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THE MAN UFACT URE OF VENEERS." 

A 11':'\EI<:Jt is a thin sheet or wood or other material 
intended to give an exterior surface or finbh to ar­
ticles of other ane! usually cheaper material. Veneer­
ing is equivalent in its results to plating in the work­
ing of metals. Vast quantities of veneers are used 
in (,abinet and piano maldng, and wherever a durable 
finish is desired. There is little ten(lency to cracl{ or 
dleck when they are used, and the effects which can 
he olltaine(l are really superior where veneers are used, 
lWe! they are employed in many cases where expense 
h no ohject. The woods mostly used are mahogany, 
oak, satinwoorl, eurly and bird's eye maple, cherry, 
and ash. 

Veneers are either sawn or slieed. the sawn veneers 
lleing the most (;xpensive, the waste saw-kerf taking 
['S much 01' tIle lumber as the veneer proper. Both 
.netlio(ls are employed at the Astoria Veneer Mills, 
Astoria, Long Tsland, now a part of Greater New 
York, whose plant we illustrate. The mms are located 
Oil an ann 01' the East River at Bowery Bay, and the 
logs or limber are hrought to it on lighters. The 
veneer wood is unloaded by cranes. and staeked. One 
or these piles shown in our engraving is composed 
most ly of squared sections, or flitehes of African ma­
hogany, and is easily valued at from $60,000 to $100,-
000. Logs eost ing ll]Jwarcl of $4,000 occasionally find 
I1ll'il' way to this market. The logs are usually cut 
liP ill lengths of a size sllitahle for the machines. The 
logs 01' flitches are all marked, showing their owners. 

When it is (Iesired to prepan� a log or fliteh for eut­
t in,;, it is tal,en to the han(l sawmill, where it is 
IPduced to ohlong blocl,s of proper size ant] with fresh 
surfaces. The lumber tal, en off is nearly all utilized. 
The band saws are ] 0 inches wide. 42 feet long. and 
pass over 7-foot wheels. Means are provided for tnrn­
ing ant] handling the logs, hut they do not differ from 
t1lORe ordinarily employe(] in sawmills. A special saw­
filing plant is necessary. an(l is equipped with right 
an(l left·hand emery gril]ilers, setting madlines, etc. 
Tlw flitch is now rearly for the cross-cut drag saw. 
which tal,es off the ends. and all knots and grit are 
removed hy cntting ont tIlE' spot with an adz. The 
(,ani age of the veneer saw is 21 feet long, so that 
sawed veneers can J)8 cut out of mnch longer stock 
than sli('ed veneers. The saws have very fine teeth, 
amI are 7 feet in diameter. The saw is made up of 
a series of segments separated from each other by a 
spa(;e whieh increases as the saw is filed smaller. The 
great timber or fliteh is lowered into place on the 
carriage, and is elamped hy (logs top and bottom. The 
thiclmess of the veneer to he cut is regnlated by the 
('!lains overhead, which act on screws which advance 
HIe earriage toward the plane of the saw. Dials indio 
eate the thidmess being (·lli. The �aw is now started, 
all(l the veneer is sawed in the (:ourse of a eouple of 
minutes. The earriage is run bacl" and the new ad­
justment is quickly marle an(l the saw restartp(!. On 
tile averCLge only five veneers can be cut before refiling 
tllP saw, which requires two and one-half hours; some­
t imps only olle veneer ean be cut, if the wood is very 
gritty. Such flitches will be on the machine from 
('Ile to threp weel,s before all sawn np. As each veneer 
is cut, tlw ends are pasted with muslin strips to pre­
vpnt war]ling, and they arp then placed in (Irying 
ra(:l,s, and are allowed to (lry from two hours to sev­
('ral days. They an� then re,Hly to ship. The last part 
or the flitch secured by the (logs is utilized as lumber. 

In the sliced vpnpPI'S the t1itcllf�s are carefully pre­
Inn:(l and plane(l and are th(,n steamed for several 
lIou1's, and finally hoisted onto the slicing machine, 
whieh weighs 26 tons aml requires from 20 to 35 horse· 
power to act uate it. The f1iteh is secured to the mov­
aide hed·plate llY (logs, and the large block of wood is 
!J!'Ololght down ov('r the knife, whieh tal,es off a slice 
varying from lfj to l·HiO of an inch in thic1mess as 
d(,sired. The !Je(l·plate slides uv and down on slides 
placF(l at an angle by means or levers, rods. and 
('ranI,s. One or the maehines sl iees veneers 101/e feet 
long by 32 inches wid!', whilp the other cuts 27 inehes 
wide and 14 feet long. The lmife is drawn toward the 
woo(l JlY �('J'ews, which are controlled by a man who 
stands in a pit at the right of the machine. He con­
trols the a(lvance of the knife with a hand wheel. 
Whil" this could be (!one automatically, there is al­
ways a risk of grit or iron injuring the Imife, and he 
can stop the action of th(' machine instantly. The 
thin ;.;lillS are fiat, and are spnt to the drying racks 
as before. The last hit or wood in the machine held 
llY the dogs is utilize(l ror lumller. A knife can be 
l1sed an ent ire day if t he wood is good and not too 
moist. The lmives are sharpened by emery blocks 
SP('ured to the Jlprivhery of a large wheel, the knife 
heing ailvan(,ed to contad with the Jllocks by means of 
a movable Ile(1. 

Veneers are often pressed to give them a high finish; 
at](l fo'!' some classes or worl" nearly all oak veneers 
are pressel!. The veneers are 11iled three or four high 
on eaeh shelf of the presR, and a pressure or fiO tons 
is applic(\ by hydraulic rams, the shclves being heated 
to 250 !leg. of heat meantime by steam. The veneers 
come ont finished and ready shrunk. 

Stumps and certain small pieces are converted into 
v('n('er8 by a machine which somewhat resembles a 
lathe in principle, the woo(1 revolving and striking a 
fixe(l knife. It is not considered a� desirable a pro­
cess as that just deseribe(1. 

The lumber which is saved in the process of manu­
facture, or which is specially sawn, is Pllt in racks, in 
on]er that the sun may color it. adding to its value. 

Veneers vary greatly in eost, owing to the variety of 
woo(l, the size, thiclmess. color. and markin{!s. Some 
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of the rarer varieties hring G ('ents a s(juare fool. 
Veneers aI'(� used ;';ingly. or ;,;omet ime;,; two or more 
a re used to give strength by laminatioll. One surface 
is roughened and glued to the bo(ly of the work, an(l 
('lamped usually between zinc plate;,;. The plat('s are 
rontoured to the necessary outline when h(�nt ven('p),s 
are being planted. 

The subsequent treatment does not differ materially 
from any other hardwoo(] finishing. If the workman­
ship has been good. the veneer;,; will last like the colo· 
nial furniture and huhl work of our ancestors. 

TO MAKE COLORED PENCILS. 
IF we melt graphite or other colors with resim;, we 

ohtain a material which is little inclined to ruh off 
its eolor; if, on the contrary, we form a eomposit ion 
of graphite with moist clay, mold it, dry it. and then 
burn or fire it, we then olltain excellent lead pencils. 

The process just indicated may be explained in the 
following manner: In the first ease the binding me· 
dium (resins) impregnates eaeh individual particle of 
graphite, and thus rletracts materially from its nat­
ural propensity to adhere to foreign substances; in 
the second case each separate granule of graphite lies 
free alongside o[ its neigh boring granule of r:lay, 
shrunken by drying and firing to su('h a degree that it 
touches it only at a very few points, so that indeed the 
abrasive tendency of the graphite is scar('ely affeeled. 
11' now the premises in the above argument are eor­
rect, then it may yet be possible to make good pen­
cils with resin as a hinder, provided the impregnation 
of the softer with the harder suhstance ('an be a voided. 
And this may trnly be aeeomplishf'd by moistening the 
graphite with non-drying. non·crystallizing liqui(ls, 
whieh are soluble in water, and then mixing it with 
the resinous binder. Such a hody is [or example gly­
cerine. Common resin may he employed as a binder 
either alone or in eombination with a greater or 
lesser quantity or harder gums, such as copal, mastir. 
and the like. These gums must he used in the finest 
possible llowdered state, which ('on rl it ion may be reach· 
ed by grinding them wet, or precipitating them ont of 
an alkaline resinous solution with aeids, and later by 
washing and pressing. 

As a coloring medium, besirles graphite, any organic: 
or inorganic substance, any natural or artifieial dye.· 
stuff or mixture of these, whieh rnbs off easily, is in­
soluble in water, and has no chemic'al affinity for either 
the resin or the glycerine, may be employee!. Shonld 
the coloring substanee be st rongly absorbent. t hen it is 
advisable to mix with it a less absorbent body-taJ!', 
for instance. The color, whatever it may be. is first mix­
ed with the glyeerine, anrl thoroughly intermingled with 
the aqueom; resin presser] eal,e; the com]Jound is then 
dried in the air, and brought into the l"f'qnired pmH'il 
Hhape by eom]Jression in a hot prpss. Taking then as 
a fixed quantity either onc ]Jart of resin alone or 0.7 
part of resin and 0.3 part of ('o]Jal, add to it 0.5 eosine. 
1 talc, 0.2 to 0.4 glycerine; or 1 Prussian blue, 0.2 to 0.4 
glycerine; 0.5 indn1ine. 1 tale, 0.2 to 0.4 glycerine; 0.5 
aniline violet, 1 talc, 0.2 to 0.4 glycerine; 0.5 aniline 
green, 1 talc, 0.2 to 0.4 glycerine; 1 ferric oxide, 0.2 to 
0.4 glyeerine; 1 graphite, 0.05 to 0.3 glycerine; 1.:' 
graphite, 0.08 to OJ, gly('erine; tHi graph ite, 0.5 tale. 0.4 
glycerine; 1 graph ite, 2 tak. 0.4 glyeerine. 

Here we have ten pen('iIs varying in both color awl 
hardness. Tile glycerine mal,eH it POSSill'" to incor· 
porate with the resin as mnch as rOllr times the amount 
of graphite and talc otherwise attainable. and ]Jrovides 
thereby a medium for preparing many different mix· 
tures, though they all suffer in their powers of at t ri· 
tion in direct proportion to the quantity of graphite. 
unless the quantity of glyeerine is eorresllondingly 
increased. Pencils of this (leserilltion are softer the 
more glycerine they contain; they are ('apable of heing 
finely pointed, and will even write on glazed )laper, 
as well as glass and porcelain. The writing may he 
erased, and if small amonnts 01' (lyes soluhl(' in water 
he added, they may also 1)8 nsP(l I'or eopying. Even 
without su('h an admixture, Ule drawings or writing 
made wit h peneils formed of ('oloring matter solnhle in 
alcohol may he permanently fixed, if they be sllll' 
jected to alkaline vapors.-Farhen Zeitung. 

ENAMEL AND ITS PRESENT APPLICATION. 

By reason of the beauty of eoloring to whieh it lends 
itself most sllperbly, no less than for its durability, 
enamel is being again called into requisition for the 
decoration of fancy ornaments for the house, and (leI i­
cate bits of jewelry for the a(lornment of our persons. 

Long ago, when the eyes of onr progenitors were 
more lightly attracted 11Y the sparlding irideReenr:e of 
an ornament than hy its intrinsic worth, tliis hrandl 
of art was more highly apprp('iate(l an(l more exten­
sively practised than it is just now, for in our mu· 
seums are to be found examples, by the thousands, of 
work done by clever f:namelers of centuries gone by, 
that we now prize as relies of untold value. 

Can anyone tell why this Sb,Dllld be so? Exce)lt per· 
haps for the sake of the great aeeomplishments with 
little knowledge, there seems to be no valid reason 
why. we should lay such great store by these early 
specimens. 

Our present Imowledge of chemistry is snch that, 
for purity of material and beauty of color tones, not 
to mention the greater (lurability of the vroduct, we 
are in a position to excel anything in this regard that 
has gone .before. That this faet is appreciated is 
proven, for more and more the gold and silver smith 
has recourse to enamel for the embellishment of his 
work and the ceramic arts are not slow in following 
mItt. partienlarly in the mannfactllrp of artist ic:al1y 
decorated earthenware vessels. There is very little, 

it' allY, difference bctWC(�ll the "ompositioll 01' till' en­
anlPI used u]lon artisth; jewelry and that whkh servP" 
{OJ' ordinary iIHlustrial purposes; what little differencf� 
there ITJI3.Y be arises from the endeavor to obtain the 
best matel'ial for j"welry, I'm only with tlw best is it 
\Iossible to get the finest colors. The matj(�r of cost 
1,Iays IJut a minor role, lle(;aus!' t he amount of enamel 
consumed by the jeweler is very small ('om]larativ('ly. 

Sim,p the enamels employc(l in the arts are not 
('aIle(l upon to resist great wear or strain, they are a� 
a usual thing eomllOunde(] of mat erials having a iow 
melting point LJeeause it is much easier to aprly cer· 
t�in or these eolors, and when baking them, there is 
greater surety of pres('rving their full heauty. To-(lay 
there are no seerets connecterl with t118 business or 
art. The formuhe for the eomposition of enam"I,; 
have long since become public; pro]Jerty and certain 
factories, o[ whieh the output has earned a world-wid(� 
reputation, t he enamel work 01' Veni('e, for instan(·e. 
may take advantage of the factors ahov!' indicated 
and produce cOlltinnously enamele(l wares of surpa;.;s 
ing beauty and excellence. To obtain enamels of til,' 
lowest possible fusing prOI)(,rties it is necessary to 
use a glass eomposition that contains a high pen'('llt· 
age of lead, and since, as we have said ahov(" no POW('I' 
01' great resistan(',e is demanded, that ('an be safel�' all(1 
fearlessly clone. 

Below we take the liberty of giving some r('('('i)'ts 
that have stood the test. They are availahh' for 
different artistic Jlurposes and we m usi not om it t 0 
state that they may be ar;plied in variouH ways. 'I'll!' 
work may be Ilerformed by a single fusing or 11)(' 
comvosition, or white grounding is first melle(1 U11011 
the objeet, and the ('olorpd sullstances applied to lhis, 
the whole heing fused together a second time. 

Where the ('olor is solid, a single fusing is sufficient; 
however, if an enamel painting is to be ]Jro(luced, the 
white groun(] is first laid on anrl the colors applie(l 
afterward. 

White Enamel for Articles of Jewelry.-Roast to· 
gdher Ilntil completely oxidizer) two parts of tin aml 
one part of lead; of t his take one ]Jart and to it ad(l 2 
parts 01' pulverized white ('rystal glass, with a small 
quantity of salt pe,t er, or natiye ]Jeroxide of manganes(': 
either of these latter ingredients prevents diseolora­
tion; when thoroughly mixe(l, place tlwm in a small 
(;rucible and m(']t them into a homogeneous mass all(l 
POll I' into cold water. 

The fusing mllst be rereated from twice to tllre" 
times, and in many cases even four times, until, in fact, 
the mass no longer appears honeyeombed, hut is a 
soli(l, ('OIllpa('( mass. After being ground to a fin!' 
]lowder, it may 1)(, applied to the object without other 
aids or it may Ile mingled with lavem]er oil and ap­
plie(l to �lllall spot;.; Oll the surra('(, wilh a JJrush as is 
done with ordinary oil paints. Now if an enam"l !;,. 
(lesired that will fuse at a still lower degree 01' hpa,t. 
it may be made aeeorcling to this formnla. 

To 100 parts o[ tin oxide an(l lead oxide add GO 
parts of clean powdered feldspar and 25 parts of eom· 
mon salt an(l fuse as before. 

Instead 01' the fel(lspar a good quality of vitreous 
sand may I)e used, but it must Ile well cleansed hI" 
forehan(] if a elear. ('lean produ(·t is wanted. To this 
('11(1 roast 100 parts of the sand with 25 parts of eOIll· 
mon salt. TIle iron which is present in the san(1 com· 
hines with the chlorinp in tile salt, forming a sub· 
stance which yolatili�es in the heat and tJ;pre remains 
a bake(! ma�s suffieipntly free from iron for our pur­
voses. The san(l is now mixed with 2� ]Jarts of pure 
r�d lead anrl fused. Tn this manner we get a white 
llahed mass whi('h will ]Jroduce a suhstan('e similar 
to lead·soda glass. Now to ma];e with this mass a 
suitahle enamel. it will be first necessary to ]Julveri;,e 
it very finely and mix it either with pure oxide of 
tin or with the mixtnre given above, oxides of tin an(1 
lead in sueh proporlions that 100 parts of the oXi(ies 
go to 50 varts of the glass eom]Josition. The more 
oxide of tin there is in the enamel the thinner it will 
flow an(i as a ('ons8'luen('p the better will he its covet· 
ing powers. It. is possiblp to make (mamel without 
the aid of �'-Y',y oxid(� of jin at all by substituting so­
<limn antimonate in its place. When this is melte(! 
with lead glass, however. the produd is not very pleas· 
ing to 1001< at. In this case, then. it would be helt"r 
te melt the sodium antimonate with erystal glass. A 
combination whir:h produees a heautiflll enamel con· 
sists of 3 parts of the glass, ] part of sodium ant i· 
monate, and a small quantity of saltpeter. 

In r:reparing any of these enamels carp must be had 
t(, secure a crllcible with a top that fits well, else the 
\'E'dlleing flames produ('ed J1Y the fire gases will get in 
and spoil the batch. For purpoHes of enamel paint ing. 
it is more praC'1ieal to keep a stoek of different ('01· 
ored glass mixtllres on hand. 

Prepare first an enamel batch that melts at a low 
temperature, br,ing eareful to px('.]ude any covering 
bodies-tin oxide or lead oxi(le-and throw into this 
balch the coloring oxides. 

\Vhen onee melted and eoo1ed, pound it np coarsely 
and melt it over again; continue this lIntil the glass 
presents a uniform ('olor. As soon as tile desired 
end is attained. grind it up very fine, mix it with 
lavender oil and paint it upon a white surface of V('J'Y 
hard enamel. The painting finishpd. the object is ,�z,,"­
fully fired in the muffle and heate(l jllst hot enough to 
make the colors flow, when the temperature must he 
reduced to prevent them from running into each other. 
Tn case a part of the rainting does not turn out as 
well as desired, it may be removed with a hard gray('\' 
an(1 painted in a seconr] time. hllt this is no easy job 
Hnd lllUot bp f'xP(,lIte(1 with great carp if' th" l'nifnl'm­
it y of tile eoloring is to be maintained. A muffle iarnaca 
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may be used in the preparation of easily flowing en­
amels. Tile muffle is placed in a blast furnace 01' well 
(Ira wing air furnace heate(l with charcoal or coke, the 
fire gases playing about the muffle as they rush toward 
the chimney. A fire tile with an opening to 1001, 
through will serve for a eover during lhe firing of the 
{'olors. 

Cloisonne Enamel.-The sort of enameling which 
bears this name is clone in a manner altogether pecu­
liar to itself and a product results that is of unbound­
t'd durability. As a general th ing this is workecl upon 
('opper or upon gold and the process is identical with 
that followed by the very early artists; it has only 
recently been called into a renewed life. The out­
lines of the design to be carried out in enamel are 
cut out upon the metal plate in such wise that a thin 
ridge of the metal separates each color. The space 
between the ridges is now worked out with the tool 
and the ridges made as rough as possible so as to 
afford the enamel good holding ground. 

When applied to gold the outlines are made of thin 

strips welded to the plate by heating the latter. In 

tfl8se cavities or cells produced as the occasion or 
the material requires, the enamel, mixed with either 

lavender oil or even water into a thick paste, is filled 

and melted in the muffle, more and more of the paste is 

applied and melted until the cavities are completely 

filled up. After the last firing the object is ground off 

lo a Rmooth, uniform surface and polished. 
Another and perhaps a simpler method is some­

times practised. The molten enamel is pressed into 

metallic molds of the desired shape and incased or set 

in metal bands and thHs mounted in position upon 

the object to be decorated. When all is ready the vase 

or what-not is fired and the enamel fused into a uni­

form whole. When cooled, it is ground smooth and 

polished as before. 
The so-called champ levee enameling is accomplish­

ed by indentinl'}· thin . sheets 'of gold with steel tools, 

filling these with the paste and fusing. Before clos­

ing this article, we must not omit to state that the 

process known as cloisonne is by far the most durable 

of all varieties of enameiing.-,)onrnal del' Gold­

schmiedekunst. 

THE CHEMISTRY OF MILK. * 

TilE chemistry of milk has, dnring the last few 

years, bcen subjected to mneh investigation, both 

from the chemical and biological sides. The results 

hitherto obtained are sufficient to show that caution 

must be exercised in forming any eonclusion relating 

to the question. For, just when the matter appears 

to be in a fair way of settlement, new investigations 

either extend our knowledge or show that some modi­

fieatioll ITlllHt be made in the prevalent views relating 

to the milk Cjuestion. 
Apart from the purely scientific aspect of the mat­

ter, our knowledge of the composition and constitu­

tion of milk has an important bearing upon the wel­

fare of the community, since the milk of the cow or 

olher animal is being used more and more as a sub­

�titnte for mother's milk in the rearing of infants. 

Varions methods of treating cow's milk with a view 

to approximating its chemical and physical characters 

to those of mother's milk have been suggested, and 

each method is claimed by its originator to have solved 

the problem of providing a perfect substitute for the 

material intended by nature for the nourishment of 

the sucking infant. How far were the earliest efforts 

in t his direction from deserving the claims made for 

them is very evident from the results published on 

milk investigation within the last few years, and these 

investigations appear to show the almost insuperable 

diffi('ulty of imitating simultaneously the chemical, 

]Jhysical, and biological properties of human milk by 

any artificial treatment of cow's milk. It may be 
somc of the proposed modifications provide a substi­

tnte Hufficiently successful in most cases, but when 
viewed from all sides it may be seen that the best is 
only an approximation to perfection and leaves much 
to be desired. 

In a recent communication to the Schweizerische 
Woehenschrift fiir Chemie und Pharmacie, 1 9 0 3 ,  205, 
an(l 2 1 7. Fran? Sidler publishes some results obtained 
ill tilE' examination of samples of various kinds of 
milk intended for infant-feeding, and gives a useful 
summary of the present state of knowledge relating to 
mil k. Four varieties were examined: (J) Pasteurized, 
( 2 )  sterilized, ( 3 )  centrifuged (Gartner's), and ( 4) 

hllmanb:ed (Backhaus). 
Pasteurized milk is prepared by heating the milk 

gradnally and uniformly to a temperature of 60 deg. 
to 70 deg. C., and maintaining it at this temperature 
for some time, not exceeding one hour. This treat­
ment is based upon the observation that pathogenic 
organisms likely to occur in milk, particularly tuber­
cle and typhoid, are destroyed, while the milk is not 
aile red in appearance or taste if the temperature of 
70 deg. C. be not exceeded. 

Sterilized milk is prepared by heating the mill{ to 
a sufficiently high temperature to destroy all organ­
isms present in the fluid. This necessitates raising the 
temperature of the milk to about 1 1 0 deg, C., under 
steam pressure. and maintaining it at this point for 
fifteen minutes, but this treatment gives it a yellowish 
tint, alters its flavor, and considerably modifies the 
chemical and physical characters of its constituents. 

The centrifnged milk of Gartner is prepared by di­
lut ing cow's milk with an equal bulk of water and 
rent rifuging the mixture. The operation is conducted 

* From the Pharmaceutical Journal, 

ia sueh a manner that naif the volume is olJtain�<1 
containing practically all the cream, while the other 
half, containing only 0.1 to 0.2 per c<'llt 01 fat, is re­
jedI'd. This Gartner mill, contains, therefore, the 
same proportion of fat as the original milk, but only 
half the proportion of the dissolved sullstances, vi�., 
the proteids, sugar, and salts. A subsidiary allvan­
tage of the process is that all impurities such as dirt 
and hairs, which are denser than the milk, are aecu­
mulated in the rejected portion. 

The humanized milk of Backhaus is prepared with 
a view of eliminating the excess of casein in cow's 
milk, which forms coarse curds diffleult to (ligest. By 
means of the centrifuge the fat is removed and the fat­
free milk subjected to the digestive action of trypsin 
in presence of sodium bicarbonate for about thirty 
minutes at 40 deg. C. The undigested casein is then 
separated by means of rennet, the liquid filtered, anrl 
the filtrate heated to 80 deg. C. to inhibit further fer­
ment action. Sufficient cream and casein is then add­
ed so that the product contains 3 . 5  per cent of fat and 
0 .5  per cent of casein, and a further addition of milk­
sugar is made so that it shall contain approximately 
the same as human milk. 

The following table by F. Sidler shows the results 
obtained by the analysis of milks of the foregoing 
types, comp'ared with hnman milk: 

Pas-
Human- ! 

i,ed 
tcur- Hteril- Gart- ]\Wk Hu-
ized ized ner's (Back- mUll 

Milk. Milk. Milk. haus). Milk. 

Fat" _ . " . .. . . ""." " 4.on ;) 31 3. 40 aa:l a 78 
'l.'otal dry solids,." ... : : ' 12.�.[ 11.63 8.0 6 11.46 e�.5H 
Total fat-tree solids ..... 8.6 6 8.29 4.60 7.8 2 K8l 
��t�r: ... :::: : : : : . : ., :: '. :: . :  4.71 4.46 2.45 5.86 <;.21 

0.71 0. 68 0.35 0.55 0.31 
Total proteids .. . .... ... . 3 .21 3.16 UO 1.39 2::9 
Casein ... "" . . . . . , , "" , 2.;'5 2.8:J 1.5f> 0.91 1.0:1 
Albumin and globulin 0.;'6 0,24 0.13 0.30 } 
Other nitrogenous sub · 1.2H sta nces. . . . """ . . 0 .10 0.10 0.09 0.12 
Rat i 0 of nitrogenous 

to non-nitro g e nous, 
substances ...... ... . .  1 1:4.62 1:4.05 1 :6.W 1:10.18 1:6.8;\ 

The figures in the lowest horizontal column for the 
non-nitrogenous substances (in relation to the nitro­
genous) are obtained by taking the sugar + (fat X 
2.5) in order to give the fat its food value in sugar 
units. The ratios so obtained will be seen to vary 
widely, except in the case of Gartner mill" from the 
ratio occurring in human milk. The pasteurized 
milk shows the same composition as "aw cow's milk 
The percentage of fat in all varieties is about th� 
:same as in human milk, but the particles in the latter 
are much fincr than in cow's milk, and the difference 
is accentuated after sterilization. The sugar and ash 
also show marked variation from the human standard. 
The most marked variation is, however, shown in the 
relative proportion of casein and albumin + globulin, 
since in cow's milk the casein preponderates, while in 
human milk the proportions are approximately equal. 
Edlefsens has, however, made an interesting ollServa­
tion relative to this important point, and has shown 
that the proportion varies in woman during the perio(] 
of lactation. At the third day he found the prO]lOr­
iion of casein to other proteids as 67 :  3 3, while the 
total percentage was 2 .69 .  At the J J 6th day the total 
llroteids had diminished to 0 . 8 3  per cent, while the 
ratio of casein to other proteids had altered to 37: 63, 
or almost the reverse to the proportion at the third 
day. Meanwhile the fat had increased progressively 
from 3 . 2  to 4.1 per cent and the sugar from 3 . 5 9  t o  5 . 9 5  
per cent during the same period. All this goeR to 
show that the mother's milk is continually altering in 
composition to suit the needs of the sucking infant­
a result which can hardly be obtained by any form of 
artificial treatment of cow's milk. The larger propor­
tion of casein in cow's milk explains why the curcI 
obtained by the addit.ion of acids or rennet is so much 
coarser and difficult of digestion than the correspond­
ing product from human milk. In Backhaus milk al·· 
though the proportion of albumin approximates l�ore 
closely to human milk than that of untreated milk, it 
must not be forgotten that this albumin is not of the 
same nature, but consists partly of peptones produced 
by the partial digestion of the casein. 

With regard to the bacteria in the milk, Sidler 
found that several samples of so-called sterilized milk 
were by no means free from organisms. Pasteurized 
milk, which will not keep good more than five days at 
the most, may be expected to contain certain resistent 
organisms not destroyed at 70 deg. C., but the import­
ance of organisms in fresh milk depends more upon 
their nature than number. 

Sterilized milk is a valuable commodity under con­
ditions when fresh milk cannot be obtained, but the 
possibility of the formation of toxines in the milk by 
the residual organisms must not be overlool,ed. It 
appears impossible to produce absolutely sterile milk 
without subjecting the fluid to such treatment as pro­
foundly alters its composition and properties. 

The ferments in milk have also been studied within 
recent years, and the results appear to show that in 
this direction lie certain very marked differences he­
tween the milk of various animals. It is evident that 
this hitherto unsuspected variation is of great import­
ance in relation to the rearing of infants by cow's 
milk. The main difference between human and cow's 
milk appears to be that the former always contains 
diastase, but never any enzyme of the oxydase class, 
while in the latter the reverse holds good. Apart 
from their nature, the enzymes of human milk appear 
to be more active than those of cow's milk. Spolverini 

�nggests thaI these (lifferences are due to man lJeino . b 
omlllvorous, while the eow is herbivorous. A lipase, 
eapable of splitting up fats, occllrs ill hoth kinds. hilt 
that in human milk is by far the more active. 

RRCENT CHEMICAL RESEARCH.* 

By Sir WIl.LlA \1 R.HI SA Y. 
ALL previous calculations of science are likely to be 

upset by raclium. We may soon be eompelle(l to r('· 
verse some of the theories of physics that are now 
regarded as cardinal. Nobody can tell. Tlte future, 
open to the diligent laboratory student, is fraught 
with mysteries. One thing is certain-nobody is 
likely to discover a mine of radium. Some state· 
ments made about the quantity of that preeious sub­
stance in existence are very absurd. Dealing with the 
possibilities of radium is much lil,e speculation upon 
the future of a babe in arms. We must watch it 
develop into childhood and mature growth before we 
can talk much about its future. 

It is a far cry at present to dis('uss the use of 
radium, or radium salts, for illllminatinrr or heatin" 
purposes. I do not suppose there is on��ten:h or a� 
ounee of raclium in the whole world. If you can 
imagine getting that amount of radium together it 
would supply more energy than 250  tons of dynamite. 
Few persons who talk about radium and its com­
ponents realize the great scarcity of the raw material 
for yielding radium or the excee"in;:;ly minute partieles 
used m the experiments that have astounded thc 
w�rld. It is impossible to say where the future supply 
01 raw material is fo eome from, I believe that in 
America earnotite looks promising as a basis for it. 
Cleavite, a mineral found in Norway, is also looked 
upon as 'L fayorable source of sUJlply. 

One extraordinary quality of radium salts is that 
the evolution of heat and energy goes on eontinu­
ously without eombustion, without chemical chan"'(, 
of any Idnd, and without alteration of its molecul;r 
structure. At the expiration of a month of activity 
the salt is quite as potent as it was in the beo-innin'" 
of the experiment. There is no doubt all out t�le co; 
versions of radium into helium. It has been done 
many times. In our experiments for several clays a 
luminous gas was continuously emitted, but we eould 
not determine the nature of it. When examined 
through the spectroscope it did not at first show the 
characteristics of heJfum. But later, by the applica­
tion of intense heat, a gaseous produet was obtair,ed 
occupying about two and one-half times the space of 
the original emanation, and there were unmistakable 
signs of the spectrum of helium. 

There are various theories to account for the evo­
lution of the heat and other strange forms of radia­
tion from helium and its allied elements. The most 
satisfactory one seems to be that some of the atoms 
in the substances are disintegrating and therebv liber­
ating stored energy. A few physicists assume that the 
energy was at one time ahsorbed from some external 
source, and is now given off again. If we judge by !he 
rate at which gas is evolved from the salts of radium 
it seems probahle that any given mass of it woul(i 
(lecay and completely disappear in from 2,000 to 2 ,GOO 
years. The life of three or four other ratlio-aetive 
metals is very much longer. My own research, which 
is not yet complete, encourages me to think that the 
"electronic" theory of atoms has a career of usefulness 
he1"ore it. Our new understanding about the atom 
may lead to entirely unforeseen results. 

Fruitful experiment is constantly going on aroun(l 
the basis of current researc�h. Science has shown 
that the emanations of radium can be dealt with as 
a gas. In tubes, its passage may be followed by the 
eye in darkened rooms. There is still plenty of room 
for a complete revision of the original dicta con­
cel'nin3" radium and helium. Experiments made by 
Prof. Soddy and myself determine by direct meas­
urements the rate of the decay of radium as one one­
thousandth of the mass per year, which gives the 
ayerage life of the radium atom about 1 ,000 years. 
This rapid rate of decay renders it out of the ques­
tion to assume that in the radium now existent 
we are dealing directly with the residue of a larger 
qnantity reduC'ed by decay to its present amount. So 
far as the commercial advantages of radium are con­
cerned, they are only apparent, as yet, in medicine. 
Radium is, I believe, a sure cure for certain forms of 
('ancel', tumor, and lupus. 

America has made great advances in chemical 
flcience since I was last here. Naturally I shall 
lmow more about it after our tour is completed than 
I do now. In the various forms of bromides and in 
alloys manufacturers on this side of the water have 
been progressing along new lines. But there is much 
to be done. I am strongly in favor of getting students 
out of the laboratory and into practical work much 
quicker than you do here. Our London University, 
recently reorganized, has set the example in this. 
Time spent in mere experiments may easily be too 
much extended. A fairly goo(1 student should have 
done enough worl, in a year. or two years at most, 
to place him in a. position where he can help himself 
when he is face" to face with an analysis not made 
before. 

It appears futile to extend the courses of study 
to merely technical students. The ideal plan for the 
education of technical chemists would be some system 
analogous to the apprenticeship of engineers. But 
in order to accomplish this the chemical manufacturer 
must throw open his worl,s to the stmlents. He 

• From the New York Times. 
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must get over the fear of Homebody Htealing hiH 
secrets OJ' improving on his methods. Little ean be 
accomplisiled otherwise. Education should primarily 
consist in an effort to produce an attitude of mind 
rather than to instill definite knowledge. It should aim 
to cultivate the inventive faculty, which is most 
needed to-day. But inventive chemists seldom have 
either time or inclination for developing the commer­
cial aspects of a discovery. It is for the manufac­
turer and his staff to put the discovery to practical 
and profitable application. 

RECOIL.--1. 

By Brigadier-General J. P. FAIILEY, U.S.A. 

THIS subject is one which has engaged the careful 
attention of ordnance people for some time past. 

The simple relation MV = l1W, expressed in terms 
of weights or masses, with velocities corresponding 
to a direct force and reaction, is no longer employed to 
determine free recoil of a piece of ordnance. 

If the energy of recoil is sought for, at that instant 
when projectile and gun part company, and no consid­
eration is given to the aCtion and reaction of the pow­
der gas after the projectile has passed from the bore, 
then and then only may the velocity of gun recoil 
be ascertained by the equating of motions, that of the 
mass moving forward and of that moving backward. 

In this case, the muzzle velocity of the projectile 
must be determined instrumentally and the mean 
weight or mass of the powder, which is progressively 
being consumed from powder seat to muzzle, must be 
ascertained. 

For this reason at the present day we are provided 

the bore serving!,as a fulcrum, may best be appreciated 
by the accompanying plate, and is revealed through 
the medium of the photograph, but cannot be seen with 
the naked eye. The hemisphere of gas behind the 
projectile of a seacoast gun is here seen to follow up, 
and adds about 20 feet velocity or one per cent in­
crease to the muzzle velocity of projectile. 

The rationale of lesser recoil where smokeless pow­
ders are used, as compared with that due to the use 
of black powder for the same muzzle velocity and en­
ergy of projectile under the two conditions, is thought 
to be fully explained by the foregoing' observations, 
and is' now usually taken at about 1 to 1.18 in favor 
of the smokeless powder-a matter of some signifi­
cance for all-day hunting or shooting. Tests where 
the firer is blindfolded, and is in ignorance of the pow­
der being used, prevented discrimination in favor of 
one powder over the other. 

The ratio of recoil energy as measured by the dyna­
mometer is as 1 to 1.13 instead of as above 1 to 1.18-
a difference accounted for by the extra weight of at­
tached spindle, which increases the recoiling mass by 
about 60 per cent, reduces the velocity of recoil pro­
portionately and the energy of recoil in the relation of 
the square of the velocity. 

This now brings us to a consideration of certain 
views quite generally entertained and expressed by 
the smokeless powner manufacturers. Many of them 
claimed (in words we will thus formulate) that they 
poss�sed a powder which would give a low pressure 
long sustained, against a more sudden and less sus­
tained pressure of the black powders in ordinary use, 
and therefore, that the time in which the shoulder of 
the firer must absorb a given energy of recoil would 

VELOCITY AND ,PRESSURE CURVES 

11. Both are parabolk curVCH, as they ::;hould be under 
the ilypothesis of a uniformly acting force, or uniform 
pressure on the projectile in the bore. A comparison 
of A and G, D an.d H shows that in practice we are 
far from realizing this character of acceleration of the 
projectile in the bore, and therefore all claims for 
non-recoil powders are disproved, as they should be 
under the laws of physics. 

But a.�s·uming that a powder has been found which 
will give a mean pressure in the bore, capable of im­
parting a required muzzle velocity, of service standard, 
to the projectile, the time of motion for a mean veloc­
ity of projectile through the bore being but 0.0017 of 
a second in the 0.45 caliber carbine under normal 
conditions, this element of time would increase by not 
more than 0.0003 of a second for the theoretically per· 
feet powder. What can be said of the action of the 
gun in this fractional reduction of so small an ele·· 
ment? 

Can the senses appreciate it? And will the gun real­
ly get back against the shoulder any more fully in 
this restricted increment of time than it would where 
the time were not increased by say twenty per cent? 
What really does take place in this matter of recoil 
under normal conditions? 

It has been found by exact experiment, which the 
writer himself has conducted, that the arm here dis­
cussed, the 0.45 caliber service rifle, moves to the 
rear about one-quarter of an inch before the ball 
leaves the muzzle, and that after that instant, under 
the hypothesis of equal muzzle projectile velocities 
for the perfect and the imperfect powders (as they 
relate to reeoil) the velocity of recoil of the gun will 
be the same in either case. Will the butt set up 
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with a formula accurately expressed, which will give 
for any special powder and gun the maximum veloc­
ity of free gun recoil. 

This formula is thus expressed: 
W,V, = wv + lp. (1) 

W, = weight of gun in pounds. 
V, = velocity of gun recoil, to be determined. 
w = weight of projectile, in pounds. 
v = velocity of projectile, measured at the muzzle. 
p = weight of powder charge, in pounds. 
A = a coefficient experimentally determined for each 

weight of gun and character of powder. 
In order that the application of the formula may be 

the better understood, a special case is taken, that of 
the 0.45 caliber service carbine, and smokeless and 
black powder charges were so prepared in point of 
weight as to impart to a 500-grain rifle bullet 1.279 
feet second. This arm was suspended in a manner tu 
permit of absolutely free motion. 

Sixty-eight grains of black powder, twenty-nine 
grains of smokeless powder were the charges requisite 
to give the muzzle projectile velocity specified. 

The coefficients ..it for each powder were determined, 
and found to be for the smokeless powder 3,236, and 
for the black powder 2,258. 

Substituting the above values in equation (1) the 
velocity of recoil V, became known, and from this, E, 
the energy of recoil, % MV,' was derived. The lesser 
energy, 17.06 foot pounds, for the smokeless as com­
pared with that for the black powder, 19.84 foot 
pounds, is then to be attributed entirely to the less 
weight of powder charge moving forward in a semi­
burned condition, and to the lesser gas action on the 
projectile after it has left the bore of the gun. This 
after action of gas on the projectile, with its corre­
sponding reacUonary effect on the gun, the bottom of 

be greater, the effect would·be less like that of a blow. 
and the shock correspondingly ameliorated. 

This reasoning is entirely correct, but it is a ques­
tion rather more of degree than of kind when we put 
it in to practice. 

Most certainly, if we have an abnormally long bar­
rel and an extremely slow-burning charge, and yet one 
which will develop in the projectile a muzzle velocity 
the same as that of an instantaneously acting powder 
like that of a high explosive or detonating charge, it 
would seem reasonable to think that that powder by 
which the highest acceleration of velocity is produced 
in the projectile in its passage through the bore should 
give the greatest sensation of shock, since correspond­
ingly sudden changes would be produced in the veloc­
ity of recoil of the rifle resting in contact with the 
shoulder of the firer. 

The action of such a powder would be characterized 
by a relatively high pressure suddenly developed, and 
then falling off rapidly toward the muzzle. On the 
other hand, the least possible sensation of shock 
should be produced by a powder giving pressures so 
regulated as to cause the projectile velocity to be uni­
formly accelerated from seat to muzzle. 

This is of course aside from the question of maxi­
mum recoil energy as usually computed, or the total 
work of recoil as measured by the dynamometer, in 
which the factor of time does not enter. 

Let us now take an extreme case, and assume that 
the powder manufacturer has arrived at what may be 
called a theoretically perfect powder, one whose maxi­
mum and mean pressure in the bore is the same. What 
should be the acceleration of the projectile from seat 
to muzzle under this uniform force? 

The query is best answered by an examination of 
velocity curve B, pi ate I., and velocity curve E, Plate 

1286 f,S 
... -

hard against the shoulder for this one-quarter inch 
motion? We think not; and so the theory of shock 

effect being less in smokeless powders than in blaclr 
powders, and operating to disturb the aim of the 
firer, must for the practical conditions of service rifle 
be given over, as disproved; and the time element, 
as we have considered it in the matter of gain of 
time, to reduce shock, is too small to be reckoned 
with even if it were found; but not being found, and 
only theoretically considered, it is out of the question 
altogether. It is not to be understood, however, that 
if an abnormally long barrel were employed, and a 
theoretically perfect powder used, so as to flatten out 
the parabolic velocity curve to which reference has 
before been made, some amelioration of shock would 
not follow. Our purpose here is to get at practical con­
ditions, and to explode exaggerated claims based upon 
theoretically correct premises-a process the more 
dangerous because alluring. This returns the ques­
tion to its original status, and enables us to state that 
for sound theoretical reasons, confirmed by practical 
tests, the best that can be hoped for smokeless powders 
in the way of recoil is a saving of some sixteen per 
cent as .compared with that of black powder; and so 
let us hear nothing more of non-recoil powders. 

(To be continued.) 

The rubber industry of Guatemala should be of far 
greater importance than is at present the case. There 
are in the republic large tracts of land suitable for the 
growing of rubber; but, owing to the impossibility 
of sufficiently policing the country, the rubber is fre­
quently stolen from the trees, and the unfortunate pro­
prietors actually have to buy back what really belongs 
to them from the thieves or their intermediaries. The 
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exports do not vary much ; they amounted last year to 
4,423 quintals, about the average for the last five years. 

THE DIESEL ENGINE. 
By A. W. OPPENHEIMER. 

IN 1893 Mr. Rudolf Diesel began experimenting with 
a view to finding a more efficient prime mover than ex­
isting oil ,  gas, or steam engines. 

Mr. Diesel succeeded in doing this after four years 
01' hard work, by building an internal combustion en­
gine on the following novel principles : 

1. Attaining the temperature necessary for the com­
bustion of the fuel by mechanical compression of air,  
previous to, and quite independent of, the introduction 
01' the fuel into the cyl inder. 

2. Substituting a single adiabatic compression for the 
combination of  isothermal and adiabatic compressions 
in the Carnot cycle,  for th e  following reason : 

By a s ingle adiabatic compression, the required tem­
perature is reached at a pressure of 30 to 40 atmos­
pheres. On the other hand, with a four to one isother­
mal, followed by an adiabatic compression, the same 
temperature is reached at a pressure of 200 atmos­
pheres, which pressure would give r ise to practical d iffi­
cul ties.  

3 .  Gradually introducing the fuel in a finely-divided 
state and thoroughly mixed with air,  into the h ighly 
heated air, at such a rate that the temperature during 
combustion remains as nearly constant as possible.  

4 .  Using a large and definite excess of  air  to in­
s u re the perfect combustion of the fuel.  

Contrary to expectations, the first engine built on 
these principles showed that a water jacket was neces­
sary. Although jacketing lowers the efficiency, it thick- . 
ens up the diagram considerably ; all sharp corners OIl 
the dia gram are rounded 01'1', so that in the whole  cycle 

i- - -- · -���·----- · - - ­
�, 

FIG. 1. -SO-HORSE-POWER DIESEL ENGINE. 

there is  no sudden change in pressure, thus insuring 
steady running. 

The greatest d ifficulty encountered in the first at­
tempts was to design a suitable fuel-valve. At that 
time engineers thought that the only method of thor­
oughly pulverizing the fuel was to force i t  through 
successive l ayers of fine wire gauze, which were l iable 
to clog. Later on, it was found that a number of fairly 
large but car(jfuUy arranged holes gave equally good 
results without clogging. 

Even in the early engines, the combustion was found 
to be so perfect that crude and unrefined oils w er e  con­
sumed with ease. 

D iesel engines have been running successfully on 
the Continent for the last six years, and so far back 
as 1899, Prof. Unwin, F.R. S . ,  after careful examination, 
pronounced the engine to be entirely out of its experi­
mental stage. 

So much has been written about Mr. D i esel's experi­
mental engines, that to refer to them here would be 
merely repetition ; the author, therefore, proposes to 
describe the engine in its present stage, i n  whicb 
crude petroleum is  used as fuel . 

The task of developing the engine was undertaken 
abroad,  chiefly by the Maschinenfabrik, Augsbur g ;  
Carels Freres, Ghent ; a n d  Sulzer Bros. ,  Winterthur,  
who have succeeded in constructing a most efficient, 
trustworthy, and steady-running prime mover. 

DESCRIPTION OF ENGINE. 
The main details of  a modern D iesel engine ( Fig_ 2 )  

are : 
A vertical cyl inder l iner, made of very hard, close­

grained cast i ron, fitted into a substantial frame, the 
space between the two serving as a water-jacket. Th e 
vertical fram e is bolte(l to a stiff hed-plate in the ordi­
nary way. The l ong open trunk piston carries six lap­
jointed rings, and has only enough clearance to allow 

for expansion_ The connecting rod turns the solid 
crank-shaft, to which a flywheel, made in halves, is  at­
tached by means of two wrought-iron r ings. The inner 
edge of the flywheel rim is provided with teeth, so that 
the engine can be brought into the starting position by 
a barring gear. 

pump, which forces oil  to th e fuel valve, in quantities 
controlled by the governor, according to the load on the 
engine. 

Mounted at the back of the cylinder is a water-jack­
eted air-pump, drh en off the small end of the connect­
ing rod by links, a rocking lever, and connecting rod. 

8o-B. H. P 
Diesel Engine. 
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FIG_ 2. ·- S E C T IONS OF SU-BRAKE-HORSE-POW E R  DIESEL ENGINE. 

The cylinder cover, which is well  water-jaCketed, is  
securely bolted' to the frame, the joint being made with 
an ashes tos ring.  The cover carries the four main 
valves : the air-inlet valve, the fuel valve, the exhaust 
valve, and th e starting valve. The three former are 
opened every two revolutions by means of rocking 
levers, actuated by cam s keyed to a half-speed shaft. 

FIG. 3 _ --FULL LOAD DIAGRAM_ 

FIG. 4_ -S'l'ARTING DIAGRAM. 

The air-inlet,  exhaust, and starting valves are of the 
ordinary mushroom type, and open downward. The 
fuel valve will  be described later. The rock ing levers 
for the fuel and starting valves can be turned on an 
e�centric axis_ I n  one position of this, the starting 
l ever is  on its cam ; while in the other position, th e  fuel 
lever is on its cam, and the starting lever out of  ac­
tion. Thus, according to the position of the eccentric, 

FIG_ 6. -FUE L  PUMP, SHOWING M ETHOD 
OF GOVERNING_ 

either the starting or the fuel valve opens, but it is  im­
possible for the two to open together. I shall refer to 
thiR arrangement later, when describing the starting 
of the engine. 

Driven off the end of the camshaft is  the petroleum 

This air-pump is of ample dimensions, and can be  
th rottl ed so as to fil l  the  cas t steel reservoirs with 
air at any required p ressure. The smaller reservoir 
is  used for injecting the petroleum into the cylinder ; 
one of the larger ones is used for starting the engine, 
the other being I{ept in reserve. 

The governor is mounted on the vertical interme­
diate shaft, and is of the ordinary loaded type. 

The crankshaft bearings are bushed with white met-

FIG_ D_ -SMALL LOAD m A G RAM SHOWING 
ISO'l'H ERMAL COMB U S 'l'ION. 

FIG. S_ -FLAME PLATE. 

aI,  and are provided with ring lubricators. White 
metal is used to line all the bearings, except the cross­
head bearing, which is made of phosphor-bronze to 
stand the heat. 

. 

The l ubrication of the piston and small-end presents 
no difficulties. At the end of the down stroke, a forctl 
pump delivers gas-engine oil to the p iston at six equi-

5uifor" em., L.D. SecIWf> on A. B. 

.: 3 ..,. $ 6 7 8 9 IQ·/�_, 

Fie. 7_ -FUEL VALVE. 

, 
• 

distant points in a horizontal plane, and on the up 
stroke this o i l  is  distributed over the liner. This in­
j ection takes place between the first and second rings, 
so that no lubricat.ing oil comes into direct. contact with 
the name. At th e same time, the force pump rlel ivers 
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o i l  into a groove in the piston, wljJence it  is conducted 
through a channel to the small end, . 

C¥CLI£ Of;' ()P.l:UATIO � H .  

T h e  cycle of operations is as follows : 
1. The Suction Stroke,-The p iston travels downward, 

while the suction valve is held open by its cam, and 
pure air at atmospheric pressure and temperature is 
drawn from the engine· room into the cylinder. The 
cam allows the valve to close after the end of the 
st roke. This quantity of air in the cylinder is  constant 
for all loads, and is never throttled.  

2 .  The Compression Stroke.-The piston travels up­
ward, all  the valves being closed,  and compresses the 
ail' into a very small  clearance-about 1-16 of the total 
volume. This compression is, of course, neither iso­
t b ermal nor adiabatic, as it  takes place in a partially 
( 'onducting cyl inder surrounded by a water-jacket at a 
temperature of about 140  deg. F. I t  follows very close­
ly,  however, the equ ation 

P 1/' .3 = C. 
At the end of the stroke, the ail' has attained a tem­

perature of about 720 deg. F.,  and a pressure of 500 
pounds per square inch. 

3. The Power Stroke.-Slightl y before the dead cen­
ter, the fuel valve begins to open, and a steady spray 
of petroleum, pulverized into very small particles  and 
thoroughly mixed with air,  is injected by h ighly com­
pressed air from the blast reservoir. S ince crude petro­
leum, in the presence of air, takes fire spontaneously 
at about 450  deg. F.  ( 23 2  deg. C . ) ,  and th e temperature 
01' the air in the cylinder is 720 deg. F. ( 3 8 2  deg. C . L  
the p etroleum burns completely before reaching the 
piston or cyl inder walls.  

The fuel valve is opened only very sl ightly, so that 
all the oil cannot pass tbe narrow orifice at once ; the 
injection lasts about ten per cent of the down stroke, 
during which period the pressure remains practical l y  
constant. 

At full load, the temperature at th e end of the com-
1111 siion period is about 1 ,0�0 deg. C.-considerably 
l ower than the"'-temperature reached in  a gas engine 
(1u ring explosion. 

When the fuel valve is closed the products of com­
hustion expand, doing work and being cool ed thereby. 
The expansion curve approximately follows the equa­
tion 

1'1' , · 2 = constant. 
Before the end of tbe stroke, when the pressure has 

fal l en to a bout 3 0 pounds per square in�h, the exhaust 
valve is opened,  and release takes rlace into a silencer. 

4 .  The Exbaust Stroke.-The piston travels upward , 
expelling tbe products of combustion. The exhaust 
n!1ve and pipe are made so large that there is  prac­
t i (:al ly  no back pressure. In order to expel the ex · 
haust from the clearance, a scavenge is resorted to. 
Before the end of the stroke the air .. inlet valve is 
opened. Th is sets up a convection current. Cold air 
entering through the inlet valve sweeps out the hot 
gases through the exhaust valve, l eaving the clearance 
fu ll of pure air by the time the dead-center is reached.  
This enabl es  an engine of given size to develop more 
power,  since the amount of oil  which can b e  injected 
without smoke depends on the quantity of oxygen in 
the cyl iuder.  

As to the excess of air,  Prof.  Ade Clark, in his trials 
on a Diesel engine running at full load, found that 
4 1' . 2 pounds o f  air passed th rough the cylinder while 1 
poull (l of retroleum was burnt ; whereas 1 4 . 5 6  pounds 
o f  air would suffice to burn it  completely. Thus 3 . 3 1  
times the necessary quantity of a i r  was used.  

The exhaust gases are quite invisible,  except when 
the engine is running l ight ; they will  not discolor a 
p iece  of white paper held in them for several minutes, 
Ccn seqnentl y, the exha ust valve and the interior of the 
cy l inder remain in good condition, and very seldom 
want cleaning. 

When running, the engine requires little attendance. 
The only thing which has to b e  n icely regulated is the 
hlast pressure , which should be varied according to the 
loa (1 ,  in order t o  get the best shaped diagrams. When 
runn i ng l ight, 100 pounds per square inch above that 
in t he cylinder suffices, but at overloads 400 pounds per 
square inch surplus pressure is required. 

RTARTINO T I l E  �; � (llNK. 

The engine is  started in the following way : 
Assuming the l ubrica tors filled,  the jacket water 

running, the petroleum tanks filled, the petroleum pump 
charged, and minor details in order,  the engine is 
brought into its starting position : that is ,  the crank is 
adj usted to be about 1 0  deg. past the upper dead-center, 
at that revolution wben the starting valve opens. The 
eccentric is  now pulled down, so that the starting valve 
opens, and the fuel valve is out of action. The cylinder 
is closed by taking the book off the inlet valve. The 
bl ast and one of the starting air reservoirs are then 
opened. Compressed air at about 700 pound� per 
square inch enters the cyl inder th rough the starting 
valve, and drives the piston down : this air admission 
lasts a considerable percentage of the stroke. 

The next st rok e expels this compressed air. 
The third stroke draws in ail' from the atmosphere. 
The fourth stroke eompresses the same. 
As the cyl inder is probably col d and the speed o f  th e 

en gine low, the temperature of this compressed air 
would be too low to ignite the fuel  if  inj ected .  The en­
gine is th erefore allowed to make about four power 
st rokes with compressed air,  the temreratnre rising 
each compression stroke as the speed increases. 

After abont eigbt revol utions, the eccentric is put 
up. This b rings tbe fuel valve into action. and stops 
t b e  opening of  the st arting valve. A heavy charge of 
petroleum is injeeted and ignites .  tbe temperature he· 
ing now high enough. The engine then continues its 

cycle as an oil-engine, and as soon as it has picked up 
its speed, the load may be put on. A smart man can 
be driving his load about 50  seconds after starting ; 
the initial preparations occupy less than a minute. 

THE Iq; EL \, AL\,E, 

This valve ( Fig, 7 )  is  placed in the m iddle of the 
c)' l inder cover ; in the center is  a needle valve,  of which 
the seat has been carefully ground into the casing, the 
stem being well packed above.  I t  is opened vertically 
upward by means of a spherical joint on the end of a 
bent rocking lever, and closed by means of a powerful 
spring. This needle runs freely th rough the pulverizer, 
w h ich consists o f  a nozzle  provided with vertical slits,  
and four rings placed one above the other and kept 
about 1,4; inch apart by distance pieces.  These rings con­
tain a number of fairly large holes about 1-1 2 inch in 
diameter. Th e holes in the first ring are further from 
the center than those in the second, To the bottom of 
the valve is  fastened the flame plate-a steel disk, with 
a small circular hole in the m iddle,  and sides sloping 
away as shown in Fig. 8 ,  The petroleum passage is  
dri l led  down the valve casing, and enters the interior 
just above the top ring. A pipe also conneets the in­
terior of  the valve w ith the blast air reservoir. 

The blast pressure ( of say 750 pounds per square 
inch ) is  always turned on when the engine is  run­
ning, and the petroleum passage is full of petroleum. 
A t  the end of the suction stroke of the engine, the petro­
leum pump del ivers a charge varying in quantity ac­
cording to the load. The same quantity is forced out 
01 '  th� passage, and fal ls on to the first ring. I t  cannot 
leak down tlre side of  the casing, as the rings are ac­
ell rately fitted. It therefore runs into the holes of the 
first one or two rings, and remains there by capillary 
attraction. This is  the condition at the end of the 
compression stroke of the engine. 

When the needle is  l ifted, the d ifference in pressure 
of the blast and the compression i n  the cylinder ( in 
this case 250  pounds pel' square inch ) causes a rush of 
air  to take place. The p etroleum is dash ed through 
the  zig-zag holes,  being mixed with tbe  blast air in the 
process.  Then, pulverized almost to vapor, it  passes 
through the orifice, is  spread out radially in all direc­
tions by the flame plate. and is burnt. To prevent the 
hol es getting clogged up,  an air blast follows the pe­
troleum each time. 

F l ' I-:L CO:\,TBOL. 

The petroleum pump plunger has a constant stroke, 
and is driven off the end of the camshaft. A passage 
connec ts the barrel to ordinary inl et and del ivery 
valves closed by springs. Petroleum runs into the 
pump,  by gravity, from large filtering cans, and is 
kE'pt at a constant level in the pump by means of a 
fioat valve. A pipe leads from the delivery valve of the 
pump to the fuel valve of the engine. 

Above the pump is  an eccentric fulcrum which is 
made to rise or fal l  according as the governor goes up 
01' down. Turning on this fulcrum is a cross-bar, 
working in a slot in the plunger head. The cross-bar, 
therefore, describes an arc of a circle about some cen­
ter fixed by the governor. 

From a point on this cross-bar hangs a rod, going 
right through the pump into the oil reservoir at the 
bottom. This rod term inates in a cross-piece in the 
same plane as the inlet valve. 

This  rod is such a length that : 
1. When the governor is right down the inlet valve 

is  not interfered with at any part of the stroke .  In 
this case, on the upstroke of the plunger, oil is  drawn 
into the barrel through the inlet valve. On the down­
stroke the inlet valve is  closed by its spring, and the 
full quantity of oil  is  forced through the delivery valve 
to the fuel valve . 

2. When the governor is hal f-way up th e  fulcrum is 
raised,  and the cross piece moves between two points 
higher up.  During the first half of the upstroke, the in­
let valve is opened by suction. During the second 
half of the upstroke, it is  l i fted mechanically by the 
cross piece. At the end of the stroke the barrel is 
full  of o i l ; but on the first half of  the downstroke th e 
inlet valve is also held open by the cross piece, and 
half the petroleum l eaks back into the reservoIr.  At 
half stroke the cross piece releases the inlet valve, 
which then closes by its spring. The del ivery valve 
is then forced open, and t he remaining half of the pe­
troleum pumped to the fuel valve. 

3 .  When the governor is right up the fulcrum will be 
in its higher position and the cross p iece will  move 
between two points such that the inlet valve is held 
open nearly the whole time, only enough petroleum 
being delivered to the fuel  valve to keep the engine 
running at its proper speed at no load. 

OIL (,O N S I� \l \,TlON AN)) WOR KI:\'(l COST. 
The oil  consumption varies according to size between 

0.4 and 0.5 pound pel' boiler horse-power hour. 
Mr. Ade Clark , in his trials on a twin-cylinder 1 6 0-

horse-power engine at Ghent, on the 7th March, 1 9 03 ,  
found th e oi l  consumption at normal load to be 0 . 3 3 3  
pound p e r  ind icated horse-power h o u r ,  a n d  0 .408  pound 
per bral(e horse-power : corresponding to thermal effi· 
ciencies of 3 9 . 25 per cent and 3 2 . 3  per cent respectively. 
T b i s  engine was running on Texas liqui(j fuel in its 
natural state. having a calorific val u e  of 19 ,300  British 
thermal units per pound and costing 45s. per ton. 

The cost of fuel, therefore, works out at O ,098d .  per 
boiler horse-power bour.  

When running at small loads, the increase in the oil 
consumption per boiler horse-power hour is  only due 
to the engine friction remaining constant ; in fact,  the 
consumption per ind icated horse-power hour is rather 
less than at full load, aH an isothermal combustion is 
more nElarly attained. The above engine running at 
' f '  load act  ually gave a thermal efficiency o f  4 1 . 5  per 

cent on the indicated horse-power, which is probably 
the finest result ever obtained from a heat engine. 

THE TOTAL COST OF WORKI1\ (l .  

The author knows of a twin-cylinder 3 0-horse-po wer 
engine, direct coupled to a dynamo in the sheds o f  the 
Greenock electric tramways, running for 0 .66d .  per unit. 
This figu re includes the interest and depreciation of 
tbe  land, buildings and plant, repairs and maintenance,  
fuel , oil ,  water, and wages. F'or a larger engine it  
would be even less .-Technics.  

-------- ----

THE AEROPLANE. 

M AJOR B. B ADEN-POWEL L, president of the Ae ronall t i ­
cal  SOCiety, read a paper recently before the Brith;h 
Association on "The Development of the Aeroplane, "  
He said : 

The day is undoubtedly drawing near when we shal l 
be util izing the h ighway of the air for travel,  and it 
is becoming an interesting question as to what form 
the motor-car of the skies is  to take,  A great numbf�r 
of abortive attemp t s  to produce a practical apparatus 
h ave thrown considerable light on the prospects. ])ur­
ing the last few years we have seen a great develop­
ment in the construction of navigable balloons, and, 
in my humble opinion, these many attempts have only 
shown clearly what immense d ifficulties have to he 
contended with , and how little hope there ii> of our 
attempting any real suecess in this direction. I do not 
wish to imply that the navigable balloon is an utter 
failure, and though such a mach i ne may prove itself 
most useful on certain particular occasions, and for 
special purposes, such as mil itary observation, even 
that is a long way from being a really practical con­
veyance, capable of going up in all weathers, and 
stemm ing such winds as it may be l ikely to encounter 
on any average clay. A bal l oon must of necessity be 
of huge size,  and it must , therefore, offer a great re­
sistance to rapi(1 propulsion. Speed, however, is  every· 
thing in prac tical aerial navi:;-ation, since the grea t 
object is to he abl e  to progress in a given d irection 
without interference from the wind force. I f  t.hc 
same propelling power were applied to some small er  
form of apparatus, would it  be possible for  the ma­
chine to maintain itself in  midair, and progress 
through i t ?  Theory answers very d eCidedly,  Yes, and 
even practice may ]Joint to many promising results. 
The aeroplane ( using th e word in its widest sense ) 
may be deflned as a plane, or nearly plane, surface 
propelled through the air in such a manuel' that the 
resulting pressure acts so as to support it agai nst the 
action of gravity. The frontal resistance of such a 
vlane, even of very large surface,  seems bound to h(� 
less than that offered by a large balloon, and shoul d ,  
therefore, b e  able to travel quicker. D evices for at­
t aining artificial fl ight may usually be classed under 
one of three headings- C a l  wing action, similar to 
a bird ' s  fligh t ; ( b )  vert ically-acting screws to l ift 
the weigh t  upward ; ( c )  aeroplanes proper, or plane 
surfaces propelled h orizontally, with a sl ight upward 
inclination. All these three, however, are but aero­
planes according tei the above definition. The wing 
is but the aeroplane moved up and down. The ver­
tically-acting screw is but a pair of small aeroplanes 
moving round a common center. What we have, then, 
to study, is  the action of air on inclined surfaces, 
and this is  a subject not at  all well understood . Theory 
a nd practice are much at variance. Theorists have 
worked out their problems, and shown what is ,  o r  
should be,  possible, but practice has been unable to 
even approximate the attainments suggested .  Take 
the th rust of aerial screw propellers.  The following 
are some of the records I have been able to colled : 
Nadal' in 1 8 63 ,  as the result of smal l experiment.s, 
computed that. a thrust of 3 3 pounds shoul d be got. 
from 1 horse-power. Wenham with a spring motor 
calculated on 3 3 %  pounds per horse-power. Dieuia(le ,  
with a small steam-engine, got  a pull  of 26 .4  llOundH ; 
and Forlanini made a little engine giving exactl y 
the same results. Vogt, a marine engineer, made som!) 
careful comparisons between aerial and Hubma rine 
screws, finding the former produced 3 3  pounds tb r1lst 
per horse-power. Later, with large screws rotated by 
manual power, he calculated that h e  got 55 poun(ls per 
horse-power. Yet, when we come to trials on a large 
scale, we find Max i m ,  with his great steam-engine of 
360 horse-power and screws of 1 7 feet 1 0  inches d i­
ameter, only gets a thrust of 2 ,000 pounds, or at the 
rate of 5 . 7  pounds per horse-power. Santos Dumont ,  
taking the best  of aerial  engines tried ,  obtains a ]J1I 1 l  
of 175  pounds with 16  h orse-rower, or 11  pounds per  
horse-power. Zeppelin, with two engines of l ike power, 
only gets 220  pounds thrust, or 7 pounds per horse­
power. With my own little petrol motor of  1 %  horse­
power I have only been able hitherto to get 5 poun(1s 
pull out of the screw. It is true that Walker, in his  
experiments w ith large propellers, shows from 11 
pounds up to no l ess than 74 pounds, but these, again,  
may be classed as laboratory experiments. Then i t  
h a s  been usual f o r  theorists to consider only the pres­
sure of the air on the under s1lrface of the plane. Bllt 
recen tly a l ittle more light has been thrown on th e 
subject of what we may call the lack of pressure on 
the upper side,  which undoubtedly has a considerable 
effect in sucking �he pl ane upward. Even the pres­
sure of the air acting on a plane surface moving in 
a normal di rection-that is to say, so that the air 
strikes i t  perpendicularly-has been variously meas-
1Ired. All the older textbooks give the formula thus : 
Press1Ire = velocity2. X 0 .005 .  But the more recent 
experiments of  Langley, Renard, Dines,  Stanton, and 
others vary from 0 .0027 to 0 .0039 ,  showing a very 
marked and important d ifference from the old formula. 
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Commandant Renard made many tI*ials at the ]'rench 
M il i tary Aeronautical Establishments. But the re­
"nIts, which have not been published in full, seem to 
bave been very variable, ranging between 48 pounds 
a nd 17 pounds per hor"e-power. He remarks, signifi­
cantly, that some forms of screw are so much more 
effieient than others, and that there must l)e "a screw 
very much better than others, and its form cannot be 
much departed from without producing very bad 
aerial screws."  Another matter of importance on 
which authorities disagree is that of skin friction. 
H i t herto  it has been supposed that the friction of the 
ai r on surfaces moving rapidly through it was negligi­
h i p . Thus Langley, in his "Aerodynamics," says : 
"Tlw frietion of the air is inappreciable-this fact 
may be stated as the result both of my own experi­
men t s  and o f  well-known experiments o f  others." 
;\iaxim, making his experiments with aerial screws, 
test p,l a cont rivance like a screw propeller, but with 
pcr f('( ,l1y flat blades, the results of which were that he 
f01llul "the skin friction between the air and the 
llol ished surface is so small that it need not be taken 
int o  consideration. " It might then have been consid­
pre(\ that this point was settled. But no. During the 
las! rpw months Mr. 7.:ahm has read a paper before the 
Phi losophical Society of Washington , giving an ac­
eonnt of a series of careful experiments he has made, 
which seem to prove that the frictional resistance is 
at least as great for air and water in proportion to 
their densities. In other words, it amonnts to a decided 
obstacle in high-speed transportation. It is well 
1m own that, according to theory, an aeroplane should 
bc far more efficient as a carrier of weight through the 
air than a lifting screw. Thus, while the lifting 
screw only raises the · amount of its thru"t, an aero: 
p lane at a suit able inclination and practicable speed 
sh on] (l lift about [our times as much. Speaking only 
of my own rough experiments, I find, however, that 
w i t h  the same amount of propulsive power I can lift 
q ni1e as much.._ with·  the one as with the other. In 
t hE'�e l i ttle models, which , however, can doubtless be 
greatly improved upon, this fact is clearly shown. On 
t he oth er hand, it is true that Maxim, with his large 
a e ropl ane, thong-h only able to obtain a thrust of 
a l)ou t  2 ,000 ]lonnds, i!;ot a lift of 10 ,000  ponnds, or at 
t h e  rat e of 28 pounds ]leI' horse-powcr. Yet thi� 
amount is what we might have expected from ver­
( j cal l y·l if tini!; screws. Pur-7,led as I have been by so 
m uch confi iet i ng evidence and non-reliahility of I{nown 
dat.a, I 11a ve been at work thrashing out certain prac­
t kal results by what is known as "sheer force and 
�t u ]lidity. " It may be said that the most successful 
praet ical flying machine is (he well-known little toy 
ll11 t t erfiy . So I s tarted making apparatus on similar 
line�, getting each machine larger and heavier than 
t h t' l a�t .  Several of them are here shown, the largest 
having a screw of 38 inches in diameter and weighing 
somet hing over 3 pounds. The most efficient of them 
can lift a weight (for a few seconds) of ten times the 
weight of india-rubber. In this way a number of 
fact" may be collected which may prove of use in 
constructing " still larger apparatus. There is also an­
o l her line in which I have been making trials. It 
seemed desirable to get some idea of how a man­
calTying machine would behave while traveling in 
midair. WOUld, as has often been suggested, the 
bal ance be a matter of extreme delicacy and import­
HHce ? 'What structure is necessary for the supporting 
aeroplanes to make them strong and rigid en ough ? 
I al so wished to experiment with steering gear and 
methods of landing, ete. The best way of obtaining 
snch data seemed to be to give the machine an initial 
impetus by running it (Iown an inclined plane, and 
then letting it glide through the air,  amt to prevent se­
riou" damage to machine or man, to "land" on water. 
D uring this summer I have had an inclined track 
c rpeietl beside a small lake at the Crystal Palace, 
a n d  have built up a machine consisting of a canvas 
hoat on wheels, with various forms of aeroplane fixed 
above it. With this I have made a nnmber of glides, 
and though the experiments are not nearly completed 
--for I have been delayed beyonrl expectation by 
t rivial mishaps and difficulties-a good deal has al­
ready been learned, notwithstanding the short dura­
t ion of the glides. As regards balance, I am inclined 
to believe that it is not of snch supreme importance. 
I have m oved forward while in midair, so as to shift 
my weight 2 feet or 3 feet (which is a good deal, 
considering the breadth of the wings was only 5 feet 
G inehes ) , and, as far as I could tell it did not have 
any great t i l ting effect. But it is especially in the 
cOImt l'uctive details that much experience has been 
gaine(l . Planes stretched on two transverse bamboo 
Jloles ( 1 '1, inches in diameter at base ) about 27 feet 
acrm;s, proved quite strong enough to support the 
weight-some 270 pounds-without any staying. But 
these poles bent n pward ('onsiderably, showing that 
th ey were near the l imit  of weakness, and would re­
qnire some form of staying if rigidity were neces­
sary. I then a(lded an u]l per pl ane, whi ch both took off 
�ome of the pressure from the l ower planes, and also, 
by the structure, stiffened them. I regret not being 
a ll le  to describe more (lefinite results, but hope to 
('ontinne the experiments and collect valuable data 
later on. 

The timber industry of Guatemala is one of the first 
importance. At present rather over 2,000,000 sq u are 
feet are exported annual ly ,  but in the almost virgin 
forests in the Peten d istrict there are m i l lions of tI'PP8.  
pri ncipal l y  mahogany. the dne exploit ation of whi ('� '  i :"  
only h am pere(l h y  t h e  l acl(  o f  snfftcient m eans of trans-

port. The natural outlet for this region would be 
through British Honduras, via Belize, and a railwd.Y 
connecting the two countries should prove to be a pay­
ing concern. 

THE RELATION OF T HE HYPOTHESIS OF COM­
PRESSIBLE ATOMS TO ELECTROCHEMISTRY.* 

By Prof. T. W .  RH' IlAIWS. 

T HEOI{E'l'ICAL electrochemistry may be divided into 
two closely related sections-that which treats of 
the phenomena at the electrode, and that which 
t reat s of the phenomena in the unchanged electrolyte. 
The former of these sections is the more important 
practically, and is likewise a more certain domain 
theoretically. 

In the first place, then, one may a.sk : How would 
a compressible a.tom behave on leaving an electrode 
and going into solution as an ion ? It would then 
be attacked by an en tirely new set of affinities, being 
in its new position surrounded by molecules of the 
solvent instead of by atoms similar to itself, and 
those new affinities exerting new intensity of pres­
sure would be expected to ehange its volume. More­
over, the solvent, being itself in part exposed to new 
internal pressures, woul d  also change in volume. As 
a matter of fact, a marked change of volume is 
always observed when a positive and negative ele­
ment go into solution in the ionized condition. For 
example, a liter of a normal solution of potassic chloride 
occupies 43 milliliters less space than the solid potas­
sium, liquid .chlorine and water from which it may be 
m ade ; the change of volume in the case of common 
salt is 31 milliliters, and that in the case of lithic 
chloride 17 milliliters. Potassic bromide in the same 
way gives a contraction of 33 milliliters. Among 
these similar compounds, and in many other cases, 
it usually appears that the greater the electrical 
potential afforded by the double ionization the greater 
the change of volume ; also, the greater the compres­
sibility of the elements concerned the greater the 
change in volume. It is worth while also to call 
attention to the fact that these changes of volume 
on ionir-ation seem to be approximately parallel with 
the changes of volume on forming thee corresponding 
hydroxides ; just as the heats of ionization are ap­
proximately parallel with the heats of formation of 
the hydroxides. This parallelism may indicate that 
the effective agency causing ionization or galvanic 
solution of a metal is the attraction of the metal for 
the oxygen or the · hydrogen of water-most probably 
the oxygen. 

Although these regularities are fairly prominent 
on comparing the properties of similar elements in a 
natural group, exceptions are not hard (0 find on 
comparing very dissimilar sulHltances. Reason for 
these irregularities may partly be found in the ex­
tremely complex mathematical relations which must 
obtain if the atom is really compressible ; but prob­
ably, at least, a part of the exceptions may be traced 
to the expected simultaneous contraction of the sol­
vent already predicted. That the solvent really often 
contracts is manifest from the fact that in some 
cases (notably the hydroxides of lithium, sodium, and 
barium and the sulphates of zinc, cohalt, nickel, and 
magnesium) the solution occupies less space than 
the water alone from which it is made. In this con­
nection it is worth while to call attention to the 
well-known fac t that during the formation of 1 8  
grammes o[ water from its i ons in the neutralization 
of a strong acid by a strong base, an increase of  
volume of 20  millimeters occurs-an increase greater 
t han the volume of the water formed. 

Al though by no means all possible cases .can now 
be " tudied because of lack of data, there is good 
reason to believe that in all cases both the solvent 
a nd the dissolved SUbstances change in volume under 
t he readjustmen t of internal pressures of ionir-ation ; 
and the resultant effect is so complicated that it is 
impossible at present, except in the most exaggerated 
eases, to determine the mode of the distribution of 
the change. 

Nevertheless, since changes of volume actuall y 0<:­
cur on ionization, and since in the more marked 
cases this volume-change seems to correspond roughly 
(0 the Imown compressibilities of the substances an,I 
to the free-energy change during the reaction, the 
theory of compressible atoms is supported. At least, 
even supposing that the explanation herein given is 
r.ejected, the theory is here able to cal! attention to 
an interesting series of facts concerning volume­
change, which must: receive an explanation before a 
complete interpretation of the nature of a dissolved 
electrolyte is obtained. 

Another less tlired rel ation of the theory of com­
pressible atoms to el ectrochemistry is to be found 
in the effect of ehan;;e of volume of reacting systems 
upon the ir specifi(� heats. Thomsen ]Jointed out long 
ago that a contract ion in a reaetion between aqueous 
solu tions is usnally accompanied by a loss of heat 
capacity of the reacting system : and it is po;:sible 
to cite many other ca�es in which this is true. Prob­
ably, however. the cause of this loss is not so much 
the decrease in volume as the irregular stress caused 
I IY the s imultaneous presence of very different affini­
ties. In terms of the hypothesis of compressible 
atoms, atomic distortion seems to cause a diminu­
tion of heat capacity. As a ki netic conception this 
interpretation is plausible. 
.. ----_ ._---- ----------------

* A IH-tmct of a paper pr('�el1ted before Sretioll C of the IlItpl'n u t i on n l  
El ('etrieai C()llgr('�� o f  St. LOlli�, on 8q)4-cm bC'f 12. ]904-. Mr. Rirhunls i l:'  
Pr()f('F<�( )t' of Ekrtl'Of'hp,mif":try at. Tlfl rv�-;.f'(l 1.Tn i v('n_:lty. 

The relation of this change of heat capacity ( 0  
( Iectrochemistry is very important. Recent study lIas 
made it appear highly probable that a change in heat 
capacity during a reaction is the chief. i f  not the 
only reason why the total-energy ehange ( or the 
heat of the reaction ) is not equal to the electrical 
work which the reaction verforms in a galvanic eel 1. 
In co! Joquial language, the heat energy which i� 
displaced ,  or forced out, by a ,l iminntion of  heat 
capacity, does not seem to be able to perform work. 
If this is true, change of heat capaeity is respon" ible 
for the "bound energy" of a galvanic eell, and, there­
fore, according to Helmhol tz's equation, for its change 
of potential with the temperature. I f. further, t h e 
preceding conclusion based upon the theory of COIll­
pressible atoms be also aecepted, the fundanH'll ( a l  
cause of this temperature coefficient of the ele( · t  1 '0-

• motive force is referred back to atomic compression 
and distortion which diminish the possibility of 11 (,<1t 
vibration in the compressible atom. 

One essential condition of ionization has nor yet 
been dwelt upon : namely, the relation of ionizat ion 
to the q uantity dimension of electriCity. Recent in­
vestigat ion has shown that Fa.raday's law is not 
merely an approximation, but is rather one of the 
most exact of the laws of nature. If the atomie 
theory be accepted, one must therefore admit that 
each similar atom, on ionizing into a liquid, receives 
or releases exactly the same charge, which is a pre­
cise, simple multiple of a given unit. "What now 
does this unit of change signify ? In other words, 
what are the essential attributes of electrical quan­
tity, and what explanation for this exact and funda­
mental law can be found in the theory of compressible 
a toms ? 

To the electrochemist who has nothing to do with 
electrical capacity, the quantity-dimension of elec­
tricity is important merely as a number. He recog­
nizes it only because it is proportional (0 equivalent 
weight of deposited metal, or to equivalent vol ume 
of evolved gas. Still more simply, it may be said to 
represent to him nothing but the number of atom i t: 
contacts which are made or broken in a given reac­
tion. Therefore, the electrochemist,  attempting 1 0  
discover the relation of the compressible atom t o  
galvanic deposition, naturally first seeks t o  ima,,;ine 
what wOllld happen to a compressible atom on mak i ng 
or breaking a firmly united atomic contact witl! 
another a tom. 

Evidently, for each union with other atoms, a 
given a tom would give and suffer a shock of impaet 
or combination . The exact effect of this shoek u pon 
the atom itself cannot be determined ; but if the atom 
is compressible throughout, many forms of vibration 
or temporary rhythmical distortion might be possible 
because of this shock. One of the most probahlo 
forms is perhaps a vortex motion ; and it will he 
seen that this form lends itself best to fnrther inter­
pretation. If the atom were perfectly elastic, snch 
a vortex would continue to exist indefinitely when 
once formed. 

Let us imagine, then, that each collision of atomic 
combination starts or transfers a vortex or some 
othcr form of self-perpetuating shoek. ' Then the depo­
sition of a given number of chemical equivalents will 
result in the transfer of a given number of sllOek.; ,  
or a given quantity of electricity. and Faraday's 
law is explained. In short , in order to conceive 
logically of this law, one need not ascribe weight 
or mass to the electron-a permanent vortex will 
represent the needed unit as well as a ponderable par­
ticle. But only a compressible atom could hold or 
carry such an infinitesimal vortex, hence this hypothe­
>'is is dependent upon the hypothesis of compressibl e  
atoms. 

This easy explanation of Faraday's law withon t  a 
m aterial conception of electrieity leads one to i n­
quire whether or not other relations of electrkiLy 
m ight not likewise be satisfied by a vortical conee[l­
tion of the unit of electrical quantity. A complet e  
study of the details of this possible explanation woul(l 
be out of place, but a few of the electrical propert ie� 
of substance may be mentioned in this connection . 
For example, the electrical conductivity of solids is 
in many cases what it would be expeeted to be if their 
atoms were eompl'essible. Atomic distortion won l d  
b e  expected to interfere with the ready transference 
of the vortices. The simpler the crystalline form, 
the less distorted would lJe the individual atoms, 
and the more easily would the vortices be received 
and transmitted from one atom to another. On t he 
other hand, with irregular atoms, permanently (l is­
t Ofted by chemical affinity, the uneven structure wonl (l 
receive and transmit the vortices less easily, awl 
the potential energy of the mutual repulsion won l d  
b e  converted into heat. A "  a matter o [  fact, the 
two best electrical conduetor" among met als, silver 
and copper, crystallize in the regul ar system, and 

the poorest solid conductors among ]l nre metals, bis­

muth, :tntimony, and arsenic, are of l ess sy�metrical 

-:rystalline structure. The non-metals which are all 

poor condneiors. are st i l l  more not iceabl y  eomplex 

in symmetry ; and such non-conducting snbstances 

as bromine a nd iodine mnst be very mueh distorted 
in atomic shape, if their atoms are compressible, 
hecause thesE ' 

atoms must be much c.ompressed on 
one side, by their firm union, to form t he diatomic 
molecules, and only slight ly compressed on the other 
side,  by their feeble cohesion .  indicate(l by great 
vol atility. The relatively sl ight ('ondnctivi t y  of al­
l oys and componn(ls points in t he same (l i n�(,( ion : 
for hetero,,;ene i ty of a tomic st rnctn rp won l (l imply 
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irregular internal pressure, great atomic distortion, 
and h ence poor conductivity. The considerable effect 
on conductivity of even slight impurity in a metal 
and the extremely low conductivity of substances like 
glass and cellulose are well known, and accord with 
this interpretation. 

Again, it i s  easy to see how increased thermal 
energy, which, if atoms are compressible, must be 
supposed to exist as a simpler oscillation of a portion 
of the a tomic centers, would interfere with the re­
ception and transmission of this new vortex motion, 
and hence to see why the conductivity of solids 
should decrease on raising the temperature. More­
over, one would expect the slightly d istorted atoms, 
easily receiving the electrical vortex, should usually 
likewise transmit more rapidly the simpler oscilla­
tions of heat energy, which is a fact. 

In applying the vortex idea to the statical and 
magnetic manifestations of electricity, one must imag­
ine the vortex to cause stress in the surrounding 
wave-bearing medium, giving rise to the repulSion 
of similar vortices. Such a stress must be imagined 
whatever conception one forms of the electron, and 

Copyright 1904 by Louisiana Purchase ExpositIOn Company. 

The long-continued illusion of phlogiston, sup­
ported by eminent minds not much over a c entury 
ago, is enough to show the danger of a one-sided 
scientific consciousness, and the familiar conception 
of inflexible atoms may also to a less degree lead the 
l iteral mind into an intellectual rut. Of course, no 
claim i s  made that the hypothesis of compressible 
atoms represents truly the actual fact ; indeed, atoms, 
in any shape, are an imaginary conception which may 
h ave no counterpart in reality. Even if the thinker 
progresses no farther than to admit that, provided 
atoms exist, they may be elastic and compressible, 
he has broadened the train of his thought and en­
larged the realm of his imagination. 

I t  has been claimed by a few that any hypothesis 
is harmful ; but some of the most brill iant of scien­
t ific workers have used them as a continual Inspira­
tion. Faraday, one of the greatest of pioneers, 
dreamed thousands of such scientific day-dreams. To 
him, these were nothing but a benefit ; for, although 
led on by visions, he knew well the difference be­
tween substance and shadow. He never confounded 
hypothesis with fact ; and when new facts overthrew 

'rH E  60,OOO-VOLT OIL SWITCH AT THE FAI R. 

is at least as easily conceivable from a vortex as 
from a small particle of matter. 

The explanation of the brilliant experiments of 
J. J. Thomson and his pupils on the basis of the 
vortical electron is possible, if one admits, as 'rhom­
son is quite willing to do, the existence of electrical 
inertia independent of gravitational effect. In this 
case, the cathode ray is  to be considered as a col­
lection of disembodied vortices, which may only be 
driven through the wave-bearing medium under the 
stress of great difference of potential . Another .al­
ternative must be adopted if one doubts the some­
what compl icated evidence concerning the relative 
masses of the cathode corpuscle and the atom, and 
believes the two to be identical. I n  this case it is 
necessary to imagine that a single atom can re­
ceive many vortices under the peculiar circumstances 
attending the cathode discharge ; i .  e., that it  is  'paly­
atomic. 

Other possible relations of the hypothesis of com­
pressible atoms to electrochemistry and to the new 
and surprising facts of rad io-activity might be pointed 
out, but · these examples will serve the present pur­
pose. The object of this paper has been to show that 
the hypothesis is  a suggestive one, because it views 
well-known phenomena from a new standpoint, and 
therefore may excite the imagination into devising 
new methods of experimental attack The discovery 
of the probable relation of the change of heat capa­
city on the temperature coefficient of a galvanic cell 
is  among the new relations to which this hypotheSiS 
bas already led. 

a favorite imagination, he would discard the l atter 
gladly, rejoicing that it  had led him to the discovery 
of new truth. 

A 60,000-VOLT O IL SWITCH AT THE FAIR. 

By the St. Louis Cor:respondent of the SCIENTIFIC 

AMERICAN .  

O N E  of t h e  most striking electrical exhibits at the 
Fair is undoubtedly the General Electric Company's  
60,000-volt switch, the practical result  of much study 
and experiment. The switch in question ' is amply in­
sulated for 60 ,000 volts, and is capable of rupturing 
circuits under the s everest conditions, even when fed 
by immense currents. 

The illustration shows the switch as it is  installed 
at the Fair. This particular installation 'is of the 
three-pole type, th e different legs of the circuit b eing 
inclosed in brick o r  concrete compartments having 
removable doors. Two oil vessels are provided for 
each phase. The wires to and from the vessels connect 
through the bottom of the vessels w ith the contacts in­
side. Within the two vessels, the contacts are con­
nected to close the circuit by m eans of copper rods and 
a crosshead. Heavy wooden guide rods are secured to 
the crossheads which are in turn joined to lever arms 
on the operating mechanism. 

Motion is  imparted to the operating mechanism 
through a magnetic cl utch by a small direct-current 
motor at 1 2 5  or 250 volts. The clutch i s  connected with 
a ratchet worm gear revolving in the same d irection -.. 
for opening and closing the oil switch. The ratchet 

permits the quick movement of  the switch levers in 
advance of the starting of the motor by means of two 
heavy springs which are compressed alternately. The 
weight of the moving parts is counterbalanced by tor­
sion springs on the upper rocker shaft, giving uniform 
movement in both directions. 

The oil vessels, which are of specially-treated wood, 
are insulated by means of  porcelain insulators and 
wooden rods supported upon a wooden frame. This 
insulation is a late improvement on the corrugated 
wood insulating posts formerly employed. 

Only two small wires and a small, single-pole, double­
throw switch are required to control the operation of 
the motor, there being speCial cut-off switches on the 
operating mechanism actuated from cams on the shaft. 

THE APPLICATION O F  ELECTRO-MAGNET I S M  
F O R  THEHAPEUTIC PURPO SES. 

I N the appended diagram we illustrate a new porta­
ble device, which is intended to effect cures for nerv­
ous d isorders by means of interrupted electro-magnet­
ism.  Briefly, the device consists of a standard adj ust­
ably arranged to move about on a floor, having sus­
pended therefrom a motor and a rotating electro-mag­
net s ecured to the axis of the motor. The whole is 
incased in a neat cylindrical box. A counterbalancing 
weight is  provided on one side of the upright standard, 
to balance the weight of the motor and the electro-mag­
net. The motor and magnet are adj ustable in a verti­
cal position to any su itable height.  The wires from 
the motor may be connected to any incandescent elec­
tric l ight cu rrent of 110 volts, and a shunt current 
hrought from a sw itchboard provided with suitable re­
s i�tance to regulate a flow of four amperes of current 
is  led through brushes to rings insulated from each 
other on the rotating shaft and connected to the spools 
of  the rotating electro-magnet. When the current is  
turned on,  the motor rotates the magnet, through 
which a continuous current from the shunt wire is  
flowing ; the constant change of the plus and minus 
poles during rotation produces what is termed mag-

\ 
) •........ . . . ... ' 

TRUE'S ELECTRO-MAGNETIC THERAPE U T I C  
APPARA T U S .  

netic undulations or vibrations. T h e  dotted horizontal 
lines show the extent of the magnetic field. 

The patient is placed adjacent to the rotating mag­
net, and it is  stated that ten to twenty minutes' treat­
ment by this method for about twenty to twenty-five 
times will alleviate the pain, such as rheumatism, l um­
bago, and gout, and other similar difficulties. 

I t  will  be noted that the construction permits the 
magnet to b e  adjusted to any suitable part of the body 
where the pain exiRts, and it is  not necessary to re­
move the dress or anything of that kind, as the mag­
netism permeates the clothing. 

The upper small d iagram in the illustration shows 
more in detail and more clearly the motor on the left­
hand end and the rotating electric magnet, through 
which a constant current of about four amperes is 
traveling. 

This magnetic sooth ing or quieting effect on the 
nerves was discovered by a Swiss engineer of the name 
of Eugene Conrad Muller, who first noticed the cura­
tive properties of an alternating magnetic field. He 
began by using an alternating cu rrent, but as this re­
qu ired an expensive transformer to p roduce a direct 
current, it was found that the same effect could be 
obtained without danger of heating the iron, by simply 
alternating by rotation the position of the poles of an 
electro-magnet. 

The newer system was discovered by Trub, which 
has been in successful use in Germany and some other 
European countries for the past two years. We are in­
formed that this method of treatment is being intro­
duced into the New York Post-Graduate Medical School 
and Hospital. ------------

ACTION OF N-RAYs.-J. Becquerel has made some ex­
periments to determine how much of the increased 
luminosity and distinctness of a feebly l uminous sur­
face i s  due to the d irect action of the N-rays upon 
the luminosity of the b ody, and how much due to 
their action upon the eye of the observer. I t  i s  known 
that there is some objective increase in luminosity in 
the case of small flames at all events, as shown by 
the photographic  records, but the author shows that 
in case of a feebly . Jum inous surface the action con­
sists in the liberation of N-rays from the surface, 
and these N-rays proceed to the eye together with the 
l ight rays, and impart a greater sensitiveness to the 
retina. He quotes the fol lowing experiment in sup­
port of this view. He interposes a pl ane parallel 
glass trough filled with distilled water between the 
eye and the sensitive screen.  No effect of the ordin-
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ary sources of N-rays upon the 'screen can then be 
detected, owing to the N-rays being arrested. If ,  on 
the other hand, salt water is  used instead of d istilled 
water, the effects are visible again.-J. Becquerel, 
Comptes Rendus, May 16,  1904 . 

ELECTRI C  WELDING.* 

By EMILE GUARINI. 

GROUND was broken a few years ago in the metallur­
gic industry for the application of welding by elec­
tricity, two systems of which are now employed, viz. ,  
welding by the electric arc and welding by the heat 
ciue to resistance. It is  to the last named system tha t 
bel ongs the process exploited by the Allgemeine und 
Union Elektricitats Gesellschaft. It consists in taking 
the pieces to be welded ( bars or  wires ) ,  thinning them 
and smoothing the surfaces to be united, and pressing 
the pieces ti�htly together in appropriate clamps, 
through which is then passed a current of sufficient in­
tensity. The resistance offered to the passage of  the 
current by this imperfect contact produces a very high 
temperature, and, since the resistance increases at the 
same time that the temperature does, a welding white 
heat is easily and quickly obtained . If ,  then, the two 
pieces to be united be kept pressed firmly against each 
other, a perfect welding will be found to have been 
effected after the current has been interrupted. 

The heat is developed in the central part of the two 
pieces to be welded, and, under such circumstances, 
the interior of the weld is as perfect as the exterior. 
Nothing is easier in this process than to pass into the 
metal to be heated a current that has exactly the 
intensity necessary for bringing the parts to be welded 
to the proper temperature. The same is not the case 
in welding by the electric arc, in which the heat dis­
engaged is much greater than that which is practically 
utilized by the operation. In this process the heat nec­
essary for the fusion of the metal is  communicated to 
the latter by convection or otherwise. The p ieces to 
be welded are placed upon a cast-iron table connected 
to one of the. poles of a dynamo, the other pole of which 
is connected to a stick of carbon. This latter is  
brought into contact with the point to be welded, 
and then moved slightly away from it. The arc thus 
produced above the point to be welded fuses the metal 
and effects the welding of the pieces in contact. This 
method is not devoid of drawbacks. Although the 
oxidation of the part heated is prevented by covering 
its surface with a fusible sil icate that protects it 
against the air, the workman nevertheless has to be 

'protected against the very intense l ight of the voltaic 
arc and the extreme heat disengaged by means of 
smoked or colored glasses that do not, however, ward 
off all  danger. He is obliged, moreover, to work blind­
ly, since it is very difficult for him to look at the pieces 
to be welded, and to watch them constantly, because 
of the dazzling l ight and of the smoke produced by 
the forming of the arc. This process, on account of 
such inconveniences, is  evidently no better adapted 
for welding than that by forge or furnace, in which 

tainty that the internal part of  the welding will be 
as solid as the external ; and it may even happen that 
the external part will  be  burned before the interior 
has reached the desired temperature. 

In the Allgemeine-Union electric process, this in­
convenience is done away with, since the heat is  pro­
duced solely at the extremities of the pieces, and such 
heat, in the interior, is at least equal to that of the 

VARIOUS MECHANI C A L  PARTS ELEC TRI­
C ALLY WELDED. 

external parts. Besides,  since the passage of the 
current is abruptly interrupted as soon as the metal 
has reached the temperature necessary for making the 
weld, and the pieces are firmly pressed against one an­
other, all burning or damage due to an excess of tem­
perature is avoided. 

The welding done by this process is completely homo­
geneous, and the nature of the metal at the place of 
the joints is absolutely identical with that of all  the 
other parts of the piece. The welding is effected aI,  
most instantaneously when the pieces to be united have 
a small section. With pieces of  greater section, it takes 

power of the alternator, when it supplies only the weld­
ing machine, varies from 4 to 150 horse-power. The 
welding machine, whatever be its type ( for the type 
varies with the pieces to be welded ) always consists 
of a transformer provided with clamps adapted for 
grasping the two parts to be  united and for holding 
them firmly in place. I n  order to press the surfaces 
against each other, a mechanical or hydraulic ar­
rangement is employed. As a general thing, the trans­
former is placed under a table upon which slide the 
clamping pieces. Sometimes, when the machines are 
small, the pressing of the pieces against each other 
is effected automatically. The current is also cut off 
automatically at the proper time. 

The secondary circuit of the transformer is gener­
ally cooled by a permanent circulation of water, so as 
to pre vent an undue heating of the machine. 

The current is regulated by a rheostat in cases in 
which the machine is to be  used for pieces of variable  
dimensions. The primary is always controlled by a 
switch which, in particular cases, is automatic. It is 
evidently possible to d ispense with the transformer 
and employ current from the mains where these fur­
nish an alternating current of 50 or 100 volts. The 
frequency can never be less than 80 periods nor more 
than 250. When the pieces to be welded have a sec· 
tion of more than 280 square mill imeters (4.34 square 
inches ) ,  a special generator becomes necessary for 
supplying the machine. According to the type of the 
latter, the power absorbed varies from 1 to 40 kilo­
watts. The power necessary for effecting the d ifferent 
wei dings varies nearly proportionally to the transverse 
section of the piece of metal at the place where the 
welding is to be done. The greater the power at hand, 
the more rapidly will  the welding be effected. 

The number of weldings that can be accomplished 
in an hour evidently depends upon the machine, and 
the size and form of the pieces operated upon, no l ess 
than upon the skill of the workman . The same is the 
case with the time that it takes to do the work. This 
may vary within wide l imits, according to the dimen­
sions of the piece and the care to be  taken in securing 
it in the clamps that hold it .  I f  the pieces are l ight 
and easy to put in p lace, the work can be done very 
rapidly. I n  the first case it is not possible to effect 
more than 30 weldings an hour. I n  the second, and 
with an entirely automatic mach ine, it is possible to 
make 800 in the same period. 

The best results are obtained with pieces free from 
rust and touching each other at points near their 
center. The pressure exerted upon the metal in fusion 
at the moment of the welding causes the production of 
a seam that remains after the operation. This may be 
removed by placing the joint on coming from the ma­
ch ine, and while the metal is still very hot, under a 
press provided with a matrix of an appropriate form to 
cause the re-entrance of the seam. The seam may also 
be removed by hammering it upon an anvil , or, if the 
p ieces are small, by submitting it to the action of an 
emery wheel . 

The following figures may prove of interest : Extra 
strong iron tubes of 13 millimeters (0.511 inch ) inter· 

SPECIMENS OF ThL ECTRICAL WELDING OF COPPER 
ARTI CLES. 

I RON O BJ E CTS WELDED B Y  E L E C T RICITY.  

It is necessary to  heat almost the entire piece to be 
welded. In the resistance process, on the contrary, 
the heat is produced in the metal itself and only B,t 
the welding point, and hence there is a less output of 
h eat and a complete util ization of the energy. When, 
moreover, the metal to be welded is heated from the 
exterior toward the interior, there is never any cer-
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but a short time as compared with the power em­
ployed . 

The parts to be welded are always firmly held by 
clamps that press one against the other, and are al­
ways perfectly adjusted during the entire time of  the 
operation. I n  this way there is obtained a perfect 
junction of the two pieces. The current employed is 
an alternating and not a continuous one, as in weld­
ing by the electric arc, and is of a low tension . The 

nal diameter can 6� welded in 33 seconds with 8.9 
horse-power at the dynamo, and those of 7 6  millimeters 
( 2.992 inches ) in Hi6 seconds with 96.2 horse-power. 
Round iron or steel bars of 30 square mil l imeters ( .465 
square inch ) section can be wel ded in 10 seconds with 
2 horse-power. and those of 285 square mil l imeten; 
( 4,417 sq. inches ) in 30 seconds with 13 horse-power ; 
pieces of iron of 250 square millimeters ( 3.875 square 
inches ) in 33 seconds with 14.4 horse-power, and those 
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of 2,000 �qnare mil l imeters ( 3 1  square inehes ) in 9 0  
'W('OIHI" with 8 3 . 8  horse-powe r ;  p ieces of copper of 6 2  
square mil l imeters ( 0 _ 9 4 1  square inch ) in 8 seconds 
with 10 horse-power, and those of 500 square m i l l i­
meiers ( 7 .75  square inches ) in  23 seconds with 8 2 . 1  
horse-power. 

The industrial appl ications of electric welding are 
f'vidently very numerous. Aside from those that we 
shall presently mention, this method of welding is 
1 1sed for the manufacture of  flat, square, and round 
eopper, iron, or steel r ings of different sections and 
d iameters ; squares ; buckles ; p arts of writing ma­
chines ; lattices ; wire fencing, etc. 

I n  earriage work i t  i s  used for welding the tires of 
w h et'ls,  axles ,  hubs, spokes, steel wire for rubber fel­
l i es .  hollow fel l ies  for rubber tires, etc. 

In the manufacture of bicycles it  i s  possibl e to weld 
eleet r ical l y  the handl e bars, crank hangers, tires, ped­
a ls ,  saddl e  posts, forks,  tubes, sprocket chains, etc_ 

In the wire-drawing industry, the electric method is 
11 se(1 for the end to end welding of steel, iron, and 
(·opper wire and metall ic  cables, as well as for the 
manufacture of iron and steel hoops for easks, barrels ,  
pai l � ,  etc_ 

The welding machines are l ikewise rendering great 
services in the repairing of the most diverse tools, 
such as twist drills, axes, hatchets , band saws, gear 
wheel s,  blades, cam shafts, knives, etc. 

Finally, electric welding may be successfully em­
p l oyed for the manufacture of  iron or steel tubes, 
worms for ice machines, retorts, frogs and crossings 
1'01' railway tracks, fish joints,  etc. 

El ectric welding by the method under consideration 
is  i herefore a rapid and economical process of manu­
facture fo r  the metall u rgic industry in general , amI 
I II is  can but contribute toward its w idespread applica­
tion therein as well as in the majority of other in­
du�tries. 

SC IEN'T' IFI C AGRICULTURE . *  

By 'V I LLL\ 1\I SOl\l�;[(VlI. L E ,  M.A. ,  D .Sc . ,  D_CEe.  

T I l l<; audienee that I have to-day the honor of ad­
d rpssing may be assumed to consist of a con siderable 
] ) 1 ·o ]Jo rtion of the members of the British Association, 
ancl some others,  who are primarily interested in , 
awl have i hemselves made appreciabl e  contributions 
to .  the progress of agricultural  science. I may, there­
fore. take the opportun ity of congratulating you on 
t h i s  fresh evidence of progress in  the subject that 
Y01L have at h eart, and of offering to the British Asso­
ciation oLlr thanks for the encouragement and �timu­
I us which are associated w ith the formation of an 
a�rjcultural subsection. Perhaps I rightly interpret 
your feelings when I say that for the present we are 
satisfied with the position attained by our subject, but 
i hat we trust to see th is  and other meetings demon­
s t  rating that agricultural science i s  not. unworthy of 
further advancement. 

In view of the large amount of work that lies before 
us during the next few days, I do not propose to in­
tervene for l ong between you and the contributions t.o 
original research wh ich we have been promised. The 
scope of my remarks will be l i m ited no less by time 
t h an by the fact that it  woul d be presumptuous in 
me to attempt to traverse the whole field of agricul­
tural science, includ ing, as i t  may be held to do, the 
n o  small compartments of horticulture and forestry. 
Wltat I propose to do, therefore, is  to confine myself 
to  touching upon a few of the subjects that have re­
centl y been receiving attention at the hands of sci en­
i i fie investigators, especially abroad. I have pu rpose­
l y  avoided discussing Engl ish work, partly because i t  
m a y  be assumed that we a r e  a l l  familiar w ith i t ,  and 
partl y because, where friends are concerned, sel ection 
i.s  <I ifficult.  

Although agriculture has only now been elevated to 
a posi tion of semi-independence in the programme of 
this association, i t  has, in the aggregate, receivel[ 
m uch attention at the meetings inaugurated with that 
at York in 1 8 3 1 .  I t  is interesting to t u r n  up t h e  early 
volumes of the reports, and to ascertain what was 
runnin� in the minds of our predecessors, and what. 
the problems that they thought i t  vital to solve. I n  
t h e  account of the first meeting in t h i s  town in 1 8 3 3  
w e  find a report by Lindley on ihe  Philosophy of 
Botany, two of the items in which are of interest to 
stu (lents of rural economy. Apparently at that time 
m uch attention was being given to the mode of the 
formation of wood. Two theories appear to have di­
vi ded botanists-the one that wood was organized in 
the l ea.ves, an(l sent down the stem in the form of 
mnhryonic but organ ized fibers,  to be deposited on the 
su rface of wood al ready forme(l. The other theory 
was that wood was secreted in  situ by the bark and 
ol der wood.  It is to the former of these th eories that 
Lindley gives his  adherence. Although this problem 
has ceased io interesi , the same cannot be said of an­
o t her subjec t  discussed in the same report, namely. th e 
flo-cal le(l "fcecal excretions" o f  plants. I n  the words 
o f  Lind l ey.  "A new appl e orchard cannot be made to 
,;n cceed on the site of an old apple orchard unless 
some years intervene between the destruction of the 
one and the planting of t he other ; in gardens no 
amount of manure wil l  enabl e one Idnd of fruit-tree to 
flourish on a spot from which another tree of  the 8ame 
�;]lecies has been recenily removed. and all farmers 
r ractical ly  evince, by the rotation of their crops, 
their  experience of  the existence of th e law." He at­
tributes to Macaire ihe demonstration of the fad 
that all plants part with :1 fcecal matter by their roots. 

* Hen ! he fore the Bntish AE-soeia t ioH for t he .i\ dVJlnCel l H' l l t  ( I f  S('lclIce. 

These excretions he held t o  b e  poisonous, maintain­
ing that, although p lants generate poisonous secretions, 
they cannot absorb them by their roots w ithout death , 
concluding that "the necessity of the rotation of crops 
i s  more d ependent upon the soil being poisoned than 
upon its being exhausted."  He indicated the l ines 
along which investigat.ion m ight with advantage pro­
ceed, one of the questions put forward being "the 
d egree in  which such excretions are poisonous to the 
p lants that yield them, or to others . - '  

I n  1 8 3 3  botanists and. agriculturists h a d  n o t  t h e  'ad­
vantage of the knowledge that i s  at our disposal 
through the continuous growth for a long series of 
years of certain crops at Rothamsted, but consideration 
of the fact that some crops ( as, for example, pure 
forests of beech, s i lver  fir, Scots p ines, and other trees, 
as also permanent pasture ) may be grown for hun­
dreds of years on the same ground w ithout any evi­
dence of poisoning might have led to the conclusion 
that the law, as it was called,  was not of general ap­
plication. I t  is ,  of course,  true that rotations are an 
advantage, and it  i s  a matter of experience that eer­
l ain crops, e. g . ,  dover and turnips, cannot be grown 
continuously on i he same land, but the· cause is not 
now associated with excret ions. The reason for the 
failure of clover,  or the cause of land becoming "clover 
13ick," as it  is  called, i s  stil l  a debated point ; but I 
may hazard the conjecture that it is d n e  to the fact 
that organisms or enzymes inimical to the vital activ­
ity oJ{: the m inute living bodies,  that exist in symbiotic 
relationship . with the clover plants, increase with 
great rapidity when the l iving bodies  that they affect 
are present in abundance. Red dover i s  the species 
that i s  usually associated w i t h  the term clover-sick­
ness, but i t  wou ld appear that a precisely similar 
phenomenon is  exh ibited in the growih even of wild 
white clover. I t  is  a matter of common observation 
that on certain dasses of land white clover is  stimu­
lated to such vigorous growth by the use of phosphatic 
manures that for one year at lea�t i t  monopolizes the 
area to th e almost total exclusion of other plants. 
But such rank luxuriance is not of long duration. 
In  a year or two the clover disappears to a very large 
extent ,  and eannot at once be restored by any proce;;s 
with which we are acquainted. The land has, in  fact.  
become sick of white clover_  But given a peri(\d o f  
rest, during which the inimical agen ts wil l  disappear, 
and i t  again becomes poss ible to stimulate white 
clover to vigorous growth. We haye, it seems to me,  
an analogous state of things in the case of certain in­
sects .  On the Continent the caterpillar of the Nun 
moth ( Liparis l1wnaeha. L. ) periodical ly  proves ex­
tremely destructive to certain conifers, and it  is found 
that in the first year the insects are moderately abun­
(Iant, in the second they are exeessively abundant, 
while in the third the visitation begins to decline, and 
ll Sually terminates quite  suddenly.  The causes of this 
cessation have been thoroughly worked out, and are 
found in  the great. increase of parasitic insects, and 
in secticidal fungi, including bacteria. I believe it 
will  be found that the almost sudden cessa tion of 
our periodiC visitations o f  the diamond-back moth is  
due to a similar cause. 

The fai lure of turnips i s  apparentl y  largely, i f  not 
entirely, due to the increase of insects and parasitic 
fungi.  

The subject of  harmful excret ions has recently ob­
tained renewed attention through the work being done 
at the Woburn fruit station. No point has received 
more striking demonstration there than the h armful 
influence that growing grass exert s on fruit trees. I t  
has been shown that thi s  prejudicial i nfluence i s  not 
d u e  to the withdrawal of moisture,  to the curtailment 
of  supplies of  plant food, to interference with aeration, 
or to modifications of tempera ture. I n  Mr. Picker­
ing's opinion,* "the exelusion of all  these possible ex­
planations drives us to bel ieve that the cause of the 
action of grass is  due to so,ne directly poisonous ac­
tion which it  exerts on the trees, possibly through the 
intervention of bacteria. or  possibly taking place more 
d i rectly. "  I t  is  satisfactory to know that t.he subject, 
which i s  of considerable scientific and practical im­
portance,  is l ikely to be vigorously followed up.  

I n  the early forties attention was being directed to 
a subject that even now has a great attraction for 
a griculturists.  namely, the stimula.ting and exhallst ­
ing effect of artificial manures, especial ly nit rate of  
soda.  The principle  that "stimuli  l ose their  full  ef­
fect upon living matter when frequently repeated" 
was gen erally held to a ccollnt for the want of  response 
that crops exhibited to repeated d ressings of nitrate 
of  soda ; but Prof. Daubeny in 1 8 4 1 -;- pointed out what 
i s  now generally accepted as the true cause, namely, 
the exhaustion o f  the soil of other su bstances. This, 
h e  said,  can be counteracted by giving other manures, 
of which he instanced bone rrueal . His suggestions for 
future investigations have been l argel y followed , 
th ough, as we now know. they are of theoretical rather 
than practical importance. H e  proposed the alterna­
tives : 

(l )  Analysis of the soi l ,  discovery of the amount of  
m-ai lable  plant foo d,  and the application of the sub­
si ances found t o  be d eficient up to th e probable meas­
u re of the erop's rpqui rements. 

( 2 )  Di scovery. by analysis of the yield,  or estima­
tion by calCUlation,  of  ihe amonnt of  plant food re­
moved in the produce. and the application to th e soil  
in the form o f  mannre 'of what was withdrawn by th e 
crop. 

* . �  'I'lw Effect8 o f  Orao.;s (HI  A ppk rrr('f'� . "  .follrnal H.A.S. F.. Vol. ]xiv. 
p. ant). 

t ·· On Mall l lf(':-; Comdden'd n� Ht j l l l l l l i  to Vegetation," 

Daubeny suggested that manuring should be under­
taken on a system of bookkeeping-on the one s i (l e  
b e i n g  entered all  t h e  items of plant food taken out 1JY 
crops, and on the other all that is appl ied in the form 
of manures, the two sides of the account being made to 
balance. This theory o f  manuring is distinctly sug­
gestive, and often fits in rather r emarkably with actual 
practice, though the comparative agreement between 
theory and practice is  due to causes that the author 
of the theory probably hardly contemplated. Take, for 
instance, the case of wheat. An average crop removes 
from an acre about 5 0  pounds n itrogen, 3 0  pounds po t­
ash, and 20 poun(ls phosphoriC acid.  This loss waul <I 
be restored by the use of some 3 hundredweight o f  
ni trate of soda, 2 hundredweight kainit,  a n d  l' V� h UIl­
dredweight superphosphate ; and on many soils wheat 
could, no doubt, be grown continuously for many 
years on such a m ixture, aided by good t i l lage, w iLh­
out the yield suffering materially.  But we now know 
that much of the plant food offered in manure never 

enters the crop at all ,  so that ihe  balancing of I he 
a.ecount is due al most as much to chance as to Cal ( ' I I ­
lation . This becomes more apparent when we regard 
such a crop as meadow hay,  which in  actual praetke 
is  often grown for a long series of years on the Ra.me 
land. '1'0 bala.nce the withdrawal of  phosphoric aci (l 
by an average yield of th is  crop only abou t 'Yt hun(lr!'d­
we ight of superphosphate per acre is  iheoretical ly  
necessary, but on most  soi ls  an average yield woul l1 
n o t  be maintained by the use of so small  a quantity. 

During the fifties the volumes of the association eon­
tai n several imporlant contributions from the two 
d istingUished Engl ishmen to whom the world 's  agri­
cul ture owes so much, Lawes and Gilbert.  Their first 
contribution was mad e  in  1 8 5 1 ,  and dealt with L i ebig's 
m ineral theory, a subjeet with wh ich their names wi l l  
always b e  associated.  They drew upon thei r ridl 
store of experimental  dai a t o  prove that the yield of 
wheat is much more infl uenced by ammonia than lJY 
minerals,  and they gave it  as  their del iberate opinion 
that th e analysis of the crop is no direet guide whai­
ever as to the nature of the manure required to IJC 
provided in the ordinary course of agriculture. Wil h 
th e reservation " in the ordinary course o f  agriculture," 
the dictum cannot be questioned, though in t.he ci r­
cumstances of the con i inuous growth of wheat, as has 
been pointed out, concl usions indicated by t.he anal ysis  
of a crop happen to aecord,  at least approximatld y ,  
w ith manurial practice. 

Field exp�riments or d emonstrations, which have 
been sneh a prominent feature of the educat ional wo rk 
of the past decade, appear to have been first introduce(l 
at the meeting of the aSSOC iation in 1 8 6 1  by Dr.  
Voelcker. 

While agricultural subjects have claimed a consider­
able share of the time of the associat ion, forestry has 
not been al t ogether overl ooked.  As early as 1 9 3 8  we 
find attention being direded t o  whal has of recent 
y ears come io be a burning question-namely, the 
maintenance of  our i imber suppl ies.  At that: early 
date, when the industrial deveropment of the counl ry 
wa s,  comparativel y speaking, in its infancy, the eHti­
mate of  our timber requirements was, in the l i ght of 
present experience , amusing in its  modesty. Capt.  
Cook estimated that "100 .000 acres of waste taken 
from the Grampian Hills for the growth of larch 
woule! in two generations not only supply the ord inary 
wants of the country. but enabl e us i o  export timber. " *  
Assuming a rotation of eighty years, this est imate 
postulates that the produee of  some 1 ,200  acres, of a 
value  of about £ 1 20,000,  was sufficient to make liS  in­
dependent of foreign suppl ies.  Such is the estimate 
of 1 8 3 8 ; now l et us turn to the estimate of 1904 . Dr.  
Schl ich, in his  volume on "Forestry in the United 
K ingdom," -i- passes in  review Britain's timber req u i re­
ments, and, after making al l owance for woo(1 8 l i l\ e  
mahogany, teak, etc . ,  which cannot b e  grown here, he 
comes to th e conclusion that " if al l  these items are 
added up w e  find that we now pay for imports in  
t i mber the sum of £ 27,000,000,  al l  of which 
could b e  produced in  this country."  Assuming as 
before that the value of an acre o f  mature forest j� 
£: ]  00,  i t  means that our i mports are drawn from 
270 ,000 acres, and t o  maintain our supplies merely at. 
their present l evel a forest area of more than 20 , -
000,000 acres,  worked on an eighty years ' rotation, is  
necessary. 

Although it has been reserved for the Camhrid ge 
meeting of 1 9 04 to witness the delivery of an address 
from the chair of  an agricultural subsection, t.h i s  is 
hy no m e[l,ns the first occasion on which an agricu l ­
tural subj ect has furnished the theme for a preshleniia l  
a.ddress. I n  1 8 80  the then Dr.  Gilbert  presidell over 
Section B,  and chose for his subject Agricul t u ral 
Chemistry ; in 1894 Prof. Hayley Balfour inaugu rat.c(1 
the work of the biol ogical section w ith an address on 
forestry ; wh i le  in 1 8 98  the president of the assodat i rm 
focused the vision of all  thinking men on the great.­
est agrieultural problem of al l-the world 's  supply of 
wheat. 
G1CIUI A X  I N VEST H I .\ T LO X S  o x  T i l E  A C T IO N  OF C01<i , m IWAT I O X  

AG KNT� 0 :\  F,\ IDI Y A HI )  l\ I A !\'rHE .  
Those w h o  have fol lowed the progress of agriCul­

tural science in Germany must. have noticed how mudl 
attention has be,en given during the past ten years to 
investigating the ChangeR that take place in farmyanl 
manure during stora.ge un(ler varying cond i t ions. The 
stimUl u s  and funds for this work have for t.he most 
part been suppl ied hy the German Agricultural So­
Ciety, whieh in 1 8 9 2  resol ve,1 io carry th rough an ex-

* ( �()ok, . .  ( ) I I  1 h(' ( ;PI H'I ' , 1  P i l l l l �  and _\hj('�," 
t Bmdhm'y, Aglh'W & Cn,. 190t .  
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haustive inquiry. For this purpose it enlisted the co­
o] Jeration of several of  the most ful ly  equipped stations 
in the empire.  and the reports that have appeared 
lJear testimony to the industry and analytical ingenu­
ity t hat have been brought to bear on this important 
subject . 

The experiments were original l y  designed to extend 
O\ er four years. the first. 189 2-3 ,  being devoted to 
preliminary, chiefiy laboratory, experiments ; the 
ot hers, t o  work on a scale more in  accordance with 
farm jlraetice. But although the period origmally 
cont emplat ed is  now long past, the problem i s  by no 
m eans solved,  and the society has recently been mak­
ing a fresh grant for addit ional experiments of a simi­
lar character. I n  point  of fact, the subject has been 
fmmd t o  bristle w ith d ifficulties,  and the results ob­
ta ined  with small quantities of  manure, or in  summer, 
lla\' e not always been confirmed with large quantities 
of manure, o r  in winter.  

In 1897 I p ublished an account* of  the more im­
VOitant results obtained up to that t ime, confining 
myself chiefly to questions of  temperature and the 
loss of organic matter, and the conclusion arrived at 
was that "none of the conservation agents usually 
empl oyed appears to have any very importan.t influ­
ence on the decomposition of farmyard manure." 

Since then several important reports 'i' have appeared, 
and I propose shortly to refer to their contents. 

While the experiments have in almost all  cases 
dealt with the fate of nitrogen, phosphoric acid, and 
potash, the ch ief interest centers round the n itrogen, 
for, given reasonably satisfadory conditions of stor­
age, it is  only this eonstituent of  farmyard manure 
that is  l i l{ely to suffer loss. But mueh importance, 
from the experimental point of view, attaches to the 
an alytical results obtained with the other t wo sub­
s t ances, for the reason that the quantities of these 
found are the surest test o f  the accuracy of the work. 
The g8neral method of p rocedure has been to employ 
a fair ly  simple-1lUt sufficiently nutritious food-mixture, 
fllH! to a l l ow a definite quantity of this and of l itter 
for a eertain number of selected cows.  The weight of 
!l i t  rogen , phosphoric acid, and potash in  the food is 
accurately determined , a l l  of which ultimately reaches 
th e  manure, 18ss what goes into the milk, and into the 
l ive-weight increase, if any. If the account of  what 
the animals receive as food and l i tter, and what they 
furnish as l iqUid and solid f<eces ,  mill(, and animal 
incl'(oase, approximately balances as regards m ineral 
matt er,  i t  may be assumed that the sampling and 
analysis  have been sufficiently aeeurate to j ustify defi­
n i t e  (,onclusions being based on any deficiency i n  nitro­
gen t hat may be found. 

Til e work of Hansen and Gunther, Pfeiffer, and Im­
menllol'ff was carried out at cOllsecuti ve period" from 
J 8fJ3 to 1 9 0 2 ,  at the experimental stat ion of Zwat)<en, 
near J ena, where stal ls and dung-j:its had been con­
st ructed for the purposes o f  th is resea rch. Schneide­
wind's experiments were conducted at the station of 
Lauchstiidt,  near Halle. 

E�' F I';CTS OF K A I :\, I T .-This was used by Hansen and 
G unther at the rate of 0 . 7 5  ldlogramme per  1 ,000 
ldlogrammes live weight of  stock per day,  while  
Pfeiffer and Immendorff used twice as much.  The 
l(ainit was in  no case spread on the l i tter in the sta l l ,  
as this w o u l d  have caused inflammation of t h e  sldn 
of the udder, legs, and abdomen of the cows, but was 
spri nkled on the manure as spread and p ressed into 
(he pits .  I n  certain series of  th e experiments the 
manure was removed from the stalls daily, in others it 
was onl y removed once a week. Two weeks was the 
uSllal time necessary to collect a suffieient quantity of 
lllanure,  which, with the l iquids,  llsually amounted to 
a J lOut 8,000 k i l ogrammes at Zwiit7,en, and about one­
fifth of  th i s  weight at Lauchstadt. The period of 
s t O l'age was general l y  about four months . 

Hansen and Gunther found that in p its the un­
t \'('a i ec1 man lire lost 1 1 . 5, per cent of nitrogen ; while  
t h c� man ure trea ted with Iminit  lost 14.4 per cent. 

Pfeiffer found that th e loss of  n itrogen i n  untreated 
manure was 1 7 . 2  per cent, which compares w ith a loss 
o j' J 9.5 per cent in the presence of Iminit. The loss 
o j' n itrogen when kainit was used by Immendorff was 
2J . 3 pel' cent, the loss in the untreated manure not 
hejng given in his tentative report so far availabl e.  
Schnei(lewind did not experiment w ith kainit .  Th e 
reHU l ts  of these experiments are in complete relative 
a�reement, and show that the loss of nitrogen is  great­
eJ' when kainit is  used than when i t  is  withhel d .  

IC I<'I-' J-: ( , T s  O F  S I 'PEHI' I I0HI'IlATK-Th is substance was 
spread twice dai ly over the l itter i n  the stall  a t  the 
ra t e  of 0 .75  l< i l ogTamme per 1 ,000 Idlogrammes l ive 
weight. The results obtained were as follows : 

Per Cent Loss of Total 
Nitrogen. 

I n  untreated When super.  
clung.  used.  

Hansen and Gunther 1 0 . 2 5  1 6 . 25 
P feiffer . .  , . . . . . . . . . . . . . . . . . .  1 7 . 2 0  2 0 . 8 0  
IJ1l 111enllorff . . .  , . . . . . . . . . . . . .  1 9 . 8 0  

With superphosphate, as with kainit,  t h e  l o s s  o f  
n it rogen during th e storage of dung has been in­
creased. It  may, however, be mentioned that Hansen 
and Giinther and I mmendorff found that superphos­
vhate conserved n itrogen to an appreciable extent so 
long as the dung lay i n  th e stal l ,  but that its effects 
disappeared whenever its acid phosphate ami free sul -

* .Tourn a l  Board of Agrkn l t n re. S( 'ptcmber. I H97, 
-j HllllF:en and GUll ther, HVersHche fiher Stal1mi st.·Behuudhmg," Arheiten 

11el' ])Put. Lund.  Gesell .  Heft :JO. 1898. Pfdffel'. H Stalll11ist�Kon8ervinl l ��. t 1  
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Vhuric acid had been neutralized hy ammonia,  anc! 
this rapidly occurred in the pit .  

EVFECTH OF PmX ' l P J 'I' A n; I l  P II O ::; P Il AT I C  Gyp::; \ '  �l.-Th is 
at the rate of  1 kilogramme per 1 ,000  kilogrammes 
l ive weight was tried by Hansen and Gunther and 
Immendorff, the substance employed containing fully 
8 per cen t  P,O,.. It was spread twiee daily on the 
l itter in the stal l .  The result obtained by Hansen 
and Gunther was that after lying for seventeen weeks 
in the pits the manure that had been untreated had 
lost J 0 . 3 5  per cent of nitrogen, whereas that treated 
with the phosphatic gypsum showed a loss of 14 .47  
per cent .  The loss of nitrogen found by Immendorff 
when this substance was used amounted to J 9 . 8  per 
cent. This substance, like the others,  would therefore 
appear to be valueless as a fixer of n itrogen. 

EFFECT::; O F  Gyp::;c\d .-This substance has long been 
recommended as an agent for conserving n itrogen in 
the dung-heap. The results  of its use,  spread twice 
daily on the l itter i n  the stal l at  the rate of  1 kilo­
gramme per 1,000 kil ogrammes, l ive weight,  in the 
experiments cond ucted by Hansen and Gunther, were 
that i n  the presence of gypsum the loss of nitrogen 
amounted to 1 1 . 8 9  per cent , which compares w ith a 
l oss of 8 . 5 6  per cent when noth ing was mixed with th e 
dung. 

Schneidewind , using a mnch larger quantity of 
gypsum, riamely, 5 ponnds per 1 0 0  pounds of dung, 
found that the loss o f  nitrogen was re<1nce(1 from 
3 5 . 6 9 cper cent to 1 5 . 2 2  per cent.  In (his connection h e  
says : "The _use of gypsum has markedly reduced t h e  
l o s s  o f  n itrogen.  Assnming the conserved n itrogen 
to have a good aetion on the crop , t h i s  agen t may be 
said to have pai d .  But as the bul l, of the n itrogen so 
conserved was fonnel to consist of  s low-acting albnm in­
oid compounds, and seeing that the SUlph ate of l ime 
was largely reduced to sulphides,  which are directl y 
injnrious to plants, we cannot conclnde that the use o f  
gypsum h a s  b e e n  profitable .  Investigations w i t h  t h i s  
substance wi l l ,  however, be  continued . "  

Hansen a n d  Gunther carried their  experiments the 
length of using the various lots of manure on erops, 
but this part of their researches was hardly more 
favorable to the use of conservation agents than the 
other.  They thus express th emselves : "vVhen the 
varions manures were used on crops,  five times in six 
the treated manure acted no better than the nntreateel .  
Only on one  occasion was  an improvement observable .  
F i eld and pit  experiments alike have proved that the 
conservation agents employed are of no value ."  
Schneidewind expresses himsel f equally forcibly when 
h e  says : "As the result of many experiments con­
(I uded by onrsel ves and others, we have arrived at tl w 
concl usion that chemical substances are valneles s  a s  
conserving agents ."  

Pfeiffer also tr ied sn l phnric aehl  sprinJd ecl over tJH'� 
manure as it was p l aced daily in the pit ,  when it was 
found that the loss of nitrogen was reduced from 
27.8 per cent to 7.1 per eent. In this  conneetion 
Pfeiffer says : "The eost, however, was nearly a marl, 
for each k ilogram me of nitrogen conserved , and t h e  
u s e  of  sulphuric a c i d  is  associated with so many draw­
backs that its employment cannot he recommellfle(l . "  

Schneidewind came to a similar conelnsion, a n d  thus 
expresses h i msel f :  "As a resul t o f  numerous conser­
vation experiments carried ont with varions q uanti­
ties of  sulphuric: add, and with various acid snlphates, 
we cannot advise the use of  these substanees . "  

B u t  although no benefits have been obtained from 
the use of the substances indicated , some u seful i nfor­
mation is  available as to the advantages of giving at­
tention in  other directions to the management of  farm­
yard manure. Hansen and Gunther took foul' l ots of 
manure of  similar character, storing two of the lots 
in pits and placing the other two i n  heaps i n  the open 
field.  From the end of September nntil the middle 
of December the pitted material  had on an average 
parted with 1 3 . 25 pel' cent of total nitrogen , whereas 
the loss i n  the manure in· heaps averaged 2 5 .3 per 
cent. When the behavior of the ammoniacal nitrogen 
was investigated it was found that (he loss was 3 5,. 7 3  
p e r  cent in t h e  pits a n d  8 2 . 5  p e r  cent i n  t h e  heaps. 
The loss ,  therefore, is  greatest in that part of  the 
n itrogen which is the most active and the most valu­
able. 

In anoth er series of  experiments by the same in­
vestigators the mannre was a l l  placed in pits, but in 
one case it was spread equally and (rod den down,  wh i l e  
th e escape of l iquids was prevented .  In the other 
ease the manure was simply thrown loosely and i r­
regularly into the vit  without spread ing or tread ing,  
the sn rface being l eft nneven and t herefore much ex­
]losed to the air .  wh i l e  the l iqnids were al l owed to 
drain away. After lying for twenty-two weeks th e 
loss of n itrogen was 1 5 . 7 6  per cent i n  the pit contain­
ing the careful ly  t reat ed manure, whereas in the other 
]lit th e loss amonntec1 to 3 4 . 5 8  per cent.  

Pfeiffer in  a series of  experiments proved that much 
of the n i trogen that disappears from manure is  l ost 
before the manure is  transferred from the stall  to 
the dungsteacl .  He is strongly of opinion that stal l s ,  
hoxes, a n d  t h e  l i k e ,  shoul d either be cl eanecl ont twice 
d aily, or, if the construction admits, the mannre 
should be l eft to accumulate until  it  is  some feet in 
depth,  as in the system of management that prevail s 
in cattle-courts an d yards in this country. 

The general conclusion arrived at ,  and ( ' 1  earl y ex­
pressed hy Pfeiffer, is that excessive loss  in manure 
can be best avoided by storing it i n  a deev maRS in Cl 
w ater-t ight dung-stead placed in a wel l-shaded sit,na­
tion,  in  which the material is  firml y ('om]Jressecl .  The 
necessary compression can b e  securec] i n  various ways 
perhaps most conveniently and effect ively hy mean s 0 1  

the treading of cattle ,  The u s e  o f  a c'olls iderah]e pro­
portion of  moss-l itter is  s L rongl y recommended.  T h i s  
s ubstance n o t  only absorbs a n d  reta ins the l iqu icl s ,  hut ,  
being acid,  i t  fixes ammonia. I n  the absenee of moss­
l itter, loamy soil rich in numus will prove a useful 
substitute. 

THE ( ' Il E "\lI C A L  F J X ATIOX mf A T ;1] O S I' H E I{ i ( '  x I T lwm; x . 

It has for long been the dream of chemists to dis­
cover, o r .  welcome the discovery of,  a chemical vrocess,  
capable  of industrial applieation, by whieh tile n i t ro­
gen o f  the air  could be made available to repl ace" o r  (0 
snpplement our rather l im ited supplies o f  n i trogellO l l s  
manures. I n  h i s  presidential address,  S i r  W i l l iam 
Crookes had something to say on this  faseinating su b­
ject, and looked hopefully to e l eetricity i o  w i v e  the 
problem. He pointed out that with currcnt cost ing 
one-third of  a penny per board o f  trade unit a ton of 
n itrate of soda could be produced for 2G jJouwls ; 
while at a cost of one-seventeenth of a penny pel' u n i t  
-a rate possible when large natural sources o f  llo wpr, 
l ike  Niagara, are available-the cost of such art ificial  
nitrate of  soda need not he more than 5 pounds per 
ton .*  

Dr.  von Lepel , in giving an account of reeent work 
on Uds subject to the winter meeting o f  t h e  German 
Agricultural Society in  February of this  yea r , -i' put s 
the cost of electric n itrate, as compared wit  h Ch i i i  
n itrate, i n  the proportion o f  24  t o  3 9 ,  which i s  i n  e l ose 
agreement with S i r  W i l l iam Crookes 's estimate. Lepel 
points out that the material obtainec] ,  neutral ized by 
some alkal i ,  consists of a m ixture of n i t rate and nit­
rite. vVhen used in [Jot-culture experiments it has 
giYen results closely agree ing with those furnished by 
Chi l i  n i t rate. 

Good progress would also appear to have been maclc 
in anoth e r  direction in  the commercial fixation of at ­
mospheric n itrogen,  and a short account of the resu l t  s 
was eommun icated by Prof. Gerlach , of Posen, to thp 
m eeting of the German Agricultural Society already 
referred to,  and i s  publ ished i n  the same issue of til(: 
M itthei lungen. 

When air which has been freed of  oxygen is (;0;]­
ducted through finely dis integrated calcium ear l l i ! i u  
a t  a high temperature, one atom of carbon is cl isp la( 'cd 
by two atoms of  n itrogen , and calcium cyanam i (le  
( CaCN" J is  formed. This substance is  also producecl  
when a m i xture of l ime or chalk and charcoal is  heat­
ed to a temperature of 2 ,000  deg. C .  i n  a cuncnt of 
a ir ':;: When pure, this substance holds  3 5  per eent o f  
n itrogen,  but in its crude commercial form i t  cont ains 
only a bout 20  per cent.  T reated with acids , ealei urn 
cyanamide is changed into dicyand iam ide, a suiJstall('e 
holding nearly 6 7  per eent of nitrogen,  but el ireelly 
poisonous to plantf;'.  Or,  i f  heated in  superheated 
steam, calcium cyanamide parts with all its n i t  rogen as  
ammonia ,  which ,  of  eourse,  is  eas i l y  b rought int 0 a 
portable form. 

But experiments eonducted at Posen and Darmstacl t  
during the past three years, both i n  pots and in  the 
open fie ld ,  have shown that calcium cyanamide i tsel f 
is a useful nitrogenous manure, field experiments giv­
ing results abo u t  20 per cent below those obtained by 
tile  use of  an eq ual amount of nitrogen in  the form of 
S U l phate of ammonia. In  p repared soil  i n  pots the re­
sults ful ly surpassed those obtained both with nitl'atp. 
o f  soda and SUl phate of  ammonia, the less satisfado r v  
y iel cls  obta ined in t h e  fi e l d  b e i n g  perhaps due t o  th;� 
organic  acids i nclucing the formation of a cert.a i n  
amount of  t h e  poisonous dicyandiamide. 

So far as on e  may judge from the information avai � ,  
able,  i t  would appear that agrieulture w i l l  not  h a l ' 
l on g  to wait until  it is placed in the !iossession of n2  
suppl ies  of that  most  powerful agent of pro d u c t  i o n , 
ni t rogen, and Sir  vVil i iam Crookes will see t h e  f l l l ­
fi l l ment of  h i s  prediction that "the future can tal,e 
care o f  itself." 

( To be continued . )  

PECULIARITIES OF SOME PREC I O U S  STON E S .  
O F  a l l  the gems, t h e  emerald is  the most. rare awl 

the most. costly upon th e market for preeious St.ODf�� .  
True it  does  not possess the r'c lat  or the p l ay of  l i gh t 
common to the diamond, 01' the rieh eolor i n g  or 
ha rdness or  the ruby,  and yet the emerald is  pleas i n g  
to t h e  eye , a n d  its soft green hue  comforts the organs 
o f  vision ' and adds restfulness to the tired eyes. 

That the ancients appreciated th i s  qua l i ty  in tile 
emerald w i l l  be seen from the fol l owing passage 
qu oted from Pliny : 

"There is no color more agreeabl e to the eye than 
tbat of  the emeralG ; whatever p l easure we talw in 
considering the green leaves and plants is  greatl y  8U­
hanced by the contemplation of the emeral d ,  of a green 
hue to which no other color is  comparable ."  More­
over,  the emeral d possesses the property of p reserv­
ing its transparenc:y as well as its diaphaneity, wllat­
ever may be its thiekness , and its condition remains 
unchanged whether placed in the shadow or i n  the 
lJeaming rays of the sun.  

vVhen of a beau tiful or prime quality this gem a t ­
t a i n s  t o  a t r u l y  fabulous priee ; f o r  fi n e  specimens of  
emeralds have been seen of whieh the appraised val u e  
was f r o m  5 ,000 francs to 6 .000 francs per earat. From 
a mercanti le  vieY1poi nt and rarity its only real rival 
is  the ruby. �While the blue sapph i r e  is considerecl 
as a rel ativel y common stone , its val ue rarely sur­
paRsing GOO francs pel' earat, and that only  for sreci -

* CJ'()ok('�, � �  The "'''heat Prohlf'm . "  p.  47. 
+ Dr. yon 1.elJf'I , � �  XC'IWI'(' V('r� l Ic ! l (' 7.I l l' Nu t7:ilarlllacll lll l g'  d (, 8  atmo­

'-" 1 1  tlr i l",wh{'n St.iek�toffR d n I'ch Eh�ktl'1t-:d}(' I<.'I:ulllllrn hog'C'l1,�' \Htth ci l .  d. 
I k l l t .  Lllw1 .  Gt'Bf' I l . ,  1904, :4tuck R. 
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llleIlS of first choice, the red sapphire or ruby, when 
it is  really prime, is  worth as much as 2,5·00 francs 
per carat. 

Of the light colors "dove blood'" i s  the rarest, and of 
the deep reds that known as "beef blood" is of equal 
rarity. 

Cambodia, Indo-China, is  the country which pro­
duces the greatest quantity of rubies. Under enorm­
ous difficulties and at the cost of  many human lives 
do the Burmese miners snatch these precious gems 
from the lap of earth. Having discovered a valuable 
ruby, the miners use every imaginable subterfuge for 
deceiving the inspectors, and thus appropriating the 
stone. One of the tricks, which we believe is unknown 
here, consists in making an incision in some part 
of the body, and, after having inserted the stone under 
the skin, assuring the rapid healing of the wound by 
m eans of a special bandage. There only remains now 
an opportunity for d elivering the stone from its hid­
ing place and converting it into cash. Rubies are 
very fashionable as engagement rings. The reason 
for this is the innumerable  virtues which th e Orientals 
attribute to them ; according to these mystical people, 
the stone heals all wounds, brings concord and happi­
ness into the domestic circle, endows its wearer with 
eloquence, preserves the eyes from d isease and cures 
dropsy, with other qualities too numerous to mention. 

The Italians consider the blue sapphire capable of 
conferring happiness, and this stone, though more 
common than its near relation the ruby, is still very 
h i ghly esteemed in some countries. Those of the 
rl eepest shades are the most rare, and when they occur 
without blemishes, they attain to considerable value. 
-Translated from Bulletin Mensuel de l 'Horlogerie. 

---------

THE NEW ZEALANDERS. 
I N  proportion to the dimensions of New Zealand, 

the population is very small ; and even in the earliest 
days of our acqUaintance with it, the land seems to 
have been but thinly inhabited. Taken as a whole, 
the natives are a singularly fine race of people-tall ,  
powerful ,  and well  made.  Their color, although vary­
ing somewhat in shade, is always a brown of some 
kind, the complexion being sometimes as l ight as 
that of  a Spaniard, and sometimes of a dark umber. 
The nose is straight and well formed, and in many 
cases is boldly aquiline ; the mouth is large, and the 
lips are moderately full.  The cheekbones are high, 
and the eyes are large, dark, and vivacious. The 
teeth are remarkably white and even, and feet and 
hands small and shapely. The men have naturally a 
full beard ; but they always remove every vestige of 
hair on the face, in order to show the patterns that 
are tattooed upon it. Now and then a very old chief 
will allow his beard to grow, but, as a rule, the face 
is divested of all covering ; so that the absence of 
th e beard, together with the profusion of tattoo, de­
stroys all evidence of age, and makes the countenance 
of young men of twenty look nearly as old as that 
of a man aged sixty. 

The hair is plentiful, and mostly straight, being 
twisted and curled by art into various fash ionable 
forms. I n  some instances it is  l ight,  even reddish in 
color ; an d  in such cases accompanies a peculiarly fair 
complexion. 

There seem to be two castes of men among these 
people. The upper is distinguished by the above char­
acteristiCS, but the lower is of shorter stature, and 
has coarse, curly, though no t woolly hair, more prom­
inent cheek bones, and a much blacker skin. This 
second race is mixed in insensible gradations with the 
former, and is far less numerous. 

From the existence of two races in New Zealand; it 
migh t  be thought that the darker were the original 
proprietors of the soil anterior to the arrival of a 
stock of true Polynesian origin, and that they were 
conquered by the latter and nearly exterminated ; but 
it is  very doubtful whether the differences observed 
among the natives are really due to such a source, 
for similar varieties are found in all Polynesian 
islands. 

There is undoubtedly a . greater variety of color and 
countenance among the natives of New Zealand than 
one would expect-a circumstance that might prove 
either an early blending of different races, or a differ· 
ence of social conditions, a supposition which would 
go far toward explaining the fact. All the New Zea· 
landers speak of the Mango-Mango, or Blacks 'of New 
South Wales, as unconnected with and inferior to 
themselves ; but they never make such a distinction 
regarding their own tribes. 

As is often the case with uncivilized peoples, the 
women are decidedly inferior to the men, being much 
shorter, and not nearly so well made. They are not 
treated with that harshness which is the usual char­
acteristic of married life among savages, and ' are 
even taken into their husband' s  counsels, and have' 
great influence in political affairs. ' Still ,  the drudgery 
of' the hOllsehold falls upon their ' shoulders, and the 
lot of  an ordinary New Zealand wife is  a hard one. 
She has to cultivate the ground, to carry the produce 
of the distant fields to the house, and, when the family 
is traveling, is  obliged to carry all the heavy load .  
Those who preserve their beauty longest are  the 
daughters of wealthy chiefs, who can afford slaves 
by whom all the hard work is done, and who there­
fore free their mistresses from one of the causes of 
deterioration. 

A very lax code of moral ity prevails  among them, a 
young girl being permitted the utmost freedom until 
she is married, although afte.rw�I'(l �he becc;Hue:;; i't 
model of constancy. 

Unlike the men, the women do not disfigure their 
faces by the tattoo, which gives that stern and fixed 
expression so charaoteristic of a New Z ealand 
warrior ; . and they thus allow their really flexible and 
intelligent features to have full play. The only parts 
of  the face that are marked with the tattoo are a 
space beneath the mouth, and also the lips, which are 

Tt'kooti, a Celebrated Maori Chief in State Costume 
with Mantle of Phormium , Lance or " Tai-Aha, " 

Huia Feathers in the Hair, a Sign of Nobility 
and Authority. 

rendered blue by the process, it being cons idered dis­
graceful for a woman to have red lips.  The tattooing 
is  always performed at th e  period when the child is 
allowed to take her place among women ; and, as may 
be imagined , it gives a livid and very unpleasant ap­
p earance to the mouth. The children are very pleas­
ing and interesting little creatures-full of  intell i­
gence, and unusually free and open in their manner. 

The government of the New Zealanders is a curious 
mixture of  simpl icity and complication. Monarchy 
is unknown, each tribe having its own great chief, 
while an inferior chief presides over each clan or 
s ub-tribe.  The entire population may be divided into 
three ranks. First come the nobility, then the free 
men, and lastly the slaves. The nobility go by the 
general name of "Rangatira"-a title which is always 
given to officers, missionaries, and other white men 
placed in command over others. 

The free men form the great body of the warriors ; 

A Maori Beauty. 

some of them being the sons of Rangatira, and others 
merely having the privilege of free birth, which car­
ries with it  the right of  tattooing the face. The 
sl aves are always procured from two sources ; they 
are either .captives taken in battle ,  or are the children 
of the same. The value of such slaves is very great. 
Al l  savages are idle, but the New Zealander is one 
Of the laziest mortals in time of peace. I n war he 

is all fire and spiri t ;  but in peace h e  lounges l istlessly 
about and will not do a ' stroke of work that can pos­
sibly be  avoided. Whatever real work is to be done 
is left to the women or the slaves. There are slaves 
of both sexes, to whom the appropriate work is 
allotted. 

VARI OUS METHODS USED I N  FORECASTING 
THE WEATHER. 

A LECTURE del ivered by Prof. J .  M. Pernter to the 
Association for the Advancement of Scientific Knowl­
edge ,  in Vienna last winter, is printed in the Monthly 
Weather Review. He says that all methods of weath­
er forecasting, not excepting those in use by the cen­
tral meteorological offices, are based upon observed 
weather conditions and have, therefore, an empirical 
foundation. Many of them do not even make the 
s l ightest attempt to put their methods on a theoretical 
basis, and content themselves with setting up "weath­
er  rules ."  Even the scientific methods of professional 
meteorologists have not yet succeeded in deducing a 
theory capable of determining in advance the changes 
of  the weather as the effect of one or several known 
causes. , Only the advocates of the influence of the 
moon have ventured, ':lolely by means of aprioristic 
theories, to "calculate" the weather for long periods in 
advance. Prof. Pernter then goes on to tell of the 
widely different methods by which the various weather 
p rophets carry on the work of weather forecasting, 
such as those who make use of the behavior of ani­
mal s ;  hunters who recognize the character of the ap­
proaching season from the action of the wild animal s ; 
the observers of birds, spiders, crickets, ants, and 
other animals ; those who make use of the dead sub­
stances of the animal or vegetable ldngdoms, such as 
hairs, strings of · instruments, roots, and fibers of 
p l ants ; those who consult stones and walls, learning 
from the "sweating" or dryness, and those who rely on 
th e i r  own bodies for foretell ing the weather-assum­
ing that these have nerves, joints, and corns, some­
times making use of the stomach and sometimes even 
the head. He commiserates these persons, and says : 
"They are far behind that class which forms its con­
clusions of the approaching weather from observations 
of the weather  conditions themselves. You are all 
well acquainted with this latter class of weather 
prophets ; in every community there is at l east one 
person who is  especially relied upon, whether he be a 
farmer, a mill er, a teacher, or a pastor of long stand­
ing. They look up at the sky, observe the clouds and 
the direction of their motion, and from these they 
forecast the weather for the next day, with good re­
sults.  These local weather prophets rely indeed upon 
phenomena which have the closest connection with 
the coming weather.  For th e weather does not sr ring 
like a deus ex mach'ina down from a distant cuckoo's  
nest  in the clouds,  but is drawn from comparatively 
near regions, or if  you prefer, forms gradually in 
the place itself. .  This approaching change in the 
weather is announced by the appearance of the sky 
sometimes for a longer, sometimes for a shorter time 
in advance, and the skill of the weather prophet con­
sists in rightly interpreting for the near future the 
appearance of the sky and the weather conditions. 
Since it is generally necessary, in order to grasp the 
weather conditions correctly, to have a clear judg­
ment founded on long experience in observing, to­
gether with an accurate eye and, I m ight almost say, 
an inborn quickness of perception, therefore, there are, 
as a rule, only single individuals in every community 
who enjoy the reputation of being good weather 
prophets. Certain phenomena, however, are of so 
typical a nature that they have been reduced to fixed 
rules and are everywhere expressed in popular lan­
guage." 

"An old and by far the most widespread method of 
weather prediction," says Dr. Pernter, "is  based on 
the idea, which is, I m ight say, universal among 
mankind, that the heavenly bodies have an influ­
ence on everything which takes place on the earth, 
and particularly upon the weather. The moon is 
that one which was supposed to more especially in­
fluence the weather, although this power was at­
tributed to the planets also, so that each one pro· 
duces a certain kind of weather, and therefore d i­
vides the year into damp, dry, stormy, quiet periods, 
etc . ,  according as one or the other planet is the 'ruler 
for the year.' The moon is credited with being the 
principal t'lominator of the changes of the weather. 
The weather is supposed to change by preference with 
the moon ; therefore the new moon and the full moon 
especially possess the power of influencing the 
weather, and one of the most widely spread weather 
rules is that the weather changes with the new moon 
and the full moon. However, by many others the 
first and last quarters are considered of greatest im­
portance. Especially clever observers of the influence 
of the m oon upon the weather pretend to have also 
observed the distinctive individual influences of the 
phases known as octants.  In general the opinion is 
very widespread that the decreasing moon exercises 
a weak, and the increasing moon a strong, influence. 
Thus far the theory of the influence of th e moon on 'the weather is .the direct result of the popular be­
lief in the moon, without regard to any scientific 
basis." 

Prof. Pernter then proceeds to take up the modern 
scientific methods, shows how the reports of various 
stations throughout a country are assembled.  and d e­
ductions made, which are genera l l y  corred., al though 
even the scientific m ethod can give no positive cer­
tai nty, since in E,urope it can offer onto a l ittle above 
80 per cent of verifications· of the weather. 
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A SWARM OF BUTTERFL I E S  AT SEA. 

DUHI NO the days of the 10th and 11th of July, the 
s urface of the ocean between Chausey and Gran­
vil le  islands was l iterally covered with immense clouds 
01' butterfl ies. This curious phenomenon has been de­
scribed by several eye-witnesses, and, among others, 
by the captain of the boat of the Board of Public 

general precedence. 'fh e  Speaker of the H01l s e  of Com­
mons, however, ranks next to a varon-that is,  he is 
thirtieth on the scal e ;  while the Secretaries of State, 
who originally owed their appointments directly to the 
Crown , come thirty-sixth. The "Juncto" Ministry of 
1 69 5  is usually regarded as the first cabinet, while 
Sir Robert Walpole was our first Prime Minister 
proper ; and these facts account for the greatest anom-

he ritance or grant from the Crown, are ent itled to 
veal' coat-armor. 

All  the clergy except bishops ( twenty-eighth ) , all 
lawyers except judges ( forty-seventh ) ,  and all  officers 
of the army and navy, from fi eld-marsilals and ad­
mirals of  the fleet downward, are l eft out in the cold .  
The church, law, army, navy, diplomacy, and learning 
have scales of  special precedence, confined to their 
own respective spheres, determining the ranks of their 
members ; but such are wholly ignored in the scale of 
general precedence. 

The question is, of course, not so vital ; but, from 
the facts submitted, many will be of opinion that 
there is  as great necessity for reform of the scale of 
general precedence to-day as there was for parlia­
m entary reform in 1 8 3 2 .  

T h e  scale of general precedence f o r  women n eces­
sarily presents fewer anomalies than that for men ; 
duchesses come immediately after the wives of the 
sovereign's nephews, and are fol lowed by marchionesses, 
countesses, and so  on downward to gent1ewomen. 
The wives and child ren, it may be added, of the Arch­
bishop of Canterbury, the Lord High Chancellor, or 
the Speaker of the House of Commons do not partici­
pate in his sUbstantive--that is,  official-rank, but 
only in his personal rank, whatever it may be.­
Chambers'S Journa l .  

T H E  LAUNCH OF THE TRAINING SHI P  
" I NTREPID."  

A SWA R M  OF B U TTE RFL I E S  E N C OUNTERED O N  T H E  OCEAN. 

IT  is  not always that the launch of a naval ship 
takes place amid such picturesque surroundings as 
those shown in the accompanying view of th e launch 
of the training ship " I ntrepid" of the United States 
navy. This l ittle craft, whose construction was au­
th orized by Congress March 3 ,  1903 ,  will be bark-rigged. 
She is a sister ship to the "Cumberland," recently 
launched at the Boston navy yard, a cut of whiCh, as 
she will  appear under full sail, was p ublished in the 
issue of the SCIENTIFIC AMERICAN of October 22, 1904 .  
Th e order  for  the  construction of the  "Intrepid" was 
placed at the navy yard, Mare Island, San Francisco. 
The "Intrepid" is  a steel vessel,  to be used in the 
training of landsmen and apprentices. She is to cost, 
when completed, $ 3 7 0,000.  She will be propel led by 
sail only, and will  be bark-rigged.  Her general d i­
mensions and features are as follows : Waterl ine 
length, 176  feet 5 inches ; extreme breadth, 4 5  feet n:! 
inches ; mean draft for a displacement of 1 ,800  tons, 
1 6  feet 514 inches. 

Works, who gives the fol lowing account of it : "The 
white butterflies appeared as numerous as  ·flakes of 
snow, and a person might have thought that h e  was 
in the midst of  a storm, since the insects at times 
formed very compact clouds that produced the appear­
ance of an approaching squall ." D uring the two days 
noted above, the voya"" from Chausey to Granville  
Island was effected entirely under such conditions. 
The distance between these two islands is about ten 
m iles.  Beyond Chausey Island, thinly scattered 
swarms were encountered. Many of these insects fell 
into the water, wh ile the mass was always endeavor­
ing to ascend, and the wind blowing from the east was 
ever carrying it seaward.-Translated from La Nature 
for the SCIENTIFIC AMERICAN SUPPLEMENT. 

WHO GOES FIRST I N  ENGLAND ? 
EVERY One knows that in the scale of general pre­

cedence for men, dukes come before marquesses, mar­
quesses before earls ,  earls before viscounts, viscounts 
before barons, barons before baronets, and baronets 
before knights ; but it may not be so generally known 
that these grades of rank come as far down on the 
scale as the n ineteenth , twentieth, twenty-second, twen­
ty-fifth , twenty-ninth, fifty-first, and fifty-fifth places 
respectively. 

The members of the royal family, down to the 
nephews of the reigning sovereign, hold the first six 
places ; and, after them, the Archbishop of Canter­
bury has the highest precedence in the scale of social 
gradation . He is immediately followed by th e Lord 
High Chancellor of  Great Britain ( eighth ) and the 
Archbishop of York ( ninth ) ; but the Prime Minister, 
to whom these dignitaries owe their positions, has no 
place whatever on the scale, nOr has the First Lord of 
the Admiralty, the President of the Board of Trade, 
the President of the Local Government Board, the 
Postmaster-General, the Under Secretaries of State, 
the members o f  the House of ComI.lOns, the Viceroy of 
I n dia, or the Governor-General of Canada. 

The representation of parl iamentary boroughs be­
fore the Reform Bill of 1 8 3 2  does not bring out in 
sharper contrast the changed conditions between two 
given periods than the scale of precedence does, but it 
supplies a striking analogy. For instance, places 
which ha.d been ins ignificant villages or non-existent 
in the reign of Henry VI I I .  were large centers of 
population at the beginning of the nineteenth century, 
while important towns of the Tudor period had become 
villages or even hamlets in the Hanoverian. Similar 
revolutionary changes have taken place in the social, 
and especially the pOlitical, worl d ; while the scale of 
general precedence remair.s virtually the same as 
fixed in the sixteenth century. 

A few of the outstanding landmarks in the history 
of England an d of the British Empire il lustrate and 
explain, in a most vivid way, the chief anomalies. 
When James I. ascended the English throne in 1603 ,  
the  only foreign possession held  by England was New­
foundland, and that only in name. India and Canada 
were not won until the middle of  the eighteenth cen­
tury, when the foundation of the empire on a solid 
basis  was really laid. 

The Tudors were absol ute kings with most obedient 
parliaments, and the Stuarts lost the crown in conse­
quence of their endeavoring to continue the personal 
autocratic nonarchy of their predecessors ; hence the 
representatives of the people were not l ikely to receive, 
un(l (l id not receive, any recognition in the scale of 

aly-the omission of all  mention of the premier and 
cabinet m inisters, other than s ecretaries of state and 
the Chancellor of the Exchequer, on the scal e. 

There was no need for a President of the Board of 
Trade in the reign of Henry V I I I . ,  still  less for a 
Postmaster-General. In those days the real executive 
power resided in the Privy Council ; hence the high 
positions on the scale of the Lord President of the 
Privy Council ( el eventh ) and of the Lord Keeper of 
the Privy Seal ( twelfth ) .  While p resent-day under 
secretaries of state are unrecognized, privy council­
lors come forty-first on the list. 

The Lord H igh Chancellor owes his exalted position 
on the scale not to his  being head of the judicature, 
but to the fact that in the sixteenth century he repre­
sented in his  person the joint offices of Justiciar and 
Chancellor of the Middle Ages-that is ,  h e  was Prime 
Minister de facto. The Lord High Treasurer was then 
also a great officer ; hence his coming tenth. The 
Chancellor of the Exchequer, who is now d irectly re­
sponsible for the handling of the national purse, comes 
as low down as forty-second on the scale. 

The Lord High Constable  of England ( fourteenth ) ,  
the Earl Marshal ( fifteenth ) ,  and the Lord High Ad­
miral ( sixteenth ) were also great officials in Tudor 
times ; while the commander-in-chief, field-marshals, 
and admirals of  the fleet of our day have no places as 
such on the scale. As a matter of fact, a standing army 

The armament consists of six 4-inch, 40-caliber rapid­
fire guns, four 6-pounder rapid-fire guns, two 1-pounder 
rap id-fire guns, two Colt automatic 0 .3 0-caliber guns. 
The battery will be mounted as follows : The 4-inch 
guns in broadside on the gun deck ; the 6-pounder guns, 
forward and aft on the main deck ; the I-pounder guns, 
amidships on the main deck ; the Colt automatic guns, 
midway between the I-pounder guns and the after 6-
pounder guns on the main d eck. Arrangements will  
be made for dismounting and stowing the 4-inch guns 
on the main d eck. 

The magazines are located aft, and are well isolated 
from the compartment containing the dynamos, etc., 
and from the boilers. The vessel is  supplied with two 
24-kilowatt generators, two evaporators and two dis­
tillers, one condenser, and pumps for drainage, fire, and 
other purposes, besides a steam capstan windlass and 
an electric winch. Steam is supplied to this machinery 
by two boilers with a total heating surface of about 
1,500 square feet, and it is  the presence of these bOilers 

Length , 1 70 feet 5 inches .  Bea m ,  4 5  feet 7% inche,. Dra ft ,  16 feet 5)4 Inches. Dl"I) l a " e lD e n t ,  1 ,8(0 tons. 
LAUNCH OF 'l'H E  U N I TED STAT ES TRAINING SHIP " INTREPID " AT MARE I SLAND 

NA VY Y A RD, SAN FRA NCISCO.  

was not constitutionally establ ished u ntil  the reign 
of William I I I .  and Mary. 

The Lord Great Chamberlain of England comes 
thirteen t.h on the list,  and the officers of the royal 
househol d rank seventeenth, eighteenth, thirty-second,  
thirty-third, thirty-fourth, and thi rty-fifth. 

At the bottom of the scale come esquires ( sixty-sec­
ond ) and gentlemen ( sixty-third ) .  Heral ds and law' 
yers are agreed that "gentl emen" are those who, by in-

on board that accounts for the existence of the smoke­
stack between the fore and main masts. Accommoda­
tions are arranged for a complement of 9 wardroom 
officers, 6 warrant officers, and 320 men. 

Cotton has been cultivated in Paraguay fo r many 
years, but hitherto little or no attempt has been made 
to export it. In the past year, howev.er, considerable 
interest has been manifested in this product by cot-
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tUIl dealers and experts who have visited the country. 
Samples forwarded to the United Kingdom have met 
with considerable approval , and one shipment to Man­
chester was pronounced "very good standard quality." 
Paraguayan cotton is said to resemblp the E gyptian 
variety. Besides the white variety there is also a 
colored eotton. The prices obtained for Paraguayan 
cotton in Europe are 5d. per pound for the white var­
ipty and 6d. for the red. 

THE FORMS OF NEBULJE.* 
By All:'iES CLERKE. 

SIR WrLLIA;\[ HEHscHEL'" celestial surveys first made 
the elassification of nebula? practicable.  lJ ntii he began 
grincling specula at Bath very few such objects were 
known, and those too imperfectly for the effectual dis­
crimination of their differences. Arrangement pre­
supposes comparison, and eomparison some variety of 
specimens to  be  compared, which became available only 
t h rongh Herscbel 's  scrutiny.  The rapidity and pene­
t rat iY2 power of h is observations in this field almost 
vasses belief.  He detecte d  with discernment. Dis­
covery and enrollment did not satisfy him ; he was, be­
H i d e�, keen to note analogies and contrasts, l ikenesses 
and dissimilitudes.  H e  could not see without at the 
Rame time setting in order what he saw ; and the law 
of order that commended itsel f to h im was founded on 
an evolutionary principl e .  The contents of the heavens 
R8emed to fall spontaneously, as he regarded them, 
in t o  genetic sequences ; and the nebula? with particular 
fa c i l i t y . The criterion adopted was that of progres­
s i,,(, condensation. Development. must clearly, he 
j u dged, be a ttended by contraction and local bri ghten­
in,,;. Diffused milky tract s represented cosmic forma­
tions in their most. rud iment.ary form ; they assumed, 
through the unremitting action of gravity in drawing 
their varticl es together, a mOI'e compact texture, more 
d efinite shapes. 

�
and a heightened luster . 

Bllt things have changed somewhat in aspeet during 
the last hundred years. Herschel 's  simple rule of ar­
rangement, although of unquestioned vfllidity, needs to 
be supplemented by others. Much auxil iary knowledge 
has been acquired since it was formulated. In attemrt­
ing to estimate the comparative antiquity of nebula?, 
we no l onger depend exclusively upon one set of indi­
cations.  The conclusions drawn from their immed iate 
inspection can at l east be checked by th e study of their 
speetra and distribution. 

The Milky Way might b e  figuratively described as 
the nursery-garden from which the parterres of the 
universe are stocked. A primitive condition is usual ly 
assigned, not without good reason, to any class of  ob­
j ('c ts  markedly tending to  collect in its  plane. And this 
i f< t he  case with gaseous,  or  "green" nebula? More­
o ver, the i r  materials appear to be  in a highly element­
ary state  ( if it be permiSSibl e to speak of one kind of 
m atter as more elementary than another ) ;  their spec­
tra including no rays due to metallic incandescence, 
l'lIt mainly those of nebulium. hydrogen, and helium. 
TheRP, substances, inconceivably attenuated , constitute 
th e vast irregular formations placed by Herschel at. or 
llf'ar. the start of cosmical development. And s o  far h e  
h a s  been justified b y  t h e  outcome of  modern research.  
But he has not been j ustified in  his description of 
planetary nebula? as "very aged,  and drawing on to­
ward a period of change or dissolution. "  For, despite 
t h e i r  determinate shape and definite boundaries, they 
flo not appreciabl y  differ in composition from nebula? 
or the " irregular" class, and must be reckoned as, in a 
m anner, coeval with them . 

There is, OIl the whole, a concurrence of evidence 
that gaseous nebula? are at a very early stage of growth. 
They are the least elaborated of sidereal objects ; they 
�-H'em, many of them, barel y  to have crossed the thresh­
o l d  a/"  creation. Their mutual relations in time are, 
h mvever, by no means obvious. They cannot easily 
1)(' ( lisposed in any kind of  sequence. Each of the great 
JlelJ\ l la�.  at any rate, exhibits features and occupies a 
position shared by none of its fel l ows. The most dis­
cerning cosmologist cannot pretend to say that the 
Argo nebula, for instance, is of greater or less antiquity 
than the Orion or the "America" nebula. They are 
i n d i vidual growth s,  simultaneous,  not successive. The 
l i ne of  development indicated for them is rather to­
wanl the formation of star-clusters than of diverse 
ll( IJ u l a r  species. Thus the Pleiades may illustrate the 
rrolmhle  future condition of the Orion nebula, the con­
t aine (] stars having gained predom inance, though still  
wrapt in filmy swaddling-bands, later, pre8'!mably, to 
he' shaken off. 

Pl anetary nebula? have m uch more in common than 
i rregular  nebula?, and their minor varieties might, 
with some plausibility, be associated with differences 
in rel ative age. They are marked chiefly by the char­
acter of the nucl ear star which, in nearly all such 
ohjects, appears to act as the pivot of  the ,surrounding 
varorous structure. The supposition lies; ·Glose at hano 
that it is designed as a provision for the : :nouI'ishment 
of the star-that the star gains in mass and l ight at 
the expense of the nebula, which it is eventually des' 
t i ned to absorb wholly and supersede. On this view, 
planetaries like the green glow-l a m p  at the pole of the 
ecl iptic ( N.G.C.  643 ) should be  regarded as th e most. 
advanced. wh ile Webb's planetary in Cygnus ( N.G.C.  
7027)  would exemplify an inchoate eondition. In  the 
former the central star is of  9 .6  magnitude, and sharp­
ly stel l ar ; in the latter it is double and diffuse,t per­
haps a wide binary system i n  embryo. 

Th e qu estion is,  however, still open as t o  the real 

* Kno,,'l('(lge, 
t Keder, Lick Publications, vol. iii .. p. 214. 

nature of the connect ion between planetaries and their 
central stars_ The pabulum-theory is a promising con­
j ectu re ; but no facts with which we are acquainte<l 
st ringently enforce it .  I <leas on t h e  subject will need 
complete revision if the traces of spira l i t y  noted from 
time to time in some of  these peculiar obj ects prove to 
be of  radical significance. The oculi. distinctive of  the 
"Owl nebula" ( N.G.C.  3 5 8 7 ) as originally shown by the 
Parsonstown reflector, consisted of luminous traceri es 
coiled round two interior stars,  * but the appearance 
was either due to i l l usion, or became effaced by change, 
since the camera has refused to indorse it as genuine. 
The "helical" r; lanetary in Draco , -i' however, is  doubt­
less essentially a spiral conformation:i: ; and Prof. Schae­
berle, by means of  exposures with a thirteen-inch re­
flector of twenty inches focus, has compelled not only 
the Ring nebula in Lyra , �  but the Dumb-bell in Vul­
pecula to betray the surprising secret of their whorled 
structure. Both these nebula? give a spectrum of 
bright l ines, and invention is baffled by the problem of 
building up gaseous materials into strongly charae­
terized ed ifices. The materials ,  however, may not be 
p u rely gaseous ; l i ar we possibly see ( as Prof. Darwin 
long ago 8uggested ) merely il luminated stream-lines 
of motion furrowing an obscure mass. But if this be 
indeed so,  there is the further question to be asked : 
What. direct.ion does the motion tak e ?  Do the tides set 
inward or outward ? 

Our (spontaneous impressions are all  in favor of con­
centrative tenl1encies. W e  cannot easily shake off cen­
tripetal prej udices.  Our lives are passed under a regi­
men of central attraction, and we naturally incl ine  to 
universalize our experience. H ence Herschel 's  scheme 
of  sidereal evolution invites at first sight ready ac­
ceptance. Stars seem as if they could not act other­
wise than as foci of condensation in n ebula? ; the lucid 
stuff involving them must, apparently, with the efflux 
of  ages,  settle down toward their surfaces, and be­
come absorbed i nto their substance. Such r;rocesses 
indeed, apart from counteracting causes, belong to the 
inevitable order of Nature ; but these may, and prob­
ahly do, exist. }<'rom sundry quarters th e conviction 
is pressed upon us that cosmic bodies can drive out 
matter as well as draw it  in.  Repulsive forces insist 
lipan recognition, and their effects become more palpa­
ble the more attentively they a re considered. Under 
certain conditions they get the better of gravity ; and 
stars may possibly, l ike cocoon-spinning- insects, ex­
pend their organic energies in weaving themselves un­
accountably educed envelopes.  The example of Nova 
Persei is fresh in every mind,  but we make no pre­
tension to decide the controversy it raised. A dog­
matic pronouncement is unadvisable where the un­
known el ements of the question obscure and outweigh 
those that are known. A less sl ippery fonndation for 
reasoning is afforded by the p ermanently visible spiral 
nebula?, and features charged with an emphatic m ean­
ing have been revealed in them by photographic means. 

Looking at the entire contents of the nebular h eavens, 
we find the spiral type very largely predominant. It 
claims m ore specimens, and emerges more distinctly 
with each development of del ineative power. Its  chief 
prevalence, however, is among "white" nebula?, show­
ing continuous spectra. 

They are vastly numerous. Gaseous nebula? are reck­
oned by the score, white nebula? by tens of  thousands. 
Moreover, they collect near the poles of the Milky 
W ay,� while the gaseons variety crowd toward its 
plane, both bra.nches of the fam ily thus manifesting 
galactic relationships, though of an opposite character. 
Now these facts of distribution are not without indi­
cative import as to relative age. There is  a consensus 
of opinion that objects showing a marked preference 
for the Milky Way are at an earlier stage of growth 
limn those withdrawn from it, and the inference de­
rives countenance from the circumstance that nebula? 
situated in high galactic latitudes shine with continu­
ous l ight, those near the galactic equator with inter­
rupted radiance. Yet it would be  rash to assume that 
any individual nebula traverses t hese successive stages.  
The series could be satisfactorily established only if 
we could point to a number of intermediate instances, 
wb ich seem to be almost who l l y  lacking. We cannot 
trace in nebular as we can in stellar growth the in­
sensible gradations of  p rogressive change. They are, 
perhaps, complicated in nebula? by influences of a dif­
ferent kind from those whieh have gained the ascend­
ency in stars. Diffusive effects may in them be more 
conspicuous than concentrative effects ; * *  or a balance 
may be temporarily struck b etween antagonistic ten­
dencies. 

Spiral conformation is the real crux of n ebular cos­
mogony. The conditions from which it arises are met 
with only in the sidereal heavens,  but are there widely 
prevalent. Though remote from our experience, they 
are fundamental in the realms of space. If we could 
define and comprehend them we sh ould be in a better 
position for determining the cosmical status of nebula? 

The choice i s open between two rival theories of 
nebulous spirals .  The first is  the more obvious, and 
read ily falls  in with admitted mechanical principl es.  
S i r  Robert Ball has adopted and ingenionsly advo­
cated this view. 

* Rosse, Trans. RoV. Dublin Society, vol. ii. ,  p. 93. 
t First detected as 8uch by Holden and Schaeberle in 1888. Monthly 

Notices, vol. xlvill, p 388. 
t Deslandres, Bull . A str . .  Feb., 1900. 
§ Astr. Jonr., Nos. 1,89, '547. 
II Maunder, Knowledge, vol. xix. , p. 39. 
,. Dr. Max Wolf places the point of n ebulQr concentration in R. A. 12h. 

58 min. D. + 61 deg. 20 min., that assigned to the galactic pole heing in 
R A .  l2h. 49 min. D. J_ 62 cleg. Kiillig>tnhl l'nhl. fi,! . T. p. 174. 

** 1' . •  T. J. See, " Rl'pnlsive Forces in Nature," Pop. Ast,.., No. 1()(l, Dec. 
1002. 

A gl uJJUlar eol lection o f  promiscuously revolving ]Jar­
ticles inclines, if left to itself, to flatten down into a 
d i sk .  The reason is this : In a system of the kind,  mo­
ment of momentum is invariable, while energy con­
stantly diminishes. To render the contrast intelligible 
w e  have only to consider that moment of momentum 
is the algebraic sum of all the products o f  mass and 
motion in the aggregation, reduced to,  or projected 
upon its " p rincipal plane," while energy is independent 
of th e varied directions of  velocity. C o l l isions con­
sequent l y  involve no diminution of moment of momen­
tum, but  combine with radiative waste to produce [, 
s t eady loss of energy. Inevitabl y ,  then, the system 
will assume the form in which it possesses the mi>li­
mum of  energy that is consistent with the mainten­
ance of its original momentum ; and it is  that of a 
disk extended in the principal plane. Retrograde 
movements will  by this time have become eliminated ; 
th e constituent particles circulate unanimously in one 
d i rection ; and Sir  Robert Ball adds that their drcula­
tion, owing to the more rapid rotation of the central 
mass, is  along spiral paths. *  They would acc.ordin1';ly 
present the twisted conformation so commonly observed 
in the heavens, and might even include subordinate 
centers of attraction, fitted to ripen and strengthen 
into a full-blown retinue of planets. S uch are spiral 
nebula? regarded in their direct mechanical aspect.  
Spherical nebula? are their immediate progenitors ; 
suns, with or without trains of dependent worlds,  their 
l ineal descendants. 

Let us ,  however, consult some autographic records 
and weigh attentively what these pecul iar objects tel l 
us about themselves. We see at once that their curving 
l i nes are not laid down at hap-hazard, but according to 
a strictly defined plan.  Spiral nebula? are not formed 
l il{e watch-springs by the windings of a single thread . 
They are always two-branched.  From opposite ex­
tremities of an elongated nucleus issue a pair of nebu­
Ions arms, which enfold it in doubl e convolutions. 
Their appa.rent superposition and interlacements occa­
sion, in the Lyra nebula, the noted effect of a fringe(1 
and ruptured annulus,  and it is of profound interest to 
perceive that even in gaseous masses the same con­
structive rule prevails as in the great 'Whirlpool in 
Canes Venatici .  

I t  is ,  however, almost irreconcilable with the hy­
pothesiS that an influx of material is  in progress. 
Fal l s  due to gravity could not be l imited to two narrow 
areas on the central body. Matter ejected from it 
might, on the other hand, quite conceivably follow this 
course. I nterior s train could easi ly be supposed to 
cause y ielding along a given diameter, and nowhere 
else.  Solar disturbances partially and dimly i l lustrate 
s uch a mode of  action. D iametrically opposite promi· 
nences are not unknown. They ind icate the action of 
an explosive force right across the solar globe. Simil ­
arly,  the formation of a spiral  nebula cannot be rightly 
apprehended otherwise than as the outcome of  long­
continued, oppositel y directed eruptions. 

The history of the h eavens involves the law of spir­
ality. The scope of its dominion continually widens as 
research becomes intensified. The Huygenian "por­
tent" in the Sword of Orion now figures as merel y th e 
nucleus of the "great winding Nebula" photographed 
by Prof. W. H .  Pickering in 1 8 89 .  That the  vast  nelm­
losity encompassing the Pleiades is an analogous struc­
ture seems em inentl y probable,  though the brill ianey 
of the inclosed stellar group obliterates most traces of 
itE ground-plan. The magnitude of the phenomenon, 
w e  are told by Prof. Barnard,1" who detected it in 1 893 
by means of  a t en-hours' exposure with the "Will ard 
lens, transcends our powers of  real ization. I t  covers 
1 00. square degrees of the sky with intricate deta i l s .  
About four minu tes of a r c  to t h e  northwest of the Rin,,; 
in Lyra l ies a small  nebula discovered visually by 
Prof.  Barnard in 1893,  and photographical ly resolved by 
Keeler into a delicate spiral.  I t  is a two-branched,  left­
handed spiral ,  as the large adjacent object has also 
proved to be.  One is,  in fact,  the miniature of  the 
other, and they are now shown, by Prof. Schaeberle's 
short-focus reflector, to be l inked together by winding 
fol ds of nebulosity into a compound spiral system. 
The Dumb-bell i s  held, on the same authority, to  be 
similarly conditioned, and the analogy frequently noted 
in the aspects of these remarkable formations has thus 
become incal culably w idened in scale .  

The galactic relations of the Magellanic Clouds are 
not. easily defined. They are within the Milky Way, yd 

not of it .  Enigmatical excrescences upon the universe. 

they suggest an origin from gigantic eddies in the on­

flowing current of sidereal arrangement. Their mis­
cellaneous contents are, at any rate, disposed along 

eddying lines.  Mr.  H .  C.  Russell 's  photographsj: ren­
dered this, in 1 890 ,  to some extent manifest, and thei r  

indications were ratified by the Arequipa plates from 
the study of which Prof. Pickering gained the convic­
tion that the great Looped Nebula, 3 0 Doradus, is  the 
structural nuclens of the Nubecula Major. "It seems." 
he wrote ,�  "to be  the center of a great spiral, and to 
bear the relation t o  the entire system that the nebula 
in Orion bears to the great spiral nebula which covers 
a large part of that constel lation ."  

On all sides, in the  sidereal heavens, w e  can d iscern 
the signs of the Wbrking of a law of convolution. Some­
times they are patent to view ; sometimes half-suh­
merged ; but they can generally,  with attention, be d i s­
entangled from overlying appearances. They are ex· 
hibited by stars no less than by nebula?, aR the late Dr.  

• T n e  Ea rth's Reginnings. pp 24R·7. 
+ Monthly Notices. vol . Ix .• p. 2m. 
� Re" Know ledge. vol . xiv , p. 50. 

§ Harvard Annals, vol . xxvi. p. 206. 
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Roberts pointed out  from convincing photographic evi­
dence ; t.he "hairy" appendages of globular cl usters be­
tray them hy their curvil inear forms ; they meet us in 
eyery corner o f  the  wide nebular realm. Many investi­
gators recogn ize in the Mill,y Way itself the stam p 
of spirality. Stephen Alexander, of New Jersey,* re­
garded the majestic galactic arch as a four-branched 
spiral , result ing from catastrophi c  lJreaches in a primi­
tive, equatorially l oaded sphero i d ,  the streams of mal­
ter ejee-ted by which shOUld ,  owing to their lower angu­
lar ro tation, lag behind as they r etreated from the 
nucleus ,  and thus f10w along helicoidal l ines. R. A.  
Proctor subsquent ly  devised conv ol uted galactic 
sl reams, which, however, corresponded imperfectly with 
what the sky showed.  And M .  Easton ';' has designed 
an el aborate series of  spires, originating possibly from 
tlmt vague entit y ,  the "solar cluster," the projection of  
whieh upon the sphere may,  he thinks. account for the 
nol ed peculiarities of the Milky Way. Our interior 
sil  nation, neverthel ess ,  makes it  extremely d ifficult to 
determine the real relations in space of the star-streams 
c i re l ing around it. The observed facts are, perhaps, 
equal l y  eom pati ble w ith many other structural 
s( 'henH�s beiiides those hased on the idea of spirality ; 
all l l  the wiser eourse may be to adopt none, for th e 
I I I  esenl . with settled conviction. We can, however, 
ga 1 her one sufficiently definite piece of  information re­
ga r<l ing the hi�tory of the Cosmos. Al l  the inmates of 
I ll (' h caven s .  s tel lar and nebular, represent q uite evi ­
(l p n t l y  the  deiJris of a primitive rotating spheroid .  Its  
('fjua lor  is  st i l l  marked by t h e  galactic annulus, its 
poles l lY  a (!ouble canopy of white nebul:E. The gyrat­
i n "  movement which it  once possessed as a whole douht­
l e·ss w rvives in its parts, but ages must elapse before 
the fnndamental sidereal drift can be el icited. 

ELECTRICAL NOTES. 

The Gray •. telautograph, whieh can hardly rank 
among the new inventions, has recently taken a new 
l ease of l i fe and is being thrn8t very energetical l y  be­
fore the public .  I n  some of the l arger cities it is  being 
used supplementary to the newspaper bulletin boards,  
"sl ation'S" having been establ ished in prominent places 
somewhat remote from the newspaper offices,  and here 
the news is  written by the mysterious finger as  
qu ickly as it is  posted on the main bulletin boards .  
The all paratus has been recently pressed into a more 
p ractical service in the office of the d ispatcher at the 
union station in St. Louis,  Mo. ,  where it  is  desired 
to h ave orders del ivered quickly and simultaneously 
at five different points, which is said to be done in a 
very satis faetory manner by the telautograph. 

E .  H. Anderson has studied by means of the oscillo­
gram the phenomena occurring in the short-circu ited 
coi I , due to variations of the line current, and also 
the influences causing flashing over at the commutat­
ors o f  rail way motors. T h e  pressure between two ex­
I J ior ing brushes, set  a smal] .  distance apart on the 
eomm utato r, was plotted with time as absciss:E ; and 
1 he variation of this pressure from a minimum up to 
4 vol t s  as a maximum , leads to the assumption that a 
l a rge short-circuit current exists in the commutated 
(,oi l ,  i n<,reasing the density of the current at the 
brnsh ti]Js t o  several times its normal value. The 
i nstantan eous pressure between the commutator hars 
at different l oads of th e motor is  shown by very inter­
pstin?; cu rves , and while the wave-form at full load 
is very nearly the same as that of the terminal volt­
a?;e, at one-th ird load it is  distorted to a consideraiJ l e  
exl  e n L  T h i s  same pressure is a l s o  plotted with the 
mo1.or (l l 'iven at a constant speed, w ith an armature 
('u rrent of  300 amperes, but no current in the fieW. To 
find I he inf1 uences causing the f1ash ing over of rail­
way motors , the writer has conducted an extensive 
invpstigation in the laboratory of  the General E l ectric 
Company, and a part of these experiments related to 
the oeenrrences in motors provided with fiel d coils  
with short-cireuited turns.  as compared with motors 
i n  whose field coils no short-circuited turns are pro­
vided.  

Some high' y succes�ful and valuable experiments 
w i l  h a n  e l ectrieal process for the purification of  sewage 
have lJeen carried out at Guildford, England. For some 
1 i m e  past Or. Rideal has been investigating the possi­
b i l i ty or  thi s  treatment and has attained great suc­
cess. The process consists of the electrical decomposi­
t ion of  salt and water, or  i f  more convenient ordinary 
sea-water,  in a spec ial l y  designed electrolyzer which 
)ms a l ar?;e superficial · area of electrical surface and 
]Jerm i t s  of the utilization of a large volume of eur­
rl'nt at a low vol tage. The oxychloride solution, as 
i t  i s  cal l e d ,  obtained thereby i e  added to the sewage 
in  quantities which vary in accordance with the na-
1 11 1 '8 of the effluent, and the water into which it  is  dis­
chargee! . The advantage of this method is  that it 
('nables any kind of effluent to he treated.  I t  has been 
used w ith raw sewage septie tank effiuents, as well as 
those from primary, secondary, and tertiary filters , 
an(1 in every instance the s()]ution removed efficacious­
ly putrefactive organisms, f;Omparabl e  i n  origin and 
v ital ity with those responsiL  ' :� for typhoi d  fever and 
chol era, as well as organi c  matter in solution. Demon­
sl  rations have shown that the solution which is 
adopted as' tpe agent in th is oxych l oride process is a 
poweri'n l  cllii:\dorant and germicide . No diffiell l ty has 
he en eX]Jer l'enced in converting th e worst for�s o f  
sewa?;e to a pur ity from bacteria equal t o  drinking 
walf:r. With a pri mary effluent 7 1/� gall ons of oxy­
ch lor i tle  ]Jer 1 ,000 gal lons of  sewage reduced t h e  

oj. Ar:tr . •  TOIlI ' "  YOl . i i . ,  p .  1 00, I H;;�. 
t Astroph. Jour., vol. xii., p. J(jS. 

bacillus coli , which is a l l ied to the typhoirl haci l l us ,  
and the enteri t is  spores from over 1 0 0 ,000  to 1 00 re­
spectively, so that none coul(l be  d iscovered i ll one 
cubic centimeter in 8 0  minutes after treatment. In  
r a w  sewage 1 8  \"  gal l ons of  the solut ion to ] ,000 gal­
lons of sewage redueed the coli from over 1 000 OOU 
so that none were found in one eubic centimet

'
er �nd 

the enteritis spores were reduced from over 1 ,000 to 
less than ] 0 in five hours, and the total number of 
organisms from 23,200,000 to 540.  The process is 
very simple and inexpensive. The necessary plant 
can be instal led very cheaply, and the operation of 
the process can be carried out economically.  

TRADE NOTES AND RECIPES. 
To Make Textiles Fireproof.-Up to the present 

this has generally been aecompl ished by the use of a 
combination of water-glass or soluble glass and tung­
state 

.
O f  soda. We can reeommend the following, both 

as bemg cheaper and more su itable for the purpose. 
Equal parts by weight of commercial white copperas, 

Epsom salt, and sal-ammoniac are mingled together, 
and mixed with three times their weight of ammonia 
alum.  This m ixture soon changes into a moist pulp 
or  paste,  that must be dried by a low heat.  When 
dressing the material , add V:! part of this combination 
to every 1 part of starch. Good results are also ob­
tain

r
e� from the fol l owing formula : Supersaturate a 

quantIty of superphosphate of l ime with ammonia 
filter it ,  ana decolorize it  with animal charcoal . Con: 
c entrate the solution and mix w ith it 5 per cent of 
gelatinous s i l ica, evaporate the water, dry, and pul­
verize. 

For use mix 3 0  parts of this powder with 3 5  parts 
of gum and 3 5 parts of starch in sufficient water to 
make of suitable consisteney. To make wood fire­
proof, a coat of paint consisting of equal parts of 
fluid chloride of l ime.  as it  comes in the shape of a 
hy-pro duct from the gelatine factories,  and fat l ime 
o f  a doughy consistency is  recommended .-Technischer 
Centralblatt. 

Insect Powder as a Moth Exterminator .-As a means 
for annihilating vermin, insect powder stands easi ly 
paramount. The blossoms o f  the Pyret hrwrn rarneum 

and Py:ethrum rosellrn furnish the Persian, whil e  
those o f  the Pyrethrllnt cinnerariaefo l the Dal matian 
insect powder. The latter i s  now almost exclusively 
used, though the name " Persian" is  still  continued. 
The effectiveness of th e powder depends upon whether 
OJ  not closed blossoms only have been used and pul­
verized as finely as possible .  When buying this pow­
der �ever l et an offer of a cheap grade influence you, 
for m the cheaper grades very often the stems and 
blossoms of ineffective chrysanthemum varieties are 
mixed with it, an adulteration very difficult to e ircum­
vent. In order to restore the prevailing eolor of thi s  
powder, which is  lost i n  a marked degree by th e adul­
teration with chrysanthemum. turmeric is  often added 
and this adulteration is  easily detected by the use of 
ammonia-spirit  of sal ammoniac-which turns it a 
deep, dark brown. Besides the pure and unadult erated 
insect powder, two other ingredients find more or 
less favor as mixtures with other drugs inim ical to 
the moth. The following i s  very servieeable : Insect 
powder, pulverized camphor, and pulverized paprika 
or Spanish pepper ( the fruit of  Capsicum, annull1n ) 

in equal parts. By the use of alcohol or ether, cam­
vhor may b e  readi ly  rubbed down to a medium fine 
powder. The Spanish pepper sh ould not be too dry, 
else the pulmonary organs of the compounder w i l l  
suffer. I n  t h e  beginning t h e  c o l o r  of t h e  preparation i s . 
reddish-gray, but i t  soon becomes of a l i vely red.­
Der Parfiimeur. 

Simple Method of Producing Quick-Water .-That the 
amalgam may easily take hold upon bronze objects and 
remain there, i t  is customary to cover the perfectly 
cl eansed and shining article with a thin coat of quicl<­
s ilver which is usually accomplished by dipping it into 
the so-called quick-water bath. 

I n  the form of  minute globules the quicksilver im­
mediately separates itself from the solution and cleaves 
to the bronze object,  wh ich thereupon presents the ap­
pearance of being plated with s i lver.  After it has been 
wel l rinsed i n clean water, the amalgam may be evenly 
and without difficulty applied with the scratch-brush. 

This quick-water, in  real ity a solution of  mercurous 
n itrate, i s  made i n  the simplest manner by tak ing 10 
parts o f  quicksilver and pouring over it 1 1  parts of ni­
trie acid o f  a speeific gravity equal to ] . 3 3 ; now let it 
stand until  every particle of the mercury i s  dissolved ; 
then, wh i le  stirring vigorously, ad d 540 parts of water. 
This solution must b e  kept i n  e l osed flasks or bottles 
to prevent impurities such as dust, etc . ,  from falling 
into it .  

The preparatory work on the object to be gil ded con­
sists mainly i n  cleansing it from every trace of oxida­
tion. First it  must be well annealed by placing it  in a 
bed of glowing coal ,  care being exercised that the h eat­
ing be uniform. When cooled,  this p i ece  is plunged 
i nto a highly di l uted sulphuric-aCid bath i n  order to 
dissolve. in a measure, the oxi de.  

Next it  is  dipped into a 3 1ii · d eg. nitric acid bath, of a 
specific gravity equal to 1 . 3 3 ,  and brushed off with a 
l ong brush ; it is now dipped into ni tric acid into which 
a l ittle soot and table salt have been thrown. I t  is  
now ready for washing in dean water and drying in 
unsoiled sawdust.  I t i s  of the greatest importance that 
the surface to be gilded should appear of a pale yellow 
t int all over. I f  i t  be  too smooth the gol d wi l l  not take 
hold easily, and if  it b e  too dull it  will require too 
much gol d to cover it .-Journal der Goldschmiede­
lmnst. 

J£NGI N l<JEI H N G  NO'l'ES. 
A scheme for constructing at Dover a torpedo boat 

harbor in add ition to the national harbor is  under. 
stood to be under the cons ideration of  the Admiralty.  
The proposal appears to have arisen from the A ;l ­
miral ty considering that t h e  w h o l e  of th e great n a .  
t ional h arbor of  over 600 acres will  be required for 
the anchorage o f  battleships and cruisers.  

United States Consul-General Richard Guenther 
Frankfo rt, Germany, sends the foll owing from a l'l': 
ernt �lUbl ic  statement of the Krupp works : The total  
nu mbe�' of �ersons employed by the firm on Apri l  1 ,  
1 9 0 4, meludmg 4 , 1 9 0  officials,  w a s  4 5 , 2 8 9 .  Of these 
th e cast-steel works at Essen employed 2 5 , 0 4 1 ,  the 
Gr�s�n works at Buckau 3 , 3 2 9 ,  the Germania ship­�JU l l d m? yard at Kiel 2 , 8 1 1 , the coal mines 7 , 8 7 7 ,  I h e  
I ron mmes,  etc . ,  6 , 2 3 1. T h e  average d a i l y  wages i n  
t h e  cast-steel works were as follows : 

Daily 
Year. Wage. 
1 8 5 3  . . . . . . . . . . . . . .  $ 0 . 3 2  
1 8 6 0 . . . . . . . . . . . . 49  
1 8 7 0 . . . . . . . . . . . . . .  . 7 3 
1 8 7 5 . . . . . . . . . . . . . .  . 9 3  
1 8 79 . . . . . . . . . . . . . .  . 7 2  

Dail y 
Year. Wage. 
1 8 9 0  . . . . . . . . . . . . . .  $ 0 . 8 5  
1 9 0 0  . . . . . . . . . . . . . .  1 . 1 4  
1 9 01 . . . . . . . . . . . . . .  1 .00  
1902  . . . . . . . . . . . . . .  ] . 08  
1903 . . . . . . . . . . . . . .  1 . 0!)  

. The . use o f  �e wers by large manufactllrin?; corpom­
tlOll

.
S IS  a subJect which has caused city official s much 

anXlOllS . thought. It sometimes happens that 1 1] ('  
waste l iquids from a n  industrial establ ishment a r e  or 
very la:ge vol�mc, so that the size of the publ ic' 
sewe:s m to whIch they are d ischarged is  largel y (1 ('­
iermmed by them. In ac1dition the offensive char­�eter of the waste l iquors inereases at times the d i f­�Iculty of sewage disposal . It is perfeetl y elear that 
m

. 
such cases the in dustry pays for but a small pari 

o f  the expense of the sewerage system, although it  i s  
responsible for a much greater proportion o f  its cost .  
As a 

.
matter of  strict j ustice, the extra cost of eon­

structlOn and maintenance shoul d be assessed on the �anufact\lring company, yet very few cities are w i l l ­
m g  to do this lest the industries be driven awav. 
Th�t such a fear is well grounded is  shown by the e� ­
perIence in Mil I bnrn, N . .T . ,  where a paper companv �as t�reatened to leave town if  it is speeial ly assesse;! 
1 0r d lschar?;ing wastes into the sewerage system. As 
th e company's mil ls  are the leading manufac t n r i n "  
establ ishment in  t h e  town, their dismantling WOUI;; 
practically l< i l l  it for years to come.-Engineerino· 
Record. 

b 

After several years of careful investigation ane! 
experi

.
ment by experts in this l ine of work, it hal> 

b�en found that the old channel pl acer deposits of til(' V\ :8t,  more espeCia l l y  those of the Southern Oreg·oll n:meral zone, contain the rare metal platinum in �o · .  
s lderable  1 t ' t  f h 

. n 
'. . .  

q Ian I Y ; urt ermore, a successful mel ho(l ��r �l m m g  the �Iatinum at th e same time the gol d 
1S �med.  and W Ith no additional expense, has been 
cl evls�d, and is  being followed by several larae hy­
draulIc properties. These results have been b�ougil l  
about largely through the efforts o f  representatives

' 
o f  

the
. Wels bach Gas Mantl e Company, of Phi ladelphia  

w h l
.
ch company is ever on the l ookout for  plat innl;I

' 

as 
.
It uses a l arge quantity in the manufacture of i t� �rtJ eles.  Since the early days the placer miners ha\'� 

mown of a stra�ge, dark metal , occnrring as a coarse 
�Iack powder, WIth the black sanc! , and near the IJPrI 
IOCI� of the

. old 
.channel plaeer deposits of Southern 

Orebofol · Bem?; Ignorant of its identity and va l n e  
t �e mmers have been throwing this metal from t]wi r: 
s : ll lces, a

.
nd were not aware, till  recent years, that

· 
i l  

" as platmum, and ?f as great worth as the yel ' o IV  
metal they so perSIstentl y sought. But even a fter 
the metal was recogn ized there was no availab l e  n:e�JOd of  saving i

.
t. :rhe pl acer miner bent on get­

tm" gOl d, . had n� mcl mation to master the prohlem , 
and gave It but httle thought, so it remained for the  
exp�rts to . 

solve  the question. The method of savin" 
platmum IS  primari l y  that of  attach ing a system or 
nndercurrents to the placer sluices.  These under­
curr:� s are quite s imi lal: to those employed in saving 
flour ",old ,  a n d  the prmclpl e invol ved i s  just t h e  con­
verse 0: that used in saving placer gold .  Platinum, 
bemg l Ighter, must be kept stirred, and l ike coff 
"TO nd . 

f 
co 

" .� s m a cup 0 l iquid ,  will  not settle while  i n  
m o tlOll .  The sands are first drawn through a Y., - incll 
gnz7: l y  on the sluice bottom and spread out o�er ft 
broad riffle table. On this table much of the hl ac;, 
sand, 'ind nearly all  of the fine or  flour gold settles.  
The method thus far is simply that of undercurrent s 
!Jut it goes farther, in that the water h, carried on

' 

drawn through another grizzly, and spread out ovel: 
a coco-mat riffle. Here the water flows more sl uggish­
l y, and the platinum eoncentrates settle and are ?;a1l1-
ered up, by l ift ing the coco matting and rinsing it in 
vats or tanl{ s  made for the purpose, and into which 
the platinum concentrates settle. A peculiar feature 
of these p latinum sands is that they are a refractory 
article, in rart, carrying platinum i n  both the fre� 
and concentrate composition, and require a method 
of refining that is  understood by only a few of tho 
platinum refineries of  America. The sands are ship­
ped from the min'es i n  the shape they are found,  when 
scooped up from the IJottom of the vats , and screene(1 
of the coarser pebbles that manage to get through 
the second 14 -inch I"rizzly through which they must 
pass to reach coarse ,  black gunpowder,  and onl y a 
close inspection reveals their metall ic  luster. Not 
only platinum itself is  earried ,  but all of the metal s 
of the platinum ?;roup as well , to a greater or l ess 
ex t ent,  including rhod i u m ,  osmi u m ,  ir idium,  an.] 
pal ladIum.-MInes and Minerals. 
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SELECTED FORMULlE. 
Aluminium Silver .-3 parts of aluminium and 1 

part of silver.  This alloy is very easy to work. 

Gray Gold Alloy.-9 4  parts of gold and 6 parts of 
iron or  9 5 . 5  parts of gol d  united w ith 4.5 parts of 
iron. 

To Stain Wood the Color of M ahogany .-First rub 
the surface of the wood to be stained w ith a solution 
01' nitrous acid. then apply with a brush a solution 
made up of 1 part of d ragon's  blood, % part of car­
bonate of soda, and 20 parts of alcohol.  This prepara­
tion should b e  filtered before it is  used. 

Waterproof Glue for Cardboard .-This preparation 
is a desideratum which permits of an absolutely per­
manent gluing of p ieces of cardboard, even when they 
are moistened by water. Melt together equal parts 
of good pitch and gutta-percha ; of this take 9 parts, 
and add to it 3 parts of boiled l inseed oil  and 1 Y2 
parts of l itharge. Place this  over the fire and stir 
it t i l l  all the ingredients are intimately mixed. I t  may 
be di luted with a little benzine or oil  of turpentine, and 
must be  warm when used. 

India-Rubber Varnish.-An excellent and rapidly­
drying . waterproof varnish is  prepared in the follow­
ing manner : Heat a weighed quantity of boiled l in­
seed oil until it fumes strongly. A vessel with p lenty 
of extr? room in it must be used.  Have ready some 
India-rubber cut small ,  and one ounce of it  for every 
pound in the original weight of  the oil. When one 
piece thrown in melts at once, put in the rest gradu­
aliy, and when all  is  melted stop the heating. When 
cold dilute the varnish with turps to the required 
consistency.-Gummi Zeitung. 

Japan Bronze .-The formul::e that we give below 
contain a large percentage of lead, which greatly im­
proves the patina. The ingredients and the ratio of 
th e i r  parts for -three sorts of modern Japanese bronze 
follow : 

1. Copper 8 1 . 6 2  per cent, tin 4 . 6 1  per cent, lead 10 .21  
per  cent. 

2 .  Copper 7 6 . 6 0  per cent, tin 4 . 3 8  per cent, lead 11.88 
per cent, zinc 6 . 5 3 per cent. 

3 .  Copper 88 .55  per cent, tin 2 .42  per cent, lead 4 .7 2 
per cent, zinc 3 .20  per cent. 

Sometimes a little antimony is added just b efore 
casting, and such a compOSition would be represented 
more nearly by this formula : 

4. Copper 6 8 . 2 5  per cent, tin 5 .47  per cent, zinc 8 .88  
per  cent, lead 1 7 .06  per cent, antimony 0 .34  per cent. 

Colorings for Jewelers' Work .-We give here sev­
eral receipts for this purpose : Take 40 parts of salt­
peter, 3 0  parts of alum, 30 parts of sea salt or 100  
grammes of l iquid  ammonia, 3 grammes sea salt  and 
100 grammes water. This is heated w ithout bringing 
it to a boil, and the articles dipped into it for from two 
to three minutes, stirring the liquid constantly ; after 
this bath they are d ipped in alum water and then 
thoroughly rinsed in clean water. A second receipt is : 
100 grammes of calcium bromide and 2 grammes of 
hromium. The objects are allowed to remain in this 
solution ( which must be also constantly stirred ) for 
from two to three minutes, then washed in a solution 
or sodium hyposulphite, after which they must be 
rinsed in clean water.  Receipt No. 3 :  3 0  grammes 
of verdigris, 30 grammes of sea salt, 3 0  grammes of 
hematite, 3 0  grammes of sal-ammoniac, and 5 grammes 
oj' alum. This must be all ground up together and 
m ixed with strong vinegar ; or we may also use 1 0 0  
grammes of verdigris, 100  grammes of hydrochlorate 
of ammonia, 65 grammes of saltpeter, and 40  grammes 
of copper fil ings, all  of which are to be well mixed 
with strong vinegar. 

Production of Metallic Coating, Without a Battery.­
It  is  often desirable to cover certain metallic objects 
w ith a th in coating of another and more costly metal, 
and this often happens where the galvanic battery is 
not conveniently at hand, or where the electric cur­
rent cannot b e  quickly had. This may be easily done 
in a variety of ways, of which some of the methods, 
together with the necessary formul::e, are given below : 

To s ilver articles made of copper, brass, bronze, or 
copper-plated articles, dissolve, according to Langbein, 
10  grammes of lunar caustic in 500  grammes of dis­
tilled water ; dissolve separately 3 5  grammes of 98  per 
cent t:otassium cyan ide also in 500  grammes of dis­
tilled water, mix these two solutions, stirring them 
well,  and heat up to 8 0  deg. or  9 0  deg. C. in an agate­
ware vessel,  then subj ect the articles to be coated, 
wh ich have been previously well cleansed from grease 
and other impurities, to this bath until they are evenly 
coated. 

Articles of zinc, brass, or copper may also be silver­
plated by applying to them a pasty mass of the fol' 
lowing composition : First dissolve 10 grammes of 
nitrate of silver in 5 0  grammes of d istilled water ; 
also 25 grammes of potassium cyanide in sufficient dis­
ti l led water to dissolve it. Pour the two together, stir 
well,  and filter. Now 100 grammes of whiting or 
levigated chalk and 400 grammes of potassium b itar­
trate, finely powdered, are moistened with the above 
solution, s ufficiently to form a soft paste, which may 
be appl ied to the objects, previously well cleansed, 
with a brush. After this coating has dried well, rinse 
i t  off, and dry the object in clean sawdust. 

A coating of silver may also be applied to brass or 
copper by rubbing, th us : rub on the objects well cleared 
of grease, a paste formed of 1 0  grammes of silver 
chloride, 20 grammes of common salt, 20 grammes of 
]lulverized tartar, with sufficient water to soften it. A 
soft cloth is best adapted for applying the paste.­
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A NEW ARTICLE ON RADIUl1 
By Prof. E. Rutherford 

is published in SCIENTIFIC AMERICAN SUPPLEMENTS 1502 and 1503. I' rice 20 cents by mail. The article contains the very latest 
information on the subject, describes interesting laboratory experi­
ments with radium, and is very fully illustrated. No more authori­
tative contribution to radiulll hterature has been published. 
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MUNN & CO ., in connection with the publication 
of the SCIENTIFIC AMERICA N .  continue to examine 
improvements, and to act as SoliCitors of Patents for 
Inventurs. 

1n this line of business they have bad over fl,ft�' 1Iea1"8' experience, and now have wnequaled faciliUes for ,- the preparation at' Patent Drawings, Specifications, and 
• the prosecution of A pplications for Patents in the United 

� States Canada. Rnd Iforeign Countries. Messrs. MUNN & Co. 
also attend to the preparation of Caveats. Copyrights for 
Books Trade Marks ReisE'nes. Assignments. and Reports on In .. 
iring-ements of Patents. A l l  business intrusted to them is dene 
with s pecial care and prom ptness. on very reasonable ter�s. 

. A pam p hlet sent free of cha rge on appli cation contamlng full lnform a· 
bOil about Patents and h ow to procure them : directions concerning Trade 
Marks. Copyrillhts. Designs, Paten ts . Ap peals, Reissues, In frmgementfl , 
Assign ments.  Rejected Ca�es. Hmts on the Sale of Pat ents . etc. . 

We al s o  send. free of charge. a Synopsis of lI�oreign Patent La,. s showmg 
the cost and method of seCur1ng patents in all th e  principal countries of 
the worju 

M [J N N  & CO .. Solicitors of PRtenl�, 
361 Broadway, New York 

BRANCH OFFICES.-No. 625 �. Street, WaRhin"ton D. C. 

THE NEW SUPPLEMENT CATALOGUE 
I J ust Published I 

A LARGE edition of the SUPPLEMENT Cata­
logue in which is contained a complete list 

of valuable papers down to the yea! 1002, IS now 
ready for ilistribution, free of charge. 'l'he new 
Catalogue i. exactly like the old in form, anil is 
brought strictly np to date. All the papers listed 
are in print and can be sent at once at the cost 
of ten cents each, to any part of the world. 'rhe 
Catalogue contains 60 three- column J oges and 
comprises 15,000 papers. T he catalogue has heen 
ver,)' carefully prepared and contains papers in 
whIch information is given that cannot be pro­
cured in manv textbooks publiRhed. Wnte for 
the new Catalogue to-day to 

M U N N  &. C O . ,  Publ ishers,  36 1 Broadway, New York 

T' EE E  

Scientific Ameri can Supp lement. 
P U B L I S H E D  W E E K LY .  

Terms of Subscription, $5 a year. 
S ent by mail, postage prepaid, to subscribers in any 

part of the United States or Canada. Six dollars a 
year, sent, prepaid, to any foreign country. 

All the back numbers of THE SUPPLEMENT, from the 
commencement, January 1,  1876, can b e  had. Price, 
10 cents each. 

All the back volumes of THE SUPPLEMENT can like­
wise be supplied.  Two volumes are issued yearly. 
Price of each volume, $2 .50  stitched in paper, or $ 3 . 5 0  
bound in stiff covers. 

COMBINED RATEs.-One copy of SCIENTIFIC AMERICAN 
and one copy of SCIENTIFIC AMERICAN SUPPLEMENT, one 
year, postpaid, $ 7.00.  

A liberal discount to booksellers, news agents, and 
canvassers. 

lUUNN & CO., Publishers, 
3 6 1  Broadway, N e,v York, N. Y. 
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SCIENTIFIC AMERICAN 
R E F E R E N C E  B O O K  
1 2mo ;  5 1 6  pages ; illustnited ; 6 colored plates. Price $ 1 . 50, postpaid 

CJl The result of the queries of three generations 
of readers and correspondents is crystallized in this 
book, which has been in course of preparation for 
months. It is indispensable to every family and 
business man. It deals with matters of interest to 
everybody. The book contains 5 0,000 facts, and 
is much more complete and more exhaustive than 
anything of the kind which has ever been attempted. 

The "Scientific 
American Ref­
erence B o o k " 
has been com­
p i l e d  a f t e r 
g a u g i n g  t h e  
known wants of 
thousands.  I t 
h a s  b e e n  r e �  

vised b y  e m i n e nt stati sticians.  Infor­
mation has b e e n  d rawn from over one 
ton of Government reports alone . I t  i s  
a b o o k  for everyday refe rence-more 
useful than an e ncyclopedia,  because 
you will find what you want i n  an 
i n stant i n  a more condensed form. 
The chapte r reiati n g  to pate nts , trade­
marks and copyrights i s  a thorough 
one and aims to give inventors prope r 
l e gal aid.  T h e  chapter on manufac­
ture s deals with most interesti n g  fig­
ure s .  admirably presented for refer­
e n c e .  The chapter deal i n g  with Me­
chanical "  Moveme nts contai n s  n early 
t h re e  hundred illustrations,  and they 
are more reliable than those published 
i n  any oth e r  book -th ey are operative.  
We ights and measures occupy a con­
siderable secti on of the bOOK,  and are 
indispe nsable for purposes of refe r­
e n c e .  Sixty. years of experience alone 
have made it possible for the pub l i s h ­
ers of the Scie ntific American t o  pre­
s e nt to the purc h asers of this book a 
remarkable aggre gation of i n formatio n .  
T h e  very wide range of topics covered 
i n  the "Scientific American Reference 
Book" may b e  i nferred by exam i n i n g  
t h e  table of contents s e n t  on reque st. 
The first edition of t h i s  work is 1 0 ,000 
cop i e s .  The readers of t h e  Scientific 
American are reque ste d to send in 
t h e i r  orders p ro mptly. R e m it $ 1 .50 ,  
a n d  t h e  book will pe promptly mailed .  
S e n d  to-day, 
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