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The Fallacy of the Nebular Hypothesis* 

Celestial Mechanics and Other Facts That Dernand a New Theory 

THE Ptolemaic theory of the motions of the heavenly 
bodies takes precedence over all other theories not be­
cause of its strict adherence to the facts revealed by 
observation of celestial phenomena but because it held 
sway for the longest period of years. Our little theories 
rise and have their day but the day of the Ptolemaic 
theory, with Hlight modifications and accretions, extended 
from the time of Eudoxus in the fourth century B. C. 
down until the middle of the seventeenth century, when 
it was overthrown by the "alternative. hypothesis" of 
Copernieus and the discoveries of Galileo. The theory 
derives its name from the famous Greek astronomer, 
ptolemy, who flourished about the middle of the second 
century A. D. According to this theory, the earth is 
globular in shape and immovable at the center of the 
univer�e, while the sun, moon, planets and stars all re­
volve about it on crystalline spheres at varying distances. 
The outermost sphere contains the fixed stars and it 
rotates with such incredible velocity that all the stars, 
many of them so far distant that the light we now s@e 
left them before the dawn of the Christian era, complete 
a revolution in twenty-four hours. 

This theory received the sanction of Aristotle and 
permeated many of the systems of theology of the early 
middle ages. It became the adopted child of the ohuroh, 
nurtured by theology and protected by Scripture. To 
doubt it was here;;y, to attack it was blasphemy. Con­
sequently all the righteous indignation of the faithful 
and orthodox was hurled upon Copernicus and Galileo, 
the former having offered an alternative hypothesis, the 
latter having substantiated that hypothesis by astro­
nomical diseovery. But the apparently unsuccessful 
struggle of Galileo against the Inquisition for the inde­
pendence of scientific thought and. investigation was not 
fought in vain. 'I'he Copernican theory triumphed in 
the following eenturies and is now universally accepted 
as the only explanation of the motions of the heavenly 
bodies. 

When the crystalline spheres of Ptolemy vanished there 
disappeared with them the motive power by means of 
which the heavenly hodies moved. The first theory to 
aocount for the motions of the planets, after the break­
down of the Ptolemaic hypothe8is, was Descartes' famous 
Theory of Vortices. DescaTtes is best known through 
his contributions to philosophy and mathematics, but he 
was an astronomer as well. He might be called a "draw­
ing-room astronomer" as he did not allow his imagination 
to be restricted by any secondary things such as facts 
or observations. His theory rested entirely upon a meta­
physical basis. It is this: The heavens are filled with 
a liquid suhstance having the common property of all 
liquids. (Modern physicists make a somewhat analogous 
supposition concerning the ether.) This liquid is in rota­
tion and at various places throughout the solar system 
are whirlpools or vortices, just as there are eddies in cur­
rents of water. The sun is at the center of a huge whirl­
pool and the planets are carried about it in different 
periods of time varying aecording to their distances from 
the sun. Each planet, in turn, is the vortex of a second­
ary eddy in which the respective satellites move. These 
secondary eddies are supposed to produce such changes 
in the density of the Imrrounding medium of the primary 
Whirlpool that the planets move ahout the sun in ellipses 
instead of in circles. It is not difficult to show mathe­
matically that on this hypothesis the sun would be at 
the center of the ellipses and not at one of the foci, and 
further that the weight of every body on the surface of a 
planet, except at the equator, would act in a direction 
which is not vertieal. If this were true on the earth the 
people living in different latitudes would be distinguished 
not only by their differences in dialect, religion and atti­
tude toward Home Rule, but also by the angles which 
their bodies would make with the true vertical. This 
theory was worthless in so far as it contributed anything 
directly, but it marked a new era in astronomy inasmuch 
as it attempted to explain the phenomena of the whole 
universe in accordance with the mechanical laws which 
experiment showed to be true on the earth. 

While Galileo was substantiating the heliocentric the­
ory of Copernicus and suffering for its sake mental if not 
physical torture at the hands of the Inquisition, tho 
Danish astronomer, Tycho Brahe, was making system­
ati4l observations of the heavenly bodies, and from these 
records Kepler dedueed the laws of planetary motion. 

* Queens Quarterly. 
The following articles have been consulted in the preparation 

of this paper: F. R. Moulton, "Test of the Nebular Hypothesis," 

Astrophysical Journal, vol. xl (1900), pP. 103-131; T. C. Chamber­

lain. "Test 01 the Nebular Hypothesis." Journal oj Geology. vol. viii 

(1900). )tp. 58-74. 

By Daniel Buchanan 
Keploc's laws were all empirical and were formulated 
aner several faneiful theories had been reluctantly dis­
carded as they could not be made to conform with the 
observations of Tycho. Kepler's laws are: (1) that 
every planet moves in an ellipse with the sun at a focus; 
(2) that the line joining the sun to the planet moves over 
equal areas in equal intervals of time; and (3) that the 
squares of the periods of revolution of the planets about 
the sun vary as the cubes of their mean distances from 
the sun. 

The year after the death of Galileo there was born a 
diminutive child who was destined to be the discoverer 
of the law of force which governs the solar system and of 
the laws of motion by which its various members move. 
ThiR child was afterward called Sir Isaac Newton. The 
scientific world awaited the coming of his giant intellect. 
Sufficient data concerning the motion of the planet8 had 
been collected and the truth all but divulged when New­
ton, in a contemplative mood (he was always contem­
plative, we may presume), saw the apple fall. The eat­
ing of the apple led to the fall of mankind. but the fall 
of the apple led a human intellect "to think God's 
thoughts after Him." ]'rom Kepler's laws Newton con­
cluded that the propelling force which moves the planets 
in their orbits is neither the rotating crystalline spheres 
of Ptolemy nor yet the direct intervention of stalwart 
angels whose eternal duty was to make the worlds "go 
'round," but is the mutual attraction between the sun 
and the various planets varying directly as the product 
of the masses and inversely as the squares of the distances. 

Newton found a world in chaos governed by mysti­
cisms, liable at any time to collapse should the crystalline 
spheres wear with constant use or should the angels 
become weary of their toil. He left a world governed 
by force in which the various members move "according 
to eternal laws." He was regarded by Laplace as not 
only the greatest genius that had ever existed but also 
the most fortunate, "for as there is but one universe it 
clI.n hll.ppen but t.o one man in the world's history to be 
the interpreter of its laws." 

When the nature of the universe had thus been settled, 
alltronomers, mathematicians and philosophers turned 
their attention to the origin of the solar system and 
probable theories of evolution. !<'rom a consideration 
of the nature of the solar system we are almost forced 
to conclude that there has been a development from an 
earlier state in which the various members were more 
elosely related. The planets all move about the sun 
in orbits which are very nearly circular, in sensibly the 
same plane, the plane of the eeliptic, and in the same 
direction. ('I'his direction is called direct and it is the 
direction in which the sun itself rotates on its own axis 
in about twenty-five days. The opposite direction is 
called retrograde.) The closer a planet is to the sun the 
shorter is its period of revolution about the sun. A 
glance at the accompanying tablel of distances and peri­
ods of planets shows that the relation between distance 
and period is consistent and obeys Kepler's third law. 

Planet. 

Distance from Period of Revolu­
the Sun in MiI- tion About. the 

lions of milos. Sun in Years. 

Mercury ...... , . 36.0 0.24 
Venus., . . . .  ,., 67.2 0.62 
Earth. 92.9 1.0 
Mars.. 141 5 1.88 
Jupiter. . .. ,. 483.3 11. 86 
Saturn . . .  , . 886.0 29.46 
Uranus. ..,.,......... 1781. 9 84.02 
Neptune... 2791.6 164.78 

Tho satellites of the variou8 planets all revolve about 
their respective primaries in nearly the same plane in 
which the planets themselves move. There are excep­
tions, to this, however. 'I'he four satellites of Uranus 
revolve in sensibly the same plane but it is inclined to 
the plane of the planet's orbit about 98 degrees or 82 
degrees, according as the motion is considered direct or 
retrograde respectively. The orbit of the only known 
satellite of Neptune is inclined to the plane of Neptune's 
orbit 145 degrees or 35 degrees, according as the motion 
is considered direot or retrograde respectively. The 
satellites of the various planets, with the exceptions 
stated below, revolve in the same direction in which the 
planets move. The exceptions are the eighth satellite 
of Jupiter,' and the ninth satellite of Saturn,3 discovered 

1 From Moulton's "Introduction to Astronomy," pp. 293-300. 

2 Jupiter has nine satellites. The four which can be seen in an 
ordinary telescope wore discovered hy Galileo. The next one, the 

fifth, was discovered by Barnard in ] 892. The ninth was dis­
covered in Sflptomher, 1914. 

• Saturn has ten satellites. The first was discovered in 1655 

by Huyghens and the tenth in 1905 by W. H. Pickering. 

1898. If we eon;;ider the motion of the satellites of 
Uranus as direet, then the plane of their orbits must 
bo turned through 98 degrees. Similarly the plane of 
the orbit of Neptune's satellite must be turned through 
145 degrees. The retrograde satellites of Jupiter and 
Saturn are in about the same plane as the other satellites 
and it is inconceivable that the plane of the orbit of 
one satellite of each planet should be turned over and 
not the planes of the other satellites. 

When Laplace advanced his N flbular Hypothesis in 
1796, the retrograde satellites of Jupiter and Saturn and 
Neptune's satellite had not been discovered.4 Thus to 
Laplace all the planets and their satellites revolved in 
sensibly the same plane and in the same direetion. He 
caleulated that this oondition would be the result of 
chance in one out of five hundred million eases, and there­
f(Jre concluded that the motions of the solar system are 
the result of some initial state from which the system 
has evolved. This led him to advance his famous nebu­
lar hypothesis but "with that distrwlt," he said, "which 
everything ought to inspire that is not the result of 
observation or calculation." 

According to the theory of Laplace. the solar atmos­
phere or nebula extended out beyond the orhit of the 
farthest planet. It was in a very heated condition and 
the whole mass rotated in the direction in whieh tho 
planets now move, but no explanation was given as to 
the cause of the original rotation. 'I'he dimensions of 
this enormous nebula were maintained by the gaseous 
expansion due to excessive heat and by the centrifugal 
force of rotation. As the mass radiated heat into the 
surrounding space it would contract, and as the total 
amount of rotation, i. e., the moment of momentum, 
must necessarily remain eonstant, the rate of rotation 
would increase as the body contracted. Finally a condi­
tion would be reached when the centrifugal force at the 
equator would equal the centripetal, that is, the attrac­
tion of the central portions for the parts at the periphery, 
and when the (lont-raction eontinued still further a ring 
would be left off. The remainder would continue to 
contract through loss of heat and another ring would 
be left off. Thus a ring was left off at the distance of 
each planet and what was left of the original nebula 
formed the sun. On account of the unstable form of 
the nebula the ring could scarcely be uniform. It would 
separate at one point and, through the attraction of 
that portion of the ring where a preponderance of matter 
had been left, the ring would form into a nucleus similar 
to the parent nebula. These secondary nebuloo would 
deposit rings at the distances of their respective satel­
lites which, in turn, through the mutual gravitation of 
their parts, would contract into the satellites. Saturn's 
rings, it is claimed, are the only example of the second­
ary rings not yet contracted into a satellite. 

This, in brief, is the nebular hypothesis--one of the 
boldest and most attractive speculations ever offered in 
science to account for the facts of observed phenomena. 
It had never been rigorously demonstrated to be true 
but it appealed to the imagination, as its grandeur 
seemed to blend with the gigantic task of constructing 
a universe. 

There are two sets of facts which flatly contradict the 
nebular hypothesis. One set was not investigated, the 
other was not known, at the time the theory was pro­
posed. These two sets are respeetively the fundamental 
laws of dynamics and the facts revealed by astronomical 
diseovery during the last century. 

We shall first eonsider how the laws of dynamics con­
tradict the nebular hypothesi8. It is an indisputable fact 
that any system of particles of any kind whatever rotat­
ing about an axis preserves a constant moment of mo­
mentum whatever changes of form or arrangement the 
matter may undergo under its own interaction. The 
effect of foreign meteoroidaI matter on the system has 
heen 8light and may be considered negligible. Let us 
now consider the moment of momentum of the original 
solar nebula. The greater its magnitude the greater will 
be its moment of momentum. Undoubtedly it must 
have extended many million miles beyond the orbit of 
the outermost planet, Neptune, before a ring could have 
been left off. But assuming that the solar nebula ex­
tended just to Neptune's orbit, an assumption which is 
the most favorable for the Laplaeian theory, we shall 
find that the moment of momentum computed for the 
system postulated by Laplace is many times the amount 
of the present moment of momentum. If a sphere and 
an ohlate spheroid (a sph�re flattened at the poles) have 

• Uranus was discovered in 1781, two 01 its satellite� In 1787. the 
other two in 185L Neptune and its satellite were discovered in 

1846, 
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eq ual ma,,,ses and equa,l equatorial radii, aro eOIllposed 

of the same matorial (with diJToreneos ill donsities, how­

evor) and rotato with the saIlle angular veloeities, then 

the moment of momontuHl of the oblate spheroid will be 

greater. This is quito evident as the greatest differenee 

botwm\Il the sph�re and the spheroid is in the polar re­

gions where the offoet upon the moment of momentum 

of the displaeement of matter is least, and the spheroid 

must bo denser in the equatorial rogions to preservo the 

oquality of mass. Thus, if wo assume the original nohula 

to bo a sph�re, wo s1mB obtain a small�r amount of 

mOJllontutn than if we assumo it to be an oblate spheroid 

whioh io tho figure oj' hydrodYllamieal equilibrium. On 

taking tho law �)f density to bo that duterrninod by f{ittor 

and G. 11. Darwin" wo obtain in the following' table" 

I :\l'buhtr I Present I Hatios . 

------------1 :I[(�'����'�U::� I ���:_l\_1. __ _ 

Kcptllllittll sLagt'. , !, ,lS4S,O[)!) : �2 7()/H)J �t:) t,o 1 
Jovitl.lI . "t"�l'. . . I' 1\)\)(; 420 i 14.1SI()1 I·U to 1 
Tl'lT('strhll st,,�l' S57 ;;;W ' 

0 7100S 120S to 1 
l\Il'rl'urhtl stage. . .1 f,U 2!JO 0 (j7D7!! I 7fi4 to l 

(first eo]umn) expressions for the eomputed moment of 

momeltt,um at the various stages of evolutiolt aceording 

to the Laplaeian theory. The seeond eolumn gives the 

present momont of momentulll of tho solar systmIl. 'rIms 

22.7(jGGl rpprps(JIlts the t,otal alllount of moment of 

momentum of tho whole solar system; 14.1S1Gl the 

amount if only the members of the system which extend 

out to and inelude Jupiter and its satollites are (Jonsidered, 

and ;;0 on. 'l'ho third (jOIUIlln shows the discrepancies in 

the ratios, and as these diserepaneies are not eonsistont 

or not eV('1l graded, it shows that thoy are not duo to a 

fundamontal error in tho eomputations or in tho assump­

tions on whieh tho work is basod. 'rhus the moment of 

mOHwntmll of the initial nebula of tho Laplaeian system 

is more than two hundrod timet; greater than the present 

Illonwnt of m.omentUlIl. 

In the eooling of the spheroidal nebula it is reasonable 

to suppose that there would be some systematie rolation­

ship between tlw masses of tho rings separated and the 

moment of 1ll0l[l(Iuta of thesn masses, The aeeomllany­

ing tahle' shows that no suoh rulationship exists. 

Hing. 

N eptuuian .. , 
13raniau .. 
Saturnian. 
Joviu.u . 
l\larLian. 
TurrosLria'\ . 
Venus. 

1 Percentage of I 1\1 ass of Llw 
I Paren! Nebllia. 

Percentage of 
Uw �Moment of 

l\lo1111mtulll. 

��rcu
_

r
_
h_tl_. _

. _������������--�--------

Theso figures, impassive and sorene as figures always 

arc. "half eonel'al and half roveal" what might have 

been a terrible tragedy. When the ring whieh forms the 

.Jovian system was separated from the parent nebula, it 

carried \�ith it less than one tenth of ono per eont of the 

mass of the parent nebula but nearly 95 per eont of tho 

moment of momentum! 'l'his is quite irwrodible. If it 

earriod away hnt 1/11)000 moro of tho mass with an equal 

proportion of the rotational momentum it WOUld
. 

havo 

exhaustod the supply of the parent nebula. If thIS had 

happened the youngor members o! the so�ar system wo�ld 

not only havo suflerod from tIllS proflrgate and laVIsh 

distributioll of the inheritan('.e of momentum U!)OIl the 

favofed Jupitor, but they novel' would have eXisted at 

all. 'rhe prodigal paront would have wastod his su�­

stanee of momentum upon tho youngest member, hiS 

rotation would have ceased and the ring eeremonies have 

eome to an etornal end. 

By a seeond appeal to tho laws of dynamies it ean b
.
e 

shown that rings eould not have beell loft off and th�t If 

thoy were loft ofl they eould not havo eontraeted �nto 

planets or satellitos. We show first th�t separate rlIlgs 

oould not have been loft off, hut that If the proeess of 

loaving off mattor oneo started, matter would have bmm 

left off continually and not in rings, 
. 

Two foreos are aeting upon a particle at tho perIphery 

of a rotating mass, hoth direoted along the radius but in 

opposite diroetions, the mmtrifugaJ away from thfl eonter, 

and the eentripotal toward the eenier .
. 

If tho mass r.o­

tates as a solid both those fon�os vary dIreetly as the �IS­

taneo of the partido from tho (lontor. If the mass IS a 

sphtlre, tho eEmtrifugal and eentr�petal f�rees would be­

'Jome equal through an inereaso 1Il rotatIOll �ot only at 

the periphery but all over the whole equatorial plane
. 
at 

the same time. Thus no rings eould be formed WIt� 
subsequent eontraetions of tho uebula. If the mass

. 
1:; 

spheroidal in shape the oontripetal foreo would not lIl­

erease 50 rapidly as directly as the d�stance from the center 

and the mmtripetal and centrifugal forces would beeome 

equal first at tho extreme periphery and not at some 

!, R(\fnreneus given jy� ("1IHln�!.)erlain·� purwr, loco fit" p, 63, 
r. ('hamheria-iJl, (oe nf., J). h.�. 
1 ('halHLlCri;),in, IIlC� dt , JL O!I 

point near tho peripltory, whieh would bo necossary in 
order to doposit a ring. As the effoet of (Johesion would 
be very slight in this extremely tenuous nebula., if tho 
proeess of leaving off matter once started matter would 
have boon loft off continually and not in rings. 

Lot us suppose now that a ring was deposited and that 
the distribution of mass in this ring was not uniform but 
that a preponderanee of matter had aecumulated at a 
rogion E. Denote the remaining parent nebula by S. 
Let us assume that E moves in a cirele about S. We 
shall Iwgleet the slight perturbations of the outer rings 
upon a partielo .M in tho ring of whieh E forms a part. 
If we eonsider M infinitesimal, i. e., if it is aitraeted by 
Sand E but is so small that its attraetions upon S and 
l� Illay be nogleeted, then if it! is plaeed at either vortox 
of Ow equilatoral triallglos8 with SEas base (donote 
these vortiees by P and (i), it will remain stationary with 
respeet to S and E. It has been shown by Moulton9 
that if the particle M is on the are Q EBl> but not at 
J' or Q, thl'u it is possiblo for it to uuite with the Iludeus 
l�, but that if the partiele is at any other point on the 
eirclo it cannot be preeipitatod upon E. Thus oven if 
a considorablo nuclous had eolleetod at a eortain portion 
of the ring, it could not llolleet tho partides distributed 
beyond GO dogrees on either side of it. lIenee the appeal 
to eelcstial nwehanies shows that the Laplaeian hypothe­
sis is improbable if not impossible. 

Let us now eonsid(Jf the s{)eond set of faets whieh eon­
tradiet tho nebular hypothesis, viz., the additional data 
(Jolleetod through astronomieal diseovery in the last 
eentury. 

The retrograde satellites flatly eontradict the hypothe­
sis of Laplace. It is ineoneei vable that tho planetary 
nebula should be rotating in ono direetion when a ring 
was deposited to form a satellite and then change its 
direetioll of rotatioIl beforo anothor ring was deposited. 
The only outside influllIwos aeting upon the nebula to 
e1mnge its ratt) of rotation are the tides produeed by the 
parent nueleus, the porturbations of tho other planots, 
and the aceret.ion of meteoroidal matter. The last fae­
tor may be nogleetod as, by tho theory of probability, 
the number of moteors whieh would tend to incroase 
rotation about equals the number whieh would tend to 
deerease rotation. The ohief effect of tho pert,urbatiolls 
of tho other planets is to produeu proeossion, and their 
tide-raising intiueneos may bo noglected in eomparison 
with tho tido-jJrodueing foree of tho paron\; nehula. 

Consider now tho ease of either Jupiter or Saturn and 
thoir respoeti ve satellites. The argumont is the same in 
both eases and wo shall diseuss only t,]lO easu of Saturn. 
It is argued aeeording to tho Laplaeian thoory that tho 
Saturnian nebula rotated in a retrograde directioll when 
tho ring wideh formod tho ninth satellito was dO]losited. 
Through tho effuet of the tides produeod by the solar 
Ilebula its rotation was then retarded until its poriod of 
rotation equaled its puriod of revolution-a eondition 
of affairs whieh exists betwoeIl tho earth and the IIloon, 
as tho moon keeps approximatuiy the same faee toward 
the earth, 'rhe rotation of tho Saturnian nobula was 
still furthor redueed until it beeamo zero and then it 
aequirod a direet rotation after which thl' rings forming 
tho innor (direet) satellites were deposited. 'l'his ex­
planation seems pbusible, but on doser examination it 
does not measure up with the faets. 

Tho who 1e qUllstion of tides has been diseussed by the 
late Sir Georgo n. Darwin and he has shown that th(1 
eharaetor and magnitudo of tidal inflUflllees depends upon 
the rigidity of the disturbed body and its period of rota­
tion. Tho efleet of tides is to deeroaso the ratu of rota­
tion and thus diminish the amount of moment of mo­
mentum. When the Haturnian nebula extended to the 
orbit of the ninth satollite, let us suppose it was rotating 
with a period of 29.5 years in the rotrograde direetion, 
and henee its moment of momentum was negative. Sup­
pose tho llffeet of tid os ehanged its rotation from t.he 
retrograde clireetioll to the direet; therofore its moment 
of momentum was inereased from a negative quantity 
to a eertain positivll quantity. As tides deerease rota­
tion, tho maximum amount of moment of mOrIlf'ntum 
would be obtained whon the period of rotation of the 
nebula equalod its period of revolution, i. 0., when its 
day and its year wore the same. Now tho greater the 
distanee is from the eontor of Saturn when this eondit.ion 
of aflairs existed, tho greater would be the amount of 
moment of momentum. To make the ease the most 
favorable for the nebular hypothesis, let us suppose that 
this distanee oxt.ondod out to the orbit of Uw ninth satel­
lito. When the Haturnian mass had shrunk down to the 
orbit of Japetus, t.lw innermost satellite, it was rotating 
with the period of Japotus and, as the amount of moment 
of momentum would deerease through tho influenee of 
tides, we would expeet a smaller amount when the nebula 
extendod to .Iapetus than whon it reaehed out to the 
ninth satellite, The numerical eomputations show just 
the reverse, as the moment of momentum whon tho 
nebula extended to ,Japotus is found to be moro than 

8 Theso l;'oints are called the Lagrangean Equilateral Triangle 
solutions 01 the prohlem of tltrt:o hodies. 

Astrophusical ,fOUl/wi, vol, xi (H)()O). 

soven timos greater titan when it oxtend!ed t,o the ninth 
satellite. Thus oven with tho additional aid of tide­
producing influen(les, whieh Laplaee did not inelude in 
his theory, the retrograde satellites squarely oppose t,ho 
nebular hypothesis. 

But what about Saturn's rings? Are thoy not living 
witnesses that rings were deposited? But even Saturn's 
rings rise up in witness against the Laplaeian thoory and 
testify that they had not been formed thus. It has 
beon detllrmined by means of the speetroseopo that the 
outor portion of Saturn's rings rotates in a period of fif­
teen hours, while tho inner portion rotatos in six. This 
seems to aeeord with tho nebular theory as the rotation 
increas{)s with a diminution of mass. Aeeorliingly we 
would oxpeet the period of rotation of the planet itself 
to be less than six hours but t.ho obsurvations show that 
it rotates in ten hours. 'rhis (Jondition of' affairs would 
be impossiblo if no othor foreo than those assumed in the 
Laplaeian hypothesis woro operating. 

. 

A story is told of a eertain king who was about to mako 
a formal visit to an eastern dty. On his arrival at the 
oity gate he was met by tho mayor's deputy, who in­
formed him, after due obeisauee, "Your J\1ajesty, thero 
are ten reasons why hLs worship the mayor eannot reeeive 
your Majesty into the eity to-day. Tho first ono is that 
the mayor is dead, the seeond is--" But suffieient 
reason had been givon. 'rhus oth�r roasons might bo 
given in dotail which oppose tho nebular hypothesis, but 
tho retrogmdo satellites themselves are suffieient to dis­
prove the theory. A brief statement eoneerning some 
of thes() faet.s mllst suffieo. 

Tho ilwlinations of t.lw planes of the planetary orbits, 
to eaell other, to tho genoral plane of the systom, and to 
the plnne of the sun's equator an-1 not to bo expeetod if 
tho origin of the solar systOlll is t,ite ring theory. Tho 
high o(J(lelltrieitios of tho inferior planets eanllot be a(J­
eountod for, sinee the ring theory requires the orbits of 
the planets to be IHoro nearly eireular the nearer thoy are 
to the sun. Just the opposite is the ease as tho eeeentri­
eity of Neptune's orbit is more than twiee as great as that 
of l\1ercury. Tho orbits of tho planotoids form a com­
pi ina ted systom of interwoven loops wldeh eallnot be 
untangled by tho Laplaeiun tlwory. As in the ease of 
Saturn and its inrlPr ring, one of Mars's satellites, Plwbos, 
revolves about its primary in less than eight hours while 
the planet itsulf rotatos in about t.wenty-four hours. 

As thoro is no (Jhureh whieh adopts tlw Laplaeian hypo­
thesis as a erepd and 110 Tnquisition to enforco adherolLee 
to it� teaelting, our faith and freodom ar� independent of 
our attitude toward this hypot.hosis. It is a purely 
seioutifie qUt�stion ,HId mus1, bo eOllsidorod as such, irm­
s)lOetive of prejlldieo or tradition. If it agrees with tho 
fads lot us retain it, if it (Jontradiots tho faets lot us rojeot 
it and endo<wor to find a theory whieh is eonsisteut with 
the rovobtious of modeI'n seiOll.(Jo, both thoortltieal and 
praetieal. Just as the Ptokmaie theory had to be dis­
carded whon subsequent disc()Ycries rovoalod its fallaey, 
so roeeut in vestigatio!ls lead us to rejoet the !lobular 
hypothesis and seek a new thoory. Tho thoory whioh 
satisfies all tho requirements of ('81estial Illoehanies and 
practieal astronomy bott!1r than any provious one is the 
Planotosimal or Hpirnal Nebula Hypothesis formulated 
within tho last deoade by two professors in the Univers­
ity of ChieH.go, Prof. F. n. �Mou1ton of tho Dopartment 
of }\stronomy, and Prof. '1'. C. Chamborlain of the De­
partmont of Geology. 

Drying Methods 
AN indu"try 1.11at is "um to he dovelojlod ill tbe noar 

future is dryiug' lIf a gril-ll I tural proulIt'lC:, slwh as vota­

toos and also aqu()ous iudustrial l'l�sidu()s, suoll a" oome 

. froIl! sugar making awl from breweries. [11 I<'l'<LUOO tbe 

IH'O!'l'SS is lIOW alllllied for drying fresh !Jeets, amI t.here 
are also tbree !Jeot ::;ugar works whidl employ it for the 

d l'y ill g- of. the cxha u;-;tell vulp. III the IlOrll! o( J!'ranee 

thc·re it; IlOW !Jeillg worked all iIlllu�trial pl'Ol:ess for 

HUlking "sugar flour" from fresll bed llulp, ami a det;­

sjuoator is elllllloyed here ill tile "llHjle of a tower iuto 

the top of which the ]lUlp j;,; ]loured, and it oonws ill eon­

ta,'t witl! warUl air ; thell the pulp i::; delivered hy a 
rota ry deviC"e OIl a Kd of superlloNed gratings , whore it 
J'(ecoi \'es IlOt air, COlJIlIlPUeillg at. u lower temperature and 

afterward m.;illg warmer air up t.o a teml'prature of 

120 deg. C. :Such 111'ie<1 beet pulp prO(Itlel'S a Hour whkh 

has the sw('eteuing propert.y of sligar to a ecrtain ex­
tl'lll, awl ( ,ould lJe used in all ease�; where the �mgar is not 

required to !Je vure. sucll as in !Jreweries, for spocial 

breads, for feeding stoek, and tho like. A ton of beets 

gives over 500 POUIll!t-; of flour, whkh sells here for $2 

tile huudredwuight. Its eornposition is: AlhuIllens, G 
per eent ; saeeharose, GG; ear!Johydrates , 13; cellulose, 5 ; 

wa tel', G; rniseelI:uu:olls, 4 por ('eIlt. Following tbe !:lIW­
ees,; of the vre;';Pllt methods , it is thought that otllei' 

industrial drying pl'o('e;;sos will Ile in vented whieh will, 

for illstaIH�P, enahle c;toek to be fed Oil dried potatoes, as 

these a re so difficult to keep in the usual state. Damp 

grains harYf�;;te(l in hall �'('aT" ('nIl also he Ill·jed. Ap­

Jl<l ralUS like Uds eOIl!.l use waste Iwat from factories. 
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From Tlue IlIlJ,strata{ fVarNell.'J. 

The Making of Military Roads* 
Extensive Work Necessary for the Efficiency of an Arrny in the Field 

As the success of an army in the field largely de­

pends on the efficiency of its transport, the rapid con­

struction of temporary roads within the war-area is 

frequently a mattet' of necessity, 

To accommodate a single line of wagons traveling 

in one direction, the widt.h of the roadway must be 8 

feet at least, although 10 feet is prderable. A road 

12 feet wide will allow horsemen to pass the wagons. 

Traffic in the oppof.<ite direction on a single-line road may 

be dealt with if "sidings" can be provided into which a 

returlling line of vehides can be drawn While a convoy 

bound for the front passes Oil. 

A road fJ feet wide will :suUice for infantry to pass 

alot1,g in single tile. or for pack animals which arc pro­

ceeding in one direction only. Wlwn steam traction­

enginef' arc used. a road-width of 15 feet is u�un Ily 

provided, but in emergency a minimum of 12 feet will 

ant'wer the purpose. In laying out roaris for animal 

transport steep grad iellts shou ld be a voided, even though 

a IOllge!" distance round may have to be traversed in 

order t.o save the animals from over-fatigue, sore backs, 

etc. l\lll]es can work Oil a gradient of 1 in 8, or of 1 

in 6, for short distances. Oxen slJOuld only have light 

loads on the former, and should not be expected to 

work on the latter slope. As a rule, a gradient of 1 in 

10 should never be exceeded where it is possible to 

avoid it. WhPl"e camcb are used, a gradient of 1 ill 

la Rhould be the lnaxirnum (l"ig. 11). 
In laying out a zig-zag road (Fig. ]) up a mountain 

side eare ;;hould be taken to construe( a len'l stre(eh 

at each angle, in line with the stretch of road immedi­

ately be.low, so that the draught-animals may be able 

to pull their loads right on to the level portion at the 

bend. These continuations or "spurs" [( 8) (8), Fig. 1] 

may with convenience, wherever praeticable, be ex­

tended far ('Hough to he used a;; "sidillgs" in order to 

accommodate de�e('ndillg traflic while asccnding vehicles 

pass by. 'l'he width of the roadway at the bends should 

be increased by GO per cent. 

Great care is taken to provide for efficient road 

drainage, particularly in mountainous country, as the 

action of uncontrolled streams, even where the amount 

of water running down may be comparatively small, 

WOUld, in some eases, be absolutely destructive to the 

bef.<t-conf;trllet�'d road. A road COl18tructed on the side 

of a hill mmally has a ditch made at it:o; side (n, Figs. 

4 and 5) nearest t.o the upward :slope, this ditch dis­

charging into culverts carried under the road itself 

(E'igs. 2 and 3). These culverts are usnally built of 

stone, wherever this material is available, but faggots 

or brushwood can be used in its sten d in places where 

a temporary road only is required. 'I'he lower "lip" 

I!' *From the Illustrated War Ne'Ws. 

of the culvert. at its outfall beyond the road should be 

paved with stone to prevent erosioll by the stream, the 

paving in question being called all "apron" (E'ig. 2). 
A road may be constructed aloug the faCe of H II 

ineline (I<'ig. 4) by exca va ting a portion of its width 

and utilizing the excavated material (A, Fig. 4) for the 

buil!ling of an embankment to complete the width. 'rhis 
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Fig. H.-Gradients on military roads for various 

classes of transport. 

anungement, however, cannot always be adopted, as 

the incline ma'y be too :-deep, ill which case the whole 

width of the roadway mUlit be exeavated. 'Yhen the 

lir:st-named vlan is followed a "revdrmmt" of ma:-;onry 

or timber is sometimes required in order to prevent the 

embanked portion from giving way aud slidiug down 

the hill-side (E'ig. 5). 

'Vhen cliffs of a hn I'd rock formation ha ve to be 

negotiated the greatest possibl(� care must be tal,en 

in carrying out the work, and it is necessa." 

into calculation the direction of the strata. 

Should the strata be approximately \-ertical the whole 
of the rock above the road must be removed. as it 
would otherwise IIreak away and come down (Fig. 7). 
If, on the other hand, tbe direction of the ,-;t I'll ta be 
almost hori7.0ntal (as shown in Wig. S) the road may 
with safety he lIIlder-eut ill the ('lilI face. 'Ylwll the 
time a vaiJable wm not vermit of bla::;ting and cutting 
in hard rock, a road C:tll be carried alollg the face of 
a cliff on a number of timber brackets, which arc cit her 
driven into the cliff faCE) (Fig. �) or are suc;peudpd 
from wire ropes attached to ,.;ta ke,., dril'PIi illto the 
cliff above (Fig. 10). A ('ortinroy road, such a" is laid 
along the bottom of the trellches in many vlaces ill 
E'landerf', eOllsisfs of a top layer of transverse trpp­
trul1ks or timbers set on the best foundation available 
and spiked togethcr. 

Collecting Minute Plankton 
1'1' appear:,; to be of comparatively recent observation 

that certain varieties of plankton are so sIllall as to 
eseape observation entirely, unless :;pecial methods are 
used to extraet them from the water. Usually the 
separation is carried out by employing fine gage filters, 
but these will not retain the very minute specimens we 
refer to, hence recent workers are making use of a cen­
trifugal separator for plankton, which is electrically or 
hand OIlE'rated. In this way a large amount ean be had 
without Ileeding to treat allY great quautity of water, 
ami sueh operatio1t requires tell minutes or more. But 
whpII it (�omet' to quantHati I'e re,.;earch, special precau­
tion must be taken to treat the water as soon as pos­
sihle, for some kinds of planktOIl are found to riie very 
quiekly, IInc! even more, they leave no trace behind them 
a::; they dissolve ill the watel·. Again, thel�e must not be 
too great a difference of temperature between t.he water 
and the surroum1ing air. 'I'he ('entrifugal method gives 
surprising results al-! compa red with the lilt.(�r gage, for 
where the latter shows but a few the former gives in­
numerahle specimens. Again, the very minute sped­
mens escape entirely through the usual filter, and arc 
only revealed by the c!mtrifugal process. 

Infusorial Earth for England.-Infusorial earth, or 
diatomite, also )([]OWJ1 aK Ideselguhr, h; largely used for 
making dynamite. Before the war Bngland drew most 
of her supplies of this ma t(�rial from Germany. hut 
now has been compelled to seek other supplies, and 
samples from Australia aJl(I T:unnunia h:lve [)(,('II ex­
amined with the result that a very satisfactory quality 

- .. - 'cur deposits, Ileal' Ballarat 
in Victoria. 
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Throwing Licluid Fire 
One of the Novel Weapons Brought Fourth by the War 

AMONG the many scientific tools of destruction em­
ployed in the war, the so-called "Flammenwerfer" of 
the Germans-a more or less hose-like apparatus for 
hurling j ets of flaming liquid-holds an important placl', 
as m ueh by virtue of the moral effect produceeI as by 
any material damage achieved, m'en though the latt!'!" 
may be eOl1s iderable. Contrary to the generally ac­
eeptt-tl l1otion , this idea of projeding upon the adverse 
ll'enehes and thei r occupants a rain of liquid fire was 
no sudden afterthought of the German mind. It was 
coneeivell ,  st.udied and perJ'eet.ed for several yea rs be­

fore the war, and its histol·Y may be traced in the Ger­

man patent otfiee. 

In the earlif�st models, the eombustihle liquid was 

propelled by a gas ('ondenser out of a portable or lixed 

reservoir, a n d  was lighted by some a utomatic device as 

it escaped frolll the nozzle of the projeetiJlg instrument. 

Subsequent improvements have been made with the sole 

ohjed of overcom ing certain d isa dvantages inherent i n  

this model . 

With the instl"llment d f's(:ribed, the flaming j et ean 

make i ts effects fel t  at a distance of forty or forty-fi ve 

yards, hut is n ot eapn ble of exee{�d ing that range effect­

ively, beeause of the consumption of the liquid in transit. 

Further, with the m ai n  jet thus in ignition at the mouth 

of the apparatus, en ough h eat. is given off to emba rrass 

sf'riously the operator. 

TilesI' facts made clear the desirabil ity of a method of 

ignition whereby the inflammable ·  fluid would n ot begin 

to bum until it had almost or quite reaehed its ob­

j ective. Not onl y  would useless eonsumpti oll of the fuel 

be thus avoid ed, but the effeetiVf� range wouleI be in­

ereased , and the effects of the instrum ent, at a given 

range, greatl y heightened . 

�·o meet these demands, a double barreled liquid gun 

was devised, having the upper ba rrel much smaller than 

the lower, and pivoted so as to turn independently. 

( Fig. 1. ) The fluid is shot from the two barrel s simul-

rated, then turning on the kindling j et, to produce a 

holocaust throughout that region. 

�'he method of expul Rion of the jet from the apparatus, 

Opera ting a flame proj ector in a German trench. 

as well a s  means of combustion, has been greatly im­

proved. As indieated above, in the earliest Flammeu­

werfers devised by the Germans, the inflammable liquid 

hydrocarbons best adapted for l1S(, as the basis of liquid 

fi re, the best part of the expulsive gases was merely dis­

solved in the liquid. Not only did this cause a direct 

and serious diminution in pressure, but it led to m ixing 

of liquid and gas ; so that as the fluid issued from the 

nozzle it no longer exhibited the uniform and compaet 

structure necessary for accu rate aiming and efficient 

combustion , but was eomposed of a frothy, hubbling mix­

ture of liqu i d  and ga s, which, putting forth but feeb le 

opposition to the atmosphere resistance, had its ra nge 

materially shorten ed. All these d ifficulties are obv iated 

by the substitution of a mechanical pump, or, if safety 

or con vellienee eImoand that tile reservoi r shall be at a 

considerabl e distance from the tiring line, several pumps 

in series as m otive power in the e-spllision of the linit! 

from the gun . 

'rhe liqnieIs most commonly employed in these E'lam­

menwerfers are the l ow coal-tar oils resul ting from the 

distill ation of tal: at a pressure of six atmospheres or 

m ore. 'rhe particul a r  eompollud m ost lIRed by the Ger­

mans is a mixture of gasolin e and piteh. n uder eorn­

bustion this gives off a thiek gray i sh smoke, wlliel.  not. 

merel y  obseures the v ision oj' those u uder li re, b u t  has 

an intolerable odor. 

Electrolytic Iron 
REFERRING to our former rema rks about el eetrol ytie 

iron, it.  appears that this subject i t; reeeiving a consirlf'l"­

able tievelopment in ]1]urope. WI' wonl t! refer e;:;peeially 

to a patented proeess which is l){�ing appl ied on an in­

d ustrial seale in li'rance, and it: i s  daimed with great 

sueeess. 'I'he produet is of a good quality and rival s 

Swedish i ron. Starting with any kineI of east iron, the 

new proeess yields an electroly tie iron of great purity, 

as is shown by a n alysis. I ron tubes are now made on 

an industrial scal e at this works, such tubes having usu­

ally 12 feet l ength, from 4 to 8 inches diameter and �!;i 

ineh thiek. Indu strial uses of this quality of i ron may 

Fig. 3.-Improved a p paratus with separate igl1 i t ion jet. 

F ig. l .-Early t y pe of Fla m m �mwerfer. Flame deflected by a shield. 

Fig. 2.-I m p roved t Y l)e with attached ignition jet .  Fig.  4.-How t h e  device is fed from a prot ected reservoir. 

taneously, but only that from the upper one ignites au­

tomatically. 'Phis small burning stream is so directed 

that it uuites with the larger, non-llUrning one at any 

desired point, amI then, of course, ignites the l arge jet. 

The small stream i s  then shut off, the large one continu­

ing to flow. The flames do not spread baekward along 

the jet toward the nozzle, but are carried forward to 

the target, and, striking the ground, form a veritable 

sheet of fi re which eontinues to ignite the fluid as fast 

and as long as it falls. 

Only at this one point is the large j et i n  contact with 

the flame. All combustion , therefore, takes place at the 

spot where it will do the most good---or harm--and at 

that point a very severe eonllagration takes pl ace, llluch 

more severe than is possible when tile eombllstible fluid 

wastes its substance upon the air between gun and tar­

get. It is especiall y to be noted that flexibility of fire 

is not saerificed. By gradual change in the trajectory, 

the objeetive ean he shifted without interrupting the 

continuity of the ignition ; so that the field may be de­

veloped in a n y  direetion desired, and a rain of fire ot 

any sort whatever produced. Further, instead of allow­

ing the liquid to burst into flame at the moment of im­

pact, it is often advantageous to let it flow for some 

time " cold," until the entire objective region is satu-

was driven from its reservoir hy preRRure of earbonic 

acic1 or other gas. But, on aceouut of the extraordinary 

powers of absorption manifested toward all gases by the 

1Fig. 5.-Port able a ppara t u s  for projecting flames. 
A, carbonic acid ; G., gas ; P, gasoline ; R, valve ; 1, igniter 

tor lighting the inflammable liquid ; J, the dame. 

be dassed as : 1. 'rubes. 2. Sheet. 3. Pure i ron for 
nse in melting process. �'he new tubes show a great 

a d vantage in having a uniform thickness for all diame· 
ters and lengths, and will stand heavy p ressures. �'he 
sheet i ron can now be had hy direct process and without 
roll ing in mills, thus obtaining very regul ar sheet i ll first. 
qual ity iTon. Such metal "an support a grt�:J t a m ount 

oj' working when eold, and hence i s  employed w ith good 

results for stamping proeesses, using annealed or tinned 
iron plate. As we already mentiOlwtl , one of the great 
future uses for el eetrolytic iron is in the construction 

of industrial eleetric apparatns on :leeoullt of its h igh 

m agnetic permea bilUy au<l sma l l  l oss d lU� to heating of 

the iron. Remarkable results are already found in trans­

formers, and these IlOW have but little over hal f the 
usual size. Electric m otors have their powe.· inereased 

50 per cent for equal size and temperature as concerns 

the alternating curren t types, bceallse of the diminished 
heat loss in the i ron and the increased magnetic perme· 
ability. In the third dass whieh we mentioned, iron for 

use in m elting processes can now eompete with Swed ish 

makes for this purpose, and its quality is said to he more 
regular. It is exeellent for the cementa ti on process, a neI 
for tool steel and special steels it occupies the J'mut 

rank.-F'rom Lar·ousse Mensuel. 
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The Purification of Water Supplies* 
Various SysterIls Adopted and Some of the Results O btained 

By Edwln 0 ,  ,Jordan,  Ph . D . ,  Prof , of B acteriol ogy, TT niv('rs i l ;v  o f  Chicago 

CIh\HIFICATION of a mmluy watPl', tIl(' rt'll1oYal of a n  

excpss of i r o n ,  th(' Hoftening of a lIa rd wa ter a rc a l l  

pnus desira b l e  ill th('lIlselYes, uut thpy a re not 1l1l l' i Jica ­

tion in th e ";Pllse ill which (hat t prm i s  11('1'(' considpl'P(l. 

Hemoyal of tUl'b i (li l y  llHl.\' ue eeollomieall,v a nu ('stlwti­

ca l l y  ill1l1or(a n t ; insta l l a tion of a lllun i ci pa l  watPl'-sort­

Piling p l n n t  m a y  1 ) ( '  UPlna JH]pd by eonsidPl'u tiom; of con ­
Y('n i(�nee and pconOlll)" \Ju t  softening a n d  cl a l'i ficn tion 

of wa ter are nen'l' mattl'rs pl'imn r i l y  cOllepl'n i n g  I luh­

lic hea l th , I f  a commulIHy desiJ'('" and cnll a fford to 

]la y  for a cll'a 1' ur a so ft watp1', it c n n  gpt i t. 

Most citir-pns wouhl agree in l'rinci]lh�, if  not in 

prn eti cp, 1 h a t.  tIl (' sm litary purity or (lir('('t rpl a ti on of 

a watpl' Nllpply 10 IlPalth i;.; \ly fa r its most i mport a li t  

fpa tll rp, ( '. om;idNation of lIu l' i Jica t ion of watf'r is thf're­

fore IIPre ]'l'st ric(cd to tllP mpthod" of rem]prin g a COll­

tam i natpd Ol' potpntin l l y  d :lllgerous R11pply sa fe for 

lIRe. 

'l'lIe prpsP11 t Iweessity for wa tel' pU1'ilica t i on i ll ciyi­

lize<l cOll nt l' i ( 's i N  a eon�pqlH'llep of two factors ;  first, 

tlw gl'!'a tl�' illel'Pll �pd dpmll llil for wa tpr ullder lll odprll 

con d i t ionN of lifp ; Sf'COlHI, tlw i ncrpa s i ng denNity of 

populatioll Oil most parts of t he pa rth 's sll L'fa pp. It i R  

hpcmn i n g more amI mor(' difticult to dra w for a wa tpr 

RU]l]ll �' of a n�' siz(� OTl a hody of RUl'fa( 'p watel' that i s  

ll nconta m i n n tpd OL' n t  1I 1 1  eyents 1I 0t l iahle ( 0  o( 'ca s i onal 

01' ncei (]pntal pol lution ; a s  is wpl l k llown, i n fecti ous ma­

tNia I di sclm rgpd hy H Ni ngl e Illlm n ll lI!' in)!; i s  Ruffieipnt 

to POiNOTl ma ny gallons of wa ter allli t o  cnuse h llm] 1'p(ls 

of Cll SpS of (li sen sc. H is (li tlh-ul t n lHo to obta i n  the 

vol ulll P of wa tN sn lli ci C'llt for a l a rp;e and l':lpi<1ly grow­

in g commu n i t y, Ma llY of ti l (' sma ller t own s a n d Yi l ­
lagps i n OlP Fn i t pd Rta tps I'pl y on !lepp wel l s a s  a 

sou rc(' of ,mppl y,  a mI from a sn n itn ry point o f  yi ew 

su('h wa l en, a re usnally ex('(�l lent.. In ma ny reg ion>;,  

h owpver, t h (' "am ou n t of a Y a il a h l p  undergrou nd water 

i s  I i m i tp(l ,  and i f  n l a rge a m o11n t  of watpr is req11i rcd 

h,v a m U 1l ic i pa lity, surface watNR more o r  less ex-

po�('(l to lloll ution mnst he la kplI . W here fHlrfuep 

w a t pl'N a re ],('sol't (�d to, tlw nee(l for purifyi ng tlwm i s  

!' o  pl a i n in some em;PR that there ean h e  n o  qupstion 

of itN impera tiveness, a >;  with t h e  Ml'l'l' ima e Hiv!'r, used 

hy t he  city of LawI'(�nc'(', Ma s;;:" the lI ud::;on River, used 

hy tllP city of "\111:111)', and the Rch uy l kill River, drawn 

on by Philn !lpl ph i a ,  In t hpsc cities , s i mlile i m;pectiol1 

of \V a l  pt' !'Ol1],('pR is f;u tlic i ent to show that the rivPl' 

\Va t"r u s ('d ns t h e SOUl'CP of ;;:up] l ly iH eont a m i ua l pn 

with fr('�h s(�\Ya ge, a n d  in a n  lI ntrf'n tpd cOlHl i t i on i s  

grossly u n li t  for (Iri nldug ] lll r]lO;;ps. Water purifiea t i on 

in thl'sp cities h a s  he en fo l l owed \IY a marke(l d i miuu­

t i on in th e nmount of c(']'tH i n <iiR('aRC's. 

011 l he othpr h fi lHI,  t h "  nped f o r  pu ri ficn tion of a 

�m rfa c(' watpr !'u pply is n ot" n lwa y s  so obviously urgent 

to tlIP llntra illC'd jUdglllP1lt,  a nd deta i l ed ohsprva tion of 

ct i spa se p t'eva len('c n n d of tlw ha ete1' i n l  dlH r:l ctpr o [  a 

wnter is n pce"sary I leforp gl'lll'ral a grePlll ent on th e 

dpNi rH h il i ty of ]lll l'i jicatioll i s  ),pa ched, 'i'h i s  h a s  been 

HIP wa tpr supply hi �tory of Wllll P  citieA on till' <l rea t 

Ln kes , '1'he cit y of Clp\'elmHj IIPN i t a tp(l for severa l 

ypa l'N hpfol'e ulldertu k i n g  the ('onstT]H'tion of a fil ter. 

Dl'tl'oit and Ruffal o havp bpen ra ther reppntl y con­

yinep(} of thp dpsil'ailility of protpcti ng t1wi r  wa tN sup­

p li es by phl orina tion, 

!'4till othp!, I n rg(' cHips an� so fortu n atply R i t11 n tpd i n  

rpspl'et t o  Sl1rfacp wa tpr sll ]lpl i ps that a rti tiC'ial plII'Wra ­
tion for thp timp ilei llp; i s  not eonRi d('J'pd Jl PCPRsary, 

'I'h!.'se n rp p L'H eticn l I y all  i ll l oea l i ti es whPl'P t h e watpl'­
sll('(/ l eYiP(] on is own ed or control l pd lW t h .� m U ll iei­

pa l i ty , :llld \\"lIprp I Oll g stOl'n g(' of impollmled wa/(�l's i n  
na tura l or a r t i l i<"i n l  rps{,l"Yoi('s can he t rnsipd to pfIpe!: 
a natura l rmr ifica ti on . .'\ew Yorl, a n d  Boston arc wPIl­

known exa mpleH of eities depending 011 protected and 

Ntored surface water, 

Publ ic water supplies, although not uncommon in ttl(' 
pn rl y h i sto!'y of southern JiJll I"OPP, wcre pra cticall y 

1111 known i n  n orth ern NUl'olle in thi' m W(l l e  ages, am} 
tll P  l a rgp lllo(]prn wa tpr :'<llPllly sysfemR haye bepn (l evpl­

OliN} for (he m ost pa rt ill the last seyenty ypnrR. � t or­
a ge of \Vn ter wa R 1ll1l1011btel1ly pm('tic('(] i n  a n tiqn ity, 

lout wa s not ('oll SCiOU Nl y I'PRorted to a s  a m pa nR of pu r i­
fication, a IHI till' fir,,!, llel i hp1'a te attpmpt at flnr ifi cation 

of wa tpr on a large scale seems t o  haye bpen less 

than 1 00 years ago, when, in 1 829, a slow sand filter 

was built by one of the London water compani(�s. rCven 

i n  th il'; instance the immediate end in view was clari­

fication of a m ud(]y water, and it was n ot until the 

connection hetween drinking water and diRen se iJeca me 

- nead hefore the Pan-A m er l cnn �dentific Con!rTcRH, 'Vn�h" 

ington, n c. 

mHnifeRi: a bout twpnty ypnrs later th n t  th(' fil tJ':l tion 

of t he whole Londun wa tpr ;;upply W:l S  more dpiill itp l y  

11lHlPl·taken a"  a hygieniC' nll'asur('. T'u r i lipa ti oll of puil­

lic water SUllp l i ps hpea mp gPller a l i n  Iiingl :II H} a nd on 

tlw contillPnt of T'�ll r(llJe two or th rpp dp(·IH}pS pa rl i!'r 

tha n in lit is  country, ow i ng, perlla ps, to the grpa tpr 

denflity of population in many rpgionN Hll(l to t il e  glaring 

p videnc('f; of po l l u tion in m a ny ;;( r('n11lN sen· ing aR water 

';011 1'(>('S, T'�Ul·oppnn e i ties t h a t  \lpl a y !'(] o r  lloggl !'d ',"[ltN 

pu rificatiou OftI'll Nu fj'el'pd s(,\,prely from \\·att'r-iJol'np 

diseases, aR <lid th(' W!'ll Ithy (; prman Pity of Ha mbu rg 

in the cho l pl":l p]lidpmic of 1 .'-:!):.!-um::. 
Tn till' 1 T n i tp(\ Rta t es as i n  l<iul'o]l!', (]l'ypl opm ent 01" 

puhlie wal eI' worl, s lIa s  taken p l ll e(' a l mONt who lly N i llp!, 

] :-;fiO, n n d  th(' i ntroduetion of meth o.ls of ]lu r i liea t ion i s  

�'l't morl' I'eepnt, A \wginning i n  wa!pr puri fica ti on 

ha d \Ie('n m a de a t  Pough kp('psie,  N, y" a n d elspwllPre 

b('fore 1 ,,",DO, \lllt progrl'HR ha s l\ppn much 1I10r(' rapid 

since tlmt da t(" owing i n  l a rge pn rt t o  the im pptu s giYPll 

t o  the Htully of watpr pu riLieat i on by t il e  inYPsti gationN 

of the i:'tate hon l'll of Iwal th of Ma""aclmsdts, TIIese 

in vpst i ga tions , IlPgun in l S:-:7, wpre soon followed by 

th(' const.ructi on of a morIprn >;and filter pla n t. at La w­

ren('(" ]\fa ;;s, ( 1 :-:n:l ) ,  and th e �t r i k i ng fllH'pPI'N of this 

Iil tpr i n  reducing typhoid 1'('v(,]' "pr\"('<1 fl R a n  ohj pct 

l esson t o  the w h ol !' cou n try , 
It ,,'a s  cal eu l a terl hy li n 7,!'n thnt i n  l !lOO, G.B I)( �r e('nt  

of the urha n popu l a l  ion of ( he cOlln try ( town>; of 0\"('1' 
:l,fiOO popu l a t ion ) wpre "uppl i !'<1 w i l h Jil t('J'e!l w a tpr, 

while in 1 !}11 , lH'cord ing to 0.  A ,  ,J ohnson, th is propor­

t i on I I :H] l'i NPn to ()YPl' :lO TIPI' cpnt. 'Pa hle 1 ,  wh i ('h r 

TABLE 1.-CHARAC'l'ER OF WATER SUPPLIES IN Of TIES OF 

THE UNI'fED S'fA'(' E S  WI'l'U OVER 10,000 POPU-

Water 
Supplies 

LA'rIO N IN 1915 

Treated Untreated Unknown 

No. o f  PODula· No. o f  Popula- No. o f  Popula· 

Oitk& tion Cities tion Cities tion 
-----·1--- 1----- · -- ----- -- ---
W e l l s  a n d  

springs . . . . . . . .  , 2S 2,491,810 76 2,2Ui,163 63 1,765,[i[iP 

R i v e r s  and 
streams . . . . . . . .  141 10,769,547 2.2 1,053,418 25 003,423 

Impounding res- 19 &,269,!)24 19 842,526 ervoil's . . . . . . . . .  30 1,992,035 
Lakes . . . . . . . . . . _ . 38 6,493.206 25 1,88U.312 16 464,690 

W e l l s  a n d  
rivers . . . . . . . . . .  15 571,[i66 5 92,301 452,812 

S o u r c e  n o t  
known • . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . 32 5Hi,273 

-.---
'l'o t als . . . . . . . . . . .  25-2 21,318,lG4 147 10,516,718 162 4,645,283 

lIa \·e cOlll pil!'d i"rolll the i nform a t ion gi Yl'n in tlw 

MeGraw 'Vn terwork s Ili n'ctory, lmd frol ll nth!']' ROlll'ceR 

of i n forma ti oll , Rhows the ]))·P>;P1l1. cond i ti on in til(' l a rger 

ci ties of the FnHed RtateR , 

It w ill  be n oted tllat while oypr GO ]lPI' ('pnt 0[ the 

total ci ty popu l a tion of the United R l atPR iN a I IH·PN(,11 t" 
sU]lplied wit h water t rea ted by some m et h od of jlll ]' i fi ­

ca tion,  the actua l rll'ollOl'tion of the pO]Jul a ( i oll Nll l'P l i p(\ 

witlt hyg ien iea l l y sa fe wa t(�r is fa r grea ter, 'Ph(' wa t er 

froll! deep w(Oll s a w l  froll! Rtora gp 1'psl'rvoi l'" is unq11 Pfl­

ti onabl y  i n  la rge pa rt of pxce]IPn t: q ll a l i t .y Pyell if not 

suhj petl'd to n r ti li !' i a l  ]lllr i fieati on , H i H  fn ir  (0 n SS lllTle 

tlIat BO,OOO,OOO out of' the :m,fiOO,OOO peo)l l !� l i vi ng i n  

citieH wit h oyer ] 0,000 popul a t i on n rp now p rovi ded 

with wa ter initia lly pure or more or ll'';s pj'fpet iyel�' 

pu ri fie(l . 'l'aldng i nto cOIlRidera t i oll ;;maller tOWI I "  a mI  

Yill a ges, it S('PlIlS li kel y tlw t a t lea s t  r. 0  IIpr CPll t of tIIe 

total pO]lll l a t ion of the Un i ted Rt n t(�R if: to-tlll )' HllJlpl i  . .  d 

w it h water of a high degree of pnrity. 

Hn zen estima ted tha t in 1!)04 wa t er of a more or Ipss 

ullsa ti Nfa ctory qUfl l Hy wa s su pplied to HPIH'ox inI :ltpl ,v 

fi:l ppr CPlIt of the urha n popu l a tion of Ihp l J ll i t pd 

Rtnt p� i n  pitieR of lIlore thn n  :lfi,OOO i nha hi t :t1l t H ; :I t. 
))I'Ps(,l1t, l Dl fi, th i s "tfl tempnt, aR f:l r as sanita ry qua l i t)' 

is ('oIlcerned, W01l1!l ha rd ly hold true for more than 

20 per cent. 

MODERN MKTHODS OF PURIFICATION. 
( a )  Stora!Jc,-A high degree of na tural llnr i fieat ion 

of water can he ej'fpet e(} hy stora ge . When the water 

of sma ll  stren m R is i rnpo11n dpd i n  11 reH(, I','oi r in slcn !l 

of heing Jlllll1pe<l d i rpctl,v i nto watp]' m a i n H, i m po]'ta nt 

changp;; OC(,llr, RURllelHl ed ma ttl']' in part s inlm t o  Ilw 
hot tom a nd the wa t('r bpcompl'l cl en l'pr, th e colo]' of th e 

wa1"pr is mm a l l y  IpHsel1p<l ()w in p; to hl pn dl i n g  !l�' the R11n­

l ight, a n d  the tota l n u mber of ha eteria i n  t h e  wa ter is 
m atcrially dimin iRhed , Most irnpor!.:lllt of all ,  n ny 

disease-produci ng bacteria that may ha ye found their 

way into the tributary streams tend to perish during 

the sojourn of the watel' in the rpservoir. A curdinnl 
factor in hringing about the death of pathogenic bac­

tpria in water is time. So far aR i s  known, diHcmlP 

gPl'nlR introdllepd lnto watrn- never multiply n nrler 
nat.ural cond itiuns, but progrf�sRi"ely :nul ra tlJpr ravirlly 

dip off. '1'Iw hm."",r a \\'a t pr p a ll 1)(' ';(Ol'P<l, tlIpI'l'foI'P, 

eitl l(,1' in a ll arli licia l rpsPI'I'oi r  0 1'  i l l  :l IIn l 11I' :l 1 l a k l' or 

pOlld w i t lI Pl'ot" .. ct l'(} S h O]'('N, tile Ips,; I i n h h' i t  i H  t o  h a r ­

ilor di ,;p:t NP gPI'l II " . T l l i ,;  1'l ' i lll'i p l p  of s l o rag!', 1):1 ";<'(} 
011 tllP iJ igh lllort a l it y  o f  t�'l'llOi(1 bac i l l i  a n d  a ll i ed IlllC­

t pria susp!'lHj( 'd in  w n tPl', i s  !Jping u t i l i :t.pd in t h p  tl'('at­

mpnt of lll :l ny l a rg .. sl1t' j"acp \\" a l p [' Nll]>pl i p:-; apP:l l'enti,\ 
w it h h igh ';11("eeN!'. N!'w York alHI Host01l , l i S a l l'ell(ly 

IIlPll tio n !'d, a re rpl�· i llg mai n l y 011 t h i N  llIt't1JOd In  i n ';ll !,(� 

tlw l l l l l' i t,\' of t lI pi l' sllpp l i . 'N. 'rl H' Na fd y  of till' Londoll 

supply is thought to dppend very lal'gply on fltora g!'. 

Adpq11a te Rt orn gp is oj"( PTl n i l  th:tt is  Ilpeded . IH <'it i!''' 
wllPr!! othpr llIethod;; of l'Ul' i fi rat ioll a rt' " lll l J!oy ( '!l, ]l I'(L 

Ii m i na ry ;;to m g ( !  is h igh ly ml vlI n t a gpolls "i m'(' it rt'ducl's 

t he ilu rrlen on f i l ters, n nd i n  ot!w]' ways f:l l' i l i ta t ('s l/l(' 
applica tioll of s]lPci a l  jl u r i fy i ng t l'('at lllP ll t.. 

( Ii )  Nlow !:I II 11([ Fillc1"s."--ThL' u,;e of ile!ls of sarHj 
care1"nl l y  S1l11(,l' i lll1'os('([ 011 gntvpl i ll wn tN·( ight lJa s i l l >;  

w a s  ]l l"Ol lll ll l y  t h e  lirst mel hot! l'lll p l oyed f o r  w:t(.(�)' PH r i ­

tiea t i o n  ( London , 1 �:2!J ) Oil a l a rge ,;('al e, 'I'he wa ((�r i "  
p[l ;;s(�d ('on til1llo11sly O il  t h e  �;a lld, : l n d  tl ow;; ( h rough il�· 

grn Yity. 'rite pa rl i p]" l� ll ro[lpa ll li l tration pl a llt � \H'n' 
n i l of th i >;  t,YlI", In th i s (,Olllltl'Y slow H:llHI 1il(f'I'S hn \'{' 
been i llNt allt�d n t. A l ha llY, N. Y" j'ittshurgh, 'Vn Nli i ll gt on, 

D. C. ,  l'h i/adelph i a , and oth!']' c ities, 'l'llrongll sueh 
til ters wa t t'!' ma y be (,olllm oll l�' l'assed : It  a !'H tp o f  

�,O()O,()OO ga llom; daily jlPl' :Jere of li lter i ll .l\"  Hurf: we, a lld 

if tll(� wa t!']' tn'a t<�d i "  !l ot VPI',\" turlJ i ll or / 1 :l(l Iy 1 101 -

l u t.ed, u rate of G,OOO,lii)O ga l l oll" o r· m o l'P da i l y llIa y  I I( ' 
]ll'l·ll l i ssi ble. It i H  impOl't:lllt tha t  the speed a t  which 

th e w a t er pa RSPS throllgh the :'la lld Rha ll 1I0t \'a ry !'u(l­

(}Pn l y  or ill (l i ff!,T'('ll t part" (If tllP f i l t er, and illgPll iOl]R 
(1P vic('s for regu lat i ng the How a re i ll llH(� i n  ol'(1Pr to 

lIla i u t a i n  a un i fol'lll rate of li it !': 1  t i O ll, ] ' h ; t ll rlmll(,(, of 

til(' lil t ( �ring sll r fa ce by ice a l s o  i lllpn i l';; l lie p fli ( ' i PTl('Y 

of t h e  OlWI'UtiOIl , and i n  ;;ollle i n,.;t:lll("es IIa;; bl'ell fol ·· 
lowed hy outbreaks of disea �e. 

One of the }ll'i 1lei pal ('\PlllPll t,..; oj' expense i ll tllP o) ,pr 
atioll of slow N:lud li l t(,!,s j;.; t he llP('('s:-;H y  for l'elllo\" illP; 

and eyeIltua ll�' ('l eaning a n d  repl a ci n g  til(! t h i n  ll fJ]l(' l' 

layer of ::;a 11(1 wIdell h(�COlllr�s cl oggpd ill ol'eratioll , '1'llP 

fl'eqllPllcy with which t he sa n d  ;;11 1'[:1 (,(, lll llHt be Nera p!'d 

a nd renewed dp)l(�lldH la rgely Oll  tile a mount of ,..;us·" 
pelHl ed llln tt er in th e water treated a n d  on the ra t !' of 
oppJ'a tioll . The 11;;e of alll]lle pl'(�li lll i u a ry f;('t tling b a s i n s  

or Rtorage res(,l' v o i r,.; will ]('�S(,II ( h e  o)l(']';) 1 ing  ('ost, :] >'1  
wel l a s  i ll t.roduce :I ll elpment of �m fety. 'J'n k i n g  i n to 

consi derati on the i n l (,],pHt 011 tlw (':l ] li l :! l  i nYl'� t e!l i ll  

cOl lstruetioll a11(} oth!'l' propC'1' c:!pita I cha rges, t ogp01C'r 
w i th t/w CORt of m a i ll t ell :! ll(,(" t1 \ ( �  H VP]'a gp ('ost. of Plll'i· 
fyi n g  water h,Y sl ow sall d  til t!']'s i "  nlmllt.  !fS p('r m i l li o n  

gn l l oU R  lllHkr 1))'('s(,1 It  eOll d i t i o n s  i ll  tl I i N  eOll llt l'Y.  On t il l' 

ha ;;is of It d:IiI,v pel' pa p i t :t wa tel' t'on Hll l ll pt iOll of I :! t  
ga li on I' , I h i s  i n vo l\ 'ps 1m :l n llll:t l cOHt of a ilo11t : lU cpn ts 

1 11'1' (,:l l i i ta , 
( Ie )  Rapid Sunil fi'ilirltiioll,---!'4 l ow N:l n d  filters n r(' 

n ol a (la1'tp<l for UNe in Ill a n y jllI rt " oj" t l i P  l i n i tp(1 !'4ta /PR 

hpc:lll Ne tll P  :lJllOllll t a1l(I Ii ll Pl lP';S o j'  the :'<ll s]lpll(kd m a t ­

IpI' in IWlllY A nwri!'a ll ri ver" 1 (':1(ls to l ' ('Plll:l tUl"P el og­

gi ng of nIP sn m] :t lUI :t t ot a I olJstl'l w t ion of o]lPl'ati on . 
A HOIllP\\'h a t  dilT('r('n t type of fil ter knowll :l H the 1ll('eIWll­
iea l  or ra pi d m tN' h a s  ll l'Oved to h a \"(� m a rk('d advu u t agps 
i n  dea l i n g wit h VNY m u ddy watp]" ;;11('11 as is found in 

the Ohio a nd MissiNsi ppi I' i \'(�rs. J[ a tu ru id wat e]" i s  
IirHt trpa t.pd wit h HOIllP coa gul a ting f'hPllI i (,:l I ,  f;.ll!'h :I " 

a l u m i n i u lll sulpl l a te or i roll s n lpll :Itl', it. (" Ill he p:tf;NP!l 
through f<HlHl at n HlllC'h h i gher raf<� t h a n  i "  ] IONI-l ih lp  
with tllP lll l tr('n t .. !l \\'a t('r. '],lIl' (]!'VpI O]llllPll t. of ra p i d 

l i l t. l'H tion w i th the Il H(� of a p(la gu l l lll t  II:l s  ilP('n la rgdy 

a lll a tter of Am erican i llVPll t i oll . a nd i n  itH !Jpgi n l l ing 

(lPpended to a gl'pn t. extent O il  tIle UHe of pn tpntp(] J I1·o­
cesses and lllPeh a n ical d evit;ps pl'oteel ed hy patpnt. 'i'IIP 
expirn tion of sOllie of these pa tents has opened t1lp 
road for a wWer appl i eation of this method, and 11:1" 
heen fol l owed by important devel ojlll1P l l t S. }G xperi ·  
nlPll ts n t.  Lou h ;v i l l e a n d  Cinci n n a ti lI avp esla hli slwtl 
the ll ppl i ('n h i l i ty (If tli p  (,O:I .�ul: l n ng ]ll"O('e;;:R t o  J n rgr­

yolu mps of water, n Tl(l nt 1 1 1'''''''11 1. ra p i d �:nHI Ii l t (�I''' :l rp 
in opPl':l t inn a t  Cinpi n n n ti ,  l\TiIl l II 'a poli ,;, !'4t. LOllis and 

mll n y  flllla l l pr eit ips. !'4 u i t : l h l p  a lltollln t k  !lp\·icps for 

cont.roll i ng the lI pp l i ea t i on of t.he coa gulating chemicn l 

are indispf'n�allle, sin!'p any mn tprinl exce"s or deli­

ci ency of the coagulant i s  fatal to Ru('cesRful or econom i­

cal operation, Many of the earlier instn l l ations of 
rat,id mtN;; uy priva te firms were n ot properl y super­

vispd, and in some cu ses til(' ori gilla i plant wa s im­
properly conRtrlle1ed or allowed 1 0  deteriora I.e so thnt 

the whole prOCPRN for a time fell into a measure of 
(l i ;;rp] lUte. 
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The cost of construction of rapid sand filters is much 
less than that of slow sand filters, but the cost of opera­
tion is greater. Reckoning all charges, the total cost 
per million gallons of water purified averages distinctly 
less ( about $6 per million gallons) by the rapid than by 
the slow process. 

( d )  Germicidal T,reatment.-Although in the course 
of years a great variety of chemical substances have 
been proposed for the disinfection or partial steriliza­
tion of water supplies, only a few of these have won 
any extended practical application. The use of ozone 

for water sterilization possesses certain theoretical 
advantages. Several small plants using ozone have been 
operated in European countries, but in practice the 
relatively high expense of generating the ozone and 
bringing it into intimate contact with the water to be 
treated has so far proved an obstacle to the utilization 
of this mode of treatment for large supplies. It is pos­
sible that the availability of cheap electrie power for 
generating ozone, combined with other fa vorable fac­
tors, may, under some conditions, render ozonization 
desirable. The development of cheaper germicidal 
processes, however, has checked, perhaps permanently, 
the general introduction of ozonization. 

The objection of high cost obtains also with respect 
to the use of ultra-violet rays. These rays, which are 
conveniently generated by specially constructed lamps, 
have a high germicidal power, and quickly destroy 
bacteria in clear water. Experimentally ultra-violet 
sterilization has very desirable qualities, but thus far, 
owing to the expense of operation and to the necessity 
for a preliminary clarification of very turbid waters, 
it has not been used in this country for large scale 
installations. 

The URe of calcium hypochlorite ( "chloride of lime," 
or "bleaching powder" ) has for some years past quite 
overshadowed other methods of germicidal treatment. 
Variations in the character of the water and in the 
composition of the commercial bleaching powder affect 
the amount that it is necessary to add to secure germi­
cidal efficiency, but in general the quantity of the pow­
der used ranges from about 5 to 15 pounds for each 
million gallons of water treated. The cost of bleaching 
powder under normal conditions has been less than 2 

cents a pound. Since t.he opening of the war, the cost 
has been greatly increased. I ncluding the expense of 
applieation, hypochlorite treatment costs not more than 
one tenth as much as filtration. The action of the 
hypochlorite is similar to that of ozone, and depends on 
the strongly oxidizing powers of the hypochlorous acid 
that is formed when the bleaching powder is added to 
water. 'l'he advantages of the hypochlorite treatment 
are the cheapness, harmlessness, ease and speed with 
which it may be employed. The chief objection is the 
liability to the production of disagreeable tastes or 
odors which its use entails.  Chlorin gas itself has a 
distinctly unpleasant odor even in small quantities, and 
the action of the hypochlorite on certain organic mat­
ters present in water also generates disagreeable tastes 
and smells. Complaints on this score in communities in 
which hypochlorite treatment of the water is practiced 
are especially common in cold weather. Waters differ 
in respect to their tendency to develop objectionable 
odors, and in practical operation some waters are very 
troublesome. An important improvement in the field 
of water disinfection has been the substitution of 
liquefied chlorin gas ( "liquid chlorin " )  for calcium 
hypochlorite. The gas, which is generated by the elec­
trolysis of brine, is dJ:ied, cooled and compressed, and 
is then marketed in liquid form in portable cylinders 
under pressure. The advantages claimed for the use 
of the gas include superior economy and simplicity in 
regulation. Liability to cause unpleasant od� is said 
to be much less by this mode of treatment. Overdosmg, 
however, may occur both with liquid chlorin and bleach­
ing powder. 

RESULTS OF WATER PURIFiCATION. 

When a polluted water that serves as a source of 
municipal supply is treated by slow sand filtration, 
the most conspicuous immediate change in the health 
of the community is a drop in the typhoid death rate. 
This has been demonstrated repeatedly in European 
cities, as in Hamburg, for example, and in many Ameri­
can cities. In Lawrence, Albany, Pittsburgh and Phila­
delphia, slow sand filtration of a highly polluted river 
water has been followed by a reduction in the reported 
typhoid mortality to one third or even one fourth of 
that formerly prevailing. A decrease in water-caused 
infant mortality has also been noted ; '  it is yet unknown 
to what extent the connection between infa nt mortality 
and �ewage-polluted water supplies is due to infection 
with the typhoid bacillus. In some instances, tnough 
not in all, the so-called Mills-Reincke phenomenon has 
been observed, namely, a decline in the general death 
rate minus the typhoid components, and in the reported 
deaths from certain other diseases such as tuberculosi� 

'McLaughlin : .Pub. Health Rep:, 1912,  No. 77. 

and pneumonia, not commonly regarded as water-borne.' 
There is no doubt that some deaths from typhoi d 

infection both in infants and adults have been and still 
are reported under some other designation. I have 
elsewhere' called attention to the decrease in reported 
deaths from "malaria" in Albany, N. Y., following 
the installation of a sand filter. It is unquestionably 
true that in other cities some of the deaths in the past 
reported as due to "malaria" or "typhomalaria" should 
have been properly classed with those from typhoid 
fever. Mistaken diagnosis may explain to some degree 
such decline in general death rates as cannot be referred 
directly to the diminution in deaths specifically attribu­
ted to typhoid fever. Thus in St. Louis ( Tttble 2) a 

TABLE 2.-DEATHS REPORTED IN ST. LOUIS 

Year TyphoId Fever Malarial Fever 

1890 . . . . . . . . . . . . . . . . . . . . . . . . . . .  · . . . . . . . . . .  • • •  
1891 . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
002 • • • • • . . • • . . . . . . • • • . • . . . . . • • • . • • • • • • • • . • . .  
l89S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
004 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . · • •  

ItO 
165 
441 
215 
In 

128 
216 
828 
284. 
1'111 

correspondence can be
· 

noted in some years between tl}e 
number of reported deaths from typhoid fever and the 
reported deaths from "malarial fever." In more north­
ern cities, in which, for various reasons, the diagnosis 
of death from "malaria" is less likely to be made, the 
same correspondence can yet be noticed under certain 
conditions (Table 3) . There seems no escape from the 
conclusion that at least some--probably a large propor­
tion-of the deaths reeorded as due to "malarial fever" 
in these cities were in reality caused by typhoid in­
fection. 

TABLE 3.-DEATHS REPORTED IN CHICAGO, 1891 

Month Typhoid Fever Malaria 

January • • • .!' • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
February . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
March . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
April . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. May . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
June . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

67 
61 
71 

136 
408 

• 167 

7 
9 

16 
18 
22 

7 

It has further been shown by Dublin,' from a study 
of insurance records, that the n ormal expected mor­
tality is doubled among typhoid convalescents during 
the first two years after their recovery from the dis­
ease. In his statistics, tuberculosis, diseases of the 
heart and kidneys, and pneumonia were prominent 
among the causes of death in a limited number of 
typhoid patients subsequent to recovery. If this con­
clusion proves generally valid, there must always be 
expected some lessening of the general mortality in 
addition to that due to the typhoid component, and per­
haps in some cases a measurable diminution in the 
death rate from tuberculosis and other diseases aecom­
panying a decrease in typhoid fever due to water puri­
fiGation. In a word certain individuals appear to be 
so affected by the typhoid infection that although sur­
viving for a time, they die within two years from 
tuberculosis or cardiac lesions. To what extent the 
Mills-Reincke phenomenon and Hazen's theorem are 
explicable on this basis is matter for further investiga­
tion to determine. 

Granting that many deaths from typhoid fever and 
its sequelae are prevented by slow sand filtration, the 
question may' be raised as to what degree of safety is 
attained by this method, wh.ether absolute or limited. 
The necessity of care in operation is well known. Bac­
terial and other observations clearly show that danger­
ous bacteria may pass· through the sand, if there is 
any "accident" to the filter or any "disturbance" of its 
normal action. The epidemics of cholera at Altona, 
Germany, and typhoid fever at Lawrence, Mass., illus­
trate the way in which the formation of ice can inter­
fere with the safe operation of a filter. 

While the harm from such unusual interruption of 
normal filter action is sufficiently demonstrated, it is 
not so easy to measure the degree of danger existing 
under more ordinary conditions. Reliance on bac­
terial averages of effluents may be misplaced, since a 
low average may be reached even if occasional breaks 
occur in a long series of low numbers. Should typhoid 
bacilli pass through a filter during one hour in twenty­
four or for one day in the year, absolute protection is 
plainly not afforded. While the data for a final judg­
ment on this point do not exist, it must be admitted 
that there is some evidenee that the attempts to treat 
a highly polluted raw water place at times too great 
a burden on the filter. Intestinal bacteria of the Baeil­
lus cou type may appear in the effluent in such cases 
in numbers thought by some observers to indicate 
danger." 

Among the recent attempts to establish standards 

'Sedgwlck and MacNutt : Jour. Infect. DiB. , 1 9 1 0, vU, 489. 

8Jordal'l, E. 0. : Tr. Am. 80c. Oivil Engineers, I nter. E ng. 
Congress, 1 9 05, Jlv, D, p. 206. 

'Dublin : A m. Jour. Pub. 'Health, 1915, N. S. ,  v, 20. 

"McLaughlin : Pub. 'Health Rep., Jan. 26, 1914. 

for safe drinking water may be noted the report of the 
commission appointed by the U. S. Treasury Depart­
ment to consider standards for water supplied to the 
public by common carriers engaged in intentate com­
merce.· The commission reported as follows : "1. The 
total number of bacteria developing on standard agar 
plates incubated twenty-four hours at  37 C'entimeters 
shall not exceed 100 per cubic centimeter. . 2. 
Not more than one out of five 10 cubic centimeter pore 
tions of any sample examined shall show the presence of 
organisms of the B. coli group. A study of 
the records of filtration plants shows that in some 
instances the application of such a standard would lead 
at times to the condemnation of filter effluents. It has 
been suggested that the standard proposed is too severe 
for general municipal water supplies,' and perhaps this 
is a just criticism ; but in any case it is clear that the 
margin of safety in some filtration plants is not very 
great. 

The results of rapid or mechanical filtration are
' 

essentially similar to those of slow sand filtration. The 
percentage of bacterial removal reaches practically the 
same height as in the slow sand filter, and a marked 
decline in typhoid fever has been observed in many 
cities following the introduction of rapid filters. In 
Cincinnati, Columbus> Ohio, Paterson, N. J. , and other 
cities, the typhoid death rate has sunk to low figurefil 
after rapid filters were installed. The necesFlity for 
careful and unremitting supervision of operation is 
quite as  great in the case of rapid filter,; as with thol'!e 
of the slow sand type. The safety of the mechanical 
filter effluent is no more certain or abRolute than that of 
slow sand filters. 

Excellent results as regards bacterial efficiency and 
security from typhoid infection are achieved by bleach-

TABLE 4.-DEATHS FROM TYPHOID PER HUNDRED THOU­
SAND POPULATION, MILWAUKEE, WIS. 

Death 
Year Rate Remarks 

1------ 1------------------------1906"1910 (average) . . . . 27 
1911 . . . . . . . . . . . . . . . . . . . . . .  19 
1912. . . . . . . . . . . . . . . . . . . . . .  25 

1913 . . . . . . . . . . . . . . . . . . . . . .  11 

1914 . . . . . . . . . . . . . . . . . . . . . .  8 
1915... . . . . . . . . . . . . . . . . . . . .  ot 

Hypochlorite used IntermIttently 
Hypochlorite used eontlnuously after 

September, 1912 
Hypochlorite used cO'l.tlnuously after 

September, 1912 
Hypochlorite used continuously after 

September, 1912 
Liquid chlorin trea tment begun 

M arch 31, 1915 

ing powder and by liquid chlorin treatment. The chief 
difficulty experienced in this mode of water purifica­
tion lies in the close approximation for many water,; 
of the limit of germicidal efficiency and the limit of 
inoffensiveness. If unpleasant odors are produced by 
the chemical, the maintenance of an adequate bacteri­
cidal strength often proves difficult in the face of com­
plaints from hundreds of water conRumers. The city 
of Cleveland is thought to have suffered excessively 
from typhoid in 1913 in consequence of a decrease in 
the dosage of hypochlorite.' Temporary cessation of 
the hypochlorite, or reduction to an amount inade­
quately germicidal, may sometimes be fo! lo,ved by a 
definite typhoid epidemic, as in the outbreak which I 
investigated at Quincy, Ill., in 1913.' 

A remarkable reduction of typhoid has been observed 
in some cases to accompany the hypochlorite treatment. 
The experience of Milwaukee is in point. 

Other similar instances are on record in which a 
marked typhoid decrease has been chiefly attributable 
to chI orin treatment of the public water supply. I n  
such cases i t  is interesting t o  note that although clari­
fication is not effected by the chlorin treatment, the 

TABLE 5.-METHODS OF WATER PURIFICA'rION IN CITIES 
OF THE UNITED STATES WITH OVER 

10,000 POPULATION 

Number 
o f  Population 

Cities 

Slow sand filtration: 
With chlorin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 
Without chI orin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 

Rapid sand filtration : 
With chlorln . . . . . . . . . . . . . . . . . . . . . _ . . . . . . . . . . . .  105 
Without chlorin . . . . . . . . . . . . . . .  :. . . . . . . . . . . . . . 46 

Chlorln trell'tment alone . . . . . . . . . . . . . . . . . . . . . . . . . .  67 

2,886,238 
1;073,290 

7,343,987 
3,835,980 
6,793,419 

sanitary success seems at least as great as when filtra­
tion is practiced . 

One noteworthy development of the chlorin treat­
ment (hypochlorite or liquid chlorin ) has been its 
application either to the raw water or to the effluents of 
slow sand and rapid filters. Hypochlorite dosage of the 
water applied to filters or of the filter effluents has, in 
fact, become an almost universal procedure ( Table 5 ) .  
I t  does not yet appear that this practice is accompani�d 
by any measurable decline in typhoid fever in eities 
previously served by a modern well-operated filter. 

"Bacteriologi cal Staudard for Drinking Water, Reprint 232, 
U. 8. Pub. Health Rep., 1 9 1 4 .  

1FulIer : Jour. Franklin Institute, July, 1 9 1 5 ,  p. 42. 

'Colllns and Perkins : Cleveland Med. Jour. , 1 9 1 4 , xiii, 786. 
"Jordan, E. 0. : Jour. Inject. DIB., 1913, xlii,  1 6. 
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Making Roads and Men 
Modern Methods That Are a Double Benefit t o  the Public 

WHILE the use of convict labor in road building work 
has become a settled institution in a few of the Western 
States, the greatest success of the system is found in 
the development of the men rather than their accom­
plishments as road builders. This does not mean that 
convict labor is not a success in this new departure. 
however, as some of the best roads to be found in Iowa 
and Colorado, the leaders in the use of prisoners as 
road workers, have been built by men taken from the 
prisons. Not only are these two States securing good 
highways, but hundreds of men cast out by society are 
being started back into the world with a measure of 
their former self respect and confidence. As a humani­
tarian move, the use of prisoners in building roads is 
one of the most advanced steps taken in many years, 
in the opinion of leading experts. "We are building 
mCl1- and roads," one war· 
uen has said in describing 
the results of the new sys­
tem. 

Iowa employed one hun­
dred prisoners as road 
builders last season, and 
got some very good results, 
though the work done by 
the two prison camps of 
fifty men each was but v 
urop in the bucket com· 
pared to the State's neea 
in the good roads line. Be· 
cause of the rate at which 
the State charged up for 
prison labor, convict labor 
was founa to be more ex­
pensive than orainary day 
labor, It was established 
that the State cannot ex­
pect the best results when 
convicts are put . to work 
at druagery j obs, as not even driving will keep them 
from soldiering and getting grouchy. When the men 
were employed in building concrete roads or other work 
in which there was some interest they were cheerful 
and worked hard, but shoveling dirt ten hours a day 
is not a task at which the best results can be secured 
from convict labor. Day laborers are more satisfactory 
at work of this kind, as they know they will not get 
paid unless they deliver a day's work. 

However, the State of Iowa proposes to continue the 
use of prison road camps this season, chiefly as a means 
of getting the men out into the open, building them up 
and making better men of them before they return to 
the world. This transition stage is a highly profitable 
work for the State, and a veritable godsend for the 
men themselves. Good honest tan replaces the prison 
pallor and their reliance upon themselves and self-con­
fidence is restored in a great measure. As remal{ers 
of society's outcasts the State road camps are an un­
qualified success. 

The experience in I owa has not been repeated in 
Colorado, as that State has found convict built roads a 
highly paying proposition for the State as well as the 
men. In fact, Colorado has been the leader in the de­
Yelopment of prison labor for road building purposes. 
One thousand miles of permanent roads, the equal of 
any to be found in Europe, have been built by men from 
the State prison in the last few years. An equally im­
portant accomplishment of the system in Colorado has 
been the fact that 62 per cent of the men who entered 
the State road camps were redeemed before their terms 
of service were ended, according to Warden Thomas J. 
Tynan of the Colorado penitentiary at Canon City. 
Warden Tynan has been working his honor men on 
the public roads of the State for the last seven years. 

The waste of convict labor in the United States is 
one of the country's biggest problems, Tynan believes. 
In his opinion there are enough men in the prisons of 
the country to build $200,000 worth of permanent 
roads each day of the working season. The early aban­
donment of the contract labor system in those prisons 
which still retain the plan and the adoption of a sys­
tem similar to the Colorado plan is assured, according 
to Warden Tynan. 

Colorado has had from 300 to 400 prisoners at work 
on her roads each year. The men rarely attempt to 
escape, the number who break their pledge being less 
than two per cent of the total number employed in 
the road camps. Most of these men become honest, 

By O. R. Geyer 

efficient workers, and leave the prison at the expiration 
of their time capable of earning an honest living. Many 
of the men become experts in various phases of road 
building work, and do better work than the ordinary 
day laborer, in the opinion of the Colorado warden. 
Then, too, Colorado has found that the men take more 
pride in doing good work, as they are not working for 
money so much as for shortened prison terms. 

The prisoners welcome the opportunity to become 
members of the road gangs. The man who enters the 
prison with an indeterminate sentence of from five to 
ten years hanging over him knows that by hard, honest 
work he can shorten his term of service to two and 
one half years, and most of them do. They are relieved 
of the prison restraints and are given an opportunity to 
put their minds to constructive work, as Colorado's 

A camp of 52 convict road-builders near Cherokee, Iowa. 

mountains provide many problems for the road build­
ers. There are no armed guards hidden about the camp 
to instill terror and the men are allowed to range over 
a wide area and, in many cases, work without direct 

The Cherokee culvert gang. 

supervision. Escapes from the camps are few in num­
ber despite the opportunities offered, as the men realize 
that recapture will mean that they must serve their 
maximum sentences. 

Road projects have been carried on in sixty-two Colo-

Road-making by convicts, near Ames, Iowa. 

rado counties, through the impetus given the good 
roads cause by the prison workers. The gangs are scat­
tered over six counties at a time, and as rapidly as the 
highway commissioner lays out the projects the men 

are put to work. The State and counties divide the 
cost equally, while the men do the work. 

The Colorado idea has won such favor that other 
States are planning to inaugurate prison road camps 
this year. Kansas proposes to begin work of this sort 
with a gang of 100 men the first year and will gradu­
ally increase the number of men as experience justi­
fies it. 

As Iowa had second place among the States using 
prison laborers for road work, the experiment in that 
State was watched with no little interest. Two camps 
of fifty men each were maintained near State institu­
tions. The Iowa men are allowed five cents an hour 
for their work. The camp at Ames, near Iowa State 
College, cost the State $10,000 last season, about $2,000 

of which was paid the men for work they did in build­
ing a concrete road near 
Columbus Junction. The 
remainder was earned at 
road, bridge and sewer 
work around Ames. 

The Ames camp was a 
model of its kind. The men 
were allowed the greatest 
possible freedom from re­
straint and prison rules, a 
lone unarmed guard being 
maintained at the camp. At 
one of the camps the men 
converted the parlor of a 
vacant farm house into a 
barber shop, where they got 
their shaves each day. 
There were no marks on 
the clothing of the men to 
distinguish them from ordi­
nary day laborers, and 
there was no conflict with 
the citizens in the vicinity. 

At one camp a culvert gang of four men was stationed 
more than a mile from the other men, and there was no 
guard in sight. Two of these men, each over fifty years, 
were serving life terms for murder, but they were going 
about their work as earnestly as though they were free 
men earning their own living. Before being put to work 
on the culvert j ob these four men had manufactured 
7,000 concrete posts for use on one of the State farms. 
'I'hey became such experts that they were able to make 
thirty posts and one corner post each day. 

Missouri tried out the plan with equal success from 
tlie standpoint of the men last year, and this year will 
enlarge this feature of its work of redeeming its con­
victs. The Missouri camp consisted of twenty-five men. 
One example of how the <:amp was handled was a 
Fourth of July celebration to which Highway Commis­
sioner Frank Buffum contributed. The day after the 
Fourth "Convict 16,666" was employed as a scribe to 
write the following letter to Commissioner Buffum : 

"We fully enjoyed the Fourth of .Tuly celebration, 
and each one of us was more than delighted. We also 
wish to thank you for the reading material and, more 
than all, we thank you and appreciate the interest y ou 
have manifested in us. It inspires us to do our best 
and we feel we are making good. 

"We were more than sorry and deeply deplored the 
escape of the two men who were later recaptured. The 
kindness you have shown and the kindness of the citizens 
here almost make us forget that we are prisoners. We 
wish to assure you that we also have an interest in this 
project and will do all we can to assist you in making 
this road camp a decided success." 

It was signed by "'I'he Road BunCh," and accounts in 
no small measure for the support Missouri intends giv­
ing the movement this year and in the following yeal's. 

A Case of Arsenic Poisoning 
ACCORDING to The Engineer, a peculiar case of arsenic 

poisoning is noted in the recently issued report for 1914 
of the British Chief Inspector of Factories and Work­
shops. The workman had been cleaning out a saturator, 
in an ammonium sulphate plant, and had placed an 
acid residue containing a large amount of arsenic--ap­
parentIy derived from the sulphuric acid used-in a gal­
vanized iron pail. 'I'he acid in the residue reacted with 
the zinc lining and arseniuretted hydrogen was formed 
by a secondary reaction, thereby poisoning the workman. 
Only wooden or fiber pails should be used for such work, 
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The two "life-termers" are expert concrete workers. Squad of prisoners grading a road near Woodward, Iowa. 

Capillarity and Soap Films 

AT a recent discussion before the Royal Institution, 
Sir James Dewar, F.R.S. ,  opened the proceedings 
by making a further communication on "Prohlems in 
CapjUarity, "  on which he discoursed a year ago . He 
had then spoken of the diffusion of gases through very 
thin membranes of rubber, and had studied the diffusion 
of gases not only into a vacuum ,  but also at higher 
pressures (up to 20 atmospheres) and at temperatures 
ranging from ---40 degrees up to 40 deg. Cent. on the 
curves he exhibited. The curves exhibited showed that 
the rate of diffusion, measured in cubic centimeters per 
day per square centimeter of membrane, increased in all 
cases , and strikingly above 0 deg. Cent . ,  as the tempera­
ture rose, the order of increase for different gases being : 
carbon monoxide, air, helium, oxygen, hydrogen and car­
bon dioxide ; the latter two gases diffused much more 
rapidly, especially at higher temperatures, than the other 
gases. When the ratios were plotted logarithmically, 
all the lines showed breaks at 0 deg. Cent. ; thc speaker 
did not comment on this peculiarity, nor on the peculiar 
order of the gases. The very sensitive manometer used 
in those experiments was a U-tube, partly filled with oil, 
in which a vacuum was maintained in both limbs, and 
any water-vapor likely to be introduced, together with 
the gas, into the apparatus was condensed by charcoal 
and liquid air. The continuation of the inquiry into the 
properties of thin films and into capillarity was an ap­
propriate subject for the Royal Institution ; for it had 
been the last subject that had occupied Faraday. Sir 
James himself had felt the need of much thinner films 
than his rubber membranes, which had a thiekness of 
0.01 millimeter or 0.02 millimeter, and he had hence 
turned his attention to soap films . 

Soap films, and especially the thinnest "black" soap 
films, were considered exceedingly delicate, and the ques­
tion arose whether they were intrinsically unstable or 
whether they merely collapsed because they were dis­
turbed or were contaminated by the liquid or the air. 
It was certainly quite easy to keep a black soap film for 
months. The speaker put a closed glass jar, about 9 
inches in diameter, on the lecture-table ; near the bottom 
of the jar a black film formed a perfect horizontal parti­
tion. The term "black" must not be misunderstood ; 
the film was perfectly transparent, and therefore practi­
cally invisible, but appeared black in reflected light. 
Plateau (of Brussels , who did such wonderful work

' 
on 

soap bubbles, even when blind) had estimated the thick­
ness of the black film at 120 + 10.0 millimeters Reinold 
and Rucker had come down to 40 and 12 of the same 
units, millionths of a millimeter , Johonnot to 5, Ray­
leigh and Devaux (by different methods with different 
films) to 1 . 13 and to 2 or 3 ;  Sir James's horizontal film, 
just mentioned, was not more than one millionth of a 
millimeter in thickness. Yet the jar was not treated 
with any care, and Sir Jame� demonstrated that the 
black film, if properly made in pure air or in a vacuum, 
was not at all unstable. He showed one film forming an 
equatorial plane in a sphere, and this would bear being 
shaken ; the film moved within the sphere, always re­
assuming its equatorial position of equilibrium, horizon­
tal or vertical ; this film was not even quite black, but 
appeared slightly colored. Then a vertical film was 
projected on to the screen ; the upper, thinnest part (the 
lower part in the inverted image seen) was black, the 
black was very slowly spreading downward, as the liquid 
drained that way, and the whole film would have become 
black in a couple of hours ; yet the parts of the liquid 
which were streaming down through the black portion 
and the colored ban ds underneath it, did not destroy 
the film. Another sphere, showing a film, half black and 
half colored, was rocked to and fro , together with a scale 
on which the advance of the black portion could be 
measured, the demarkation line being quite sharp ; that 
line always tended to keep horizontal, while the sphere 
was being tilted. This stability of films, Sir James had 
discovered, was, moreover, known a hundred years ago ; 
a Dr. Read of Edinburgh had, at the time when Wollas­
ton described his cryophorus , put a small phial contain-

ing soap solution in a can of boiling water, closed the 
phial, and had "thrown" a bubble, which he had been 
able to keep for a long time. This " throwing" of a bub­
ble or film by shaking the bottle , Sir James showed, re­
quired a knack. His hottles resembled thermometer 
tubes, wide but rather short, and contained soap solution 
in the bulbs ; this solution was first put into the tube, 
which was then exhausted and sealed. When the bulb 
was heated (by the hand) , a bubble or curved film was 
seen to start, say from the righ t ,  travel over to the left , and 
then rise as a horizontal film (Fig. 1 ) ; the next moment 
a bubble would start from the left and travel over to the 
right ; some of  the tubes exhibited contained more than 
a dozen horizontal films. One of the tubes exhibited 
had a conical side pocket;  a film traveling past that 
opening would partly enter it, and when the pocket was 
warmed externally by the hand, a bubble would be seen 
to swell out from the opening, reach over to the other 
glass wall, and then split into two horizontal films. The 
diagram, Fig. 1, very crudely indicates the beautiful 
phenomena ; the dotted lines in the upper part of the 
diagram mark the position of loops of wire, fixed in 
horizontal or vertical planes, as will be described lower 
down. In some of the tubes exhibited the films looked 
slightly convex or concave ; they traveled up and down 
the tube under temporary illumination by the lantern 

Fig.1 . 

Fi1J. 2 .  

beam. Those multiple films were easily produced by 
violently shaking the tubes so that they were all full of 
froth ; the films would afterward make their appearance 
as the froth liquefied ; it was essential that the tubes 
should be highly evacuated, so that a click could be 
heard when the shaken liquid struck the other end of a 
tube. 

As these tubes were not convenient for some measure­
ments, however, Sir James devised another form of ap­
paratus. These were Y tubes, the two upper open ends 
of which were so bent and blown out into spherical cups 
that the rims touched one another. Thus a closed vessel 
was obtained, which was hermetically sealed after putting 
in some soap solution and evacuating, the shape being 
somewhat as in Fig. 2.  The main soap film would form 
across the stricture where the two cups were fused to­
gether (indicated by the dotted line of Fig. 2 ) .  But 
smaller films would also form in the narrower part of 
the tubes, and such a film (at a) would act like a stop­
cock ; to remove such a stop-cock, that part of the tube 
was heated or cooled from outside,  by a piece of glowing 
wire or coal or by liquid air. The whole vessel fitted 
into a wooden box, black inside, and could be illuminated 
within the box by a small electric torch placed in a 
pocket of the box. With the aid of this apparatus the 
stability of the films above mentioned could further be 
demonstrated, and the rate of advance of the black por­
tion could be measured. One of the rectangular vertical 
films exhibited showed (directly observed, not projected) 

quite sharply four blacks (or a first black and three gray 
bands, immediately following one another, without transi­
tion tints , in horizontal stripes) ,  a white, and finally a 
yellow portion. When the tube was tilted so that the 
liquid washed over the film which was being kept in a 
vertical plane, irregular streams were seen to run down 
the film ; but the film cleared quickly, and in two minutes 
nearly the whole film appeared uniformly black of the 
first order ; immediately underneath the black followed a 
series of narrow colored horizontal lines , and finally a 
silvery portion. This beautiful film had a length of more 
than two inches. 

The measuremen ts on the rate of fall (advance) of 
the black line were also made with the straight tubes 
mentioned, into the upper portions of which circular or 
rectangular loops of platinum wire were inserted in vari­
ous positions . Thus, the films might be horizont.al or 
vertical, and the rectangles supporting them might have 
their long or their short sides vertical. These remarks 
will explain the following table on the " Rate of I,'all of 
Black Line in Millimeters per Minute :" 

. 

( Film vertical in air . . . . . . . . . . . . . . . . . . . . . . . .  0.24 to 0 . 1 6  
Oircle 1 Film vertical In vacuum . . . . . . . . . . . . . . . . . . . .  0.20 to 0.5 lFilm vertical in vacuum on wire . . . . . . . . . . . . . 0.33 to 0 . 1 6  

Film horizontal i n  air . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 . 1 2 

l!'ilm horizontal in vacuum . . . . . . . .  . . . . . . .  . . . . . . . . .  0 . 09 

Rectangle. long side vertical . . • .  . . . . . . . . . . . . . . . . . . .  4 to 0.4 

Rectangle, short side vertical . . . . . . . . . . . . . . . . . . . . . .  0.2 to 0.016 

Another table exhibited , to which the lecturer did not 
have time to refer, however, showed that the surface 
tensions in the colored and the black films varied very 
little in magnitude ; expressed in milligrammes per centi­
met.er, these surface tensions ranged from 26.5 in a color­
less film to 26.3 in a slightly colored film, to 26.1 in a film 
5 per cent of the area of which showed the first black 
and to 25.9 in a film showing the second black all over. 

' 

The speaker then alluded to other means of producing 
films ; for example, by dropping oil on clean water. An 
American physicist had recently taken collodion solu­
tion instead of oil , and obtained thereby films 7 by 10-6 
millimeter in thickness. Those films shriveled up and 
cracked near their edges as the solvent (amyl ether) 
evaporated, and the dry blackish film could be lifted off 
with the aid of a platinum-wire loop ; such a film after­
ward looked black if consisting of one thickness only, 
or silvery white if partly folded over. 

In concluding, the lecturer pointed out that such re­
searches were not by any means so far removed from 
practieal value as might appear. Utilization of the pecu­
liarities of surface tension had, at the Broken tun mines in 
Australia, rendered possible the separation of the inti­
mately mixed sulphides of zinc and lead from the com­
plex silicates accompanying them . When the crushed 
ore was stirred with plenty of water, no separation took 
place by gravitation .  When a few drops of oil or of 
oleic acid were then added to the pulp mixture, and the 
mixture was violently shaken into a froth (various means 
are used for this purpose in practice) , the sulphide parti­
cles were lifted up to the top (probably by the air bub­
bles adhering to the greasy particles) , while the silicates 
settled at the bottom. Thus an industrially very im­
portant separation by "oil flotation" had been worked 
out at Broken Hill.-Engineering. 

Electricity on the Farm 
A RECENT issue of the Electrical W orla describes a 

handy electric installation on a farm in Massachusetts. 
Besides lighting the house, barns and various sheds a 
power line is laid out, with junction box connections 
at various points where power may be required. A 
7.5 horse-power motor is mounted on skids, on which 
it can easily be hauled by a horse . to any place where 
its sfrvices are required, and it is used for sawing 
wood cutting ensilage and other farm work. Another 
piece of apparatus is a 2 horse-power milker, by which 
four cows can be milked in fifteen minutes, and as 
ther£: are forty cows on the farm this means a saving 
of fDur men. A small motor pump completes the 
equipment, which, while apparently small, takes care of 
a great deal of hard work. 
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Economy In Study-V 
Examina tion Preparedness 

By George Van N. Dearborn, A.M. (Harv . ) , M.D., Ph.D., (Col . )  
I N  order t o  b e  fully up-to-date, w e  use the term 

"Examination-Preparedness," and study now how to 
prepare for and how to perform mental examinations 
of all kinds. These are practical points with a low 
minimum of theory about them. 

It is undoubtedly frequently suggested by instruc­
tors of all kinds who hold examinations that the dire­

fully dreaded examinations will take care of them­
selves if systematic work be vigorously done conscien­
tiously through the course. It might be useful to 
you did I enlarge on this vexed examination-question 

somewhat. l!�irst, let me cordially emphasize the above 
statement, for however true and important, I have 
no hope at all of making students, male or female, 
young or old, civil service or naval, in the elementary 

school or in the university, indolents or "greasy grinds," 
believe it so as to act upon it to any appreciably profit­
able extent. They never have ( save one or two wise 
ones, here and there ) , and they probably never will. 
Kone the less, the fact holds that if you do study prop­
erly and, so to say, conscientiously, and furthermore 
scientifically, the examinations will take care of them­

selves. There are a number of reasons why the matter 
is so important which we need not stop to give, but 
one important one concerns the effect on the mind 
of worry. On the Harvard marking-system, if you 
take your ease you will get E's and not A's. Ease 

and E's go together, but A's are not "aisy." It is 
our present business to show as clearly as may be 
how they may be made so. 

The chief requirements of proper study for this 
specific purpose we may suggest in three parts. 1st, 

the entire necessity fur conscientious, thoughtful study ,­

for an adequate amount of real study with the attention 

complete. It seems sometimes surprising that you do 
not take for granted this matter of plain common sense. 
2nd, the kecping of your notes posted up daily in your 
brain and thus everything you learn integrated with 
the preceding acquirements. If you have taken no note�, 
begin to make some from your lectures and your text­
books, and from your memory, for these will certainly 
be better than anything else for this examination pur­
pose. 3rd, to get a good examination mark, you should 

have somehow a weekly or at least a monthly review, 

because, as we have seen already, review is the chief 
means to the integration of any subject in your mind. 
Notes should be kept on the analytic plan of com­
plexes or symbols, which have been already explained, 
headings, sub-headings, and so on, on rational system­
atic lines. 

Such subconscious preparation is theoretically the 
only proper way. Examinations are incidents, and not 

ends, and they are a necessary evil to every instructor. 
If study for examination is done along these lines, in 
this general manner, learning is really learning. Thus, 
too, there is no worry. No worry-excitement arises in 
the mind as the " critical" time approaches, no phobia 
to disturb and even undermine the mental and bodily 
processes, and disarrange the ready association of 
ideas. There is a vast waste of energy in worry ; 
fear ( worry is fear)  starves the brain by using up 
its food over-fast on itself. 

On the other hand, the prospect and the certainty 

of an examination provide the requisite emotional tone 
to give study its necessary concreteness and practical­
ity. Examination is thus an incentive to vigorous 
study and therefore more or 

'
less necessary. If these 

ordeals had not been shown to be necessary by cen­
turies of world-wide experience, it is absolutely cer­
tain they would have been abandoned, because they con­
stitute to the conscientious teacher and instructor the 

most disagreeable and laborious portion of the en­
tire educative work. Examinations are a necessary 
factor in the process of learning. Nothing can take 
their important part, nothing, at least, that is now 

over the pedagogic horizon. 
Theoretically examinations should be always at un­

announced times, thus training the student in con­
tinual preparedness and insuring a degree of attention 

to the daily work which can be obtained scarcely any 
other way. It develops the important subconscious 
habit of "attending to business." It trains, too, in the 
power of suddenly turning one's attention and then of 

using it to its utmost-mental dynamogeny. This, as 
President A. L. Lowell points out, is frequently re­
quired in real life, this power of clearly and vigorously 
turning your mind to any required topic on demand 
at an unexpected moment. 

Oral EllJamination8.-0ral examination is the ideal 

form. It is generally far more etlicient as a means 
of testing one's ignorance or knowledge of a subject 
than is a written examination. 'L'he universal objec­
tion to this kind is that it requires too much of the 
examiner's time. It requires less on the part of the 
student, but greatly more on that of the instructor. 
Any one, however, who has taken a university doc­
torate examination, in the focm; of a concave mirror 
of inquisitors, appreciates that it is the method above 
all others for finding out how little a student knows 
about a ditlicult subject. Here it is possible to ask 

fifty questions instead of five or ten. One can almost 
see the associational machine work, and therefore can 
understand whether it be adequate or not. He sees 
the living mechanism and not ouly its product. 'l'he­
oretically there should be more and more oral exami­
nations in all kinds of schools ; this matter is making 
progress, in the medical schools especially. Written 
examinations are a make-shift, but they are much bet­
ter than nothing. Oral examinations are far more 
psychological than written ones, and give the really 
efficient mind and knowledge a better chance. About as 
many, I take it, are handicapped psychologically by 
the inability to write explicitly as by the inability to 
talk quickly, brietly, and intelligently. So _ far as the 

student's welfare is concerned, there is no reason to 
suppose that oral examinations would be a handicap. 
On the contrary, in the long run the demanded train­

ing in self-possession, repartee, wit, quick reply, would 
be of much use to almost everyone. This too is of 
course at heart a matter of physical training-as "skill," 
already sutliciently discussed. Oral examinations re­
quire self-poise abovc all else save t'eal knowledge. 

Practical EllJaminations, such as are given in physi­
ology, physics, chemistry, etc.,  are the ideal ex­
aminations on whatever subjects allow of their being 
conducted. 'l'heir unpopularity shows their difficulty. 
They are the only kind of examination that show one's 
real and practical efficiency. 'L'hey make a test of 
what one can do, actually perform, rather than what 
he has merely learned about second-hand. Undoubt­
edly they are over-done in some professional schools. 
The proper place in general for the practical examina­
tion is in the Normal School, for there teachers are 
trained, and they must know how things should be 
actually done. 

In written examinations, at least, knowledge as to 

the range and kind of qucstions asked in previous ex­
aminations is a right and not a privilege. The pos­
sible scope and methods are very numerous, and the 
student therefore necessarily has to "get the range" 
of the examiner, and of the subject as he presents it. 
'l'herefore, if the previous examination papers are on 
display it is certainly the psychological duty of each 
student to get access to them ; no competent , examiner 
will refuse. 

The personality, too, of the examiner is worth a bit 
of careful study. Strange as it may seem to young 
pupils, the instructor hilS fads and habits like other 
folks. Here is where general human natural intelli­
gence comes to the aid of the students. In certain 
cases some knowledge of the examiner is only less 
important than knowledge of the subject of the exam­
ination. This is a personal, confidential point which 
should not be published widely, for some non-human 
logicians do not yet understand the motivity of human 
behavior and possibly might deny their humanity. 

Plenty of sleep for a week or more before an ex­
amination is well worth the time it costs. Every hour 
so spent is worth at least treble what you might ex­
pect unless you understand the efficiency-advantage of 

rested brain-units over those that are fatigued. Sleep 
clears the cobwebs out of the brain and memory, so 
that the billions of neurons can work in association 

far better than when they are fatigued. 
General invigoration of the entire organism improves 

the memory and the reasoning powers. Therefore 

much outdoor exercise is especially highly expedient 
during the few weeks before examination-time. In 
this way one tones up the whole organism and puts it, 
as the athletes say, "on edge." A saline purge or one 

of cascara or of castor oil two nights before a dif­
ficult examination is a wholly expedient and often very 
useful procedure. In this manner one avoids that feel­
ing of toxemic headache and general malaise which is 
incompatible with clear thinking and with accurate 
work. This is one of the commonest modes of tempor­
ary rejuvenation, and worth noting, because it is leI'S 
common than it should be. 

A light breakfast or a light lunch is necessaty before 
an examination on the physiological principle that the 
blood, which is limited in quantity, cannot be both ill 
the brain and in the stomach at the same time. Tlli,. 
light meal, a short time before an examination, might 
very well include a cup of coffee or tea, not too strong, 
provided the student be not wholly unaccustomed to its 
use. This obviousl y is not a good time to try experi­
ments as to your personal reaction toward drugs of any 
kind. 

One sometimes gains very much by looking over thf! 

entire material  of the examination immediately before 

the examination-hour. A large amount should be sur­
veyed in a very short time-ten minutes or so on the 
whole Huhject matter-not by any means a time long 
enough to tire, but often in practice extremely produc­
tive in suggesting partly forgotten facts and principles 
which ( as experience often shows ) are just the ones 
required a short time later. 

If the examination is to be a written one, prepare 
at least two fountain pens, well filled and clean. Or 
sharpen four or five pencils which are neither too hard 
nor too "oft. If they are too hard, the examiner iR apt to 
be seduced into mild pedagogic wrath when he reads the 
"book ; "  whereas, if they are too soft it is difficult to 
make a neat paper of it. This matter of writing-ma­
terials is far more important than the average student 
is apt to consider, so if "marks" be of any object ( and 
sometimes they appear so to the examinee) one might 
follow to good advantage the habit of the newspaper 
men who use a large number of soft pencils and write 
large script. 80 much for a few practical points as 
to prep(wing for an examination. 

Our next search is as to the scientific manner of 
actually dOing the examination. The mental attitude 
as you actually approach this concrete prohlem is of 
the utmost importance. One should set about an im­
portant examination with a grim determination to 
"cat it up" bodily, as the medical students say. This 
is what we mean by dynamogeny, which has been a l ­
ready referred t o  i n  previous lectures. This appears 
psychologically in the form of a conscious determina­
tion, a vigorous determination reinforced by a strong 
self-suggested feeling of encouragement ; it is auto­
suggestion plus an emotional tone. Since the work in 
Cannon's laboratory especially ( see above ) ,  we realize 
that this dynamogeny depends in part on the increased 
amount, however minute, of adr('nin in the hlood, but 
('specially, perhaps, of sugar there. This "dyna mogeny" 
i s  a matter of great and practical importance, and no 
longer the mystery that it used to be. 'i'his in general 
is an extremely important power, and for tile writing 
of an examination it may mean all the difference in 
the world, all the contrast between failure and success. 
In the same way the man who is shaken into pneu­
monia with a firm determination that it shall not kill 
him, enjoys a far better chance that it really will not 
kill him than does one who is over-frightened by the 
prospect of undergoing this irresponsible disease. 'l'here 
is a force in this human organism of ours which it 
would be difficult sometimes to stay in bounds, and 
this force can be used in the successful performance 
of examinations as well as elsewhere. Reduced to 
scientific terms, it means the more or less controllable 
force of the influence of the mind over the body, to 
which there is no assignable limit in sight. 

As one enters an examination-room, if there be any 
choice, one should choose a good light without having 
to face the unprotected brightness of the open sunny 
sky, which would irritate the brain. One would choose 
a place where there might be ample rest also for the 
elbows, for all of these subconseious strains on the cen­
tral nervous system count in a long examination and 
help to weary and retard the action of the brain. One 
should choose a cool place rather than a warm one 
in the room. One should insist that the room should be 
adequately and amply ventilated, because it is better 

that it should be open to the air than too restricted. 
The ideal temperature is 65 deg. Fahr. , for the excite­
ment and the attention of the work is S11re to raise 
one's personal temperature somewhat, and this, in com­
bination with a too warm atmosphere, would produce 
a flow of sweat which would be uncomfortable and so 
distract one's thoughtful attention. 

As in all other forms of long mental strain, the 
wise student will frequently rest his eyes and the 
muscles of his head and neck by often looking around 
the room. This changes ( lengthens )  the focus of the 
eyes and thereby rests all parts of this extremely deli-
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cate seeing-mE'Chanism. At least once in every fifteen 

minutes a minute or two is used with the greatest 

economy in looking around the room-away from your 

neighbor. 

It is almost impracticable to say much about pen­

manship. The matter is undoubtedly an important one, 

however, from the student's point of view, and not less 

than from the examiner's. The obvious fact is that 

plain writing in the long run of emotional examiners 

distinctly tends toward high marks. The writing must 

not be too fine, sueh as that made with a very hard 

pencil , and it must 110t 11e too difficult to read because 

of poor ha ndwriting. Relative illegibility puts the ex­

aminer in had humor, and that is a had poliey for the 
('xamilwe. It is wor1 h while to put plainly on the ex­

amination-question pa ]lers given to the students that 

"1he anRwerR "lIould IlP eoncise and systematic, and 

the writing must be plain." 
It iR inexp('dient to enlarge upon the necessity of 

{food l<Jng7ish, yet there is, none the less, a widespread 

tendency in sehool s in the United States to use the 

JiJnglish of all written examinations, if not those that 

are oral, as a test of one's general intelligence. This 
is one of til£' important things for the advancement of 

genera l  intell igence. 'l'he reading and the grading of 

examinations iR pOf'itively the worst of all school-work, 
('spE'cia lly where the school is large. One instructor I 

lmow reads more than thirteen hundred "('xam-book,," 

in a collpge YE'ar. Hnder th(,se conditions one W0111<1  
eXIled that the feelings of  the average examiner would 

be unable to sta nd much {urthE'r strain and remain free 

from uncontrollable resentment. Therefore write good 

legible English. 
Do not think that an examiner is going to take any­

thing "for granted ;"  theoretically he Rhould not and in 

practice he may not. Details, then, and explicitness, 

are wholly necessa ry for the securing of high marks. 

It is statements, true statements, showing ImowlE'(hrl' 

and understanding, that count ; the more of them in gen­

era l ,  the more credit marks a student receives. But 

plE'ase observe that not all words are sta tements. Far 

from it. If  one may be llardoned for the slang because 
of itA E'xplicitnesA, all "hot air" should he left out of 

an examination. It wasteR the good humor of the ex­

aminE'r, which is a very costly kind of waste under the 

circumstances. It  is ideas in general ,  llot words, that 

count : in faet, words that do not express any ideas are 
ratlwr worse tha n nothing, because they waste the time 

and precious patience of the examiner. It is obvious 

that in many respects the examination is a test between 

the student and his examiner. 

Pictures and diagrams, especially when labeled and 

explained by text, are an ideal way of partly writing 

an examination and oftentimes students deficient in the 
]lower of good English 01' of good ehirography, hand­

writing, can remembE'r pictures when they cannot (]('­
scribe the conditions explicitly. 'l'his in itself is an im­

portant power of edueation, this faculty of remembering, 

of understanding, and reproducing pictures and dia­

grams. 

In long examinations where the hours are apt to 
be crowded, as in many professional examinations, the 

syllabus-style should not be objected to by the examiner. 

Schematic arrangement is of the utmost importanee. 

in writing a llaper which is to be high-marked. We 

haye called attention to this matter alrE'a dY-Hubdivi­

sions under prollerly logical headings. You may be sure 

that an examiner will always appreciate this arrange­

ment, for it rel ieYes him of work and shows that the 

student really underRtands, in a psychological way, the 

material which he has offered. Oonei8eness is import­
ant, but is not brevity necessarily : it means brevity only 
so far as consh,tent with fullness and clearness. 

Good humor is important here as in other situations 

in life, in this writing of examinations and still more 

in an oral examination. Here the native int ell igence 

of many individuals Rhows itself to the best advantage, 

as they realize that donR and professorR, and even state 

boards of registration, a re human, after all, little fl S  
some students suspect it. All 1/0ur lI;its and a bit ot 

wit. might be your motto. But not too much humor, and 

not too mueh wit, for some examiners think it undig­

nified to smile, heaven help their vanity ; and so dis­

count the work of the humorous student. Flattery and 

titles are absolutely fatal in an examination, for the 

average examiner will not stand that ; and in general 

confidential notes appealing to some person who is in­

terested or to personal relations of the examiner, are 

not highly productive of scholastic snccess. 

You should plan out the entire time allot ted for the 

examination, allowing so many minutes for each ques­

tion with an ample time for reviewing at the end. It  is 
a good plan, having done this, to remember the limit 

of time to be devoted to each question and if necessary 

return to an unfinished answer afterward. On the 

other hand, provided the question can be satisfactorily 

answered or answered as fully as is possible, one should 

go immediately to the next question. It is an extremely 

common error, and one highly harmful to the average 

student, to hurry through an examination and not really 
think, or at least succeed in recalling, what he really 

knows. There is no excuse for this, save in highly 

professional examinations in which the examinee is 

given just time enough to write rapidly what he should 

with scarcely a moment at all for search-thinking or 
for recall. An examination should give ordinarily 

some time for thought on eaeh question, and it is 

highly important that this time should be so respectively 

used. 
It is a common error also to think well and hard 

at first, to push one's mind well in the early part of 

the examination, but to stop the effort when a little 

tired, although the examination be only partly com­

pleted, the latter part being slighted. J<]xaminations 

test the entire intelligence, or they should do so, and 

one is not intelligent or a proper student whose mind 

is so little trained or so weak a s  t o  make this mistake. 
The old trick of writing one half, or as much as may 

bE', of the paper and then saying the "time is up" or 

"no time to finish" of course deceives no one. The last 

question is just as important as the first one, and it 

is the student's business to be sure that it be answered 
as well as the first, if he be looldng for good marks. 

Bluffing is dead fatal to success in the long run, even 

if it does hit the mark now and then. This is seen 
as pretending to have knowledge which you know pe" ­

fE'ctly well you have not, trusting that the examiner 
will mistake mere words for the statements required. 

One would eXiled the feminine mind to be more suc­

cessful in this than the masculine. Do not confuse this 

with intuUion which is appreciated subconilcious knowl­

edge. Oftentimes there is more in your subconscious 

mind than you know of, and regularly only by the 

actual expressive motor reaction of trying to write it 
do the associations which occur in your mind show 

themselves in consciousness. 

Do not judge an examiner's mind by your own. It 
is generally true and germane explicit ideas that 

count, and not your particular notions of these eSStn­

tial ideas. 

Examinations require above all things else ( save 

learning ) self-possession for a highly successful out­

come. Adequate physical training, systematic and con­

tinuous, will help one to thiR self-posRession like nothing 

else save actual practice in this highly human educa ­

tional art. T'o avoid examination is to cheat your 

learning mind. 

[This articlp conelu<!ps the seriE'R on "JiJconomy in 
Study."] 

The War-Zeppelin 
By C. Dienstbach 

UPON mention of the name "Zeppelin," the mind 

of the non-German invariably conjures up thought of 

some dark, deep secret of construction, whereby a 

normally non-buoyant and non-dirigible apparatus is 

made to soar and to steer ; of secret agents, engaged in 

plot and intrigue to steal this secret out of Germany. 

Such an impression is wholly erroneous ; no stolen 

documents are necessary to reveal the construction of 

the Zeppelin, involving as it does nothing but the amply 

Imown original design. The only dirigible that has held 

its own against the aeroplane owes its existence, not 

so much to the mind of the inventor, as to his hull-dog 

courage and tenacity of purpose, and his liberality in 

enlisting the flower of the world's engineers and manu­

facturers for the perfecting of the details of his simple 

original design. 

Indeed, Count Zeppelin is credited with displaying 

toward any suggestion of deviation from his original 

designs, that same strong will which enabled him to 

overcome the tremendous difficulties of private experi­
menting with a type of aircraft declared by governments 

to be too eostly. But examination of the mangled re­

mains of novel Zeppelins shot down by allied gunners 

mal.es it clear that he has finally agreed to such a 

change under the stern demands of military necessity. 

One is puzzled, however, to find that the features 

to whose sacrifice he has assented are real merits. The 

new model is fearfully tail-heavy. Not only is the stern 

elongated, heavy, and lacking in lifting power of itself, 
but it is loaded down with single plane rudders weigh­

ing far more than the old multiples, and with a rear 

car holding three engines and three propellers ; while 
the forward car carries but one engine and one propeller. 

Unless the rear car is moved fnr forward this machine 

could never ride horizontally. And along with this 

transformation we see a shortening and thickening of 

the hull, which almost amounts to abandonment of the 
pencil shape characteristic of the Zeppelin, long recog­

nized as the fastest shape for given power. 

The solution of this mystery is that the new airship 

is not so much a super-2,eppelin as a war-Zeppelin, a 

makeshift to meet hurriedly the exigencies of the hour. 

Circumstances developed by the war make it clear that 

the speed and general efficiency of the Zeppelin have 

been found not quite sufficient. The problem confronted 

the Friedrichshafen engineers of increasing the speed at 

any cost, of increasing likewise the lifting power, the 

height of normal flight, and the cruising radius. 

There was but one way to accomplish all this-by in­

creasing the displacement to a considerable degree. 

This sounds feasible enough ; indeed, rumors of the 

construction of mammoth Zeppelins have this long time 

been afloat in America ; but the initiated have realized 

that no such airship as these reports dealt with could 

be built or even harbored with the existing sheds. These 

sheds admitted the increasing of the diameter of the 

ante-bellum Zeppelin, but not its length. So the Ger­

man engineers have taken the only course open, and 

produced this new type, of sufficiently increased dis­

placement to support engines giving the required speed, 

elevation and endurance, and have put up with the 

necessary evils of such eonstruction as best they could. 

The head resistance of thE' large croRs-section no 

longer permitted the neglect of certain aero-dynamical 

niceties which had always been a feature of the Count's 

designs. The well-lifting, blunt stern, so favorable for 

taking the weight of the rudders from the rest of the 

hull, had to go, a certain compensation being found in 

the opportunity thus offered of cutting down the head 

resistance of the rudders without too grE'atly increal';ing 

their weight. The lifting power being more concen­

trated, the load must likewise be maR sed ; hence the 

heavy rear ear. Finally, another advantage dear to the 

Count's heart had to be sacrificed, the position of the 

propellers at the center of resistance. 

And so we have these war-I':eppelins-clumsy and in­

convenient as they are, yet developing sufficient power to 

more than overcome their defects. But in the nature 

of things, when external conditions again permit, mam­

moth dirigibles must return to the Zeppelin principle. 

Otherwise half the benefit of increased displacement 

would go to waste. An object lesson in the importance 

of the original Zeppelin shape is to be had in any great 

fresh- and salt-water harbor like Rotterdam. The riYer­
boat is slender, like the true Zeppelin ; the other would 

gladly imitate this shape if it could ; but the great ocean 
waves would break it in two if it did-an acctdent 

which has actually befallen torpedo-boat destroyers in 
which everything was sacrificed for speed. In the ail', 

on the other hand, there is no stress comparable to that 

of the ocean waves. Of two airships of equal cross­

section the longer encounters the greater aerodynamic 

resistance ; its increased power for carrying engines 

more than overcomes this, so that it iil actually faster. 

Wireless for Motorboats 
ONE lesson of the present war, states M otor8chif/ und 

Motorboat, for August and September, 191[), is the great 

value of the motorboat in naval operations, not merely 

for scouting purposes, but as auxiliaries to larger 

vessels engaged in active service, and alRO in squad­

rons, for certain lines of independent operations. It 

points out that for the maximum devel opment of theRe 

possibilities a wireless installation is an obviouR neces­

Rity, and gives a lengthy statement of the progress made 
by German manufacturers in designing outfits suitable 

for such purpose. 

The current necessary for tranRmission over a given 

distance is so greatly in exeess of that required for 

receiving from the same distance, that in the limited 
space of a motorboat no very pompetent transmisRion 

apparatus can be set up. But fortunately it is not 

essential for the motorboat, when engaged in any of 

the operations for which it has been found suitable, 
to send messages more than a few miles. On the other 

hand, it often is desirable to receive from bases hun­

dreds, or even thousands, of miles away ; and this is 

perfectly feasible. An amateur, working in London, 

with what might fairly be described as a pocket outfit, 

requiring next to no current at all, was able to listen 
in on messages from Madrid, Algiers, Gibraltar, Bergen 

and Copenhagen ; and a similar instrument has been 

known to receive, in Paris, news items sent out from 

Sayville. 

Whether equipping his craft for use as a naval 

auxiliary or merely for pleasure, no motorboat owner 

could ask more than this. Such an apparatus can be 
purchased ( in Germany, at least ) for less than $100, 
and can be installed and operated on the Rmallest 

motorboat. The principal point in which the in­

stallation differs from that of a land station is in the 

device for grounding the current. The motorboat can­

not have a ground wire ; but the conductivity of water 

makes a "sea wire," attached to a copper plate on the 
hull below the water-line, quite as effective. For short 

distance work the aerial lines can be strung from 

mast-head to mast-head or flag-pole ; for long distance 

receiving they are better sent up on a kite. That the 

motorboatist is under no serious disadvantage from 

his inability to erect a high pole is evidenced by the 
case of an FJnglishman who got signals from Malta, 

1,500 miles away, by means of a kite. 
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A Lecture- Room Oscillograph * 

An Instrument for Projecting Images of Alternating-Current and Voltage Waves Without Distortion 

By H. G. Crane and C. L. Dawes 
THE oscillograph has proved itself indispensable as 

a device for investigating alternating-current waves, 
switching, and other transient and recurring phenomena. 
In fact, the recent phenomenal advancements in the 
size and design of electrical apparatus are in a large 
measure due to information obtained by means of the 
oscillograph. Furthermore, the oscillograph is very 
useful in educational work, especially for making ex­
perimental demonstrations of the effects of resistance, 
inductance, capacity and harmonics upon the current 
and voltage relations in alternating·current circuits. 
The mental picture obtained in this way makes a much 
deeper impression upon the student's mind than the 
customary method of sketching the waves upon the 
blackboard. 

However, it has been found in connection with work 
at Harvard University that the ordinary oscillograph 
is not adapted for demonstration purposes in the lecture 
room even before small bodies of students, owing to the 
comparatively small amplitude of the wave images. 
Because of this limitation of the ordinary oscillograph 
as a lecture-room device, the writers ·have developed 
an instrument that is capable of projecting upon the 
ordinary stereopticon screen images of alternating-cur­
rent and voltage waves without appreciable distortion. 
Further, these wave projections are of such magnitude 
that they may be readily seen at distances of 200 feet 
and more from the screen. 

Owing to the high degree of flexibility required by a 
lecture-room instrument, because of varying projection 
distances and the many relative positions that the ap­
paratus, the audience and the screen may bear to one 
another, it seemed advisable to make and mount each 
element of the instrument as a separate unit capable of 
being placed in the most advantageous position for any 
given set of conditions. Consequently, in the instru­
ment under discussion, the arc lamp with its optical 
system, the magnet and the vibrators, the rotating mir­
ror and its driving motor, are each mounted upon a 
separate stand and can be readily adjusted to the de­
sired height or position above the base. The shunt and 
the multiplier are also separate units. Fig. 1 shows 
a diagram of the entire apparatus assembled. The 
arrangement has one other great advantage from the 
teaChing point of view. The student sees each element 
essential to the operation of an oscillograph in its 
simplest form, and, further, he sees at a glance the rela­
tion that each part bears to the operation of the oscil­
lograph. 

The units of the instrument are mounted upon their 

• Courtesy of the Electrical World. 

respective standards by means of slidIng clamps. Suit­
able hand screws hold the clamps in position upon the 
upright rod of each standard. This construction allows 
each element to be raised, lowered and adjusted to any 
desired position. The total height of each standard is 
24 inches ( 61 centimeters) .  

In order that the wave images projected upon the 
screen may be bright enough to be seen clearly some 
distance away, a very intense source of light is required. 
To obtain such a light it has been found necessary to 
design a special arc lamp. This arc lamp is inclosed 
in a cylindrical iron casing, and the arc is formed be­
tween two pencil carbons arranged at right angles to 
each other. The carbons are fed by hand through 
grooved rollers, one being fed from the rear and the 
other from beneath the .cylindrical casing. The arc will 
burn fifteen minutes without attention. The horizontal 
carbon is positive, and

' 
from its crater comes the light 

that is utilized in the instrument. An adjustable dia­
phragm containing a small circular orifice is set in 
front of the crater of the positive carbon. The size of 
this orifice determines the cross-section of the beam of 
light that is thrown upon the screen. Because of the 
existence of a hot positive crater just behind this orifice 
it has the appearance of a small incandescent circle. 
The light from this circle passes through an achromatic 
lens mounted in the iront of the cylindrical casing. 
This lens gathers the light coming from this incan­
descent circle and compresses it into a small bundle 
of parallel beams of high intensity, which is admirably 
suitaple for projection purposes. This feature of the 
arc lamp, together with its portability, makes it very 
useful in connection with experimental or optical work 
requiring concentrated lind parallel beams of light. 

VIBRATOR ELEMENT OF THE OSCILLOGRAPH. 

The vibrators are the most essential and delicate ele­
ment of the oscillograph. In designing it is neces­
sary to maintain natural frequency and degree of 
damping high enough to insure reasonable accuracy in 
reproducing circuit conditions. After much experi· 
menting, it was found that the higher optical efficiency 
and the greater simplicity of air-damped vibrators more 
than compensated for the slight errors introduced by 
insufficient damping. Fig. 2 shows the details of a 
vibrator element. 

A phosphor·bronze filament A extends from the base 
of one of the binding posts B over the ivory bridge a to 
the small ivory pulley on the rod D, and back again over 
the bridge to the other bineting post. The ends of the 
filament are clamped to the binding posts by small ma­
chine screws and washers. Thii. method . of holding tbe 

filament bas been found superior to the usual method 
of soldering because of the facility with which the fila­
ment may be replaced without the use of any tools other 
than a screwdriver. The rod D passes through a hole 
and is then encircled by the spring E, which keeps the 
filament at a constant tension. This tension may be 
adjusted by means of a small knurled nut. A small 
plane mirror F about 1/16 inch ( 1.5 millimeter ) square 
is cemented across the two sides of the filament at the 
center points of the bridge. To obtain an amplitude of 
vibration of 12 inches each side of the zero line at a 
distance of 10 feet from the screen, these vibrators 
each require about 200 milliamperes. 

The vibrator is suitably attached to a swivel pin, 
which is so mounted that the vibrator can be turned 
in two directions at right angles to each other. A 
spring a, pulling in a 45·degree direction, holds the 
vibrator against both its vertical and its horizontal 
stops. By means of the knurled head 1I the vibrator 
may be rotated around a horizontal axis, and by means 
of the knurled head [ it may be rotated about a vertical 
axis. These adjustments allow the spot to be brought 
to any desired position upon the screen. 

By actual test we have found that the natural fre­
quency of this type of vibrator ranges from 1,500 to 
2,000 cycles per second, depending upon the degree of 
compression of the spring E ( Fig. 2 ) .  Therefore the 
vibrator will respond with a fair degree of accuracy to 
harmonics as high as the nineteenth in a circuit hav­
ing a fundamental frequency of Sixty cycles per sec­
ond, and also to telephone frequcncies which average 
SOO cycles per second. The higher natural frequencies 
are obtained by increasing the filament tension and are 
therefore at the expense of the sensitivity or amplitude 
of vibration. The errors due to the temperature co· 
efficient of expansion of the filament are made small by 
making the filament fairly heavy and thereby reducing 
the ['R loss. 

SPECIAL VIBRATOR FOR TELEPHONE WORK. 

A special vibrator has been developed for telephone 
work. It is necessary that such a vibrator have a 
specially high natural frequency in order that it may 
follow accurately the currents of telephonic frequencies. 
Therefore a lighter filament, a smaller mirror and a 
closer spacing of the filament on the bridge are used, 
thus reducing the moment of inertia of the moving sys· 
tern. As only one vibrator is ordinarily required for 
a telephone circuit, the air-gap of the magnet may be 
materially reduced and thus increase to a certain extent 
the flux density in the gap. This further increases the 
S!ensitlvity • 
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This type o f  vibrator requires about 100 milliamperes 

to produce an amplitude of 1 foot on a screen 8 feet from 

the vibrator. In a recent demonstration before the 

Boston Scction of the American Institute of Electrical 

Engineers such a vibrator was used in this oscillograph 

to project upon a screen telephonic current waves pro-

Fig. 4. 

duced by speaking in and producing other sound waves 

in the vicinity of a local telephone transmitter. This 
same vibrator was also used to throw upon the screen 

the current waves resulting from conversation between 

Boston and San Francisco over the transcontinental 
line. When President Carty of the A. 1. E. E. and Dr. 

Pupin addressed the section on that evening through 

the medium of 500 individual telephone receivers, their 

voice waves were thrown simultaneously upon the screen 

by this oscillograph. 

POLE PIECES AND ROTA'l'ING M IRROR. 

In Fig. 3 the vibrator units are shown attached to 

the iron pole pieces of the magnet. These two-pole 

pieces are held together by means of two brass straps 
SS. A small auxiliary mirror Jl is mounted upon a 

small movable brass bloek. This bloek is free to turn 

in a horizontal or in a vertical direction as desired, and 

is adjusted by means of a small curved rod R ;  it is held 

stationary in the desired position by friction. This 

mirror projects a zero line constantly upon the screen, 

eliminating the use of an extra vibrator for this pur­
pose. 'l'he magnet is excited from 110 volts direct cur­

rent and takcs about 0.3 ampere. It wcighs about 25 

pounds. The pole pieces ( J)'ig. 3) are held to the core 

of the magnets by two bolts, one in each piece, making 

it easy to remove them. The connecting wires are 

A Marine Disaster on the Coast of China 
TIm steamship "Chiyo Maru," one of the largest Paci­

fic liners, owned by the Toyo Kisen Kaisha, recently went 
aground off Hong Kong. Her position is shown in the 

accompanying illustrations of the disaster, a glance at 

which is sufficient to show that, though the upper works 

of this fine vessel are apparently intact, the hull of the 

ship is hopelessly wrecked. 
This is apparent in the view taken from 

the cliffs looking down upon the ship from 

off her port bow, in which it is evident at 

a glance that the deck line of the ship 

from the bridge of the bow, is not in line 

with the after two thirds of the vessel. 

In other words, the "Chiyo Maru" is brok­

en in two. 

FJvidcntly, when the ship ran aground 

the fore part of the vessel rested upon a 

projecting reef or shelf, the after two 
thirds of the ship being in deeper water. 

When the tide fell or, possibly, due to the 

ri:-;e and fall of the vessel in a seaway, the 

bending moment in the neighborhood of the 

bridge was too great for the strength of 

the ship, and a rupture occurred. The 

strength of ships to resist bending stresses 

is carefully calculated when they are de­
signed, and the maximum stresses occur 

under certain conditions of loading and 

when the ship is supported at the ends, or 

in the center, as she is travelng transverse­

ly to the seas. These stresses are large ; 

brought to substantial binding posts on the base ot the 

standard as is clearly shown in the accompanying Fig. 1. 
The rotating mirror ( Fig. 4) is composed of eight 

plane mirrors arranged to form an octagonal prism. It 
was found that a prism having less than eight sides 

could not be used without producing a very marked dis­

tortion of the wave along the time axis. This mirror 

requires the most careful workmanship in its construc­

tion. If it is not almost perfect mechanically, the wave 

upon the screen will be very unsteady in position, and 
the image shown will be subject to a very pronounced 

lateral flickering. The mirror revolves about a verti­

cal axis, being driven by a small synchronous motor 

through a system of gears ( G, Fig. 4 )  at a speed 
of 75 revolutions per minute, at sixty cycles per second. 

In the assembled im;trument the rotating mirror is pro­

teeted from dust and injury by a stationary cylindrical 

shield having a vertical slot just large enough to permit 
the vibrating beam of light to pass in and out again. A 

grooved pulley S ( Fig. 4 )  allows the mirror to be 

driven by a belt from a source of power other than the 

synchronous motor. This method of drive is necessary 

in telephone work and in many other instances where 

sufficient or suitable power cannot be obtained from 

the same source as that from which the vibrators de­

rive their current. 

CONSTRUCTION OF MOTOR DRIVING MIRROR. 

The construction of the synchronous motor shown in 

Fig. 4 has been made very simple, but at the same time 

the motor is very effective. Two coils MM are wound 

upon a U-shaped core O. These coils are designed to 

operate upon a 110-volt circuit at frequencies varying 

from twenty-five to sixty cycles per second. An iron 

rotor R having six projecting poles p rotates between 

the poles PP of this ,alternating-current magnet. The 

motor operates upon the well-known prineiple that the 

magnetie circuit tends so to eonform itself that its 

permeance is a maximum. When the flux between 
the poles PP is at its maximum value, it pulls the rotor 

R around, so that a projecting pole on the rotor lies 

directly in front of each of the poles Pl'. However, 

when the flux is passing through its zero value and 

therefore exerting no pull upon the rotor, an interpolar 

space is presented to the poles of the magnet owing to 

the inertia of the rotating system. This type of motor 

is very sensitive to the shape and depth of these poles ; 

if they are not correct geometrically, the motor will 

hunt or fail to develop sufficient power. This particular 

rotor has six poles, giving it a synchronous speed of 

1,200 revolutions per minute at  sixty cycles per second. 
It is started readily by turning the large gear on the 

mirror by hand until the motor pulls into step. 

The multiplier consists of high-resistance, zero-temper­

ature coefficient wire wound doubly in one layer upon a 

glazed aluminium tub.e. The resistance can be varied 
by moving a slider along the scraped portion of the wire 

on the top of the tube. The slider short-circuits adjacent 

turns, thus making it possible to vary the resistance be­

tween terminals any desired amount. The multiplier hal> 

a range of from 250 volts to practically zero volts. This 

method of varying the resistance allows very rapid and 

close adjustments to be made. 

The shunt is shown in Fig. 5. Two binding posts BB 

but they do not compare with those to which a ship is 

subjected when she is aground and unevenly supported. 

\Ve are indebted for our illustratioP'l to Mr. W. Okada, 

of Yokahoma, Japan. 

Some of the Essentials of Preparation 
In general discussion of "industrial Preparedness" 

The shattered hull is submerged at high tide. 

are mounted upon a polished wooden base. A resist­

ance wire W is connected between the binding posts, 

passing over a pulley P. By means of the thumb screw 

'1' the wire can be drawn to the liesired tension. A 

bridge R designed to slide along the brass- guide G 

short-circuits the two sides of the wire W, thus chang­

ing the resistance between the binding posts BB. The 

circuit wires and the current vibrator leads are both 

connected to the binding posts BB, but to different 

B B 

V, nrolo r 
L e ad; 

Fig. 5. 

p 

c 

R 

thumb screws. By changing the position of the bridge 

R the amplitude of vibration may be increased or de­

creased as desired. 
The shunt is ordinarily designed to carry a maximum 

current of 10 amperes, but it will produce a full-scale 

deflection with a current as small as 2 amperes. In­

termediate adjustments are, of course, easily obtained. 

The distinct advantage of a shunt of this type is that 

if the bridge R should make poor contact or even become 

separated entirely from the wire W, the shunt does 

not become open-circuited, thus causing the entire cur­

rent to pass through the vibrator, burning it out. 

J)'ig 1 shows the approximate positions of the oscillo­

graph units when arranged for projection upon the 

screen. The light projected from the arc lamp 1 in 

small parallel beams strikes the two vibrator mirrors 
and the auxiliary or zero-line mirror at 2. It is then 

reflected to rotating mirror 3, which draws the vibrating 

beam into a wave and reflects it on the screen. Good 

results may be obtained if the screen is not more 
than 12 feet from the rotating mirror. Under these 

conditions the amplitude of vibration is about 12 inches 

each side of the zero line. If a sharper and' clearer 

image is desired, the screen may be moved nearer the 

mirror, but the amplitude of vibration is proportion­

ately reduced. 

at the meeting of the American Society of Mechanical 

IDngineers, it was stated by two members that : It has 

been shown that the weakest spot in the present war is 
the lack of ammunition. And in speaking of ammuni­

tion, we are not including small arms ammunition, but 

of the I-inch to 16-inch calibers which is used by both 

the army and the navy. 

Below are given some statistics of the 

time that it would take to get prepared 

and to make ammunition alone. 

As a conservative estimate, it would re­

quire 50 engineers, designers and drafts­

men at least 50 weeks to preparl"! the draw­

ings for the sizes of shells now used by the 

United States Army together with draw­

ings for gages, jigs, fixtures and tools. To 

produce the latter would probably require 

800 men, well trained and in well organ­

ized factories, at least five years, calculat­
ing 300 working days per year. 

This would equip 100 factories, each em­

ploying 2,000 men, capable of producing 

a total output of 200,000 rounds per day. 

Twice this amount has been uSl"!d in a sin­

gle day in the present war by one of the 

combatants. 

We have not mentioned the question of 

aeroplanes, rifles, battleships or a large 

number of other important parts of 

equipment which must also be provided 

for in great numbers and which require 

a long time to buDd .• 
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The Reform of the Man of Science � 
SOME correspondence has recently appeared in the 

Morning Post under the title that stands at the head 
of this article. Lt.-Col. J. W. Barret, of the Australian 
Army, a Melbourne doctor, well known for his active 
participation in the educational world there, writing 
respectfully of British men of sCience, laments their ex­
clusiveness. They are, he implies, too much dominated 
by the idea of studentship ; they regard the · sphere of 
science too much as that of the laboratory and the acad­
emy ; they do not acknowledge brotherhood with men 
in the greater world, who, in the spirit of enterprise 
and with the kind of method that prevail in conven­
tional science, are solving great problems of industry, 
commerce, and national development. Another writer 
goes further, and would hail as a brother in science the 
man who elucidates the authorship of Shakespeare's 
plays or the technique of an old master. 

It is not proposed here to enter upon a discussion of 
the legitimate use of the term science. We may be all 
for brotherhood, but the circumstances of l ife compel 

. us largely to separate into groups for purposes of ac­
tion, and there can be no real complaint if the word 
science is used in a restricted sense for what is per­
'haps better called natural science. This should not 
prevent men of science from recognizing their kinship 
with all faithful workers for the elucidation of truth, in 
whatever sphere of action. 

Let us avoid a controversy about mere words. Lt.­
Col. Barret's complaint is a more substantial one--not 
one of terminology. It  is essentially this, that when 
operations relating to the forces of nature transcend a 
certain scale they are no longer recognized as science, 
and that men of science in the limited sense thus lose 
a great companionship and an invaluable link with the 
greater world. He gives as an illustration the work 
of a railroad president whose operations "involve the 
placing of towns an,!! even cities in new positions, the 
reorganization of the agricultural education of districts, 
the estimation of future markets, and other complicated 
actions involving scientific imagination of the first 
order." 

It is probable that most men of science would readily 
admit that some solid advantages would be gained by 
having in their camp these great operators, with all 
their intellectual energy, their enterprise, and their in­
fiuence, and perhaps many would admit their claim to 
inclusion. There is undoubtedly a tendency for an 
increased scale of operations to remove a man from the 
scientific class if he was once in it, or to prevent his 
accession if he did not originally enter through the 
usual portal. The case may be well illustrated from 
engineering. A scientifically trained engineer who be­
takes himself to great problems of engineering, con­
structing some almost impossible railway or irrigating 
a whole parched province of India, seems to be moving 
away from science. An engineer who has acquired 
such powers without having received the hall-mark of 
formal scientific training, will find it hard to get his 
place acknowledged in the ranks of science. 

We may ask, What is really at the bottom of this?  
Is it merely narrow-mindedness, or is there something 
more excusable ? It is pleasant to think that there 
may be. Scientific men in their most august society are 
banded together "for the improvement of natural knowl­
edge." They are by implication a body of students 
working in the temple of Nature for truth's sake alone, 
heedless of the world and its rewards. What they 
garner is their gift to the world : they fill another page 
in the Revelation that brings men nearer to the angels. 
Let a man wander into the world with his science as 
wares to sell for money profit. and he has passed from 
the true brotherhood. Surely this idea, perhaps here 
rather fancifully stated, is at the bottom of much of 
our exclusiveness. It is certainly expressed very often 
in the privacy of small deliberative councils and in per­
sonal intercourse, and it is strongly, though silently, 
operative in the outer world. 

If this were the chief reason for the detachment 
of men of science we should have to ask whether it be 
really good and sufficient. That it has elements of 
good in it, no one would deny. There should be much 
strength in the union of disinterested people, and the 
fiame of disintere,;ted-that is, unworldly-study is the 
most sacred l ight of knowledge. But there is this great 
fact of history and actuality against an austere brother. 
hood : natural science has had its roots in the practi· 
cal avocations of mankind, and from them It has re­
ceived Its chief stimulus. The application of science 
to the practical arts has not more benefited them than 
it has benefited science. In this place it is unneces­
sary' to illustrate or amplify the argnment. It is there­
fore not only not unbecoming, but it is vitally necessary 
that the Improvement of natural knowledge should be 
bound up with solving the problems of the busy world, 
and the man of science who looks with any kind of dis· 
dain on those who are engaged in solving these prob-

lems, be they labelled brewer, baker, or candle-stick 
maker, and be they incidentally making fortunes, Is de­
spising his best friend and declaring himself a pedant. 

As a matter of fact this disdain does linger. It is 
the inevitable product of the seminary ; it is the fatuity 
of the cloister, arising, no doubt, from the theological 
beginnings of our educational system-this notion of 
keeping science unspotted from the world. It has 
much to answer for. The neglect of applied science­
what is it not meaning now in the fortunes of our na­
tion ! It is comfortable for us to blame anyone but 
ourselves. Have we not long proclaimed the vital im­
portance of science for the service of industry and the 
State? Industry and the State are doubtless much to 
blame, but surely no fair-minded person would say that 
the scientific world is exempt. Rather let us acknowl­
edge that Lt�-Col. Barret is in essence right ; the scien­
tific world has been too exclusive ; it has not bound it­
self as much as it might have done to great workers in 
the world, whose tasks, if not the same, are much akin 
to those of the laboratory, men whose sympathies, 
already scientific, would be strengthened by association 
and make broad channels for the fiow of science into 
practice. 

Scientific men, we must admit, have often no con­
ception of the real environment and problems of the in­
dustrialist ; of the accumulated store of empirical 
knowledge from which he must select what is needed ; 
of the skill and design with which he must apply it 
under the limitations imposed by men, material, and 
markets. They, too, often underrate the extent and 
importance of what may be called technological science 
and the new horizons that it opens. The technologist 
is often ignorantly set in the outer courts of learning : 
he is not quite of the elect, and antipathies arise. How 
much have we not sacrificed of the acceptance and effi­
cacy of science in industry by offering young men 
trained in pure science and knowing nothing of manufac­
ture, to employers trained in manufacture and knowing 
nothing of science, relying wholly on the manufacturer 
for a most difficult and precarious adjustment ? 

The management of our applied scIence has become 
one of the great problems of the day, and It brings with 
it great difficulties. Spurious technology is a hateful 
make-believe that has already wrought much mischief ; 
a man, however scientific, wholly on the make-to use 
a concise vulgar term for a vulgar condition-is an un­
edifying spectacle. But it does not follow that be­
cause a man is preoccupied with industrial problems he 
shall lose his scientific virtue or that his achievements, 
however remunerative, should rank on a lower plane. 
It is not so difficult to distinguish the genuine from 
the base among scientific workers wherever they may be 
engaged. 

'Ve must strengthen the bonds between science and 
industry by something more than an appeal to the 
pocket. A real sympathy and Interest must be created 
on both sides ; we must open our arms wider. There 
are many men in our world of industry and in the serv­
ice of the State who, without any list of scientific 
memoirs to their name, have yet been potent in the 
Ilervice of science, and would be more potent still If 
they were brought more into companionship with the 
scientific world. The Royal Soclety has the power of 
admitting to its ranks at the rate of one

· 
each year 

"persons, who, in their opinion, have either rendered 
conspicuous service to the cause of science or are such 
that their election would be of signal benefit to the So­
ciety." Here at least is a limited opportunity of doing 
something towards introducing into the circle of science 
the sort of men whose infiuence might help towards 
bringing about the reform to which we are bidden by a 
candid friend. In any of the new associations that are 
contemplated for giving science its right place in our 
national life we shall surely do well to cast our net 
widely and to p.xtend our outlook beyond the conven­
tional circumstance of what have usually been deemed 
scientific circles.-From Nature. 

Education and Preparedness 
IN a recent address before the Political Economy 

Club, of I.ondon, Sir Hugh Bell, who is prominent in the 
iron industry of England, made some pertinent re­
marks that are equally applicable in the United States. 
He said that the industrial advance of Germany since 
1870 has been the fruit mainly of "the German system 
of education," which " put into the hands of the Ger­
man manufacturer the means of conducting his opera­
tions in a thoroughly scientific way." "Very carefully 
trained chemists were turned out of the technical 
schools by hundreds," and the manufacturers "had 
the good sense to make use of the materials thus pro­
vided." "The field of inquiry was quite new, and offered 
boundless opportunities of resea rch," and it was vigor­
ously exploited, with the result which the war has 
made only too plainly evident. Alluding to the manu-

facture of dyes, regret is expressed that a great new 
branch of Industry has passed from British control, 
but in this matter blame is laid upon the Government, 
both central and local, in the enactment of unwise re­
strictions, the effect of which, as, for example, in 
the instance of alcohol, has resulted in the serious ham­
pering of industrial development. The great industrial 
prosperity of the country has also produced an attitude 
of indifference to scientific discovery in this and other 
countries, which, in the case of the latter, has silently 
but none the less surely laid the foundation of great 
industrial enterprises. 
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by electrici ty . . . . . . . . . . . . . .  * 2 5 3  
Developer for black and white 

copy . . . . . . . . . . . . . . . . . . . . . . .  28 
Development of military aero-

plane . . . . . . . . . . . . . . . . . . . . . .  ' 3 6 4  
Development o f  mil itary small 

arms . . . . . . . . . . . . . . . . . . . . . . .  * 1 7 2  
Deyeloper, regenerating h ydro-

quinone . . . . . . . . . . . . . . . . . . . . .  ' 3 5 5 
Diamonds, h ints in judging . . . .  * 1 3 3  
Diesel engin es i n  Germany . . . . 3 3 9  
Differential, development o f  au-

tomobile . . . . . . . . . . . . . . . . . . .  * 2 6 8 
Differentiator, a . . . . . . . . . . . . . .  * 1 0 0 
Direct and h igh-an g'le flre . . . . 3 7 3  
Disease, concrete . . . . . . . . . . . . .  1 4 4  
Di sease o f  many forms-cancer 3 
Diseases, school-spread of con-

tagious . . . . . . . . . . . . . . . . . . . .  1 3 4  
Distant objects, visibility i n  

warfare . . . . . . . . . . . . . . . . . . . .  3 6 9  
Distillation, h ardwood industry 1 0  
Divination, tortoise-shell . . . . . .  5 7  
Diving and diving apparatus . * 3 4 1  
Dogs and detail-vision . . . . .  '. . .  3 1 5  
Dog" s eyes, refraction and ac-

commodation i n .  A correc-
tion . . . . . . . . . . . . . . . . . . . . . . . . 3 5 7  

Drawing, rapid production of 
working . . . . . . . . . . . . . . . . . . . .  1 4 3 

Dream, t h e  mechanism of . . . .  3 9 0  
Drift problems i n  oPtics . . . . . . .  3 7 2  
Drills,  hardness of . . . . . . . . . . . . 2 6 9  
Drive , 5 , 0 0 0  h . -p. chain . . . . . . .  8 4  
Drive gear, ingenious electric . • 7 6 
Drop measurin g liquids and 

suspensions method . . . . . . . . .  3 9 9  
D ropping bomb, scientific . . . . . .  * 2 6 0  
Drug plants, profits from . . . . . .  2 6 9  
Dust, aluminium . . . . . . . . . . . . .  3 01 
Dust, protectin g motors against 1 3 9  
Du st, the transport o f  material 

i n  form of . . . . . . . . . . . . . . . . . 2 9 9  
Drying methods . . . . . . . . . . . . . .  4 0 3  

E 
Earth, T h e  . . . . . . . . . . . . . . . . . . . 2 5 8 
F,arth dam, building a big . . . " 1  
Earth roads, oiling on . . . . . . . . . 2 5 0  
Eartll ,  structure of t h e  

I,  1 6 2 ; I I ,  1 8 6 
F,arth' s center, gravitation at . .  2 0 1  
l�arthquakes in California . . . .  3 5 6  
Economics, food . . . . . . . . . . . . . .  3 1 0  
Economy in study, 

I,  2 4 2 ; II, 2 7 4 : III. 3 3 0 ; 
IV, 3 7 4 ; V, 4 1 0 

Edifices, destruction of h istoric, 
i n  Europe . . . . . . . . . . . . . . . . . .  ' 6 5  

Education an d preparedne ss . . .  4 1 4  
F,ducation faults, engineerin g .  1 1 7  
Efficiency o f  spectral colors for 

lower o rgan isms . . . . . . . . . . .  1 4 4  
Eggs, reducing our waste i n  . .  ' 2 9 2  
Electric activity in ore deposits, 

I, 1 4 ; II, 3 1  
Electric arc in vapors and gases ' 2 9 
Electric drive gear, i ngenious . ' 7 6  
Electric en ergy transmission 

from Sweden to Denmark . . .  * 3 77 
E lectric furnace, the Renner-

felt . . . . . . . . . . . . . . . . . . . . . . . .  * 3 3 2  
El ectric kitchen, world's larg-

est ; . . . . . . . . . . . . . . . . . . . . . . . * 1 8 0 
Electric lamp, man his own . . .  3 4 1  
E l ectric locomotives, n e w  idea 

in . . . . . . . . . . . . . . . . . . . . . . . . . .  * 3 6  
F,l ectric motors, varieties o f  . . .  2 4 9 
E lectric power in Alaska . . . . . .  1 8 1 
Electric railway operation, suc-

cessful . . . . . . . . . . . . . . . . . . . . .  3 3 6 
:IDl ectric spa rks and gas mix-

t u res . . . . . . . . . . . . . . . . . . . . . .  * 2 2 7  
Electric systems, control and 

protection . . . . .  . . . . . . . . • . . .  6 2  
Electric truck troubles . . . . . . . .  3 9 3  
En ergy tran sformation s during 

horizontal walking . . . . . . . . . .  4 0 0  
Electrical un iverse . . .  . . . . . . . . .  1 1  
Electricity I n  t h e  field o f  war . 6 0  
E lectrolysis a n d  underground 

piping systems . . . . . . . . . . . . . 3 0 2  
F, l ectrol yte for pocket l amp 

batteries . . . . . . . . . . . . . . . . . . .  1 7 9 
Fll ectrolytic i ron . . . . . . . . . . . . . .  4 0 5  
El ectro-magnets , great, 

I ,  * 3 00 : IT, * 3 1 6  
F,lcctromotive force, induced . . .  1 0 3  
E lectron s an d atoms, radiation,  

I, * 2 9 0 ; II,  * 3 0 6 ; III,  * 3 2 2 ; 
IV, " 3 3 8 ; V, * 3 5 4 ; VI, * 3 7 0  

Elephants, t h e  king of . . . . . . . . .  * 2 2 5  
l<Jmulsification a n d  emulsions . .  1 1 !! 
Emulsions an d emulsification . 1 1 9  
Engineering, busines s i n  . . . . . .  2 7 5  
Engineering education faults . .  1 1 7  
Engjneering education, our 

modern . . . . . . . . . . . . . . . . . . . . 1 4 7  
M n gineers and t h e  law . . . . . . . . 3 6 8  
Engineering i n  t h e  navy . . . . . . 2 4 6  
E n g'ineering problems, differen-

tiator for . . . . . . . . . . . . . . . . . .  ' 1 0 0  
Engineering work, a notable . . * 2 5 7  
En glish measures o f  length . . .  1 2 5  
Enlarg'ing and projection ap-

paratus, new . . . . . . . . . . . . . . . * 3 5 7  
Mtching mild steel, reagent for 2 3 8  
Mucalyptus o i l  industry, Cali-

fornia . . . . . . . . . .  " . . . . . . . . . .  2 8 8  
European war and ,Bagdad rail-

way . . . . . . . . . . . . . . . . . . . . . . .  2 9 4  
Evaporator, a novel . . . . . . . . . . .  2 9 5  
Evolution in shipbuilding, 

I , 1 3 0 ; II,  1 5 1  
Mxperiment station, U .  S. Naval 

engineering . . . . . . . . . . . . . . . .  * 7 2 
Mxolosibility of gases from mine 

fires . . . . . . . . . . . . . . . . . . . . . . .  3 3 3  
Expl osion, boil er, i n  Germany . 1 4 8  
l<Jxplosion, o l d  boiler, theory . . .  5 9  
Explosives, cellulose for . . . . . . . 1 1 1  
Explosive shells,  cast Iron fo r .  5 5  
Explosives, their history and 

nature . . . . . . . . . . . . . . . . . . . . . 1 3 8  
l<Jxtension o f  human life . . . . . . 2 9 1  
gxtension of species . . . . . . . . . . . 2 9 3  
Eye, blind spot o f  the . . . . . . . .  * 2 8 6  
Eye-piece o f  optical instru-

ments . . . . . . . . . . . . . . . . . . . . . .  3 4 3  
Eye, refraction and accommo-

dation in dog" s . . . . . . . . . . . . . .  3 5 7  
l<}yes, animals with many . . . . . . * 2 4 4  
Eyes, spots b efore the . .  . . . . . . .  1 5 3  
l�ducation J o u r  nlodern engi-

neering . . . . . . . . . . . . . . . . . . . . 1 4 7  

F 
Factor::; in cU l'I'ol:5ion . . . . . . . . .  2 9 8  
Fans, electric, i n  winter . . . . . .  2 7 2  
Farm tractors . . . . . . . . . . . . . . .  2 8 2  
Faults, engineering educati on . 1 1 7  
Feet, care o f  the . . . . . . . . . . . . . .  * 2 5 2  
Ferry operated b y  trolley . . . . .  9 9  
Ferryboat, the largest g'aso J i n e  • 6 0 
Fiber, a new textile ; Kapok . .  · 1 1 3 
Field cables, army . . . . . . . . . . . . * 2 7 6  
Fighting in t h e  ai r . . . . . . . . . . . .  3 9  
Files, sharpening b y  sand blast 7 1  
Films, d rying, for the movies . 1 6 0  
Films ( oil )  o n  water and mer-

cury . . . . . . . . . . . . . . . . . . . . . . .  * 2 4  
Filters; sand . . . . . . . . . . . . . . . . . 3 1 3  
Finding your way a t  night 

without compass . . . . . . . . . . .  * 2 2 0  
Finishing w o o d  surfaces . . . . . .  1 7 0  
Fire, direct and high-angle . . . .  3 7 3  
Fire, rifle . . . . . . . . . . . . . . . . . . . . .  " 1 3  
Fireproofing s tage scenery . . . .  5 1 
Fitness, test of p hysical . . . . . . . 3 2 3  
Fl ame standards in photo-

metry . . . . . . . . . . . . . . . . . . . . . .  2 2 2 
Flotation, oil and other re-

agents in . . . . . . . . . . . . . . . . . .  3 7 9  
Floors, concrete workshop . . . . .  3 4 9 
Flora, plant chemistry . . . . . . . . .  3 1 9  
Flower color . . . . . . . . . . . . . . . . .  2 5 1  
Flowers, spiders i n  . . . . . . . . . . . . 1 3 3  
Fog and air, radio-active sub-

stances in . . . . . . . . . . . . . . . . . .  * 3 7  
Food economics . . . . . . . . . . . . . .  3 1 0  
Food for the people, gelatine . . 1 6 7  
Food s election . . . . . . . I ,  2 1 0 ; II, 2 3 0  
Food supply, German people . .  3 0 3  
Force, induced electromotive . .  1 0 3  
Forestry, museums a s  aids t o  . .  2 9 7  
Forestry, teaching scientific . . . ' 2 8 9  
Forms, calcul ation s for ships' . 1 8 2  
France, agriculture i n ,  durin g 

war . . . . . . . . . . . . . . . . . . . . . . . .  1 0 3 
French life-saving hel met . . . . .  ' 4  
Frost, temperature i n  relation 

to . . . . . . . . . . . . . . . . . . . . . . . . . .  * 1 4 0  
Fruits, utlllzation o f  cull citrus 3 6 7  
Fuel, coke a s  a boiler . . . . . . . . .  1 3 7  
Fuel supply o f  b i g  power plant . * 1 9 3  
Furnace, electric, v s .  open 

h earth . . . . . . . . . . . . . . . . . . . . .  1 0 7  
Furnace, electric. Rennerfelt . .  • 3 3 2  
Furnaces, anneal ing . . . . . . . . . . 2 8 3 
Fu rn aces, gas burner for labo-

ratory . . . . . . . . . . . . . . . . . . . . . • 8 5  

G 
Galvan izing processes in Ger-

many . . . . . . . . . . . . . . . . . . . . . . 3 5 2  
Galvanometer-thermo, a n e w  . .  3 0 8  
Gardens, chemical . . . . . . . . . . . . ' 3 8 8  
Garlic, juice i n  wound treat-

Gasoline from n atural gas . . . . .  1 8 7  
Gear, ingenious electric drive . . * 7 6  
Gearing, synchronous . . . . . . . .  * 3 g 9 
Gears, new system of cuttin g . . •  1 0 1 
Gelatine as food for people . . . .  1 6 7  
Gems, how t o  value . . . . . . . . . .  3 3 4  
Gems and microspectroscope . .  3 9  
Gen uine, imitation a s  pioneer 

o f  . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2 1 
Genus allium, antiquity and 

utility . . . . . . . . . . . . . . . . . . . . . 1 2  
Geodetic and coast survey ( U. 

S . ) and commerce . . . . . . . . . . .  2 7 9  
Geographical research, 

I, 1 4 6 ; II,  1 7 0  
Geological S urvey Museum, 

Ottawa . . . . . . . . . . . . . . . . . . . . • 2 3 2  
Geological survey and public 

health. . . . . . . . . . . . . . . . . . . . . . 2 0 5  
German food supply . . . . . . . . . .  3 0 3  
German copper substitutes . . . . .  9 
German monopoly of nitrogen 3 9 2  
"Ghost lines" i n  steel castings 2 3 9  
Gl acial deposits, wood I n  . . . . . * 1 5 6  
Glaciers, some American . . . . . .  * 2 7 3  
Glass, for culin ary ware . . . . . . .  2 6 ,) 
Glass, some notes on optical . .  8 6  
Good roads a n d  t h e  automobi l e . * 3 7 6  
Golf clubs, wood for . . . . . . . . . .  1 8 5  
Golden rod . . . . . . . . . . . . . . . . . .  1 1 5  
Grafting bone and skin in 

French hospitals . . . . . . . . . . . 3 5 
GrapeVines, paper from . . . . . . .  8 0  
Grape ripening, chemistry o f  2 5 9  
Gravitation a t  the earth ' s  center 2 0 1  
Great Lakes, o r e  unloading on * 9 7  
Grenades, English rifle . . . . . . . . . * 1 9 7  
Grenades, rifle and hand . . . . . .  * 8 4  
Gulf o i l  field" the . . . . . . . . . . . . . .  1 4 4  
Gun cotton, how made . . . . . . . . '. 2 8 
Gun, an 1 8 -inch . . . . . . . . . . . . . .  3 0 4  
G u n  a n d  mule team, mountain . * 3 7 2 
Guns, large naval and coast 

defense . . . . . . . . . . . . . . . . . . . .  * 2 4 1 

H 
H and and rifle grenades . . . . .. *'8 4  Hands, danger in shakin� . . . .  3 8 8  Handling concrete in building 

opera,tions . . . . . . . . . . . . . . . . . • 1 6 4  Hard pape r  insulators . . . . . . . . .  8 7  Hardness o f  metal , testing . . . .  1 8 6  Hardwood distil lation industry 1 0  
Hawaii, the woods o f  . . . . . . . . . . 1 7 7 
Heads, racial . . . . . . . . . . . . . . . . 2 1 1  Health and sunlight . . . . . . . . . . .  2 9 5  
Heat production, a method o f . * 3 4 8  
Heart o f  tile ath l ete . . . . . . . . . .  5 2  Hearth , open, vs. electric fur-n ace . . . . . . . . . . . . . . . . . . . . . . .  1 0 7  Heart in warfare , the . . . . . . . . .  1 9 6  Health, puhlic, and geological 
H:�thli r��m�: '�':tl ;�d '  �f : : : : :  2�g Heavens, t h e  construction o f . . 6 6  
Hedges, vine . . . . . . . . . . . . . . . . .  2 2 9  
Helmet French l i fe-saving . . . .  * 4  
High-explosive shells . . . . . . . . . . • 2 0 9 High boiling petroleum oils,  

I,  5 0 ; II, 74 
High efficiency incandescent 

lamp . . . . . . . . . . . . . . . . . . . . . . . * 1 0 9 Hints on judging diamonds . . . . ' 1 3 3  Historic edi fices i n  Europe de-
struction of . . . . . . . . . . .  : . . . .  * 6 5 

History of coal in U. S. ,  notes 
on . . . . . . . . . . . . . . . . . . . . . . . . . 1 5 3 

Hist'Ory ( early ) of An glo-Egyp-
tian Soudan . . . . . . . . . . . . . . .  2 7 0 �ome m<;chanothe rapy . . . . . . .  * 3 8 1  

orne, sCIence for the . . . . . . . . .  3 6 2  
Ho!'i7.ontal wal k in g and energy 4 0 0  
Hospitals, what i s  done for 

wounded in . . . . . . . . . . . . . . . .  ' 1 9 6  
Hospital s, electric cook ranges 

i n  . . . . . . . . . . . . . . . . . . . . . . . . . .  * 2 7 7 
Hospitals ( Fren ch ) ,  skin and 

bone grafting in . . . . . . . . . . . . . 3 5  
Horn, ch eap substitute for . . . . .  9 
Human in fection and rodent 

plag'ue . . . . . . . . . . . . . . . . . . . .  1 9 9  
Human life, " X  tension of . . . . . .  2 9 1 
Human requirements of fuel . .  1 7 1  
Humanity, early groupings of . 3 4 6  
Hydrogen, making compressed . 2 5 3  

I 
Tce, latent heat of fusion of . . . . 1 1 6  
Icebergs and ocean tempera-

tures . . . . . . . . . . . . . . . . . . . . . .  1 6 6  
Ignition o f  explosive gas mix­

tures by electric sparks . . . . • 2 2 7  
I n k  ( printin g )  a n d  printing 

paper . . . . . . . . . . . . . . . . . . . . . . . 4 3  
I n k  and tracing cloth . . . . . . . . . .  1 0 1  

ment . . . . . . . . . . . . . . . . . . . . . . . 
Gas retorts, ve,rtical . . . . . . . . . . 

Incandescent lamp, a high effi-
2 5 9  clency . . . . . . . . . . . . . . . . . . . . .  * 1 0 9 

Gas burner for lab o ratory fur-
nace . . . . . . . . . . . . . . . . . . . . . .  . 

Gas, gasOline from natural . . .  . 
Gas hol ders, novel construction 

fo r . . . . . . . . . . . . . . . . . . . . . . . .  . 
Gas manufacture, by-products . 
Gas mixtures and electric 

sparks . . . . . . . . . . . . . . . . . . . .  . 
Gas store l ighting device . . . . .  . 
Gas turbine, the . . . . . . . . . . . . . .  . 
Gases, action of, on i ron and 

s teel . . . . . . . . . . . . . . . . . . . . . . . 
GaseR from min e fi res , explo-

sibil ity . . . . . . . . . . . . . . . . . . . . . 
Gases, the unoble" . . . . . . . . . . . .  . 
Gas-filled lamps, photometry of 
Gasoline feITYboat, the largest 
Gasoline and gasolme vapo r  . .  

3 7 2  Indian music . . . . . . . . . . . . . . . . . .  2 5 6  
Industrial milltarism . . . . . . . .  1 5 0  

" 8 5  . Industrial developmen t  o f  Japan 2 6 2  
1 8 7  India paper, Oxford . . . . . . . • . . .  1 4 9  

In flammability 'O f  gaSOline and 
1 1 9 ., - gasollne vapor . . . . . . . . . . . . .  2 0 3  

7 5 -- In fection, relation of rodent 
2 2 7  
1 0 3  

4 7  

plag'ue t o  human . . . . . . . . . . . .  1 9 9  
,Infection , bacterial,  protection 

against . . . . . . . . . . . . . . . . . . . . .  3 04 
In fection, protection against 

bacterial . . . . . . . . . . . . . . . . . . . .  8 7  
1 6 0  In fusorial eartll fo r  }i}ngland . . . 4 0 4  

In sulators, h ard paper · . . . . . . . .  8 7  
Insulation, testing . . . . . . . . . . . .  H 4 6  3 3 3  

H 7 S  
3 2 3  
* 6 0  
203  

Invar and relatl'd n ickel steel s. 3 8 3  
Injuries due t o  radium . . . . . . . . 2 5 4  
Insects, ridding houses o f  . . . . . .  1 8 3  
Insects and w a r  . . . . .  1 ,  1 9 1 ; II, 2 0 6  
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Inversions o f  temperature and 
frost . . . . . . . . . . . . . . . . . . . . . . .  * 1 4 0  

Investigation o f  leather . . .  . . . . . 6 4  
Inventions free t o  the public . .  4 7  
Imitation as pioneer of genuine 1 2 1  
Illumination and light, 

I,  1 9 4 ; II, 2 1 8  
Illuminations, war . . . . . . . . . . . .  · 1 4 8  
Iron, transformation o f  pure . . 6 
I rrigation system, ancient Mes-

opotamia . . . . . . . . . . . . . . . . . . .  * 3 0 9  
Iron, producing p u r e  . . . . . . . . . .  3 4 9  
Iron casting, distortion of . . . .  1 1 5  
Iron, corrosion of . . . . . . . . . . . . .  3 7 5  
Iron for electrical mach inery . .  4 3  
Iron and steel, action o f  gases 

on . . . . . • . . . . . . . . . . . . . . . . . . . .  1 6 0  
I' Sano 011 • • • • . • • • • . • • • • • • • • • •  6 9 

J 
Japan, Industrial development 

of . . . . . . . . . . . . . . . . . . . . . . . . . .  2 6 2  
Jupiter the solar king . . . . . . . . .  2 1 9  

K 
Kapok ; a new textile fiber . . . . .  * 1 1 3 
King of elephants, the . . . . . . . . .  · 2 2 5  
Kitchen, world's largest elec-

tric . . . . . . . . . . . . . . . . . . . . . . . .  · 1 8 0  
Kerosene, burning successfully 3 7 3  

L 
Laboratory furnaces, gas burner 

for . . . . . . . . . . . . . . . . . • . . . . . . .  * 8 5  
Lamps used in p hotometry . . . .  2 2 2  
Lamp, man h i s  own electric . .  3 4 1  
Lamp, photometry of gas-filled 3 2 3  
Lamp with uncon sumed elec-

trodes . . . . . . . . . . . . . . . . . . . . .  * 2 9  
Lamp, h igh efficiency incandes-

cent . . . . . . . . . . . . . . . . . . . . . . . .  " 1 0 9  
Lamps, tungsten glow . . . . . . . . .  2 9 3 
Latent heat of fusion of ice . . . .  1 1 6  
Law, the periodic . . . . . . . . . . . . . .  * 4 4  
Law and the engineers . . . . . . . .  3 6 8 
Leaf photography . . . . . . .  * 2 7 7, 3 7 3  
Lignites, utilizing western . . . . .  3 1 1  
Leather investl!,ation . . . . . . . . 6 4  
Length, En glish measures o f  . .  1 2 6  
Lenses, heat screen f o r  . . . . . . .  9 9  
Life ( inne r )  of some common 

plants . . . . . . . . . . . . . . . . . . . . .  9 8 
Life-saving French helmet . . . . .  * 4  
Life processes and the calori-

meter . . . . . . . . . . . . . . . . . . . . . .  1 7 1  
Life, extension o f  human . . . . . .  2 9 1 
Light and illumination, 

I, 1 9 4 ; II, 2 1 8 
Light, reactions caused by . . . .  2 1 4  
Light o n  plants, effect o f  . . . . . .  * 2 0 4  
Lighthouse, moving a . . . . . . . . .  2 1 5  
Lightning, protection for live 

stock against, In fields . . . . . .  9 9  
Lightn ing, protection against . .  1 8 5  
Limestone, quality of, for burn-

ing . . . . . . . . . . . . . . . . . . . . . . . . .  1 8 3  
Limbs, artifielal . . . . . . . . . . . . . .  * 3 2 8  
" Lines, ghost," In steel castin gs 2 3 9  
Lines, " Pupinlzed" telephone . .  3 5 9  
. J i l H-'n fOt, Ri .Pfl m Rhips.  �]ean . . . 1 5 6  
Liquids anll suspensions, d rop 

meaRuring method . . . . . . . . . .  3 9 9  
Liquids, exting'uishing burnin g .  1 7 1  
Locating bullets i n  human 

bodies . . . . . . . . . . . . . . . . . . . . . .  · 3 6 9  
Live stock I n  fields, and light-

ning . . . . . . . . . . . . . . . . . . . . . . .  9 9  
Locomotives, American, built 

abroad . . . . . . . . . . . . . . . . . . . . .  * 1 6 8  
Locomotives, new idea in elec-

tric . . . . . . . . . . . . . . . . . . . . . . . .  · 3 6  
Locomotive and th e revolution-

Ist . . . . . . . . . . . . . . . . . . . . . . . . . 1 2 3  
Locomotive smoke, washing . . . .  * 6 1  
Long-heads, square-h eads, short-

heads . . . . . . . . . . . . . . . . . . . . . . .  2 1 1 
London traffic . . . . . . . . . . . . . . . .  1 9 0 
Looms, automatic . . . . . . . . . . . . . 2 1 3  
Lutes and cements . . . . . . . . . . . .  2 7 8  

M 
Mach inery, Chinese methods of 

operating . . . . . . . . . . . . . . . . . .  1 3 
Machines ( great ) In ore unload-

Ing . . . . . . . . . . . . . . . . . . . . . . . . .  · 9 7  
Magnetic fields and electric 

meters . . . . . . . . . . . . . . . . . . . . .  6 4  
Magneto ignition vs. battery . .  1 2 8  
Magnets, great electro, 

I, · 3 0 0 ;. II, * 3 1 6  
Making roads and men . . . . . . . .  " 4 0 8  
Mammals o f  South America, 

armored . . . . . . . . . . . . . . . . . . . .  * 1 5 7 
Man h i s  own electric lamp . . .  3 4 1  
Mantles ( gas ) and thot:ium . . .  3 2 7  
Marine disaster o n  the coast of 

China . . . . . . . . . . . . . . . . . . . . . .  4 1 3  
Marine, o u r  merchant, 

I,  * 7 0 ; II, · 9 4  
Massage, pneumatic . . . . . . . . . . .  2 7 6  
Matter, mysteries of . . . . . . . . . . .  1 1 4  
Measures o f  length, English . .  1 2 5  
Mechanism against bacterial in-

fection . . . . . . . . . . . . . . . . . . . . .  8 7  
Mech an ism o f  a. dream . . . . . . . .  3 9 0  
Mechanism o f  protection against 

bacterial infection . . . . . . . . . .  3 0 4  
Mechanotherapy at home . . . . . .  · 3 8 1  
Medical needs o f  modern armies 1 2 7  
Medicines o f  ancient Romans . 3 9 1  
Meersch aum . . . . . . . . . . . . . . . . . .  2 6 1  
Melbourne Zoological Garden s .  1 2 9  
M'mdelejeff' s table, periodic 

law . . . . . . . . . . . . . . . . . . . . . . . .  * 4 4  
Merchant marine, our, 

I,  * 7 0 ; II,  ' 9 4  
Mercury, simple process for 

purifying . . . . . . . .  . . . . . . . . . . 7 1 
Mesa Verde Park sun temple . .  * 3 0 5  
Mesopotam ia, ancient . . . . . . . .  * 3 0 9  
Metal polishing with clay . . . . . .  3 8 1  
Metal. testing hardness of . . . . .  1 8 6  
Mptals, action o f  acetylene o n  1 1  
Metals, metastability of . . . . . . .  5 9  
Metal s, protecti n g  b y  alumin i u m  2 6 0  
Meta I s ,  proteeti v e  coatings for 7 
Metallog'raphic description of 

ancien t Peruvian bronzes . . . .  1 4 2  
Metastability of metals . . . . . . .  5 9  
Meteorology o f  t h e  moon . . . . . .  · 1 8 8  
Mpters, electric and magnetic 

field . . . . . . . . . . . . . . • . . . . . . . . .  6 4  
Mica . . . . . . . . . . . . . . . . . . . . . . . . . * 2 8 4  
Microscope, artificial daylight 

for . . . . . . . . . . . . . . . . . . . . . . . . .  4 3  
Mlcrospectroscope and gems . . .  3 9  
Military aeroplane, development 

of . . . . . . . . . . . . . . . . . . . . . . . . . .  * 3 6 4  
Military rifle . . . . . . . . . . . . . . . .  * 3 2:1. 
Mliltary roads, the making of . * 4 04 
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Military small arms, develop-
ment . . . . . . . . . . . . . . . . . . . . . . .  * 1 7 2  

Military telescopes and binocu-
l ars . . . . . . . . . . . . . . . . . . . . . . . .  " 3 4 0  

Militarism, industrial . . . . . . . .  1 6 0  
Milk, boiled and pasteurized . .  1 3 1  
Milk, clean production test . . . . .  2 7  
Milk, pasteurized . . . . . . . . . . . . . .  1 6 5  
Mine fires, exploslblIity of gases 3 3 3  
Mines, submarine detonation . .  * 2 5 3  
Mineral and alkaloid poisons i n  

water, detecting . . . . . . . . . . . 5 
Mining coal, new method of . . * 1 2  
Mining and trenching opera-

tions i n  the war . . . . . . . . . . . . .  * 6 2  
Modern concrete structures . . . .  * 1 6 1  
Modern engineering education, 

our . . . . . . . . • . . . . . . . . . . . . . . .  1 4 7  
Modern science and war sur-

gery ' "  . . . . . . . . . . . . . . . . . . . .  ' 1 1 6  
Moon, meteorology of the . . . . . .  * 1 8 8  
Motor, alternating current sin-

gle-phase induction . . . . . . . . . * 9 2  
Motor truck rims, fitting . . . . . .  5 1  
Motor vehicles, special steels . .  3 6 6  
Motors, protecting against dust 1 3 9  
Motors, varieties o f  electric . . .  2 4 9  
Mountain gun and mule team . .  ' 3 7 2  
Mountain railways, cost o f  . . . . .  2 8 1  
Mucilage for paraffin paper . . . .  1 0 1  
Municipality, application of 

chemistry by the . . . . . . . . . . . .  1 9 8  
Munitions profits . . . . . . . . . . . . . .  9 9  
Museum becomes seat o f  Cana-

dian government . . . . . . . . . . . * 2 3 2  
Museums as aids t o  forestry . .  2 9 7  
Music, Indian . . . . . . . . . . . . . . . .  2 5 6  
Mysteries of matter . . . . . . . . . . .  1 1 4  

N 
Nature study in agriculture . . .  2 2  

Nautical and n avigation ash'on-
omy . . . . . . . . . . . . . . . . . . . . . . . .  · 3 9 6  

Naval ( U. S . ) engineering ex-
periment station . . . . . . . . . . .  * 7 2  

Naval and coast defense guns, 
large . . . . . . . . . . . . . . . . . . . . . . .  * 2 4 1  

Navigation and n autical as-
tronomy . . . . . . . . . . . . . . . . . . . .  " 3 9 6  

Navy Yard wind tunnel, Wash-
ington . . . . . . . . . . . . . . . . . . . . .  * 2 2 9  

Navy, engineering in . . . . . . . . . .  2 4 6  
Nebula hypothesis, the fallacy 

o f  the . . . . . . . . . . . . . . . . . . . . . .  4 0 2  
Negatives for printing . . . . . . . . .  2 9 1  
Nickel steels, invar and rel ated 3 8 3  
Nitrogen : its vi rtues and vices 3 9 4  
Nitrogen monopoly, proposed 

G erman . .  : . . . . . . . . . . . . . . . . .  3 9 2 
Nitrogen problem in arid soils 2 3  
Nitrogen value in chemistry . .  3 7 8  
" Noble" gases, t h e  . . . . . . . . . . . .  3 7 8  
Noise of a bullet . . . . . . . . . . . . .  4 
Noise is wasted energy . . . . . . . . 3 0 7  
Noise, energy consumed i n  

fighting . . . . . . . . . . . . . . . . . . . .  3 0 7  
Noise and loss of power . . . . . .  3 4 0  
Nozzles, a i r  flow through . . . . . .  1 9 7  

o 
O ak in France, use of . . . . . . . . .  3 7 7  
Ocean temppra t ll res a n d  ice-

bergs . . . . . . . . . . . . . . . .  , . . . . . .  1 6 6  
Oil burning stand-by plants . . . .  6 9  
O i l  fields, the Gulf . . . . . . . . . . . .  1 4 4  
O i l  films o n  water and mercury * 2 4  
0 11 industry ( eucalyptus ) Cali-

fornia . . . . . . . . . . . . . . . . . . . . . .  2 8 8  
Oil-mixed Portland cement con-

crete . . . . . . . . . . . . . . .  I, 7 9 ; II, 9 0  
Oil supply, how long t o  last . . 3 9 4  
O ils, high bo!ling petroleum, 

1, 5 0 ; II,  7 4  
Oil fuel, sub-aqueous, storage 

of . . . . . . . . . . . . . . . . . . . . . . . . .  1 7 6 
Oil, I ' S ano . . . . . . . . . . . .  ; . . . . . .  6 9  
Oil  substitute, German . . . . . . . . .  2 8 7  
Oil,  peanut . . . . . . . . . . . . . . . . . . .  2 6 7  
Oils and other reagents i n  flota-

tion . . . . . . . . . . . . . . . . . . . . . . . .  3 7 9  
Oiling o n  earth roads . . . . . . . . . .  2 5 0 
Optics, drift problems in . . . . . .  3 7 2  
O ptical glass, some notes on . .  8 6  
Operation o f  electric railway, 

successful . . . . . . . . . . . . . . . . . .  3 3 6  
Optical instruments, eye-pieces 

for . . . . . . . . . . . . . . . . . . . . . . . . .  3 4 3  
Ore deposits, electric activity in, 

I,  1 4 ; I I, 3 1  
O re unloading o n  the Great 

Lakes . . . . . . . . . . . . . . . . . . . . . .  * 9 7  
Oscillograph, a lecture-room . . .  · 4 1 2  
Oxy-acetylene welding prac-

tice . . . . . . . . . . . . . . . . . . . . . . . .  2 0 2  

p 
Paint baking on steel cars . . . .  3 9 1 
Paint, removing from wood . . .  3 3 3  
Painting, prevention o f  rust b y  1 9 7  
Paper, coating for blue. print . .  * 3 3 3  
Paper from grapevines . . . . . . . .  8 0 
Paper ( India) Oxford . . . . . . . . .  1 4 9  
Paper textile industry . . . . . . . .  2 4 7  
Park, New York ZoologicaL . . .  * 3 5 3  
P ark, National Zoological at 

Washington . . . . . . . . . . . . . . . .  · 2 1 6  
Parks, some noted zoological, 

'8 * 1 2 9  2 1 6 
Pasteurized milk . . . . . .  : . . . . .  : 1 6 5  
P aper ( printin g )  and prin t i n g  

ink . . . . . . .  ; ; . . . . . . . . . . . .  . .  4 3  
Paradox, a n  anemometric . . . . .  * l 0 8 
Paten ts that expired in 1 9 1'5 . . 4 7  
Patient or "case" ? . . . . . . . . . . .  7 6  
Peanut 011 . . • . • . . • . . . • • . . • . . •  2 6 7  
Peat, utilization o f  . . . . . . . . . . .  2 3 3  
Perfumes, manufacture o f  syn-

thetic . . . . . . . . . . . . . . . . . . . . . .  2 7 2 
Pellagra, cause and cure of . . .  1 1  
Periodic l aw, the . . . . . . . . . . . . . .  * 4 4  
Periscope, a chimney . . . . . . . . .  1 3 3  
Periscope o f  tbe sabmarine . . .  1 3 5  
Pasteurized and boiled milk . .  1 3 1  
Petroleum i n  Galicia, decrea se 

of . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5 5  
Petroleum oils, improvem en t of 

h i gh boiling . . . . . . . 1, 5 0 ; n, 7 4  
Ph ase boundaries, physioloVi-

cal importance of . . .  I,  1 8 ; II, 4 2  
Phenomena o f  moving automo-

bile wheel . . . . . . . . . . . . . . . . . . ' 2 1 5  
Photography, leaf . . . . . . . . . . . .  3 7 3  
Photographic enlarging and 

projection apparatus . . . . . . . * 3 5 7  
Phosphorescent calcium sul-

phide . . . . . . . . . . . . . . . . . . . . . . .  3 6 3  
Bh oto-ch emistry . . . . . . . . . . . . . .  2 1 4 
Photo-ch emistry, un solved prob-

lems . . . . . . . . . . . . . . . . . . . . . . .  1 81 
Ph otography and mixing chem-

ical solutions In . . . . . . . . . . . . . 1 8 6  
Photography, leaf . . . . . . . . . . . . *277  

Photometry, flame standards 
in . . . . . . . . . . . . . . . . • . . • . • . . . •  222 

Photometry of gas-filled lanlp . 3 2 3  
Physical and mechanical fac-

tors in corrosion . . . . . . . . . . . .  2 9 8  
Physiological importance o f  

phase boundaries . . .  1 ,  1 8 ; I I, 4 2  
P hysical fitness, test of . . . . . . .  3 2 3  
Physician and weather bureau. 1 7 8  
Physiognomy, ancient prin-

ciples of . . . . . . . . . . . . . . . . . . .  2 3 1  
Pictures, wild animals taking 

own . . . . . . . . . . . . . . . . . . . . . . . * 2 3 6  
Pine wood utilization, waste . . 2 7  
Piping systems, underground 

and electrolysis . . . . . . . . . . . . .  3 0 2  
Plants ( drug ) ,  profits from . . . .  2 6 9  

. Plants, effect of light on . . . . . .  *204 
Plant, fuel supply of b i g  power * 1 9 3  
P l ant chemistry, notes o n  . . • . .  3 1 9  
Plants, inner life o f  some com-

mon . . . . . . . . . . . . . . . . . •  . . • . • •  9 8  
. Plants from China . . . . . . . . . . . .  3 4 5  

P l atinum crueibles weight loss . 2 0 7  
Pneumatic massage . . . . . . . . . •  2 7 6  
Poisoning, arsenic, a case of . . .  4 0 8  
Poisons, mineral and alkaloid 

in water ; detecting . . . . . . . .  6 
Polishing metal with clay . . . . .  3 8 1  
Pollution o f  the air, unnoticed 1 6 9  
Pol ariscope, sodium lamps for . 1 7 4  
P ortland cement slag and blast 

furnace slag . . . . . . . . . . . . . . .  2 0 3  
Portland cement, oil-mixed 

concrete . . . . . . . . . .  1, 7 9 ; II, 9 0  
Portland eement . . . . . . . . . . . . . .  3 11 
Potash deposits in India . . . . . .  4 7  
Potas h, possible sources o f  i n  

America . . . . . . . . . . . . . . . . . . . .  3 4  
Potash in Spain . . . . . . . . . . . . . .  1 6  
Power from tidal c urrents In 

Bay o f  Fundy . . . . . . . . . . . . . .  3 9 1  
Power plant, fuel supply of 

big . . . . . . . . . . . . . . . . . . . . . . . . .  * 1 9 3  
Powers ( wate r )  o f  Canada . . .  * 4 9  
Power for aeroplanes, steam . .  3 5 0  
Power, noise means loss o f .  . .  3 4 0  
Powerhouse management . . . . .  1 6  
Power resourees o f  Russi a . . . .  1 9  
Precious stones industry in U. S . . . . . . . . . . . . . . . . . . . . . . . .  2 0 7  
Preparation, some of t h e  essen-

tials in . . . . . . . . . . . . . . . . . . . . .  4 1 3  
Prevention of trench-foot . . . . . .  5 3  
Printing telegraph, synchron-

ous gearing . . . . . . . . . . . . . . . .  * 3 8 9  
P rofits in munitions . . . . . . . . .  9 9  
Projectiles, war . . . . . . . . . . . . . .  3 4 2  
Propulsion, future o f  ship . .  , . .  3 1 4 
Proteins and carbohydrates . . .  2 2 6  
Printing, negatives f o r  . . . . . . . .  2 9 1  
Protection o f  l ive stock i n  fields 

against l ightning . . . . . . . . . . .  9 9  
Prothetlc apparatus for crip-

ples . . . . . . . . . . . . . . . . . . . . . . . .  * 3 2 8  
P ropeller, the screw . . . . . . . . . .  * 1 5 8  
Protection against lightning . . .  1 8 5  
Protective coating fo r small 

articles . . . . . . . . . . . . . . . . . . . . .  1 1 9 
Printing ink and printing paper 4 3  
Protective coatings for metals . 7 
Psychological analysis of stut-

tering . . . . . . . . .  . . . . .  . . . . . . . .  2 
Pure iron, producing . . . . . . . . .  3 4 9  
Purifying, mercury process . . . .  7 1  
Purification o f  water, t h e  . . . . . .  4 0 6  
Pnmp, a simple vacuum . . . . . . .  ' 1 9 7 
- - P u ;o i n I ",: .. : .1 "  t ... k p ! l o n c  l i n e s  . . .  � 5 �  

Q 
Quench ing, deformation of steel 

on . . . . . . . . . . . . . . . . . . . . . . . . . .  2 4 6  

R 

Hadiation from atoms and elec­
trons, I,  " 2 9 0 ; 11,  · ;1 0 6 ; III, 

Il:li�:�c��e · ;�t�t�n:e�
5

1� ��r * 3 7 0  

and fog . . . . . . . . . . . . . . . . . . . .  ' 3 7  
Iladio telephony, l imitations 

and possibilities of . . . . . . . . . .  1 5 5  
R adium, Injuries due t o  . . . . . . .  2 5 4  
Iladium, Japanese . . . . . . . . . . . .  1 1 2 
Railroad, early days of the . . . .  1 3 9  
Hail road, lost business when . . 7 5  
Railroad viaduct, Lethbridge, 

Alberta . . . . . . . . . . . . . . . . . . . . .  * 2 5 Y 
Hailway, Bagdad, and Euro-

pean . war . . . . . . . . . . . . . . . . . .  2 9 4  
Railway gage comparison . . . . .  5 5  
Railway tunnel, longest i n  

America . . . . . . . . . . . . . . . . . . . .  * 1 4 5  
Rail wear o n  steel car tracks . .  1 9  
Rain, artificial . . . . . . . . . . . . . . . 1 3  
Ranges i n  hospitals, electric 

cooking . . . . . . . . . . . . . . . . . . . . .  * 2 7 7  
Rat-fleas and rat-trypanosomes 6 2  
Reagent for etching mild steel 2 3 8  
Reducing our waste in eggs . . .  ' 2 9 1  
Refining coppe r  In 1 9 1 4  . . . . . . .  1 5 1 
Refraction and accommodation 

in the dog' s eye . . . . . . . . . . . . 3 5 7  
Region of fhe greatest snow-

fall . . . . . . . . . . . . . . . . . . . . . . . .  * 8 1 
Heinforced aluminium electric 

cables . . . . . . . . . . . . . . . . . . . . .  6 8  
Rennerfelt electric furn ace . . . .  * 3 3 2  
Repelling attacks o f  aircraft . .  " 1 7 
Reptiles ( monster extinct ) at 

National Museum . . . . . . . . . .  * 3 3  
Research, impo rtance o f  geo­

graphical . . . . . . . . .  I,  1 4 6 ; II, 1 7 0  
Respirators, anti-chlor . . . . . . . * 7 5  
RestOl:atiol! of Ceratosaurus 

Naslcornls . . . . . . . . . . . . . . . . . .  1 8 7 
Restoration s of monster rep-

tiles at National Museum . . .  * 3 3 
Retorts, vertical gas . . . . . . . . . . 3 7 2  
Revolutionist and t h e  loco-

motive . . . . . . . . . . . . . . . . . . . . .  1 2 3  
Rice bread . . . . . . . . . . . . . . . . . . .  1 0 7  
Rifle, aiming with t h e  . . . . . . . . .  * 1 2 4  
Rifle fire . . . . . . . . . . . . . . . . . . . . .  * 1 3  
Rifle grenades. English . . . . . . . . * 1 9 7  
Rifle and h and grenades . . . . . . . * 8 4  
Rifle, mil itary . . . . . . . . . . . . . . . .  * 3 2 1  
Ri fles, breecl] m e chan ism for . .  3 2 1  
Rigid. semi- rigid, and non-

rigid airships . . . . . . . . . . . . . . * 3 5 6  
Rims, fitting motor truck . . . . .  5 1  
Roads ( good ) and automobile · � 7 6  
Roads, o i l i n g  o n  earth . . . . . . . . .  25 0 
Roden t plague and human in-

fection . . . . . . . . . . . . . . . . . . . . .  1 9 9 
Rods, collapse of cylindrif'al . . .  2 6 1  
Romans, medicines used by 

an cient . . . . . . . . . . . . . . . . . . . . . 3 9 1  
Rontgen ray I n  locatin g bullets * 3 6 9  
Rubber m anufacture, dangers 

of . . . . . . . . . . . . . . . . . . . . . . . . . .  2 8 1 
Rust-proofing process . . . . . . . .  3 8 1  
Rubber, sources and coll ection 

of . . ; . . . . . . . . . . . . . . . . . . . . . . . .  2 2 4  
Russ13 s power resources . . . . . .  1 9  
Rust prevention b y  painting . . .  1 9 7  
Rust removing from nickeL . .  2 1 1 

s 
Salts, soil-colloids and soils . . . 2 3 4  
Sand blast, files sharpening . . .  7 1  
S and filters . . . . . . . . . . . . . . . . . .  3 1 3  
Sawdust, new use for . . . . . . . . . . 2 2 8  
Saving sinking ships . . . . . . . . . . 1 0 1  
Scenery ( stage ) fireproofing . .  5 1  
School spread o f  contagious 

diseases . . . . . . . . . . . . . . . . . . . .  1 3 4  
S cience for the home . . . . . . . . .  3 6 2  
Science ( modern ) an d  war 

surgery . . . . . . . . . . . . . . . . . . . .  * 1 1 6  
Science, the re form o f the man 

of . . . . . . . . . . . . . . . . . • . . . . . . .  4 1 4 
Screen ( heat ) for lenses . . . . . .  9 9 
Screw propeller . . . . . . . • . . . . . .  * 1 6 8  
Sea, h o w  men work in depths 

of . . . . . • . . . . . . . . . . . . . . . . . . . .  * 3 4 1  
Sea, signaling a t  . . . . . . . . . • . . .  2 9 9 
Searchlights in war . . . . . . . . . . .  " 6 9 
S easoning of timber, artificial . 3 9 5  
Selection, food . . . . . . .  1 ,  2 1 0 ; I I ,  2 3 0  
Sewer a t  S an Antonio, concrete ' 1 6 1  
S haking hands, danger i n  . . . . .  318 8  
S hells, cast iron for explosive 6 5  
S hells, consumption of . . . . . . .  9 1  
S hells, high-explosive . . . . . . . . .  * 2 0 9  
Shells  used b y  different nations 3 4 2  
S h i pbuilding, evolution i n 

I,  1 3 0 ; II,  1 5 1  
Ship propulsion, future o f .  . . . .  3 1 4  
Ship timber making o n Pacific 

coast . . . . . . . . . . . . . . . . . . . . . . .  2 5 6  
S h ips' forms, calculation for . .  1 8 2  
S hips, saving sinking . . . . . . . . . .  1 0 1 
S ho al w ater corals . . . . . . . . . . . 3 1 8  
Sickness, symptoms and cure of 

aviation . . . . . . . . . . . . . . . . . . . .  3 5 7  
Sidereal center, t h e  . . . . . . . . . . .  · 3 8 6  
Signaling among the ancients . . 1 5 4  
Signaling a t  sea . . . . . . . . . . . . . .  2 9 9 
Simplex calendar . . . . . . . . . . . . .  1 2 2  
Slag, Portland cement and 

blast furnace slag . . . . . . . . . . .  2 0 3  
S lush castings . . . . . . . . . . . . . . . .  4 6  
Smoke, effect o f  on trees . . . . . .  3 
S moke, washing locomotive . . . .  ' 6 1  
S n akes, value of . . . . . .  . . . . . . . . .  1 6  
Snowfall, measuring . . . . . . . . .  3 1 7  
Snowfall,  region o f  the great-

est . . . . . . . . . . . . . . . . . . . . . . . . .  " 8 1 
Soap bubble, remarkable . . . . . .  3 7 9  
Sodium lamp for polariscope . .  1 7 4  
Soil-colloids, salts and soil . . . . 2 3 4  
Soils, n itrogen problem i n  acid 2 3  
Solar king-Jupiter . . . . . . . . . .  2 1 9  
Soldiers, spectacled . . . . . . . . . . .  2 5 3  
Solids, chemistry o f  amor-

phous . . . . . . . . . . . . . . . . . . . . . . .  3 8 2  
Soudan, Anglo-Egyptian, early 

h istory . . . . . . . . . . . . . . . . . . . . .  2 7 0 
Sparks ( electri c )  and explosive 

gas mixtures . . . . . . . . . . . . . . .  * 2 2 7  
Special steels . . . . . . . . . . . . . . . . .  3 6 6  
Species, extinction of . . . . . . . . .  2 9 3  
S pecificity o f  proteins and car-

bohydrates . . . . . . . . . . . . . . . . .  2 2 6  
Spectacled soldiers . . . . . . . . . . .  2 5 3  
Spectral colors f o r  lower or-

ganisms . . . . . . . . . . . . . . . . . . . .  1 4 4  
Spiders in flowers . . . . . . . . . . . . . 1 3 8 
Spot ( blind ) of the eye . . . . . . . .  * 2 8 6  
Spots before the eyes . . . . . . . . . 1 5 3  
Stability, aeroplane . . . . . . . . . . .  3 2 0 
Stage scenery, fireproofing . . . . .  5 1  
S t�mering, its o"rn e x  plana-

l J u l1 • • • • • • • • • • • • • • • • • •  , . . . .  !t 6  
Station, U .  S .  n aval engineer-

ing experiment . . . . . . . . . . . . .  * 7 2  
Steam power for aeroplanes . . . .  3 5 0 
Steam turbines . . . . . . . . . . . . . . .  * 2 0  
Steamships, clean linen for . . . .  1 5 6  
S teel castings, "ghost lines" i n  

large . . . . . . . . . . . . . . . . . . . . . .  2 3 9 
S teel, how much sulphur i n . . .  6 8  
Steel and iron, action o f  gases 

on . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6 0  
Steel, m agnetic and mechanical 

properties o f . . . . . . . . . . . . . . .  3 0 7  
Steel, m anufactures o f  commer-

cial . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 7 
Steel ( mild ) reagent for etch-

ing . . . . . . . . . . . . . . . . .. . . . . . . .  2 3 8  
Steel, superficial deformation 

on quenching . . . . . . . . . . . . . .  2 4 6  
Steels, Invar and related niekel 3 8 3  
Steels, special for motor ve-

h icles . . . . . . . . . . . . . . . . . . . . . . .  3 6 6  
Stellite . . . . . . . . . . . . . . . . . . . . . . .  1 1 6  
S tone, how sold . . . . . . . . . . . . . . .  2 4 0 
Storage of 011 fuel, sub-aqueous 1 7 6  
S traw fiber, b ags from . . . . . . . .  3 4 1  
Structure of the atom . I, 8 2 ; II, 1 0 2  
S tru cture of t h e  earth, 

I,  1 6 2 ; II, 1 8 6  
S tructures, modern concrete . . .  * 1 6 1  
Struts, aeroplane . . . . . . . . . . . . . . * 2 9 3  
Study, economy in, 

I ,  2 4 2 ; II,  2 7 4 ; III, 3 3 0 ; IV, 3 7 4  
Stuttering, psychological analy-

sis of . . . . . . . . . . . . . . . . . . . . . . . 2 
Submarine mines, detonation 

by electricity . . . . . . . . . . . . .  * 2 5 � 
Submarine, periscope of . . . . . . . . 1 3 5  
S ubmarine, present condition o f  1 1 2  
S ulphur on cast iron, effects of . 3 2 3  
Sulphur In steel, h o w  much ? . 6 8  
Sun temple, Mesa Verde Park . * 3 0 5  
Sunlight and health . . . . . . . . . . . .  2 9 5 
S u rface combustion . . . . . . . . . . .  * 3 4 8  
S urface tension a t  the interface 

between two liquids . . . . . . . . .  * 2 3 5  
Surgery ( wa r )  and modern 

science . . . . . . . . . . . . . . . . . . . . .  * 1 1 6  
S urvey, U .  S .  coast and geo-

detic, and commerce . . . . . . . . . 2 7 9  
Survey, U. S. coast a n d  geo -

detic a n d  ocean i c  tides . . . . . . .  3 9 8  
Sweden to Denmark, transmis-

sion of electric energy . . . . . . .  • 3 7 7  
Sweet cl over . . . . . . . . . . . . . . . . . 2 6 3  
Symptoms and cure of aviation 

sickness . . . . . . . . . . . . . . . . . . . .  3 5 7  
Synchron ous gearing . . . . . . . . .  * 3 8 9  
System o f  cutting gears, n e w  . .  ' 1 0 1  
System o f  n avigation and nau-

tical astronomy . . . . . . . . . . . .  * 3 9 6  
Systems, control and p rotection 

of electric . . . . . . . . . . . . . . . . . .  6 2  

T 
'!'actics in a i r  fighti n g . . . . . . . . .  3 9  
Teaching scientific forestry . . . .  * 2 8 9  
Telegraph engineers and field 

cables . . . . . . . . . . . . . . . . . . . .  <, * 2 7 6  
Telegraph codes o f the worl d . 2 6 6  
Telephony ( radio ) limitation s  

a n d  possiblllties o f  . . . . . . . . .  · 1 5 5  
Tel ephoning from the body . . .  8 5  
Telephone lines, "Puplnized" . .  3 5 9 
Telephone set, wireless . . . . . . .  * 3 6  
Testing insulation . . . . . . . . . . .  3 4 6  
Telescopes and binoculare, mlll-

tary . . . . . . . . . . . . . . . . . . . . . . . .  * 3 4 0  
Temperature inversions i n  rela-

tion to frost . . . . . . . . . . . . . . . .  * 1 4 0  
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Temperatures ( ocean ) and ice-
bergs . . . . . . . . . . . . . . . . . . . . . . . 1 6 6  

Temple ( Sun ) Mesa Verde 
Park . . . . . . . . . . . . . . . . . . . . . . .  * 3 05 

Test of clean milk production . 2 7 
Test of physical fitness . . . . . . .  3 2 3  
Textile fiber, kapok a new . . . .  * 1 1 3  
'.rextile industry, pape r . . . . . . . .  2 4 7  
Thermal instrument for current 

measurements . . . . . . . . • . . . . .  2 0 3  
Thorium a n d  gas mantles . . . . . 3 2 7  
Throwing bombs from airships * 8 5  
Throwing liquid fire . . . . . . . . . . .  * 4 05 
Tidal currents, power from . . . .  3 9 1  
'rides, oceanic and U .  S .  coast 

and geodetic survey . . . . . . . . . 3 9 8  
Timber, artificial seasoning of .  3 9 5  
Timber ( ship ) making o n Pa-

cific coast . . . . . . . . . . . . . . . . . .  2 5 6  
Tortoise-shell divination . . . . . . .  5 7 
Torpedoes, aerial . . . . . . . . . . . . .  * 1 3 2  
Torpedo tubes . . . . . . . . . . . . . . . .  * 1 4 9  
Tracing cloth and ink . . . . . . . . .  1 0 1  
Tractors, farm . . . . . . . . . . . . . . . 2 8 2  
Trade, co-operation i n  foreign . 1 1 8  
Trademarks i n  American re-

public . . . . . . . . . . . . . . . . . . . . . .  1 1 0  
Traffic, London . . . . . . . . . . . . . . .  1 9 0  
Transmission o f  electric energy 

from Sweden to Denmark . . .  ' 3 7 7  
Transformation o f pure iron . . 6 
'l'ransparency of atmosphere, 

Central Australi a . . . . . . . . . .  3 1 1  
Transport o f  materials a s  dust . 2 9 9  
'L'rees, o u r  larges t . . . . . . . . . . . . .  1 9 0  
Trenches, winter i n  the . . . . . . .  * 3 8 5  
Trenching and mining opera-

tions in the war . . . . . . . . . . . . . ' 5 2  
Trench-foot, prevention of . . . . .  5 3  
Trees and how they heal their 

wounds . . . . . . . . . . . . . . . . . . . .  * 5 3  
Trees, planting with dynamite 1 2 7  
'L'rees, effect o f  smoke on . . . . .  3 
Trolley, ferry operated by . . . . .  9 9 
Truck troubles, electric . . . . . . .  3 9 3 
Tubes, torpedo . . . . . . . . . . . . . . . .  * 1 4 9  
Tube, a safe X-ray . . . . . . . . . . . .  6 4  
Turbine blading . . . . . . . . . . . . .  2 1 3 
Turbine, the gas . . . . . . . . . . . . . .  4 7 
Turbines, steam . . . . . . . . . . . . .  * 2 0  
T ungsten, uses o f . . . . . . . . . . . . .  1 7 6  
Tunnel ( wind ) Washington 

Navy Yard . . . . . . . . . . . . . . . . . . 2 2 9 
Tunnel, longest railway in 

America . . . . . . . . . . . . . . . . . . . .  * 1 4 5 
Turquoise, the . . . . . . . . . . . . . . .  * 3 3 7  
Type setting i n  Japanese . . . . . .  2 6 3  

u 
Underg round piping systems 

and electrolys is . . . . . . . . . . . . .  3 02 
Universe, the electrical . . . . . . . .  1 1  
University of Paris ' instru-

ments . . . . . . . . .  I, * 3 0 0 ; II, * 3 1 6  
Util ization o f  cull citrus fruits . 3 6 7  
Utilization o f  peat . . . . . . . . . . . .  2 3 3  
U .  S .  naval engineering experi-

ment station . . . . . . . . . . . . . . .  * 7 2  

v 
Vacuum pump, a simple . . . . . . .  * 1 9 7  
Value gems, how t o  . . . . . . . . . . .  3 3 4  
Value o f  snakes . . . . . . . . . . . . . . .  1 6  
Vapor, gasoline and g 'l:;uliH" 

i u llammability . . . . . . . . . . . . . .  2 0 3  
Varnish trouhles . . . . . . . . . . . . .  3 5 2 
Vegetables, boiling losses and 

changes . . . . . . . . . . . . . . . . . . . .  3 6 2  
Vertebrates, visual pattern-

discrimination . . . . . . . . . . . . . .  3 1 5 
Viaduct, Lethbridge, Alberta . . • 2 5 7  
Victoria Memorial Museum, 

O ttawa . . . . . . . . . . . . . . . . . . . . .  * 2 3 2  
Vine hedges . . . . . . . . . . . . . . . . . . 2 2 9  
Violoncello, support for . . . . . . . .  1 0 8  
Visibility o f distant objects in 

warfare . . . . . . . . . . . . . . . . . . . .  3 7 1  

w 
Walking, energy transforma-

tions during horizontal . . . . .  4 0 0  
War, alcohol i n  . . . . . . . . . . . . . . .  1 7 9 
\Var �nd i.nse<!ts . . . .  1, 1 9 1 ; II ,  2 0 6  
W a r  IllummatlOns . . . . . . . . . . . .  * 1 4 8  
War, electricity in the field o f  6 0 
War p rojectiles . . . . . . . . . . . . . .  3 4 2  
War, searchlights in . . . . . . . . .  6 9  
War Zeppelin, the . . . . . . . . . . . . •  4 1 1  
Warfare, the heart in . . . . . . . .  1 9 6  
Warfare, visibility o f  distant 

objects in . . . . . . . . . . . . . . . . . .  3 7 1 
Washing locomotive smoke . . . .  * 61 
Waste in eggs, reducing our . . .  * 2 9 2  
Waste pine wood utilization . . .  2 7  
\Vater and mercury, o i l  films 

on . . . . . . . . . . . . . . . . . . . . . . . . . * 2 4  
Water powers of Canada . . . . .  * 4 9  
Water supply, unexpected . . . . . . 3 0 1  
Watches, experiments with . . . .  1 9 5 
We��her bureau and the phy-

SICian . . . . . . . . . . . . . . . . . . . . . .  1 7 8 
Weights and measures, Chinese 1 9 8  
Wells more than mile deep . . . .  1 8 4  
Welding practice, oxy-acety-lene . . . . . . . . . . . . . . . . . . . . . . . .  2 0 2  
Wide a n d  narrow gage rail-

way comparison . . . . . . . . . . .  5 5 
Winter in the trenches . . . . . . . . • 3 8 5  
Wireless for motorboats . . . . . . . 4 1 1 
Wireless tel ephone set . . . . . . . . .  * 3 6  
Wind tunnel, Washin gton Navy 

Yard . . . . . . . . . . . . . . . . . . . . . . .  * 2 2 9  Wild animals taking their own 
�ictures . . . . . . . . . . . . . . . . . . . .  * 2 3 6  

Wmd motor and wind di rection " 1 0 S  
",rood for golf clubs . . . . . . . . . . .  1 8 5 
Workshop floors, concrete . . . . 3 4 9  
Working drawings, rapid pro-

duction o f  . . . . . . . . . . . . . . . . . .  1 4 3  
World's largest electric kitchen " 1 8 0  W�JU.nd treatment and garl ic 

JUice . . . . . . . . . . . . . . . . . . . . . . .  2 5 9  
Wounds, how trees heal their . * 5 3  Wounds in war, bacteriology o f  5 8  
Wounds, simple «;lres�ing fo r . .  1 7 0  
Wounded, what i s  don e '  fo r the * 1 9 6  Woods o f  Hawaii .  . . . . . . . . . . . .  * 1 7 7  
Wood ( pine ) utilization of 

waste . . . . . . . . . . . . . . . . . . . . . .  27 
Wood, removing paint from . . . 3 3 3  
Wood surfaces, finibhill g . . . . . .  1 7 0  Wood older than the h i l l s  . . . . .  * 1 5 6  

x 
X-ray tube, a safe . . . . . . . . . . .  6 4  

z 
Zeppelin airships . . . . . . . . . . . . .  " 7 7  Zeppelins, buoyancy of . . . . . . . .  " 3 4 7 Zoolo�cal Park, New York . . . • 3 6 3  ZoolOgIcal parks. some noted, 
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