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MECHANICAL COOPERAGE.* 
By DAY ALL];;" WlLLEY. 

THE invention of the various mechanical devices 
wh ich have so revolutionized the cooperage industry 
has been due largely to the demand for casks and 
Imrrel s of special strength in order to hold the quan­
tity and kinds of l iquids for which they are intended. 
The modern l iquor cask, for example, woul d represent 
a large amou nt of labor if i t  were fashioned by the 
cooper using merely hand tools, and it  would probably 
he impossible to make one which would withstand the 
]lressure to which the machine-made cask is subjected, 
as well as the rough handling it receives in transporta­
i ion. In  the mod ern processes employed, however, 
>:IHprisingly l ittle hand labor is required, power ap­
IiI iam�es doing practically all  of the work except set­
ting in the heads, which is general l y  done hy the coop­
cr. The materials which enter into the manufacture 
a/" the ord inary keg or cask render necessary the em­
ployment of powerful machinery, especially in fitting 
and shaping, as the wood preferred is oak, owing to its 
toughness and durability, while the hoops are of much 
heavier metal than those used in dry cooperage. Con­
spquently the average bucker, planer, and hollower, as 
wel l as trussing and crazing apparatus, weigh over a 
t on each and require from 4 to 6 horse-power for oper­
at ion. 

The first step in the keg-making is the preparation 
<'ll' the staves to compose the body. These are either 
,a wed or split by the machinery in the usual manner. 
Then they are bucked-narrowed to the proper width. 
Tile "hucker" consists of a steel carriage into which 
the stave is clamped by means of a foot lever. The 
carriage is forced by a ram into such a position that 
the stave passes between two cutters or knives, which 
shave it  to the requisite proportions, the width in the 
center being somewhat more than at the ends in order 
to give the keg the proper "belly" or bulge. The inside 
or the stave is.,gollowed out 3.1so by a power tool, under 
which it  is carried mechanical ly-set in the hollower 
h<,d, as it is termed. The cutting tool is sometimes 
8 .. t in a rotary wheel against which the inner surface 
at: the stave is pressed.  The next step before the bend­
iEg is to "joint" it-trim off the material to the reo 
quis ite l ength . This is done with a circular saw as in 
th e case of ordinary woodworking. 

The manufacture of kegs differs from that of bar­
rel s,  especially in the treatment of the wood to make 
it pl iable or more easy to bend. This process is the 
last in shaping the staves to give them the proper form, 
an(1 hefore being placed in the bender, th€y are usually 
steamed for a period ranging from 30 minutes to an 
h o u r, depending largely on the variety and seasoning 
of tile wood. The steam vats are equipped with endless 
sprocket chains to which are attached hooks for hold­
ing tile staves. As fast as the steaming is finished,  onp, 
operator can remove them from the slowly revolving 
(,onveyor. The bender may be an upright or horizontal 
machine, but in either case it  contains an adj ustable 
('!'a(lle or model into which the wood is set and firmly 
hpl(1 at each end by means of screw heads or bolts. By 
t he operation of a lever the cradle is contracted into a 
(urv(� of the shape which the stave is to form. Before 
I.Iw stave is released, a bar of iron bent at each end 
is I'orced over it to hold it  in position until it  has 
cooled , when it will retain the curve made by the 
IJP!l(ler. This bar is called the "span-dog." and as a 
rlll<� it is required to be nearly half the thickness of 
the wood it holds, such is the force which it is util ized 
to connteract. 

With the bending, the prel iminary work is ended in 
making the body of the keg, and the material i s  ready 
1'01' seit ing up. Taking a sufficient number of staves. 
t he cooper assembles them and holds them together 
loosely by slipping over one end two of the truss hoops. 
There are several ways of completing the form of the 
lJOdy. One is to adj ust a rope around the end which is 
!lot hooped, then draw the rope taut by winding it on 
a dru m,  thus forcing the pieces into position ; but a 
far better method is the use of what is termed the 
t russel'. This consists of a heavy iron upright frame­
work in which is set a pedestal or base of cast iron on 
which the keg stands. Above the keg is a metal disk 
to which are attached what are called hooks. These 
al;e adjustable, so they can be clamped against the 
l.toops to be set, pressing downward and inward. The 
(1i sk moves up and down on the track formed by the 
rramework, its power being applied by means of a 
serew operated by a belted shaft. When the keg is 
to be trnssed,  'the hoops are adjusted, and a turn of the 
lever forces the disk upon them, ramming the hoop 
home. and at the same time binding the staves firmly 
together. I n  another form of truss the keg is placed 
011 an iron platform inclosed by movable arms which 
can he clamped against the sides and above the hoops. 
They are attached to a disk or cylinder below the plat­
form and pull the hoops into place instead of forcing 
them down from above. The hoops are galvanized by 
el ectricity. 

The package is now ready to be fitted for the head, 
or "crozed . "  This is also performed entirely by me­
chanical power, but in the crozing machine it  is placed 
horizontally instead of vertically. In its operation 
this apparatus is somewhat similar to a turning lathe. 
Two rings of heavy steel called the "chuck rings" en­
gage the ends of the keg, which revolves within them. 
Connected with each chuck ring is a circular cutter 
h ead 'yhich can be moved inside of the keg and the 
Imives adjusted so as to cut the groove into which 
t h e  heads fit . This is termed crozing, but the cutter 
ean also be moved at snch an angle that it bevels the 
--- -----_. 
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edges of the staves or "chaml'ers" them so that th" 
head can be read i ly forcp,d into place .  T h e  final oper­
ation is t o  finish the outside. This is performed hy a 
form of plane which can bp, adj nste<l to (he curved sur­
face, the keg being monnted on a carriage which con­
veys it back and forth under the cutting tool. After 
this it  is usually cleaned by passing it through a tanl, 
of hot water, then turning it on rol lers set beneat h a 
pair of stiff brushes which scrub the staves, while an­
other pair set opposite to each other in the ends of 
the mach ine scrub the heads. Meanwhile the surface 
is rinsed with jets of water thrown against it. 

The manufacture of the heads is, of course, entirely 
distinct from the fashioning of the body of the keg. 
They are rarely formed of one piece of wood, but gen­
erally of three and sometimes four to give greater 
strengt.h. These are first sawed to the requisite thick­
ness, then the dowel holes are bored in their edges by 
power augurs. After the dowels, which are merely 
wooden pins, have been placed in the holes, the pieces 
are jOined by means of them and clamped between two 
revolving disks which . as they tnrn, press the several 
pieces firmly together and set them in place. With this 
operation completed, the edges of the head are ready 
for trimming and bevel ing. These operations are per­
formed by placing it on a saw table and moving it. 
against cutter heads set at the proper angle. 

A very essential operation where the kegs are in­
tended to hold malt l iquor, is "pitching." The inside 
is cbated w ith t.his substance before the keg is used, 
and in the-larger breweries it is generally pitched 
after being cleaned, preparatory to refil l ing. As the 
coating i s  appl ied after the keg is completed, an in­
genious device is empl oyed by which the p itch in l iquid 
form is introduced through the bung hole. It. is placed 
in a reservoir  connected with steam pipes which heat 
i t  to the boiling point. I n  the reservoir is a miniature 
turbine which is revolved by steam power. The action 
oj' the turbine forces the pitch through a valve inserted 
in the bung hole, throwing it against the interior of 
the keg in a circular jet similar to that which issues 
from the ordinary lawn sprinkler. The valve is regn­
l ated entirely by the weight of the keg and is open 
only when the keg is placed upon the spring levers 
which control it.  The "pitching" is done in l ess than 
it. minute, and as the keg is  l ifted the steam is automat­
ically shut off from the turbine by the closing of the 
valve which also cuts off the flow of pitch. Our photo­
graphs were made in the cooperage of the Pabst plant 
at Milwaukee. 

SUPERHEATE D  STEAM FOR LOCOMOTIVES IN 
GERMANY. 

SINCE the year 1898 the Pruss ian state railroads 
have been carrying on experiments with locomotives 
employing superheated steam, anf! thpse experimen t s  
have done m u c h  t o  elucidate a n d  overcome t h e  t echni­
cal difficulties incident to the use of superheated steam 
by locomotives. While during the last ten years the 
util ization of superheated steam w ith stationary en­
gines has become general in Germany, i t  has been em­
ployed onl y on a small scale during the past few 
years with locomotives. Owing to the great amount 
of power which a locomotive of l imited size must pro­
duce, it. is far l ess economical of steam than the sta­
tionary engine, whose bulk is subject to no l imitation, 
and its steam is far more heavily charged with moist­
ure, so that theoretically, at least, the advantages ob­
tained by the use of superheated steam in locomotives 
should be greater than in stat.ionary engines. 

Su perheated steam differs from or Jinary steam in 
being a bad conductor of h eat, so that it  is  not l ique­
fied even when a considerable  amount of its heat is 
given off in the cyl inders, and the amount of heat l ost 
by contact with the walls of the cylinder is much less 
than the amount l ost by saturated steam, which is now 
used for the propulsion of locomotives. Superheated 
steam possesses the further advantage that it  fills a 
greater space than the same amount of saturated steam 
at the same tension, th e amount of superheated steam 
necessary to fill a cylinder varying in inverse ratio 
with the heat of the steam. These important advan­
tages, the effects of which can be mathematically com­
puted by aid of physical laws, have led to a long and 
persevering series of efforts to overcome the serious 
difficulty incident to the practical ut.il ization of super­
heated steam. Between 1830 and 1840 attempts were 
made to utilize superheated steam with stationary 
engines, but the results obtained were unsatisfactory, 
owing to the fact that the materials used were not 
sufficiently durable. 

The experiments of Hirn in the year 1850 were more 
successful ,  superheaters being constructed of cast iron, 
but the fact that t.he power of the superheated steam 
increased with its temperature had not been scientific­
ally proved, and as the parts of the machine coming 
into contact with the steam were found to suffer when 
the temperature of 260 deg. C .  was passed , no higher 
temperatures were attained. It  was l eft for Engineer 
Schmidt. of Wilhelmshiihe, to demonstrate that the 
use of highly superheated steam, at 300 and 350 deg. 
C . ,  materially reduces the amount of steam required. 
and that it can b e  used without injury to properly 
constructed machinery. At this time, something over 
ten years ago, materials sufficiently durable to with­
stand the action of superheated steam had beim found,  
and a lubricating oil  inflammable only at  a very high 
temperature had been discovered. 

The saving attained by the use of superheat.ed steam 
with stationary engines has been so fully demonstrated 
hy the practice of the last ten years t hat its use for 
this purpose has hecome general in Germany, and prac-

t ically all new stationary machines are equipped with 
superheaters. One of  the largest builders or steam ma­
chines in Germany claims a minimum saving of 1:; 
per cent of the amount of coal consumed by the sub­
Rtitution of superheate<l for the ord inary saturated 
steam. In some iIlHt anees it has been caleulated that 
the saving is as high as 40 per eent. It  has been dem­
onstrated that a very material advantage is attairH'd 
when the machinery and pipes are construded and in­
Atal led according to the most. advanced principles . 

While in the larger plants in the United StateR ,m­
per heated steam has been introduced, it is far l es� 
extensively used than in Germany and other European 
countries. 

Encouraged by success with stationary engines, Mr. 
Schmidt. turned his attention to the tecnnical ly more> 
difficult task of uti1 i:dng superheated steam in locomo· 
tives. Steam is heated in the Schmidt superheat pr for 
locomotives by means of furnace gas introducA(1 into 
an inclosed chamber (the superheater ) hy means of a 
l arge flue. The snperheater, through which the h ot air 
passes on its way to tlle smokestacl<, is  circular in 
form and is l ocated in the smoke box. In it are 1I1P 
pipes in which the steam is superheated, and they are 
so arranged that the steam coming from the boi ler is 
made to pass three times through the superheater.  

The first two engines equipped with snperheaterR. 
put into service in 1898 by the Prussian state rail road s .  
a r e  stil l  running, a n d  after various mod ifieations h all 
been made they gave, according to an official report, 
entire satisfaction, and are to-day consiflered two or 
the best twin engines for express and ord inary passen­
ger service, in spite of the fact that they are in var ious  
respects not  up to  date in eonst ruct ion. The next 
order was for four twin locomotives in wh ich thp 
superheater was placed in the smoke box instead of in 
the boiler, and all of these engines have proved satis­
factory, according to the report of Baurath Garbe, in 
respect to power,  economy in the use of water ant} 
coal, and the ease with which they start. At present 
there are some fifty 10comtJtives equipped with the 
Schmidt superheater in use or in course of construc­
tion for the Prussian state rail roads, and all the dif­
ferent types of locomotives at present in nse on this 
system are being tried with the Schmidt superheater. 
No official reports of the results obtained have been 
publ ished more recently than 1902. In an article that 
appeared in Die Eisenbahn Technik der Gegenwart, a 
technical publieation of high standing, publ ished by 
C. W. Kriedel, of Wiesbaden, the results shown by the 
tests made pnblic  up to that time were summell up as 
follows : 

" Superheated steam possesses properties that WOUld.  
for technical and economic reasons, make its success­
ful util ization on locomotives of material advantag€'. 

"Lo('omotives using superheated st eam nuder favor­
able conditions use 5 per cent l eRs ('oal and 15 to 20 
per cent less water than engines using saturated steam. 

"Owing to its l ightness, superheate(l steam is espp­
cially effective when the action of the piston is vpry 
rapid. 

"A greater strain for a short time can b e  maintainp(l 
by engines using superheated steam than by I110s<' 
nsing saturated steam. "  

Briickmann, o n e  o f  the most indefatigable and ex­
haustive investigators, calculates that under normal 
conditions there is a saving of 20 per cent in an o rd i­
nary twin steam engine that employs superheated steam 
over one that does not. while the saving in coal is 
only one-half per cent when the work of a twin engin<' 
with superheater is compared with that of a compoun(] 
engine without it. Owing to the difficulty of obtain­
ing absol ute accu racy, the results of the various test s 
of the efficiency of locomotives using superheatpd 
steam as compared with other engines have variP(1 
considerably, and there exists more or less differellcP 
of opinion as to the l imit of economy in fuel and water 
that has been and is l ikely to b e  attained by th e use 
of superheated steam. 

I t  is the intention of Geheimrath Garbe, a construpt­
ing engineer of the Pruss ian state rail roads who was 
responsible for the introduction of the superhpaier on 
that system, having devoted himself to ren(jering Nfr. 
Schmidt's conception a practical snccess. to publ ish 
a report on it  showing the result of the practice ant] 
experiments of the last two years, whieh wil l ,  h e  be­
l ieves, triumphantly prove the great advantage of i t s  
use, b u t  owing t o  various complications it  is  l ikely 
that considerable time will elapse before such a report 
appears, and in the meantime the reports made by till' 
various railroad superintendents to the general man­
agement are not accessible. Personal investigation 
has, however, el icited the fact that  a number of  officia.l 
reports of a fa.vorable character on the work done hy 
engines supplied with superheaters have been receive(!. 
One of the most satisfactory'of these reports relat es 
to the work of two twin engines with snperheater as 
compared with the work of two compound enginps 
w ithout it, the engines being of similar size and worl,­
ing for a year on the same track on alternate days.  
doing similar service. On one line the saving in coal 
of the twin engine over the compound engine was (; 
per cent; on the second l ine, which ran through a. 
somewhat hil ly'disi rict. the saving in coal was 10 per 
cent. Furthermore. a second engine. which was need e(1 
to assist the compound engine over some steep gra(les .  
was not  necessary with the twin engine.  owing to thp 
greater power obta ined by the nse of snperlleated 
steam. 

Geheimrath Garbe claims that an increase of pOWf'r 
of 30 ]ler cent is att-ained by thp usp of Hupprhf'ate<1 
steam, but owin� til somewha-t conlra(lictory results 
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obtained by different tests it is believed that abso lutely 
accurate data as to the extent of the increase of powm' 
do not exist. The testimony of the Pruss ian railroad 
authorities tends. however, to show that it is very 
considerable. The saving of coal has been 20 pel' cent 
where the work of  twin engines of the same type has 
heen compared, but the highest economy in coal con­
sumption obtained by the Schmidt s uperheater on a 
twin engine, when its work is compared with that of 
a compound engine, is 10 per cent. As the compound 
engine with four cyl inders is of more compl icated and 
('x pensive construction than the twin engine, the re­
�:nlts given are very favorable.  

Geheimrath Garbe maintains that in considering the 
question of expense the twin engine w ith superheater 
sh ould be compared with the compound l ocomotive. 
He maintains that the use of the compound engine 
has been rendered desirable only by the defects of 
ordinary steam, that with highly superheated steam 
the simpler and less expensive twin engine, working 
with steam at much lower pressure, is  capabl e  of 
taking its place for all  purposes, and that it will  b e  
possih l e  b y  the u s e  of superheated steam t o  reduce the 
types of engines used in Germany to five or six. He 
asserts that while the compound engine is more eco­
nomical ,  is capable of attaining greater speed, and 
i s  more powerful at high speed than the twin engine 
when ordi nary steam is used by both engines, the ad­
vantages of the compound engine disappear when it 
is compared with a properly-constructE'd twin engine 
l lsing slIperheated stearn at from 300 to 325 deg. C .  He 
hasE'R his  judgment on experience obtained on the 
Prussian rail road and on the inherent superiority of 

highly superheated steam. 
Sdentilic investigation has establ ished th e fact that 

the volume of  steam superheated to 300 deg. C .  is  25 
per cent greater than that of ordinary steam, that it 
i ncreases as the temperature rises, and that at a tem­
T,eratnre of 300 Iil.eg. C. the deposit of moisture, which 
recl1l(�es the weight of the ord inary steam in the cylin­
!lers by one·th ird, is  avoided. 

The most recent trial that an engine equipped w ith 
the Schmidt superheater has undergone was at the high­
f'peerl steam locomotive tests made on the track be­
tween Marienfelde and Zossen, when an engine built 
hy the Borsig firm and equipped w ith a Schmidt 
superheater made a speed of 128 kilometers ( 791,;" 
m iles ) with a full  train of six cars, and a speed of 
] 36 kilometers ( 84 V" miles ) an hour with a train of 
t·h ree cars, the energy developed being about 2,000 
horse-power. The Borsig engine, unlike the three 
oth er engines, was not built specially for these trials ,  
hut  onl y one of  i ts  competitors equaled it  in Rpeed.  

Mr. Borsig, the head of the firm of A .  Borsig, one of 
the most important steam engine factories in Ger­
many, which has constructed about one-half of the 
l ommotives equipped w ith the Schmidt superheater 
for the Pruss ian government, but which has no finan­
cial interest i n  that device, sta ted in a personal inter­
view that in his opinion the Schmidt snperheater has 
ceased to be an experiment ; that its industrial valuo 
has been established. He also stated that the favorable 
showing of his  engine at the high·speed trials  at 
7.ossen could not have been obtained if the Schmidt  
superheater had not  been used. 

Whil e the Schmidt superheater has hardly been in 
use long enough to show just how great the wear and 
tear on the machinery owing to the use of superheated 
steam will be, the Pruss ian railroad officials are satis­
fie(l with the way in which the parts coming in con­
tact with it  have kept in order on the engines at pres­
!mt in service. 

It  is  likely that the Schmidt superheater would have 
heen adopted already on a much larger scale were it 
not for the opposition which it  has encountered from 
the partisans of other superheaters. Encouraged by 
(he success obtained by Schmidt, other inventors have 
tal,en up the same line of work and have produced 
superheaters of varying degrees of practicabil ity. Of 
these the Pielock is  the one that has received the most 
attention in this country, and would  appear to be the 
most serious competitor to the Schmidt invention. It 
consists of a chamber or metal box located in th e 
hoil er, from which it is separated by a metal wall  
th rough which the boiler flues pass.  The interior of 
the superheater is diVided up by wal l s  in s uch a man­
ner that the steam in passing through the different 
sub-compartments is made to circulate along the boiler 
flues. Owing to the risk of injury to the flues, it has 
not been found desirable to place the superheater too 
close to the furnace. The temperature in the furnace 
flues is reduced by passing through the water of the 
boiler, and the temperature attained by the steam in 
th e 8uperheater is from 230 deg. to 260 deg. C. 

As will  be seen by the foregoing, there exists a radical 
difference between the Schmidt and Pielock super­
heaters. While in the former the steam is heated 
to from 300 deg. to 350 deg. C. by means of one l arge 
flue, .which conveys part of the furnace gas to the 
superheater chamber, in the Pielock system all the 
furnace gas is passed through the superheater by 
means of the boiler flues, the steam being heated only 
from 230 deg. to 260 deg. C. 

I n  all  some ten engines have been or are to be 
equipped with the Piel ock superheater by the Prussian 
State railroads, but i t  has not been possible to obtain 
Ratisfactory information as to the results recently 
ohtained. Only old engines have been experimented 
with, one of the principal advantages of the Pielock 
over the Schmidt superheater being that old engines 
mn be equipped with it without expensIve alterations. 
In order to equip an engine with a Schmidt super-

heater capahle of giving the stearn a high temperature 
it is necessary to enlarge the smoke !lox in order to 
make room fo r the snperheater, and in case the super­
heater is made smal ler,  the ol d smoke box being re­
tained, it is possible to obtain only moderate tempera­
tures, similar to those obtained by the Pielock system. 

The Saxon and Austrian government railroads are 
also experimenting on a small scale with the Pielock 
superheater, the rights to which have been acquire!l 
by the Maschinenbau Actien Gesell schaft at Hanover, 
but the only official tests of engines provided with it 
that have been made public took place on the track be­
tween Breslau and Glogau, where the work done by two 
engines with superheaters and two similar ones without 
them was compared, each engine making ten trips 
over the same track on alternate days. One of the 
Pielock engines attained an economy of 14.7 per cent 
in coal and 18 per cent i n  water, while the economy 
achieved by the other engine was far l ess important. 
It is understood that the results obtained since, which 
have not been made publ ic,  are very contradictory. In 
view of the many factors that are l ikely to influence 
tests of this kind, technical men are extremely con­
servative in accepting their results as conclusive, and 
it will probably take considerable time before the 
efficiency of the Pielock superheater wil l  be satisfac­
torily demonstrated. 

I t  is claimed for the Pielock superheater by its in­
.ventoI\'- that it  can be used on old as well as new loco­
motives, as itean be adjusted to any boiler, and that no 
loss of power is entailed,  as, owing to the greater 
efficiency of the superheated steam, the space taken up 
in the boiler is more than compensated for ; that owing 
to the simpl icity of construction of the Pie lock super­
heater it is  cheaper than any other type, costing from 
$450  to $600 only for a two to four-cylinder Pruss ian 
express locomotive ; that with it  there is  n o  loss from 
radiation, as any h eat lost in the superheater raises 
the temperature of the water in the boiler ; that it  is 
less subj ect to repair than any other superheater, ancl 
needs no special cl eaning other than the cleaning of 
the boiler flues, which would have to take place any­
way ; and that no extra labor is  entailed on the part of 
the locomotive engineer. 

A long and somewhat acrid controversy has been 
carried on in the technical journals of Germany as to 
which of the rival systems i s  based on the right prin­
ciple, and opinions vary widely as to the results ob­
tained by them. 

It  is claimed by the adherents of the Schmidt system 
that it  is  impossible to obtain sufficient increase in 
efficiency with the moderate temperature attained by 
the Pielock superheater to justify its use ; that fre­
quent repairs to the furnace flues passing through the 
superheater wil l  be inevitabl e ;  that they can not be 
examined without being taken out; that this involves 
serious damage to the superheater an!l to the walls 
to wh ich they are made fast ; ancl that a flue thus re­
moved can not be used again. 

The partisans of the Pielock system cla.im, on the 
other hand,  that the large furnace flue nsed in the 
Schmidt system is l ikely to leak where it is connected 
with the superheater ; that the highly superheated 
steam is very injurious to the machine parts which it 
comes in contact with ; and that too much heat goes 
out of the smokestack. 

Only a technical expert with ample opportunities for 
actual observation could form an opinion that would 
be of val ue as to the merit of these claims, hut there 
can be no doubt that the Schmidt superheater has been 
far more thoroughly tested and that it has been used 
longer and more extensively than the Pielock device. 
I n  a ministerial decree of February 3, ] 903, expert evi­
dence as to whether moderatel Y superheated steam 
coul d be employed advantageously in compound en­
gines was called for, and a large amount of testimony 
bearing on the use of  moderately superheated st eam 
and, inc identally,  on the advantages of the Schmidt 
and Piel ock systems,  was submitted, together with a 
report by an official committee of i nvestigation which 
answered the various questions propounded by the 
ministerial decree. This report, whi<?h is exceedingly 
technical in character, is far too exhaustive to be em­
hoclied in a consular report, but contains some infor­
mation and conclusions that are highly instructive. 
Much evidence was given as to the degree of concen­
tration of steam necessary to prevent the deposit of 
water in the cyl inders when moderately heated steam 
is  used. According to some investigators this objec· 
tionable action occurs in the low-pressure cyl inders o f  
locomotives using steam of 2 5 0  deg. C . , but n o  absol ute 
conclusions were reached by the investigating com­
mittee. In answer to the question whether it was 
possible to obtain satisfactory economy of fuel and 
efficiency by using temperatures up to 250 d eg. C . ,  the 
report stated that the use of highly superh eated steam, 
at 300 deg. C. and over, was necessary to high ef­
ficiency ; tha t  excellent results had been obtained by 
twin engines with steam at 300 deg. C., and that the 
decrease of coal consumed as the temperature was 
raised from 320 to 350 deg. C .  was very remarkable.  

- It was reported that the Schmidt superheater could 
be used satisfactorily for moderate temperatures, in 
which case its size could be reduced. 

I t  was also reported that the use of auxil iary en­
gines for upgrades had in different instances been 
obviated by the use of engines equipped with Schmidt 
superheaters.  The report contained a very exhaustive 
examination of the evidence at hand as to the relat ive 
merits of two and four cyl inders, the conclusion being 
drawn that four cylinders are not essential to smooth 
action. The continuation of investigations as to the 

"fficiency of t he Pielock superheater willi !,ompound 
engines was advised, it  being reported that while 
economy was obtained by its use, no material inerease 
of efficiency had been establ ished. Whi l e  it is possible 
that the Prllssian railway experts may be favorably 
influenced toward the Schm idt superheater by the fact 
that its practical appl ication has been developed under 
their auspices, and by the very consid erable oppor­
tunity for observing it that they have enjoyed during 
the last six years, it is believed that the favorahlp 
nature of th is revort is entitled to very great weight. 
Far greater conservatism exists in Germany than in 
the United States about maki ng expenditures for im­
provements the value of wh ich has not been absol utely 
proved. It  woul d seem very l il,ely that the unbiase<l 
opinion of the manufacturer, Mr. Borsig, that the val up 
of the Schmidt snperheater has been d emonstrat e!!, is 
correct. 

While differences of opinion may still exist as to what 
type of superheater is the best, the patient invest iga­
tion and experiments that have been carried on in 
Germany have establ ished the fact that superheated 
steam can be used with locomotives as wel l as with 
stationary engines. When th e much greater efficiency 
of superheated over ordinary steam is tal,en into con­
sideration there seems strong reason to bel ieve that 
the success already obtained by the stationary enginn 
will be repeated with the locomotive-lhat material ly 
superior economy in power wil l  be attained by ttl!' 
use of superheated steam , whicb wil l in time come inlo 
general lise for locomotives. 

So far as is known, there is only one l ocomotive 
using superheated steam in America, alHI it is  eqll ippe(l 
with a Schmidt superheater and is being experimpnt p(l 
with by the Canadian-Pacific l ine.  It is bel ieved that 
it is well worth the while of American technical and 
railroad men to give careful consideration to the ex­
perience obtained by the Pruss ian State rail road in 
the util ization of superheated steam on l ocomotives, 
and to examine the locomotives equipped with tlw 
Schmidt and Piel ock superheaters t hat are being ex­
hibited at St . Louis .  

The following l iterature is recommended t o  thOR!' 
desiring to make further investigations : Special R!'­
ports of Zeitschrift des Vereines deutscher 1 ngenieu re ; 
Die Anwendung von hochiiberhit"tem Dampf (Heiss­
damp f )  im Lokomotivebetriebe nach dem System von 
Wilhelm Schmidt in Wilhelmshohe bei Cassel . hy 
Garbe (Berlin,  1903 ) ; Zur Frage del' Anwendung del' 
Dampfiiberhitzung im Lokomotivebetriebe, by 01 to 
Berner (Berlin, 1903 ) ; Vergleichende Vers\lch e mit 
gesattigtem und massig iiberhitztem Dampf an Loko­
motiven, by Strahl (Berl in, 1904 ) ; Consular Rpllort 
of April 20 ,  19 04 ,  from Berl in , relative to high sppe(l 
tests: and the articl e al ready mentioned in E isenhahn 
Technik del' Gegenwart of the year 1902. The fin:t 
three reports may be obtained by writing to the Verei n 
Deutscher Ingenieure, Monbijou Platz 3, Berl in .-Dean 
B. Mason , Vice and D eputy ConSUl-General , Berl in,  
Germany. 

THE IRRIGATI ON DEVELOPMENT OF EGYPT-A 
HUGE PROJECT. 

By the Engl ish Correspondent of the S!'IEY!'!].'!(' 
A 1\1 E H I (�A:S. 

A :;\WNlEXTm:s scheme for the i rr igation of Egypt has 
been formulated by Sir William Garstin, the UI1(leJ'­
Secretary of State' foJ' the Egyptian Public Wo rl,s De­
partment, and which wheu completed will  constitute 
one of the greatest civil engineering aehievements of 
the time, rivaling even th e barrages recently compl ete(l 
across the River Nile at Aswan and AsyuL 

For five years Sir Wil liam Garstin and his st aff 
have been employed in a complete and exhaustive Sill'· 
vey of the upper reach es of the Nile  with a view t o  
discovering th e most practicable means o f  increasing 
the supply of water t hat can be brought down inlo 
Egypt, thereby render:ng fertile thousands of acres 01' 
land which are at present arid and sterile owing to the 
absence of irrigation . . Under existing conditions no 
less than 80  per  cent of  the vast quantity of wat er 
flowing from the Jakes Victo ria and Albert into the 
,Vhite Nile npver reaches the lower country, simply 
because in its passage it has to flow through immense 
swamps between Lado and Fashocla, which merely abo 
sorb the water. Sir Wil l iam Garstin's object, there­
fore, is to improve the channel of the White Nile  ill 
such a manner that it will add to the lower Nile f100(1, 
and also increase the flowing capacity of that tributary 
during the dry season. In the scheme he has so ('are­
fully prepared, a solution of this complex problem is 
advanced, and he also proposes to improve the S udan 
hy the utilization of the waters of the Blue Nile. 

The principal item in the scheme is to improvp the 
channel of th e White Nile, and for this purpose h e  pro­
poses to divert its course through a canal to he 
specially cut to the eastward of the river's present 
course for a distance of 200 miles between Bor and the 
Sobat. The construction of this new waterway wil l 
result in the river avoiding the marsh country, wh ich 
as the projector states, "has an aspect of desolation 
];eyond the power of words to describe.' - '  Conjointly 
w ith th is  idea h e  Pf<lpoSeS to erect barrages at the out­
l ets of the lakes Victcria and Albert, so as to regUlate 
t he flow of water therefrom into th e river channel . 

This is a gigantic undertaking, which it woul !j cost 
about $73,550 ,000 to realize,  of wh ich sum the const 1'1]('­
tion of .the canal would cost $26,000,000,  and jjJ(' con­
struction of barrages between Asyut an d Kelwh. the 
regulation of the lal{es and the Ilerennial irrigat ion o f  
Upper E'gypt w o n l d  consnme t h e  remai n<l('r o r  t he  out­
lay. 
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As an alternative to the di ven;ion of the river, which 
might pos::;ilJly be deC'med too difticult or impracticable 
from the point ot view of expense. he set::; forth a 
scheme for the training of the channel known as the 
Bahr-el-Gebel , by damming the tributaries and plant­
ing ambatch trees at ·intervals for hundreds of miles. 
This task would involve approximately one-half of the 
cost of the former project, though it would not be 
perhaps so effective. In either event Sir William Gar­
stin opines that the volume of water of the White Nile 
at Khartoum woula be increased by 5 0  per cent. 

The scheme for regulating the Blue Nile is no less 
vast. The regulation of the water would be carried 
out for several mi les alJove Khartoum. The possibil ity 
of damming Lake Tsana, on the Abyssinian plateau, 
and converting it into a huge reservoir  for Egypt's 
water supply, he abandons for political reasons. But 
he suggests the construction of a reservoir  at Rosaires, 
the damming of the River Khash, which at present is 
practically dry during half the year, and a canal sys­
tem in Chexireh for the irrigation of the extensive 
plain around Kassala. 

Schemes are also advocated for the improvement of 
the Nile delta by the remodeling of the Rosietta and 
Damietta canal branches, together with the raising of 
the Aswan dam. Tb.is latter scheme, which it is pro­
posed to take in hand first, will cost $7,000,000.  

The realization of this gigantic undertaking will re-
8ult in the salvation of the vast quantities of water of 
the White Nile which is now lost in the marshes ; the 
control and regulation of the h uge equatorial lakes, 
by which it will bt' possible to add to the flow of the 
river as d esired ; the rising of the level of the Blue 
Nile and the complete irrigation of the �qst tracts of 
j'prtile land through which it passes,lbut which are at 
present arid and un('ul t ivate(] ; and the securing of a 

Fig. 1. 

Fig.B. 

e '1S130) 

high cost, in prcference to the alternative project of 
the Bahr-el-Gebel works. 

There is no doubt that the realization of these 
schemes would prove of inestimable benefit to the 
country. In fact, so far as the Sudan country is con­
cerned, Lord Cromer asserts that its prosperity can 
only be assured by extensive irrigation. The cost of 
the work will not prove a heavy drain upon the finan­
cial resources of the country, since the increase of the 
land revenue, even under moderate taxation, wil l  ap­
proximate $6,025 ,000 per annum, It will thus be 
realized that in  comparatively few years the outlay 
would be recouped. 

Sir William Garstin is now proceeding with a more 
m inute 

·investigation of the schemes he has advanced. 
The country is to be carefully surveyed, the l evels 
obtained, and several alternative projects prepared. 
There are several problems which require investigation 
and preparation for the engineers before the task can 
be proceeded with, but in view of the success that has 
attended the construction of the Aswan and Asyut 
dams-a result far exceeding the most sanguine expec­
tations of the promoters of that development-it is in­
tended to press on with the undertaking with all prac­
ticable celerity. 

HOLDEN'S LIQUI D-FUEL APPARATUS ON THE 
TURBINE YACHT "TARANTULA." 

ks is well known to engineers, Holden's system of 
burning liquid fuel has for a considerable time been 
successfully employed on some of the locomotives run­
ning on the Great Eastern Railway, as well as on sta­
tionary and marine boilers. It  was·, we bel ieve, the first 
system of its kind to come into extensive use in th is 
country, and we have more than once refer red to it in 
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thro1lgh U10 eeuter of the boiler, ami Fig 3 a plan. 
The injc('tor:; are t.hrue' in n umlJer, and are placed in 
the form of an equil ateral triangle, as shown. The pipe 
leading from the fuel tank may be seen running hori­
zontally along the lower part of the boiler front, and 
fl om it branch pipes are taken to the various injectors. 
The regulating gear for the oil is conveniently placed 
in the center of the boiler front j ust above the in­
jectors, where it can be very easily reached, whil� the 
cocks for regulating the steam supply may be seen 
somewhat to the right. A �-inch copper pipe for 
steam is led down from the fitting that regulates the 
supply of steam to the injectors, this being for use in 
clearing out the fuel-pipe when required,-Engineer­
ing. 

CAMEOS.* 

By CYBIL DAVENPORT, F.S.A. ,  of the British Museum. 

THK manner in which ancient peoples, emerging 
from their struggles with metals, managed to cut and 
pol ish hard stones is of great interest. At first it is 
probable that they only succeeded in polishing stones 
on their natural surfaces by rubbing them together, 
possibly with the help of water, sand,  or emery. 
Presently when the power of the bOW-drill ,  which 
itself was a development of the stick rubbed be­
tween the palms of the hands, sti l l  used in some 
places to produce fire, became known, it was found 
fJossible to ornament the surfaces of pol ished stones 
with incised lines and diagrams. 

This, then, was probably how it became possible 
for the prehistoric artist to cut intagl io gems, carne­
l ian, amethyst or other stones, steatite, porphyry, o r  
lapis lazul i .  When carbonado, or bort, an amorphous 
form of diamond. was (l i scovere(l. it became possible 
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LIQUID FUEL APPARATUS ON THE TURBINE YACH'r "'rARANTULA." 

constant and sufficient supply for the enti re area be­
t ween the Cataracts and the Mediterranean ; whi l e  it 
will  also release the Sudan from the ever-existing 
danger of disastrous floods. 

The total cost of the undert�king would be approxi­
mately $110,000,000 and the work woul d occupy from 
ten to fifteen years to complete. In add ition to this 
outlay, however, th� aeveloprpent of the railroad is 
imperative partially for the assistance of the construc­
tion of the irrigation works, and as the expense on this 
item is estimated at $20,000,000, the aggregate outlay 
would be about $130 ,(;0 0 ,000,  

The estimated result of these works would be the 
ferti l ization of 1 ,600,000 acres of land which is at 
present only desert .

. 
Water will  be available all the 

year round for 7 5 0 ,000 acres, which at present are only 
partial ly supplied, Another 1 00,000 acres will be irri­
gated by pumps, and 800,000 acres of absolutely sterile 
land will be rendered possibl e  for cultivation by rich 
alluvial deposits. 

Lord Cromer fully indorses Sir William Garstin's 
s('hemes, but owing to the magnitude of the under­
taking and the enormous outlay it entails, h e  proposes 
its realization by degrees. One of his first projects, 
however, is to complete the Suakim-Berber Railroad, 
which, it is anticipated,  will  be accomplished by the 
spring of 1 9 0 6 .  This would be followed by the dam­
ming of the River Gash and the irrigation of the 
Kassala plain, which would bring the 100 ,000 additional 
acres of land under cultivation at an approximate cost 
of $25 per acre. The realization of this project alone 
would result in  an annual addition to the revenue from 
land tax of some $250,000.  

In  connection with the development of the Wh ite 
Nile, Lord Cromer is III favor of the construction of 
the 200-mile  canal,  notwithstanding its magnitude and 

our columns, As originally designed by Mr. Holden,  
it  was intended to be used as a means of utilizing the 
tars produced by the oil-gas apparatus at the Stra tford 
works of the Great Eastern Railway Company ; but it 
has since been used with many' kinds of l iquid fuels, 
such as coal tar, blast-furnace tar, and oil ,  shale oi l ,  
creosote and groon oil ,  astatki,  and crude petroleum. 
When used on the Great Eastern Railway, a thin fire 
is  made up on the bars, with coal and about 1 h undred­
weight of broken chalk, and the ashpit damper is kept 
sufficiently open to keep the fire brigh t. Two holes, 
about 5 inches in diameter, are made in the front plates 
of the fire-box, about 10 inches above the grate, and 
about 1 foot 9 inches apart from center to center. A 
ring of perforated pipe is placed in each of these holes, 
with the perforations facing toward the inside of the 
fire-box. Through these pipes steam from the boiler 
flows, and passes into the fire-box in the form of nu­
merous fine jets, wh ich cause an induced current of air. 
The oil  is sprayed into the fire-box by means of a 
steam-w orked injector, the nozzl e  of which is fixed in 
the c enter of the perforated ring.  The steam, as it 
passes i n, is mixed with air,  which enters at the rear of 
the injector. 

The system as used on the Great Eastern Railway 
for locomotives has, of course, to be somewhat modified 
when appl ied to stationary and marine boilers, Figs. 
1, 2 ,  and 3 show the apparatus as recently supplied by 
Messrs. Taite & Carlton, 63 Queen Victoria Street, 
London, for two Yarrow boilers on board Mr, W. K. 
Vanderbilt, Jr.'s, turbine yacht "Tarantula.'" Each boiler 
has a grate area of 33 square feet, and is capable of 
developing 2,000 to 2 ,200 horse-power, The arrange­
ment of the injector, pipes, etc.,  will, we think, be 
readily understood on reference to the illustrations, 
where Fig, 1 is a front elevation, Fig. 2 a section 

to cut and polish hard stones with comparative ease 
and rapid ity, and also the invention of the treadle 
drill , working sideways, in contradistinction to the 
bow dril l ,  which onl y worl{s downward, made it pos­
sible for the first time to cut designs with proper 
control upon hard stones. Bort when powdered is 
aE effective as diamond dust to cut and polish stones, 
even the diamond itself, and now machines of such 
power and accuracy are made that the faceting of a 
diamond, for instance, is not so d ifficult as it formerly 
was ; but the cutting of a gem, although it can now 
be done quickly, is still  a matter requiring the 
utmost sk ill ,  as the gem is held in the cutter's hand, 
and pressed against the rapi dly-revolving point, arm­
ed with diamond dust and oil . The point is of soft 
iron formed like the head of a pin. 

The polishing of an engraved gem is done in the 
same way, but with softer material s ;  the points may 
be of lead. ivory, or copper,  and the oil is usually 
mixed with tripol i powder, rotten stone, crocus, rouge, 
or  putty powd er ; but for the diamond or some other 
very hard stones, diamond dust must still  be used. 

Repol ishing of antique gems, both intagl io and 
cameo, was m ueh practised during the Renaissance, 
w hen gem cutters of all kinds were extremely 'skill­
ful . Such repolishing is unfortunatel y always harm­
ful, as the original engravers in fact finished their 
engraving by means of the polishing, so that any fur­
ther work do:ne 011 the same grounds tends to de­
terioration. 

• Substance of a lecture delivered before the Royal Institution of Great 
Britain on Aoril 23, 1904. '['he lectnrc was illustrated by fifty lantern 
slides taken directly from the objects themselves. and colored by the lec­
rnnw in a manner invented by him8C'lf. The rrimes report said that theB� 
"lides were so fine that to nse them wus like looking at the gems them­
selves, magnified. 
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Where the earliest cameos were made w i l l  always 
be a matter of conj ecture. All ·  I can say is that as 
far as I know there exist cameo engravings in low 
relief on shells and eggs which may h ave been done 
so long ago that to suggest any date would be im· 
prudent. But for really skilled work we need not 
go further back than to the Egyptian Scarabrei, which 
were seals with the backs cut into the semblance of 
the sacred beetle. I may here say in passing that 
the outline of the scarab cameo persisted for a very 
long time, gems of this shape being known as scara­
boids. 

The cameo scarabs are cut in carnel ian, hematite, 
basalt, steatite, and many other substances, and they 
are also made i n  porcelain, often glazed, as are also 
several of the stone examples.  At Mycenre a small 
seal of amethyst with the back cut into the :;emblance 
of a lion dormant was found ; and in the British 
Museum is a smal l sardonyx of Greek workmanship 
signed " Syrias," on the back of which is a satyr cut 
in cameo. This, as well as one showing a sphinx, is 
in the Cabinet des Medailles in ' Paris,  and both of 
these are attributed to about the sixth century B. C. 

Signatures on cameos read the right way about, 
whereas on intagl ios they are reversed. If a signa­
ture  on an onyx cameo shows in relief and corresponds 
in color with the part of  the cameo in relief, i t  is 
probably contemporary work, but if  it is only cut in 
intagl io on the groundwork . it may have been fraudu­
l€lltly added. 

The two finest double-head cameos in the world 
are the Gouzaga cameo at the Hermitage Museum in 
St. Petersburg, and the Vienna cameo. Both these 
gems are of Ptolemaic times, and are supposed to 
represent Ptolemy I I .  Philadelphus and his two suc­
cessive wives, each named Arsinoe. ptolemy reigned 
during the third century B .  C., and the workmanship 
of the cameos may be considered as GrlBco-Egyptian. 
Of the same peri.9d and style is the remarkable Tazza 
Farnese now at Naples. 

Between the ptolemaic cameos and those of the 
period of the Roman empire there is a paucity of 
work in cameo. The ptolemaic cameos are th e first 
to show that gem engravers of cameos appreciated 
the singular fitness of the onyx stone, with its concur­
rent layers of stone of different colors, for such work 
Indeed it may well be said the cameos had no exist­
ence as an art subject of themselves until the use 
of the onyx was understood. Cameos are of course 
cut in numbers of other materials-bloodstone, car· 
nelian, corundum, amethyst, rock-crystal , and the 
l i ke-but in all cases they were expensive and slow 
to produce. Like all fashionable  cults,  even to-day, 
the fashion set by the upper classes of society gradual­
ly filters downward, and so we find that the lesser 
Romans contented themselves with molded glass 
cameos, called pastes, instead of the finer carvings 
worn by the rich Patricians. The Roman p:lstes of 
the first and second centuries before Christ are now, 
however, of much value, and several of  them are 
really fine. They are made in the same manner that 
James Tassie made his in after years, cast in molds 
taken from actual gems. But in  some few cases 
glass was actually cut in the same way as if it were 
stone. The finest example of this is the exquisite 
Portland vase, now deposited in the British Museum, 
but the property of the Duke of Portland. I t  is of 
dark-blue glass, d ipped in white, and then the white 
is cut away down to the blue ground exactly as it 
woul d be in the case of an onyx . Besides this vase 
there is in the British Museum the Auldjo vase, with 
a wreath in white, and the Vase des Vaudauges at 
Naples, and numbers of fragments in most large 
museums. 

The great p eriod of cameo cutting was that of the 
emperor Augustus, during the first century of the 
Christian era, as well as the Roman empire. 
Augustus himself loved cameos, and the finest single 
head cameo in the worl d shows his h ead wearing a 
jeweled tiara. The GrlBco-Roman cameos, all  cut by 
Greeks, when not portraits, are d esigned in the 
classical manner, and they were produced until the 
fourth century, when Constantine the Great l eft 
Rome and went to Byzantium to found the new em­
pire. Byzantine art then usurped the first place, and 
whenever possible altered the classical designs into 
Christian ones. Hercules becomes David, the at· 
tributes being changed as well as possible ; Jupiter, 
with his eagle, does duty for St. John ; "Perseus and 
the Gorgon" are christened "David and Goliath ; "  
Venus and Leda change their usual characters and 
turn into the Virgin Mary, and the head of Medusa be­
comes the sacred face of St.  Veronica. 

Until the Renaissance in the l ate fifteenth and six­
teenth centuries, these Christian motives remained 
unchanged, and then once more a general change 
occurred, and there was a universal return to 
classical themes. 

The Renaissance work is t echnical ly quite as fine 
as the antique, but there was a want of original ity, 
and no doubt the R enaissance workers employed their 
skill in making fraudulent copies and touching up 
worn or inferior antiques. There is no golden rule 
by which to recognize an antique cameo from one 
made during the Renaissance. 

I t  may, however, b e  noted that antiques generally 
have small margins, whereas Renaissance gems often 
have broad margins. Antiques are polished all over, 
later work often !Shows pol ish onl y in places. The 
backs of antique gel]1S are often rounded, whereas 
Renaissance gems are al most a l ways fiat.  

A cameo is one 01' the most l asting forms of art. 
Time affects it but l ittl e ;  (lamp not at all ;  l ight not 

a t  all .  It  is the product of the h i ghest skill in art, 
and owes none of its beauty to chance except simply 
th e color of the stone. Moreover a fine cameo is of 
great p rice. I f  rich men could be induced to have 
their portraits cut in fine onyx cameos they would 
render themselves as immortal as Ptolemy I I .  did 
when he had h imself and his wife cut in  the beautifu l 
onyx which is as fine and clear to-day as it was some 
twenty-two centuries ago ! No painting can approach 
such a work of art in permanence, and as many 
judges would say, even in beauty. 

A SPIRAL SCREW CUTTING ARRANGEMENT FOR 
LATHES.* 

By J.  S.  GEORGE .  

THE accompanying photograph o f  a 14-inch P.  W. 
lathe shows a method of cutting a spiral screw 4 per  
inch pitch that may perhaps be not without interest to  
readers of this  journal . 

As the cross slide is not positively connected with 
th e lead screw it is impossible to cut a spiral. In order 
to secure the use of the lead screw, I planed a 45-
degree block fitting in the groove of the taper attach­
ment on the end of the lower slide,  and put a roller 
in position to abut against the 45-degree-angle side of 
the block. Then I clamped the double-angle stop on 
the bed having an adjusting screw on the end, to work 
up against the compound rest slide.  Removing the 
screw I{)f the compound rest,  and turning it  around so 
that it will  slAde parallel with the bed of the lathe, I 
set the lathe to the spiral to be cut. The roller thus 
engaged the 4 5-degree block to give the cross move­
ment. At the same time the carriage moved along the 
same distance. The stop that worked against the com­
pound rest prevented the slide from being carried for­
ward, but allowed i t  to move parallel with the face of 
the work. To get a cut for the tool I moved the ad­
jllst ing screw and held the compound rest s l ide up 

university, there is  nowhere to be found,  in any corner 
of the world, a spot with which have been connected, 
either by their training in youth, or by the labors of 
their maturer years, so many men eminent as tne 
originators of new and fruitful physical conceptions. 
I say nothing of  Bacon, the eloquent prophet of a new 
era ; nor of Darwin, the Copernicus of biology ; for my 
subject to-day is not the contributions of Cambridge to 
the general growth of scientific knowledge. 1 am con· 
cerned rather with ,he il lustrious line of physicists 
who have learned or taught within a few hundred 
yards of this build ing-a line stretching from Newton 
in the seventeenth century, through Cavendish in the 
eighteenth, through Young, Stokes, Maxwell, in the 
nineteenth ; through Kelvin, who embodies an epoch 
in himself, down to Rayleigh,  Larmor, J .  J .  Thomson, 
and the scientific scnool eentered in the Cavendish 
laboratory, whose physica:i speculations bid fai r  to ren­
der the closing years of the old century and th e open­
ing years of the new was notable as the greatest which 
have preceded them. 

. 

Now what is the  task which these men, and their 
i l lustrious fellow-laborers out of all lands, have set 
themselves to accomplish ? To what end led these "new 
and fruitful physieal conceptions" to wh ich I have just 
referred ? I t  is often described as the discovery of the 
"laws connecting phenomena."  But this is certainly 
a misleading, and in my opinion a very inadequate, 
account o f  the subject. To begin with, it  is  not only 
inconvenient, but confUSing, to describe as "phe­
nomena" things which do not appear, which never have 
appeared, and which never can appear, to beings so 
poorly provided as ourselves with the apparatus of 
sense perception. But apart from this, wh ich is a 
l inguistic error too deeply rooted to be e<LsiIy exter­
minated, is it not most inaccurate in substance to say 
that a knowledge of Nature's laws is all we seek when 
investigating Nature ?  The physicist looks for some-

SPIRAL S C REW-CUTTING ARRANGEMENT FOR LATHES. 

against tlle screw by hand. The operation was easily 
done, as the slide tended to move forward. 

A number of spirals have been cut in this way and 
all  have been found correct. 

REFLECTIONS SUGGESTED BY THE NEW 
THEORY OF MATTER.t 

By the R ight Hon. A.  J. BALFOUR, D.C.L. ,  LL. D.,  M.P.  
F.R.S. ;  Chancellor of the University of Edinburgh. 

THE meetings of this great society have for the most 
part been held in  crowded centers of population, where 
our surroundings never r-ermit us to forget, were such 
forgetfulness in any case possible, how close is  the tie 
that binds modern science to modern industry, the 
a bstract researches of the student to the labors of the 
inventor and the mechanic. This,  no doubt, is  as it  
should be.  The interdejJendence of theory and practice 
cannot be ignored without ir,fiicting injury on both ; 
and he is but a poor friend to either who undervalu es 
their mutual co-operatlOn. 

Yet, after all ,  since the British Association exists for 
the advancement of science, it is  well that now and 
again we shoul d  choose our place of gathering in some 
spot where science rather than i ts appl ications, knowl­
edge, not util ity, are the ends to which research is 
primarily directed. 

I f  th is be so, surely no happier selection could have 
been made than the quiet courts of this ancient univer­
sity. For h ere, if  anywhere, w e  tread the classic 
ground of physical discovery. Here , if  anywhere, those 
who hold that physics is the true scientia scientiqrum, 

the root of all the sciences which deal with inanimate 
nature, should feel themselves at home. For, unless I 
am l ed astray by too partial an affection for my own 

* Rpccially prepared for the SCIENTIFIC A}:lERIOAN SUPPLEMENT 
l' Address delivered before the British A ssociation for the Advan ce­

ment of Science. 

thing more than what, by any stretch of language, can 
be described as "co-existences" and "sequences" be­
tween so-called "phenomena."  He seeks for something 
deeper than the laws connecting possible objects of ex­
perience. His object L; physical reality : a reality 
which may or may not be capabl e of direct perception ; 
a reality which is in any case independent of it ; a 
reality which constitutes the permanent mechanism of 
that physical universe with which our immed iate em­
pirical connection i s  so slight and so d eceptive. That 
such a real ity exists , though philosophers have doubted, 
is  the unalterable faith of science ; and were that faith 
per impossi bi le fo perish under the assaults of critical 
speculation, science, as men of science usually conceive 
it,  would perish likewise. 

I f  this be so, i f  one or the tasks of  science, and more 
particularly of physics, is to frame a conception of 
the physical universe in its inner reality, then any 
attempt to compare th8 different modes in which, at 
different epochs of scientific development, this intel­
lectual picture has been drawn, cannot fail to suggest 
q uestions of the deepest interest. True, I am precl uded 
from deal ing with such of these questions as are purely 
philosophical by the character of this occasion ; and 
with such of them as are purely scientific by my own 
incompetence. But some there may be sufficiently near 
the dividing line to induce the specialists who rule by 
right on either side of it to view with forgiving eyes 
any trespasses into their legitimate domain which I 
may be tempted;' during the next few minutes, to 
commit. 

Let me, then, endeavor to compare the outlines of 
two such pictures, of  which the first may be taken to 
represent the viewS prevalent toward the end of the 
eighteenth century ; a l ittle more than a hundred years 
from the publication of N ewton's " Principia," and.  
roughly speaking, about midway between that epoch­
making date and the present moment. I suppose that 
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i t ' a l  I ha t  IHlriod tbe a verage man of scienc" had b"en 
:laked t o  sketch his general conception of the phyh ical 
I I n i v ers", hl3 woul d probably have said that it  eS8en­
I ial ly consisted of various 80rh; of ponderable matter, 
scat t ered in d ifferent combinations through space, ex­
hibiting most varied aspects under the i nfluence of 
chem ical affinity and temperature, but through every 
metamorphosis obedient to the laws of motio�, always 
retaining its mass unchanged , amI exercising at all 
II is t ances a force of attraetion on other material 
m a sses, according to a simple law. To this ponderabl e 
mat i er h e  would ( i n spite o f  Rumfo rd ) have p robably 
a d de (l t h f; sO-I'al l ed "imponderable" heat, then often 
rau l, e l l  among th e element s ;  together w ith the two 
" e l ect rical fluids, "  and the corpuscular emanations sup­
[Josell t o constitute l ight. 

I II the un iverse as thus conceived, the most im­
p o r t ant forms of action between its constituents was 
act ion al a d istance ; the prinCiple of the conservation 
or energy was. i n  any general form, undreamed of ; 
('] ('c l  r i c i ty and magnetism, though al ready the subjects 
o r  important investigat jon, played no great part i n  the 
\\'hole  o f  t h ings ; n o r  was a d iffused ether required t o  
('om plete t h e  machinery of t h e  universe. 

Within a few months, however, of  the date assigned 
for these del iverances o f  our hypothetical physicist, 
came an a d d i t  ion to t h i s  general conception of t h e  
world,  d estined profound ly to m o d i fy it .  A b o u t  a hun­
ll rerl years ago Young opened, or re-opened, the great 
controversy which finally establ ished the undulatory 
theory of l ight,  and with it  a b el i ef in an interstellar 
m e(l ium by which undulations could be conveyed . But 
this  discovery involved much more than the s ubstitu­
t ion o f  a theory of l ight which was eonsistent with the 
fae t s  for one which was not ; since here was the first 
authent i c  introduction* into the scientific world-picture 
o r  a Hew and prodigious constituent-a constituent 
\v h ich has altered , and is still  altering the whole bal­
a nee ( ;';0 t o  speak ) o f  the composition. Unending 
� p a  ..  e .  t h i n l y  sl;.r.ewn with suns and satel l ites, made or 
i n  I h e m aking, supplied sufficient material for the 
llH'chaniiim of the heavens as conceived by Laplace. 
[ ' nend i ng space fi l l ed with a continuous medium was a 
wry d i fferent affair , and gave promise of strange de­
v e l opments .  I t  could not b e  supposed that the ether, i f  
i t s  real ity were once admitted,  existed only to convey 
t h rongh interstellar regions the vibrations which hap­
JlPn to sti mnlat e the optic nerve of man. I nvented 
o r i g i nal l y  to ful fi l l  this function, to this it could never 
be eonfined . And accordingly, as everyone now knows, 
t h i n gs wh ich, from the point of view o f  sense percep­
t i o n, are as dist inct as l ight and radiant heat, and 
t h i ngs t o  whieh sense perception makes no response. 
l i l(() the el ect ric waves of wirel ess telegraphy, 'i' in­
tr i n s i cally (l i ffer, not in k i n d .  but in magnitude alone.  

Th is,  however,  is not all ,  nor nearly all .  I f  we j ump 
() \'er the century which separates 180'1 from 1 9 04 ,  and 
a t l em pt to give in outline the worl d-picture as it now 
ll l'l'Spn t s  itself to some l eaders of contemporary specu­
l a  I ion. w e  sha l l  find that in the interval i t  has been 
lll orl ified,  not merely by such far-reaching discoveries 
as t h e  atomic and molecular composition of ordinary 
m att e r ,  the kinetic theory of gases, and the laws of 
i b e  conservation and dissipation of energy, but.  by the 
llI o re and more important part which electric ity and 
t lie ether occupy in any representation of ultimate 
pl! ysi(oal  real ity. 

lD l pl'i rici ty was no more to the natural philosophers 
in I h e  year 1 7 00 t han t he h i d d en cause of an insignifi-
1 ' ; lll t phenomenon) I t  w a s  l, nown, a n d  had long befm 
k n o w n .  t h at such th ings as amber and glass could be 
i l I a d "  t o  att ra c t  l i ght objeets b rought into their neigh­
borhood : yet i t  w a s  a b o u t  fifty years hefore the effects 
of e l p( · t r ici l y  were verceived i n  the thunderstorm. I t  
\l as a b o u t  1 00 yean; IJefore i t  was det ected i n  th e form 
or a '  C U lTent. I t  was about 1 20 years before i t  was 
I 'o l l ll f)ded with magnetism ; about 170 years before it  
was ('Olmect ed with l i ght and ethereal radiation. 

13u t  to-day th ere are those who regard gross matter, 
t h e  matter of every-day experience, as the mere appear­
;; u c e  of whieh electric ity i s  the physical basis ; who 
t h i nk that the el ementary atom of the chemist, itself 
far beyond the l i mits of d i rect perception, is but a 
connected

' 
system of monads or sub-atoms wh ich are 

not electrified matter, but are electricity itsel f ;  that 
t h ese systems d iffer in the number of monads which 
1 h ey contain, in their L rrangement, and in their motion 
relat ive to each other and to the ether ; that on th .. se 
d i fferences, and on these differences alone, depend the 
v a r ious qualities of what have h i therto been regarded 
as indivisible and el ementary atoms ; and th at while 
in most cases these atomic systems may maintain their 
('q uil ihrium for periods which , compared w ith such 
a stronomieal processes as th e cool ing of a sun, may 
f'eem almost eternal , they are not less obedient to the 
law of change than the everlasting h eavens themselves . 

But if gross matter be a grouping of atoms, and i f  
a t o m s  be systems of eleetrical monads, what are these 
el ectrical monad s ?  I t  may b e  that, a s  Prof. Larmor 
has suggested . they are but a modi fieation of the uni­
versal eth er, a modi fication roughly comparable to a 
lm ot in a medium which is inextensib l e .  incompressiblc.  
am! continuou s.  But whether this final un ification be 
ac('epted or not , i t  is eertain that these m onads cannot 
he considered apart trom the ether. I t  is on th eir in­
teraction with the et her that their qualities depend ; 
and without th e eth er an electric theory of matter is 
i mpossibl e. 

* The hYP()tll(�I:·:i 8  of an ether waf:.. of cOIll'Be, 1]()"� ll(�W. Rut hefore 
Young and Fr'psllf'i i t  can not bl' Elaid to have hpcn t'stahhRhf'd . 

.� First knowll t h l'ollgh 1 t J p  thcoT'ctieal work of :Maxwcll aIHI the {'xl'pI' i -
1 I 1 ( '11 1.s of  TIerr.. 

:I: rrhe mOdeI'll h i�tory of electricity beg-illS with Hilbert, but I have 
thronghout eonfined my ohservations to the post-Newtonian period. 

Su rely we have h ere a very extraordinary revol ution. 
Two centuries ago electricity seemed but a scientific 
toy. I t  i s  now thought by many to consti tute the 
reality of which matter is but the sensible expression. 
It  is but a century ago that the title of an ether to a 
place among the constttuents of the universe was 
authentically established.  I t  seems possible now that 
i t  may be the stuff out of which that nniverse i s  wholly 
built.  Nor are the collateral inferences associated with 
this view of the phYSical world less surprising.  I t  used, 
for example,  to be thought that mass was an original 
proverty of matter, neither capab l e  of explanation nor 
requiring i t ; i n  its nature essentially unchangeab l e, 
suffering neither augmentati o n  nor d i m inution under 
the stress of any forces to which i t  could be subj ected ; 
unalterably attaehed to, or i d entified with, each ma­
terial fragment, howsoever much that fragment might 
vary i n  its appearance, its bulk, its chemical or its 
physical conditions. 

But if  the new theories b e  accepted these views must 
be revised.  Mass is not only expl icable,  it  i s  actually 
explained.  So far from being an attribute of matter 
considered i n  itself, It i s  due, as I have said, to the 
relation b etween the electrical monads of which matter 
is composed and the ether i n  which they are bathed.  

\ So far from being unchangeable,  i t  changes, when mov­
ing at very h igh speeds, w ith every change i n  its 
velocity. 

Perhaps, however, the most impressive alteration in 
our picture of the universe required by these new 
theories is t!J be sought i n  a d i fferent di rection. We 
have all ,  I suppose, been interested in the generall y  
accepted views a s  to t h e  origin a n d  development o f  
suns with their dependent p lanetary systems ; and the 
gradual dissipation o f  the energy which during this 
process of concentration has largely tak en the form of 
l i ght and rad iant h eat. Fol low out the theory to its 
obvious conclusions and i t  beeomes plain that the stars 
now viSibly incandescent are those i n  m id-journey be­
tween the nebul<E from which they sprang and the 
frozen darkness to which they are predestined. What, 
then, are we to think o f  the invisibl e multitude of the 
heavenly bodies in which this process has been already 
compl eted ? Accord i n g  to the ord inary view, w e  sho u l d  
suppose t h e m  to be in a state where all  possibilities of 
internal movement were exhausted. At the tempera­
ture of interstellar space their constituent elements 
would b e  solid and inert ; chemical action and mole­
cular movement would be alike impossibl e, and the i r  
exh austed energy could obtain no replenishment unless 
they were suddenly rej uvenated by some eelestial col­
lision, or traveled into other regions warmed by newer 
suns . 

This view must, however, be profoundly modified i f  
we accept t h e  el ectric theory of matter. W e  can then 
n o  longer hold that i f  th e i nternal energy o f  a sun 
were as far as possible converted into heat either by 
its contraction under the stress of gravitation or by 
chemical reactions between its elements, or by any 
other inter-atom i c  force ; and that, were the heat so 
generated to be dissipated, as i n  time it must be, 
through infinite space, its whol e energy would be ex­
h austed. On the contrary, the amount thus lost would 
b e  absolutely inS ignificant compared with what re­
mained stored up w ithin th e separate atoms. The sys­
tem in its corporate capacity would become bankrupt­
the w ealth of its individual constituents woul d  b e  
scarcel y diminished . They would l ie  s i de by side,  
without movement, without chemical affinity ; yet each 
one , howsoever inert in its external relations,  the 
theatre o f  viol ent motions, and of powerful i nternal 
forces. 

Or, put the same thought in another form. When the 
sud den appearance of some new star i n  th e telescopic 
fie l d  gives notice to the astronomer that he, a n d  per­
haps, in th e whole universe, he alone, i s witnessing 
the conflagration of a world,  the tremendous forces by 
which this far-off tragedy is being accompl i shed must 
surely move his awe. Yet not only would the members 
of each separate atomic system pursue their relati v e  
course unchanged, wh i l e  the atoms themselves were 
thus riven v iolently apart in flaming vapor, but the 
forces by which such a worl d i s  shattered are really 
nl',g ligea b l e  eompared with those by which each atom 
o f  i t  is held together. 

I n  common, therefore, with all  other living things, 
we seem to be practically concerned ch i efly with the 
feebler forces of Nature, and w ith energy i n  its l east 
powerful manifestations. Chemical affinity and co­
hesion are on this theory no more than the sl ight 
residual effects of the internal electrical forces which 
keep the atom i n  being.  Gravitation , though i t  be the 
shaping force which concentrates nebul<E into organized 
systems of sums and satel l ites, i s  trifling compared 
with the attractions and repulsions with which we 
are famil iar between electrically charged bodies ; w h i l e  
these again sink i n t o  insignificance b e s i d e  the attrac­
ti ons and repulsiom; between the electric monads them­
selves. The i rregular molecular movements which 
ccnstitllte heat,  on wh ich the very possibil ity of or­
ganic l i fe seems abSOlutely to hang, and i n  whose 
t ransformations appl i e d  science is at present so l argely 
concerne(j ,  cannot rival th e l dnetic energy stored 
within the molecules  themselves. This prodigious 
mechan ism seem s out side the range of our immediate 
in terests . We l iVf� .  so to s p eak , merely on its fringe. 
It has ' for ns no promise of u t i l i tarian val u e .  I t  w i l l  
n o t  (l rive our m i l l s ; we cannot harness i t  to our trains.  
Yet not less on t hat aCl'Olmt does it  stir  the intellectual 
i magination. Th t�  p.t any h eavens have from t i me im­
memorial moved th e w o rsh i p  01' the wonder oj' mall­
k i llil. Rut i f  the d u s t  l)(mea th onr feet he indeed com­
pounded o f  innumerable systems, whose elements are 

ever in the most rapid motion, yet retain througil U ll­
counted ages their equil ibrium unshaken, we (:an 
hardly d eny that the marvels we d i rectly see are n o t  
m o r e  worthy o f  admiration than those which recent 
d iscoveries have enabled us dimly to surmise. 

Now, whether the main outlines of the world-picture 
which I have just imperfectly vresented to you lJe 
d estined to survive, or whether in their turn they are 
to be obl iterated by some new drawing on the scientific 
palimpsest, all  w i l l ,  I think, admit that so bold an 
attempt to unify physical nature excites feelings of the 
most acute intel lec tual gratification. The satisfaction 
it gives i s  almost <Esthetic in its intensity and quality.  
vVe feel  the same sort of pl easurab l e  shock as when 
from .the crest of some melancholy pass we first see far 
below us the sudden glories of plain, river,  and moun­
tain. Whether th is vehement sentiment in favor of a 
simple universe has any theoretical justification I w i l l  
not venture to pronounce. There is no a priori reason 
that I know of for expecting that the material world 
should b e  a modification of a singl e merl ium , rather 
than a composite structure built out of sixty or sevent y 
elementary substances, eternal and eternally d ifferent. 
Why, then, should w e  feel content with the first 
hypotheSis and not with the second ? Yet so it is .  Men 
of science have always been restive under the mul ti­
pl ication o f  entities. They have eagerly noted allY 
sign that the chemical atom was composite, and that 
til e  different chemical elements had a common origin. 
Nor, for my part, do I think such instincts should lJe 
ignored. John M i l l ,  if I rightly remember, was con­
temptuo u s  of those who saw any d iffieulty in accepting 
th e doctrine o f  "action at a d istance." So far as 
observation and experiment can tell us, bodies d o  
actually influence eaeh other at a d istance. And why 
should they not ? Why seek to go behind experience 
in obedience to some a priori sentiment for which n o  
argnment can be adduced ? So reasoned M i l l ,  and t o  
his reasoning I h a v e  no reply. Neverthel ess, we cannot 
forget that i t  was to Faraday' s  obstinate d isbelief in 
"action at a distance" that we owe some of the crneial 
d iscoveries on whieh beth our electric industries al](l 
the electric theory of matter are ultimately founded ; 
wh i l e  at th i s  very moment phys iCists, however bafiled 
i n  the quest for an explanation of gravity, refuse al to­
gether to content themselves with the belief, so sati::>­
fying to Mill,  that i t  i s  a simple and inexpl icabl e prop­
erty of masses acting on each other across space. 

These obscure intimaCons about the nature of real ity 
d eserve, I think, more attention than has yet been 
given to them . That they exist is certain ; that they 
modify the ind ifferent impartiality of pure empiricism 
can hardly be denied.  The common notion that h e  who 
would s eareh out the secrets of Nature must humb l y  
wait o n  experience, obedient t o  i t s  sl ightest h i nt, i s  lJut 
pa.rtly true. This. may b e  his ord inary attitude ; bl lt  
n o w  a n d  again it  happens that observat ion a n d  experi­
m ent are not treated a.s guides to be meekly followe d ,  
b u t  as witnesses to be broken d o w n  i n  cross-exam ina­
tion. Their plain m essage i s  d isbel ieved, and the in­
vestigating judge does not pause until a confession in 
harmony with his p reconceived ideas has, i f  possible,  
been wrung from their reluctant evidence. 

This proceeding n eeds neither explanation no!'  (le­
fense in those cases where there i s  an apparent con­
tra d iction between the utterances of experience i n  (t if­
ferent connections. Such contrad ictions must of course 
be reconciled,  and science cannot rest until the recon­
c iliation is effected . The d i fficulty r eally ar ises when 
experience apparentl y  says one thing and scientific iil­
stinct persists in saying another. Two such cases I 
have already mentioned ; others w i l l  easily be fOUll11  
by those who eare to seek. What is the origin of t.h is  
instinct, alld what its val ue ; wheth er it be a Illere 
prejudice to b e  brllshed aside,  or a clue wh i c'h no wise 
man would disdain to fol low, I cannot now d iseuss.  
F'or other questions there are, not new, yet raised in an 
a.cute . form by these most modern views of matter, on 
which I would ask your indulgent attention for yet a 
few moments. 

That these new v iews d iverge violently from those 
suggested by ordinary observation is plain enough. No 
scientific education i s  l ikely to make us,  i n  our u n ­
reflective moments, regard the s o l i d  earth on wh ich we 
stand ,  or t h e  organ ized bodies w i t h  wh i ch our ter­
restrial fate is so intimately bound up,  as consisting 
wholly of el ectrie monads very sparsely scattered 
t _,rough the spaces which these fragments o f  matter 
are, by a v i o l ent metaphor, described as "occupying. "  
Not less pl a i n  i s  it that an almost equal d ivergenee is 
to be found b etween these new theories and that modi­
fication of the common-sense v i ew of matter with whiclJ 
science has in the main been content to work. 

What was this modification o f  common sense ? I t  is 
roughly ind icated by an old philosophi c  d istinct i o Il  
drawn between what w e r e  called t h e  "primary" and 
the "secondary" qual n.es of matter. The pr imary 
qual ities,  such as shape and mass, were supposed to 
possess an existence quite ind ependent of the observe r ;  
and s o  far the theory agreed with common sense. The 
secondary qualities on the other hand, such as w armth 
and color, were thought to have no such i ndependent 
existence, being, indeed , no more than the resultants 
d u e  to the aetion of th e primary qualities on our 
o rgans of sense-perception ; and here,  n o  doubt, com­
mon sense and theory parted company. 

You need not fear that I am going to drag you into 
the controversies with which this theory is h istorically 
connected.  They have l eft abi d i n g  traces on more 
than one system of phil osophy. Th ey are not yet 
solve d .  I n  the ('om's£> of them th e very possihil ity of 
an independent physieal universe has s8pme(l to melt 
away under the solvent powers of critical analysis.  
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B u t  with a l l  this I a m  n o t  now concerned . I do not 
p ropose to ask what proof w e  have that an external 
w o rld exists, or how, it i t  does exist, we are able to 
oMain cogni zance of it. These may be questions very 
proper to be asked by philosophy ; but they are not 
proper questions to be asked by science. For, logically, 
they are antecedent t o  science, and we must rej ect th e 
skeptical answers to both of them before physical 
science becomes poss i b l e  at ai l .  My p resent purpose 
requires m e  to do no more than observe that, be this 
t heory o f  the primary and secondary qualities of mat­
ter good or bad, it  IS the one on which science has in 
t h e  main proceeded. It was w ith matter thus con­
eeived that Newton experimented. To it  h e  applied 
hh; laws o f  motion ; of It  he predicated universal gravi­
tation. Nor was th e case greatly altered when science 
became as much preoccupied w ith the movemen ts of 
molec u l es as it was with those o f  planets.  For mole­
rules and atoms, whatever else migh t  be said of them, 
were at l east pieces of matter, and, l ike other p i eces of 
matter, possessed those "primary" qualities supposed to 
be characteristic of all matter, whether found i n  large 
masses or in smal l .  

But t h e  electric theory which we have been con­
s i d ering carries us into a new region al together. It 
does not confine itself to accounting for the secondary 
qual ities by th e p rimary, o r  the behavior of matter in 
bulk by the behavior of matter i n  atoms ; i t  analyzes 
matter, whether molar or molecular, into something 
which i s  not matter d a l l .  The atom i s  now no more 
than the relatively vast theatre of operations i n  which 
minute monads perform their orderly evolutions ; while 
the monads themselves are not regarded as units of 
matter, but as units of electricity ; so that matter i s  
n o t  merely explained, b u t  i s  explained away. 

Now the point to which I desire to cal l attention is 
not to b e  sough t  in th e great d ivergence between matter 
as thus conceived by the physicist and matter as the 
o r a inary man �upposes himself to know it, between 
m atter as i t  is perceived and matter as it real l y  is,  but 
to the fact that the first o f  these two quite inconsistent 
v iews is whol l y  bas e d  on the second. 

This is  surely something of a paradox. We claim to 
found all our scientific opinions on experience ; and the 
experience on which w e  found our th eories of the 
ll hysical universe i s  our sense-perception of that uni­
v e rse. That is experience ; and in this region of belief 
t h ere is no other. Yet the conc l usions which thus 
profess t o  be entirely founded upon experience are to 
all  appearance fundamental l y  opposed to it ; our knowl­
e d ge of real ity is based upon ill usion, and the very 
conceptions we use i n  describing i t  to others, or in 
thin k i n g  o f  it ourselves, are abstracted from anthropo· 
morphi.c fanCies, which science forbids us to bel i eve and 
Nature compel s us to employ. 

We here touch the fringe o t  a series of problems with 
w h ich inductive logic o u ght to deal, but which that 
most unsatisfactory b ranch of philosophy has sys­
tematicaIly ignored. This i s  no fault of men of science. 
They are occupied i n  the tasl{ of making d iscoveries, 
not in that of analyzing the fundamental p resupposi­
t ions which the very possibil ity of making discoveries 
i m p l i es .  Neither i s  it  the fault of transcendental meta­
physicians . Their speculations flourish on a different 
l evel o f  thought ; th e i r  interest i n  a philosophy of 
natu r e  is l ukewarm ; and howsoever the questions i n  
wh ich they a r e  chiefly concerned be answered, it is b y  
no means certain that the answers will  l eave t h e  
h u mb l er difficulties at w h i c h  I h a v e  h i n t e d  e ither 
nearer (0 or fu rther from a solution. But though men 
o f  seience and idealists  stand acquitted, the same can 
hard l y  be said of empirical philosophers. So far from 
solving the problem, they seem scarcely to have under­
�t ood that th ere was a problem to b e  solved . Led 
a�t ray by a misconception to which I have already re­
ferrell ; helieving that science was concerned only with 
( so·eal l ed )  " phenomena ," that it had done all  that it 
eou l d  h e  asl{eri to do if  it  accounted for th e sequence 
o f  our individual sensations, that i t  was concerned onl y 
with the "laws of Nature," and not with the inner 
character o f  physical reality ; disbelieving, indeed, that 
any such physical reality does in truth exist ; it has 
n ever felt called upon seriously to cons ider what are 
the actual methods by which science attains its results , 
an d how those methods are t o be justified . I f  any one, 
for exam ple,  will take up Mill's logic, with its 
" s e!lu ences and co-ex istences between phenomena, " its 
" m e thod of d i fference," its "metho d of agreement," and 
the re»t ; i f  h e  will then compare the actual doctrines 
o f  science with this version of the mode in which those 
d octrines have been arrived at, he will soon b e  con­
v inced of the . exceedingly thin intellectual fare which 
has heen hitherto se rved out to us.  

There i s  an added emphasis given to these reflections
· 

by a train of th ought which has long interested me. 
tho ugh I acknowledge that it never seems to have in­
t erested any one else. Observe, then, that i n  order of 
logic sense-perceptions suppl y the premises from which 
we d raw all our knowledge of the physical worl d .  I t  
i,;  they which tell  u s  there i s  a physical worl d ;  i t  is 
on their authority that we l earn its character. But 
i n  order of causation they are effects d u e  ( in part ) to 
the constitution of our organs of sense. What w e  see 
depends not merely on what there is to be seen, but on 
our eyes. What we hear d epends not merely on what 
there is to hea r ,  but on our ears. Now, eyes and ears. 
and all the mechan ism of perception,  have,  as we know, 
been evo l ved i n  u s  an d our brute progenitors by the 
slow operatiori of natural selection.  And wh at i s  true 
of sense-percept ion i s  of course also true of the intel­
l ectual powerR which enabl e U R  to erect upon the fra i l  
and narrow pl atform which sense-perception provides, 
the proud fabric of the sciences. 

Now natural selection only works through utility. It 
encourages aptitudes useful to their possessor o r  his 
species in the struggle for existence, and, for a similar 
reason, i t  i s  apt to d iscourage useless aptitudes, how­
ever interesting they may be from other points of 
view, because, being useless,  they are probably bur­
densome. 

But i t  is certain that our powers of sense-perception 
and of calc ulation were fully developed ages before 
they were effectively employed i n  search ing out th e 
secrets of physical real ity-for our d i scoveries in this 
field are the triumphs but o f  yesterday. The bl ind 
forces o f  natural selection, which so admirably simu­
late design when they are providing for a present need,  
possess no power of prevision, and could never,  except 
by accident, have endowed mankind, while i n  the mak­
ing, with a physiological or mental outfit adapted to the 
h igher physical investigations. So far as natural 
science can tell u s, 'lvery qual ity of sense or intellect 
which does not help u s  to fight, to eat, and to bring up 
children, i s  but a by-product of the qualities which do.  
Our o rgans o f  sense-perception were not given u s  for 
p u rposes of research ; nor was it to aid us i n  meting 
out the heavens or dividing the atom that our powers 
of calculation and analysis were evolved from the rudi­
mentary instincts o f  the animal.  

It i s  presumably due to these c i rcumstances that the 
beliefs of all  mankind about the material surroundings 
i n  which i t  dwells are not only imperfect but funda­
mentally wrong. I t  may seem singular that down to, 
say, five yeaTS ago, our race has, w i thout ex(]eption , 
lived and died in a world of i l lusions ; and that its 
illusions, o r  those with which w e  are here alone con-

. cerned, have not been . about things remote or abstract, 
things transcendental vr divine, but about what men 
see and handle, about those "plain matters of fact" 
among which common sense · daily moves w ith its most 
confident step and most sel f-satisfied smile .  Presum­
ably, however, this i s  either because too d irect a vision 
o f  physical reality was a hindrance, not a help,  in the 
st ruggle for eXIstence ; because falsehood was more use­
ful than truth ; o r  else because w i th so i mperfect a ma­
terial as l iving tissue no b etter results coul d b e  
attaine d .  B u t ,  i f  th i s  conclusion be accepted,  its con· 
sequences extend to other organs of knowledge besides 
those of perception. Not merely the senses, but the 
intellect,  must b e  j u dged by it ; and i t  i s  hard to see 
why evolution, which has so l amentably failed to pro­
duce t rustworthy instruments for obtaining th e raw 
material of experience, shou l d  be cred ited with a larger 
measure of success i n  its provision of the phYSiol ogical 
arrangements which condition reason in its endeavors 
tc turn experience to account. 

Considerations like these, unless I have compressed 
them beyond the l i m i t s  of intel ligibil i ty, do undoubt­
edly suggest a certain inevitable incoherence in any 
general scheme of thought which i s  built out o f  ma­
terials provided by natural science alone. Extend the 
boundaries of knowledge as you may ; d raw how you 
will  the picture of th e universe ; reduce its infinite 
variety to the modes of a single space-filling ether ; 
retrace its history to th e b irth of exiRting atoms ; show 
how under the pressure of gravitation they became 
concentrated into nebulre,  into suns, and all  the host of 
heaven ; how, at l east i n  one small planet, they c om­
bined to form organ ic compounds ; how organic com­
pounds became l iving th ings ; how l iving things, de­
veloping along many d ifferent l ines, gave birth at last 
to one superior rac e ;  how from this race arose, after 
many ages, a l earned Landful,  who looked round on the 
world which thus blindly brought them into being, 
and j udged it,  and \:new i t  for what it  was : p erform, 
I say, all th is, and, though you may indeed have 
attained to science , i n  1' 0wis9 w i l l  you have attained to 
a self-sufficing system cF bel i efs. One thing at least 
will remain, of which this long-drawn sequence of 
causes and effects giveR no satisfying explanation ; and 
that is knowledge itself.  Natural science must ever 
I egard knowledge as the product of i rrational condj­
tions, for in the last resort i t  knows no others. I t  must 
always regard knowledge as rational, or else science 
itself d isappears . I n  add ition, therefore, to the diffi­
culty of extracting from experience bel iefs which ex­
perience contrad ictf'>, we are confronted with the diffi­
culty of harmon izing the pedigree of our bel iefs with 
their title to authority. The more successful we are 
in explaining their o r i gin , the more doubt we cast on 
their validity. The more i mposing seems the scheme 
of what we know, · the more d ifficult it  i s  to discover 
by what ultimate criteria w e  claim to know it. 

H ere, however, we touch the frontier beyond which 
phys ical sc ience possesses no jurisdiction. If the 
obscure and d ifficult region which liP" b eyond i s  to be 
surveyed and made accessible, ph ilosophy, not science, 
must und ertake the task . I t  i s  no business of this 
society. We meet here to promote the cause of knowl­
edge in one of its great divis ions ; w e  shall not help it 
by confusing the l i m its which useful ly separate one 
division from another. I t  may perhaps be thought that 
I have disregarded my own precept-that I have wil­
ful l y  overstepped the ample bounds within which the 
searchers into Nature carry on their labors. I f  it  be 
so,  I can only beg you r forgiveness. My first desire 
has been to arouse in those who, l ike myself ,  are no 
special ists i n  physics,  the same absorbing interest 
which I feel in what is surely th e most far-reaching 
speculation about th e physical universe whicn has ever 
cl aimed our experimental support : and if  in so doing 
I have been tempted to hint my own p ersonal opinion 
that as natural science grows it l eans more, not l ess,  
upon an i d eal istic interpreta tion o f  th e universe, even 
those who l east agree may p erhaps b e  prepared to 
pardon . 

'l'HE NAT URE OF T HE a R A Y S  E M ITTED U Y  
RADIO-ACT IVE S U B S TAN C E B . *  

'l'H.I!J a rays emitted by r a d i u m  a n d  other radiu·  
active substances have b e e n  shown by Rutherfonl 
( "Radio-activ ity," pp.  115-141 ) to consist of positi v e l y  

charged particles f o r  which e / m  = 6 X 1 0 " .  They are 
rapidly absorbed by gases and soli ds, the absorp tion 
coefficient being approximately proportional to the 
density o f  the absorbing medium. The value of the 
ahsorption coefficient in air,  divided by the density, var­
ies between 3 5 0  and 1,300 for different types o f  I r  ray:>. 
The veloc ity of these rays is 1-10 to 1-20 that o f  l i gh t .  

I t  i s  interesting to compare t h e  properties of the:>u 
rays with those of cathode rays moving with abu u t  
the same velocity ; e/m for such rays i s  about 1 0', and 
the v a l u e  of t h e i r  absorption coefficient in air at 1 mil ­
l i meter pressure i s  0 .85  ( Lenard, A n n .  der Phys . ,  Bil. 
1 2 ,  p .  714,  1 9 0 3 ) w h e n  the velocity is 1-10 that o f  l igh t 
and 3 . 9  when it is 1-20.  

The absorption coefficient for these rays i s  al so pro­
portional approximately to the density of tlie absorbing 
medium. Dividing 0 .8 5 by the density o f  air  at 1 m il ­
l i meter pressure we get 540,000,  and i n  the same w"tty 
3 . 9  gives 2,500,000.  The corresponding numbers for 
the a rays are about 350 and 1 , 3 0 0 .  Thus we see that 
the a rays are nearly 2,000 times as penetrating a::; 
cathode rays moving with the saI.lle velocity. 

Assuming that -e for the cathode rays i s  equal tu  
e f o r  t h e  a rays, w e  h a v e  f o r  t h e  r a t i o  of t h e i r  mas::;e:> 
10'/6 X 10"  = 1 ,700 .  It  thus appears that the penetrat­
ing power o f  the a rays is to that of cathode rays, mov­
i n g  with the same velocity, approximately, as the mass 
of the a rays is to the mass of cathode rays. We may 
conclude from this that an It particle l oses as mlleh 
energy i n  coll iding with an atom as a cathode-ray par­
ticle or corpuscl e. I f  we regard the a particles as be­
ing of atomic d imensions ( that is,  as having a rad i m;  
about 1 0-" centimeters ) ,  while an el ectron or corpuscle 
only has a radius of about 10-'" centimeters, it is very 
d ifficult to understand this result.  On the view that 
a l l  atoms are assemblies of electrons, the faet that th e 
a.bsorption of cathode rays depends only on the dens i t y  
o f  t h e  absorbing medium is regarded as ind icating ( h a t  
t h e  electrons penetrate the atoms a n d  a r e  absorbed hy 
col l iding with the electrons which compose the atom::; . 
Since a parti cles lose the same amount of energy a:> 
el ectrons in penetrating matter, it seems probabl e tha t  
they also penerate the atoms and lose energy by eol l hl ·  
i n g  with t h e  el ectrons in exactly the same w a y .  I f  
this view is taken, i t  becomes difficult to regard a n  , (  
particle as o f  atomic d i mensions, a n d  we m a y  l ook 
upon it  as a posi tive el ectron exactly similar in char­
acter to an ordinary negative electron. The maRS 
l m, ) of an el ectron is now regarded as being purely 

electromagnetic i n  character, and is given b y  the form­
ula m = 2e'/3a, where a i s  its radius and e its charge. 
For a negative e lectron this gives a = 1 0- ' "  centime­
ters. Regarding an a particle as a positive electron , 
we get in the same way for its radius about !/!! X 1 0· 1 < ;  
centimeters. On this  view, therefore, the a particles 
are enormously smaller than the negative el ect.ron::;. 

The properties and modes of occurrence of the If 
parti cles are in agreement with the v i ew that they aro 
real l y  positive el ectron s .  For example,  they are pro­
duced l ike cathode rays i n  electri c  d ischarges at low 
pressures ( being then known as Canal strah l en ) ,  an! l  
h a v e  very similar properties to cathode raYR.  T h e  
writer therefore suggests the view that a partieles may 
be positive electrons h aving a radius about 2,000 t i mes 
smaller than negative electrons.-Harold A .  W ilson , 
Trinity College, Cambridge.  

STAT I ONARY WAVE S WITH N-RAYS AND SOMB 
REMARKABLE CONCLU S I ON S  RELATIVE TO 

NERVE-WAVES . 

M. AUG . CHAHl'.l!JN Tl.I!Jlt has made a series of experI­
m ents i n  which he forms stationary waves w ith the 
N-rays in space.  He measures th e l ength o f  these 
waves, and finds that the eye and other parts o f  thu 
b o d y  a r e  capab l e  of sending off special forms o f  ray:> 

into spaee,  whose wave-length has a determined val u ' � .  

Thus t h e  e y e  gives off t w o  kinds of waves , and one set 
c a n  b e  m a d e  to form stationary waves w h e n  reflected 

from a screen. 
The observer places his body in position before a 

large reflecting screen. He holds a small copper p l ato 
i n  h i s  hand, which i s  connected by a wire to a phOH' 
phorescent sulphide screen. The copper plate is m o v e d  
b a c k  and forth i n  order to explore the region l y i n g  
b etween t h e  observer's b o d y  and t h e  screen. U n f! n r  
these conditions t h e  rhosph orescent screen i s  s e e n  t o  
increase a n d  decrease in brightness regularly , gi v i n g  
a series of maxima a n d  minima o f  equally-spacerl i n ­
tensity. T h i s  seems to show that t h e  N-rays which 
proceed from the observer's body form a series of sta· 
ti.onary waves in the intervening space. M. Charp en­
tier then measured t h e  length of these waves,  and 
found it to be about 3." centimeters ( 1 . 4  inch es ) . Lead 
or wet paper do not stop the waves. Continuing the ex­
periments , h e  uses a sulphide screen d i rectly to ex p l o re 
the region, which gives better results,  alt.hough th e 
observation becomes more difficult .  He starts from t.h e  
r egion of th e abdomen , etc. ( instead of the heart , as 
b efore ) ,  and as . ,3. reflecting surface he takes a l arge 
marbl e plate wh ich had been kept in the darl, for 
a long time, and had thus l ost th e property of emitti n g  
N-rays. T h i s  latter precaution is essential . He finds 
a series of stationary waves,  and could count as many 
aR 14 maxima. The d i stance of the body from the 
reflecting screen was 52 centimeters ( 21 in ches ) .  The 
maximum points of intenSity are wel l defined, as they 
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ment, and its extreme completeness, every detail hav­
ing been carefully studied, makes it one of the most 
artistic and refined structures on the exposition 
grounds. One enters a very large hall running through 
to the dome, the lower part of which is  treated in the 
Doric order, and the whole is scholarly, dignified, and 
beautiful in design. Another interesting feature in 
the hall is the organ case, which was designed particu­
larly for this place. This hall is  flanked on the 

cities and various vil lages. There is also a compre­
hensive exhibit from the rural schools of the State. In 
the normal school exhibit contributions have been re­
ceived from every normal school, each school exhibiting 
in the part of the curriculum assigned it by a com­
mittee of normal school principals, appointed to pre­
pare the exhibit. The training schools and classes of 
the State are very generally represented. Among the 
features of the exhibit may be mentioned a handsome 

have a l imited situation in space. When the sulphide 
is brought into that region it increases suddenly in 
brightness. I t  is remarkable that the interval between 
the maxima is exactly equal in mean length to the 
length of the nerve-waves which were found some 
time ago by M. Charpentier, and measured by a dif­
ferent method. He did not undertake to account for 
this coincidence, as this would be somewhat difficult in 
the present state of the researches. But this led him 
to make another experiment of great interest. He 
wished to find whether the same phenomenon is pro­
d uced in the case of other nerve-waves. At present two 
of these have been observed and measured more or less 
closely. The retinian nerve system gives off two sets 
of waves. One of these has a wave-length of only 0 .05 

m illimeter ( 0 .002  inch ) ,  which is too sh ort to be used 
here. But ths other set measures 2 mill imeters ( 0.08  

inch ) ,  and these can be detected by an exploring 
screen in the air. To try th is, he places the eye in 
front of a reflecting surface. The observer's face is 
held against a support to keep it steady. Upon shifting 
a phosphorescent screen in the space between the eye 
and the plane surface, the screen is  seen to glow more 
or less at different points, and passes by a regular series 
of maxima and minima. These intervals can be ea$ily 
measured and passed through five maximum positions. 
'Vith several subjects and d ifferent observers, the mean 
wave-length was found to be 2 millimeters. Thus be­
tween the stationary waves in air and the retinian 
series, which was already measured, he finds as re­
markable a coincidence as tbat of the nerve oscil lations 
previously mentioned. While it is  true that metals 
and other inorganic bCldies will also give off the waves, 
this does not lessen the special interest of these experi­
ments, as they show that the waves which are pro' 
duced by different special portions of the human or­
ganism are transmitted to the outside and by the com­
mon medium. 

THE NEW YORK S'l'ATE BUILDING A'l' TH E ST. LOUIS EXPOSITION. 

NEW YORK�..sTATE AT 'l'HE LOU I S I ANA PUR­
CHASE EXPOSITION. 

By the St. Louis Correspondent of the SCIENTIFIC 

A MERICAN . 

NEW YORK STATE ' S  participation in the Louisiana 
Purchase Exposition is calculated to fully exploit the 
wonderful resources of the State as well as to set forth 
what the Empire State is accompl ishing in the various 
lines of humanitarian work. The New York State Com­
miss ion started out with the idea of making exhibits 
only in such l ines where New York was pre-eminently 
the leader. On this account and for the reason that the 
appropriation was relatively limited, exhibits were 
planned to cover seven distinct departments. The 
most conspicuous feature of New York's participation 
in the exposition, especially so far as the impression 
upon the visitor is concerned, is her State building. An 
excellent site was chosen for this structure, and an able 
architect was engaged to draw the plans and specifica­
tions, :md a handsome building was erected in a con­
spicuous place on the Plateau of States on the exposi­
tion grounds. While two other States, Missouri and 
Pennsylvania, have larger structures, upon which a 
greater outlay of money of course has been made, it is  
universally conceded that for beauty of architecture 
and splendor and appropriateness of appointments New 
York surpasses all of the other States.  I n  fact, the 
New York State building is the admiration of all who 
visit it. 

The building is simple, but extremely dignified in 
deSign, and of Italian architecture in the colonial treat-
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northern side by a large assembly hall with a barrel 
ceiling running up to the second story, and the treat­
ment of this room in old gold,  Antwerp blues. and 
siennas is very beautiful. The draperies are in green 
velvet, and the chairs are of leather treated to repre­
sent the old Spanish illuminated leather. The floors 
are carefully made. There are rooms for bal)quets or 
functions of any kind. On the westerly side', are the 
waiting rooms for men and women, writing rooms, and 
also retiring rooms and toilets . The waiting rooms are 
treated in the same simple, charming manner as the 
rest of the building, green being the prevailing color. 
Two handsome fireplaces flank the end, and one passes 
into a charming rotunda which is distinctively colonial 
in character . . 

The mural decorations of the large hall are worthy of 
the greatest praise. They have been done by Florian 
Peixotto, and represent DeSoto discovering the Missis­
sippi, one showing the French and Indian occupation 
of the land, and others showing New York in )803 and 
New York in 1903 .  The pendentives which support the 
dome have four emblematic pictures representing the 
four States most benefited by this purchase, the blue 
Mississippi in the background of each. The second 
story is divided into apartments for the commissioners 
and the offices of the secretary. 

Education.-This  exhibit is compOSite in nature, and 
has been subdivided under eleven heads. 

There are elaborate exhibits from both the State 
Department of Public Instruction and the University 
of the State of New York. In the public school exhibit 
contributions have been received from twenty-four 

MAIN ASSEMBLY HALL IN THE NEW YORK STATE B UILDING. 

coll ection of pottery from the New York State School 
of Clay Working and Ceramics at Alfred University ; 
an exhibit of home-made apparatus containing contribu·  
tions from various institutions ; model of thE, New Yorl, 
State Normal and Training School at Fredonia, con· 
structed by the students in the school ; doll house con· 
structed and furnished by the chil dren of the practice 
school of the State Normal School at New Paltz ; a 
series of charts bearing upon the educational activities 
of the State, prepared by the New York State Teachers' 
Association ; a huge educational map of the State, 
locating and showing the grade of each institution of 
learning within the State ; a handsome exhibit of art 
work from the New York School of  Applied Design 
for Women, New York city. A complete catalogue of 
the exhibit is in course of p reparation. 

Social Economy.-Owing to the plan of installation 
adopted by the exposition authorities, the State exh ibit 
in the Department of  Social Economy will  be found 
in several different places. The State Commission in 
Lunacy makes an interesting exhibit in which are 
shown the ancient and modern methods of caring for 
insane patients. A room containing the whirling chair 
and the peep door, shackles, etc., shows the torture to 
which they were formerly subjected, whereas a light, 
airy, pleasant room, containing modern furniture and 
appliances of every description, is  in marked contrast, 
and shows the present method. This is supplemented 
by a complete exhibit of photographs of the various 
institutions, both exteriors and interiors, also a model 
showing the tent system for the treatment of tubercu­
losis. The State Board of Charities makes a very 
complete exhibit of the several State institutions under 
its jurisdiction. The State Labor Bureau sends a seriei:l 
of  twenty-eight graphic charts bearing on labor con­
d itions in the State, and gives valuable compari sons 
between New York and other States and countries. 
The State Department of Health furnishes an exhibit 
01' the blanks generally used in the administration of 
the Department of H ealth, and graphically shows the 
work under their jurisdiction . . The State Excise De­
partment furnishes a series of graphic charts upon 
the receipt and disbursement of the excise moneys of 
the State. 

Art Department.-From the following table, which 
shows the total number of exhibits by United States 
artists from all sources, including th e works of artists 
temporarily residing abroad, and those representing 
artists of the State of New York, it will be seen that 
New York State has very nearly one-third of the total 
domestic exhibit : 

Total. 
Oil paintings . . . . . . . . . . . . . . . . 9 0 3  

Mural paintings . . . . . . . . . . . . . 1 1 2  

Water colors a n d  pastels . . . . . . . 3 1 3  

Miniatures . . . .  . . . . . . . . . . . . . .  8 9  

I llustrations . . . . . . . . . . . . . . . . . 177 

Etchings, engravings, litho-
graphs . . . . . . . . . . . . . . . . . . . .  267 

Wood engravings . . . . . . . . . . . .  70 

Sculpture . . . . . . , . . . . . . . . . . . . .  3 5 9  

Architecture . . . . . . . . . . . . . . . .  2 8 �  

Applied arts . . . . . . . . . . . . . . . . . 9 4 5  

N e w  York_ 
3 8 9  

9 8  

1 6 7  

4 2  

121 

195  

6 9  

135 

63  

1 3 3  

3 , 5 2 4  1 ,112  

Agriculture.-T!1e New York agricultural exhibit dif­
fers from the other exhibits in the Agricultural Build­
ing in that the object sought is educational rather than 
spectacular. New York has a greater number of varie­
ties and sample exhibits than any other State in the 
building. In  whea t there are over 500 varieties and 
about 1 ,000 samples. In  corn New York has about 100 

varieties and 300 samples. There are large exhibits of 
tobacco, salt, canned fruits of every variety, canned 
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meats and fish,  hops,  flour,  maple syrup and sugar, and 
vegetables. There are on exhibition and in cold stor­
age over 300  varieties of potatoes. 

Exhibit of Horticulture Department.-On the open­
ing day of the fair, April 30, New York's exhibit of 
fruit was complete in almost every particular. The 
exhibit consisted of 30  varieties of apples, 10  of pears, 
and 3 of grapes. The fine collection of pears, con­
sisting of 400 plates of 14  varieties, is  attracting th e 

tinguished service over sixty years ago, and the other 
a large model, one-fourth actual size, of a saloon car 
recently built for King Edward V I I .  The full-sized 
car is an historical rel ic  of no small value, chiefly 
for the reason that it I S  the first recorded instance of 
the construction of a railroad sleeping car,  antedating 
by two deca des the first Pullman car built in this coun­
try. It  was constructed for Queen Adelai de, the consort 
of William IV. of England, in the y ear 1842, at a 

entirely around three sides of it, thus forming what 
in modern times we would call an observation car. Tho 
second compartment accommodated four people OIl 

seats that ran across the car and faced each other. 
The third and last compartment, and certainly the 
most interesting one, was the sleeping section. I n  the 
daytime it formed a four-seated compartment similar 
to the second section ; but at night, by sliding forward 
an extension frame b8tween the two seats and lifting 
up a flap that covered the "boot" ( which IS  the name 
that was given to the extension which will be noted 
projecting from the rear of the coach ) it  was possible 
to make up a six-foot bei. 

Just h ere it may be mentioned that this particular 
sleeping car, with its "boot" at the rear, was simply a 
development of the old private coach of the early half 
of the n ineteenth century, which was arranged to be 
made up for sleeping purposes o n  the long journeys 
which were tal{€n by members of Parl iament and 
others who had to ma',e rapid journeys between such 
distant places as London and Scotland. 

The fact that the Queen did not hesitate to make 
free use of the new system of transportation, and that 
she had such confidence in it as to travel by night and 
in bed, acted as a great sti mulus to rail road travel , 
which up to that time had been looked at rath er 
askance by the wealthier classes, and it was considered 
that much of the sudden rise in popularity of rail road 
travel about the year 1 8 4 5  was due to the example of 
the Queen. There is - 0 doubt that the car herewith 
shown can lay claim to being the first sleeping car 
ever built and put in service. 

'fHE FIRST SLEEPING CAR EVER BUILT. QUEEN ADELAIDE'S COACH. 

The model of King Edward's saloon car is a fine 
sample of the model-maker's art. It  is  17  feet in length 

and of proportionate height and width. The car itself 
i�  65 feet long over the body and 68  feet over all .  Its 
outside width is 9 feet, and its height is 13 feet 4 
inches from rail to tl e top of the ventilator. The 
weight of the car is 45  tons. It  consists of a bedroom, 
dressing-room, bath , l ibrary, a smoking-room, and an 
end compartment for the attendant, containing a couch 
and the general furnishmgs of a butler's pantry. The 
car is l i ghted by electriCity generated from the axle. 
The model is complete to the very smallest details, 
the inside furniture in the way of chairs, tables,  etc.,  
bein g all made to scale nf the same woods as those in 
the actual car. The total cost of the model was a l ittle 
over $9 ,500 .  

attention and admiration of vis itors and exh ibitors 
from other States. They were taken from cold storage 
in almost perfect condition. 

Forest, Fish, and Game Exhibit.-In exhibiting the 
ti mber indigenous to the State, two specimens of each 
species are shown in paneled frame work, showing 
both sides of the specimens. Only such species are 
represented in this manner as grow to a size per­
mitting the cutting of boards 5 inches wide. One 
piece of each species is highly varnished on one side, 
and planed, but not pol ished, on the other side. The 
other specimen of each species is shown rough, directly 
from the saw, on one side ; the other side is hand­
planed. In  connection with the specimens of timber 
are exhibited a series of photographs of trees of New 
York, 80 in number. Each tree is shown in leaf, and 
also as it appears in winter. 

Sections of trees indicating the limit of growth of 
some important species are shown, and in connection 
therewith are exhibited sections of some spruce and 
pine trees of merchantable size, to show the number 
of years required to grow a forest available for timber. 

A collection of all the insects injurious to the trees 
of New York, prepared by the State entomologist, is 
shown in an attractive manner in cases of special con­
struction and pleasing design. The outside exhibit of 
New York consists of a nursery and plantation of 
forest trees.  Here is shown how tree seeds are planted, 
germinated, and protected ; and many species of both 
conifers and hardwoods of various ages, up to .the size 
for transplantation, are displayed. As a part of the 
inside exhibit, in cabinets of special design, are shown 
specimens of substantially all the foo d and game fishes 
of New York. In preparing this exhibit of fish no 
attempt is made to show abnormally large specimens ; 
but the purpose is to show the interested visitor the 
average fish, true to. color and size. 

A part of the inside exhiliit is a typical hunters' 
camp under the name of " Camp Adirondack."  It is 
constructed of spruce logs and roofed with spruce bark 
from the Adirondack forest by Adirondack guides, who 
are also builders. The furnishings are of the most 
approved design for summer life in the forest. The 
"camp" was first erected in the Adirondacks during 
the winter, then taken down and shipped to the fair. 
Hunting and fish ing implements of approved pattern 
are shown, and grouped at the side of the "camp" are 
exhibited trophies of the chase in the form of a winter 
forest scene, which includes all of the animals, game 
birds, and other feathered l ife of the Adirondacks in 
winter. In  front of the place is a tree carrying speci­
mens of the perching and song birds of New York in 
the spring season. 

In front of the "camp," in cabinets, are displayed 
specimens of all the game birds of the State. 

ROYAL SLEEPING CARS IN 1 8 4 2  AND 1904 .  
By the St. Louis Correspondent of the 5>cmNTIFIC 

A VII;;J: I C A x .  
1:'1 the exeel lent exh ibit shown by the London & 

Northwestern Rail way Company in the Transportation 
Building at St. Louis were two sleeping cars, one a 
fnll-sized exhibit which had seen practical and dis-

private shop in London and it was used re,;ularly by 
the Queen for running down from London to Leaming­
t on, where there was at that time a royal palace. The 
car was built for the standard gage, 4 feet 9 inches ; 
it is 1 7

' 
feet long over the frames, and 6 feet 4 inches 

wide. Inside it  has a width of 6 feet 1 inch, and a 
clear height from floor to ceiling of 5 feet 9 inches, so 
that a tall man could not have stood erect in it. I t  
consisted of three sectiJns ; first, a compartment with 
a single seat facing forward, and with glass running 

MODEL OF 10,OO O-HORSE-POWER ALTERNAT I N G  
CURRENT GENERATOR A T  THE ST. LOU I S  FAIR.  

THE installation of the  5 ,OOO-horse-power dynamos 
at the Niagara Falls Power Plant, some years ago, Wd� 
attended with much preliminary discussion, and it 
was watched with a corresponding amount of in terest 
both by the professional and lay publ ic .  We have be· 
come so used to big things in the electrical line of 
late, that the fact that dynamos of exactly double 
the horse-power of the above mentioned are now 

MODEL OF THE 10,OOO-HORSE-POWER DYNAMOS NOW UNDER CONSTRUCTION 1!'OR THE 
CANADIAN NIAGA RA FALLS POWER C OMPANY. BXHIBITED 

IN 'l'H B  ELECTRICITY B UILDING. ST. LOUIS 
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being b u i l t  for the Canadian Niagara Fall s l'owpr 
Company, has a ttracted but little attention outside 
01' the eleetrical world.  

Dy far the mos t conspicuous object in the excellent 
exh ibit made by the General E l ectric Co.  i n  the El ec­
tricity Buil ding at the World's  Fair, is a model of one 
o f  these dynamos. It  i s  built exactly to full size and 
gives an impressive idea of the vast proportions o f  the 
mach ine. It i s  so large that the base upon which 
i t  stands is high enough to provide a reception room 
fo r guests, the walls of which are covered with framed 
i l l ustrations suitabl e  to time and place. I t  will be re­
membered that i n  the dynamos on the American s i d e  
o f  the F a l l s  the armature w a s  p l a c e d  central ly and 
wa" stationary, while the field,  which was of what is 
Imown as the umbrella type, was in the form of a 
covered cylinder,  and revolved on the outsi d e  of th e 
ann'ature. In these l arger dynamos the armature i s  
on t h e  outs i d e  and is stationary, t h e  field revolving 
within it on a central shaft. Thl;) generator, which 
!� of the al ternating current type, has twelve pole,; 
and revolves at 250 revolutions, the current being gen­
erated at a pressure of 1 2 ,000 volts.  I t  c a n  read ily 
be understood that the di mensions of the various parts 
of this mach i n e  are very large. Thus, the shaft has a 
general d iameter of 1 4  inches and is enlarged to 1 6  
inches at t h e  hub. T h e  revolving fi e l d  is 1 2  feet 4 1/� 
i nches in diameter, and the armature has an external 
ll iameter of 17 feet and a total depth of 10 feet 3 
inches. It weighs about 115 ,000 pounds .

. 
The general 

arrangement of the intake canal , p enstocks. wheel pit ,  
turbines and tail race, w i l l  be simITa r  to that of the 
Ni agara :B'alls Power Plant. Th e p enstocks will each 
have a d iameter of 10 feet aRd the d epth to the bot- . 
t om of the tailrace is 1 6 8  feet. The first installation 
of this  plant consists of five o f  these mach ines ; bu t 
t h e  b u i l ll ing is laid out for a total of eleven, maldng 
an aggregate normal capacity for the whole power 
" tation o f  110,01l!) horse-power. 

SALT. 

By Prof. CHARLleS W. SUPER. 

En: Ii YBO I lY Imows the l ines in Lucile i n  which the . 
a l l thor cledares that "eivil ized man cannot l i v e  with­
out cool, s . "  H e  a l s o  proposes the query whether there 
i�  any man in th e  world who can l ive without d ining. 
The assertion is true only w ith important restrictions ; 
fo r it w i l l  not be contended by anybody that every 
p erson who cooks is a cook, any more than i t woul d be 
affirmed th at every one who paints is a painter. The 
interrogatory may be frank l y  answered in the nega­
tive, since the great majority of mankind does not now 
d i n e  and . never has dined. They eat when they have 
food,  and when they have none they do without . I f  
we cal l this spasmo d i c  way of supplying the interior 
department with materials for slow combustion, quad­
rupeds may b e  said to dine with as much propriety as 
11. 0 1110 erectus. If our poet had asked the question, 
Where is the man, civilized or uncivilized, who can 
live w ithout salt ? every one of his readers would prob­
ably have replied unhesitatingly, "He does not exist . "  
I t  is dou btful, too, whether he ever existed. I t  i s  as­
SEnted by competent authorities that terrestrial as 
well  as marine l ife is conditioned upon the consumption 
o f  salt.  The position is hard to prove or disp rove, as 
ex periments that would give trustworthy results are 
almo:,;t impossible. I t  seems, however, fairly well es­
tablished that man at the present day, no m atter what 
his rank on th e staircase of social p rogress, can not, 
or, at least, does not,  l ive without this SUbstance. 
What history has to say will be given below. That a 
h i storical record and an establ ished fact are not inter­
changeabl e  terms is,  however, to b e  premised. Not only 
has this mineral been found in close proximity to al­
most cvery locality inhabited by man, or at l east 
w i thin his reach ; it i s  sought w ith almost equal avidity 
by brutes. Most domestic animals are particularly 
fon d  of it.  I t  is said to be fatal to some kinds of birds,  
t h ough barn-yard fowls consume it without injury. 
T h e  herbivora have an especial l iking for it ,  whether in 
their w i l d  state o r  domesticated. It is well  known 
that the various salt l icks in the United States were 
favorite places for ambuscades, and that both I n dians 
awl whites used them for the purpose of destroying 
the deer, buffalo and other animals that habitually re­
Horted to them. Probably th e most famous of these 
salt springs, o r  l icks, as they are general l y  deS ignated ,  
i H  t h e  B i g  B o n e  L i c k ,  in B o o n e  County, Kentucky. 
Prof. Shaler in his history of the State says : 

"Not only do we find the bones of animals which 
occupied the country when the whites first came to it­
t h e  buffal o ,  the elk, the deer,  etc.-but also deeper i n  
t he m i r e ,  or i n  portions that indicate a greater an­
tiqu ity, great quan tities of the bones of the fossil el e­
ph ant, his lesser kinsman the mastodon, the musk-ox , 
an extinct long-legged buffalo, the caribou or American 
reindeer, and various other creatures which dwelt here 
in the time when the last glacial period covered the 
more northern regions with a mantle of ice ."  

The number of animals buried in the swampy soil  
about this l ick is enormous.  Many of them, in th eir  
ea gerness to get at  the brine,  rushed beyond their  
depth,  and before they were aware of it  were borne 
down by their own weight until  they were 11llahle to 
extricate themselves, and so <l i e d  of starvation. Others 
were p robably pushed forward by those that crowded 
on from behind and trodden into the soft earth , where 
they died of suffocat ion. The local i t y  was equal l y  
fatal t o  small and to l arge !lnimal s. How many years 
or cycles ago th i R  ,lestr u etion began we h ave no m � a n R  
of lmowing, but t h a t  it cont ill1wd t o  comparati vel y 
reeent times is extremely prohahle.  

Let u s  now examine some evidence wh ich goes to 
t;how that man has lived without salt .  Sallust i n  h i s  
" H istory o f  the Jugurth ine War" says t h e  Numidians 
Ii ve chiefly on m i l k  and the flesh 01 wild animals,  and 
that they use n o  salt o r

' 
other relishes.  Not only i s  

t h e  time to w h i c h  t h e  h i storian refers comparatively 
recent, but h e  has the reputation of carefully verify­
ing his facts. His statements, therefore, carry great 
we ight. · I t  i s  held,  moreover, that the Finnish name 
for salt i s  (lerived from an I ndo-European root. If 
this view is correct the inference is natural and legiti­
mate that the Finns d i d  n o t  know this commod ity 
unti l  they came in contact with Aryans, p robably 
Sl avs, from whom they got both the name and the 
thing, or rather the thing and the name by which 
they heard i t  called. I n  the Odyssey the renowned 
seer, Teiresias, directs Ul ysses to travel until he comes 
to "men who know not the sea neither eat meat flavored 
with salt." Pliny supposes the E p i rotes to be meant by 
this passage. But the point of chief interest is that to 
the Homeric Greeks a saltless peopl e were supposed to 
l i v e  somewhere in the interior and i n  the most primi­
tive condition.  The )Joet,  instead o f  nam i n g  a dozen 
po ints of difference, with epic prol ixity, i n  l i fe and 
usage between his  own nation and this far-off tribe, has 
selected a single characteristic as sufficiently explicit 
for his  purpose.  Tacitus relates that toward the close 
o r  the first Christian century a great battle was fought 
lJetween the Hermanduri and the Chatti for the posses­
sion dt a river boundary, a sal t-p roducing stream, be­
cause both parties b el i eved that at this place heaven 
was espec ially near and. that nowhere else coul d they 
ad dress their prayers to the gods i n  such close prox­
imity. There is reason to bel i eve that this river was 
the Werra. On its banks, near the town o f  Salzungen, 
sal ine spr ings have been known from time immemorial 
and are still  in use.- The h istorian further r elates that 
"a It  was produced near the river and in the contiguous 
forest, not, as elsewhere, hy the evaporation of sea­
water, hut lJY pouring brine over a pile of burning 
w oo d ,  with the result that the salt W8S p recipitated 
as a consequence o f  the s truggle between the two ele­
m ents, fire and water. Evidently the sacred character 
that was supposed to attach to this sal ine substance 
was due to the belief held by the natives that salt 
was always a product of the sea, except by the special 
i n terposition of the gods, as i n  this case. That they 
had contraeted a l ild ng for salt el sewhere in their 
wanderings may be taken for granted .  

S a l t  i s  n o w  produced i n  many parts of Germany, 

but its existence in any form was not known at this 

remote period. The art icle  produced in such a singular 

m anner must have been very impure ; but the palates 

of the primitive Germans were much less sensitive 

than those o f  thei r modern successors. A t  a later 

period the A l emani and the Burgundians are said to 

have frequentl y st riven in battle for salt p i t s or saline 

springs claimed by both ; but the region can not he 

definitely l ocated .  The record i s  chiefly interesting 

when taken i n  ('onneeti on with the preceding and 

others o f  a simimr character as showing the h igh 

. value placed upon th is s ubstance by peoples that had 

hardly made a start along the h i ghway of civil izatio n .  

\Vith respect to the above-mentioned method of maKing 

an impure grade o f  salt,  it  is wo rth noting that i t  is 

also spoken o f  as employed el sewh ere. Va rI'o hall 

heard of a region where the inhabitants knew n o  salt ,  

hut used instead as seasoning a kind of salt coals which 

they obta ined from burning wood.  The same method 

and th e same substitute for real salt are also reported 

a;,; employed by some o j'  the natives o f  Spain. Pliny 

devotes a good deal  of space i n  h i s  " Natural H istory ," 

that storeholl se o f  information and imagination, to the 

consideration o f  sal t .  H e  enumerates somewhat i n  

d e t a i l  the d ifferent p l a c e s  in almost t h e  enti re lmown 

world where it is found, descrihes the vario us methods 

of its production,  notes the fondness of cattle for it,  

and adds that when mixed with their food it Increases 

the quantity and improves the quality o f  the cheese. Ac­

cording to him, AnnIS Martins ,  the fourth king of Rome, 

est a llJished the first salt works, and the Romans per­

form no sacred rites without rno la salsa.  By the Romans 

salt was regar ded as almost the staff of l i fe, and the 

salt-cellar was preserved i n  famil ies because it was 

supposed to have a quasi-sacred character. I n  one of 

his Odes, Horace tells h i s  friend. Grosphus, that th e 

man who enjoys l ife is h e  wh ose father's salt-cellar 

gleams on his tab l e .  I n  a satire by the sam e poet, the 

rustic sage i n forms the epicure that bread with salt 

will  appease his growling stomach , and advises him to 

spurn dainty viands.  The cognomen Sal inato r ,  borne 

by a member of th e Livian gens .  came into prominence 

for two reasons. The first who received the appella­

tion is said to have i mposed a new i mpost on salt.  He 
is  further distinguished for the magnanimity he d is­
p l ayed in laying asi d e  his pr ivate grud ge against the 
o tlier conSUl ,  Claudius Nero, for the good of the com­
monwealth.  The h earty co-operation of the twe . com­
m anders-in-chief  and their armies led to the d eath o f  
Hasdrubal a n d  the complete ll estrudion of h i s  army. 
Wh erever a system of taxation is framed with a view 
to rai s i n g  th e largest possibl e revenue, the heaviest 
bllrden fall s on tIw necessaries of l ife. From almost 
time immemorial salt  has had to bear a disproportion­
ate share of th is  l oa d .  I t  is probabl e that in anc i ent 
t i mes a l l  regul arl y organized governments derived 
some revenue from thiR commorlity. I n  I taly, as we 
have seen, the beginning was made l ong ago; though 
th e detai l s  an, l acld ng. Tn that country it is still  a 
governm ent monopoly. The profits realized are about 
1 ,:l O O  jw r r�en t .  awl i t s  cost i s  almost proh i b i t ive to th e 
V" l'Y poo r .  Slid} a (l el icaey do t h e i r  chi l (l rcn (�ons i <ler 
i t  that if  they are allowed to choose betweml sweetmeats 

and :oal t  they talw the l a tter i n  prefercnn: . T ltat a 
more l iberal use of saIt would i mprove the heal LIt and 
sanitary condition of t h i ::;  c l a s s  harllly a d m i t s  o f  a 
doubt. 

I t  is safe to say that no article of  con::;Ulllption has 
been so ruthlessly exploited by governments to th e 
detrimen t  o f. their subj ects as this one.  Taking ad van. 
tage of the fact that i t  i::;  a necessary concomitant 
01' the food 01' man and beast, they have made it au 
important source o f  revenue because ihl )Jayment eOli l d  
not b e  evaded.  I n  France, under the aneient regime, 
the tax on this articl e differed a good deal i n  the d i f­
ferent provinces, but its transportation from one i n to 
another was prohibited. I ts manufaeture was a l so 
l l m  iteil , and that which was pi'oduced by natu ral 
evaporation on the coasts was thrown bacl, into the 
sea by the fiscal agents. While the price was enormo l l s  
the great maj ority of the citizens ' were n o t  allowed to 
buy as small a quar:tity as they chose ; they were com­
pelled to pay for a c ertain amount conditioned u pon 
the size of the fam ily.  O n  the other ha:'llll , e e l"l a i n  
privileged persons received al l  t h e  sal t they w<lll t ed 
gratis ; or ,  i f  they preferred,  they had the prerogati v( :  
of receiving money in l ieu thereof. The king d i d  not 
d i i'ectly control the salt  monopoly. He actcd thro u gH 
an association of revenue farmers who pa i d  i n t o  t h u  
fi s c  a fixed sum, after which they h a d  t h e  l e gal right 
to exploit their helpless victims to the utmost. They 
possessed police powers and used them unmercifully .  
Evasions of the salt laws were rigo rously punished l,y 
the j u dges, who were almost al ways hand in glove w i t h  
t h e  salt-farmers. Every year for nearly two centurie� 
there were from two to three thousand arrests. Those 
who were found guilty were subjected to fines, to the 
lash and to the gal l eys.  I n  case of a beCOn() convic­
tion they were sometimes hanged . The peasant w a s  
prohibited from using s a l t  a second t i m e .  The brine 
from meat or fish had to be thrown away ; it ("o u l <l 
not be used in the kitchen or taken to the ::;tabl es fo r 
the cattl e .  It was i l l egal for any one to make salt. 
from sea-water even fo r his  own use, and eq u a l l y  
i l l egal to water animals with natural brine.  To pre­
vent tanners and l eather-dressers, who employed sa t t  
ill thei r  industries, from putting it t o  any oth er u :w  
t h e  salt-farmers often poisoned i t .  Owing t o  t he l arge 
number of different governments in Germany, an d 
owing to some divergencies in m atters of int ernal a(i­
ministration, one can not make a ::;tatemellt on t h i s  
IJoint that is appl icable to th e entire count ry . B u t  
in view o f  the st rong incli nati on o f  many of the (h�r­
man monarchs to ape French customs, especial l y  t h e' 
had ones, it is safe to say that the sal t monopo l y  i n  
the empire was quite a s  oppressive a s  i n  France. It 
may be added that on the whol e the Freneh peasan t 
was not as badly treated as his  German brother ; the 
former first shook off much of the bErden by drastk 
means from causes that Hee(l not be con s i d ered h '"l "u .  
S o  late as 1840 a sort o f  salt conscription was enforced 
in Saxony which required each family to buy a certai n 
quantity of it and prohibited its sale to a seeond party.  
I n  Prussia a similar regulation was abolished in l R l ti . 
Salt was a government monopoly in the greater part 
oi Germany until 1867,  as it still  is in Austri a ,  Hal y 
and some other countries. I n  Austria all Ralt wo rl, s 
belong to the government ; such was also the ease i ll 
some other south German states unt i l  reeentl y .  It 
l ikewise owns al l salt-yielding territory. At presen t  
there is a general revenue l a w  for the cmpire an (1 a 
duty on the foreign product. It is therefore a goo , l  
deal cheaper i n  t h e  German than in t h e  Austrian em­
p i re.. While i t ·  is doubtful whether any article o f  eon­
sumption has so l ong affo rded government.s a meallS o f  
oppressing their s ubjects a s  salt, and while i t s  h i s 1 0ry 
makes an int eresting though rather gruesome chap 1  e l" 
in political economy, it is ,  nev8rLhel css, unfair t o j ll d gl :  

the ruling powers of t h e  past b y  contem porary s(and­
a r d s .  U n t i l  comparatively recent t i m e s  economic la W H  
w e r e  so l ittle understood and rulers w e r e  a l  ways s o  
h a r d  pressed f o r  money that they w e r e  constrained t.o 
rEsort to such measures for raising revenue as prom­
i sed th e largest and most C'ertain returns. I n  til<: na­
ture of the case a commod ity in such d e m a n d  as sa l t 
had to bear a disproportionate share of the p u b l i c  Ii II 1"' 
dens. Cruel and inhuman methods o f  I f'gal p nlccd l l l " l :  

were the order of the day,  and those who sufferell from 
it  did not themselves Imo w  any hetter .wa y  of  at  t:L i n i l l l!, 
th e ends in view. It is greatly to the ererl it of Lhe 
English people that th eir jury system did mueh t.o 
mit igate the penal ties to whi ch many a transgrnssor 
again s t  the revenue laws as against other l a w s  mar l . ,  
h imsel f l iable.  Though j u ries eoulrl n o t  " h a ll ;";( �  t h" 
status.  they refused to convict when the penalt y seem­
ed too great for the offense. 

The United States has never colleeted revenu e  frol l t  
salt,  hut when provision was made by Congress fo r 
the government of the Northwest Terri tory and for 
th e sal e o f  l ands therein, i t  took care to reserve t h "  
s a l t  licks,  apparently fearing that they might b e  ll 1 '1 d e  
a means of extortion to t h e  eonsumers o f  t h i s  i I u l is­
pensable articl e of diet. One section of the act o f  Con­
gress reads : 

"That a salt spring lying IIpon a creek whieh empU ('s 
into the Scioto River, on the east side,  together with as 
many contiguous �eetions as shall be equal to one 
townshi p ,  and evili'y other salt spring wh ich may l,(] 
d i scovered,  together with the seet ion of one m i l e  square 
w hi ch ineludes it.  also four seetions at the center o f  
every townsh i p ,  containing eaeh one m i l e  square, t.b at 

. sh all  be reserved for the future d i sposal of the United 
S tates ; but there shal l he no reservat ion except for 
salt springs , in fracti onal townshi p s ,  where the frac­
tion is l ess than t h ree-fo u r t h s  of a townsh i p . "  

We r e a d  o f  bloo(ly battles between Germanic tribes 
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for the possession o f  salt springs, and the inference 
is perfectly fair  that the rumor of very few has come 
down to us by means of the written and the printed 
page. I n  the new world rival Indian tribes in like 
manner often contended fiercely for the same flowing 
treasure. Here too we find a repetition of the nomen­
elature of primitive E·urope. There are several salt 
ri vers in the States formed out of the Northwest T erri­
tory, besides salt creeks, salt l icks, and other names, 
due to the presence of natural salt. The number is 
doubtless very much larger than the list given in 'the 
ord inary gazetteers, as the insignificant ones are not' 
llJ entioned. 

Although there are few regions in any part of the 
w orld in which there are neither saline springs nor 
deposits of rock-salt, it is  probabl e that the Aryan 
name was derived from the sea and that the first salt 
was obtained from it by natural evaporation. In 
Homer als means both salt  and the sea ; or perhaps 
it would be better to  say that salt is named from the 
sea because. the saline property of sea-water is its most 
salient characteristic. The designation a ls is more 
particularly applied to that part of the sea which is 
lwar the land, as also to its bays and inlets,  those parts 
with which man in the nature of the case was most 
fa.miliar. In  the Roman territory there existed in an­
c ient times a Via Salaria, or Salt Road, which extended 
from the territory of  the Sabines to the mouth of the 
Tiber, along which these people were permitted to 
transport salt for domestic use from the Mediterranean 
th rough the Roman country. The early Italianl3 were, 
th erefore, also dependent on the sea for their salt. It 
is  noteworthy that Homer does not mention salt as 
employed in connection w ith sacrificial ceremonies. On 
the other hand, Virgil speaks of it  as in regular use 
among the Romans, as do also other writers. While  
it is  always unsafe to base conclusions on the evidence 
of silence, another ancient author quoted by Athenams 
says that in former times the Greeks burned the sacri­
Heial parts of  .animals without  salt, and that the cus­
tom continued into l ater times in conformity with the 
am:ient practice. Here then we have Homer's silence 
sapplemented by positive testimony. It  is  well known, 
moreover, that all peoples are more conservative in 
religious usages than in any other. The adhibition of 
salt, the rno la salsa of the Romans, seems not to have 
been borrowed from the Greeks, as were so many of 
their  religious ceremonies. Like the Romans with 
their salted meal , the Hebrews were careful not to 
omit salt from their sacrifices, though the former may 
Hot regularly have put it on the flesh of the slain vic­
tims. I n  Leviticus we read : "And every oblation of 
t lly meal offering thou shalt season with salt, neither 
shalt thou suffer the salt of the covenant of thy God 
to be lacking from thy meal offering ; with all thine 
oblations thou shalt offer salt." From this command 
it m ay be inferred that salt was a part of bloody sacri­
fices as well as of those of the fruits of the earth. 

In Germany there are many place-names that contain 
the Keltic root hal which seem in some way to be  con­
liected with sodium chloride. The best lmown of these 
is the city of Halle  on the river bearing the Teutonic 
allpel l ation, Saale. I t  is  not easy to see how this 
double designation originated and conjectures are fee-
1' l e  arguments. There is no doubt, however, that Halle  
got i ts name from the salt  springs near it .  I n  the same 
country there were anciently several rivers called Sal a 
on the banks of which salt works bearing the name 
1Iall were planted. Besides the Halle already men­
t i oned there is Reichenhall in Bavaria, Hallein in Salz­
lJ 1 l !'g, Hall in Tyrol and in S wabia, as also Halen in 
B rabant, and others. I n  Czech there are likewise a 
number of words containing the radical h a l  that have 
f;Ollle connection with salt. This root is still distinctly 
p reserved in the Welsh "halen," salt. In some of the 
Keltic dialects, ho'vever, the initial h is ' represented 
by s. 

I n  England there are a number of inland towns to 
the names of whi�h the suffix wich, from the Norse 
leie, a bay, is  appended. This seeming absurdity is 
easily understood when we remember that a wych­
lLOuse or wickhouse and a bayhouse came to be regard­
ed as synonymous terms, and that wychhouses were 
ei'ected where salt was prepared from brine, though 
they might be far from a bay. In the same way a 
coarse Jdnd of salt came to be ca lled baysalt from its 
similarity to the crude article of primitive manufac­
tu re. The wics in Essex were probably the first locali­
ties where salt worl,s of the rude original type were 
crected. � . .  ccording to I saac Taylor, the Domesday 
Book gives the names of three hundred and eighty-five 
pl aces in Sussex alone where salt was made. The 
number seems incredible and may be a misprint ; but 
thc general fact is well established. 

In Great Britain, as on the Continent, salt was ob­
t ained before the advent of the Teutons or the Romans. 
Here, too, we find our guide in the syllable "hal," 
which occurs in place-names in Carnarvon, in Hamp­
"hire, in Lancaster, and elsewhere. Plutarch has left 
upon the record some evidence that points to a period 
when salt was practically unknown in Egypt. He says 
the priests will  permit no salt upon their tables, will 
not address a pilot. because of his occupation at sea, 
and that they also eschew fish for the same reason. 
Another passage seems to modify this strong state­
ment to this extent th at ther� are certain times wh nn 
the priests do not partake of salt for the reason 
that it increases the desire for food and drink 
All Greek evidence on such points is.  however, of small 
value, since to the Greeks Egypt was at all times a 
wonderland where the most singular and nnique cus­
t.oms prevailed. Long before Plut.arch's time Herodo­
tus. report ed to his conntrymen that the people of the 

Nile valley did everything different from his own 
countrymen. A special ceremony or a custom observed 
only on particular occasions was easi ly perverted to a 
general usage by persons who had merely a superficial 
knowledge of the conditions. 

Northern. Africa has from time immemorial been a 
great storehouse of salt. Thebes in Egypt was the 
slarting point for caravans thal moved across it toward 
the west, perhaps as far as the Niger. Herodotus re­
lates that a ten-day journey from the city heaps of 
the mineral l ie  in large lumps upon the hills and that 
from the tops of  these hills  ::;alt water gushes forth. 
It is  in this region that the Ammonians dwell, in 
whose district is the celebrated temple of Jupiter Am­
mon. The oasis is the bottom of what was once a salt 
lake or part of the sea and still has many salt springs 
in  it. The soil is also impregnated with salt, although 
there is no scarcity of fresh water. It is probable that 
the chemical compou'nd known as sal ammoniac gets 
its name from this region, either because it was first 
manufactured here or because it was found here in its 
natural state. 

I n  many parts of northern Africa, often at long dis­
tances from the coast, salt occurs in great abundance. 
Though there is generally stone in plenty, the inhabi­
tants in some place8 use blocks of salt for constructing 
dwellings, since it  is easier handled and there is no 
danger to be  apprehended from rain, which rarely fal l s  
in this part of the world . T h e  salt blocks employed 
for this purpose are, however, not pure. They are 
cemented with mud,  probably owing to a scarcity of 
Erne. Some portions of the Sahara are covered with a 
crust of salt to such an extent as to give long reaches 
the appearance of being covered with a recent fall of 
snow. Some of the statements of Herodotus and other 
ancient writers are perhaps exaggerated, but many of 
them are corroborated by recent explorers. M .  Dubois 
in his work "Timbuctoo the Mysterious," affirms that 
salt is  as highly valued as ever in this part of the 
world, in spite of  its great abundance. He fonnd salt 
mines in the heart of the deEert near a place called 
Thegazza. For the Soudan ese, salt has from time im­
memorial represented, and still represents, the princi­
pal article of commerce and their most precious com­
modity. The long depression in the western Sahara 
bearing the name of El Djouf is a vast mine of rock 
salt. ' The salt m ines of Thegazza were abandoned in 
the sixteenth century for those of  Taoudemi, nearer 
Timbuctoo . The same explorer reports that even here 
the houses are built of rock salt and roofed with camel 
skins. Under a thin covering of sand the mineral is 
found in clearly marked layers.  I t  is dug' out in larg'l 
lumps and trimmed down to blocks about three and a 
half feet long by one and one-fourth feet in hreadth . 
H looks like bars of red or gray-veined marble, and as 
they come out of the mine they are stamped with the 
trade-mark of the different cont.ractors, At Timbuctoo 
they are embellished with deSigns in black paint and 
the name of some venerated chief is written on them 
in Arabic characters. They are then bound round with 
thongs of raw leather so arranged as to hol d the parts 
together in case of fractu re.  The d ensest and whitest 
bl ocks are most i n  demand,  those veined with red be­
ing of an inferior quality. T imbuctoo is th e entrepot 
of the whole region lying southeast as far as Lal,e 
Chad. There is nothing tha t  the Soudanese possesses 
that he refuses to part w ith for a lump of salt. To 
these people it  is  more valuable than g-old itself. 

In ancient as well as in modern times the partaking 
of salt with another person wa,s regarded as the sym­
bol of friendship and hospital ity. Among the Slavic 
peoples it is  still th e custom to  welcome the stranger 
with a proffered gift of sal t and bread ; while in cases 
of dispute the Arab is wont to appeal to the bread and 
snit he has eaten with his  adversary as proof of  sincer­
ity. The advice embodied i n  the injunction, "Before 
you mal{e a friend, eat a bushel of salt with him," has 
teen proverbial from the remotest times. Both Aris­
totle and Cicero refer to it  as current in their time. 
An ancient commentator on Homer says that salt is 
regarded as the symbol of friend ship, par exce llence, 
either because it was offered to guests before anyth ing 
else, or because salt more than any other substance is 
a prophylactic against decay. I n  Numbers certain of­
ferings are enumerated as constituting "a covenant o f  
salt f o r  ever before) the Lord unto thee a n d  thy seed 
with thee." Perhaj)s the custom of handing down the 
salt vessel from g''mcration to generation in Roman 
families has some connection with the i dea of incor­
ruption . 

The word " salt" has impressed itself on our language 
in a curious way in our term "salary."  So necessary 
did the Romans consider salt to the efficiency of their 
armies that each so] dier was provided with a spe.c ial 
ration of it,  or with the means of providing it. Th is  
stipend was called salariurn arg entu.rr� .  Civil  officials 
or mili tary officers when travel ing in a civil capacity 
were also provided with this ratiou of salt. I n  later 
times, when the commodity was no l onger difficult tv 
obtain, money was paid in lieu of salt, but still ostensi­
bly for the purpose of providing the same article. Gen­
erally, however, the allowance was sufficiently liberal 
10 purchase a good many things besides sodium chl o­
ride.  In time salt-money in ancient Rome came to be 
as comprehen sive [.s "stationery" in the phraseol ogy 
of our home-grown legislators. The officials received 
no salary, yet the un fortunate provincials woul d gener­
ally have been glad to pay a definite amount rather 
than the presents ( 7 ) and perquisites which they were 
called upon to provide. A salary usually mean.g a fixed 
sum, but there never has been framed a clear definition 
of "necessary expenses . " · 

As indicated above, it. is still a mooted question 

VI h ether the consumption of  salt is essential to the 
maintenance of animal l i fe .  11', as is now genera l l y  
h e l d ,  marine fauna antedated al l  o thers, i t  is  l'eaSCW1-
able to suppose that the principle of atavism wou l d  
never carry l iving beIngs beyond a natural fondueDD 
for and even the necessity of consuming saline matter. 
On the other hand, i t  is  maintained by some competent 
authorities that a sufficient quantity is  taken into the 
system by the herbivora to supply all natural require­
ments. From these it passes i nto the bOdies of Ole 
carnivora. 'l'hose who insist that sufficient salt is  tal((JIl 
into the animal body indirectly w i th t h e  food at' < )  
equally  positive that the excessive fondness fo r it ex­
hibited by most men and some other animal::; i s  t h e  
result of a perverted taste. They r ite as a paral l e l  
case the eagerness with which dogs a n d  other brutes, 
to say nothing of human beings, devour sweetmea t s ,  
as evidence of a vitiated taste that readily results in  
more or less  serious harm, Certain it  is  that no min­
eral substance has ever b.een so eagerly sought as an 
ingredient of food and it is probable that the quant i t y  
consumed is on the increase. B u t  whether �wimal l i fe 
is possible under conditions where salt is whol l y  ab­
sent ean, in the present state of our knowledge, he 
neither categorically affirmed nor positively denied.­
Fopular Science Monthly. 

- -_._-- - - ----

NITROGEN-GATHERING B'ACTERIA.* 
By JOlIN R. CAlX. 

Smcg the earliest appl ications of chemistry to agri­
culture, man has been confronted with the nitrogen 
problem. Chemical analysis had not iong been applie(1 
to agriculture until it was known with a fair degree 
of definiteness that certain inorganic elements must be 
p resent in the soil as a prerequisite to plant l ife. 
Among these elements n itrogen was found to be one 
of  the most important, and the attention of 8eientific 
men was thus at a comparatively early period direcle(1 
to the necessity of finding abundant supplies of nitro­
g en compounds capable o f  use as fertil izers, and to t ile 
necessity of conserving the nitrogen compound" a l ­
ready present in the soil .  I t  could be seen that at no 
d istant date the existing nitrogen supply would be 
depleted, for it was found that plant s were unable t.o 
assimilate the n itrogen of certain componnds. In  gml­
eral , experience show!!d that the nitrogen of complex 
organic bodies, as well as elementary nitrogen, waH 
incapable of assimilation by growing plants. S o  fa r 
as knowledge then was concerned , man's one Donrec oj'  
nitrogenous fertilizers was found in the deposits of 
m ineral nitrates which have been formed at variolls 
times and places, notably at Chili ,  by natural ]Jro­
cesses as yet but l ittle understood. Evidently, thes(l 
deposits were of l imited extent and chemists and 
others were soon brought face to face with the ques­
tion, After the n itrate deposits are exhausted, wllero 
shall  the farmer obtain his nitrogen 71 I t  was recog­
nized that this was a question of vital importance, fo r 
the cycles of nitrogen in nature are such that the 
nitrogen given to the soil as nitrate returns ult ima t e l y  
to the elemental state-that i s ,  adds itself t o  the nitro­
gen of the air,  so that as far as all agencies t hen 
known were concerned,  nitrogen tended constant l y  t o  
assume forms unavailable for l ife processes. Unless 
means could be devised to cheaply reconvert the at­
mospheric nitrogen i nto assimilable form8, it was 
evident to the scientific men of a few years ago that  
the world would soon b e  threatened w i t h  n i t rogell 
starvation. I t  was this idea which stimul ated ([HI  
scientific thought of the day to attack what seemed a 

problem well-nigh incapabl e of solution, for t h e  c t , , ·  
ment n itrogen is an extremely inert substance wI! i c l l  
i s  most stable i n  the uncombined 8tate, aIH] a l l  a t  
tempts t o  get i t  in  a form available for vlaut. food at 
a price at all reasonable,  seemed futile. Perhaps tllf) 
most practicable solution offered was that of Crookcs,  
who proposed to convert the nitrogen of the air  int.o 
nitric acid by the agency of the electric spark. Tll i ::;  
is  a reaction which may be brought about fai r l y  rea,(I­
ily,  and with cheap sources of current woul d perhaps 
prove practicable. 

But in the meantime anoth(,lr solution of the vexing 
problem came to l ight,  and from an enti rely (]iffnrenL 
qu arter of the scientific worl d.  Here, as is  o rten tho 
case, practical use had long been made 01' the agency 
before its scientific bearing or explanation were prop­
erly known ; for many years' experience bad t aught 
farmers that a certain succession of crops gave Uw 
best results. Notably, certain crops fo llowing e l o vm' 
and other plants belonging to the Le!lurninos(/' fam i l y  
were found t o  succeed unusually well.  Natura l l y , o n  
the advent o f  agricultural chemistry, a n  explanation 
was sought. Repeated analyses showed the benefits of 
this rotation to be directly traceable to the inereased 
stores of nitrogen placed at the disposal of the benefit­
ed crops. Very evidently,  then, plants of the Le!ln­

minos(/' type were in some way able to render avail­
able nitrogen wh ich wonld otherwise be unavailable.  
Further investigations showed that this nitrogen camu 
neither from otherwise unavailable forms in the soi l ,  
nor from nitrogen compounds, such as ammonia, in the 
air.  It COU l d ,  then . only come from the nitrogen of 
the ail' ,  and' the problem was to find by what agency 
this feat, so diffi(�ult to perform by purely chemical 
means,  was accompl ished . Was the n itrogen fixed 
during th e l ife process of the plant, or was it fixed by 
" utside sources, or by th e two working in conjunc­
tion ? The immed iate agency of fixation was soon 
found, and to a consideration of  this we now turn, 
l eaving open , as it  now is, tlw answer to the last 

* Hpecial ly  prepared for the SnKr,'£lFlc A M l<: HlCAN Sl1.ppr.K�U':::�T. 
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que8tion as t.o the ultimate nature of the process. It 
is enough to say that our present knowledge of  ni tro­
gen assimilation is so satisfactory that the process is 
capabl e  of direct scientific control and admits of defi­
nite prediction of  given effects from given causes­
from a practical standpoint the b est measure of its 
value. 

The first step in investigating the action of Legu­

rninosU' was the observation o f  the facts that such 
plants, in d istinction from most others, have well­
d efined nodules on their roots, and that such nodules 
on analysis show high percentages of nitrogen. The 
n ext step was the all-important discovery that these 
nodules are the habitat of  a lower form of l ife-a 
bacterium-which is  the indispensable agent in all such 
processes of  nitrogen assim ilation. That such is  the case 
has been demonstrated by innumerable experiments. 
Perhaps th e most convincing are those of Hell riegel 
and Wil farth ( Tag!. d .  5 9  Versamm. d eut. Natur. fiir 
Aerilte, Wiesbaden, 1887 ) ,  pioneers in this  field of re­
search. They grew leguminous plants in sterilized 
sand ,  some being watered with sterilized water and 
oth er wit.h water which had been i n  contact with the 
roots of Leguminosa) and was thus inoculated with the 
organisms ; these plants had access to air carefully 
freed from o rganisms.  They found that sonie plants 
flourished whi le  others did not. On exam ination it  
was found that in every case the healthy plants had 
tubercles 'on their roots, the others either had none, or 
they were poorly developed. I t  was found in all cases 
that the rate of  growth was proportional to the num­
ber of root tubercles . present. One could  hardly be 
led astray in arriving at conclusions from such posi­
tive results. It  was clearly a question of bacterial 
l ife, for the plants were grown under such conditions 
of steri l ity in the one case, and access of  the suspected 
organism in the second case that clearly this was th e  
primary agency involved in t h e  process of  nitrogen 
fixation. To IIM'Icke the matter still more certain, Hell­
riegel tried the effect o f  sterilizing his soil ,  infUSion, 
and found at once that it had lost its power of stimu­
lating the growth of the plants which it  was used to 

water. Hellriegel came to the conclusion that the 
bacteria i n  question are normally present in the soil ,  
bu t that they do not produce the characteristic effect 
referred to until they have gained entrance into the 
roots of a plant and under favorable  circumstances 
multiply in that environment. He found out the fur­
ther important fact that each species of l eguminous 
plant has a bacterium peculiar to itself and that the 
organism of plant A, for instance, could not do satis­
factorily the work of  the organism of plant B.  By 
analogy, this relation of bacteria to plant life seems 
almost a parasitical one, and it led many scienti sts to 
doubt the val id ity of HellriegeJ"s conclusions. I f  the 
bacterium is only a parasite, so that its I ife if not 
indispensable to that of the plant, is  it  not possible 
that the plant coul d l ive as well or better without it? 
Frank ( see Landw. Jahrb. ,  1890 ) is th e stanchest sup­
porter of this view, and his  experiments led him to the 
conclusion that some plants, notably pease and clover, 
when grown in a rich soil  containing plenty o f  avail­
able nitrogen, do not need the tubercles at all.  But 
when the same pl ants are growing in a poor soil, low 
in n itrogen content, th e tubercl es seem to enter into 
the problem, stimulating the plant so as to enable it 
to secure its nitrogen from the air. H e  concluded that 
nitrogen assimil ation does not take place d irectly 
through the bacterial agency, but that the presence of 
hacteria: acts merely as a stimulus to the l ife power 
of the whole plant.  He came to two other concl usions, 
namely, that different bacteria are not peculiar to d if­
ferent species of plants, and that the organism when 
grown in pure culture does not possess the power of 
fixing atmospheric n itrogen, which WOUl d ,  if true, quite 
invalidate the i dea that the fixation process is  de­
pendent solely on the presence of bacteria. But sub­
sequent investigations have proved beyond doubt that 
these latter concl usions were erroneous, and this fact , 
coupl ed w ith the furth er fact that Frank was not very 
careful about th e steri l i ty of th e air adm itted to his 
growing pJants,  east doubt on his  wh ole work ; but it 
seenu; probabl e that his concl usions were not wholly 
wrong. His idea of  the st im uJation of the l i fe process 

of the plant may prove, in the l ight of future knowl­
edge, to contain a grain of truth. 

Prazmowski ( Landw. Verso Sta., 38, 18 90 )  made 
further expe riments along the lines laid down by Hell­
riegel, and the result was a complete confirmation of 
the latter's results .  Prazmowski ' s  experiments have 
al ways been held in high repute, because they were 
conducted with great experimental skill, and because 
01' the great care he took to eliminate the disturbing 
influence o f  the presence of  organisms from the air. 
Since these experiments, numerous others confirming 
them have been made. 

The point being settled with a fair degree of cer­
tainty that the fixation of nitrogen in the case of 
Leguminosa; is directly traceable  to a bacterium, the 
question began to be investigated more minutely, and 
information was desired about the l ife process of  the 
bacterium-under what conditions as to food,  l ight, 
heat, moisture, habitat,  etc. ,  it thrived ; as to the exact 
manner in which the plant appropriated the nitro­
gen brought to it  from the air, and the chemical form 
of this n itrogen ; and finally as to the possibil ity of 
artificially stimulating or controlling the assimilation 
process, in connection with the various phases of agri­
cu lture. On some of these pOints our knowledge is 
fairly satisfactory, but on others there is  yet room for 
much investigation . '  

T h e  bacteria have been i solated a n d  grown i n  pure 
cUltufe by many investigators , and a great deal has 
been found out about them in this way. Among these 
investigators may be mentioned : Laurent ( Ann. de 
l ' Inst. Pasteur, 1891 ) ; F .  Nobbe ( Chern. Ztg. , 20,  1 8 9 6 ) ; 
Neumann ( Landw. Vel's.  Sta . ,  5 6 ,  1901 ) ; Maria Dawson 
( Phil .  Trans. Royal Soc., London, 1900,  pp.  51-67 ) ; R. 
G.  Smith ( Centbl .  Bakt. u.  Par. 2 ,  Abt. 6, 1900,  No. 1 1 ) ; 
M. Gonnerm,ann ( Landw. Jahrb. 23,  189 4 ) . Also in­
vestigations contained in Proc. Indiana Acad.  Science. 
1900, pp. 157, 161, and Jour. Soc. Chern. Ind.,  15, 1896 .  

M. Gonnermann h a s  m a d e  and minutely described 
plate and other cultures of organisms from the roots of  
I.  u,pinus a l b us, L.  augustito liu,s and D. 11lteus. He 

LUMINO U S  DEEP-SEA F I S H  MODEL. 

found several forms o f  micrococcus and bacillus and 
claims to have found evidence to ind icate that the 
organisms are spore-forming, thus explaining their 
ability to last through the cold of winter. In Proc. 
Ind. Acad. Sci., 1900 ,  pp.  1 5 7-161 ,  there are described 
cultures of organisms from 'the roots of  Trito leu1n 

pro tense, Vicia sativa, Phaseo lus nasus, Trito lenm 

hy bricZu'Yr. and Trito leum reflexum. I n  confirmation of 
M. Gonnermann's  results, many d istinct forms of bac­
teria were found to be present. Some were aerobic 
and some anaerobic ; all grew well on agar and gelatin ; 
some l iquefied the gelatin,  others did not ; some were 
motile, while others possessed but little power of mo­
tion.  These bacteria grew well on most of the other 
media ordinarily employed in a bacteriological labora­
tory, such as potato, milk, saccharose bouil l on,  etc. 
The growth in bouillon, however, is not strong. Bac­
teroid forms were but rarely seen in pure cultures. 
Nobbe found that pure cultures retained their .vitality 
and power of producing tubercl es for as long as two 
months ; after an interval of seven months the powpr 
was found to be lost. Maze incidental ly made the in­
teresting observation that some of  these tubercle bac­
teria are pathogenic to certain animals .  Smith ( Centb! . 
Bakt. u. Par. 2 Abt. 6, 1900,  No. 1 1 )  gives a method for 
staining the flagella of motile forms. Laurent showed 
( in contradiction to Frank's idea )  that the bacteria 
fix nitrogen when grown in artificial media. Breal 
( Ann. Agron. 1 5 ,  1 8 8 9 )  found that plants coul d be very 
readily inoculated by simply pi ercing a root and placing 
a small portion of a pure culture of the tubercle organ­
ism in the opening, or by inserting a piece of a nodule. 
Lawes and Gilbert ( Abs. in Exp. Sta. Record, I I I . )  
state their belief that t h e  organisms fix their n itrogen 
only in contact w ith the roots on which they produce 
tubercles,  and were led to the conclusion that the bac­
teria themselves possess th e power of fixing nitrogen, 
An i nteresting observation made by them was to the 
effect that the nodule invariabl y gives an alkal ine re­
action when freshly cut. 

It  has been found that the bacteria possess but l ittl e 
power of spontaneous d iffusion in the soil, and are only 

p resent in moderate numb ers a few inches below the 
surface. They are very sensitive to l ight and to condi­
tions of acidity or alkalinity o f  soil , and thrive best in 
a moderately humid soil .  Frank ( Ber. Deut. bot.  Ges.,  
271-8 ) found that the compounds stored . up by the 
tubercle, when detached from the main plant for some 
time b efore analYSiS,  show a d ifferent composition 
from that of nodules taken fresh from the main plant 
for analysis.  In  such cases free n itrogen was found to 
be given off in the case of the detached nodules. 

From all this it  will  be seen that many facts about 
these organisms are known, many of which, although 
now only isolated observations, will  one day contribute 
data for a complete theory of the nitrogen cycle in 
nature. 

We must now briefly notice the theories which have 
been advanced as to the ultimate nature of the assim­
ilation process. Some have claimed that the bacteria 
in their l ife processes produce enzymes which in one 
way or another fix the nitrogen in forms availabl e for 
plant l ife. Another theory states that the bacteria 
during their l i fe incorporate atmospheric n itrogen into 
their  bodies,  and that th is  becomes available '  for the 
plant when they pass into the bacteriod form. A 
third theory states that the assimi lative process is one 
bound up with the l i fe process of  both pl ant an [ I  organ­
ism. The matter of choice between these theories is 
by no means decided.  The fact that bacteriod forms 
are always observable  in the tubercles, and the experi­
ments with pure cultures showing tha t  bacteria can fix 
nitrogen when not growing on roots tend to support 
the second theory. But much work remains to be done 
on these points. 

The practical status of the n itrogen question is  quite 
satisfactory. Once the facts with regard to the nature 
of root tubercles were ascertained , practical appl ica­
tions soon followed, so that to-day the farmer may 
either inocul ate his soil with a cul ture of bacteria 
adapted to the crop he wishes to grow, which culture is 
furnished him grati s by the Agricultural Department. 
or he can incorporate with his soil some soil of a field 

where the crop has nlready been successful, and which 
is therefore full of  the beneficial organisms, and, other 
conditions being right, he can count on a good yiel d .  
Such inoculations have been practised with success al l  
over  the United States and Europe, so that, thanks to  
the combined labors of the scientist and the farmer, 
the danger of nitrogen starvation may be said to no 
l onger exist. 

LUMI NOUS DEEP-SEA F I S H. 
THE United States government, through its National 

Museum, had intended to exhibit at the Pan-American 
ExpOSition a series of enlarged models of fishes of  the 
deep sea. Our picture comes from a report of the 
United States National Museum. It proved impossible,  
however, to construct these in the time available, but 
a s ingle example was prepared .  The species chosen 
was one known as Aethoprora efful,gens, belonging to 
a characteristic family of d eep-sea fishes, many of 
wh ich are remarkable for their phosphorescent organs. 
In  the species exhibited there is  in addition the 
luminous spots on the si des found in many deep-sea 
fishes, a large luminous area like a lantern on the top 
of the head. This extraord inary creature must present 
a remarkable appearance when swimming in the dark 
abysses of the ocean. The model shown at Buffalo 
was eight  times natural size and had a l ength o f  4 
feet. The luminous spots on the sides were repre­
sented by buttons of glass connected with the interior 
by tubes. The luminous protuberance on the head was 
modeled in gelatine and tinted. The model was so 
connected with the electric-l ighting system in the 
bu ilding that a gentle glow appeared in the side spots 
and frontal prqtuberance, producing a ·  very striking 
and it is  believed a quite accurate notion of the appear­
ance of a l iving phosphorescent deep-sea fish. 

Composition of "n Internal Disin fectant. .-In the ap­
pl ication of the better known d i sinfectants, such as 
formal ine, carbol ic  a cid ,  formic aci d ,  lactic acid,  acetic 
acid . and others for the disinfection o f  the internal 
organs of the human body it is not unusual to note the 
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appearance of harmful intensely irritating effed::; as 
secondary symptoms and following closely upon them 
the symptoms o f  cellular poisoning. When the follow­
ing disinfectant is used the secondary pOisoning effects 
He said to be avoided. This highly-to-be-desired end 
is attained by adding to the chief ingredient, formald­
ehyde, materials found in the healthy cel l  where its 
natural function is  to protect the tissue against the at­
tack of bacteria. This material is  cell-core acids which 
is applied in small quantities, either in alcoholic  or 
chloroform alcoholic solution, or paired with other 
organic acids,  such as formic acid, for instance. 
Through its appli cation a startl ingly powerful d is in­
fecting effect is  produced. This r

'
emedy is  peculiarly 

a dapted to the disinfection of  the pulmonary organs 
by inhalation.-Dr. K. Spengler's Patent. 

IS THERE SNOW ON THE' MOON ? A STUDY OF 
THE LUNAR APENNINES.  

By E. WALTER MAUNDEll, F.R.A. S .  
T H E  principal obj ect in  the accompanying plate, 

which is reproduced from one of the superb photo­
graphs taken by MM. Loewy and Puiseux, w ith the 
great equatorial CQud{: of  the Paris Observatory, is  the 
range of the lunar Apennines, by far the grandest 
mountain chain upon the moon, and the one which, a t  
first sight at least, most strongly resembles those o f  
o u r  own earth. I t  is shown in its entire length o f  more 
than 400 miles from the fine ring-plain Eratosthenes, 
in the extreme right-hand upper corner of the plate, 
which forms the termination of the range to the south, 
down to the grand promontory of  Mount Hadley, more 
than 15 ,000  feet in hei ght, in which it ends toward the. 
north. About half way between the two extremities 
o f  the rarige is  the magnificent headland of Mount 
Huyghens, according to Schroter nearly 21 ,000 feet in 
height, the highest summit on the moon with the ex­
ception of  some of the peaks on the ramparts of the 
ring-plains of -the south polar cap. A third great 
promontory, Mount Bradley, lies nearly m idway be­
tween Mount Huyghens and Mount Hadley ,  and reaches 
a height of about 1 6 ,000 feet. -

The highland region, of which the Apennines form 
th e northeastern race, is roughly triangular in shape. 
By far the loftiest and steepest face is  that overlook­
ing the great Mare I mbrium toward the east. The 
northwestern face looks over the Mare Serenitatis, 
while the Sinus JEstuum and the Mare Vaporum bound 
the region on the south. 

The area of  the plate is not one which includes many 
of the circular formations so typical of the moon, but 
some of those which are shown are very striking. 
Three great ring-plains are seen on the floor of th<1 
Mare Imbrium. These, in order of size, are Arch i­
medes, the l argest and most eastern ; Aristilles,  the 
most northern ; and Autolycus, the smallest of the 
three; just opposite the broad gap which separates the 
Apennines from the Caucasus.  On the opposite side of 
this opening, and slightly further from it, the cele­
brated crater L inne is  seen as a small white spot on 
the floor of the Mare Serenitatis .  ' Toward th e extreme 
upper l eft-hand corner of the plate, near the border 
o f  the same Mare, stands the bright crater Sulpicius 
Gall us, and among the actual h ighlands o f  the Apen­
nines are the two craters Conon, just behind Mount 
Bradley, and Aratus, a l ittle farther north toward 
Mount Hadley. These seven are the most notable c ir­
cular formations in the plate. In general , the lunar 
m ountains ta1,e the form of rings or polygons, as in 
the case of these seven objects, and do not make con­
t i nuous chains as on the earth. To this rule the Apen­
n i nes constitute the most conspicuous exception, but a 
detailed examination of them shows that the differences 
between them and the great terrestrial ranges are nu· 
merous and significant. 

The first feature of the Apennine high lands to claim 
attention is  the nearly triangular form of the area th ey 
cover. This is  a necessary consequence of the roughly 
circular form of the great Maria which border them. 
Wherever we have a number of circular depressions 
contiguous to each other, the more elevated inter­
stices must necessarily approximate to triangles. And 
this being the case, it  follows that th e forms of the 
highlands have been determined by the Maria and not 
the reverse. In other words, the highlands existed 
first and acquired their present outl ines through the 
later formation of the surrounding Maria. 

The next feature to be noticed is  the general slope of 
the region. Toward the Mare Imbrium, on the east, 
the face presented by the Apennines is  exceedingly bold 
and steep ; toward the Mare Serenitatis and Mare 
Vaporum on the west and south the highlands sink 
down gradually .  

The result  of such a formation upon the earth would 
be obvious . There would be a deposition of moisture 
over the whole highland region, either in the form of 
snow or water, and this moisture would move down­
ward toward the plains either as streams or glaciers. 
But it would move with very different speed and d if­
ferent effects upon the two faces. On the steep escarp­
ment facing east neither water , snow, nor ice could 
rest. The moisture woul d be quickly thrown off, de­
scending in waterfalls  o r  avalanches down to the 
plains, and wearing away the cliff face into a grea t 
number of narrow gorges or gullies. The d e b ris woul d 
b6 deposited at the foot of the cliffs, and the torrents 
would carve their way some distance into the plain, as a 
rule in a direction at right angles to the range, smooth­
ing out and covering all irregularities which ran paral­
lel thereto. What we actually see upon the photograph 
is as unlike this as could well be imagined . The base 
of the range in the Mare Imbrium is  confronted by 

a l ine of low hills-wrinkles,  as it were, on the surface 
of th e plain--suggesting by their paral lel ism to the 
range that no effective amollnt of moisture, either as 
rain or snow, had been deposited on the eastern slopes 
of the Apennines since the Mare I mbrium was formed. 

But the main drainage of the region would be in the 
opposite d irection, because the chief catchment are'it 
would be  the broad gentle slope toward the west and 
south. Here the tendency would b e  for the moisture, 
whether it  was in the form of ice or water, to unite 
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small streams together to form larger ones.  Important 
rivers or glaciers would have their origin in this 
region, and would work their way downward, ex­
cavating broad valleys. The erosive effects, if  not so 
rapid as on the east face, would, from the better pre­
s entment to us, be even more conspicuous, and there 
should be no difficulty in detecting the d eposit of  allu­
vium at the mouths of the great water courses.  We do 
indeed find vall eys and rav ines on the westen slopes, 
but these often are so blocked o r  show so many irregu­
larities of level that they cannot be held to be water 
channels. If this was their original nature, then the 
more recent history of the moon must have entirely 
changed their appearance ; we see nothing to remind 
us of the characteristic arrangement of a drainage 
area on the earth. More than that, we find in the 
n eighborhood of Sulpicius Gallus a dark band parallel 
to the edge of the Mare Serenitatis ,  as if the Mare was 
actuall y  deeper here than further out in the plain.  
Such a channel would have inevitably been filled up by 
the alluvium washed down by rivers draining the high­
l and district. 

1 t  is  very instructive to watch the apparent changes 

time t he brightest objects arc the g l i ttering peaks of 
the Apennine range, the rampart oj COli on, and the 
wh ite mantl e slIrrC 'lllding AraLus .  I n  ear l y  morning 
and late evening the gradual slopes of  the higll lands 
toward the west, and their  steep declivit ies toward 
the east, are the regions which reslleejively shine out 
most conspicuously. But it  is  tile latter which are by 
far the most brill iant, and there woulrl seem not a 
little to j ustify Prof. W. H. Pickering's description o f  
them as snow covered. "Many of the higher summits 
of  the Apennines," h e  writes, "are brill iant with snow, 
although the sun is  just setting upon them, while the 
slopes of the intermediate vall eys and of the foothills  
are dark." 

Proi. Pickering's interpretation of the brilliancy of 
the eastern* slopes of  the Apenn ines involves several 
assumptions. He considers that the deposition of  snow 
wiII vary on the moon according to the el evation of a 
district and according to its d istance from the equator. 
But it  should be borne in  mind that elevation on the 
moon will not be nearly as effective in producing con­
d ensation as on the earth. The action of gravity at the 
lunar surface is but one-sixth of what it  is  with us. 
This would have a two-folil effect. While here we reach 
a region of  half the surface pressure at a distance of 
31f:J miles,  on the moon we should have to ascend more 
than 21 miles to obtain the same proportional diminu­
tion, while the feebleness of gravity would make any 
upward motion of the atmosphere exceedingly slow. 
The cooling of an ascending current of air by expan­
sion, here the most efficient cause of condensation, 
would there be practically inoperative, and the great 
tenuity of the lunar atmosphere would tend in the 
same direction. There would scarcely be any per­
ceptible difference in the readiness with which con­
densation would take place between the plains and 
the mountain summits. 

The comparison of  the changes, too, does not support 
the inference that the bright regions are snow-covered.  
The w estern gentle slopes are by no means so bright 
nnder their best i l lumination as the steep eastern 
escarpments are under theirs.  Yet it  is  on the former 
that 

'
we should expect the snow to l i e, while  as they 

are best l ighted by the morning sun, that is  to say, j ust 
as they emerge from the long lunar night when the 
snow should be thickes t ,  we should expect them to 
b e  far more fully covered, and therefore more bri l l iant 
than the steep eastern slopes could be at sunset, after 
having undergone the continued action of the sun dur­
ing the whole length of the l unar day. The changes 
in i l lumination are indeed just what w e  might expect 
from the varying incidence of the solar rays, provided 
that there was some difference in the reflective power 
o f  the different surfaces. And in this  case there is  no 
difficulty i n  pointing out a sufficient cause for th e steep 

SOUTH 

NORTH 
'l'HE L U NAR APEN NINES.  

From 11 nhotograph taken March 4 ,  1895, at 6 h.  6 m . ,  Paris mean time, w ith the Equatorial Conde of t h e  Paris Ohs(·rr.o'nry. 
"Moon 's age, 8 d., 1 h . ,  7 m .  

produced in any region of th e moon by the progress of  
the lunar day.  The change in the l ighting produces an 
immense change in the general appearance of thA 
region. The appearance of relief vanishes almost en­
tirely at noonday ; it  increases directly in proportion 
to the obliqueness of  the i l lumination, and is  very 
marked at sunset. The two great craters, Archimedes 
and Eratosthenes, are practi cally lost at noon. At thi s  

slopes being mo�e brill iant than th e gentle.  Mr. Davi­
son ( Knowl edge, December, 1 8 9 G ,  p. 278 ) pointed out 
that obj ects on a slope.  from the mere effect of the ex­
pansion during the heat of th e day and contraction 
under the cold of night, would steadily creep down-

'* I use the term s H east " and '� w(-'st " throughout thi� paper, from our 
point of view. An inhabitant of the moon would, of coufse, regard the 
slopes facing the sunset as the western slopes. 
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ward. There would thus be a very slow buL eonlinu o lls 
transference of free solid particles from the summits 
of the mountains toward the plains, uncovering fresh 
surfaces in the higher regions, and this creeping effect 
would necessarily be much more rapid on such steep 
tleclivities as the eastern face of the Apennines than 
on the gradual slopes toward the west. I f  then, the 
very tenons atmosphere which we may readily believe 
to exist upon the moon be capable of effecting some 
slight tarnishing or darkening effect in the course of 
centuries, or if  the deposition of meteoric dust, which 
must be  much the same as upon our earth, slowly 
coats our satell ite with a thin, dark veil , we shall find 
a sufficient explanation for the difference in albedo of 
t he mountain p eaks and of  the great plains.-Knowl­
<'dge and Scientific News. 

A STRANGE SUBSTANCE FOUND IN AN 
EGYPTIAN TOMB. 

MERRTIR .  Lortet and Hugounenq have lately made an 
analysis of  a sUbstance which was found in the tomu 
of Prince Mahespa, Thebes XVI I I .  Dynasty ; this tomb 
was explored not long ago. It l ies in the valley of 
Biban-el-Molouk, near Thebes, and contained a quantity 
of interesting objects, which are now in the museum 
at Cairo. Among others were eight large jars stoppered 
with care, containing a pulverent yellowish mass. It 
was supposed that this substance was used in the mum­
m ifying process, but it had never been analyzed. Some 
of it was sent to Paris not l ong ago by Prof. Maspero, 
anrl it has been examined by the two experimenters. It 
i s  a grayish yellow and n on-homogeneous substance, 
showing vegetable debris, sand, and clay. A quantity 
of it was treated first with alcohol . then with water. ' 
The al cohol dissolves out a yellowi sh-brown resinous 
matter,  which has no doubt been changed with time, 
uut it still possesses an odor. It is probably a 
mixture of resinous products in which the prin­
r ipal one is myrrh. ' I t wiil be remembered that 
myrrh entered along with other ingredients, Cy­

pen/.s ro tundus and Ca lamus aromaticus, into the 
composition of kephi or kyphi ,  a sacred perfume 
which M. Lortet has reconstituted. Water dissolves 
out another portion, leaving a residue of quartz 
Rand and clay mixed with sawdust and vegetable frag­
ments. The primitive substance thus contains : Odor­
Herous resin, 19 . 53  per cent ; organic debris, 3 . 6 8 ; sand 
and clay, 1 2.44 ; water, 9 . 5 2 ,  and a mixture of soluble 
salts forming a natron, comprising sodium chloride, 
H.88 per cent ; sodium sulphate, 22 .90 ; sodium sesqui­
carbonate, 17 .05  per cent. The composition of the 
nat ron is more o r  less variable. A specimen from 
G o nrnah, near Thebes, gave sodium chloride, 62 .00  per 
cent ; sodium carbonate ( dry ) , 1 8 . 4 4 ; sodium SUlphate 
( clry ) , 1 1 .40 .  Others are stil l  different, such as one 
f rom Ouad i-Natroun. It is not only tile origin and 
st ate of  dessication which causes the difference, but 
t.h e  process of collecting it .  The natron is found in 
flakes on the banks of. the lakes or is scraped from 
the surface of aquatic plants. This l atter method ac­
�onnts for the vegetab l e  debris which it  contains. 

As to the resinous substances found in the mixture, 
tll PY cannot be identified with certainty, owing to the 
mod ifications which have been brought about by time 
and the surrounding m eclia.  In  the alcoholic solution, 
myrrh seems to predominate, but it is accompanied by 
ol ihan and bdel l ium. There is no doubt that: the sub­
stance found in the j ars was used in preparing the 
m ummies. The part which dissolves in water gives a 
hrown color to the pieces of cloth which are dipped into 
i t , anrl this is the same color as is seen on the bands 
i n  which the mummies are wrapped, When dry, the 
(,l oth presents an odor and appearance which are quite 
(,haracteristic, owing to the deposit of alkaline soap 
wh i ch is produced by the resin mixed with the natron. 

SCARLET PHOSPHORU S : A NEW CHEMI CALLY­
ACTIVE VARI ETY OF RED PHOSPHORU S ,  

AND ITS USE IN THE MAN UFACTURE 
OF MATCHES.* 

PAR'r I .  

By W. Ml'ln .  

TIm fol l owing observations sum up the  results of  ex· 
Tlf'l'i ments  commenced by myself five years ago, to 
make a striJ(e-anywhere match without wh ite phos­
jJhoruR. 

After working on the substances that usually appeal 
t.o inventors, I tried the so-cal led red sulph ides of 
ph osphorns (iescribecl by Berzel ius,  and found that they 
marle good matches . I showed the matches prepared 
from those compounds to Mr. Boor, who took the mat· 
t el' up very heartily, and induced Dr. Marquart, of 
Messrs. Marquart & Schulz, Bettenhausen, Cassel , to 
make these sulphides ( so-called ) in large quantities. 
Matches also were made. but difficulties and doubts 
arose. We could not get the so-called red sulphides 
free from the ordinary yellow sulphides. The residue 
l eft, after extracting as much of the yellow sulphides 
as was possible, showed on analysis very l ittle sulphur 
l eft, but it was unchanged in appearance and still made 
fair matches. 

At this point we noticed an account o f  a pecul iar 
form of  phosphorus made by Prof. Schenck, of Mar­
hurg, with whom we got into communication through 
Dr. Marquart, and l earned from him definitely, what 
we had al ready suspected, namely ,  that the so-cal l ed 
]'('d sulphides of phosphorus are merely solid solutiom; 
or the ordinary yellow sulphides in some form o f  red 

• Read before tile Society of CIll'mical Inuu.try. 

]Jhotiphorus, and Dr. Schenck advised us that he had 
produced a new bright red preparation of phosphorus 
in his laboratory without the aid of  any sulphur at al l .  
I obtainecl quantities of this material ,  which we call 
Schenck's phosphorus, and made good matches. The 
result of our friendly intercourse was that we all  
joined our several discoveries and our practical knowl· 
edge together for the production of matches with this  
new scarlet preparation of phosphorus. ( Specimens of 
the compound ancl of matches made from it were 
exhibited . )  

We find that Schenck's phosphorus .is a satisfactory 
basis for the production of strike·anywhere matches. 
It  is not poisonous if swal lowed , and it does not fume 
in worki ng. It abolishes the special ills that have 
troublecl match makers, and can be used with the 
ordinary glue mixture that is  used with ordinary phos· 
phorus. The matches made with it stand even better 
than those 'made with ordinary phosphorus. We have 
sent such matches to the most trying climates in the 
worl d, and have damped them ancl dried them twelve 
times without harming them. 

PART I I .  
By R.  SCHEXCK, PH.D. ,  and P .  MARQUART, PHD. 

You are all aware of the great importance of the two 
varieties of phosphorus as agen ts in many of our in­
dustries, and especially in the manufacture of ex­
plosives and matches.  We now introduce a third form 
to yon, which in some of its properties is intermediate 
IJetween them. 

The ma,Imer in which consiclerable quantities of  our 
n ew form of phosphorus may be obtained has lately 
been demonstrated by one of us, who has also de· 
scribed its characteristics ( Jour. Soc. Chem. Ind. ) ,  
1902 ,  368 .  See also 1903 ,  4 94 ) .  A very good sample of 
the new substance is obtained by heating a 10·per-cent 
solution of white phosphorus in phosphorus tribromide 
to boiling, and on this basis the firm of  Marquart & 
Schulz, Chem. Fabrik, Bettenhausen, Cassel, have suc· 
ceeded in working out a process which allows of the 
application o f  this new invention on a large scale.  

The product is a fine powder of  bright scarlet color, 
containing, however, still  many impurities, as is shown 
by its weight, which may much exceed that of the 
white phosphorus used. 

Its propensity to take up foreign matters from the 
solvents is very great. Michael is and Pietsch tell us 
that red phosphorus formed by the effect of l ight on a 
solution of phosphorus in carbon bisulphide contains 
a l arge percenta.ge of carbon and sulphur, and we, our, 
selves, have observed that foreign substances l ike 
iocl ide of phosphorus and sesquisulphide of phos­
phorus, which may be dissolved in phosphorus tribro­
mide,  together with the white phosphorus, are pre­
C'ipitated with it. This strong tendency to form solid 
solutions permits of the conclusion that the red phos­
phorus in the products is amorphous, as crystal l ine 
bodies rarely possess the capacity of dissolving foreign 
matters, except in cases of isomorphism. 

On being raisecl to higher temperatures in an indif­
ferent current of gas, Schenck's phosphorous becomes 
darker ( while phosphoreted hydrogen is formed by 
the decomposition of  the phosphorous acid ) ,  and finally 
turns black, recovering, however, its former redness 
on cooling down after some time. This reversionary 
alteration of  color through change in the tempera­
tures is a purely physical process, which has a good 
many analogies. Scarlet phosphorus that has been 
kept for a long time at h igh temperature retains, when 
cooled down, a deep red color. 

The great chemical activity of  this form of  phos· 
phorus is shown by the violence with which it be­
comes oxidized by diluted nitric aci d ; it is shown also 
when treated with hot caustic soda solution which 
causes a generation of phosphoreted hyclrogen, and a 
solution of the scarlet powder into the subphosphorous 
acid. Ordinary amorphous phosphorus is harclly at· 
tacked by hot caustic soda solution ; it may be indeed 
freed from small quantities of  white phosphorus by 

'being boiled down with this l iquid.  A weak solution 
o f  indigo in sulphuric acid is  decolorized if boiled with 
scarlet phosphorus. 

A particular characteristic of  scarlet phosphorus is 
its action toward ammonia and bases of  medium 
strength, such as dilute piperidine and diethylamine. 
They turn its bright red color black, phosphoreted 
hydrogen being formed to a small extent. Acids will  
reproduce the scarlet product from the black. The 
black products seem to be salts, and successful experi­
ments have been made to fix the nature of their acids. 
The salts are those of  a solid polyphosphoreted hydro­
gen, which certainly is not usually regarded as an 
acid. 

Difficulties which have not been removed yet by in· 
d ustrial science have prevented the introduction of the 
amorphous red phosphorus, which at first seemed pre­
destined for the preparation of non-poisonous strike· 
anywhere matches, and the hopes entertained in that 
direction have not been realized. The mixtures . of 
amorphous phosphorus with oxidizing substances, such 
as chlorates, and with other bodies, such as filling and 
cementing agents , which are used at present to form 
match heads, possess the objectionable quality of  being 
highly explosive, so that great l osses are incurred 
through their employment, and the workman is ex· 
posed to considerabl e danger. 

I f, therefore, in the tips of  matches, the scarl et phos· 
phorous be SUbstituted for the white phosphorus, an 
article will be  obtainecl ,  which , while non-explosive, 
after drying will  easily ignite on any rough surface. 
A technical problem o f  long standing will thus have 
been definitely solved . 

DltiU U " SlON . 
Sir Wm. Ramsay said he had recently visited Mar­

burg, and had been shown a cat which had swallowed 
about 50  grammes of  this phosphorus without suffer­
ing any harm. Thts substance had a sl ight smell r eo 
sembling that of ordinary phosphorus, which appearecl 
to indicate that it  formed the oxide of phosphorus, 
P,O", discovered by Dr. Thorpe, some years ago, which 
was the cause o f  the "phosphrus" smell .  I t  was a 
curious fact that yellow phosphorus was an unstable 
substance, or,  more correctly, a meta-stabl e substance ; 
it was in the same condition as water cooled below 
)lero, which yet did not freeze. Yellow phosphorus 
changed so slowly that it could not be seen to change 
under� ordinary circumstances ; even when kept below 
water, its transformation into the red variety was 
very slow, but if  it were dissolved the rate of trans­
formation increased very greatly, and on that clepended 
the merit of this discovery, d issolving the phosphorus 
in the bromide. He saw the experiments which had 
been described, and it occurred to him whether th i s  
n e w  form was n o t  conceivably a sol id  solution o f  
hydride of phosphorus, P,H" in r e d  phosphorus, 0 1' a 
mixture of the two. This was suggested by the action 
on ammonia and certain bases described. No doubt 
these formed compounds which strongly resembl ed 
polysulphides. A precipitate was obtained whiph 
turned red, which Dr. Schenck said was hydride o f  
phosphorus, m ixed with orclinary phosphorus. I n  th e 
same way if an acid were added to polysulphicle  o f  
sodium a precipitate of sulphur was formed, with the 
difference that in this particular instance a solid sul ­
phureted hydrogen was not obtained, but merel y SU I ·  
phureted hydrogen gas ; whereas, i n  the case of  phos· 
phorus, the solid hydride P,H" remained mixed with 
the precipitate of phosphorus. He was not clear 
whether Dr.  Schenck thought the substance was real l y  
this mixture o f  hydride and red phosphorus, or the 
latter only. So much for theory ; on the practical side,  
it occurred to him that there must be a considerab l e  
loss, i f  the phosphorus tribromide adhered 'so strongly 
as only to be decomposed by boiling water. I t  was 
possible that the hydrobromic acid m ight be recovered, 
and also the phosphorus, but he should have thought 
there was a considerable amount of  loss possible from 
the fact of having to decompose a large amount of 
phosphorus tribromide which had to be reconverted 
from its elements before they could be again util ized. 
That l oss might not be sufficient to negative the gain, 
but it  must be reckoned with. The differences might 
be got over, but he should have thought, owing to the 
waste, that it was an uneconomical operation. He 
should be glad i f  Mr. Muir could give any informati on 
on this point. 

Mr. L. G. Boor said that, with regard to the llrar­
tical side,  what they had done so far was to  provide  a 
match which could be made with the ordi nary 20 ] lPl' 
cent gelatin� composition, and woul d stand any cl imate. 
They tried it with the idea of producing a match 
which would strike anywhere. They simply substi ·  
tuted this  red phosphorus for the common yellow, so 
that the match maker could use the same composition 
which he had used for years without altering his plant 
or his process. With regard to the cost , it wou l (l al­
ways be higher than that of yellow phosphorus, thp 
same as amorphous phosphorus, but with the ques­
tion of  prohibition looming in the future, anfl matchps 
at 1s.  a gross, he did not thinl{ an extra 14 (1. a gross 
would prevent the use of  this kind of phosphorus. 

Mr. Bale asked the price of this particul ar eom­
pound. 

Mr. Boor said, as produced at present in smal l quan· 
tities, it  worked out about 2s. 3d. per poun d ,  hut he he· 
l ieved that, when made in large quantities, the pripe 
of this  red phosphorus would be brough t clown t o  
about the same as that of amorphous,  about 1 s .  9 d .  

M r .  Clayton asked t h e  ignition point of  t h e  new 
phosphorus, and if  the substance described in the first 
paper was the same as that prepared by Dr. Sch enck. 

Dr. Divers remarked upon the interesting fact that a 
body which has been known to every chemist from the 
time of  Thenard and even before it, shoul d only quite 
recently have been shown by Dr.  Schenck to be very 
stabl e  and apparently very useful. It seemed im­
portant that its non-poisonous character sho u l cl  be fur­
ther tested upon herbivorous as well as upon ear­
nivorous animal s ; parts of the human al imentary 
tract secreted alkaline fluids which m i ght act upon 
this body and generate poisonous products . 

Prof. Mills asked if any figure could be given as to 
the yield of this phosphorus from a defini te quant i ty  
of  common phosphorus, and also, as phosphorus tri ­
bromide was rather expensive, whether the triph l ori rle 
could not equally well b e  used under pressure. 

The chairman said one point appeared to him to 

reqllire some further experiments, namely; the action 

of  the phosphorus itself on the cementing material . 

which Mr. Boor said was gelatin or glue. He aske(l 

Mr. Muir whether any experiments over any l ength of 

time had been made on the action of phosphorus on 

this organic material . Of course, it was a very great 

advantage, not only from the point of view of the Rwal ­

lowing of matches, but also of their contact with the 

skin that the phosphorus was inert. If an absol utely 

non.poisonous phbsphorus were introducecl into the 

match trade it  would eliminate much serious suffer­
ing. The poorer classes of operatives engagecl in thp 
match trade suffered very seriously, in spite of  all 
that had been done by l egislation for their protection ; 
in fact, so great was this evil that the use of ordinary 
phosphorus for this purpose had been prohibited in 
many European countries. 

Mr. Muir, in reply, said h e  found the ignition point 
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was about 170  deg.  C .  A good deal  would depend on 
the rapidity in the rise of  temperature. The sub­
stance mentioned in both papers was the same. The 
matches shown were made with it ; they were pro­
duced from material sent over by Prof. Schenck. He 
had tried phosphorus trichl oride, and he thought under 
jlreSSUre it ' might give some results. They had had 
matches in stock which were t wo years old ,  and they 
were as good now as when they were made.-Joul'. 
Roc. Chem. Ind,  

TRADE NOTE S AND RECIPES. 

Vegetable Substitutes for S'oap .-The adaptabil­
ity of  plants for washing purposes has long 
heen known. They possess the advantage over 
soap in that their effective substance, saponine, is  a 
nfmt ral or slightly acid body, while soaps al ways 
form free alkal i with water, which often attacks the 
wl ors of the material. So far as is at present known 
th e cleansing effect of saponine results from its abi l ity 
to produce in water a great quantity of insoluble par­
t i cles very finely divided in the form of an emulsion. 

Its peculiar property of foaming when shaken is 
i ntimatel y connected with thi s .  

Of mltSa paradisiea alone is it said that the sap con­
tains a solution of sodium oleate, and that it may 
he used in the place of soap, without containing any 
f'aponine. 

Mr. L.  Rosenthaler presents a l ist of vegetable sub­
stitutes for soap which shows a preponderance of the 
l C'gllminous plants, at the head of the list the mimo-

8arlll '-al bizzia and acacia. 
T n  the second place come th e caryophyl lacm with 

our inrt igenous .mp onaria o/ficinalis,  after them come 
the Rosacl I ' ,  containing exclusively quil laja varieties. 

The roots and root stocks and bulbs are used for the 
most part, then the bark, and some times the leaves 
and fruit ; the iiiftaseolus mungo indigenous to the East 
T n rl i es is the only species of the pap e l lionatw given of 
wh ich the blossoms may b e  nsed. 

Practical Hints in the Production of Artificial 
Kindling Sticks.-Pitch, gum, rosin ,  or any similar 
eas i ly-burning and m elting resins are melted in an 
i ron pot ; in this molten mass a given quantity of 
(;alcined l ime is sifted and vigorously stirred, and 
when the compound flows thin it is set aside to settle .  

The add ition of l ime is ordinarily about one-tenth 
of the amount of rosin or pitch used. 

Prepare, furthermore, in large earthen pots, 
aqueous solutions of all  sorts of aniline dyes with 
w h kh t o  stain sawdust. The very finest dust must 
he removed and the coarser sawdust poured into the 
(l yes unti l  it takes them up completely. Next dry 
and mix certain amounts of all the colors with a 
R l lfficient quantity of unstained sawdust to form a 
l Jr i l l iant and pleasing combination of color. Finally ,  
dip t h i n '  bits  of wood or thick shavings i n  the still 
warm fluid rosin and sprinkle  them l ightly with the 
vari egated sawdust and stand apart to dry. 

Any rosin which is easily ignited is suitable for 
sat l l l'ating the spl ints or shavings ; the main desid­
m'a l l l m  is t hat it be cheap. 

'l'he caleined l ime is  added only to cause the rosin 
tn  harden more quickly, and i f  hard rosins be em­
pl oyed the l ime may be left out of the compound. 

Of course economy will teach the operator that the 
rm;in is t o  be k ept as thin as possibl e, and for the 
(lYef; th e cheapest aniline colors will  do, since they 
p,e l 've n o  other pu rpose than to mak 8 the kindling 
HI  kJ(s acceptabl e to the eye.-Erfindungen und 
T� r rahrungen. 

On the Warping of Circular Saws .-This damaging 
(] f' fect. i n  saws of  this description arises from the 
11J , eqnal tension exi sting in the metal itself, and may 
( ,orne from a variety of causes. 

To begin with, according to the Zentralblatt fiir 
d i e  oesterreich'sche-ungarische Papier-industrie, this 
may occur during the manufacture of  the saw, either 
i n  the ' anneal ing or  hardening, or may be discovered 
after l ong use ; as a general thing it may be ac­
c(> l l te (1 that a fault consequent upon one of the former 
(,Canses will be discovered early enough to prevent the 
art icle  from reaching the hand of the consumer. 

It o ften happens also that too great speeding of 
f' i reular saws will  cause warping, for during excessive 
rf'vol ut ions the centrifugal force, particularly in the 
l arger saws, tends to stretch the plate unevenly. 

It is i mportant, then, when buying circular saws to 
i n q n ire of the maker or dealer at what rate the saw 
may he safely run ; or,  in other words, for how many 
t'f'volut ions per minute is the saw calculated. 

I t  is natural enough to conceive that, with so great 
a variation in th e speeds-from 800 to 2 ,500 turns a 
m i nute-all  saws are not fitted for the same velocity. 
Warping of a saw disk that has become hot may be 
avoided if  it be properly treated ; it should .  for in­
stance, not be cooled too rapidly.  In all mills where 
saws of this description are used it should be an 
cRtah l i shed rule not to cool an overheated saw with 
water, as is indeed the practice in nearly all mills .  
nor shou l d  its power be instantly shut off and it be 
a l l owed to stand either. 

At  l east five minutes of  free running should be 
a l l owed such a saw, and then run it down gently .  
1"0 that by degrees its  particl es may assnme their 
n ormal positions. 

At most a current of  air  onl y sh onld be used in the 
(;ool ing ; from wat er th e shocl( to  th e internal struc­
ture is too great. 

E LECTRICAL NOTES. 
A scheme, undoubtedly new to many, for the delicate 

si atical balancing of armatures and oth er revolving 
rarts, is  ill ustrated i n  the July issne of the Electric  
Club Journal . The shaft snpporting the armature is 
1 :0t laid directly upon the bala ncing ways,  but is encir­
cled with a hardened steel ring at each end, which has 
heen accurately groun d and pol ish ed.  Though these 
rings do not fit the shaft, they make the balancing test 
perceptibly mfJre sensitive. When a soft steel shaft 
,carrying a considerable weigh t is laid upon the balanc­
ing ways, there is some local deformation at the points 
of contact that tends to make it  lie in whatever posi­
tion i t  happens to De. With the hardened rings around 
the shaft this local deformation is largely neutralized ; 
the rings being hard do not change shape so much as 
a steel shaft in contact with th e ways, and th e shaft 
itsel f bears on the inside of the rings where it  is sup­
ported by a considerably greater area of contact, even 
when the rings are two or three times larger than its 
diameter. 

An international congress will he held in Paris in 
June, 1905 ,  with the object of investigating apparatus 
to insure the greater safety of workmen employed on 
hi gh-tension conductors. The form the apparatus 
should take is  a device ind icating safely and clearly 
whether any conductor is alive or not. It mnst be 
equally appl icabl e to direct and alternating current 
of all  voltages, must be thoroughly rel iab l e  and incap­
able C,of doing damage to itsef, the operator, or the dis­
tri bution system under any circumstances. The con­
gress is being organized by the "Association des Indus­
triels de France contre les Accidents du Travai l ,"  and 
a prize of 6 ,000 francs wil l be awarded to the exhibitor 
whose apparatus most nearly fulfills the conditions. 
I ntending exhibitors should send a full description, 
with necessary drawings, of their apparatus, to the 
president of the association, 3 , Rue de Lutece, Paris, 
before December 31 next. All  systems presented will  
remain the property of the inventors, who should take 
the necessary measures to protect their rights. Fur­
ther information may be obtained from the director of 
the association at the above address . 

In the Elect_ World and Engineer S. E. Doane gives 
a resume of the different methods used for exhausting 
incandescent lamps, and considers seriatim their re­
spective advantages and disadvantages. He deals at 
some length with mercury pump� of the Sprengel type,  
and the Geissler form of pumps, and points out that 
the chemical process of  exhausting is the more satis­
factory one than the mercury-pump system. The chem­
ical process, which is fully described by the author, 
consists roughly of mechanically exhausting a heated 
lamp to a pressure represented by a column of mercur:/ 
of 0 .125  mill imeter h i gh.  The lamp is sealed off from 
the pump, and phosphorus i,3 vaporized,  and passes 
into the lamp bulb wh ile the filament is very hot, and 
while  an electric current is passing th rough the gas­
eous contents of the bulb. 'fhe vapors of  this metal 
enter into an electro-chemical combination with the 
gases, forming solid precipitates if the conditions are 
proper. A series of useful hints are given, which have 
to be observed i f  good results are to be expected. Much 
cf the improvements in  lamp qual ity can be traced to 
better methods of exhausting. The present existing 
system has its faults,  and they are as follows : We 
must still depend upon the skill and judgment of the 
individual operator. We stil l depend upon a system of 
pipes and val ves which will occasion al ly  develop leaks. 
Pumps occasionally get out of order, and the chemical 
reactions which produce the vacuum are sensitive, and 
atmospheric and chemical conditions occasionally give 
us new problems. 

C. P. Steinmetz has discovered that magnetite, the 
black oxide of iron, is suitable for use as an electrode 
in an arc lamp. From investigations wh ich have b een 
made with different materials ,  it appears that the arc 
flame issues from the negative terminal, and striking 
the positive  produces heat. If the posi tive electrode 
cannot convey the heat away fast enough; it becomes 
hot, as in the case of the carbon arc. For this reason 
the flame-coloring substances are introduced into the 
positive electrode in the Bremer and other lamps. In 
the magnetite lamp the positive electrode i s  a copper 
sf'gment, which is of such size that it does not get too 
hot, and therefore does not wear away , forming a per­
manent part of the lamp. On the other hand, i t  gets 
sufficiently hot to avo id the deposition of material on it 
which may be shot out from the negative electrode, con­
sisting in this case of fused drops of magnetite. Among 
the conducting oxides magnetite is best suited for the 
a.rc lamp, since it  cond ucts wel l ,  is  stable at all  temper­
atures, very plentiful in nature, and gives a white arc 
of  high efficiency, about twice as great as that of  the 
carbon arc. It  burns at the raJe of :y,. i n ch per hour,  
which is  low as compared with the rate of burning of 
the flame arc ,  which is from 1 · to  2 inches per hour.  
Other substances, such as titanium compounds, are.  
'h owever, added to t.h e magnetite to reduce the rate of 
bu rning. With small sacrifice of effic iency 8-inch elec­
trodes can be produced which will burn for 500 to 600 
hours .  A simple and satisfactory form of el ectrode i s  
that in which t h e  material is comnressed in  th e form 
of an impalpable powder wlth ii1. a thin i ron tube, which 
is  then seal ed up in the arc. In this l amp none of the , 
l i ght comes from th e positive terminal . but  from the 
column of vapor. which is from % inch to 1% inch 
l ong. The feeding mechanism is so arranged as to 
mainta.in the electrodes in fixed positions t i l l  the l ength 
of the arc has inc reased to slH'h an extent as to ranse 
th e feed ing arrangements to reset the are to its ori ginal 
length. 

ENGI NEERING NO'fES. 
The United States c onsul at Birmingham, England, 

reports that some of the tube-making mills in his dis­
tr ict are being "Americanized," skilled tube makers 
having been imported from Pittsburg and vicinity to 
reform the British system of tube making. The consul 
l emarks that the men are brought over under five, 
Ul ree a�d one year contracts at wages several times 
greater than the ordinary wages paid in  the Birming­
ham district, and at an advance over the wages paid 
for such labor in the Pittsburg district, but that there 
are some disappointments in store for them. I n  the 
first place the common impression abroad that living 
is cheap is erroneous-that is,  on the scale to which 
the a'Verage American workman has been accustomed 
Food and clothing are dearer than in the United States, 
and it  is difficult to find houses with modern conven­
iences for rent that are within the reach of the im­
ported workmen and near the works. Moreover, the 
i mported men have to pay a good big income tax­
something that they had not calculated on when accept­
ing the Job. 

The problems of deep hoisting may perhaps be arbi­
trarily assigned to depths below 2,000 feet vertically. 
The iron mines of the Lake Superior district I bel ieve 
have no shafts reaching this l imit, but the copper coun­
try offers a variety of solutions of the problem. The 
depths here exceed those in  any other lo't!ality, Tama­
rack No. 3 being 4 .990  feet and No. 5 ,  4 ,935  feet deep 
vertically. The singl e  vertical shaft of the Calumet & 
Hecla reaches 4 ,900  feet, while there are many shafts 
on the incline exceeding 5 ,000 feet. I believe that 
here there are more really great hoisting engines in a 
small area than can be found in any other district. 
That these engines are not of  a single type, even when 
the service to be performed is identical, shows that the 
several designers have by no means arrived at an en­
ti rely satisfactory compromise o f  , the conflicting re­
quirements of the i deal deep hoist. To propose a solu­
tion solely from the viewpoint of the mechanical engi­
neer is but to incl u d e  half the el ements of the problem, 
for the success of the hoist depends on a sympathetic 
treatment of the miner's needs, not only in times of 
smooth and normal running of mining affairs, but in 
times of disaster and mishap. ,Where the quantity of 
material to be handled through a single shaft is as 
great as it is in  this district and where the cost of a 
shaft before the period of production may reach well 
toward the mill ion mark, the interest cost due to a 
shut-down on account of the failure or complication of 
'i he hoisting mechanism must also be carefully con­
s idered in connection with the m echanical solution of 
the problem.-O. P. Hood, in  Mines and M inerals. 

Auxiliary relief valves were used some fifty years 
ago on steamboats on the Mississippi River, and 01 <1 
hoisting engineers report having seen them in use on 
the ComstOCk Lode at an early date. William Bates, 
hoisting engineer at Mine No. 5 ( which shaft is  now 
u sed as an escape shaft ) , Consolidated Coal Company, 
Staunton, Macoupin County, I l l . ,  probably first applied 
the relief valve to Litchfield hoisting engines ; and he 
doubtless was the first  to use such valves in the Middle 
West. These particular engines are first-motion, 16-
inch x 3 0-inch x 8 feet  drum, and were among the 
first, if not the first, double-hoisting engines made by 
the Litchfiel d Car and Machine Company. They began 
the work of hoisting coal in October, 1 8 8 1 ,  and were 
run without a relief valve until July, 1 8 8 2 .  During 
the eight months these engines were in operation, sev­
eral accidents occurred, while new or strange engineers 
were lowering men in the morning, and the m inerB 
became timid. The engines woul d often come to a 
d ead stop or rebound 1 0  or 20 feet up the shaft. Sev­
eral men were injured by rebounds of cage while step­
ping on or off the cage at the shaft bottom.  Mr. Bates 
conceived the relief valve ( it is doubtful whether he 
had ever seen one, although they were in use in other 
parts of the country ) and advocated its adoption in 
the face of some opposition. The relief valve was 
finally installed and adjusted to the requirements of 
the load, and the 250 miners were lowered in safety 
from this time on. Mr. Bates, who is still al ive, and

' 

has kindly furnished this historical data, says h e  
never heard o f  an acci dent in lowering m e n  when the 
engineer used the relief valve. This is a rather strong 
statement to make, but I can say that in my experienc(> 
the rel ief valve is a very valuable accessory to a hoist­
ing engine.  Our engines in the Middle West can re­
verse in less time than any other hoisting engines of 
which I know, and are easier handled than l arge en­
gines not equipped with relief valves. The relief valve 
consists of an arrangement of pipes and a quick open­
ing valve, located within easy distance of the hoisting 
engineer. These pipes are connected with the throttl e 
on the dead side and discharge the steam or air  into 
exhaust pipes near the cylinders. The object of th-e 
l atter connection is to return the hot air,  or steam . 
to the engines to be used over and over again to keep 
the cylinders t ,ol , as an outside discharge would cause 
excessive cool ing, especially  in winter. The object of 
the rel ief valve is to regulate and maintain a uniform 
vel ocity when lowering heavy l oads. Both engines are 
converted into air  compressors when reversed against 
their run. The ·.engineer simply discharges or retainB 
the air  to meet

'" 
the requ irements of load and speed. 

The relief val ve is useful in  discharging water due to 
condensation of steam in the steam pipes, in rel ieving 
steam pressure of  the boilers when hoisting stops, pre­
venting dangerous accumulations of steam preSRnre .  
k eeping water hot in the heater, and .  l astl y. i n  avoi d­
ing danger due to runaway of engineR. due to l eaky 
throttle valves.-.r. J.  Rutledge, in Mines and Minerals.  
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SCIENCE NOTRS'. 
The Manohester ship canal i� reported to have �uf­

fered a breach in one of its walls near Runcorn, where 
especial difficulty was encountered during construc­
tion. When the tide is out 70,000 to 100,000 gallons of 
water per hour are estimated to flow into the Mersey 
River, but the return of the tides p revents any appre­
ciable difference in the canal water level, apparently. 

A little museum of the most modest pretensions has 
been recently constituted in Famagusta, Cyprus, for 
the purpose of housing the valuable fragments of sculp­
ture which for more than twenty-five years have l it­
tered the Zaptieh barrackyard, in the middle of the 
ruined city. It is to be hoped this is the beginning of 
good things, as far as Cypriote antiquities are con­
cerned. The collection of fragments now rescued from 
a miserable  condition has been to a great extent illus­
trated in the great work on "L'Art Gothique et de la 
Renaissance en Chypre," published by M .  Enlart, at  
the cost of the French government, in 1899 . Would 
that we coul d record the institution of similar "provin­
cial museums" in other parts of the island,. for pre­
serving ihe interesting remains of me dire val art still 
surviving in private possession, or abandoned to the 
tender mercies of government officials. 

The Dominican, published at Roseau, Dominica, has 
printed a paper by Mr. F.  Stearns-Fadell e  on the boil­
ing lake of 

' 
that island. It was unknown until 1 8 7 5, 

when a gentleman who had lost his way in the forest 
a pproached the lake near enough to be aware that he 
was in the neighborhood of  a center of  subterranean 
ebull itions. His report led a party to go in search of 
it .  The search was rewarded by the discovery of the 
lake, which is ell iptical in form, about 200 by 100 feet 
in measurement, and stands 2,425 feet above sea level, 
in the midst of  a volcanic area some five square miles 
in extent. When fullest it drains into the Pointe 
Mulatre stream. At times it is quiescent, and then it 
may be ebullieJl.t for. days at- a '  time. I t  has not yet 
been ascertained whether ebu l l ition occurs at definite 
periods. Vertical cliffs of ferruginous soil and rock 
rise from the water, and in sounding tim feet from the 
edge of the lake no bottom was found at a depth of 
195 feet. Sulphureted hydrogen is  exhaled, at inter­
vals, and the gas proved fatal to a visitor and guide in 
1901, while other visitors have suffered from its effect. 
When the water is quies.cent i t  is still a lake, showing 
that this is not merely the outer part of a subterran­
ean funnel. The volcanic region in which it is situ­
ated is called Grande Soufriere. 

As observed by geologists 
'
at various times, not only 

are gaseous, l iquid, and solid hydrocarbons among the 
more important products of  solfataric volcanic emana. 
tions, but also acid vapors, sulphureted hydrogen, gyp_ 
sum, and caicareous and siliceous waters. That such 
volcanic phenomena represent the normal and orderly 
process of  petroleum production appears to be a clearly 
established geological fact, for reasons which are stated 
by Mr. Eugene Coste in a paper recently read before 
the Franklin I nstitute. It is interesting to note that, 
as pointed out by the author, the oil ,  sulphur, salt, 
natural gas and hydrogen·sulphide products of the 
'l'exas Coastal Plain are not indigenous to the strata 
in which they are found, but are resultant products 
which have ascended, under volcanic pressure, at 
points along l ines of structural weakness, and have 
been disseminated through thousands of  feet of the 
shales, sands, and littoral sediments of the same re­
gion. After an exhaustive d iscussion of the subject, 
Mr. Coste arrives at the important conclusion that as 
oil and gas have only been supplied along lines of 
structural weakness, or along fractured zones of the 
crust of the earth, new oil and gas fields are to be 
looked for only along such belts or zones. Existing oil 
and gas fields serve to indicate the position of numer­
ous oil  belts, and the author suggests that, so far as 
practical results are concerned,  the important point is 
to accurately trace the fissured areas on rel iable maps, 
and to drill in the localities thus indicated.  

It is remarkable that in the recent investigation by 
the British government into the causes of the alarming 
increase of miner's phthisis,  the very causes which 
m ight have seemed most l ikely to have given rise to it 
w ere found to be absolutely innocuous, such as damp 
mines ; powder smoke ; coming up from a damp, cold 
mine, or the contrary, into the open air ; the cramped 
pOSition of the body in working, and the l ike. The root 
cf the matter was finally traced down to the following : 
( 1 )  Metalliferous miners are exposed to the inhalation 
of dust from hard stone. ( 2 )  The inhalation of such 
rlnst is known from experience in other employments 
to cause phthisis and other lung diseases. ( 3 )  No 
other suggesied cause associated with work in metal­
l i ferous mines is capable of explaining the excessive 
l i a bil ity of metalliferous miners to lung disease. ( 4 )  
The miners most exposed t o  dust are most l iabl e  to 
l1mg disease. I t  would seem as if  the injurious influ­
enee of dust on the lungs was purely a mechanical one, 
r,o poisoning from chemical ingredients being discov­
(:red. To prevent miner's phthisis,  four different meth­
o d s  suggest themselves : ( 1 )  To nse respirators to 
fil ter off the dust. ( 2 )  To prevent, as far as possible, 
the giving off of dust into the air.  ( 3 )  To carry it 
away when given off. ( 4 )  To arrange the work in 
such _ a way _ that dust, when given off into the air, is 
avoided by th e men. It is also recommended that by 
th e .use of  sprays and other water devices dry mining 
should,  as much as possible, be converted into wet min· 
ing. Blasting should be so arranged that men remain 
in pure air and do not return until the dust has 
cleared.-Mili€s and Minerals.  

VALUABLE BOOKS. 

COMPRESSED AIR, 
Its Production, Uses and Applications. 

By GARDNER D. HISCOX. M.E., Author. of " Mechanical Movements, 
Powers. Devices," etc • •  etc. 

Larae &vo. 820 pages. 645 {Uustratians. Price $ii in cloth, $6.iiO 'in 
half morocco. 

A complete treatise on the subject of Compressell Air. comprising Its 
physical and operative properties from a vacuum to its liquid form. Its 
thermodynamics, compression, transmission, expansion, and its uses for 
power purposes in mining and engineering work ; pneumatic motors, tlhop 
toolSt air blast for cleaning and painting. Tbe Sand Blast, air lifts, 
pumping of water, acids and oils ; aeration and purification of water sup­
ply I are all treated. as well as railway propulsion. pneumatic tu be trans� 
'mission, refrigeration. 'l'he air brake. and numerous appliances in which 
compressed air is a most convenient and economical vehicle for work­
with air tables of compreSSion, expansion and physical properties. 

This is a most comprehensive work on the subject of Compressed Air, 
giving both the theory and application. 
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HARDENING, TEMPERING, ANNEALING 

AND FORGING OF STEEL. 
By JOSEPH V. WOODWORTH. 

Author of • •  Dies Their Construction and Use." 
Octavo. 280 pages. 200 RlustratiooB. Bownd 'in Cloth. Price $2.60. 
A new work from cover to cover, treating in a clear, conCise manner all 

modern processes for the Heating, A nneallng, ForKing, Welding, 
Hardeninlf and Tempering of steel. making It a book of "reat prac­
tical value to metal�working mechaniCS in general. with special directions 
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shell, hollow mills, punches and dies, and all kinds of sh�et metal work­
ing tools. shear blades, saws, fine cutlery, and metal cutttng tools of all 
descrij)tion. as well as for all implements of steel, both large and small. 
In this work tbe simplest and most satisfactory hardening and tempering 
processes are gi'fen. . 

'I'he uses to which the leading brands of steel may be adapted are con­
cis(:.. ly presented and their treatment for working under'dUJerent condi­
tions explained, also the special methods for the ha.rdenin� and temper­
ing of special brands. In connection with the above, numbers of "kinks." 
U ways," and U practical points " are embodied, making the volume a text 
book on the treat.ment of steel 8S modem demands necessitate. 
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chinel.·Y Sreel for Tools of various kinds. The illustratiolls show the 
mechanic the most up�to-date devices. machines and furnaces which con­
tribute to the attainment of satisfactory results in this highly important 
branch of modern tool .. makinj,l'. Send for descriptive' circular. 

Practical Pointers for Patentees 
Containing Valuable Information snd Advice on 

THE SALE O F  PATE N T S .  
An Elucidation of  the best methods Employed by the Most Successful 

Inventors in Handling Their Inventions. 
By F. A. CRESEE, M.E. 144 Pages. Cloth. Price, 81. 00. 

This is the most practical, up·to·date book published in the interest of 
Patentees, setting forth the best methods employed by the most success­
ful Inventors In handling their patents. It is written expressly for 
Patentees by a 'practical Inventor. and is based upon the experience of 
some of the most successful Inventors of the day. 

It gives exactly that information and advice about handling patents 
that should be possessed by every Inventor 'Who would achieve success 
by his ingenuity. and will save the cost of many expensive experiments 
as wen as much valuable time in realizing from your inventions. It 
contains no advertisements of any descriptjon, and is published ' in thE 
interests of the Patentee alone, and its only object Is to give him suc� 
practical information and advice as will enable him to intelligently 
handle his patent successfully. economically and protttably. 

It gives a vast amount of valuable information along this hne that 0'8.11 
only be acquired by long, expensive experience in real izing from the 
monopoly atforded by a patent. Send for Descriptive OVrcuZ-.r. 
nUNN & CO.,  Publishers, 3 6 1  Broadway, New York 

AN AMERICAN BOOK ON 

Horseless Vehicles, Automobiles and 
Motor Cycles. 

OPERATED BY 
Steam, Hydro-Carbon, Electric and Pneumatic Motors. 

By GARDNER D. HISCOX, M.E. 
This work is w,ritten on a broad basis, and comprises In Its scope a full 
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The make-up and management of Automobile Vehicles of all kinds IS liberally treated, and in a way that wilJ be appreCiated by those who are reaching out for a better knowledge of the new era in locomotion. 'l'he book is u
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Sc i e n t i f i c  P a p e rs 
O n  Timely Topics 

Price 10 Cents each. by mail 

DIRE CT.VISION SPECTROSCOPES. By T. A. 
Blakesley, M.A. An admirably written, instructive and 
copiously illustrated article. SCIENTIFIC AMERICAN 
SUPPLEMENT. 

HOn- 1!:  M AD E DYN A :D:OS. SCIENTIFIC AMERICAN 
SUPPLEMENTS 1 6 1  and 600 contain excellent articles 
with full drawings. 

PLATI N G  D Y N A MOS. SCIENTIFIC AMERICAN SUPPLE­
MENTS '2' 20 and '2' 9 3  describe their construction so clearly 
that any amateur can make them. 

DYNAM:fl AND 1lI 0· .. OR · COMBIN ED. Fully de­
scribed and i llustrated in SCIENTIFIC -AMERICAN SUPPLE­
MENTS 8 4 4  and 8 6 5 .  The machines can be run either as 
dynamos or motors. 

E L E C TR I C A L  MOTORS. Their construction at home· 
SCIENTIFI C  AMERICAN SUPPLEMENTS '2' 59, '2' 6 1 ,  '2' 6 7 ,  
64 1 .  

THE RAKING O F  A DRY BATTERY. SCIEN­
TIFIC AMERICAN SUPPLEMENTS 1 00 1 ,  1 a 8 '2', 1 a 8 3 .  In­
valuable for experimental students. 

ELECTRI f'A L F U R N A. C E S are fully described in SCI­
ENTIFIC AMERICAN SUPPLEMENTS 1 1 1!1 2 , 1 1 0 7 ,  1 3 7 4 ,  
1 3 '2' 5 , 1 4 1 9 , 1 420, 1 42 1 , 1 0 '2' '2' .  

MiSCE L L A N EOIJS PAPERS O N  A C ET Y LE N '"  
G AS will be found in SCIENTIFIC AMERICAN SUPPLEMENTS 
1 08 2 ,  1 0 8 3 ,  1 084, 1 0 8 5 ,  1 0 8 6 ,  1 0 1 5 ,  1 0 1 6 , 
1 0 5'2' • 

Price 10 Cents each. by lTlail 

Order through your newsdealer or from 

MUNN at COMPANY 
.l & l  Broadway New York 

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

Terms of Subscription, $5 a year. 

Sent 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, 
1 0  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 S UPPLEMEN'l', one 
year, postpaid, $ 7 .00.  

A liberal dis.count to booksellers, news agents, and 
canvassers. 

DIUNN & CO., Publishers, 

3 6 1  Broadway, New York, N. Y. 
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DIES, THEIR CONSTRUCTION AND USE. 
For the iUodern Workinll" of Sheet Metals. 

By JOSEPH V. WOODWORTH. 
Ocuwo. Cloth. Very FuUy Illustrated. Price $3.00 Postpaid. 

This book is 8. complete treatise on the Bubj ect snd the most compre 
henslve and exhausti.ve ons ill existence. .A book wrltte� 1!Y a practical 
man for ' practical men, al.ld one that DO dletp.l:lker, machInIst, toolmaker 
or metal-working meehanlC �ll a1ford to be "Ylthout. 

Dies press fixtures and deViCes f�om the SImplest to the most intricate in modern use. are shown, and theIr construct�on and use ,deSCribed il� a 
clear practical maDl�er. so that all grades of metal-workIng mechamcs 
will be able to understand thorou ghly how to design construct and use 
them, for . the production of the endless variety Of sheet-metal artICles 
aow in dally use. 

Many of the dies described in this book were deSigned and �onstructl3d 
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largest sheet-metal goods ' establishments and macbIne sb�ps In �he 
United States. A number of the dies, press fixtures and devu::es. whlc!I 
, form a part of this book. have been se,lected from over 150 pU,bhsh�� arti­
cles. which were contributed by the Rut-hor to the columns of the Ame­
rican Machinist." •. Machinery ' and the flAge of Steel," under his Own 
n
��

e
Obsolete die� press tlxture or device has found 8: place in this book; 

every engraving between its C"overs represents .the hI�hest that. h�s been 
attained in the development of each type deSCrIbed. The descriptlOns of 
their construction and use will enable the practIcal man to ada

r
t them 

for facilitating. duplicating and expediting the production 0 sheet-
metal articles at. the minimum of cost and labor. . Every mana�er, superintendent. des�gner. draftsman •. foreman. dIe· 
maker. machip.ist. toolmaker or apprentlce should have thiS book. 

( THE NEW SUPPLEMENT CATALOGUE ) 
I Just Published I 

A LARGE editIOn of the SUPPLEMENT Cata­
logue in which is con tained a complete list 

of valuable pa\l:"'s down to the year 1902, Is now 
ready for distrIbution , fr ee of charge. Tbe new 
Catalogue is exactly like tbe old in form, and is 
brought strictly up to date. All tbe papers listed 
are in print and can be sent at once at the cosl 
of ten cents eacb, to any part of the world. 'l'be 
Catalogue contaIns 60 three-columll pages and 
comprIses 15,000 pape.... Tbe Catalogue has been 
very carefullv prepared and contains papers In 
which information is glv en that .cannot be pro­
cured in many textbooks ' pu blished. Write for 
the new Catalogue to-day to 

M U N N & C O . ,  Pu b l i shers, 3 6 1 Broadway, New York 

MUNN &; co . . In connection with the publication 
of the SCIENTH'IC AMERICAN .  continue to examine 
improvements, and to act 8S SoliCitors of Patents for 
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vr�
t
�biB Hnesof business they bave had over fith 

years' wperW1UJ., a nd now - have. '/JhIequa� fac.iliUes Ior ' the preparation of Patent. DraWIngs. SpeCl.tlcatlons. �Il d 
. the prosecution ot' .A ppliC"atlODs ,  for Patents In the United 

� St.ates. Canada. and �'oreiJln Countries. Messrs. MUNN & Co. 
also attend t.o. the preparation of Caveats. Copyrights fOJ 
Books. Trade Marks. ReisF-lleS A.ssigIll!lents. and Reports .on In� 
fringements of Patents. A II bUSIness Intrusted to them IS dene 
with soecial CR.re and prom ptllesA. on very reasonable termse 
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the cost and method of securing patents 111 all the principal countries of 
toe woriu 

IU IJ N N  & CO ..  Solicitors of" Patents, 
361 Broadway. New York 
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