; 
of the date of their discharge from the rt'gular naval 

service shall, upon reenlif;tlllent in the rpgular naval 
service within four months of til<' date of dischargl� 

from the Inet't Navnl Reservt', be elltitlt'd to the same 
gratuity and additional pny as if they lIa d  reenlisted 

in the rt'gula r  naval sen ice within four l lIollth" o f  dis­
charge tht'refrolll. 

Memhers of the Flt't't 1'\aval HeRt'rve who Imve, wht'll 
transferred to the 11'h�t't ),faval Ht'st'rve, ('Ol)lplt'ted naval 
st'rviee of I'ixtepn or twenty or more �-eHrs shall he paid 
a retaiIwr at the rate of one-third and one-half, respec­

tively, of the hase pay they were receiving at the close 
of their last naval service plus all permanent additions 

thert'to : l'nJl'iilcd, Thnt the pay authorized in this 

[laragraph as a retainer shall he incrt'ased ten per 
centum for all lllen who mlly be credited with extraor­
dinary heroism in the line of duty or whose average 

marks in conduct for twenty years or more shall not 

he less than ninety-five per centum of the maximulll . 
Any pay which may be due any member of the Fleet 

Naval Hest'ne shall be forfeited when so ordered by 

the Secretary of the ),fnvy upon the failure, undt'r such 
conditions ns may he prescribed hy the Secretary of the 

Navy, of SUdl Illan to report for inspection. 

l\Iembers of the }1'leet Naval Reserve who have estab·· 
Iished their qualifimtions by examination to the satis­

faction of the Seeretary of the Navy llIay be given war­
rants or commissions in the Flt'et N n val Heserve in the 

grades of boatswain, gunner, carpenter, maehinist, vhar­

maeist, pay derk, ensign for deck or l�ngineerillg duties, 

or in the lowest grades of the staff corps : Provided 

furt her, That those ;';0 warranted or ('olllmissioned Rhall 
not be deprived of the retainer pay, allowances, or 

gratnities to which they would be otherwise entitled. 

Men transferred to the Fleet N n val Reserve shall be 

governed by the laws and regulations for the govern­

ment of the Navy and shall not be diseharged from the 

I'\aval Reserve Force withont their consent, except by 

sentence of a court-martial. 'L'hey may, upon their 

own request, upon completing thirty years' service, in­

duding naval and fleet navnl reserve service, be placed 

on the retired list of the Navy with the pay they were 

then receiving plus the allowances to which enlisted 

men of the sa me rating are entitled on retirement aftt'r 

thirty years' naval serviee. They shall be required to 

keep on hand such part of the uniform-clothing outfit 

as may be prescribed by the Secretary of the Navy. 

The Secretary of the Navy is authorized in time of 
war or when a national emergency exists to call any 
enlisted man on the retired list into active serviee for 
such duty as he llla y  b e  able to perform. While s o  

employed such enlisted men shall receive the same pay 

a mI allowances they were receiving when retired. 
NAVAL RESERVE. 

:\Ielllbers of the Naval Heserve For('e who have been 

or may be engaged in the seagoing profession, and who 

ha ve enrolled for gl'neral service, shall be eligible for 

membership in the Naval Reserve. No person shall 

be first ellroll(�d in this dass who is less than eighteen 
or more than thirty-five years of a gl', nor ullit'ss II!) 
furnishes satisfaetory evidence al'l tu his ability alld 

("haraetl�r ; nor shall any person be a vvointed an otfieer 

in this dass unless he shall ha v(� had not less than two 
years' experience as an officer on board of lalm or ocenll 

going vessels. 
The minimum active service required of members to 

qualify for confirmation in their rank or rating in this 

dass shall be three months. 
'1'he minimum active service required for maintaining 

the effieiency of a member of this class is three months 
during each term of enrollment. '1'his active service 

may be in one period or in periods of not less than 

three weeks each year. 
The annual retainer pay of members in this class 

after confirmation in rating shall be two months' base 
pay of the corresponding rank or rating in the Navy. 

NAVAL AUXILIARY RESERVE. 

Members of the Naval Reserve Force of the seagoing 

[lrofession who shall have been or may be employed 

on American vessels of the merchant marine of suitable 
type for use as naval auxiliaries and which shall have 

been listed as such by the Navy Department for use 
in war, shall be eligible for membership in the Naval 

Auxiliary Heserve. 
In time

' of war or during the existence of a national 

emergency, persons in this class shall be required to 

serve only in vessels of the merchant ship type, except 
in cases of emergency, to be determined by the senior 

officer present, when said officer may, in his discretion, 
detail them for temporary duty elsewhere as the exi­

gencies of the service lIlay require. 

The requirement as to qualifications of officers and 
men for confirmation in rank or rating, and as to the 

maintenance of effieiency in rank or rating, shall be 
prescribed by the Seeretary of the Navy and shall ht' 

limited to the requirements for the proper organir.ntion, 
discipline, maneuvering, navigation, and operation of 
vessels of the merchant ship type while performing 

auxiliary service to the fleet in time of war, and It'lIgth 
of time of employment on \Joard sudl vel'sels in the 

merehant service. 
Officers in the Naval Auxiliary Resen-e shall exercise 

military command only on board the ships to which 

they are attached and in the naval auxiliary St'rvice. 

The annual retainer pay of members in this class 
after confirmation in rank or rating shall be for officers, 

one month's base pay of the corresponding rank in the 
Navy, and for men, two months' ba"e pay of the cor­

responding rating in the Navy. 

NAVAL COAST DEFE N S E  UESERVE. 

Members of the Naval Heserve 11'on�e who may be 
capable of performing speeial useful service in tlw 

Navy or in connection with the Navy in defense of the 

coast, shall be eligible for membership in the Naval 

Coast Defense Reserve. 

Persons may enroll in this dass for serviee in con 
nection with the naval defense of the coast, such a" 
service with ('Oast-defense vessels, torpedo eraft, min­
ing vessels, patrol vessels or as radio operatorH, in  vari­

ous ranks or ratings corresponding to thoKe of the 

Navy for which they shall have (lUalified under regula­

tions prescribed by the Secretary of the Navy : l'ro ­

vided, That the Secretary of the ),favy may permit the 

t'nrollment in this class of owners and operators of 
yachts and motor power boats suitable for naval pur­

poses in the naval defens(� of the coast ; and is hereby 
authorized to enter into contract with the owners of 
snch power boats and other craft suitable for war pur­

poses to take over the same in time of war or national 

emergency upon payment of a reasonable indemnity. 

The amount of active service requirt'd for confirma­
tion in rank and rating and for maintaining effieieney 
in rank and rating shall be the same as t.hat required 

for members of the Naval Heserve. 
The annual retainer pay of members of this dass 

Rhall be tlw "nnw liS thllt.  of members of the Naval 

Heserve. 

VOLU N TEER NAVAL RESERVE. 

'1'he Voluntpt'1' Naval l{pserve shall be composed of 

tho,;e lIle1llbers of the Naval lteserve }1'orce who are 
eligible for IIIt'llIbership in any one of the other classes 
of the Naval Heserve }1'orcp, and who obligate them­
selvt's to serve in the Navy in any one of said classes 

without retailwr pay n nd uniform gratuity in time oj' 
peace. 

NAVAL RESERVE FLYIN G  CORP S .  

The Naval Heserve }1'lying Corps shall be composed 

of otfieers and student flyers who have been transferred 

from the Naval Flying Corps to the Naval Heserve 

Flying Corps and of enlisted lllen who shall have been 
so transferred under the same conditions as those pro­

vided by law for enlisted men of the Navy transferred 

to the :U'Jeet Naval Heserve : Provided, '1'hat surplus 

grlHlllates of the aeronautic school lIlay be commis­

sioned as ensigns in the Naval !lm;erve }1'lying Corvs 
and prollloted therei n ullder SlIdl regulations as lIIay 

he prescribed by the Presi<lent. Members of the Naval 

Reserve Force skilled in the flying of aircraft or in 
their design, building, or operation, shall be eligible for 

membership in the Naval Heserve }1'lying Corps. The 
amount of active service required for eonfirmation in 
grade, rank, or rating, and for maintaining efficiency 

therein, shall be the sanw as that required for mem­

bers of the Naval Heserve. The retainer pay of mem­
bers of the Naval Reserve Flying Corps shall be the 
same as that of memhers of the Naval Heserve. 

The Food Consumption of Adolescent Boys 
STATISTICS of the .food consumption of normal adults 

are available in large numbers, particularly since the 
modern era, in which a profound interest in the prob­

lems of human nutrition has begun to engross the at­
tention of physiologists. The recent trend of interest in 

the subject of infant feeding hns also brought with 
it illuminating data regarding the needs of the human 
individual in the early periods of life. Pediatric litera­

ture is not devoid of well established facts respecting 
the caloric requirement of the infant ; but there is a 

. singular dearth of statistics pertaining to the actual 

food intake and consequent dietary habits of young 
boys and girls. Indeed, both the physiology a nd pathol­
ogy of the adolescent period offer abundant opportunity 

for the extension of knowledge. 

S omehow it is difficult and unusual to collect the 
basic facts regarding the functional needs and per­
formances in this period of youth. Du Bois has shown, 

by accurate measurements in the respiration calorimeter 
at the Russell Sage Institute of Pathology, that the 

basal requirement of boys in metabolism is 25 per 
cent above that of the adult. A recent investigation 
by Gephart of the same laboratory' affords an in­

sight into the actual amounts of nourishment taken 
by more than 300 boys in one of the largest private 
boarding schools in the United States. The total animal 

supply for sueh an institution containing 355 boys was 
computed as fOllows, in metric tons :' 

Protein 

20.5 
Fat Carbohydrate 

Food supply . . . . . .  . 25.6 60.5 
Waste . . . . . . . . . . . .  . 3.S 5.4 4.2 

li'ood fuel . . . . . . . . .  . 16.7 20.2 56.3 

on the basis of the 'l'he quantity of food, computed 
individual meal served, appears as follows : 

Pounds Gramnles Calories Calories 

Per cent. 
Protein • • • • •  0 . 0  • 0.1107 50.2 206 14* 
I!'at ' 0 0  • • •  0 • • • • •  0.133� 60.4 562 39 
Carbohydra tes . .  0.3717 168.S 6!)� 47 

1 ,460 100 

'L'he food was of the best quality, and included 193 sep­

arate varieties. The cost per meal was 20 cents, or 
13.'" cents per thousand calories. This is twice what 

the poor man in New York City pays for his food. 

But these growing athletic boys were not satisfied 
with the conventional 3,000 calories per day. The in­

vestigator of their dietary ascertained that besides the 

4,350 calories which they consumed daily at the table, 
they bought 650 additional calories in food at a neigh­
boring store, the principal item being chocolate. 

Lu�k' has called attention to the fact that the 5,000 
calories thus Contained in the daily diet of active Ameri­
can boys of school age are half again as much as a 
farmer at work is believed to require. This salient 
statistical discovery, based on a liberal series of obser­
vations rather than on a few scattered data , deserves 
emphasis to medical men, who are often called on to 
advise in matters of diet during childhood and adoles­
cence. 'l'he total fuel intake of the boarding ,;chool 
boys was three times that of the basal level of from 
1,700 to I,SOO calories, which is the heat production of 
boys from 13 to 16 years of age when resting or asleep. 
Such findiugs explain the ravenous appetite of boys. 
Lack of a ppreeiation of this, ,;ays Lusk, and lack of 
provision for it, are the probable causes of much of 
the undernutrition seen in children of school age. 

A liberal and adequate dietary does not necessarily 
draw heavily on many sources of food. In the selec­
tions for the school referred to, twelve dietary items 
yielded 75 per cent of the requisite fuel value, the 
remaining 25 per cent being distributed among the 
lSI other varieties of food_ It  is surely not without 
significance that bread, butter, milk and sugar together 
furnif;hed half of the food fuel. 'L'hey form an excep­
tionally wholesome combination.--Journal of the Am. 

M edieal A88ociation_ 

Permanence of Writing-Ink 
ATTENTION was first called to the hleaching effect of 

air and light on writing-ink, as  u,;ed in modern times, 
by the fact that signatures on eerta in certificates ha<l 
become illegible through the fading of the ink. As it 
was impracticable to test a sample of ink by exposure 
of writing for a period of years, it was considered that 
a limited application of hydrogen peroxide would be 
the nearest chemical equivalent to the bleaching effect 
of the atmosphre. Writing done by different inks was 
exposed to l ight, the paper being occasionally moistened 
with a 3 per cent solution of hydrogen peroxide, the 
result being that the handwriting gradually became in­
visible, in some cases more quickly than in others. Tak­
ing ferric tannate, indigo, and aniline-blue as the prin­
cipal substances used in making writing-ink, it waR 
found that all of them are rapidly decolorized by warm­
ing with hydrogen peroxide solution. With solutions 
of these substances in '(est-tubes at the ordinary tem­
perature the same change was slowly produced. The 
violet ink used for typewriters was less readily acted 
on, but was quickly bleached by sulphurous acid. If 
an ink could be produced posseSSing the desirable prop­
erties of perfect fluidity and being non-depositing, and 
at the same time incapable of being decolorized by oxi­
dizing or reducing agents, there would be good reason 
to believe that the writing done by such an ink would 
be practically permanent. In the meantime, when 
writing is of an important nature and is dt'Rired to en. 
dure, some form of carbon ink appears to be the only 
trustworthy preparation.-D. B. Dott in the Journal o f 
the Society of Oh emieal Indu8try_ 

'Lusk, Graham : Food Economics, Jour. Wa8hington A ead. 
Se., 1916, vi, 390. 

'One metric ton equals 2,200 pounds. 

· Seventy per cent of this was In animal pr"tein. 
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The Evolution of Big Guns* 
From the Cast Iron Smooth Bore to the Modern Breech-Loader 

OUR modern guns date from the period of the 
Crimean war ( 1855 ) when cast-iron smooth bore 

muzzle-loaders were used. But though when the 64-
pounders failed to reduce the Baltic forts the authori­
ties realized that the guns of Trafalgar and Waterloo 
had become obsolete, a long time elapsed before cast­
iron was abandoned, and in the United States it was 

retained in fort service until the l ate years of the 
nineteenth century. The success of the American guns 
was due to the system of casting and cooling developed 

by Lieutenant Rodman, after whom they were named, 

and also to the superiority of the American iron, which 

had a tensile strength of over 40,000 pounds per square 
inch, against an average of 20,000 pounds of the English 
product at that period. 

The casting of iron guns was always an operation 
calling for the highest skill of the founder. Generally 
they were poured vertically, with the breech end up­
wards, and with a very deep head of metal to consoli­

date and feed the metal in the actual gun, and to 

just described, a much lighter class was being con­

structed in wrought iron for field service in the United 
States. They were built up on a system which was in 
substance that of piling. A number of rolled bars or 
staves were laid round an arbor, and placed in a lathe, 
on which a long bar was wound spirally. Over this 
another bar was wound with the spirals running in the 
opposite direction to the first, until in the 3-inch gun 
five layers were wound. Then another bundle of staves 
was bound on the outside, and a plug was driven in the 
breech. The whole mass was raised to a welding heat, 
upset by about 2 inches, and Tolled out from a length 
of 4 feet 6 inches to 7 feet. The trunnions wel'e welded 
on subsequently, after which boring, rifling, etc. , 
followed. 

COMPOSITE GUNS. 
A period of transition came in all countries about 

1872, when combination designs formed connecting 
links between cast-iron, wrought iron and steel, includ­
ing many converted guns. At the same time muzzle-

made to convert smooth bore cast-iron guns by rifling 
them, but invai-iablY' fail ed, though as smooth bores 
the guns had possessed great endurance under continu­
ous firing. When cast-iron guns e..'l:ploded they failed 
at the rear of the trunnions, and therefore- the practice 
of reinforcing that part of the gun with steel rings 
was adopted, and also of inserting a steel tube at the 

hinder part of the gun. A gun thus reinforced is shown 
in Fig. 3, being a type that was in use for many years 
( 1870-1890 ) . 'l'he safe working pressure for these guns 
was about 15 tons per square inch, which is not much 
below that allowed for the best steel guns now made. 

But the margin of safety was much less in them than 
it is in those of steel, and they were apt to burst under 
any serious accidental increase of pressure. Experi­
ments proved that the reinforcing of the cast-iron body 

with a steel tube and two rows of jackets increased 
the strength of the gun fourfold. 

The introduction of steel lining tubes caused much 
trouble, because at first the attempt was made to force 

receive any sullage and ail' 
bubbles that might rIse. Many 
were cast solidly, leaving the en­

tire bore to be removed by cut­

ting, but many others were cored. 

In either method the ordinary 
practice was to leave the guns to 
cool down normally. What hap-

(c 1&--" _J 
�Steel 

2. 

] 

them in. The difficulty was after­
ward surmounted by shrinking 

the gun round its tuile. The 
turned and bored gun was placed 
with its breech upward in an 

annular coke-heated furnace, 
which wus separated by un inner 

pened then was that the heat 

radiated first from the exterior, 
which becoming set firmly was 

no longer free to shrink, while 
the inner portions remained in a 
semi-molten condition in which 
correspondingly large shrinkages 
had yet to take place. When 

these occurred the inner zones 
were drawn away from the outer 
rigid portions, leaving open met-
al, the sponginess of which was 
a source of wealmess. Lieutenant 
Rodman therefore cooled the in-
terior first, by circulating a 

stream of water through the core, 

and building fires outside to re­
tard the cooling there. This was 

in some sense an anticipation of 
the present method of shrinking 
steel jacketR and rings around an 

inner tube, because the result  in 
both cases is to compress the in-
ner layers, and thus reinforce 

them to resist the pressures of 
the explosion. True, the effect in 
eooling' was far from being uni­

form, but it nevertheless went a 
long way in the desired direction, 
and immred a long lease of life 

to cast irons, until steel lIad es­
tablished itself as a mOl'e relia-

ble material. 

� II 

4.  

5 .  

6 .  
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Sections of typical guns. 

lining tube from contact with--:the 
gun. When the gun had - ex­
panded suflieiently the furnace 
was removed, the l ining tube in­
serted, and retained permanently 
by the shrinking of the body 
upon it. 

THE "WOOLWICH INFA?<T."  
In 1874-75 the biggest thing in 

British ordnance was the famous 
81-ton gun- -the "Woolwich In­
fant" ( Fig. 4 ) .  The inner tube 

was of �'irth's steel, encased with 

five coils of wrought iron, and 
having a cascabel or plug screw­
ed into the inner coil close to the 
stell I tube. Like all our guns of 
that time it was loaded at fhe 
muzzle. It was rifled with eleven 
grooves 
twist. 

having an increasing 
At the trunnion coil it 

was 6 feet in· diameter. Its length 

was 28 feet !) inches, and its 
hore was 24 feet long and 1 4 %  

inches i n  dia meter, afterward in­
creased to 16 inches. 'rile weight 
of the 1 4%-lnch projectile was 

1,258 pounds, and the powder 

cha rges varied from 170 pound" 
to 2-10 pOU1H]S, with initial vel­

ocities from 1 ,:::!m feet to 1,5GO 
feet per second. The pressure i n  
the vow del' ('ham her varied frolll 

The mere endurance of the 
old cast-iron guns is Romethillg 
to envy now when the big 
guns of alloy steel become 

1. American Rodman gun, 20-inch hore, weight 51  ton�. 2 .  French gun, U.489-inch hore, wl'h(ht 8,2:l\J 

pounds.  :I. �'rench B2-centimeter ( 1 2 'h  -inch ) gun ( 1 870-1890 ) .  4 .  'l'he "Woolwich I nfant." 8 1  tons.  

5. 9-lnch A rmstrong hreech-Ioadlng gun ( 1 888 ) .  G. A l l-steel French gun ( 1 S81 ) .  7. FI'l'neh ('and gun 

( 1890 ) .  

2 4  tom, t o  2 7  tOllR per square inch, 
conRidprn hly i n  PXC(,SI{ of that. at 
the 1)]'PSPllt time. 

The conHtrllction of thiH gnn 

eroded rapidly, and there are records of their re­
maining Rerviceable after firing from 3,000 to 6,0()() 
rounds. Many were of large caliber. American Rod­
mans were made of 8-inch, 10-inch, 15-inch, and even 

20 inches in bore. In the last ( Fig. 1 )  the shot weighed 
1,000 pounds, the length of bore was 210 inches, the 

maximum diameter over the chamber 64 inches, and the 
weight 115,200 pounds. It is believed that the last 
naval engagement in which cast-iron ordnance was used 
was that fought in the English Channel in 1864 between 

the "Kearsarge" and the "Alabama ." 
WROUGHT-IRON GUNS. 

In England the Armstrong guns began to displace 

those of cast iron immediately after the Crimean war, 
3,000 having been supplied between 1855 and 186a. 
These were built of concentric tubes formed by welding 
together lengths of rectnngular wrought-iron bars. The 

iron used was a mixture of 85 per cent of Yorkshire 
brands and 15 per cent of Swedish charcoal iron, with 
a tensile strength ranging between 25 and 27 tons per 

square inch. 
Later, along with the heavy American cast-iron guns 

• L ondon Times Enllineertng Supplement. 

l oading was heing abandoned for breech-loading. In 

America many cast-iron guns of the period of the Civil 
war had been reinforced with a hoop of wrought iron 

shrunk round the breech. These were the Parrot guns, 
of which 2,000 were cast between 1861 and 1864. About 

1872 many cast-iron smooth bores were converted into 
rifled guns by inserting in some cases wrought iron 

rifled tubes, in others steel rifled tubes, the insertion 
being sometimes by the muzzle, sometimes by the 
breech. Generally they were not very successful, 
though a good number were retained for fort service. 

A French rifled gun of 6.489-inch bore ( Fig. 2 ) ,  used 
in the Cochin-China campaign, was of cast-iron, rein­
forced by seven steel rings extending from the breech 
nearly to the trunnions. It was rifled with three 

grooves of increasing pitch. The types of heavy French 
guns existing or built in 1870 were still of cast-iron, 

but had a lining tube of steel forced in, with outer 
steel rings shrunk on. They were breech-loaders. 
Bronze guns were also largely used in the Franco­
German war. 

The adoption of a steel 
result of the introduction 

lining tube was the direct 
of rifling. Attempts were 

taxpd tlw reHOllrCeS of 'Vool­
wich heavily,  and Rpeeial machines and plant had 
to he installed for dealing with it. The principle 
adopted, that of shrinking thiek massive tubes upon 
the interior tube, was in opposition to that embodier] 

in the Armstrong guns of the time, i n  which a larger 
num�)er of thin tubes were employed. These jacket 
tubes were coi ls  of wrought-iFOn hal' welded together. 

The bar of which the trunnion coil was composed was 
200 feet in length. 

The 81-ton gun was eclipsed in 1876 hy the 100-ton 
gun built at the Elswick Works for the Italian govern­
ment. With a bore of 17 inches and a length of 32 

feet 10% inches, the latter was built up with a steel 
tube in two lengths surrounded with coil jackets, and 

was rifled with twenty-seven spira I grooves. The period 

of the eighties was the age of the mammoth guns. The 
heaviest ordnance at that time in service was the 110-
ton gun of 16.25-inch bore, carrying a projectile of 1 ,800 
pounds. Six of these guns were built for the British 
navy by the Elswick firm, who also supplied thirty 

guns of 100 tons weight or more for the Italian navy. 
Eight of these great guns were muzzle-loaders. Their 
length was one of their m ost characteristic features. 
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'l'he nO-t()n gun had a length of 42 calibers, a propor­
tion whidl ,�as common in all sizes of the Armstrong 
guns of that periud. But a reaction set in in favor 
of smaller and lighter guns of 67 tons weight and 13.5-
inch bore. Th( 1ery brief life of the heavy guns waR 
one cause of thiR reaction ; another was that for the 
time being the gUllis had proved superior to the armor 
plate of wrought iron and steel ; and finally the growth 
in favor of the secondary armament called for a pause. 
The quick-firing guns of small bore were now coming 
into service, and so from all these causes combined 
the very big guns d isappeared for a season. 

THE LAn:R ARM STRONG GUN S .  

In the eighties alld n ineties the later Armstrong guns 
led " the way to present praetiee. The early Armstrong 
guns were made of wrought iron" because the steel of 
that time was too uncertain. But when the open­
hearth produet be<>ame reliable it took the place of 
wrought-iron for )·JlIglish and foreign ordnance. Then, 
as now, steel ingots were cast and forged, either solidly 
or as hollow cylinflers, teste(!, bored, turned, temperefl 
in oil and finish-bored, and turned, and the various 
el ements shrunk on each other. The fluid compressed 
steel was a satisfactory solution of the metal problem, 
but before it  eould corne into general use steel makers 
had been able to Hecure sound ingots. 

I<lig. 5 illustrates a llaval breeCh-l oading Armstrong 
gun of about 1 888, and the resemblance to the guns 
of the presellt day are ' apparent in the i nereased length, 
the thill tuhes, especial ly  the very thin inner tube, 
which even �f craeked would be supported by the en­
drcling hoops, the greater strength afforded in the 
longitudinal direction by the tying together of the 
h oovs fron1 in'pech to muzzle, including the reinforce­
ment of the trunnion hoop, the enla rgement for th" 
Hhell at the hreech, and the serewed end for the breech 
block. One of the prineipal ohjeets sought in the Arm­
;;trong gUllS waH to afford snpport to the inner portion 
of the gUll where the full f.<tn�RS of the explosion occurs. 
This ('[Ulllot be l)rOper ly  ful fil l ed in caRt iron, whi('h is 
homogPlleouR tI lroughout. If the inner portion of the 
hore is straillel! beyolld the elastic limit the outer por­
tiOIlS mu;.;t give way in ('ours(� of time. Any builrling-up 
system in sOllie degree equa l i ;"",; the strains. When 
wrought-iroll ('oils were wel derl Ululer the hammer the 
fiber waN dispoHe<l ill the best possihl e way to resist a 
bursting strain. '1'he shrinking-on put the coils into 
permanent tem:iol l ,  and thm! supported the internal 
parts against rupture. 

RRE�� C II -LOADINO. 
As late as 1R6il a �pl('ct Committee on Ol'llnanee in 

J<Jngland had reported that "the preponderanee of 
opinion s('em" to he against any hreee!l-ioarling system 

for Ul(' largl'r guns, aIHI that the gnm! of the future 

must he muzzle-loaderH." �o the dock was set back, 

and ,for fil'tPPll years many mil lions were squandered 

on muzzle-loading gunH whell all our rival >!  were making 

hreeeh- Ioaders. Moreover, muzzle-loading OIl the long 

guns used on hoarrl ship wa>! impracticable without 

rnnniug the guns back, whieh entailed many incon­

veniences. HesirleR there was the possibility of double­

loading-proved to be tlw cause of the bursting of a 
31l-ton gun on the Thunderer in 11l79. Such an aceident 

could not oceur in a breech-loading gun. But not until 

18R2 was the muzzle-loader definitely abandoned in 

England am! brcech-loading, all-steel guns adopted. 
ALL-STEEL G U N S .  

In 1881 the Frenell were building all-steel guns, all  
breech-loaders, of steel made at the Creusot works. 
Some of thcse ( E'ig. 6) were of immense size, being 
16.54-inch, 14.57-inch and 13.39-inch in bore. The 
14.57-ineh ( 37 centimeter ) gun weighed 72 tons and 
threw projectiles of 1,180 pounds. The 16.54-inch ( 42 
centimeter ) gun weighed 75 tons and threw projectiles 
of 1,430 poumls. 

Then, .lU; now, the steel was east in ingot molds. The 
tihalle was that of a truncated cone, but ",olirI instead 
of hollow, with sU[lph'mentary metal to he cut off from 
tOll and bottom of the ingot. It  waH roughed ont to 
shn l't' under a RteHm-h ammer hetween "everal reheat­
ings, rough-tul'l led, and then rough-bored from the solid 
by a trepanning proeess, an annular cutter removing a 
Holid ('ore. '1'his was fol lowed hy tempering in an oil 
bath. 'l'hp riugs, heing large, were rolled like railway 
tires, nIHI turne<l, !lored, tempered in oil ,  and S'hrunk 
on. Afterwar(],; the rifling was done. The development 
of the built-up guns passed through several phases. 
\Vith every inerease in length designs were modified 
to afford the necessary longitudinal stiffness. A tend­
pney to rlrooll at the muzzle was counteraded by in­
creasing the Il'llgth of the hoops, and sometimes by 
registering th(,1ll into each othpr. 

By 1RIIO the I<'I'{'neh Canet guns had an establ ished 
reputation ,  awl were avowp(} rivals of the llroduds of 
the Krupp firm, over which superior efficiency was 

e1aimed. The construction adopted was that of an 
inner tube of the entire length of the gun, reinforced 
with jackets shrunk on and connected with the trun­
nion rings. Over the jackets a number of steel rings 
were shrunk, their number and thickness varying with 
the ealiber of the gun. E'ig. 7 illustrates the Canet 
13.39-inch ( 34 centimeter ) gun. The object in extend­
ing the jacket the whole length of the tube was to rein­
force the gun tube to enable it to offer longitudinal 
resistance to the smokeless powders which were then 
coming into use. 

In 1884 the first all-steel gun was made in the United 
States. It comprised a steel tube surrounded with a 
jacket or trunnion hoop and a sleeve. It was suecess­
ful , and steel ordnance was used henceforth for light 
artillery. One of these guns of 3.2-inch caliber com­
prises the steel rifled tube inserted in the j acket from 
the rear, and abutting with a shoulder in tube and 
jacket. The trunnion j acket fits over the inner tube, 
and is also shouldered over the end of the jacket adja­
cent. A sleeve in front of the trunnion jacket strength· 
ens the gun there. It is prevented from movement by 
fitting over a locking ring, which in turn is covered with 
a key ring. A base ring is screwed into the rear of the 
jaeket, and contains the interrupted screw to receive 
the breech-block. 

" 

THICK AND T H I N  RINGS. t 
The long retention of the Fraser, or \Voolwich, sys-

tem, instead of the Armstrong, was a retrogressive 
movement in I'Jngland. It originated in the idea that 

An excellent design for clock hands, fashioned after 

thosp of a watch. 

it waH �imvler and dleaver to emvloy one or twa thiek 
rings illstead of a large number of thin ones. Sir 
Wil liam Arnu;trollg had applied four or five eoncentric 
ring:-; to his heavier gllns, anticipating the modern ord­
nance. At \Voolwieh one was employed,' or two for 
guns of over \l-iJ)t'll caliher. The eost amI the difficul­
ties of manufaeture ai'e mueh greater with the first 
method tlian with t!le seeoJl(l. and the Wool wich 
authorities w(�re swayp(] by this consideration. But it 
was a mh;take. It ean be sliown mathematically, and 
hm; been borne out hy costly experience, that the more 
numerous the rings the stronger the gun. The error of 
using one eoil or ring only is of the same kind as that 
which has wrecked so many solid cast guns. Mere 
thickness inereased beyond moderate limits does not 
add to the strength, for the increase of which the stress 
must be taken by the outer rings or layers, whieh must 
be put " on under varying tensions decreasing gradually 
frolll the inner to the outer rings. 

WIRE-WINDING. 

In the modern gun the tension on each eoil is care­
fully calculated, and adhered to in the shrinking-on 
process. This is why wire-winding is adopted so exten­
sively in the heaviest guns. It affords a more precise 
method of regulating the stress than does the shrinking 
on of hoops. The outer hoops which surround the wire 
ha ve little to do, but they reinforce and confine the 
wire as this reinforces the inner tube. Mr. J. A. Long­
ridge proposed wire-winding so long ago as 1855, but 
his idea was rejeeted by the then Seeretary of State 
for War. Afterwards Captain Sehultz took it up on 
hehalf  of the French goverl�ment and constructed sev­
eral gun;;, and later �ir \Villiam Armstrong adopted it. 
Not till 1881 was the system taken seriously by the 
Woolwieh authorities. Those who like to trace great 
inventions back to their crude prototypes may be re­
minded that Gustavus Adolphus is supposed to have 
originated the idea of winding. At Woolwieh and Paris 
there are examples of guns in which a thin barrel of 
copper is surrounded with hempen cord, and enveloped 
in leather. The length of these guns is 16 feet 5 inches, 
the caliber 2.17-inch, and the weight about 120 pounds. 

I,ENGl'H m' GUN S .  

The firing vower of a gun can be increased in two 
ways, either by lpngthenin� the tube, or by increasing 
the pressure of the firing charge. An advantage whieh 

a long gun of large caliher possesses over one of a 
smaller bore is that the muzzle velocity can be reduced 
while the muzzle energy can be increased. The result 
is that the life of the gun is prolonged, while its de­
struetive powers are increased. Opposed to this is the 
question of the weight and space which have to be 
provided for afloat. Sir Trev or Dawson has put the 
contrast between the 12-inch muzzle-loading guns of 
1864 and the modern 12-inch breech-loaders tersely thus : 
The earlier gun has a length of 12 calibers, the later 
one of 50 ealibers, an increase of 38 feet. The weight 
of the projectile in the first was 614 pounds, in the 
other 850 pounds. But the difference in muzzle energy 
is enormous, in consequence of the employment of nitro­
explosive in place of black powd"er. In the first it was 
7,195 foot tons, in the second it is 53,045 foot tons, 
nearly eight times more. Yet the weight of the gun 
has been only trebled. 

The materials used in the later guns are much su­
perior to those of the early ones. The wrought iron 
used had a tensile strength of about 23 tons per sq�are 
inch, whereas the nickel-steel used now ranges from 45 
to 55 tons. The elastic limit which measures the resist· 
anee to permanent deformation was 12 tons per square 
inch in the wrought iron, but is 21 tons in the steel. 
The great increase in the length of the guns is R conse­

quence of the employment of the smokeless powders 
first used in France in 1885, and the introduction of 
cordite has profoundly influenced gun design. , Much 
larger volumes of gas are generated than with black 
powder, but the generation is less violent and more 
gradual. The maximum pressure is not much increased, 
but the total propelling force is greater. This explains 
why in the old guns using black powder the breech 
was made very large to resist the intense local stresses 
set up by a violent explosion. 

Clock Faces and Hands 
CLOCK faces. in relation to the reading of time, have 

afforded an object of much careful ,;tudy and Home 
('uriom; results have been obtained. 'rile deKigner of 
the great clock in the Philadelphia, I'a. ,  City Hall pre­
var.ed an elaborate paver ullon the Hul).iect. It waH 
VUhlh;hed in the Jo'nl'nlll of the Prank/in In,y tilutG not 
long after the clock was vut into operation. After 
a most careful investigation of cloek faces and figures 
had been made, the cone1usion a rrived at was that 
hlocks in place of the mmal figures wou l d  answer every 
vurpose and that few per;.;ons would diHcover the dif­
ference. The hour marks on the great dial afe marked 
by a character whieh appears like II thickened capital 
1 .  They are sufficiently distinct and no one appears 
to notiee the departure from ordinary practice. Here 
the inve;;tigations stopped. 'l'he writer !leforl' men­
tionpd assumed that peopll� eared only for something 
by which they could locate thl' hour amI (lid llot purstw 
the subject further. The great thirty-foot d ock faee 
i;; proportioned like that of the smll lle;;t size of ladies' 
watches. The monster dial can he spen for miles. '1'lw 
loeation of the honrs can he di;.;tingUh;hed, but the 
reading of time, the fundamental purvose of a clock, 
i;.; difficult, if not impossihle, half a mile away. 

The fault of the great doek and of most other 
large clock faces is a bailic one. The face i;.; not what 
enahles us to read the time, but the hands. If the 
hands can be seen, the face is of eomparatively little 
use except for minute sub-divisions of time. Since it 
is the hands alone by whieh we are able to read the 
time, and as the hands without figures ( or even with­
out a dial ) will indicate a fair time reading, it should 
be those which should receive the grl'atest attention 
and they should be as plain as possible instead of 
being ( as they usually are) an ineonspieuom; feature 
of the time piece. 

The �wiRs watch makers IUl\'e given this Hub.i('d 
;.;ome study and they freqtlPntly put on their watehe;.; 
hands of It ;.;ort to make the reading of tillle hoth cer­
tain and em;j'. As an experi lll(,lIt a cloeli: with a t(,l1-
illell dial of a dl�eJl hlue eolor ww; llIade. 

Out of sheet aluminiulIl 11 va i l' of hand;.; were cut, 
after an enlurged pattern made from the hands 01 1 
It l:lwi;:s watch. \Vhen these hand;.; w('re il l  vlacp olle 
!-law the time at a glallce even ill the half light of 
evening. Indl'ed, when tlie face IJeeollle;.; lm;t in t1w 
dusk the hour and minute could be ohRerv('d hy the 

llositioll of the hand:,;. 'rile aCl'olllll:lIlyillg illustration 
;.;hows the form of Hwse. 'rile hour hand is sliort alit! 
broad, so broad at the widest point as to make tlie 
distinction he tween the two exceedingly plain. The 
minute hand, tapering more gradually, is long, hut has 
sufficient width to make it readily Yisihle. With sncll 
hand;;, and a plain facl' showillg oll ly  dot" for the 
hours, it would be Vo;;sible to read time, in most cases 
to the minute, without any difficulty. 
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Good Lighting* 
Some of the Fundamental Principles and Modern Practice 

T H ERE are three ehief e1asses of principles upon whieh 
the eharader of lighting devends : ( 1 )  those relating to 

the sourees of the l ight, ( 2 )  those relating to refleeting 
and seattering properties of objeets within the field of 
view reeeiving that l ight, and ( 3 ) the properties of th2 

eye itself. What the eye sees devends as mueil upon 

the eye itself as upon what is to be seen. 'What is to 
be seen is largely within our eontrol, but the seeing 
ability of our eyes is quite without our power to eon­
trol.  lIenee it is that obtaining proper l ighting is 

largely a question of vhotometrie study, specification 
and design. The question of what is proper lighting, on 

the contrary, ean only be allHwered by careful study of 

the Vl'ollerties of the pye itself. The scientific founda­
tion of i lluminating engineering consists therefore of 

two main brandIes : the photometry of sources of light 
and of diffusing media,  and a formulation of the eom· 
plex visual properties of the human eye. 

Of the fundamental prineiples eoncerned in l ight ing, 

the question of eost of l ight may be passed sinee it is 
simply one of reduetion ; questions of the ehoice and 

plaeing of illuminants and of reflecting and diffusing 
media must be referred back to the properties of the 
eye to determine what is desirable. The eye furnishes 

the 80113 means of judging whether lighting is good 01 
bad and only by a careful study of the properties of 
the eye shall we be able to say what l ighting is best 

and what are safe l imits of tolerance under any givel. 

fixed conditions. 
The properties of the eye, upon whieh the prineiples 

of l ighting depend, are the reactions of the retina to 
radiation of any given qual ity and quantity. Regarded 
as a physieal instrument the eye is very similar to a 
photographic camera, consisting essentially of a lens 
and a sensitive surface. Curiously enough, the reaction 
of the retina and of the photographic plate to l ight were 
first carefully investigated at about the same time, 

twenty years ago, the latter by Hurter and Driffield 

in England and the retina by Arthur Konig and var­
ious eolia bora tors. 

The prineiples of good lighting involve directly but 
a few of the physical properties of the eye, namely, 

those related to visual efficiency and tolerance. Cri· 
teria of good lighting rest ultimately with the perform­
ance of the eye itself ; that is, upon the ease, eomfort 

and precision with which the eye functions. The eye 
accommoda tes itself to certain changes in l ighting con· 

ditions with extreme faci lity, to others with great diffi· 
culty or not at all. The greatly inereased use of arti­
fieial l ight, einematography and other eonditions have 

burdened the eye in many new ways, eonditions for 
which it has never been prepared by evolution. The 

statement, however, may be ventured that when cer­

tain rules of l ighting are obeyed the eye will be less 

subject to strain than ever before. 
�'or hundreds of generations human E'yes have been 

fitted to operate effieiently by natural light and WE' 
have every reason to believe that eyes were originally 
developed to work best under natural conditions of illu­
mination. For three-fourths of his waking hours man 
was aecustomed to a daylight eharacterized by a high 

level of brightness, moderate brightness eontrasts and 
eonsiderable eolor contrasts. The remaining quarter of 

his active existence was spent with a very mueh lower 
illumination, and at this level vision was sufficient 

merely for finding his way about. The eye has never 
developed more than the erudest discrimination for 

eolor or eolor differences nor for brightness contrasts 

at the lower level of natural illumination. 

Since man has l ived in caves, huts and houses, his 
eyes have been subjeeted not only to extremes in bright­
ness, but to exeessive contrasts as well .  Light coming 

largely from a single direetion throws dense shadows 

and these together with the souree of l ight itself, eause 
eontrasts far in exeess of those ordinarily met with in 

the open. 'Vhether or not the eye has ehanged to meet 
these inereased requirements we have no means of know­
ing. Very likely it has, judging by its adaptability ami 

lts present state of adaptation for operating under ex­

treme eontrasts. 

In recent times a large part of the eivilized people� 
spends a eonsiderable proportion of its time within 

doors and nearly half of that with artifieial illumina­
tion. Both daylight and artifieial l ighting conditions 

* A paper read before the National Commercial Gas Asso­
dation, and reported in 7'he Gas Industry. 

By P. G. Nutting 

are largely in the hands of the arehiteet and illuminat­
ing engineer and with abundant illuminat ion available 

we may well inquire carefully into the lighting condi­
tions leading to a maximum of eye comfort and effi­
eieney. 

BBIGHTNESS OF FIELD OF VIEW. 
In respect to the absolute brightness of the field of 

view, the eye not only tolerates a very wide range in­

deed-a range of at least one hundred million to one 
but operates with precision over a range really enor­
mous compared with that of any instrument eonstructed 
by man. 

Provided the surroundings are of the same order of 
brightness, a newspaper may be read with fair eomfort 
by the average person when it is i lluminated by full 
sunlight. This is about the maximum brightness toler­

able to an eye exposed continuously to it and with no 

very mueh darker areas within the field of view. For 
convenient reference, it may be stated that this bright­
ness is about 10 lamberts, or roughly 20 candle power 

per square inch. The minimum of brightness required 
for eomfortab1e reading, again assuming a normal eye 

and no exces�ive contrasts, is  about 1/100,000 of thi'! 
value, or numerically, 0.1 mililambert. One object may 
be distinguished from another when its brightness is  but 

a ten-thousandth of the latter figure. 

'I.'he ere operates over as wide a range as would a vail' 
of seales whieh could weigh anything from a ton of hay 

to a marble with equaIly high precision and would 
swing p(;rceptibly to the weight of a fly's leg. 'I.'he eye 
accomplishes this wonderful feat by automatieally vary· 
ing its own sensibility to eorreHpond with the bright· 

ness of the field viewed. 'l'hrough the middle range of 
brightness, the sensibi lity decreases to about 1/20 its 

value for an inerease of 100 times in brightness of 
field. 

'Vhen the brightness is changed abruptly, as it is 

when au" electrie light is switched on or off, the sensibi l­
ity does require time to adapt itself. Roughly the sensi­

bi l ity is doubled or halved in about one second, it varies 
by a factOr of ten in about five seconds and a faetor of 
one hundred in ten minutes. 

These apparently trivial and wel l-known facts readl 
the very foundations of the prineiples of good lighting, 
and it wiII be necessary to give them more detailed at­
tention. 'Vlmt immediately concern:,; the illumillatill� 
engineer and the producer of gas or eleetricity is how 
mueh il lumination is best under the various working 
conditions, in houses and factories and on streets, where> 
lighting units should be plaeed, and the distribution of 
light whieh is most favorable. 'l'he answers of all the�'e 
and similar questions are contained in the properties of 
the eye, such as are outlined above and cannot be ob­
ta ined elsewhere. 

BRIGHTNESS LEVELS . 

The relation of the properties of the eye to light­

ing problems is perhapR best set forth by conSidering 
but a few of the lighting levels of most importanee 

rather than a whole series of levels. We have to deal 
largely with retinal sensibility because the brightness 

of objects seen varies with the sensibility, and l ight­
ing is rated in terms of apparent brightnesses. A head­
light that is  dazzling at night is barely noticeable at 
noonday ; it  is not the aetual brightness of the head­

light that is of consequenee, but the brightness sensa­
tion produeed by it. 

The lighting conditions under whieh most of our time 

is spent fall chiefly into four distinct groups : ( 1 )  
bright daylight in· the open, ( 2 )  interiors in daylight, 

Relative 
Sensibility 

'" '" ;... " Q5 � =  'd � ;s g  � 
"'" > "'"  " '" " .<:I " " .<:I 

.:I.�� i �  � " !l i!5 " <l §!3 " !! " � .<:I 0 .<:I ",0 E-t _Cl_ Q E-t 
m. l. Iii:'"L 

1 .  Exterior Daylight . . . .  1000 0.0175 0.35 1 1 1 

2.  Interiors in Daylight. 10 0.030 0.017 200 60 20 

3. Interiors at Night . . .  0 . 1  0 . 1 2 3  0.0014 1 8000 1400 350 

4.  Exteriors at Night " . .  0"001 0 . 79 0.000 1 1  1 60000 22000 3100 

( 3 )  interiors under artificial  illumination, and ( 4 )  out 

of doors at night. A great many measurements have 

been made of the brightness of objeets commonly within 

the field of view in eaeh of these four cases. Rough 

averages give the eorresponding brightness levels as 

l isted in the table above. 
A rough average of the brightness of objects out of 

doors ill full sunlight is about 1 lambert or 1,000 milli-

lamberts ( m.l . ) ,  thp brightness of the ('1E'l1r sky at mid­
day ueing al:,;o roughly 1 lamhert. ' �illl i lHrly ,  a r()u�h 
average of the brightness in an average interior with 
uright daylight outHide is 10 millilamberts, one-hun­

dredth as bright as objeets out of doors. A eomfortable 
brightness in interiors at night is 0.1 millilambert, and 
of objects out of doors at night 0.001 mill i lambcrt, each 

brightness level being 1 pel' cent of the next higher. 
In un avearge room, reading or writing on a very dull 

overcast day, we turn on the lights when the mean 
brightness of the field of view is about 1 millilambert. 

In the second column are the just pereeptible differ­
enees in brightness expressed as fractions of the whole. 

In the third column are the brightness just pereeptible 

with the eye aeeommodated for some time to the bright­
ness of the first mlumn. 

In the last three columns are data showing the rela­
tive sensibility of the retina at the four chief adapta­
tion levels. Three kinds of sensibility are represented ; 
sensibil ity to brightness glare, to eontrast, and threshold 

sensibility. Relative sensibil ity to glare is roughly in­

versely proportional to the brightness of objects just 

painfully bright when the eye is adapted to the bright­
ness level indicated in the first column. 

Other things being equal, these data supply a fund 

of useful information to the illuminating engineer, re­
lating to best lighting levels, glare and threshold limits, 

etc. But other things are not equal, contrasts vary 
enormousiy in offices, factories, public halls, and living 

rooms. Lighting eORts must also be considered. Differ­
ent kinds of work require varying degrees of attention. 
1<'01' such work as drafting, eo lor matehing and proof 
reading, require the closest observation, the nieest pos­
sible adjustment of il lumination will be found to pay. 

But for ordinary work, presenting but moderate con­

trasts and requiring but moderate visual attention, there 

is l ittle to choose between a general brightness level of 
100 millilamberts and one of 0.1 millilambert, a thou­

sand times less. For work requiring close attention 

probably the best mean brigh tne88 is about 10 · 
milTi­

lam bert8 if the whole field of view is of fairly uniform 
brightness, 100 millilambers, if bright highlights and 

deep shadows are visible. 
RATE OF ADAPTATION. 

'I.'he rate of retinal adaptation from one sensibil ity to 
another is an important factor in a few lighting prob­
lems. A flickering light is intensely disagreeble and is 

not tolerated in ordinary lighting. A periodie flieker of 

a frequeney of over about 40 per second is not notice· 

able. In l ighting by alternating current a rcs or II 
Moore tube, the frequeney of flieker is usually 60 cycles. 

It is not apparent to the eye, does not depress visual 
aeuity nor does it produee eye fatigue. In motion pic­
ture projections the flicker with a good maehine hav­

ing a three-blade shutter is just beyond the perceptible 

limit. 'rhe diseomfort observed in seats near the screen 

is probably entirely muscular, due to displaeement, not 
intensity flieker. 

Nor is a single quiek flash very harmful to vision, 
provided its duration is extremely short. The total 

energy reeeived at any one point of the retina is very 
small eyen in viewing a l ightning flash, and it is energy 

rather than intensity that determines the impreSSion in 
sueh a ease. A longer flash, however, such as may be 

obtained from an eleetrie switeh or the flash of a head­

light, is the most injurions of all ,  for the total amount 
of l ight emitted is considerable and the damage is done 

before the eye can adapt itself to the high intensity. 

When the eye is subjeet to a bright light for a short 
time as in passing an automobile headlight, for ex­

ample, the sensibil ity falls very rapidly at first, then 

more slowly. If again exposed to darkness the sensi­
bility reeovers in a similar manner and at about half 

the rate. We have some data for a brightness of 25 
millilamberts, a brightness quite blinding to an eye 

adapted to darkness, but yet only a thousandth as bright 
as the average auto headlight. 

If suddenly exposed to such a l ight, the eye in five 

seeonds drops to 1/16 its sensibility, and after ten see-

" rhe lambert is the unit of brightuess recently adopted by 
th e Illuminating Engineering Society. It is the brightness of 
a perfectly diffu"ing surface radiating or reflecting one lumen 
per square centimeter. Brightness expressed in candles per 
square inch may be reduced to lamberts by m ultiplying by 
0.4868. 

Brightness is preferably expressed by lamberts not only 
hecause of the brevity of tbe name, but because of the appar­
ent a mbiguity of other terms in many cases. It is_ difficult, 
for example, to think of the brigh tness of the sky i n  actual 
can(Ues per square inch. 

© 1916 SCIENTIFIC AMERICAN, INC.



October 14, 1916 SCIENTIFIC AMERICAN SUPPLEMENT No. 2 128 255 

onds' subsequent exposure to darkness has by no means 
recovered its sensitive state. 

We see largely by contrasts in brightn�ss ; we see 

best when contrasts are over 10 :9 and less than 20 :1 .  

'Time 1 second. sensibility increase. 2 . 1 times , decrease 1 . 6  times 

2 seconds. 4 .2 2 . 6 .. 

5 16.2 7. 6  . . 
10 5S 1 4 . 4  " 
10 minutes. 1 2 0  ZO.!) " 

"'hen the eye iH adavted to dal'kl ieNN, II H it i�  out of 

door� at night, objeds exhibiting but faint contrasts 

do not become visible as rapidly as those with greater 

contrasts. 
In the following table are given the brightness of 

background against which a darker striv is just visible 
after 0, 5, 10 and 30 seconds : 

Contrast 1 :0 10 : 1  2 : 1  1 0 :9 
Instantaneous . .  .0010 .00 1 a  .0044 . 02 1  

5 seconds . . . . .  .000 1 3  . OO() 1 4 .00053 . 0()53 
1 0  seconds . . . . .  .000053 .000 10 .()0042 .0042 
30 seconds . . . . . . . . . . . . . . . .  .000002 1 .000028 .000 1 8  • 0030 

These data show the rate at whieh contrasts shown 

at the tOll of each column become visible. �With a con­

trast of but 100 :D7 ( j ust perceptible ) the "ensibility 

did not increase at al l  after the first few sel�onds. 

I n  vas�ing rapidly along a stred the eye is subjecteJ 
to large fluctuations i n  brightness at quite regular in­
tervals and this causes a very considerable depression 

in sensibil ity for the reason just stated. The sensibility 
adapts itself to the brighter plaees more rallidly than 

it recovers in the darker, the net result being that the 

retina is less sensitive than .it would be if exposed to 
a steady average brightness. street l ighting is vastly 

more etlieient whell more evenly distributed. It would 
be nlUch less etlil'ient than it is were there not such a 

lag of sensibility behind the sensation. 
Similarly, in viewing any contrasty field with the 

attention constantly wandering from l ight to dark and 

from dark to light objects, the rate of adavtation is 

involved. The general effeet is to lower sensibility and 
the result is that much more i l lum ination is required to 

attain visual comfort and acuity than in a field of but 

lI10dern contrasts. The suhject will be considered fur· 
ther in the diKcussion of excesKive contra"ts . 

T H E  EFFECT OF CONTRAST. 

The degree of contrast within the field of view has a 
very considerable influence upon the sensibility of the 

retina and, therefore, uIJon the level of illumination 

that is desirable in any givcn case. Under natural il­
lumination in thc opcn, contrasts exceeding 20 : 1  in ratio 
of briglttness are rarely mct with, while in interiors 

they are conllllon. 1']xees8ive l'Olltrasts are annoying 
and very probably for the reason that the eye has not 
yet been develoved to operate comfortably when ex­
cessive contrasts are present. 

Now contrasts are due almost entirely to two causes : 

differences in reflecting power and depth of shadows. 

The reflecting powers of ink and paper are in about 

the ratio of 1 :20. Out of doors, shadows are not as a 

rille very deep, because m'en on a clear day from 15 

to 30 per cent as much l ight comes from the sky as 

from the sun and the shadows are illuminated by sky 

l ight. In interiors, when the l ight is not  well diffused, 

very dense shadows are the rule because largely un­

lighted. E'urther, glossy furniture, paper and other 

objects refiect sources of l ight specularly, giving glare 

spots often many times as bright as their surroundings. 

Some recent work on this subject, reported upon at 

the September I .  E. S. Convention, indicates that both 

the shadows and the glare spots tend to depress retinal 

sensibility below that corresponding to the general level 

of brightness. A large white card in front of the ob· 

server contained a window of opal glass which could 

be illuminated from behind. After gazing steadily at 

the white card illuminated to a fixed known b rightness 

for some time the light was switched off and a bright­

ness of opal window found that was just visible. This 

instantaneous threshold was found to increase very 

considerahly as the area of white card viewed was 

more and more constricted. 'VIlCn this was further con­

stricted by viewing through a black lined tube with 

but a small hole at the distant end the opal window 

bad to be made twenty to forty t imes as bright to be 

just visible as when the eye was accommodated to the 

whole field of view. That is to say, darkening all  the 

field except that directly viewed not only did not in­

crease the sensibility of the retina ( apparent brightness 

of spot) as might have been expected, but actually de­
crca8e it by a large factor. And these results are ob­

tained with but moderate working brightness, in fact 

the effect is less with excessively bright fields. 

This depression of sensibility when the area viewed is  

considerably brighter than its  surroundings is of extreme 

importanC'/', hcC'ausp it is not only la rge, hut o.cC'urs very 

commonly in practice. 'Vhenever we view a printed 

page this condition obtains. The obvious remedy is a 

l ight distribution to give lightm' 8ltrrounding o bjects 

free from largc and deep shadowB. 

A bright glare spot within the field of view, but at 

one side of the object of our attention, is also of very 
common occurrence. Such a svot has two distinct 

effects on vision, discomfort and a depression of sensi · 
bil ity. The ocular diseomfort ("au Red by a lamp fiame 
or fi lament \\' ithi l l  the field of view is so far as we 
know largely a matter of intrinHic brill ianey of souree 
and is relieved by a diffusing shade. 

The depression of sensibility, on the contrary, is not 
relieved by a diffusing shade. We have plenty of data 
to show that the depression of sensibility caused by a 
source of given candle power is not lessened by svread­
ing the source and keeping the total candle power con­

stant. If  the brightness is kept constant and the area 
( 1. e., total caudle power) varied, then the depreSSion 
varies as the square root of the candle power or area . 
If both area aud candle power are kept constant, and 

the angle from the axi;; of vision varies, then the de­
preHsion is about half aH great at 25 degrees as at the 
axis, and is  almost negligible at angles above 40 de­

grees from the axis. 
PRACTICAL APPLICATIO N S .  

In practice, then, contrasty fiE'lds of "iew are to he 
avoided whenever it is possible. When they are un­

avoidable they should be illuminated to a much higher 
mean level of brightness than fields presenting but mod­
erate contrasts. For example, in offices and in the liv · 
ing rooms of houses conditions may be so arranged that 

only contrasts of twenty to one or less are presented 
to the eye. '1'his means only indirect or sem i-indirel·t 

U1umination, white ceil ings, light eolored walls, an ah­

senee of very dark furniture and no glossy surfaees 

anywhere. Under such conditions the eye operates with 

comfort and precision with an average br,ightness of 
objeets as low as 0.1 millilambert and a brightness of 

paper or other object worked upon of but 1 mill ilam­
bert. 

On the other hand, consider the opposite extreme in 
whieh contrasts are excessive and cannot be greatly 
reduced. Such eonditions ohtain in machine sho]ls, 

foundries and rolling mills. Bright metal parts abound, 
most surfaces have but a very low diffuse reflecting 

power. The work given closest attention is a mass of 
contrasty detail. Indirect illumination and white ceil­

ing or walls are alike impraetieable. Under such COll­

ditions the eye operates at low effieiency and the best 
that ('11Il be done is to provide abundant il lumination. 

ll'ully ten times the ltIean brightness and 100 times as 
::;reat iIIultl ination are rE'quired as in rooms containing 

hut moderate contrasts. It goes without saying that ex­
('essive contrasts, parti('u larly those due to glossy sur­
faces, are to be avoided whenever possible. Mueh less 

l ight is required and eye work is far less fatiguing. 
The quef>tion of glossy surfaces on print paper and 

on furniture has been given considerable attention . 

Printers would jlrefer glm;sy paper and ink for the reo 

production of llietures. Mat papers are available that 
will take half-tone printing, lJUt they are l'xpew;ive and 
tend to foul the plates. By one process good reproduc­

tions may be made even on newsvaver stock, but the 
IH'oceSH is E'xpensive. 'Vhy not, then, print on glossy 
paper and depend upon diffuse illumination to avoid spot 

glare ? 'l'he reason is apparent to any one who will 
view a glossy print under the very diffuse l ight of tllP 
open sky. '1'he diffuse skylight Npel'ularly refieeted from 

the glossy surfaee, produc('s a gray veil over the whole 
picturE', more or less cOIl('eal ing the details of the print 

itself. "Te prefer to v iew a glossy print under directed 
light, inclining it at SUdl all agle that IlO glare sIlot is 

seen rather thall have a gray vei l o\'er the whole which 
cannot be got rid of. 

Much the same reasoning applie8 to glossy furniture. 
1\1at furniture finishes are not common and are objected 

to on the ground that they are more difficult to clean 

and tend to conceal the fine deta il of the wood grain. 
However, with glossy furniture, the veiling glare with 
indireet illumination is worse than the spot glare with 
direct il lumination, so that the choice of finishes will 
be a matter of preference until satisfactory mat finishes 
are available. The chief advantage of indirect over 

direct illumination is not that it avoids spot glare, but 
that it eliminates the eye discomfort due to a bright 
source in the field of view. In other words, while di­
rect il lumination on glossy surfaces gives spot glare 
which is bad, indirect illumination gives veiling glare 

which is quite as distateful to most persons. Glare 

spots are to be eliminated by avoiding glossy surfaces 
rather than by diffusing the illumination. 

In one typical case direct illumination is much pre­

ferred if not essential, and from it valuable general con­

elusions -mfly he drawn. Npedle work is mnch more 

(1illicll l t  a!Hl trying to tho eyes llmler very diffuse than 

under directed i llumination. Needles and fibers are a 

mass of fine bright cylinders and depth discrimination 

is important. Under directed lighting, needles and 
tibers are imaged largely as fine bright l ines with inter­

sversed shadows as a background. Under highly dif­
fused lighting, bright lines and shadows all  tend to 
merge and seeillg conditions are bad. 

The degree of attelltion given the object viewed is an 
important fador in  retinal adaptation and, t1lPrefore, 
olle whieh must be reekoned with. On enter ing a dark 

room we "get our eyes" far more quickly when we try 
to distinguish objects or details than if we merely close 

the eyes. The difference is readily measurable. In our 
experiments on the rate of dark adaptation, the time 
is noted after which a test object with a given faint 
i l lumination first becomes visible. If a keen effort be 

made to see the test object it becomes yisible consid· 

erably sooner than if we close the eyes and wait. A 
s imilar effed may be noted in adavtation from a lower 
to a higher brightness . 

The inference relating to good lighting it; obvious and 
has been long reeognb:ed. "There work requires close 

attention, sueh as proof reading, drafting and certain 
textile work, great cOllHideration mm;t be given to se­
curing propel' l ighting to minimize the strain due to 

close attention. Where tlH're is the least gloss, to a void 
veiling glare the lighting should not be too diffuse alll] 
should be so direeted that there is no spot glare into 
the eyes. Both extremes of diffusion are common in 
drafting rooms ; the hapvy medium is rarely found. 

LIG HTING PRACTICE. 

In order to obtain a more concrete view of the light­

ing prineivles just discussed let us consider more parti­
cularly tlw problems of ( 1 )  interior dayl ight lighting, 

( 2 )  interior l ighting by artificial light, and ( 3 )  street 

lighting. 

In any interior ligh ting the bulk of the l ight should 
come from above the eye level . The brightest objects 
within the field of view should not be over 100 times as 
bright as the darkest objects or shadows. Within 30 
degrees of the eye level, the mean of brightness should 
not be above 100 millilamberts nor below 1 lll i l l i lambert 
and no contrast should exceed 20.1 or 1.3 units in the 
subjective brightness scale. 

Such ideal conditions are, of course, very rare(y 
found indoors. During the daytime the bulk of the light 
enters through windows largely at eye level. If a win­
dow is  within the field of view, we see perhaps a patch 
of sky a full lambert in brightness and adjacent to it 
a striv of casing 01' wan not lighted, frequently

· 
of low 

t'efleeting power and not over a mil l i lumbert in bright­
ness. The bright light from thc sky goes largely to the 
floor instead of the ceiling, a ceiling frequently finished 
in materials of low reflecting power and sometimes 
evell in wood with a dark finish. Such dismal quarters 

are tolerated only because so COlllmon. 
'rhe best practice appears to be to IUl\'e snow white 

ceilings, walls of a fairly light tint and floors or floor 

coverings not darker than new oak or pine. The win­

dow problem is a difficult one. Ribbed glass panes and 
white shades are worse than useless, for they be�oll1e 

themselves powerful sources of l ight at eye level. All 

inclined opaque shade, extending into the room at  the 

level of the middle of the window, mat white below and 
coated with metal paint aboye, keeps the directed sky­

l ight from the eyes and throws it on the ceil ing where 
it is best to have it. 

'l'he artificial lighting of interiors is less difficult to 
put on a reasonably correct basis. A suitable shade 

lllay be used to reduce the brightness of any lighting 
unit to within the l imit of comfort ( about 250 mill i­

lambers)  and throw the bulk of the l ight on a white 
ceiling. A suitable number of units properly vlaced will 

prevent dense shadows. The best tints for ceilings, 
walls and floors are such as are also suitable for day­

l ight l ighting. Glossy Hnd dark colored furniture and 

fixtures are to be avoided, particularly near the center 

of a room. 

Good street lighting presents many very serious diffi­
culties. It  is much more important to secure greater 

uniformity of lighting than to increasc the total light. 
At the present time amply l ighted streets are COlllmon, 
streets with properly distributed i l lumination very rare. 

Much light escapes in the upper hemisphere that might 
easily be thrown downward. Much l ight is thrown lat­
erally toward residences where it is neither desired nor 
appreciated. A l ittle judicious use of reflectors would 

throw this l ight to the street and sidewalk where it 
would be of most service. Fortunately, dazzl ing lights 
are becoming less common and increasing attention is 
being given the distribution of light. 

All things considered, but l ittle progress has been 
made in the application of the principles of correct 
lighting. This fflct is surpl'isin.g in view of th{' sim­

plicity of those principles and the comparative ease with 
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which lighting may be modified. It is gratifying that 
there lIas been little if any opposition to such improve· 
ments on the ground of probable disturbance in the de­
mand for gas and electric supply.  Lack of progress is 
rather to be attributed to ignorance and indifference in 
the face of other more urgent problems involving �ar 
greater financial outlays. 

How to Select Metals for Magnets 
By Arthur E. Paige 

IT is the purpose of this article to indicate some con­
ditions and elements which determine or affect the 
magnetic quality of commercial iron and steel alloys, 
and to facilitate the selection thereof by those without 
special knowledge of electrical science. 

Magnetization of ferromagnetic metals affcets many 
of its physical properties, for instance, its elasticity, its 
electric conductivit�o, its thermo-electric power, and its 
dimensions. Conversely, the magnetic propertieH of such 
metal are affected by changes in its physical !Jropertie:-;, 
for instance, by mechanical stress and changes of 
temperature. For instance, the length of an iron or 
soft-steel bar is increased by magnetization, proportion­
ally to the square of the intensity of magnetization up 
to the saturation point of the metal ,  but, if the mag­
netizing force is increased beyond that point the bar 
gradually shrinks, until it becomes shorter than when 
unmagnetized. Such elongation generally reaches the 
maximum under a magnetizing field of 50 to 120 C. G. 
H. units, vanishes under a field of 200 to 400 1111its, and 
retraction is effected under higher fif'lds and avparentl�o 
reaches its limit in fields where II equals 1 ,000 to 1 ,100 
units. Other paramagnetic metals are variously con­
tracted or eXllanded when subjected to magnetizing 
forces ; the behavior of cobalt being opposite to the iron 
or soft steel above contemlliated. Hardened stcel 
changes in form in a manner similar to that of soft 
iron or steel above noted, except that it regains its 
original length when the magnetizing field reaches a 
critical value depending upon the hardness of the metal, 
which value diminishes aR the hardness increases up 
to the point where the metal i:-; eolored yellow by its 
surface oxide. However, aboye that !Joint the critical 
value increases until it reaches its maximum height 
with the hardest steel. Plain carbon stecl whieh has 
heen ha rdened by sudden cooling and then tempered 
yellow as above contemplated manifest:-; a smaller criti­
cal value of the magnetizing field than steel which is 
either Hofter or harder, such value being in fact so 
small that such metal contracts, even under wpak mag­
netizing fields, without undergoing any aPllreciable pre­
liminary elongation. 

All such oha nges require time and are accompanipd 
by modifieations in the form of energ�o-heat appean, 
as magllPtizatioll vallislies, alld v il'r: VeI'8(L 'l'herefore, 
there i:-; appa rl'llt lag in magnetization and dema gnetiza­
tion ill metal in sequence to changes in till' indueing 
field and loss of energy ; allt! both vary with the com­
po:-;ition and Htate of tile metal .  Such lag is termed 
hysteresis, and such loss h!l8teretk, and both should be 
eonsidered in selecting metals for magnet:;; , partieularl�o 
for temllorary magnets subjected to rapid re,oerHal s or 
other varia tionH in magnetic fields, as in electric gen­
erators and motors. 

The apparent relations between the amount of en­
ergy dissipated in subjecting iron or steel to a magnetic 
cycle, i. e., a double reversal, and the maximum amount 
of induction manifeRted in the cycle, may be simply 
expressed as W='7B' ·6 where lV=the work iu ergs 
upon a cuhic centimeter of the metal, B=the maximum 
induction, and '7 a hysteretic constant, varying, in soft 
iron and steel, from 0.001 to 0.004 and approximating 
.0.002. This formula is applicable to Swedish iron up 
to B =  18,000 gau:"se>; ; to tungsten-steel and cast cobalt 
up to R =  8,000, and to nickel and annealed eobalt up 
to B=::,OOO. Constants applieable to various commercial 
metals are as follows : 

Best annea l{�d Hwedish iron, thin sheets . . . . . . 0.001 
Rest annealed Hwedish iroll wire . . . . . . . . . . . 0.002 
Ordinary sheet iron . . . . . . . . . . . . . . . . . . . . . . . . . 0.00-1 
Best annealed cast step] . . . . . . 0 • • • • • • • • • • • • •  0.008 
Best anncaled machine step] . . . . . . . .  0 • • • • • • • •  O.ODD 

Ordinary cast steel . . . . . . .  0 • • • • • • • • • • • • • • • • • •  0.0 1 2  
Ordinary east iron . . . . . . . . . . . . . . . . . . . . . . . . . . 0.016 
Ordinary hardened cast steel . . . . . . . . . . . . . . . . . 0.025 

The standn rd expression of h1ls te,retir: loss iH in watts 
per pound of the metal, witli induction 2,500, at a fre­
quency of 100 double reversa ls of cycles per se('ond, 
but. some manufacturers express it in horse-powers per 
ton, of their metal, or in ergs per cubic centimeter per 
eycle ; it is to be noted that as one horse-power=746 
watts, and one tOIl=2,24.0 pounds, the factor for re­
ducing horse· power per ton to watts per pound iR sim­
ply ¥s. The loss for any induction B within the range 

of said formula, may be converted to the standard 
B =2,500, by dividing it by B '  .6 /2,500' ·6 

It  is usual to select for electromagnets the best 
Swedish charcoal-iron, and such metal ( of the best 
grade now obtainable in the market) averages 0.03 per 
cent of carbon and manifests B = 16,SOO for H =45, 

residual B=D,770, permeability 1-'=1,625 for H=8, and 
• a coerciye force of but ( reverse ) H=1.66 is required 

to eliminate said residual B .  Such metal is subject to 
hysteretic loss amounting to 0.382 per pound for maxi­
mum B = 1),000 at 100 cycles. Of course, for temporary 
magnets, such Swedish metal is far superior to the 
average cast iron of American manufacture, which 
average:,; 1-'= G2 for H=40. However, it is far inferior 
to silicon· iron containing Fe, D7.3 ; C, 0.2 and Si, 2.5, 

which, in fields up to Ii =10, not only manifests greater 
permeability than the best Swedish metal, but, for the 
same maximum B and frequency, suffers hysteretic loss 
of but 0.254 watt per pound. 

Whether metal is being selected for temporary or 
permanent magnets, it should be as free from man­
ganese as possible, for that element suppresses the mag­
netic qual ity of any ferro-magnetic in which it is in­
cluded. For instance, the addition of 12.36 per cent 
of manganese to a high-grade iron of excellent mag­
netic quality was found to reduce its permeability to 
1.27 for Ii =8. 

Although it is usual to select, for permanent mag­
nets, plain high-carbon steel, hardened and tempered 
as aboye described, ordinary commercial chrome-steel 
is hetter for that purpose, in that it manifests a coer­
cive force of D when annealed and may manifest as 
much as 38 when oil hardened. However, such Coer­
cive force is far exceeded by other alloy-steels, of more 
costly composition, as indicated by the following table, 
in which Heveral are arranged in the order of their 
coerciYe force : 

I Per IB 'B 
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_
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_
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5 i ReSidual 

1 Molybdenum 4 . 0  I . . . .  . . . . 

� ¥u
o���t��num � : �5 1 : : : :  : : : :  

� �Y�Ifclten I l� : �! 777!) 4770 
6 Tungsten I 7 . 5  1 52;m 1:3280 

8 C arbon 0 . 0:3  1 6800 9770 
9 Nickel :3 1 . 04 4460 1720 

1'-
for H = 8  

!l0 
500 

1375 
1 625 

357 I 1 . 27 

Coercive Force 

8.5 
80 
70 . 7  
64 . 5  
20 . 0  
9 . 02 
2 . 76 
1 . 66 
0 . 5  

7 Nickel 

I 
:3 . 82 1 6 1!l0 !l:320 

10 Manganese 1 2 . :36 I . 0 • •  
�----------

Specimens Nos. 8 and 10 are included in Raid table for 
comparison with the other alloys ; No. 8 being a sample 
of Swedish charcoal-iron and No. 10 being the iron to 
which manganese was added as above described. It  
may be  observed, with reference to said table, that the 
alloy containing but 2.35 per cent of tungsten has more 
than seyen times the amount of coercive force of the 
a lloy cOlltaillillg 7 .5 of tungsten, and, con:-;equently, is 
accordingly superior for permanent magnets. How­
eY!'r, the best alloy for that use, so far discovered, 
contains four per ("ent of molybdenum. Of Course, sueh 
alloy;; are co:-;tly, and, for many uses, permanent mag­
nets of satisfactory coercive force may be formed of 
ordinary caHt iron which has been chilled by the ordi­
nary proces:-;es for surface hardening such metal. Huch 
processes, when effective for that purpose, are found 
to have changed the east iron so that there is more com­
bined carbon ( cementite, Fe,C ) at the surface than is 
prpspnt in the other portions of the metal. Such £11'0-
c('sst's are most effective when the metal is quenched 
in an acid :-;ol nlioll maintained below the freezing point 
of water. I n  thiH connection, i t  may b e  noted that an 
alloy ('ontaining 0.25 nickel and 1l0rIllall�o manifesting 
permeability 1.4 for any value of H; when ("ooled be­
low_ the frpezing poiut of water, becomes as magnetic as 
the average cast iron alld thereafter retains its mag­
netic properties until heated to 51';0 !iegr!'es Centigrade, 
at wlJieh t empl'rature it Im;es its susceptibility to mag­
netization, alld th!'refore remains in that state, until 
it is again frozen. From this and similar phenomena, 
it may be reasonably presumed tha t all metals may 
reach the magnetizable stat!', at some temperature.­
E lectrical Review and Wes tern Electrician. 

Behavior of Metals Toward Acids 
A �l I X Tl'm; of h�'(lr()('h lori(, add ( 8]1. gr. 1 . 1 2G )  and 

:lO% h.l"<lrol-(l'lI peroxide solUtioll di:-;solves ('opper, his­
lIluth, uit'kPl, gold,  platil lulll, awl H lltil l lOIQ', bllt Ilot 
silver or l I l er("lIry ; ]Pa d is only :-;lightl�o soluhle ill the 
lII ixture ()wil lg" to tlw formation of insoluhle lead chlor­
ide. Diluh� sulphuric add containing hydrogen per­
oix(k dissolves ("oppel", silver, nickel, and hiHll1uth, but 
not tin, lead, gold, platinull1, or antimony. Copper, sil­
ver, merl'III"Y, lead, and bismuth are soluble in acetic 
add containillg h�od'rogen peroxidp ; tiu, nickel, gold, 
alld pl utinUlIl are insoluble. 'I.'he solubility of alumi­
nUlll in the three adds mentioned is not affected by the 
presence of hyl',rogen peroxide. Since the solvent ac-

tion of a mixture of hydrochloric add and hydrogen 
peroxide is the same as that of chlorine, the insolu­
bility of mercury in the mixture is difficult to explain ; 
it is not due to the catalytic action of the metal on the 
hydrogen peroxide, or gold and platinum would not be 
dissolved, nor to the redudng action of hydrogen per­
oxide on the mercury salt, for although hydrogen per­
oxide reduces mercuric a cetate to mercurous acetatp, 
it has no action Oil mercuric chloride.-E. Salko wsld, 

Chcm.-Zeit. 
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