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ELECTRIFICATION OF THE NORTH·EASTERN 
RA ILROAD OF GREAT BRITAIN . 

By the E'ngl ish Correspondent. of the SClENTIFTC 

AMERICA" . 

THE keen competition offered by the street s urface 
rlectric rail roads in the district of  Tyneside, which is 
one of the greatest and busiest indust.rial and manufac· 
tnring centers of Great Britain, has proved seriously 
(jPt.rimental  to the earning capacity of the Newcastle 
p,ubu rban traffic of  the North·Eastern Railroad. In 
order therefore to retain this traffic, which constitutes 
an important factor in the revenue of  the railroad, it 
iJpeame incumbent upon the authorities to introduce 
the game faci l i t ies that were al ready favoring the 
street rai lroads, such as frequent, rapid, and cheap ser· 
vices upon their local system . The only satisfactory 
sol u1ion of  the problem was to convert the short·d is· 
tane.e routes to electricity, and thereupon the most im· 
]Jortant suburban tracks were converted to this motive 
power. 

For the purposes of  practical experiment, some 37 
milps of track were converted, and the electrification 
has only recently been completed. The scheme pos­
Sf'SSPS great interest from both railroad and engineer· 
ing points of v iew, for it is the first practical attempt 
to adapt electric traction in the substitution of steam 
upon a trunk railroad. 

By this conversion the whole of  the su burban passen­
gpr traffic on this section is now operated by electricity.  
The steam locomotives are now only employed for the 
haulage of the freight trains, except in the case of one 
short .  freight branch, w ith a radiant of 1 in 27, where 
an e lectric locomotive w i l l  deal with the traffic. 

The p roject embraced the conversion of a route mile­
age of 37 miles single, double, and four-l ined tracks, 
rppresenting i n  the aggregate approximately 8 2  miles 
or sing-Ie track. The main section of the scheme em­
lJraees a loop or c ircular route running from Newcastle 
through tl1.? man-ufacturing and industrial areas d is· 
t rihuted alongside the river Tyne, to Wallsend, Tyne· 
mouth, Monkseaton, Gosfarth-with a new branch ex­
tf'nding from the latter point to Ponteland-and New-

throug-h the casJ.·iron pillar into a 8ealing chamber, 
which is iiI led with bitllmen and a special insnlating 
compound.  There i s  a brass cap into which the end ot 
t he cable i s  sweated, and this fits on the top of the in­
sulator. A terminal is bolted to this cap, and four 
lJOncls are sweated into this terminal, while their other 

. ends are bonded into the conductor rai l .  By this ar­
rangement disconnection can be quickly and easily ac· 
compl ished when the exigency so demands .  

Where the continuity of  the conductor rai l  is  compUl­
sorily interrupted at cross·overs, switches, etc.,  tapering 
or nose pieces are employed, and the two sections are 
connected by underground cables. As it  is  also desir· 
able that the continuity shoul d  be broken at approxi· 
mately equal intervals throughout the track, so that in 
the event of an accident the current can be cut off 
from a section of the tracl" sectional izing switches 
have been instal led at the feeding points and at other 
convenient places. In this manner the l ive rail  i s  
divided i n t o  a series o f  sections of varying lengths .  I n  
the event o f  an accident, fault, or  obstruction, the par· 
ticular sect ion of the track affected can be quicl,ly iso· 
lated and rendered "dea,l" until the repair is effected. 
Another feature is that the up and down tracl,s  can 
also be electrical ly  5eparated at these points.  

The return current is  carried through the track rails. 
as this is cons idered to be the most economical method 
of fulfill ing the official requ isitions of the Board of 
Trade. Shoul d, however, it be deemed necessary t o  
install a fourth- return current ra il, sufficient space has 
!wen left between the tracl{ metals  for this purpose. 

In regard to the bonding of the track rails, it  was 
found that the railroad company's standard tie ( fish­
plate) was not adaptahle, as there was insufficient space 
between it and the web of the rail to enable protected 
bonds to be used. A new tie was therefore specially 
designed by Mr. Charles Harrison, the engineer to the 
railroad. This tie is  made of m i l d  steel, and construct· 
ed in  such a manner that the bond is completely con­
cealed and protected. The tie measures 21 inches long 
by ll,1e inch th ick, and weighs 19lj� pounds. These are 
secured to the ends of the track rails by four 7(,;-inch 
snap· head bolts .  These new bonding t ies were inserted 
in the track rail s  as the bonding pl'oceedef1. 
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cast le. The street railroad runs practically parallel. 
with the trunk railroad from Newcastle to the sea; 
and owing to the exceptional faci l it ies, especially over 
Hhor t  distances, afforded by the former, a serious de­
crpase in the steam rail road's traffic has resulted. 

The whole of  the designs in connection with the elec· 
trification of this system have heen carried out by Mr. 
Charles H. Mer7" of vVestm inster. The scheme present· 
eel variouci complex problems.  In the first place, the 
cOllverted sections were not entirely given over to elec· 
trieal operat ion, steam trains being still used over por­
tion of the l ines . There were also important j unctions 
and crossovers, which had to be arranged for, more 
f'Special ly  outside the central station at Newcastle, the 
in tricate nature of which may he real ized from the 
nr,companying i l lustration.  

The system adopted is the third-rai l  continuous·cur­
rent. system . The current generated is  6,000 volts three· 
phase, which is transmitted to the power house, where 
i1 is converted into continuous current at 600 volts .  

THIll]) RAIL. 

The conductor or third rail  is made of high-conduc· 
tivity steel weighing 80 pounds to the yard and of Vig­
noles section. It is carried on reconstructed granite 
insu lators supported on cast-iron pil lars fixed to the 
wooden t ies, and placed outside  the gage l ine of the 
nearest running rail  at a distance of 1914 inches. In 
nIP, case of  double tl'acks, the separate conductor rails 
liAl onging to each track are for the most part l aid be· 
t ween the two tracluL Wherever crossovers, level­
erossings, or obstructions in the six-foot way occur, the 
third rail is placed outside of the track. The " l ive rail" 
is adequately protected wherever necessary, such as at 
stations, and so forth, where there is unavoidable foot 
traffic, hy two c reosoted boards bolted on either side of 
tllP, rail against elistant pieces . Otherwise, the conduc­
tor rail is left exposed. 

A s]lPcial typf' of fpf'eler terminal and insulator hael 
to be d esigned for this worl\. The feefler cablf' is rnn 

The rail  bond is an ingeniously-designed term inal 
embodying a new principle, the result of which is that 
perfect contact with the rail is  assured . The terminal 
is  expanded into the hole in the ra i l  by a steel core, hut 
by a new process. The core is in the form of a double· 
headed rivet, and in the course of manufacture it is 
cast in the terminal with the ends projecting about 
one-eighth of an inch beyond the copper on either s ide. 
The steel core is  almost cylindrical between the 
flanges, but the shank, however, is  s l ightl y expanded 
in the center. In bon ding, the term inal is inserted in 
the hole in the rail . Then, by means o f  hydraulic pres· 
sure of 2 0  tons per square inch, the steel core is upset 
by compressing it  longitud inal ly, until  the projecting 
end on either side is  brought flush w ith the copper 
surrounding it. The result is  that the copper terminal  
is  forced with great pressure against the walls of the 
hole on every s ide hy the expansion of the steel core. 
So perfect and permanent is the contact with the rail 
obtained in this manner, that it cannot possibly be 
deteriorated by electrolytic action or loosened hy vibra­
tion under service. The heads of the core being hard· 
ened and the shank very soft in the center, expansion 
in inverse proportion results.  

rOWER I·IO{)S��. 

When the electrification was decided upon for the 
North-Eastern Rai l road, the company resolved, after a 

careful investigation, that instead of erecting and in­
stal l ing a generatin g plant for their own exclusive 
necessities, they would d raw it  from the Newcastle 
Supply Company. Their reasons for this decision were 
manifold, but the paramount one was that they could 
purchase it  more cheaply than they could generate it. 
In the first place. this company, which has exten�ive 
plant in the d i strict, already suppl ies power to a mul ­
titude of manufactnring- and indnstrial firms in Tyne· 
siele for a variety of )lurposes. anel in view of its unirplO 
position would he alJ1e� to cop" with thp variations in 

lond much morf� easil y nnd f'h f'apl y .  F'urtlH'nno]'(�, tlw 

rai lroad company already draws considerably over 2,000 
horse-power for l ighting and various po wer purposes, 
at a cost of less than two cents per unit .  

When this  decision was made by the Nor th·Eastern 
Rai lroad, the Supply Company found that its existing 
installation woul d require extending to cope with the 
fresh demands of the railroad comrany. A lIew gener­
cting station was thereupon deSigned at Carville, pri· 
marily for the supply of  the requis ite energy to the 
rail road, though it wil l  also be available for other pur· 
poses to the extent of its maximum output. This gen­
erating station at Carvi l le  was also designed and 
equipped under the supervision of Mr. Charles H. Mer;:. 
The feature of the instal lation is that instead of onli· 
nary reciprocating engines heing used, Parsons steam 
turbines are employed. The generating station com· 
prises engine house, switch house, boiler house, two 
economi;:er houses, and a pumping house. I t  has heen 

designed upon careful l y  considered l i nes, so as to in­
sure security of supply. The plant has been subdiviflpil 
throughout, so that the extent of damage or breakdown 
may be reduced to the minimum. The most rrominf'nt 
features of the design are the adoption of a largp size 

or generat ing un it; the utili7.at ion of water·tllile Iloil­
ers ; and the adoption of electrical ly-operated cell ular 
switch gear. 

The engine house measures 148 feet 9 inch es l ong 
by 65 feet 6 inches hroad. There are tour Parsons tur­
hines, each devel oping 7.000 electrical horse-power, 
with a considerable margin for overl oad. These are 
thf) l argest turbines of this type that have yet heen 

placed in operation in Great Britain ,  and although thp), 
have not yet been tested with the full degree of super· 
heat, trials with steam at 200 pounds pressure, super­
heated to 1 5 0  deg. F. and a vacuum of 9 5 per cent, 
have resulted in a steam consumption not exceeding 12 
pounds per electrical horse-power at any load bet ween 
4,00 0  and 7 ,000  I. H. P. and 1 1  pounds at the most 
economical load, which is  equ ivalent to 1 5  pounds of  
steam per Idlowatt hour.  Tu rbines of 7,000 hon;e· 
power have been installed, owing to the greater econ· 
omy that can be effected by their use. With reganl to 
these 7,000·horse·power turbines, their fuel economy is 
quite 1 5  per cent better than turbines of half  t h e  size. 
Another important. advantage is in connection witll 
t he initial  cost. Four units say of 6,000 horse-power 
involve much less capital outlay thaI). six units ot 3,00(1 
horse-power. 

One important feature of  the station is  that the pl ant. 
is d ivided into a number of units,  which may be OJ)l'r· 
ated independently. Owing to the small space occupied 
by the turbine as compared with the recirrocating- pn· 
gine, it has been found desirable to provide each tur 
bine with a separate range of boilers running at right 
angles to the engine room. Each two ranges of boilers 
are combined in one centrally·fired boiler house, anel 
are equipped with in dependent flues, economi7.f'rs. 
forced draft fans, chimney. feeel pumps, coal bunl,prs. 

ann aU anviliary apparatus. Thp resultant advantage 
Dj' this principle of design is that a very short and silu· 

pie steam-plpe system is obtained, and the station plant 
is divided into a series or complete units, wherehy a 

breakd own on any individual section only affect s that 
particular unit, and not the whole installat ion,  t.hus 
insuring- a security of supply.  Fu rthermore, if ext en­
sions ever become requisite, it  is only necessary to 

dupl icate the existing plant., without interferiug in any 
way with the present instal l ation . 

The boiler house measures 1 15 feet by 64 feet and con­
tains a battery of  ten Babcock & Wilcox marine tYJ)P 
water-tube boilers, each of 2,000-horse-power capacity . 
Each boiler has a heating surface of 4,6 00 square fept, 
while the heating su rface of the attached superheatpr 
is 900  square feet .  The normal steam output of the 

complete boiler plant is 200,000 pounds per hour,  Illlt 
the capacity can be increased if desired by fi fty IJPr 

cent. The steam is delivered to the turbines at 200 
pounds per square inch pressure superheated 1 5 0  deg-. 
Fahr. Induced draft fans are so fitted that the gas 

can be drawn through the economizers or diverted di· 
rect to the chimney as desired, a hypass being fitted 
for th is  purpose. Steel-plate flues carry the proe1u('t s  
01' combustion i n t o  the brickwork flues surrouneling 
the economizers. There are th ree induced d raft fans, 
each of 75 inches diameter, which produce a vacuum of 
one inch at the flue s ide of each hoiler's  damper. Two 
of these fans serve to draw the combustion products 
when the economizers are in use, while the third opel" 
ates in connec tion with the bypass flue to the chi nJllPY. 
Three feeds are instal led, each of which can (lelivpr 
150,000  pounds of water per hour against the 200-pounrl 
boiler pressure. These pumps are driven by a sppcial 
pipe system for saturated steam taken indepenclen t l y  
from two boilers in each section, though the pumps can 
be operated with superheated stearn if desired. 

The econom izers, which are of the Green type, are 
accommodated in it building 80 feet. long by 20 feet n 
inches wide. The temperature of the flue gases is 1'1'­
duced to 1 5 0  deg. Fahr., and the temperature of 1 he 
fced-water supply is raised from 80 <leg. to 212 (leg. 
Fahr. On the banks of the river is situated t.he ]lump 
house, eontaining a battery o f  centrifugal pumps with 
Il pumping capacity of 800,000 gallons of water pN 

hour, throngh the con densers ; also a 6·inch centrifugal 
]lump for delivering the river water in tanks, a 2-inf'b 
centrifugal ,pump for driving the d rain water into tlw 
hot well .  and a three·throw pump with a delivery at 
150 pounds pressurp. 

The swi  tch gear has lw,en ing-eniously desig-nefl . In 
pl](�h a case as this, where the machinf's ag-gl'f�gatini� 
20,000 horsf'-powpr \!lay e]jflcharge '

thpir out PH t into a 

faHlt or short·circuit. it is im perative that the switcll 

© 1904 SCIENTIFIC AMERICAN, INC.



IhCE;V[BE1{ 10, 1904. SCIENTIFIC AMERICAN SUPPLEMENT No. 1510, :l41�1 

gear shoul d  be of such a character as to enab l e  quick 
and easy disconnection of the faulty circuit  without in­
terfering with or hand icapping the continuity of  supply 
to the rest of the system . To insure this end, there 
must. be ample clearance between the various parts, 
an d a complete subdivision system adopted . At the 
Carville station th is is  effected by the separation of 
cach 6,OOO-vol t  cable and ind ividual switch, transfor­
mer, or other section of apparatus by substantial con­
crete partit ions. The switchboard is  mounted on a 
pl atform extending the enti re length of the main power 
station, and consists of five gal lEries, each about 1 0  feet 
l1igh. The bottom gallery is used for leading-in cables ; 
on t h e  secon d, which is l evel with the dynamo fioo r, 
are install e d  the instru ment transformers, etc . ; the 
tll irr! contains the main switches and the oreration 
control board ; while the fou rth and fifth are reserved 
for the two sets of high-tension !Jus-bars lmil t in speCi al 
('ompartments. 

'fhe sw itchboards are made of enameled slate pol­
isilPd panel s, each measuring 7 feet 6 inches in height 
al1(] bnilt  in two pieces . The panels are assembled on 
vert ical angle irons, and the equ ipment of each panel 
is self-eontainer1. The board is  divided into three dis­
t indo (] h·i8 ion8. The first consists of  eleven feeder 
panel s for the North-Eastern Rai l road and two panels 
for two hanl,s of static transformers, each of 7 5 0  k ilo­
watts eapacity. The remaining two divisions are re­
c;ervprl for the control of the interconnecting feeders 
from the Neptune Bank power station of the comp�ny 
ancl the Newcastle Electric Supply Company respec­
tll'el y . 

A vol tmeter panel on swinging brackets is placed 
at either of the extreme en ds of the switchboard. The 
switchboard panels carry only the l ow-tension appa­
ratu s ,  as all the high-tension switches are electrically 
operated·, owing to their size, the small  electric motors 
for which are controlled from a central control board. 
Oil switches are employed, the final break in  the c ir­
r,nit being made �under oi l ,  and' each is of suffieient ca­
pacity to open with safety a circuit  through which the 
whole capaeity of the station is  flowing. A system of 
r('(] an d  green signal lamps i s  installed to denote 
whether the switches for each panel are open or c losed. 
Th2re is a horizontal edgewise voltmeter and am meter 
provi(lerl to each feeder panel, while a horizontal edge· 
w ise ammeter, voltmeter, power factor indicator, indi­
rating and recording voltmeter, are fitted to each of the 
interconnecting panels of the Neptune Bank switch· 
board, and ammeter, voltmeter and reco rding volt­
meter to the two transformer panels . 

Sma l l  controll ing swi tches and rel ays, automat ical ly  
rlosing the cont  rol l ing c ircuit  in the case of overload 
Of reverse curren t,  serve to operate the high-tension 
switches from the panels. Each of  the feeder, inter­
connecting, and trans former panel s is also equ ipped 
with overl oad rel ays, with time l imit  attachments, and 
each of the generator panels is  also complete with re­
I'(�rse current rel ays . Lightning arresters are pl aced in 
tile gal lery beneath the high-tension swit ches of the 
feeder panel s, to guard against any abnormal rise in 
1he vol tage of the cables. These are conn ected to the 
three phases through isolating sw itches. Similar 
nvitc:hes operated by a removable insulated han dle are 
fitterl close to each of the high-tension oil swit ehes, so 
that the bus-bars may be quickly and easily removed 
for examination or cleaning while the bus-bars are 
alive. 

The oi l  switches are of the oil-break type, which is.of 
special des ign for heavy currents and h igh pressures. 
The t hree poles of the switch are composed of  three 
elements. Two cyl indrical vessels containing the o i l  
:tll(] cOlltaets form each single pole  element. Each cyl­
inr]er is mounted on a porcelain inSUlator, which to­
gether with the cyl inders i s  attached to one sl id in g  
pl atform. 

A 11-shaped copper rod making and breaking contact 
in the oi l  acts as the connection between the two ves­
sels, th us forming a single pole element. The switch 
is mounted in a brick compartment with soapstone top 
and lJottom, adjacent poles being separated by a brick 
parti tion.  A motor operates the switch through a worm 
gear, the transmission being through a friction clutch 
to a crank and crosshead. A single-pole double-throw 
llanrl-operated switch controls the motor. One throw 
opens and the other closes the oil sw itch, while there 
is also an automatic switch mounted on the base. By 
throwing the hand-operated switch the motor is  start­
ed, and runs until the crank reaches a certa in position, 
wh en the automatic switch opens the motor circuit and 
lights a lamp, thereby d enoting to the engineer that 
tlw switch has opera ted . 

The current transformers and roten tial  transformers 
neeessary for working the instruments and relays on 
tlw operating board or for synchronizing generator sets 
arc situated in the switch gear build ing. Special i ron 
pipes carry the secondary leads to the various instru­
mpnts on the switchboard. Oil type potential trans­
formers are used, and these together with the cu rrent 
transformers are so mounted that a l l danger of electric 
shoel; through accidental contact is  avoided. 

SUBSTATIONS. 

The three-phase alternating current of 40 cycles per 
scc:ond at a pressure of 6 ,000  vol ts is transmitted to 
five SUbstations, to be converted to d i rect current at 
the reduced pressure of 600  volts, at which potential 
it is sU]lpl ied to the conductor rail . These stations 
have an aggregate capacity of 11,200 k i l owatts. The 
largpst suhstation contains [aliI' ronve ·ter tlllits of 800 
kilowatts each; two nthPl's h ave tln!!p similar units. 
"nd two more are complete with two units cadl. The 

6,00 0-vol t feeder cables are provided with spark gaps , 
so that the cables can be rel ieved of any abnormal r ise 
in the pressu re. These are connected to the three 
IJhases by knife isolating switches, which enable any 
inspect ion to he carried out  with safety while the feed­
er is al ive but no current passing. Oil  main feeder 
switches are used between the feeders, and the bus-bars 
are electrically operated from the l o w-tension board. 
Any of these switches is capable of breaking the maxi­
mum current of  any substation. The high-tension 
switch gear and apparatus is placed on a fireproof wal l ,  
with each phase and cireuit separated by a part ition on 
one side of the station, while the l ow· tension board is  
on the opposite s ide. Heavy porcel ain i nsulators tested 
to 20,000 al ternating volts  carry al l  l ive parts, and are 
carefully protected from accidental contact. The bus­
bars are eontained in fireproof chambers. There are 
two reverse current rel ays and solenoid in connection 
with the main feeder switches energizing the tripping 
coi l  and orening the oil switch in the event of the c:ur­
rent reversing and supplying power to the h i gh-tension 
feeders. The high-tension switch gear i s  contro lled 
upon a nine-panel l ow-tension board divided into four 
feeder·, four b lank, and one l oad panel s, and is  com­
plete with voltmeters, ammeters, control l ing switches, 
indicators, and Signal lamps.  The electrically-operated 
oil switches interposed between the bus-bars and high' 
tension wind ings of the static transformers are fitted 
with ti me-l imit  over-load cut-outs, which operate in 
cases of over-load or hreakdown. The time l imit  is in  
inverse ratio to  the exceBS of  current, so that  i f  a dead 
short occurs, the break is instantaneous. 

The h i gh-tension cu rrent is stepped down from the 
6,000 volts pressure in sets of  three transformers in 
delta connection, and converted by three rotary con­
verters. The high-tension switch gear for the converter 
sets is controlled from p.Qnels i n  a l arge d i rect-current 
board.  Two panels for each converter set, one for the 
high-tension side of  the transformers and the other 
for the d irect-current s i de of the rotaries. Three trans­
formers and one rotary constitute a unit, and all syn­
chron izing is carried out on the high-tension s ide. The 
rotary is started by a small  induction motor control led 
by a knife switch on the high-tension panel . A direct­
(:urrent moving coi l  ammeter, circuit  breaker, knife 
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lJrllsh, with strong and rigid arlllS e:lrrying the brush 
hol ders. The carbon brushes are �IIPJlorted ill simple 
:md suitable hol ders. The fiel d frame is  eomrosed of 
east i ron w ith l aminated steel poles cast in. Massivn 
copper dampers of  the grid pattern are carried on t he 
pole faces, which are slotted for the purpose. With 
these d ampers any tendency of the magnetic  fielc] to 
move across the pole face is  re arderl. The rotarips 
are so designed as to have sufficient dampen ing efff'ct 
to steady themselves, while at the same t ime a stea(ly­
ing effect is exercised upon the other apparatus in tho 
system. The fiel ds are compound-wound,  with t h e  
shunt coils placed next to the p o l e  tip . T h e  shunt 
winding is  of  sufficient capac ity t o  maintain 600 volt� 
at the d i rect-eurrent term inals at: fnl l loarl with ,I. 

power factor] 00 per cent at the alternating-cnrrent pn(1. 

At no load the shunt fiel d is adjusted for f)50 volts, thn 
armature taking a l agging current from the system. As 

the loads come on, the series fiel d adds to the shunt, 
an d compounds the rotary from 5 5 0  volts no l oar! to 
600 volts  full  l oad. Open ventilating channels are ar­
ranged throughout the armature spider core, and wind­
in gs, and the spider is so designed that a foreer! air 
circulation is set up through these eh annels. WlwTl 
running at ful l-speed load, the temperatu re rloes not 
exceed 35 deg. Cent., while at 5 0 per cent ol'er-loa(] 
after three hours' run the temperature is not ahove GO 
deg. Cent .  A small  Westinghouse polyphase indtwtion 
motol- starts the rotary converters .  This motor run" 
the armature up to speed before the three·phase cur 
rent is Clit in .  There are Rel1arate step-down trans­
formers for the supply of these starting motors. whirh 
also serve to supply the l i ghting ci rellit .  TIl(' ('0111-

bined efficiencies of the transfo rmers anti convprters 
range from 91.90 per cent for hal f  10a(1 to 98.94 for 
one and a half l oad. 

ELECTHIC TRAINS. 

The electric trains consist of motor anrl trail ing 
coaches of the ord inary open corridor type, mounter] 

on two four-wheeled bogie trucl,s . 
Each carriage is 5 5  feet in length , anr! ha" ac­

commodation for 68 passengers in the moto r ('oarh. 
and 70 in the trailer coach. The motor ant] trailpr 
bogie trucks, which are made of presspd stpol with 

steel side frames, bol sters, cross-hars and end-bars, hfLvP 
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SWitch, and rheostat face fiel d plate for the rotary field 
are mounted on the d irect-current panel, while an 
eq ual izer switch acting in conjunction therewith is 
mounted on a redestal near the rotary. There is  a l so 
a panel for the transformers supplying the induction 
motor that starts the rotaries. The total power sup­
p l ied to the traction feeders is  measured on the load 
panel together with recording instruments, while there 
are six panel s for the control of the same number of 
6 0 0-volt feeders, each of which i s  fitted with a moving 
coil,  ammeter, circuit-breaker, and knife switch. A 
third switchboard contains Board of Trade, battery, 
and lighting panels .  A large earth plate is  sunk at 
each end of  the SUbstation, connected by a copper bar 
measuring 1112 inches by 3 -16  inch, to which are con­
nected the frames of  machines, high-tension switches, 
transfo rmer cases, etc. 

The main transformers are of  the Westinghouse type, 
each of 280  kilowatt 6,000-3 6 0  volts, 40 periods.  They 
are oil - insulated and sel f-cool ing, the corrugated iron 
cases offering a sufficient cool ing surface to disperse 
the heat produced even at heavy over-loads. Spread 
coi l  windings are used, the ends being bent apart to 
expose a large area to the o il circulating round the 
coils, and conducting the heat away, while the oi l  also 
acts as a valuable and efficient insulator.  Spec ial pre­
cautionary measures are provided, to obviate any si­
phoning of the o i l  through the leads .  Owing to the 
t ransformers being operated with rotary converters, 
there is a considerabl e  reactance drop, adequate provi­
sion for which has been arranged. The rotary convert­
ers are each of 800-ki lowatt capacity, and convert the 
360-volt alternating current to 6 00 direct. Each rotary 
i:'l a sel f-contained unit  with the two bearings, lower 
hal f  of the frame, and starting motor being mounted 
on one base plate. The fiel d frame is  horizontally d i­
vided . The armature is of the sl otted drum type .

. 
The 

cores are bui l t  up of  steel l aminations of  the highest 
magnetic  quality, dovetai led accurately to the spider, 
:'.11(1 hel d  securel y between two end pl ates . The com· 
mutator i s  composed of hal'S of har�]-(]rawn copper in­
sul ate(l with m ica, wh ich insures an e(pml wpar or cop· 
)leI' IUl(] insulation. Tho fielr] frame carrif's the rocker 

a 7·foot wheel base. On each side of the motor trnpi; 
there is an oak beam carrying a col lector shoe. Tlw 
beam is  fixed to brackets cast on th e  enrls of t hp :ionr· 
nal boxes at the requisite height anr] rlistaner from 11](' 
track rail .  Each shoe is protected hy a magnot k hlo\\'­
out r ibbon fuse. gach motor coach is e(]uippod wi! h 
two G. E. 66 motors, each rated at ] 50 horse-powpr 
and weighing about 4,000 pounds. The trains al'l' (li­
v ided into units of two trai l ing and one motor coach. 
By this  arrangement a train can he composed of an 
2.dd itional one or more un its, each complete in itself. 

A driver's compartment is placed at one enr! of tllP 
motor coach, but a few of the coaches h ave a mastpr 
controll er placed in the vestibule at the other end 

also, so that the coach can be driven from either el1(1. 
The Sprague Thomson-Houston multiple-nnit system 

is emp loyed. Each motor coach carries beneath it :1 

series of electrically-operated switches or contactcrs. 
which make the necessary connections with the motors, 
and for cntting in and out the resistanees step hy stf'p. 
The contactors are actuated by current rlrawll from a 

nine·wi re multiple cable running from en(l to eTu] of 

the motor coach, and fitted with sn itahle coupl in;:>; (]e­
vices at either end. There is also a mnltiple cahlc; 
with coupl ings fitted to the trailer coaches. Tlw ad­

vantage of this  system is that when the t rain is madf' 

u p, no matter with how many eoach es .  there is a COIl­
t inuous nine-wire cable extendin g from one en(l of thr' 
train to the other ; and by admitting the current into 
any wire of this cable, the eorresponding contadors 
on a l l  of the motor coaches are simultaneously artn­
ated, and thereby the necessary combinations of mo­
tors and resistances are made simul taneously on eilhrr 
end of the motor coaches throughont the traill. Tlw 
master control ler, which intN1l!Ttces the cnrrent into 
this n ine-wire cab:le as desired by the engineer. pan 
be p laced at any convenient point.  The master con­
trol l er is s imilar to that fitted to street surfaee rail· 
road ears, only i t  is of consiclerabl y  smal ler rlimf'n­
sions. 

One notahle featnrp of the control o(]ui]lment nn 

thrse motor coarlws is t1H' all tomatif' ill'c'l'll'rator. whieh 
(mahles the rate or acceicr:llion to hI' maintained con-
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nm in solid-drawn steel piV-es % inch thick and ef­
fectively earthed. All  the wires and cables are in­
cl osed in a fireproof coating, while the under side of 
the coach body is protected by a layer of sheet steel 
backed by a thickness of u ralite. 

As already mentioned, it is intended to operate the 
freight as well as  th e passenger traffic by electric trac­
tion, and experiments in this connection are being 
carried out on the Quayside b ranch of  the system. 
The conversion of this ramification to electricity wil l 

materially from the ordinary pump must be used. 
Tar, molasses, and cocoa liquor present more ob­

stacles to pumping than any other substances which 
it has been found feasible to move in this  manner. 
Each of  these liquids thickens into an almost solid 
mass when cold,  rendering it very difficult to start 
the pump, if some special provision is not made and 
ample power provided. Another action which must 
be taken into account is the contraction of  the area 
o f  the passages and valves as the liquid cools, and the 

:;tant until the full  multiple position of the controller 
is attained. The mOdns opemndi is simplicity itself, 
the engineer having only to throw his power hand l e  to 
fu l l  series or full  multip.Je position, as desired, and to 
hold it at that point until he wishes to shut off the 
current. By turning the power handle forward,  a 
spring is wound up which drives the control cylinder 
forward at a uniform rate .  This cylinder, however, is  
checked in its act:on, so as not to move too quickly, 
by means of a special device,  and the rate of current 
input is regulated by a current relay in series with 
the motor circuit. This closes a local circuit,  and 
locks the master controller cylinder against move­
ment until the accelerating current has fal len suffi­
ciently to release the master control cylinder for the 
next notch. By this arrangement the same effect is 
obtained as if the motorman were advancing a manual 
accelerator notch by notch.  The automatic d evice only 
comes into action when the rate at which the operat· 
ing handle is turned would allow more than the re­
quisite amount of current to pass motors if it were not 
l imited . This automatie accel eration is immediately 
under the command of the motorman driving the train, 
the whole of  which is synchronously controlled from 
the front car. The control lers are also provided with 
the "dead man's handle ,"  the current being automatic­
ally shut off and the brakes appl ied imm ediately th e  
driver removes his hand from t h e  operating handle.  
Perfect safety is thus assu red in the event of the engi­
neer becoming suddenly incapacit ated . The control 
operating current at 550 volts potential is  approxi­
mately 2 . 5  amperes per car for an equipment of 200 
horse-power motors. The current is  col lected from the 
cond uctor rail on each motor coach by four contact 
shoes. The who l e  o f  these shoes of  each train are 
connected together.  Thus there is no possibil ity of 
the train losing its supply o f  current when passing 
over switches and cross-overs, where the continuity of 
the l ive rail is� perforcedly interrupted. 

FIG. l . -TWO GAS-TAR P UMPS. 

The present rolling stock equipment comprises 58 
motor and 122 trailer coaches. The brakes fitted to 
the trafns are of the automatic Westinghouse type, 
each motor coach carrying an electrically-driven air 
compressor. 

The ordinary stopping trains wil l occupy about 23 
minutes to complete the j ourney from Newcastle to 
Tynemouth, representing an average sp eed including 
stops of 22  miles per hour.  The express trains, how­
ever, with no intermediate stoppages, will cover this 
journey in 15 minutes. 

One of the very necessary precautions that has to be 
observed in the design o f  such a system as this, is  
that against fire, such as might result from the devel­
opment of a fault. The importance of this problem will 
be realized when it is remembered that should a short 
circuit occur, the whole of  the 10 ,000  o r  20,000 horse­
power of the generating station tends to maintain an 
arc until one of  the safety devices comes into action, 
and materials which under ordinary circumstances are 
incombustible, burn readily.  In this installation great 
care has been observed to keep the collecting shoes 
and connections to the main switch on each motor 
coach, the main wiring of the motor coach, to the mo· 

be  of  inestimable val ue.  owing to the difficul ties of tun· 
nel vent ilation.  For this traffic heavy electric locomo­
tives are being used. They are equipped in the same 
way as the motor coaches with multipl e-unit control ler,  
motors,  etc .  By this means it wil l b e  possible for the 
haulage o f  abnormally heavy trains, to attach two elec­
tric locomotives together,  and d rive the train from 
one of them. Furthermore, the locomotives are adapt­
ed · for both third-rail and overhead trolley systems. 
Each locomotive is capable of starting with, and hau l­
ing, a train weighing 150 tons up a gradient of  1 in 
27 at a speed of from 9 to 10 miles per hour, o r  a train 
of 300  tons along the level at a speed of 1 4  miles an 
hour. The performance of  these electric freigh t  loco­
motives is being followed very closely by railroad en· 
gineers generally in England, as they are the largest 
and heaviest of  their type yet used, and their su ccess­
ful app lication will solve a difficult  probl em in freight 
haulage. 

PUMPING TAR AND OTHER HEAVY LIQUIDS.  

IN many industries it  is necessary to force heavy, 
viscous liquids through pipes. This involves difficu l·  
ties not encountered in ordinary pumping, and re­
':].uires machinery special in design and construction .  

F I G .  2.-A P U M P  F O R  HANDLING OIL-REFINERY TAR. 

tors and resistances, and the control , lighting, and air­
compressor circuits, entirely separate and independent 
of each other, so that there is a complete avoidance 
o f  crossing o f  leads. The wiring of the motors from 
the contactors, and the control, lighting, and air-com­
pressor circuits. are run in grooved fireproof insulated 
caSing, with adequate clearance between wires,  but 
the connection from the collector shoes, which carry 
very heavy currents to the main switch, and which 
are not directly under the control of the engineer, are 

When the liquid is heavy but not adhesive,  as in the 
case of heavy oils, the action can be made fairly sat­
isfactory and efficient by enlarging the valve openings, 
making the parts of the pump heavier, and so arrang­
ing the passages of the pump that there is little 
l iabil ity of choking or clogging. When, however, the 
l iquid is  a fluid at high temperatures and a gelatinous 
adhesive paste o r  a rubbery solid ,  clinging to all sur· 
faces and choking openings through which it should 
pass, as the temperature is lowered, a design differing 

consequent throttling, which interferes with t h e  
liquid's  passage and w hich t h e  pump i s  forced t o  
overcome. T h e  skin friction of  a l iquid of this kind 
creates heat enough partially to all eviate this ten­
dency t o  throttling when the velocity of the substance 
is  maintained above a certain point and the pipe is 
not in such a position that the surrounding air will 
lower the temperature of the liquid below the solidi­
fying point. Although not a common practice, it is 
well  to lag al l  exposed piping used for conveying 
heavy oils or other substances of a similar nature. 

Gas tar has a number of characteris tics rendering 
it exceptional l y  difficult to pump. Its condition varif'fo 
from a sol id to a pendrating fl uid within a small 
range of temperature. Two pumps which have proved 
very efficient in l i fting and forcing gas tar were in· 
stalled a short time ago at the plant of  the Mary­
land Steel Company, of Sparrows Point, Md. Fig. 1 
shows the pumps in position , the one in the fore· 
ground being idle,  and the one in the background 
working under its normal l oad. They were built by 
the Deane Steam Pump Company, of  Holyoke, Mass. ,  
and are of the standard triplex type of  that company, 
fitted with ball valves peculiarly adapted to this 
service. The exclusive use of gate valves in the 
piping system is also interesting. A very flexible 
power connection is obtained by the use of  the Ren­
aIds silent chain and a four-pole alternating-current 
3-horse-power motor. The gearing consists of  an 18-
tooth pinion running at 950 R. P. M .  and a 1 20-tooth 
wheel running at 142 R. P.  M. The chain used has 
l inks * inch wide and 1 % inches long. It transmits 
the 3 horse-power generated at 9 5 0  feet per m inute, 
giving an excellent efficiency when the service is  con­
sid er ed .  

A liquid peculiarly difficult to handle  is Oil-refinery 
tar, which is usually very hot when it reaches the 
pump. There is a large percentage of suspended par­
ticles of various sizes present in this tar, and also a 
certain amount of unrefined paraffin. The tar is some­
times heated to a temperature of  300 degrees , but 
quickly cools off if not properly handled,  and coats 
the retaining valves and walls with l ayers of an ad­
hesive substance cl osel y resembling finely-divided 
particles of coke. To overcome the difficulties, the 
o rdinary pump ' arrangement and design is materially 
changed. 

Fig. 2 shows a specially designed pump installed 
by the Deane Company for handling oil .. refinery tar 
at the works of the Atlant ic  Refining Company in 
Philadelphia. By a n ew arrangement. except ional ly 
large valve areas are made available, the valves being 
designed to permit the passage o f  the substance 
pumped with the least possible frictional res istance. 
The suction .  discharge, and pul sation chambers can 
be taken apart without unnecessary expenditure of 
time o r  labor, and each is in a pOSition where i t  can 
b e  readily reached for cleaning. The pump is of  th e 
triplex type, as shown in the figure, and is fitted with 
ball valves,  which thorough test has proved best 
adapted for the passage of heavy substances. There 
are a number o f  large handholes for cleaning the 
valves. The figure shows the rigid crosshead guide 
system and the strong design o f  the chambers, rods, 
pistons, and bearings. 

GAS TURBINES. 
THE success which has been achieved in developing 

the steam turbine has given a fresh impetus to the 
investigation of the probl em of devisin g a practical 
prime mover of similar type. with hot air or other 
gases as the driving force . The problem is  not a new 
one; it had long been present to the minds of  engi· 
neers, but had been put aside for the moment in favor 
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o f  others, which offered greater chance of commer­
cial  success, even if their solution should not lead to 
an engine of so high an efficiency as may be antici­
pated in the case o f  the gas turbine. To·day, how­
ever, the situation is somewhat altered, as the new 
experience gained from the steam turbine has placed 
us in a better pos ition to cope with the d ifficulties 
which face us in attacking the old problem ; and he 
would be a bold man who would say that these diffi­
culties are too great to be overcome. 

The first step of progress is made when we have 
separated out the d ifferent obstacles i n  the way, and 
have realized the precise  nature of each and the d i­
rection from which it should be attacked ; and that 
we are now in this position will be gathered from a 
study of the interesting paper communicated by Mr.  
R. M. Neilson to the I nstitution o f  Mechanical Engi­
neers. The exact position o f  the problem to·day will 
be understood from the fact that M r. Neilson, i n  dis·  
cussing the possibil ities of gas turbines and the dif­
ferent plans on which they may be devised, d oes not 
at any point refer to an actual engine of one or other 
of his types, which has done anything of practical 
importance. No doubt, if he had so chosen, h e  could 
have hunted out from the records of  the British Patent 
Office, various specifications of  inventions on this sub· 
ject ; but a patent is one thing, and a successful engine 
is another, and for the present we must confess that 
there is no i mmediate prospect of seeing a practical 
gas turbine on the market. In  the end, however, it 
will  come, and its coming will be  hastened or de· 
ferred according as our engineers are able and willing 
to spend time and money on investigations of  such 
practical problems as those mentioned by Mr. Neilson. 

The theory of the different cycles on which the gal:; 
turbine might be worked is, as M r. Neilson's paper 
shows, quite .clear and fairly simple ; but at several 
points we are brought almost to a standsti l l  from want 
of experimental data by which to test the val idity and 
practicab il ity ·of our theoretical conclusions. M r  
Neilson places in  t h e  forefront in  t h i s  respect the 
question o f  the losses i n  pneumatic compression to 
h igh pressures ( a )  with reciprocating compressors : 
( b )  with rotary compressors ; ( c )  with combina t ion 
of the two types. The importance, for our purpose, 
of an investigation to give this information, is read­
i ly seen. In the ordinary rec iprocating gas· engine, 
the gas is drawn into the cylinder, then compressed 
by the engine itself, and then exploded, t hereby driv· 
ing the engine. But in the type we are considering the 
compression cannot take place in  the driving turbine, 
and a compressor must, therefore, be used, supplying 
compressed gas to a combustion chamber,  from which 
after combustion it passes to the turbine. Now it 
would obviously be a great advantage to be able to use 
a rotary con.pressor, mounted on the same shaft as 
the turbine, as we should thus dispense altogether 
with reciprocating mechanism and be free also from 
many of the objections to which reciprocating com· 
pressors are sUbject-such as the heating of the gas 
by contact with the hot metal surfaces before com­
pression commences, and the necessity to j acket the 
cylinder if h igh pressures are to be obtained.  But at 
present we do not know enough about rotary com· 
pressors on the turbine principle to estimate their effi­
c iency when high pressures are to be employed. Mr.  
Neilson points out that these engines seem as yet to 
have been employed only u p  to about 8 0  pounds pres· 
sure, and "whether or not they are suitable for h igh 
pressures is a point which we want very badly to 
lmow about." Mr. Meineke, in his paper "On a Pro· 
cess for Operating Gas Turbines," suggested 
that the compression should be obtained from a tur­
hine mounted on the same shaft as the motor turb ine, 
and i t  is  said that "it should not be difficult to obtain 
very high pressure d ifferences by inverting the process 
th at takes place in a turbine." That may be true, hut 
it  rather misses the point ; for it is  not so much the 
mere compression to high pressure that we are con­
cerned with, as the efficiency of the engine which does 
it. If the losses in  this pump are very great at h igh 
pressures, then the p ractical success of  the turbine is  
at once challenged, as the availahle  power of  th e  en­
gine, after supplying the compressor, may be very 
small o r  nothing at al l .  The importance of this "nega­
tive work" in the compressor must be kept in mind, 
and it is very desirable that we should have experi­
mental data on the losses incurred with the different 
types indicated by Mr. Neilson, when used for h igh 
pressures. 

The second point which Mr.  Neilson marks out for 
investigation is the expansion of  hot gases in  d ivergent 
nozzles. The importance of  this investigation appears 
in connection with the admission of the products of 
combustion of gas-fu el and air into the huckets of  the 
turbine. After combustion the temperature of the 
gases will be very high, and if they are to b e  admitted 
at once to the turhine it will he n ecessary to have the 
blades cooled by circulation of water or otherwise. 
This is in many respects undesirable, and i t  has there­
fore been p ropospd to lower the temperature of the 
gases before admission to  the buckets by letting them 
expand in a d ivergent nozzle till a degree of  tempera­
ture is reached which the b uckets can stand.  By this 
means the heat energy of the gases is converted into 
ldnetic energy, but of course there will be losses by 
friction in the nozzle and by radiation. Experiments, 
then, are wanted to give accurate information on the 
expansion of hot gases in such nozzl es, and part of 
the investigation must b e  to find the effect of the press­
n re of the medium into which the gases expan d upon 
'i h e  velocity of the gas in the nm:zle . -We have here to 
deal  with very high velOCities ; and it has been stated, 

as  Mr. Neilson observes, that if  the chamber into which 
the gases expand be at, say, atmospheriC pressure, 
there is a l imiting velocity for the issuing gas, which 
cannot be increased no matter how much the pressure 
of the gas on entering the nozzle be increased, and 
that this maximum velocity becomes greater as  the 
outside pressure is reduced. It is  of importance to 
have experi ments made on this point, as from them we 
could determine whether the efficiency of the turbine 
could be increased by decreasing the pressure in the 
motor chamber below that of the atmosphere ; and we 
have also to find out whether such h igh velocities as 
4,000 feet per second, given by Mr. Neilson, can be 
obtained from gases issuing from divergent nozzles 
into a medium at atmospheric pressure. Here again, 
therefore, there is good scope for research work, with 
a view to the development of  the gas turbine. 

The third and last point ind icated by Mr. Neilson 
for investigation is the determination of the losses 
from radiation and transference of heat from gases to 
metals at high temperatures. The importance of this 
i s  obvious when we remember that we have to deal 
with gases at h igh temperatures which remain prac­
tically the whole time during which they are in  thf' 
t.urbine chamber in  contact with metal surfaces, so 
that there must be considerahl e heat losses, and conse­
quently loss of efficiency. 

VIE W  SHOWING THE H YD ROSCOPE IN THE 
WATER. 

At tne bottom are the lenses arrall!�ed rollnd the steel tube. Steel pro­
tecting arms keep the lenses frllm dama,ge by collision with rOCks or spars. 
Generally the hydroscope wlil be used in the dllytime when the ordinary 
sunlight gives plenty of i llumination. 

When we have full  information on these three points 
we shall have made a great advance toward a solution 
of the whole problem of the gas turbine, but there will  
sti l l  remain many matters requiring very careful con­
s ideration and investigation. A careful perusal of Mr. 
Neilson's paper will ind icate some of these matters to 
the reader. The point we would emphasize, however, 
is that, although th e  practical difficulties at p resent 
seem great, none o f  them i s  of such character as tc lead 
us to bel ieve it to be insuperable. Rather do we gain 
the conviction that i n  time they will al l  be solved, and 
a practical gas-turhin e  evolved. Mr.  Ranldn Kennedy, 
in his work on "Modern Engines and Power Genera· 
tors," has expressed much the same opinion when he 
says ( yol .  i i . ,  p .  4 2 ) : 

"It is at present not the case that we do not know 
how to begin to make a combustion turbine for oil or 
gas ; the difficulty is the great amount of time and ex­
pense required to bring the details  to perfection-an 
operation which can be effected only by actual experi­
ments on a considerable scale of magnitude." 

Later, in  the same volume, he says ( p. 1 0 7 )  : 
"The stage has been reached where the enterprising 

capital ist is  necessary to carry i t  to the commercial 
success which u ndoubtedly awaits th e first successful 
til rhine set to industrial work I t  will be interesting 
to ohserve in the future wh ether the home or  foreign 
engineers take up the subject first." 

From some other remarl{s of Mr. Ranl,in Kennedy 

we think he rather underestimates the practical d iffi­
culties still in the way ; but in the main he is right 
that capital and time will bring the solution, and we 
sincerely hope that o ur engineers will not b e  behind 
those o f  other countries in  spending both time and 
money on this problem.-Engineering Review. 

THE PINO HYDROSCOPE. 
A VERY clever instrument has been devised by an 

Ital ian inventor, Cavaliere Giuseppe Pi no, by which 
the bottom of the sea can be examined with a clearness 
and ease which has h itherto been d ifficult.  

The hydro/?cope-such is the name g iven to the in­
strument for seeing objects i n  the sea or on the sea­
hottom-is constructed of steel and in  shape is  l ike a 

huge telescope pointed downward into coral caverns 
or sunken ships instead of unward at the sun or the 
stars. Its complex system of lenses, twelve in number, 
answers to the 'objective glass of a celestial telescope. 
Together w ith the internal m irrors they produce a 
v ery clear picture of the sea-bottom, the rays of l i ght 
passing up the tube to a sort of camera-obscura house 
at the top which floats above the surface and is capable 
of holding four people . 

The amount of l ight under the surface is c.onsider­
ably greater than is generally .imagined. The inventor 
of the hydroscope has h imself been able to read a 
newspaper lying on the sea-bottom at a depth of 3 6 0  
feet from t h e  surface by th e ordinary dayl i ght pene· 
trating the water. The area viewed by the lenses at 
the bottom of the tube varies accord ing to the amount 
of  l ight . The water at  the bottom of the sea is very 
often clearer than at the surface, as the sediment is 
capable of  sinking in  the sti l l  water, whereas at the 
surface sand and other matter is kept in solution by 
the constant movement of the waves, the force of which 
is not felt a very few feet b eneath the surface. This 
is peculiarly the case in  the water surround ing the Bri­
tish coast.  

The hydroscope is also l ikely to prove of very con­
s iderable use on war vessels.  A tube can be fitted into 
the center o f  a vessel , one end of which will  lead to the 
captain's br idge and the other will penetrate the bottom 
o f  the vessel and will  have an extension portion which 
will  be capable of being thrust out and drawn back as 
occasion requires. When the hydroscope lenses, which 
will be somewhat different to the apparatus i l lustrated 
here, are d rawn up flush with the bottom of the vessel 
the water b eneath the sh ip can be viewed to a d istance 
of 60  to 90 feet .  A private official trial o f  the hydro­
scope was made by the Italian government a few 
months ago in Portofino Harbor, where it proved very 
satisfactory. 

One of the most romantic things yet accomplished 
by the hydroscope and the raising apparatus has been 
the bringing to the surface of an old Spanish galleon, 
one of a numerous fleet sunk in the Bay of Vigo in 
1 7 0 2  and recently brought to the surface by the a id of 
Pi no's invention. Unfortunately dnring the night the 
old hulk proved to  have so rotted away that it rolled 
over, broke in pieces, and again sank to the bottoll\. 
The metal bolts which held the t imbers together had 
evidently rusted almost completely away. I n  add ition 
to this attempt on the old galleon some successful ex· 
periments were made with raiSing heavy boilers which 
had been sunk in  the sea for ten years . 

CONTEMPORARY ELECTRICAL SCIENCE.* 
ALTERNATE-CUHRENT ELlWTlWLYS18.-A. B rochet and J.  

Petit  have studied the solubil ity of various metal s  in 
a 4-gramme molecule solution of  cyanide of potassium 
under the influence of alternate currents of  various 
frequenc ies. They found that the popular impression 
oj' a u n iform decrease o f  solubil ity with increase of 
frequency is incorrect. Platinum shows, i n  fact, a uni­
form though sl ight increase. Copper shows a well­
marked and uniform decrease, whereas the metals of 
the iron group show a decided maximum at a fre­
quency of 12 to 30 periods per second. The solution 
of lead in  sulphuric acid shows a maximum at about 15 
periods per second, and after that a sl ight decrease. 
The current density used was 20 amperes per square 
decimeter.-Brochet and Petit, Comptes Rendus, J une 
6, 1904 .  

CATHODE RAYs .-P. Villard has made some interest­
ing ol--servations with regard to those cathode rays 
which fol l ow the lines of magnetic force. Broca and 
Pellat have shown that there exists a species of cathode 
rays which, i f  placed in  a strong magnetic field, trace 
out the magnetic lines of for �e. Vil lard has photo· 
graphed both kinds of cathode rays with one exposure, 
using oxygen as the gas, and obtained Cle ord inary 
cathode rays in the form of a screw about the magnetic 
lines of force, and the other rays, which he proposes to 
call the magneto-cathode rays, following the magnetic 
l i nes of  force. He finds that they originate at a l ower 
d i fference of potential than the ordinary rays. Their  
appearance is accompanied by a fal l of potential at the 
el ectrodes, and a weakening or even an entire suppres­
sion of  the ordinary cathode rays. For the magneto­
cathode rays the field is not only directive, but also 
motive. I f  the discharge from the cathode is h indered 
by placing a small aperture in front of it ,  a discharge 
may be forced through the aperture by increasing the 
strength of the' magnetic field. The author proves that 
the magneto·cathode rays have no electric charge On 
repeating Perrin's experiment, in which the shadow of 
a wire exposed to cathode rays is enlarged on charging 
the wire negatively, no effect is produced.  He de­
scribes an experiment based on Faraday's ice-pail ex­
periment, in which either ord inary cathod e  rays or 

* Compiled by E. E, Fourme.r d'A lbe III the Electrician. 
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maguctu-<.:a t lLoue rays  may be made to en ter t I Le  i n­
closure. The former instantl y produce a u e1lectiull of 
t he e l ec t rom e t e r  corr e ::; l1onding t o  several  h undred 
volts, whil e the laUer p roduce no effect. The magneto­
eathode rays are indeed deflected by an electric fiel d,  
but  in a d i rection perpen dicular to the l i nes of force. 
The .. . � is ,  in fact ,  a perfect .antithesis bet ween the two 
ldnd::; of  cathode rays.  The electric field acts U lJon one 
!d nd a::; the magnetic fiel d acts upon the other, and 
r ice versa. "I bel ieve this is," says the author, "the 
ti rst time t hat a Laplacian action of electric force has 
been real ized."-P. Vil lard,  Comptes Rendus, June 6,  
1 904 .  

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

THE CONSTIT UTION OF PORTLAND CEMENT 
!<'ROM A PHYSICO-CHEMICAL STANDPOINT.*  

By CLH'�-UIW RWllAIWSON . 
TH�� determination by Le Chatelier and Tii rnebohm, 

with the aid of  the microscope and petrogravhic meth­
ods ,  of t he opt ical characteristics of the mineralogical 
ent i t ies which const itute a Portland cement cl inker, the 
work of  Le Chatel ier and of  the Newbenys in prepar­
ing synthet ically the s i l icates and aluminates which 
might possibly exist in the c l inker and of the New­
belTY::; in the preparation of cl inker in molecular pro­
portions from pure chemicals, are noteworthy efforts, 
and their results, confinped in  several instances by 
others, are of great value. 

]<'or the study of cl inker by m icroscopic methods it  
it:: necessary to prepare sections which shall  be so thin 
a s  to be tram;parent. This is readily done by grinding 
down a su itable fragment on one side until i t  is fiat, 
pOlishing this ,  then mounting it w ith balsam on a 
p iece of glass and grinding down the other s ide of the 
fragmen t unt il  a thickness is  reached wh ich permits 
the transmission of light .  The section thus p repared 
is mounted under a cover glass and is ready for obser­
vation. 

It i s  a pecul iar ity oJ:  m inerals of crystall ine struc­
t ure that they v�l'y in  the i r  optical propert ies accord­
illg to the system in which t hey erystall ize and espe­
cially in regard to their behavior toward polarized 
l i ght. It w i l l  be impoi:lsible here to g.o in  detail  into an 
explanation of the phenomenon, but it  is  sufficient to 
�ay that d ifferent minerals can be differentiated and 
recogn i �ed by their greater or smal ler optical aetivity. 
The metho ds are the same as th ose whieh are used by 
gcologists and petrographers in the study of  our crys­
tal l i ne roc k s . 

By thii:l method of study Le Chatelier and, at the 
same t i me indellendently of  him , Tiirnebohm i dentified 
in Portland cement c l inker four distinct mineral eon­
st ituents which T iirnebohm described as follows, nam­
ing them Alit, Bel it, Cel it, and F'el it.  

A l it is the preponderating element and consists of  
eol orless crystals of rather strong refractive power, 
l iut of weak double refraction.  By this he means that 
a l i t  in polarized l ight between crossed N icol prisms has 
i n sufficient optical activity to produce more than weak 
bl u i::;h gray interference colors.  

• Cel it is  reeognized by its deep color, b rownish or­
angc. It  fills  the interstices between the other con­
sti luents,  b e i ng the magma or l iquid of  lowest freez ing 
I Joint out wh ich the alit is  separated . It is strongl y 
double refraetive, that is to say , gives brill iant 
colon; when examined between crossed N icol prisms. 

Bel it  is  rccogn ized by its d irty green and somewhat 
llluddy eo lor and by its brill iant interference colors.  
I t is bi-axial and of  high index of refraction.  It forms 
mnal l  round grains of no recogn ized crystall ine char­
adeI'. 

Felit is  colorless. Its index of refraction is  nearly 
the same as that of bel it  and it  is strongly double 
refracti ve.  I t  occurs in the form of  ronnd grain s, 
oft e n  in elongated form, !Jut w itil o u t  crystall ine out­
l inc.  J<'e l it may he en t i rely wanting. 

Be�ideH these m inera l s  all amorphous h; o t ropie mass 
w a s  delee l ml by 'rii rnebolull and Le Chalel i e r .  It  i s  
ca l l ed  isot ropic hecause i t  has n o  effeet upon polarized 
l i g h t .  It has a very high refractive index . 

TiirnelJO i l m ad ds the important fact that a cement 4 
P C I' cen t richer in l ime than usual consists almost en­
t i r e l y  of a l it and eelit.  

'rh e  prepa ration of synthet ic s i l icates and alum inates 
which m ight ex ist in  Portl and eement was carried out 
to a eer tain extent by I.e Chatelier and the Newberrys, 
l JUt in  neither case were they charaeteri;-:e(i completely, 
eSlleeially as to their optical properties . This has 
been done by the writer within the last two years, and 
the optieal properties and other characteristics of the 
following definite s i l icates and alum inates h ave been 
(l e tenn i ned . 

Mono-calcic  s i l icate-SiO, CaO ; A crystal l ine suh­
Htance of high optical activ ity and l ittle or no hydraul­
ie properties.  Specific gravi ty 2 .90 .  

D i-calcic  si l icate-SiO, 2CaO. or more probably 
:! t HO, 4CaO ; A definite crystal l ine compound of high 
.ollt ieal activity and of very l ittle hydraul ic  activity 
exeellt in the presence of carbonic acid, but setting 
slowly i n  water, generally  lacking volume constancy. 
Spec i fic gravity 3 . 2 9 .  

Tri-eal cic  s i l icate-SiO, 3 CaO ; A definite c rystal­
l i ne si l ieate of  low optical activity and corresponding 
i ll this respect with alit .  Its hydraulic activity is not 
!;l'eat,  but greater than that o f  d i-cal cic si l icate. If 
fused and reground it sets slowly l i ke Portland ce­
ment. Specific gravity 3 . 0 3 .  

Th ree definite sil icates o f  ealcium, therefore, appear 
t.o exist, the two more basic ones being strongly differ­
entiated from each other by their optical activi ty. 

* An Add,e •• be fore the Association of Portland Cement Man u factu rers . 

Mono-ealeie alum inate-Al ,O;: CaO ; 'rh i s  a l mn i natc  
h ;  a c rystall i ne substance of  h igh optieal activity,  but 
i t  is  not suffieiently basic  to permit of its existence in 
a material of such basic  eharacter as Portland cement 
c l inker. Spec ific gravity 2 .90 .  

'l'ri-caleie di-aluminate-2Al,O" 3CaO ; This  a lumi­
nate is one of highly crystall ine charadeI' and of 
great o]l t ical  activity,  making it readily recognizable. 
Specific grav ity 2 . 9 2 .  

D i-calcic alum inate-A1,0" 2CaO ; A substance crys­
tall izing from a 8 t'1te of  fusion in  dendrit ic  forms hav­
ing no optical activity and being, therefore, isotropic.  
This differentiates this aluminate very sharply from the 
preceding one and makes the identification of the two 
materials very easy. Spec ific gravity 2 . 7 9 .  

Tri-calcic aluminate-Al,O" 3CaO ; T h i s  aluminate 
c rystall izes from the fused condition in el ongated oeta­
h edra.  It is  isotropic and i t  m i ght at first be assumed 
that it  was not a definite compound, but merely the di­
ealcic aluminate crystal l izing out of a magma o f  in­
definite composition. It has been shown, however, by 
fu rther investigations too lengt hy t.o go into at this 
point to be undoubtedly a definite aluminate. Spec ifie 
grav ity 2 . 9 1 . 

D efin ite compounds of iron and l ime and alumina 
and magnes ia have also been shown to exist, but their 
considerat ion here is unnecessary, as the eonstitution 
of Portland cement .can be better discu ssed , theoret­
ically, by a study of  c l inker into wh ich these elements 
do not(.�mter. 

Among the theories advanced as to the constitution 
of  Portland cement there are those which assume the 
presence of certain so-called sil ico aluminates, such as 
2SiO, Al,O" 6CaO and others of less basic form. All 
of these p roposed compounds have been prepared by the 
writer and found not to be definite chemical compounds 
nor t o  correspond in any way w ith any of the mineral 
en tities found in industrial clinker . They are in  fact 
only sol id  solut ions, of aluminates in s i l icates, of in­
definite structure. 

This brings us to the point where the nature of a 
solution, especially of sol id  solutions, must be taken up .  

SOL VflO;>i S .  

Solutions m ay b e  defined as t h e  merging of two or 
more substanees in one another i n  such a way that it 
is  imposs ible to recognize them by any physical means. 
In  this respect they differ from the elements and defi­
n ite chemical compounds.  The elements cannot be or 
have not been differentiated by any chem ical or physi­
eal means into other substances. Definite chem ical 
eompounds can be d i fferent iated by chemical means 
into their coni:ltituent elements, but at the same time 
are al ways eomposed of  these elements in a definite 
mathematical ratio, involving only whole numbers and 
depending upon the combining weight of each element .  

M ixtures o f  gases, gases d issolved in  l iquids, l iquids 
which are m ixed together and salts disso.]ved in l iquids  
are types of solutions. In the preceding paragraph 
mention has been made of sol i d  solutions.  We owe 
our conception of sueh solutions to Van' t  Hoff, a Dutch 
chemist, who, in 1890, having observed abnormal fea­
t ures in the behavior of certain solutions of sol ids in 
l iquids when they were frozen, was led to bel ieve that 
the solid which separates 'on freezing is  not the pure 
solvent, but a mixture of the sol id  solvent and the d is­
solved substance fo rming a soli d  solution. Investiga­
t ions have proved that the conception was justified.  
Hoozeboom has shown from a study of m ixture" of 
fused salts that on cool ing sol id  solutions are often 
formed, espec ially if the salts have the same crystalline 
form and habit. 

'l'he constitution of our igneous rocks may be best 
explained by considering them as sol i d  s.ol utions, 
which, when the original l iquid  magma, from which 
they are der ived, is  cooled to a temperature at whieh 
freezing sets in ,  are formed by the crys tal l ization of 
such mineral s]leeies a:; the eonstitution of  the magma 
may permit, arl ll w h i eh we reeognize as quartz, m ica, 
fel �]la r, etc ., the eomposition of wh ich while in approx­
imately definit e  p roportions is more or  less mod ified 
by the substances which they may retain in solution. 

The struet u re of a l loys has also been most satisfac­
torily expl ained by considering that different metals 
are soluble in each other in different p roportions under 
different states of  eoncentration and at different tem­
peratures ; that of steel has been especially thoroughly 
worked out in the same way, and it has been shown that 
it consist s of a sol id solut ion o f  carbon in pure 'iron, 
while that of cast iron is  explained by the fact that 
the amount of carbon soluble in the ' molten iron i s  so 
great that a portion separates out , as graph ite, on 
cooling. 

Another type of sol id  solution is glass. In this mate­
rial we have a sol id solution of s i l ica,  l ime and alka­
l ies, in indefinite proportions,  in wh ich none of the 
consti tuents  can be det ected , and o u t  of wh ich n.othing 
separates on freez ing.  This is  regarded a s  a homogen­
eous sol id  sol ution and corresponds cl osel y to  a homo­
geneous l iquid solution.  In some m ixtures o f  fused 
salts and in some of the alloys we have heterogeneou s  
s o l i d  solutions,  as more than one sol id sol ution may 
separata on freezing. Such. a separation is due to what 
is known as sel ect ive freezing. This is  wel l  i l lustrated 
by the freezing of a solution of salt in water. That 
portion of the solvent which becomes solid first con­
tains l ess salt than anyth ing subsequently separated. 
If we take a 15 per cent solution of sal t in water as an 
example, as has been done by Howe in his excellent 
book entitled "Iron,  Steel , and Other Alloys," to which 
the reader is referred for an exhaust ive explanation 
of the theory of sol i d solut ions and t o  which th e  
w riter is  much indebted,  i t  will  be found that the sol id  

matter  that  first freews out is ncarly ]lu r e  wate r and 
that there i s  a correspond ing increasc in the eUlIeenl ra­
tion of  the mother l iquor.  'rhe sol id  which subseq ucnt­
Iy separates w i l l  contain progressively more and m o l'l� 

salt in sol id solution in the ice and there will  !Je a 

progressive fall  in the freezing point of thh; l illU id, 
until  when the temperature has reached minus 22 deg. 
C. and the proportion of salt in  the mother l iquor is 
2 3 . 6  per cent, further concentration wil l  not oceur and 
the two elements, water and salt, solidify w ithout so­
l ection and form what is  cal led a eutectic.  The freez­
ing pOint remains constant at  �2 deg. C .  until  t h e  
entire material is  sol id .  The solid originating in

' 
this 

way is  a m ixed mass o f  crystals of  water and of  salt  
inter-stratified, the salt forming 23 .6  per cent of it 
and ice 7 6 . 4  per cent. The same result w.ould  happen 
with a 20  per cent solution of salt, the selective freez­
ing going on until  the concentration of  2 3 . 6  per eent 
had been obtained and the eutectic ratio had been 
reached.  If the original solution contained 23.6 ]ler 
cent of salt 'i t  would nut freeze until  a temperature of 
minus 2 2  deg.  C .  had been reached, and then it  w o u l rl 

all  become one uniform m ixed mass of the solid known 
as the eutectic.  If the percentage of salt is  greater 
than the eutectic ratio, 2 3 . 6  per cent, then the material 
which first freezes will be salt containing some wat.e r 
in solution and the concentration in relation to salt 
would be reduced until  the eutectic ratio is reaehed. 
That is to say, the composition of the euteetic is  con­
stant no matter what the initial ratio between the solv­
ent and that which it d issolves is .  Many alloys are 
quite parallel in their constitution to th at of  the sol id 
salt water series . Tin and lead form a euteetic  cOIUlti­
tuting 3 1 per cent of t in and 6 9  per cent of lead of eon­
stant freezing point. Any tin-lead alloy of  other than 
the eutectic proportion will consist of lead with tin 
in solution and the eutectic, or t i n  w ith some lead in 
solution and the eutec tic, in accordance w ith whether 
the lead or tin is in  excess over the eutect ic  ratio. 

In some cases, however, where metals or salts are 
not mutally soluble in the sol id  state, unsel ective freez­
ing may take place, that is to say, the elements .of 
the fused solution may sol idify separately, and this 
may ·be regarded as a eutectiferous mixture. 

The term eutectic  means wel l melting, because the 
eutectic is usually the material which freezes out at 
the lowest temperature, no matter what the p r.o]Jor t i.o l l o  
may be of  which the mixture may happen to cons i!; t.  

T w o  salts which crys tall ize in the same fo rm lllay 
separate from aqueous solutions in sueh a crysta l l illll 
form eontaining more or less of both substanees, de­
pen d ing upon the concentration, and i n  the same way p. 

crystal c.onsisting entirely of one salt may be built  UlJ 
w ith another by i m mersing it in  a solution of  a so­
called isomorphous salt of p roper concentration,  that 
is  to say, of a salt which crystall izes in  the same form. 
These crystals are known as isomorphous m ixtures or 
mixed crystals .  Exceptional ly  a substance which crys­
tall izes in a different form from another may assume 
the form of the latter and crystall ize w ith it as a so­
called isodimorphous m ixture or sol i d  solution. Th(J 
salt which has changed its form must, of course, be 
u nder a certain tension in such a solution.  Such a 
state of affairs wil l  be found to be the case in a Port­
land cement cl inker and an example of such an isodi­
morphous mixture among sim)le wel l-known salts w i l l  
b e  instructive. T h e  orthorhombic sul phate of magnll­
s i a, MgSO" 7H,O, for instanee, can take up and hold 
in solution in the form of orthorhombic crystals as 

much as 1 8 . 7 8  per cent of  the monoelinie  ferrous sul ­
phate, Fe,SO" 7H,O, while the iron salt can take up 
4 6  per cent of  the magnes ia sulphate and hold it ill  
solution i n  the monocl inic fo rm. Between these l i m i t s  
w e  find both forms of s o l i d  solut ions or erystals pref>­
ent. The relation of the isotropic alum inates of  l ime 
to the "anisotropic si l icates w i l l  be found to be,  i n  Port­
land cement cl inker, similar to !hat which has been 
d escribed.  

The relation of  materials to each other which are 
not soluble or misc ible with ea!':h other in al l  jJ ropor­
l i ons may be also i l lustrated by mixtures of ethe l' and 
water. I n  such mixtures if  they are shalwlI a m I  tb c 
amount of ether present is not greater than what the  
water can d issolve a homogeneous sol u t ion is  f.ormed .  
A s  soon as the proportion of  ether reachei:l a ]Juint 

where it  will  not d issolve on shaking,  an emuls ion w i l l 

form and this wi l l  continue to be the case with the in­
crease in the proportion of ether until  the latter  
reaches an amount where i t  can d issolve the water vres­

en t. If it  were possible to cool ether-water mixt ures 
so rapidly as t.o solidify them at onee we shoul<l fin d ,  
f o r  certain concentrations,  where the ether w a s  on l y  
sl ightly in  excess of  w h a t  coul d dissolve, a s o l i d  solu­
tion of water and ether and an emu lsion of water and 
ether corresponding in structure to a eutectie, but here 
the eutectic would not eonsist  of separate parti<: l es 
of ether and of water, but of separate particles of ether 
saturated with water and water satu rated with ether. 
'l'h is  is  a structure which w i l l  be met with in PortlalHl 
cement clinker, Whether i t  is a eutectic o r  not is  UIl­
impo rtant. It is  the structure itsel f which is i l lustra­
t ive of what takes place when the components of thn 
m ixture are not soluble in each other in  all  provur­
tions.  In Portland cement cl inker of certa in coneen t ra­
t ions similar emulsions are found .  

I t  will b e  of interest h ere t o  consider a solu ti.on 
which bears some parallel to those which we are ab01 l t  
t o  consider in  Portland cement. S teel i s  a solution o f  
ca rbon in  pure iron. Carbon dissolves i n  the molten 
i ron to a very considerabl e  extent and remains in SOll1-
1 i on as long as the metal is molten. If cool ing aml 
freezing takes place, the structure of the solid metal  
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wi l l  bu fo und to depend upon the prOVOl'tiou of  caroon 
w h ich was d i�solved in the original iron and the telll­
pe rature at which it was cooled.  I f  caruon amounts 
t o  but a few hundred ths o f  one per cent the solid metal 
w i l l  be wrought iron ; i f  it  does not exceed that amount 
whieh will  remain in solution in iron after cool ing it  is  
steel ; i f  the carbon is  greater than this some of  it wil l  
sevarate as graphite and the sol i d  metal  wil l  ue cast 
iron. The structure o f  the metal in the solid state 
uuder these d ifferent conditions may ue determined 
with the microscope, but, of  course, not in thin sec­
tions as in the case o f  cl inker, but by the examination 
o r  polished surfaces which have been etched in some 
appropriate way. The study of  iron and steel  by these 
methods has b een carried out  most elaborately and 
books published on the  subjeet . The writer has  al ­
ready referred to one by Prof. H .  M . Howe,  o f  C o l u lll­
bia University, entitled " I ron, Steel and Other Alloys," 
i u  which the metallography o f  ste.el is  considered and 
ll i scussed at length. I t  will  only be necessary to state 
lwre in a general way that when molten iron contain­
ing carbon in solution, in amount insufficient to calise 
a sevaration of  graphite on cool ing, is  rapidly cooled 
from a very high temperature, the solid metal wil l  be 
found to have definite properties, depending on the 
percentage o f  carbon present, the lower percentages 
furnishing m i l d  steel , the higher tool steel with a 
structure which is so definite that it has been named 
amitenite. It will be also fonnd that when the steel 
i n  this condition is  reheated,  as in tempering, the 
austenite structure is  lost ,  the metal being transformed 
int o a material of quite a different structure w ith reo 
sulting changes in its physical properties.  

The possibil ity that Portland cement might ue, in a 
parallel  way to steel , a solution of some aluminate in 
a tr i-calcic si l icate was evident in the early stages of 
the writer's investigations and the problem at once 
bccame the solntion o f  the qnestions,  what is  alit  and 
what is celit ,  the two essential constituents of  a cl ink­
er.  I f  they are solid solutions,  what are the compo­
n ents of each, and is  their strncture changed l ike that 
of steel at a definite temperature ? 

'l'hc problem was approached in the following man­
neI' :  Cl inkers were made from pure chem ical s , si l ica, 
alumina, and l ime, in the proportions found in indus­
t rial d inker. In order to obtain these proportions i t  
was necessary to determine what the molecular ratios 
blltween sil ica, alumina and its chemical eqnivalent 
i ron oxide, and lime and its chemical equivalents the 
magnesia and alkalies were.  Fortunately there are in 
l'xistence two very exact analyses o f  industrial cl inl,er 
wh ich will  serve for this purpose. I f. in these analyses, 
the  weight per cent of  each constituent i s  divided by 
the  molecular weight of  this constituent, that is  t o  say,  
l lY its comuining number,  th e  quotient w i l l  give the 
relative number of  molecules o f  the d ifferent sub­
stances in the cl inker. It  is  also possible by adding 
the molecular proportions o f  alumina and iron together 
and of all the bases together to discover the relation 
of s i l ica, alumina and iron oxides,  these being lmown 
aH R,O" bases, but here acting as acids, and the l i m e  
and other bases, known as t h e  MO bases, to  each other 
and by dividing each of these ratios by such a figure 
as will mal,e  that for si l ica equal to 1.0 to express th is  
st i l l  more simply.  I t  is  also possiule from th ese rat ios  
i o  calculate by multiplying them b y  the atomic weight 
of sil ica, alumina and l i m e  th e proportions by weight 
allll the  percentages o f  each of  these materials which 
it is necessary to use in order to produce a pure c l ink­
er having the same basicity and molecular ratio as 
the  industrial cl inker, uut in which t he unessential 
el ements are absent. In this process, b owever, it is 
necessary to deduct th e amount o f  l i m e  which is  present 
in comb ination with sulphnric acid as this plays no 
part in the formatipn of  t h e  cl inker. 

Tho molecular ratios for the two cements whieh have 
been lllen lion cll a]Jvear in t h e  following t able,  toget her 
with the percentage comvosition of  the ]Jure c l inl<ers 
wll ie h  were malic in these proportions, ca1eulating the 
H20" bases as alum ina amI all  th e remaining uases as 
l i me. 

AN.\LYSES lJ]<' CE�lEN'fS. 
1 .  

Per cent. 
S i l ica . . . . . . . . . . . . . . . . . . .  2 1 . 6 6  
Alumina . . . . . . . . . . . . . . . .  7 . 0 1  
I r o n  ox ide  . . . . . . . . . . . . . .  2 . 5 7  
Lime . . . . . . . .. . . . . . . . . . . . .  6 3 . 9 5 

Lime-minus SO" c(jniv . .  . 
l\lagne::iia . . . . . . . . . . . . . . .  . 
Potash . . . . . . . . . . . . . . . . .  . 
Soda . . . . . . . . . . . . . . . . . . .  . 
Sulphuric acid . . . . , . . . . . . 

2 . G 9  
. li 1 

. 25 
1 . 3 6 

1 0 0 .00  
Alumina + i ron oxide = R,O , .  

Molecular ratio .  
. 8 5 8 G  . :l G SH  1 . 0 0 0  

. O G 8 (j  

. 0 1 6 7  . 0 8 G S  . 2 a 8  
1 . 1 400  
1 . 1 2 :, 0  

. 0 6 6 6  

. 0 05 5 

. 0 0 1 0  1 . 1 !! !! l  il . 3 c14  
. 0 1 7 0  

Lime-su l ]lhuric acid + magnes ia. potash and satTa 
= MO. 

MO for RP" after deducting 3MO for SiO, = . :i H  for 

.�38 Rp,. 2. 
Per cent.  Molecular ratio . 

S i l ica . . . . . . . . . . . . . . . . . . .  2 2 . 6 4  . 3748  .3748  1 . 0 0 0  

Alumina . . . . . . . . . . . . . . . .  6 . 1 8  . 0 6 0 4  
I ron o x i d e  . . . . . . . . . . . . . . . . 0 7 5 5  . 201  2 .42  . 01 5 1  

Lime . . . . . . . . . . . . . . . . . . .  . 64 .89  1 . 1 5 3 1  

Lime-m inus SO"  equiv . .  1 . 1 3 0 5  

Magnesia . . . . . . . . . . . . . . . . 1 . 1 3 . 0279  
Potash . . . . . . . . . . . . . . . . .  . . 6 3 . 0067  
Soda . . . . . . . . . . . . . . . . . . .  . . 3 0  . 0048  1 .1699  3 .121  
Sulphuric aci ll . . . . . . .  , . .  . 1 . 81 ,0226 

100 .00  

MO [o r H,O" after deduc ting 3;\110 for  S i(\  = . 1 2 1  fol' 
. 2 0 1  R,O,. 

C01\l1'O�lTIO N OF l' C I{I�  CLli'i KEIL 
Per cent. Per cent. 

1 .  2 .  
Sil ica . . . . . . . . . . . . . . . . . . . . . . . . .  2 2 . 2 23 .6  

8 .0  
68 . 4  

Alumina . . . . . . . . . . . . . . . . . . . . . . .  8 . 9  
L i m e  . . . . . . . . . . . . . . . . . . . . . . . . .  68 .9  

100 .0  100 .0  
I t  appears from the above ratios that in cement 1 

after deducting 3 molecules of l ime for combination 
with si l ica as tri-calc ic  si l icate but . 3 4 4  o f  a molecule is 
left for combination w ith . 2 3 8  of  alumina in the form 
o f  an aluminate. This corresponds very closely to the 
ratio demanded by 2A1,0,) 3CaO, and t o  t h e  molecular 
formula 4 2  ( S iO, 3CaO ) 5 ( 2A1,0" 3CaO ) ,  a molecular 
ratio o f  23.8 aluminate to 100 of  tri-calcic si l icate . This 
m ight ue  assumed to exist as a solution of  such an alum­
inate i n  such proportions in tri-calc ic  si l icate. 

I n  cement 2 after the same d eduction enough l ime 
is not left to form even a mono-calcic  salt with the 
alum ina. This necess itates the conelusion that some di­
calcic si l icate must be present and on this basis the 
formula for the pure c l inker may be written, 18 ( S iO, 
3CaO ) + 7 ( S iO, 2CaO ) + 5 ( A1,O ) 2CaO ) . 

Thin sections of clinkers of the composition which 
has been given were prepared .  It  was found on exami­
nation w1th polarized l ight that cl inker No. 1 eontained 
both alit  and ceTit ,  that is  to say, it was not a h omo­
geneous solution o f  the aluminate, 2R,0 , 3CaO, i n  tri­
calcic si l icate. I n  the pure c l inker No . 2 the same struc­
ture waD fonnd, but  a larger proportion of  celit  was 
present. This state of  affairs opened uv a new field of 
inquiry, as to what the structure would be of  cl inkers 
in  which tri-calcic  s i l icate and the various alum inates 
were present in a certain definite molecular ratio.  The 
ratio 6 to 1 was chosen, i t  being well  w ithin the l im it 
of what m i ght occur in an industrial Portland cement 
and the following cl inl{ers were made : 

1 2  ( SiO, 3CaO ) + 2 ( Al ,O ,  CaO ) 3 8  CaO 
1 2 ( SiO, 3CaO ) + 1 ( 2Al ,0 , 3CaO ) 3 9  CaO 
1 2 ( SiO, 3CaO ) + 2 ( A  1 ,0 ,  2CaO ) 40 CaO 
1 2  ( SiO, 3CaO ) + 2 ( Al,Oa 3 CaO ) 4 2  CaO 

Thin seetions of th ese cl inkers showed that the ono 
corres]londing to the substance present as mono-calcic 
alum inate contained a considerable amount of  cel it, 
that corresponding to the next h igher degree of  basic­
ity, 2A1,0, 3CaO, contained less,  that corresponding to 
Al,O" 2CaO still  less, while that in which tri-calcie a lum­
inate is supposed to be the form in which the alumi­
nate is  present contains no ('e l i t ,  but is a pure al it cor­
responding in every way with that seen in industrial 
Portland cement cl inker.  

The composition of alit  is ,  in this way, entirely satis­
factorily explained.  I t  is a sol i d  solution o f  tri-cal cic 
aluminate in tri-calcic s i l icate . And on reflection it is  
readily seen that the d i-calcic alnminate could not be­
come dissolved in tri-cal cic  s il icate without reaction go­
ing on and an interch ange of base between the tri-cal­
cic sil icate and d i-cal cic  aluminate to such an extent 
as to convert a portion o f  the d i-cal cic aluminate to the 
tri-calcic form and a corresponding portion of the tri­
calcic si l icate to the (I i-calcic form. The tri-calcic  alum­
inate then d issolves in the tri-calcic  s i l icate and the di­
caicic al ilminate in the d i-cal cic  si l icate, thus forming 
two separate and distinct solutions,  the one al it and 
th e other celit. wh ich while no doubt m iscibl e in the 
molten condition,  are not so i n  the sol id form. In the 
same way the interchange o f  bases in the c l inkers of 
less basic form where the amount of  l i me was only 
sufficient to account for the presence o f  mono-calcic or  
t ri-ca1cic  d i-aluminate, woul d result  in a s i m ilar state 
of  affairs,  hut with a much larger percentage of  celit as 
the basicity decreases. 

The formula for these cl inkers and the calculated 
amonnt o f  celit  which they should contain would be as 
follows : 

Series G Si licate 1 A lumin:ltc. 

J2 (Si02 3CaO) 2 (AI�O'l CaO) 
1:! (SiO, :iCaO) 1 (:lA I ,ll3  3CaO ) 
12 (� iO, SCaO) 2 ( A I ,l J "  2CaO) 
12 (Slll2 3CaO) 2 (A1,03 3CaO) 

Extreme difference in composition + 

A lit. 

(H20,) 
38 CaO 
;In CaO 
4 0  Call 
42 CaO 

Celit. 

A 1 20 ,  CaO 

6 . 7  H9 . H  
6 . H  �'O . 2  
6 , (  70 . 8  
6 . 2  71 . 7 

. 5  2 . 1  

% Celit. 

g (Si02 ,WaO) 
10  (Si l l, :lCaO) 
11  (RiO, :WaO) 
12 (i> i l l2  :!CaO) 

(A 1 20, 3Ca O )  .L 3 (SiO, 2C,, ()) (AI,O,  2(;aO )  2:! . !J 
( A I , O ,  aCaO) -:- 2 ( Sl l l, 2CaO) (Al,O, 2CaO) 17' . 2  
(A l ,0 3  SCaO ) + 1 ( S i O ,  2CaO) ( A I 2 0 ,  2CaO) 1 2 0 
(A : 20' 3CaO) O .  

These experiments, therefore, expla in  thorough l y  the 
constitution of  a pure Portland cement cl inker. The 
presence of  unessential e lements, such as iron. magne­
sia and the alkal ies,  will produce an effect which does 
not affect the facts ebsentially,  it m ay merely vrovide 
for the presence of  some other more complicated sol i d  
solutions,  alth ough t h i s  seems improbabl e  s i n c e  the 
unessentia l s  in an i ndustrial  clinker are apparently 
in solution in the celit ,  and although the presence of 
fel i t  may be,  perhaps. attributed to them. 

In th e same way as above tbe relative proportion of  
a l i t  anll cel i t  can he calculated for a series  in which 
the relation o f  Hil icate to alum inate is  as 3 to 1 ,  4 to 1 

and 5 to 1, and these wide ranges w i l l  cover all that 
will occur in industrial c l inker. 

Series 3 Silicate 1 Aluminate, or 6 S ilicate 2 Aluminate . 

6 (SiO, 3CaO) + 2 ( A l , O ,  CaO) 
6 (SiO, :leaO) .� 1 ( ? A 1 , O ,  30aO) 
6 (;;iO, :JeaO) + 2 ( A l ,0 3  2CaO) 
6 (SiO, 3eaO) + 2 (Al,O" 3CaO) 

Extnmw dIfference in composition = 

e:iOz A1203  
2 1  5 12 1 
20 . 8  l Ui  
20 . 1  11 . 4  
1 8  9 10 7 

2 . 0  1 . 4  

CaO 

fi� . 4  
(li . n  
fiR ;i 
70 . 4 

4 . 0  

O r  a, A l i t  ""t1  Celit .  
3 (t)iOz aeaO) (A 1 :l ( ) ;, ;k'aO)  - I  3 (� l02  :�Ca() 
4 (SiO, :lCalJ ) (i\ 1 ,0,  :lCHU)  ' j "  2 I S i u ,  2Ca()  
5 I H i 02 3Call) ( A 1 ,ll" :JCa l l )  -j . lH;ll, �CalJ ) 
Ii (ijlO, :JCaO) 2 ("\1 2 0 ,  aCaO) A l l  A l i t 

Extreme tiifl'crcllce in cOmpCl:)i l ioll 
between two sets = I) LO 1 atH l a to 1 4 . H  

% eclit.  

( ;\ L.!( ) :I !!CaO) 1 : .  a 
( .-\ J '.l0 ;J :� ( 'a( ) ;J� 1 
\ "\l �() "  21'aO) % 1 . 5  

;') !l £) , 3  

Series 4: S i l Ica te 1 AIllllJ illa tt;. % edit, 
B"';Clty of A1,O, CaO 

" (HiO, :JCaO) (A1 2 0, 3 ::-aO) 3 (SiO, 2C,(0) ( .\ 120,) 2CaO) 3 1  1 

na�icity of A 1 20 3  i2CaO 

(j (SiO, 3CaO) (Al,u,  gCnO) 2 (Si ll ,  2(;aO) (A120, 2 :::aO,  2.1 . /· 

Ba.icily of A I , !) ,  3Call 
7 (SiO, 3CaO) (A1,O,  :JeaO ) 1 (Sill, 2CaO) (A120, 2CaO) 1 1 . 1  

Series 5 Silicate ] Aluminate % Celit .  
Basicity of A120, CaO 

7 (8iO, 3CaO) (A1,O, 3CaO) 3 (SiO, %C"O) (Al,O, 2CaO) 2H . I  
Basicity of A1,O" 2CaO 

B (Sill, :JeaO ) (_U20, 8CaO) 2 ( Hi02 2CaO) ( A 1 2 0 ,  �CaO ) � 1 0 
Ba s ic ity of A l �,l) :j  30nO 

U 18i02 3CaO) (A1203 3CaO) 1 (SiO, 2CaO) ( A ] , O "  ��'aO) 1 1  2 

It is evident that the relative proportions of al i t. 
and celit  are dependent upon two varial�les, on t l lc  re­
lation of s i l icate to aluminate and to the ba:;ici ty of 
the cl inl,er taken as a whole.  It is  also apparent th a t  
t h e  ratio o f  3 to 1 is  an extreme l imit  in o n e  direction, 
but that that of  6 to  1 in the other i s  not an extrenw 
if industrial cond itions could be accommo dated to the 
production o f  such a cl inker. It is also of interest to 
note that in the series 6 to I the extreme difference 
in composition between the d ifferent c l inkers is so 
small ,  uut 1 .6  for s i l ica, . 5  for alumina, and 2 . 1  per 
cent for lime. I n  the series 3 to 1 the extremes are 
much larger and the d ifferences 2.6 for sil ica, 1.4 for 
alum ina and 4 . 0  per cent for l ime. This points to the 
fact that the regulation o f  the percentage o f  the var­
ious constituents in a cl in],er containing a l a rge 
amount o f  alum ina requires much more care than i ll 
one l ow in al u m ina. Between the two extreme series 
the greatest d ifferences i n  composition are 4.8 for s i l ica, 
5.9 for alumina and 5.3 per cent for l i me.  From this 
i t  may be calculated that the extremes of  compo:oit ioll 
of an industrial Portland cement within the IJo l l ll llci 
o f  the auove ratios, if  the c ement i s  perfectly iJurnell.  
would be : 

Sil ica . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 8 . 5 -2 :> . 2  

Alumina ( R,O,J . . . . . . . . . . . . . . . . .  6 .1-1 1. !J  
Lime, w ithout magnesi a  or  alkalies 63 .1-68 .1  

( To be continued. )  

COLOR PHOTOGRAPHY B Y  NEW METHOD. 
M. E .  ROTH (, descri bes a new method of obtaining 

photographs i n  natural colors in a paller latel y pre­
sented to the Academie des Seiences. When t.he photo­
graph o f  a spectrum obtainell by the well-known LipV­
mann m ethod is looked at by reflederl l i ght,  w e  seu 
that the two sides of  the plate do not show the same 
colors, especially i f  the plate has been overexposcll .  
On the glass s i d e  t h e  colors of the spectrum are faith· 
fu l ly  reproduced, but on the gelatine side the tints are 
often quite different and sometimes they are very near 
th e compl ementary colors of  the former. Mo reove r,  
the  gelatine surface o f  a col or photograph when under­
exposed shows, aceording to the length of  exposnre and 
the  th i ckness o f  the gelatine, a series o f  varied tint:;. 
By rubbing the su rfaee of the d ifferently colored gela­
t i ne  of  the plate with the fingers or a piece of  cotton, 
we are able to modify the surface, for after drying the 
plate the tints on the gelatine side are seen to I !a  v e  

entirely changed in character. I t  seemed probable that 
Hl e planes of the s i lver nearer the gelatine and t.he 
thin layer formed by the surface o f  the gelatine ant! 
the first plane of  th e  si lver corne in for the greater part 
i n  vroducing the colors which are observed by re flec­
tion from the surface o f  the gelatine. But it is  l ogical 
to admit that the air is  not all  driven out from be­
tween the gclatine and the reflecting mercury surface 
lIpon which the plate is  laid ,  There is lei�  '!. thin l aye r 
of air which is not sufficient: to give an apprecidhl8 d if­
ference on the traversing rays, but whose presence can 
give rise to a reflection on tbe surface of  sevaratioll 
o f  gelatine and air with a certain d ifference of  phase. 
Thus there would be not only the refieetion from the 
mercury snrface, but a reflection from the air  layer 
which can explain the varied colors which are obser v ed 
in an overexposed plate. This leads us to suppose t.hat 
by m eans of  a long exposure we can obtain photo­
graphs in color by the l ight wh ich is  reflected from 
the transparent gelatine and air surface alone.  Experi­
ment confirms this idea,  and lVI:. Rothe presented a num­
ber of  speeimens o f  color plates h e  obtained,  snch a ;;  

plants,  b i rds,  spectra,  flowers,  etc. These are formell 
by the Lippmann interference method in principle,  but 
w ith the important differenc:e that he suppresses the 
u se of  the mercury mirror and as a refle.cting surface 
uses only the surface of  separation of  gelatine and air .  
The ac1vantage of  the  Ilew method w i l l  b e  appreeiateti 
when it appears that the  photographic plate can now 
he pl aced in an ordinary apparatus , with the glass si tl (' 
t oward the object .  The plate has been previously pre­
pared according to the Lippmann method. As for an 
ordinary photograph, the exposure is  variable aceol'lj· 
ing to the l ight, ranging from 3 0  minutes in the sun 
and 2 hours in the laboratory.  The spectrum of an a r� :  

lamll can be taken i n  1 5  m inutes,  and moreover ,  1 h e  
exposure c a n  b e  redliced to a f e w  minutes by t reating 
the plate before using i t  with a solution of nitrate of 
l"i1ver in alcohol . Pyrogallic  acid seems to ])(' the )J(',t 
developer. It is a gooll plan to reinforce the plate 
w ith bichloride o f  mercury and amidol in order to 
bring out the darker t ints .  The colors thus obtained 
are not as bri l l iant as with the ordinary L i ppman'l 
process, but they are quite visible .  All  1 h e  col ors iron 
Qrange to violet are faithfully re!;, ror1nced,  but it is 
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more d ifficult to obtain the red i n  its true value, and 
sometimes

'
it  appears w ith an orange t int, I t  is  neces­

sary to sensitize the plate more especially for the red 
and to modify the nature of the film so as to increase 
th e intensity of the reflected beam, 

NEW APPARATU S  FOR CHARGING AND D I S ­
CHARGING G A S  RETORTS.* 

By EMILE Gl:AIUi\ l, 

THE fierce war that has for a long time been waging 
between gas and electricity has had two fortunate re­
sults,  viz. ,  a diminution in the price of gas and the 
introduction of  improved apparatus for its manufac­
ture. in this respect, the gas industry, one of 
those most affected by the advent of electricity, has 
made some great strides, which have been plainly 
necessitated by the .  primitive character that the manu· 
facture of coal gas has long possessed. As for elec­
tricity, that has always shown itself a l ittle too super­
c i l ious toward its competitor . So the efforts made and 
the results obtained w ith a view to lowering its net 
cost are insign ificant as compared with what has 
been effected with gas. And this is not al l ; electricity 
has begun to borrow from gas, its competitor, a power 
which is  often cheap and al ways easi ly util ized. The 
central stations i n  which the dynamos are driven by 
gas motors are already too numerous to be counted. 

If electricity, the victor of the day, has cared so 
l ittle for gas, it is  because, leav ing aside heating, for 
which i t  i s  almost everywhere unattainable, it  fur­
nishes the most economical means of transmitting mo­
tive power to great distances and of dividing i t  with­
out trouble into small units .  As for l ightin�:. the use 
of incandescent gas burners is  usually more econom­
ical thari that of  electricity .  I t  must be remarked, 
however, that Illectric l ight ing by incandescent lamps 
presents such conveniences of installation and main­
tenance ana-' such hygienic advantages, and l ighting 
by arc lamps len d s  itsel f so well to the institution of 
great luminous units, that a sort of equi l ibrium i s  
established between the general advantages of elec­
tricity and the economical advantages of gas .  It re­
mains, however, to be ascertai ned to what figures the 
price of gas w i l l  be able to descend. In fact, in our 
time, in  which we are, before all  else, p ractical, or ,  
more exactly, pseudo-practical, s ince the sacrifiCing of 
heal th to money is  not being practical, there i s  a 
tendency toward the abandonment of the hygienic  
and convenient arc  lamp for  the burner w ith incan­
descent mantle, which gives a l ight that costs, say, a 
tenth less than that produced by an electric  lamp of 
equal luminous power. 

Now w ith gas the method of charging the retorts 
may become the source of an important saving. So it 
is upon this that the efforts of engineers are . being 

:ELEC'l'RIU 'l' t; ltBI", E  RETOlt'l' CHAIW E R. 

to sl ide from the heap and p lace itself in layers that 
are very uniform provided that the angle of incl ina· 
tfon o f  the retort i s  equal to the angle of  subsidence 
of  the coal . Unfortunately, coal varies, and, with it, 
t he angle of the incl ination, while the angle of the 
retort remains invariable, without taking into consid­
eration the velocity of fall of  the coal and other causes 
that interfere w ith the regularity of the l ayers. 

All these reasons and many others gradually in-
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SEc'r I O :\"  OF '{ H E RETOl!''l', WITH COK]; D I SCHA RGER 

EN'I'E RING. 
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COK]; DISCHARGE R OF LA VIL LETTE GAS WORKS. 

duced the most ardent defenders of  the inclined re­
tort to turn their attention to charging and discharg­
ing machines, which, up to the present, have oper­
ated more or l ess after the fashion of the charging 
scoop. 

The problem has at length been solved in an entirely 
different manner by the electric turbine charging and 
d ischarging machine of the Parisian Gas Company, 
and by the De Brouwer charger invented by the super· 
intendent of the Bruges Gas Works. I t  i s  electricity 
to which the inventors have had recourse for the 
elaboration of  these machines, two of the results of 
which are now certain, viz. , a diminution in expenses 
and a betterment of the condition of  the laborers. 

electric motor. The charge i s  thrown by centrifugal 
force through a tube i nto the retort i n  a continuous 
stream. The portion of the tube that projects outside 
of the frame of the machine can be raised. This por­
tion closely approaches the head of the retort, b u t  
does n o t  enter it .  T h e  turbine c a n  be raised or low­
ered to the level of the different rows of retorts.  Tha 
upper part of  the apparatus consists of a coal hopper 
of a capacity of about four tons, which feeds the tur­
bine through a telescopic column that permits the 
turbine to rise and descend .  The passage of the coal 
into the turbine is  regulated by two horizontal endless 
screws. The elec tric motor, which is of 4 horse-power, 
follows the turbine i n  its ascending and descending 
motions. Upon one of the s ides of the machine there 
if>  establ ished another electric motor ( 1 2 horse· power ) ,  
which gives the machine its lateral motion and, by 
means of gearings, actuates the endless screw. The 
whole is  mounted upon a simple carriage. The cur­
rent is taken from aerial wires strung along the re­
tort room. The electricity is generated by an installa· 
t ion actuated by a gas motor. The machinist has 
only to manipulate the interrupters and rheostats in 
order to put the apparatus i n  position and start the 
turbine. 

At the beginn ing o f  the charging, the turbine makes 
400 revolutions,  and, at the end, 200 .  The starting is 
effected by a simple commutator, and the change of 
speed by the rheostat. This modllS operandi does not 
meet with general approhation, and does not exist in 
the De B rouwer mach ine. The space occupied from 
the front to the back of the machine is  seven feet. 
The weight,  everything included, is ten tons. 

The De Brouwer charger has the advantage of not 
requiring an expensive installation, of costing little 
for maintenance, and Df being capable of being opel" 
ated by inexperienced hands .  I t  is as appl icable to 
small as to large works. The machine consists prin­
cipally of  a short belt passing over three idle pul leys 
with a great velocity. A fourth and larger pul ley 
provided with a channel presses the back of the belt 
and forces it  to follow its periphery for a quarter of 
a circle. The pulleys are actuated by a 4-horse-power 
electric motor placed upon the machine. The channel 
of  the large pulley contributes, with the belt, toward 
forming a conduit.  Between the large pulley and the 
one to the right there is  a hopper for emptying the 
coal . This latter follows, with the belt, the periphery 
of the l arge pul ley, to an extent of 9 0  deg. Centrifu­
gal force during its passage into the channel of the 
pulley presses it  against the bel t and prevents it 
from scattering during the rest of  the journey. As 
soon as the belt leaves the contour of the l arge pulley, 
the perpend icular direction changes to horizontal .  The 
coal remains upon the belt up to the point at which 
the l atter, in  suddenly d isappearing from under it,  
rim s  over the small pulley. At th is  moment,  the coal 

TELES COPIC C O K]; DISCHARGElt D R A W ",  O UT T O  THE FULL ];XTE N 'J'. 

ELECTRI CALLY-OPEHA 'l'ED RE'l'OR'I' C HAIW];l{. 

NEW APPA RAT US l!'OR CHARGING AND DISCHARGING GAS RETORTS. 

concentrated. Originally, the charging was done by 
shovel-a long and troublesome process . The use of  
the charging scoop marked a progress, but it  was 
inadoquate. Then machines for charging and empty­
ing made their appearance, but they were too heavy, 
and not at all economical. Next came the turn of the 
incl ined retort, into which the coal is simply allowed 

� Specially prepared for the SqENTIFIC AMEHwAN SUI'PLt;1\!ENl'. 

The machine of the Parisian Gas Wor\(s is in oper­
ation at La Vil lette works. As for the De B rouwer 
machine, that th rows the charge into the retorts,  but 
does not convey it to them .  At L a  Vil lette, the re­
torts are 20 feet in length. The coke is qisc;harged at 
the other side, as we shall see further along. 

The central part i s  a turbine o f  two feet four inches 
diameter. r t contains four blades formed of two riv­
eted sheets of steel . The power is furnished by an 

leaves the belt and is thrown with a certain velocity 
into the retort. The De Brouwer charger is  therefore 
a sort of mechanical sl ing. 

The charging is  effected as follows : The compart­
ment of the reservoir corresponding to t he retort to 
he charged and containing about th ree hundred aUfI 
th irty pounds of coal is gpened hy means of a l ever. 
The coal descends into a funnel,  fal l s  upon the h e l t ,  
s l ides between t h e  latter and t h e  large pulley, and 

© 1904 SCIENTIFIC AMERICAN, INC.



DECEMBEI{ 1 0, 1 804. SCIENTIFIC AMERICAN SUPPLEMENT No. 1 5 1 0. 24197 

i s  then thrown i n  the form o f  a layer of  uniform 
thickness into the retort to be discharged. As the coal 
is projected into the retort horizontal ly, the l ayer is 
of perfect regularity. The first part of  the charge is 
thrown to the bottom of the retort, and, as the l ayer 
is formed from front to rear, it reaches the head of the 
retort at  the moment at which the entire charge has 
passed the charger. 

The charging of a 2 0·foot retort is done in a few 
seconds. The putting in position for a new operation 
requires seven seconds. Three retorts can be charged 
in one minute, and one person suffices for regulating 
the operation.  For the charging of a 1 0-foot retort, 
the large pulley makes 200 revolutions a minute. The 
coal escapes with a velocity of about 2 ,000 feet a 
minute. 

The vertical and lateral displ acement of the ma­
chine is obtained by very simple means. 

Although based upon an analogous principle, the 
two chargers differ from each other considerably .  I f  
t h e  new machinery continues to do a l l  that i t  prom­
ises, it will combine all the advantages of the in­
clined retorts without having their drawbacks. Such 
advantages may be summed up as follows : A very 
great saving in manual labor, a moderate net cost, 
adaptability to almost a l l  gas works, a minimum of 
wear,  an enormous capacity for work, and certainty in 
action .  The fault found with La Villette machine 
is that it necessitates a close proximity of  the jointed 
pipe and the head of the retort. The heavy draught 
of air caused by the running of the turbine keeps the 
head of the retort surrounded by a thick veil of flame. 
It is possible that if the pipe were not so close at the 
head o f  the retort this disadvantage would disappear,  
('specially if the upper part of  the pipe were abolished. 
The De Brouwer charger shows that coal can travel 
very well through centrifugal force without being con­
fined in a closed canal . 

Another advantage of the De Brouwer charger that 
has been nOted,  especial l y  at the Bruges Gas Works, 
is the diminution in the accumulation of graphite in 
the retorts, no removal of  this material becoming 
necessary for a period of six months. This quite 
unexpected result  seems to be due to the fact that a 
certain quantity of air is carried along with the coal 
at every operation and burns the graphitic residuum 
produced during the preceding or:eration.  

The turbine charger of  La Villette has its natural 
complement in the electric coke discharger employed 
at the same works. This is telescopic and in three 
parts. To its head is secured a thrust-pl ate having 
the form of the section of the retort. I n  front of  the 
apparatus there is a toothed wheel ,  o f  which the teeth 
a re wide enough to give place to the teeth of the bot­
tom of the dil;>charge. The internal section of the lat­
ter engages with the teeth of the central section of 
the wheel ; the second part of  it with the second and 
fourth divisions, and the external part with the teeth 
of the first and fourth divisions of the wheel . The 
operation of the apparatus, its elevation and its low 
ering, are effected by means of a 1 2-hO'I'se-power elec­
tric motor. The apparatus is provided with three 
levers, one for the lengthwise disp lacement, one for 
the elevation and lowering, and the third for the con­
trol .  After the apparatus has reached the end of its 
travel , it returns automatically to where it started. 

The raising and l owering of the apparatus to the 
level of  the rows of retorts are effected with great 
rapidity. The arrangement is compact and occupies 

it is not necessary when the retort is charged to leave 
any space for the expansion of the coal. This cir­
cumstance permits of reducing the surface with which 
the gas is in contact in the retort, and thereby of 
preventing the al teration of the illuminating power, 
the formation of naphthaline and the clogging of the 
upright pipes. 

A l l  these machines have given very remarkable re­
sults. This is especial ly  the case with the De Brouwer 

NEW METHOD OF MANUFACTURING 

OXYGENATED WATER. 

HITHERTO oxygenated water has been produced from 
acid giving a decided acid reaction to litmus paper, 
and especial ly  chlorhydric, phosphoric, oxalic or fluor­
h ydric acid or  mixtures of these acids. 

The operation is conducted in acid liquor ; the recov­
ery of the acid is produced by means of sulphuric 

T X 'I' E lt I O R  OJ!' ItE TOl tT ROOM AT 1,A VILLETTE. 

charger, which has been in operation for more than 
a year at  Bruges for furnaces of  more than thirteen 
feet in length, the introduction into which of a charge 
of 400 pounds of coal requires but 9 seconds. At  
Bruges it  has even been possible to charge four re­
torts in 54 seconds, the operation of l ateral shifting 
included . By hand ,  the same operatio!l would have 
consumed from eight to ten minutes. 

With La Villette machines,  the results are no 
less interesting. When the charger is in position ,  a 

2"O-foot retort in thirty seconds after the manipulation 
of the starting rheostat receives a complete charge of 
a thousand pounds of coal .  Immediately after the 
manipulation of the lever, the thrust-p late of  the dis­
charger begins its motion and, in ten seconds, reaches 
the other extremity of the retort, and then returns 
to its initial position without any noise, hitch, or 
shock, without any heating and without any injury 
to the sides of the retort. The coke makes its exit 
from the retort in l arge pieces, and is received in 
trains of small  cars of three compartments hauled 
over rails by a 4-horse-power electric motor. Each 
car receives 2 5 . 5  bushels. In measure as the trains 
leave the retort room, the col<e is extinguished and 
emptied into a hopper forming part of an elevator 
that loads it. into cars. 

acid; the c lose of the operation consists in converting 
the baryta sal ts into sol uble salts of potash, soda o r  
magnesia, freeing them from iron, al uminium a n d  oth­
er impurities by means of phosphoric acid, to the neu­
trality of the liquor and sometimes to its basicity. The 
clear liquor is acidified by means of chlorhydric, sul­
phuric or phosphoric acid, and the quantity should be 
sufficient to prevent the disengagement of  oxygen 
while maintaining in the soluble state the impurities, 
i ron and aluminium, which have not been completely 
eliminated,  and which contain sol uble salts, in greater 
or less quantity, the chloride, oxalate or fluoride of 
iron and aluminium.  The purification of these solu­
tions, in order to produce oxygenated water chemically 
pure, is long, costly,  and difficult .  When these indus­
trial waters are put into basic liquor in the presence 
of matters, to be decolored or oxidized, the impure 
matters are gradually precipitated and form centers 
where the oxygen is disengaged and completely lost. 

By the new method of manufacturing oxygenated 
water, the class of neutral oxides, acid or basic, which, 
while having a distinctly basic reaction to litmus pa­
per,  may nnder certain circumstances act the part of 
acids, are utilized. 

Such are the oxides of  aluminium, of chromium, of 
manganese, of lead , etc.  By operating all the time in 

DETAIL V I E W  O F  T H E  D E  H HO \: W E R  RETORT C H A R G E R .  H L E C 'l' IU C A l d , Y - O I' E H A'I 'E ll I t E 'I' ( ) It'l' C HA R G E  I t .  

NEW APPA RA'l' U S  FOR C H A RG I K G  AND D I S C HA RG I NG GAS R E T ORTS. 

but little space. ' I n  fact,  the apparatus occupies but 
seven feet from front to rear. Without the telescope, 
the discharger for 20-foot retorts wou l d  necessitate a 
space of at l east thirteen feet more for its operation.  

The machinist has nothing to clo but. manipulate the 
l evers, and is thoroughly protected against fl a m es and 
heat. As an a dvantage of this app aratus over other 
systems of discharging col<e may be mentioned the 
possibility of  fil ling the retort up to the top. In  fact, 

The results obtained by this system at Paris have 
been so satisfactory that the company has decided 
to extend the use of it. 

As for the De Brouwer apparatus, that. since its ad­
vent, has been put in service in a certain number of 
worl{s, especial l y at Brnges, Toulon. and Barcelona.  
II. is applicable likewis(� to the coaling of ships. It is 
therefore to be anticipated that the l1se of it will  soon 
become general. 

basic solution. it is easy to see that at each moment 
of  the operation,  and in p roportion as it advances, all  
the impurities are precipitated, so that when the vol­
ume of water is attained, we have a water,  distinctly 
basic, which is acidified after purification.  

Thus from aluminium the aluminate of baryta is 
produced in basic or netural sol ution,  regenerated or 
not by sulphll r ie  acid , until the quan tity of bioxide 
has been employed, which ought to yield the required 
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volume.  At th is  moment,  there is always a l Ja::lic l iquor 
in pretlcnce only of a luminate of  baryta ; it  may be  
converted into ::loluble  tlalt::;  of ::;oda ,  potatlh , or mag­
nctlia ,  but it  i::; thought vreferable to end w ith a water, 
chemica l l y  vure,  both for industry and fol' other uses, 
aIHI tilUS the aluminate o f  baryta is  e l iminated,  mak­
ing u::;e of  lime salts,  s u itably selected ; sulphate of 
l ime, carbonate o f  l ime, etc.  Thus, insoluble sulphate 
01'  carbonate of  bary ta,  and insoluble alum inate o f  
l i me ,  are obtained ; or the aluminate o f  baryta m a y  be 
e l i m ina ted by employing a quantity of  sulphuric acid ,  
sufficient for d issolving the aluminium and baryta. 

These different l iquors are brought to basicity by 
baryta and filtered ; they are brought from basicity 
to neutrality by means of  sulphuric acid ; they are fil­
tered anew, and the cl ear, filtered l i quor is acidified 
with phosphoric acid or  pure alcohol.  The phosphoric 
acid or the alcohol should be in  very small quantity, 
fo r the water thus produced does not contain any im­
v u ri t i es ,  and consequently is at its maximum o f  stabil­
ity.  I n  consequence of this absence of  impurities ,  thlt 
new watel' ,  in  basic medium or  not,  and in the pres­
ence of  matters to  be oxidized or decolored,  no longer 
d i sengages oxygen uselessly, but will d isengage i t  only 
i n  presence of the organic matter to be decolored or 
oxidized.  There being no useless d isengagement of  
oxygen in the absence of these impurities,  the power 
o f  decolo ration of  this new water wil l  be much greater 
t h a n  that of  waters made by methods in use.  

This water,  chemically pure,  is insensible to al l  the 
("hemical  reagents ; i t  does not contain iron, or alumi­
n i um, or  baryta, or sulphuric acid,  or l ime,  or oxal i c  
acid ,  or fluoride,  or soluble salts . 

Sti l l ,  if the operator judge it suitable for industrial 
use ,  i t  may contain a certain quantity of  aluminium, 
0 1' alum inate of  soda, or other soluble alum inate ; in  
thc  preceding case  of  water  chemical l y  pure t h e  water 
may be acid ified by a pure acid, such as phosphoric  
ae id ,  in  such sm&ll quantity as' not to  b e  sensitive to  
l it ll l ll H paller.  

The chem ical l y  pure water may be preserved b y  
P ll t(  i n g into i t ,  in place of  a c i d ,  p u r e  alcohol,  a few 
cullic centimeters per l iter.  As residues of  the process, 
w e  have aluminate o f  lime and sulphate of  baryta or 
a luminate of lime and carbonate of baryta, which lat· 
t er are formed in exac t l y  the atomic proportion for o b­
l a ining,  on heating to 1 , 2 0 0  deg.  C . ,  alum inate of baryta, 
w h ich may serve for removing the scale from boilers .­
Translated from La Revue des Produits Chimiques.  

A NEW THEORY OF THE O R I G I N  OF SPECI E S . *  
By A .  DASTH]<; . 

Nt;A I:LY half a century has elapsed since the appear­
ance of Darwin'S work "On the Origin o f  Species by 
Means of Natural Selection . "  It is  unnecessary to re­
call the commotion which that publ ication produced 
and the effects which fol lowed.  It was the signal for 
a profound revolution affecting the natural sciences , 
secondarily other sciences, and even the mental atti­
tude of individuals .  The idea of the evolution of l iv­
ing forms, of their descent, or rather of their transfor­
mation, al ready advanced by Lamarck and Geoffroy 
Saint-Hilaire,  was rescued from the obl ivion or the in­
difference in which it  had h itherto remained and was 
imposed,  in a manner, on almost the whole scientific 
world.  At present it is  accepted with but sl ight oppo-
8i  tion. It is ,  to be sure, only an hypothesis ; but,  as 
i t  is the only one that has any rational basis, i t  be­
("omes,  because of  that fact, almost a necessity. As 
M .  Yves Delage says : 

" I f  there were a scientific hypothesis other than de­
scent by which the origin of species could be explained,  
a number of naturalists would abandon, as insufficient­
ly demonstrated,  the opin ions which they now hold ."  

This  may be true,  but there  is  no other scientific 
h Y llothesis ,  and the natural ists o f  to-day, willing or  not,  
are t ransformists-that is to say, they are persuaded 
t h a l  living forms are not unrelated to each other,  in­
Yar iallle,  isolated,  brought into existence by special 
ad;; of  creation, and without any bond of union be· 
tween them, but that they are, on the contrary , related 
-tha t is  to say, derived one from the other.  

Darwinism did  not, however, consist  merely in an 
affirmation of  transformism, for this had al ready been 
advanced prior to Darwin.  T ransformism certainly 
arose from the application to the natural sciences of the 
idea of  "continuity" introduced into science by the 
mathematicians o f  the eighteenth century. We may 
thus explain the course taken by that idea as well as 
the variations which it  assumed. The mathematicians 
passed i t  on to Buffon, who was originally a geometri­
dan and who entered the Academy of  Sciences as such ; 
he in turn transmitted it to Lamarck, who was one of 
h is intimate friends, and from him it  passed to 
Geoffroy Sa int· Hilaire .  I t was, however, the i l l ustrious 
English naturalist  who first explained the mechan ism 
hy which , according to him, the  transformation of one 
species into another might be effected ,  thus producing 
a continuity of  l iving forms. This mechanism is  nat­
ural selection. 

Now it appears that, while Darwin succeeded in es­
tabl ishing the idea of continuity of  l iving forms by 
means of generation-that is  to say, ·transform ism­
h e  was much l ess successful as regards the means 
wh ich he proposed. To speak plainly,  he fai led .  There 
are but few naturalists at the present time who attri­
bute to natural selection any role whatever in the filia­
t ion o f  species.  As has been remarked by Herbert 
Spencer, it i s  not in this way that truly  specific char­
acters can be acqu ired .  Besides,  when once acquired,  
they could certainly not be fixed by heredity . I t  is 

* Translated from the Revue des  Deux Mondes. 

some ten years ::;ince anyone has held to the fixed hered­
ity of  characters acquired by a l iving being in the 
course of its existence,  or a t  least during ten years 
past that idea, formerly admitted without opposition, 
has been fiercely attacked and denied by natural ists 
of great standing, such as Weismann, Pfliiger, Naegel i ,  
Strasburger, Kiill iker, His ,  Ray-Lankester, BrookR, 
Meynert, Van Bemmelen, and others. 

A D utch natural ist ,  Hugo d e  Vries, who has a wide 
repu tation among the botanists of our time, has just  
given the finishing stroke to  the theory of natural se ­
l ection,  already much shaken, and has proposed in 
place of i t  another hypothesis which he call s  "the 
theory of mutation. "  The name in itself  is  not very 
significative and needs to be. explained.  We shall do 
that presently.  The doctrine is  founded on observa­
tion and expe riments which by the sagacity, long and 
patient effort, and careful crit ic ism of their author de· 
serve to be ranked with the admirable observations of 
Darwin.  On the other hand, it  has been most favor­
ably received by many naturalists .  For these two rea· 
sons the scientific public is obliged to take it into con­
sideration, and, at  least, to become acquainted with it. 

I .  
Every n e w  being resembl es t h e  ones from which i t  

ascended,  considering those  in  the widest sense .  We 
Bay-an d i t  is  only _ a form of speech-that it owes 
this resemblance to hered ity. Heredity,  then, is  simply 
the naliJle by which we express the fact that all. offspring 
resembles its parents. On the other hand, the res e m ·  
blance is n o t  absolute. For example,  two animals of  
the same l i tter or  two plants of the same sowing are  
never  identical .  We apply the term "variation," indi ­
,; idual variation, to such d ivergences o r  to the  tenden­
cy which produces them. It is ,  then, a fact that in 
new generations there appear new characters which it 
is impossible to attribute to a reversion to ancestral 
features-that is  to say, they are truly new and unde­
Bcribed h itherto. It is only as to the extent and im­
portance of such characters that discussion arises.  

We cannot deny that variation exists. Living fo rms 
have not the rigidity of stone ; they vary incessantly,  
and these variations have been used by breeders for 
the creation of races .  Modifications of th is kind are 
restricted, however, within certain l imits .  Their am­
p l itude is restrained by three conditions,  as fol l ow!' : 
General ly  they are n o t  permanent and they disappear 
at the same time as do th e circumstances under which 
they are produced ; they are not transmissible by gen­
eration to descendants ; and finally, the modified be­
ings have not lost the aptitude of crossing with those 
that have not  been modified. This is  what i s  meant 
by declaring that these individual variations cannot 
create a new species ; for these three d efects found in 
t h e  modified being are exactly those wh ich define a 

species.  
Up to the present t ime no one has ever seen an ani · 

mal or vegeta ble  species engender another or t rans­
form itself into another. I n  other terms, no one, ex­
cept perhaps Hugo de Vries,  has perceived a l iving 
form arising from another form, yet differing from i t  
by features having the v a l u e  of  those w h i c h  distinguish 
species,  and showing itself inapt for crossing with the 
parent, although capable of  maintaining and preserv­
ing itsel f by generation.  Such a profound transforma­
tion cannot be accompl ish e d  i n  a moment or by a sin­
gle effort. 

Darwin supposed that such a transformation could 
be  accomplished by degrees. According to his  view 
the cumulative repetition of  certain small  variations 
m ight effect a more considerab l e  transformation. In 
order t o  do this i t  would suffice that they should al­
ways b e  produced in  the same d irection during a long 
course of  generations. B reeders effect this by repro­
ducing and maintaining th e con d itions of the original 
t ransformation and breeding together the individuals 
which present such transformation. This is "artificial 
selection."  I t  is  a jud icious and methodical exercise 
01' the two properties of  h ered ity and o f  variation 
); ractised for the interest and advantage of man. 

The supposition of Darwin is  equivalent to admit­
ting that nature, personified,  acts like man, heedful of 
consequences and with a method, by "natural selec· 
tion" having in  view the interest and advantage of  
species .  Certain sl ight variations appearing under di ­
verse influences, for example , under a change in  the 
environment, wi l l  constitute an advantage for individ­
uals.  Such individuals are thus better adapted t o  these 
new circumstances and have a better chance of  sur­
vival ; these are the ones which will  pair and by hered­
ity preserve th e  advantageous variation, fix it ,  accumu· 
late it,  until  there is  formed a race, a variety, and 
finally a new species.  This automatic play of the best 
adaptation favoring c ertain individuals ,  permitting 
them to survive and to reproduce themselves, has here, 
in natural selection, th e  same providential role as the 
breeder plays in  artificial selection.  It  i s  the best 
adaptation which d esigns and chooses the useful varia­
t ion ; it is  that which favors the individuals that POf;­
sess it ; i t  is  that, in  fine, which d egrades the others in 
the concurrence, either direct or indirect,  which exists 
between animals and plants,  in  that sort o f  struggle for 
existence whose importance was perceived al ready by 
A .  de Candoll e  and Lyell ,  and which results in the 
d isappearance of the vanquished species and the effect­
ive triumph of the new one.  

I t  may be noted that natural selection is not a single 
hypothesis ; it is a linking together of three hypothe­
ses.  I f  w e  separate the l inks of this chain we can 
show that not one o f  them wil l  stand test. The first 
hypothesis is

· 
that of  the advantage in the struggle for 

existence which is given to an animal by the posses.­
sion of  a small ,  adaptive variation ; the second is  that 

of a llrel:iervation,  by tralHHui8::;ioll ,  of t h h ;  aeq uired 
character ; the third is the progress, alway::; ill  the 
same direction, of  these profitable  variations,  which,  
accumulating, finally create a specific character. NOlle 
of  these hypotheses w i l l  support a s·earch ing examina.· 
t ion.  

I n  the first place,  as to the benefit of a small ,  adaptive 
variation, i t  may be observed that it  would lie,  i ll 
itself,  too insignificant to give rise to selection.  Let 
us take for example the transformation, of  an ungulate 
q uadruped into a giraffe according to the Darwinian 
theory. I n  this system an increase of  some centimeterH 
in  the l ength of  the neck would be a favorabl e  adaptive 
variation ; i t  wou l d  allow the animal , in  case of  fam­
ine, to bro w s e  upon the verdure of  trees some inches 
higher than his companions could. But with Mivart, 
Naegel i ,  Delage, Osborn, Emery, Cuenot, and others, 
we may affirm that in  case of  actual famine th is a d­
vantage would amount to nothing and would not as­
sure the survival of its possessor. The individuals who 
would d i e  would b e  the  youngest or the o l dest ,  or ,  i n  
a general way, t h e  feebl e s t .  T h e  variation m Ul:it be 
considerable  in  amount in order to constitute a real 
advantage and in order that the process of  selection 
may be appl ied to  it.  

The second hypothesis is ,  then, to imagine that this 
variation, admitted, for the moment, as usefu l ,  may he 
preserved and transmitted by generation.  We have 
stated above what natural ists think at the present 
t ime concerning the transmission of acquired charac­
ters. The l east that one can say is  that it  is  very 
much controverted . 

The third hypothesis,  grafted upon the first two,  
i s  the repetition o f  the variation.  Even if  we disre­
gard the objections made to th e previous hypothese::; 
there are still  others which present themselves h e re. 
It is,  indeed,  necessary that the variation should con­
tinue to be produced in the same d irection during a 

great number of generations in order that it may 1m 
recogn izable,  since it  is  minute each time it  occurs ; 
many add itional elongations would be needed in order 
to  produce the neck o f  a giraffe from that of an ungu­
late .  Lamarck , by placing the cause of variation in 
external conditions,  makes this continual :>\ddition of 
effect plausible .  The permanence , or better, the relle· 
t i tion of the processes of  variation,  w ill perpetuate 
itself as long as these external conditions are I, ept  l i p .  

Fo r example ,  in attributing t h e  el ongation of  t h e  necl, 
of a gi raffe to the habit  of browsing upon the high 
l eaves of trees and the effort of the animal to reach 
those which are sti l l  higher,  Lamarck accounts for th e 
definite and sustained course of variation.  But it is  
exactl y  this resource that Darwin took away, since he 
d i d not accept  the ideas of  his  i l lust r ious predecel:isor 
as  t o  the causes of variation. Decidedly, selection ap­
pears t o  be a process more adapted for preserving a 
state of things than for creating a new one.  I t  is more 
conservative than revolutionary. 

Besides,  this is not  the only objection, not even the 
most serious one, which affects this third hypothesis 
o f  Darwin. The principal difficulty with it is that it  
attempts to account for the considerable  change which 
creates a new species by too slow an accumulation of 
inappreciab l e  changes. When the Darwin ists arn 
pressed closely they demand t ime-much time ; too 
much time. They require indefin ite series of genera­
tions in order that the smallest species may be formed.  
Their adversaries have reproached them with having 
made our globe too old ; this is also the opinion of  
Lord Kelvin.  

In real ity it  must be that there is  not so much 
delay in  the creation o f  a new species.  This is  exact l y  
what Hugo d e  Vries contends.  H e  denies the gradual 
transformation of  species by the addition of inappre ·  
ciabl e variations ; or,  at l east, he affirms t h a t  they 
may be produced by a process that is rapid ,  precipitate, 
sudden.  The new species whose development he has 
observed have arisen abruptly, as one may say, explo· 
sively. This is what the Dutch natural ist  calls "spas­
modic progress . "  

I I .  
The main idea o f  the doctrine o t  Hugo d e  Vries is 

the abrupt mutation of living forms. The eminent nat· 
uralist does not advance it  as an (I priori proposition ; 
he deduces it from his  experiments , and he is llot 
afraid of  sharply opposing i t  to  the un iversal view 
which accepts slowly-acting causes.  I n  the course of 
the nineteenth century,  geology was tossed from the 
cataclysms o f  Cuvier and his geological revolution::; to 
the slow causes o f  gradual evoluti on pointed out hy 
Sir  Charles Lyel l ; and at the present t ime it  i s  swing­
ing back with Suess toward sudden transfo rmationl:i.  
I t  is  interesting t9 note that a similar movement is  
occurring in  biology ; the attempt of  De Vries is  one 
of its mani festations. 

A great number o f  zoologists, botanists, and paleon· 
tologists are incl i ned to  adopt this notion of sud(len 
changes as consonant with the teach ings of  experience.  
Vve may cite i n  this connection the well-known argu­
ment of Agass iz .  Th is celebrated naturalist cal l e d  a t ·  

tention t o  the simultaneous appearance, in  t h e  first fo,;· 
s i l iferous strata, of  a mixed fauna comprising represen­
tations of  al l  the grand divisions of the animal king­
dom.  This is shown in the Upper Si lurian or  D evon­
ian horizon in wh ich the vertebrates make th eir ap­
pearance in the form of fish . I n  the most ancient 
fauna, and that which has become known most recent­
ly ( that of the Lower Si l urian o r  Cambrian ) .  all  the 
grand divisions a re sti l l  found,  except that of verte· 
brates , each represented by quite high types. It is  a 
q uestion to be decided whether, lower down,  i n  the s ed· 
i m entary rocks hitherto considered as azoic,  there is 
real ly a l iving population,  more widely scattered,  and 
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reduced t o  the most rudimentary anilllal;; and plants­
that is  to say, to protophyte:; and protozoans, as ap· 
pcars from the researches of MM. Barrois, Bertrand, 
and Cayeux. Yet it is  none the less certain that the 
very important remark o f  Agassiz is true, and that, in 
the Cambrian horizon, all  the principal types appear 
Iil imultaneously. We perceive here a sort of  explosion 
o f  universal l ife. 

In  consequence of  this the transformists are obliged 
to admit that in the s�ort space of time that corre­
sponds to the deposit of the most ancient fossil iferous 
rocks the first l iving beings must have undergone all 
the evolutions necessary for passing from the state of 
a simple mass of protoplasm to that of  types character­
istic of all th

'
e grand divisions, the vertebrates only ex­

cepted. We are authorized to conclude that the time 
during which the most ancient fossi l iferous rock:; were 
deposited was short, because we can judge of it from 
their thickness, which is  much inferior to that of the 
subsequent strata. Therefore, but a comparatively 
short space of time was required for the modifications 
by virtue of  which the first living forms produced the 
principal grand divisions. The Lower Si lurian epoch 
was one of rapi d  transformations, of active morphogen­
esis, of intensive mutations. I f  we wished to suppose 
that these were caused by the Darwinian mechanism 
of slow accumulation of minute variations, we would 
be obliged to throw back the origin of l ife into an epoch 
inconceivably beyond the most ancient geologic epoch 
now known. 

In the same way, as other paleontologists have ob­
served, among whom is Dr. Charles A.  White, the ex­
traordinary fiora of  the carboniferous epoch developed 
a bruptly. We know nothing or  but very l itUe of the 
fioras that preceded it. Its appearance and its extinc� 
tion were sudden. 

We might multiply these remarks relative to the 
abrupt explosions of creation in living things. Here 
is another. The dinosaurian · ·H:tards that abounded . 
throughout the �condary epoch, forming, indeed, the 
dominant animal type, show an extreme variety taken 
from any point of view. There were some gigantic 
ones,  like Brontosaurus, having a mass that was cer­
tainly equal to that of four or five elephants, others of 
small stature not larger than a domestic fowl . The 
group included carnivora and herbivora, aquatic spe­
cies and terrestrial species, quadrupeds, and bipeds 
quite similar to birds,  except as . to the faculty of 
fl ight. By the variety of  their types of organization 
they form, as aptly stated by Frederick A. Lucas, a 
sort of epitome of the class of reptiles. Now, their 
appearance and d ifferentiation were comparatively ab­
rupt and sudden ph enomena. I t  does not seem prob­
able that they were formed by the mechanism of nat-
1 1ral selection and that they were destroyed because of 
their inferiority to other species in the struggle for 
existence. 

We arrive at similar conclusions from an examina­
t ion of the first placental mammals.  They appeared 
abruptly at the beginning of the Tertiary period ; they 
assumed a variety of forms almost as numerous as 
those of the mammals of to· day, and they finally dis­
appeared. 

Besides the paleontologists, many naturalists have 
pointed out the existence, in animals of our own time, 
of abrupt variations that produce a new type that be­
comes fixed as soon as it appears, and that has the 
value of a species d istinct from that from which it 
was derived. Mivart and Huxley, Clos, Camerano, and 
Bateson have called attention to the existence of such 
discontinuous variations, which may afford an expla­
nation of the discontinuity of species. Yet the greater 
number of the examples adduced by these authors may 
be referred to the category of monstrosities or  terato­
geni c variations which have succeeded in becoming 
fixed. This is the case with species of Asterias having 
numerous arms, with crinoids having three or four 
divi:;ions, with a certain number of levogyrate gastro­
pods. However, abrupt transformations have been 
no ted by entomologists under perfectly normal cond i­
tions. Stand fuss, to whom we are indebted for some 
extremely interesting experiments on the heredity in 
butterflies, speaks of "explosive transformations," thus 
expressing the richness in new forms suddenly pro­
duced from a single parent stock. 

I I I .  
The origin o f  the new theory of Hugo d e  Vries must 

be sought for in this mass of observations, facts, and 
theoretical ideas relative to the abrupt variation of 
species in opposition to the Darwinian idea of ' slow 
variation. The Dutch natural ist has, in a manner,  
worked

' 
over all these ideas and codified them into a 

coherent system. This system already existed in em­
b ryo in the well-known l ittle work which h e  published 
in 1889 on intracellular pangenesis. His views were, 
at that time, purely theoretical, for he had then only 
just begun his experimental verifications. Since then, 
however, some of  his experiments have succeeded in 
an astonishing manner. To-day, therefore, it is the 
views that have been scrutinized and verified which 
the celebrated botanist presents to the' scientific public 
in his work on the Theory of Mutation, recently pub­
l i shed at Leipzig. 

His doctrine consists, as might be anticipated from 
what we have said, in the denial of gradual transforma­
t ion and the affirmation of  abrupt transformation. 
Species in generai do not enjoy that perfectly uniform 
and monotonous exist.ence which has been assigned to 
them by natural ists of the school of Lirimeus and 
Cuvier. Paleontology teaches us  that they have a 
commencement and an end and that,  during th eir 
term. they present periods of two kinds, periods of 
mutation and periods of equil ibrium, times of calm 

and times o f  revolution. The observation of existing 
species confirms this view. 

Ordinarily the principal "period o f  mutation" is 
found at the earliest stage of the species, at the time 
o f  its birth, but this is  not absolute. However, the 
phase, or  the entire group of phases, of plasticity, is  
more or less brief in comparison with the rest of its  
existence. It  is only at these epochs that the l iving 
being is susceptible of mutations of a specific charac­
ter ; i t  is unchangeable for the rest of the time, that 
is  to say, during the greater part of  its term. Because 
of this the period of plasticity or  of mutation usually 
escapes attention and we observe the greater number 
of species exactly at the moment when they have be· 
come really invariable-that is to say, susceptibl e  only 
of those small, secondary, modifications which may, 
at most, conduce to the formation of varieties and 
races. 

When, on the contrary, the species is  in the period 
of mutation it offers an abundance of specific varia­
tions, distinct in character from the small,  individual 
ones. They are, in fact, abrupt, clearly JIIarked, perma­
nent, fixed, and hereditary as soon as they appear, and 
the new forms are infertile when crossed on the parent 
stock. In  a word they accompl ish a transgression of 
the l imits of a species. 

Such is the new hypothesis of mutation. Before de­
tailing the experime

'
nts on which it is founded, and ' 

furnis�ing the justification of its accuracy, it would be 
well to establ ish its  s ignification, its scope, and its  
consequences. 

This theory is a sort of rehabil itation of the i d ea of 
species. It  does not, however, consider species as the 
fixed entity, the special and immutable category of the 
Creator's thought, conceived by the naturalist who fol­
lowed Linnreus. It  is  truly a transformist doctrine ;  
it admits the possible existence of an infinite number 
of species derived one from the other. Nevertheless 
it  must not be denied that it  confers on species an ob­
jective existence, a sort of reality that is  foreign to 
the conception of the transformist school .  "Species 
appear," says Hugo de Vries, " l ike invariable unities, 
such as are necessary in a systematic classification .  
Their existence is  real, l ike that of  individuals.  A 
species is born, has a short period of youth during 
which it is  subject to specific mutation, is maintained 
in an adult condition during a period which may be of 
great length, then finally disappears." 

The doctrine of Hugo de Vries is opposed to that of 
Darwin in almost every point.  The Darwinian theory 
has for its c(l)rner stone individual variation ; the new 
theory, speCific mutation . 

Individual variations are progressive, usually guided 
by adaptation to the environment in a direction d eter­
mined by the "survival of the fittest." They are con­
tinuous-that is  to say, they are produced at all  per­
iods.  Mutations are quite different. They are meta· 
morphoses, not determined by adaptation ; they are 
produced in various ways, w ithout

' 
any d irection ; they 

are sometimes injurious, sometimes profitab l e, some­
times indifferent to the individual-they appear only 
at certain periods of the l ife of  the species. Besides, 
both of these transformations occur from the action of 
causes which are determinate but whose nature is un­
known. The first affect, more or less profoundly, all 
parts of the organism ; the others affect in a special 
way the function of reproduction. I n  the Darwinian 
theory the first form is separated from that which 
d iffers from it specifically by a long succession of gen­
erations. According to Hugo d e  Vries the first form 
which engenders another, and, ordinarily, many oth­
ers, coexists side by side with this daughter species. 
I t  is only after its formation that the latter enters 
into competition with the species from which it sprang, 
and circumstances decide which shall survive and 
which shall disappear. Here the struggle for existence 
and selection suppresses species but it does not create 
them. In brief, the most characteristic feature of mu­
tation is that it is a manifestation of a physiological 
character,  connected by special conditions with the 
function of reproduction. 

I n  one point only the two doctrines agree, viz . ,  that 
very marked differences in organization are the effect 

of the disappearance of intermediate l inks. In the 
case of mutation the new form, although quite mark­
edly distinct from the parent one, does not necessarily 
show great divergence from it. Its d ifferences may 
sometimes be anatom ically very slight, although they 
are physiologically very marked ,  since they inhibit any 
crossing. Great morphological divergences always re­
sult,  as in the theory of Darwin, from a series of re­
peated mutations. These changes are, however, crowd­
ed together in a time relatively short, since newly 
formed species are, at the very moment of their for­
mation, in their phase of plasticity, in their crisis of 
mutation. 

IV. 
We have now to state the evidence in favor of this 

doctrine and the foundations on which it rests . We 
may count in its favor the advantage of its reconciling 
the transformist hypothesis, which is  necessarily logi­
cal ,  with the immutabil ity of species, which is,  accord­
ing to De Vries, a proved fact. It  succeeds in doing this, 
as has been seen, by supposing that there is in the l ife 
of the species a period of crisis, so to speak-a tem­
porary period of mutation which interrupts for a quite 
brief period the habitual invariabil ity. In this  it har­
monizes with Darwin to a certain extent. 

Hugo de Vries considers that the existence and in­
variabil ity of species are facts supported by daily ob­
servation. He refers to the memorable experiments of  
.10rdan and his follo,wers, who made thousands upon 
thousands of so wings of vegetable  species and never 

observed the pasl:lage of one into another-that is to 
say, a true vegetal mutation ; they only obtained dif­
ferences now classed under the head of inuividual vari­
ations. These, as is well known, are of such a nature 
that if  we avoid artificial isolation, segregation, and 
selection, the forms revert to the primitive type. I t  is 
vain for transformism to deny this remarkable fixity 
and to replace it by an hypotheSis of changes so slow, 
so m inute, and so gradual that they become evident 
only after the lapse of centuries, and inevitably escape 
our observation at the moment. 

Another fact that accords with the theory of muta· 
tion is the existence, in certain genera, of animals and 
plants of a great number of species that d iffer from 
each o

'
ther but l ittle anatomically. Botanists are 

aware that most Linnrean species are groups of living 
forms that are constant, hereditary, and usually infer­
tile when crossed ; that is to say, they are specifically 
d istinct. Yet they differ so little in their aspect that 
many natural ists mistake them or confound them with 
each other. It would appear as if, at a given moment, 
in  a crisis of mutation, the parent stock had become 
resolved into a multitude of secondary species which 
have persisted.  For instance, the group of rose:; con· 
tains more than a hundred wild speCies so similar to 
each other that the most experienced connoisseurs 
make m istakes in their determinations. The thorn 
bushes, the willows, and the Alpine ' gentians are other 
examples of the same peculiarity, as are also the pan· 
sies and the sunfiowers. In  the animal kingdom many 
genera of insects present the same phenomena. 

These, however, are merely agreements. H. de Vries 
has not contented himself with noting them ; he has 
sought direct proofs of  his hypothesis. The best one 
would be to find a plant that was actually in its period 
of mutation and that might beget, by means of seeds,  
a number of daughter plants in which there should 
abruptly appear the characters of a new species .  We 
may readily apprehend the principles which wou l d  
guide h i m  in his  researches. I t  would b e  necessary t o  
experiment with genera o f  w i l d  plants that have a 

large number of closely related species. Jordan has, 
indeed, establ ished the fact that the greater number of 
wild species now found in Enrope are specifically im­
m utable.  Yet it is possible that they may not al l  be 
so and that some may,  at the present time,  be under· 
going a crisis of  mutation. There would be mol'P 
ch ance of finding such among the species that present 
a great many subspecies, this being a sign of plasticity 
leading to the presumption of mutation. H .  de Vries .  
therefore, experimented with 100 plants that satisfied 
this condition-centauries,  asters, cynoglossi ,  carrots. 
etc. He chose seeds from those which were distin·  
guished by some pecul iarity or deviation,  l ike fis· 
suration of the leaves, ramification of the spine:;,  
etc. He arranged for the sequestration of the plant as 
soon as the peculiarity appeared,  and before fiowering. 
In order to avoid hybrid ization he enveloped the 
fioral beds with bags of transparent parchment and 
fertil ized the fiower with its own pollen. The greater 
number of his attempts failed. Only one ful ly 
succeeded,  that which related to the onagra of La­
marck, the Oenothera lamarckiana. 

This plant is  well known as the b iennial onagra, or 
ass's herb, brought from Virginia to E urope in 1613 .  
I t  is a tufted, herbaceous plant about a meter in height. 
w ith simple l eaves bearing some resemblance to u n  

ass 's ear, whence the name o f  the plant. I t  has hanl] 
some fiowers, usually yellow in color. Its red tap rO:J t 
( red rampion ) is edible . I ntrpduced into Hol land ,  i l  
became accl imated and i s  cultivated there ; i t  a l n  
grows there i n  a wild o r  uncultivated state, escape : ' 
from gardens and from cultivation. 

One species of this genus, the onagra of Lam1i. rc l ' 
( O enothera lamarckian a ) , was especially abunuuut 
around the l ittle city of Hilversum. Now, in 1875 i t  
was  noticed that in this  d istrict this species showed 
unusual vigor and a remarkable power of mult ip l ica , 
t ion and d ispersion. Varieties were multiplied in pro· 
fusion, and there was, therefore, reason to suppo:;e 
that the plant was in its plastic crisis, in its period of 
mutation.  H.  de  Vries cultivated it in his experimen­
tal beds at the botanical garden of Amsterdam, not for 
th e purpose of favoring the production of organic formH 
by means of  culture, but because by th is means such 
forms could be preserved, aided, protected, and given 
more chances of maintaining themselves. These sow­
ings were continued and the plants were observed dur­
ing a period of fourteen years, from 1886  to 1900 .  I n  
1 8 8 7  a n e w  type made i t s  appearance. In 1888 there 
were already two new species. hi  1900 ,  after eight 
generations, H .  de Vries had obtained, from 50 ,000  
plants produced from his  several sowings, 800 new in·  
dividuals belonging to seven undescribed species. There 
are, then, 800 individuals in 50 ,000  that are under­
going specific transformation. The activity of ' the 
mutation which this plant exhibits is, therefo

'
re, ex· 

pressed by 1% per cent. 
The new species do not at all resemble the varietie::; 

of  the parent stock. They appeared suddenly, without  
preliminary o r  intermediate forms. The care devotell 
to these experiments gives them a value which must 
attract the attention of naturalists. Their result fur· 
nishes a new and :I!owerful argument in favor of  the 
theory of mutation.  

Lake Shore railroad officials have placed an order 
for seven thousand steel ties to be used as" an experi­
ment, probably near the eastern terminus of the road 
at Buffalo .  Part of the order will be used on the New 
York Central , and i f  the results are satisfactory it  is 
expected that a more general use of  steel ties will be 
made by the Vanderbilt roads. 
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[Continued from SUPPLEMENT No. 1509, page 24186.] 

CURRENT WHEELS : THEIR U SE IN LIFTING 
WATER FOR IRRIGATION.* 

ANO'l'lI�;lt wheel in the same d itch is  built on the 
same general plan, except the buckets are fixed rigidly 

water tends to fly away from the center, nearly all  the 
water would spill from these buckets before reaching 
the flume. For this reason a rather high velocity is  
necessary to make this wheel  work well .  

The cost of the wheel  was given as $1 .85 ,  which is  
probably the cost of the shaft, tin, and nails .  I t  was 

very constant flow, so that there is always water 
enough to run the wheels. Since the water level 
changes so l ittle, no device for raising and lowering 
these wheels is used. 

A Big Wheel in Grand River Valley, Colorado. 
A wheel in operation on the Grand Valley Canal ,  in 

FIG. 9. -WH E E L  ON SOUTH PLAT'l'E RIVER, NEAR MOUTH OF B EA R  ��REE K ,  COLORADO. 

i ll the rim. It  is of less expensive construction, how­
ever'. ueing framed from two buggy wheels with their 
rims removeli, placed

' 3 feet apart on a shaft. The 
paddles, of lh-inch boards 6 inches wide, are nailed to 
the spokes. As before, rows of braces between the 
paddles form three stiff rims. The buckets are formed 

built by the gardener who uses it .  I t  contains almost 
exactly the same amount of  material as the wheel first 
described and, granted an indefinite supply of old 
buggy wheels, could be built for about half as much. 
But it cannot be made to raise the water quite so high, 
and,  on account of spil l ing the water, is much less effi-

Colorado, raises water 30 feet for the irrigation of 
forty acres of orchard. The wheel is 34 feet in d iame­
ter, the paddles being 8 feet long and 2 feet 8 inche:; 
wide. The spokes .are secured at the center by means 
oj' castings and are set at such an angle to the shaft 
that they come to a point on the rim of the wheel, 

FIG. 10. -WHEEL ON YA KIMA RIVER. WA RHINO'l'ON. 

by nailing sheets of tin to the inside and outside edges 
of the paddles so that the two rims form the ends and 
the paddles form the bottoms. The sheet of tin on 
the inside is cut narrower than the one on the outside.  
But for the fact that when the wheel is  in motion the 

---- --,--,-----* Bulletin 14ti of' the United S tutes Dept. of �'\g'l'icllltul'e. 

dent than the first type. I ts effiCiency could be in­
creased by slanting the blades. but not by increasing 
the load ; because a high velOCity is essential . 

Each of these five wheels irrigates five acres in mar­
l,et gardens. an annual tax of $ 5  being paid to the 
d itch eompany by eaeh gardener. The d itch has a 

l< ig. 2. To provide sufficient rigidity, a system o[ 
braces is  adopted, making a very substantial construc­
tion. Braces are also run from paddle to paddle and 
between the arms of the wheel,  so as to form a sys­
tem of six or eight circular rims.  

The bucl(ets eonsist of long boxes made of I-inch 

PLATE n.-WHEEL NEAR MORGAN CITY, UTAH. PLA'l'E JII.-WIHJEL ON YAKIMA RIVER, WAS HIN GTON. 
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stuff, set at such an angle on the �'i lll uf the whed 
that they will fill  nearly full  and rai�c  (he wal e I' w i th­
in  2 feet of the top of  the wheel .  

One interesting feature of this wheel is the method 
tried for adjusting it to the stage of water. The plan 
was to counterpoise the weight of the wheel, balancing 
it on two heavy supporting timbers. The adjustment 
was to be accomplished by means of a windlass, but, 
owing to the unexpected increase of weight which 
occurred when the wheel became water-soaked, the 
scheme was abandoned and the support was made 
r igid by additional braces. 

The training fiume for directing the flow of the canal 
against the paddles of the wheel is  of somewhat un­
usual construction, Fig. 3. A flume with three chan­
nels was built in the canal, the wheel being set in the 
center ; flashboards are inserted in the two side chan­
nels to  control the flow. The effort to prevent the in­
terference of floating matter with the action of the 
"'heel, by means of a brush guard, as shown, is not 
altogether successful ,  owing to the fact that it checks 
the current to a considerable extent.  

Tbe quantity of water raised by the wheel was meas­
u red when all of the water was running through the 
center flume, and was found to be 0 . 3 G  cubic foot per 
second , which is the maximum capacity of the wheel. 
Under ordinary conditions, with the side channel s 
open, it raised abou t  0 . 25  cubic foot per second . The 
wheel moved very unsteadily,  being so heavily loaded 
( hat its motion was entirely checked each time a pad­
dle entered the wa'ter, several seconds being required 
to back the water up to a sufficient extent to start the 
wheel.  It turned over once in two m inutes, having 
a rim velocity of about 25 per cent of the velocity of 
the water .  

The cost of the wheel, which was bui lt  in 1895 ,  was 
given as $400 .  It contains 1 ,750  feet of lumber and 
about 450 pounds of hardware, which together should 
cost not more than $90. The operating expenses are 
very low. The owner of the wheel is assessed by the 
d itch company at twice the

'
usual rate charged the 

other users, with the stipulation that the water in the 
canal must not be appreciably checked. The assess­
ment is usually about $2 per inch ( 38 .4  Colorado inches 
equal 1 cubic foot per second ) _  

Cheap Structures in Washington, Utah, and Colorado. 

Need of Adjustment to Stage of Water .-A 6-foot 
wheel located at North Yakima, Wash. ,  is shown in 
Fig. 5 .  It  is heavily framed of eight 2 x 4-inch arms 
radiating from a 6-foot shaft of 5 x 5-inch stuff. The 
paddles are 1 foot wide and 6 feet long, each carrying 
a 1-gallon tin can on either end. These cans are 
nailed to a beveled seat, which tips them enough so 
that they are full or nearly so when they leave the 
stream. But even allowing that the twelve cans dis­
charge thei r  full capacity, the efficiency of the wheel 
when observed was only 9 per cent. This low effi­
ciency is  due mainly to the faulty design of the pad­
dles. They are so wide in proportion to the size of 
the wheel ,  and they dip so deep in the water that the 
wheel wastes its energy in churning the water, both 
as the paddles enter and as they leave the water. The 
advantage of balancing a wheel of this size by 
placing buckets at both ends is  probably too small to 
pay for the extra fluming required. 

This wheel is  nearly twice as heavy as the one first 
described, and it requires three . times as much water 
to run it, yet it raises less water. It is very substan­
t ial and requires little attention. It cost $18 .  As it 
contains only 8 0  feet of lumber, it  could easily be re-

HhoWIl i ll F'ig. G .  The ' buckets are all on one si(le  and 
raise the water Ill.ueil higher than necessary to reach 
1 he flume. The wheel cost $13 and contains about 75 
feet of lumber, including the supports but not the 
flume. 

An Old Wagon Hub as a Basis.-An ingenious wheel 
instal led in a ditch near Morgan C ity, Utah, is  shown 
i n  Pl ate I I .  and in Fig. 7 .  It is  built by inserting 
spokes of 1-inch material 3 feet long in an old wagon 

the arm i s  very (,lIcdive .  'fhere are no data at hand 
for determining the effieieney. 

Effeetive Use of  Wagon Wheel and Axle .-An exam­
ple of extreme l ightness of construction in a 15-foot 
wheel is shown in Fig. 9 ,  i l lustrating a wheel on the 
South Platte River near the mouth of Bear Creel" Col .  
lt  is built  entirely of l -inch lumber and an old wagon 
wheel. The arms are of 1 by 8-inch boards,  and are 
braced by boards of the same dimensions about 2 feet 

PLATE TV. -WH E E L  I N  FAN C H E R  C RE.EK NURSERY, 

FRESNO, CAL. 

h Ub. The spokes are made rigid by two sets of braces. 
The paddles are 18  inches long and 8 inches wide, and 
the twelve buckets hold nearly one gallon each, being 
t ilted sl ightly by wedge-shaped blocks placed beneath 
them. 

The shaft is  supported on one side of the wheel 
only, being made fast to a tree at one end and resting 
on a post near the wheel . The wheel is but hal f the 
width of the ditch, a small gate closing the other 
half when the wheel is  in use. This arrangement 
doubles the velocity of the water when the gate is 
closed and affords a means of regulating the amount 
of water raised. The wheel irrigates one-fourth acre 
of garden, and could be made to serve a much larger 
tract. 

I rrigation for Twelve Acres of  Orchard.-A very 
s imple wheel is  shown in Fig. 20. I t  is 14 feet in 
diameter with paddles 9 feet long and 2 feet 8 inches 
wide.  It  raises water 10  feet . The shaft consists of 
a 1 4-foot length of l % -inch gas pipe with four 2 by 
8- inch pieces bolted around it  for stiffness and to give 
a bearing for the arms. This gives the shaft alone a 
weight of over 300  pounds, or more than twice the 
weight of a 2-inch solid steel shaft the same length. 
The construction calls for 3 2 8  feet of l umber, but i t  
could b e  built very much l ighter without reducing its 
capacity. Its cost is given as $35. The l umber could 
be purchased for $8.50 and the galvanized i ron for 
$3 .50 ,  making the cost of materials about $15, allowing 
for the gas pipe and bolts. The wheel raises 0 .11  cubic 

from the outer ends. Baling wire connecting the outer 
ends of the arms helps to stiffen the wheel. The pad­
d les are 4 feet long and 1 8  inches wide ; the arms are 
not nailed in the centers of the paddles but a little 
toward one end, the longer parts of the boards serving 
to balance the buckets. The entire wheel contains 
about 85  feet of lumber and weighs scarcely 3 5 0  
pounds. 

Its most interesting feature is  the m ethod of hang­
ing it and adjusting it to different heights of water. 
The wagon hub fits on its original bearing, half of the 
old axle being bolted to a 1 0-inch beam about 20  feet 
long. This beam is  suspended between two posts set 
near the wheel, by a chain wound on a drum. The 
other end is  free to move vertically b etween two 
smaller posts set as guides.  The weight of the 1 0-inch 
log balances the wheel ,  and it  can be raised or  low­
ered easily by one man. 

The velocity of the water was not measured, so it 
is not possible to get at the effiCiency of this wheel .  
I t  raises 0 .25  cubic foot per second 1 0  feet, which is 
five or six times the amount of work done by the 
small wheels of about the same weight. 

A Contrast in Cost of Two Washington Wheels .-A 
much larger wheel than any of the foregoing is shown 
in Plate I I I . , and in Fig. 10. I t  is  in operation on the 
Yakima River in Washington . .  It  is 26  feet in diame­
ter, and the s ixteen paddles are 11  feet long and 24 
inches wide. I t  raises water 2 2  feet. In a wheel of 
this size and weight great strain comes on the center 

� - C@:I - � 
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produced for less money, as its simple construction 
would require no special skil l .  Not being adjustable 
for high and low water, it runs to great advantage 
just when there is the best supply of water to oper­
at e it. 

Cheap and Efficient.-Another wheel of the same de­
sign is small and well built ,  and , considering that it 
runs in a current moving only 1 foot per second ,  is  
remarkably efficient. I t  has a simple  and effective 
(I evi ce for raising and l owering the bearings, which is 

foot of water per second, irrigating twelve acres of 
orchard and garden. 

Buckets Made of Oil Cans.-A somewhat larger 
wheel in a d itch in the lower Natchez Valley, Wash­
ington, is shown in Fig. 8 .  It is 11 feet in diameter, 
having paddles 9 feet long and 14  inches wide. It 
raises water 7 feet. Part of the buckets are made of 
galvani7,ed iron and part are made by cutting 6 inches 
from the bottom of 5-gallon oil  cans .  The wheel alone 
contains 328 feet of lumber. The method o f  bracing 

fastenings of the spokes. The h eavy shaft and large 
cast-iron "rosettes" used in th is wheel, with the 
wedges driven iI!' between the arms, make it  a model  
for rigidity and ·

·
strength. The buckets of galvanize(] 

iron are placed on the outside of the rims and parallel 
to them, being beveled in such a way that they fi l l  
about two-thirds ful l  and begin to sp i l l  when about 4 
feet from the top of the wheel .  Wooden buckets are 
also used,  made as shown in Pl ate I I I .  

T h e  device for raising the wh eel i s  Rhown i n  Fig. 10 .  
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Since the wheel weighs about 6,000 pounds it  is evi­
dent that the lever wil l  have to be rather long to make 
it possible for one man to adjust the wheeL 

The materials used in the wheel are about 1 ,250 feet 
of  lumber, 1 2 0  pounds of flat iron for the ties,  a shaft  
weighing 260  pounds,  4 iron rosettes weighing together 
200 pounds, 20  pounds o f  3-inch bolts, and say 100  
pounds of galvanized iron .  Allowing 10  cents a pound 
for the iron and 50  cents each ( 13 cents per pound ) for 
the cans, the cost for materials is $ 1 0 6  for the wheel 
a. lone.  The cost was given by the owner as $600, th is 
amount including the pier,  platform, and fluming. In 
putting in large wheels i t  will usually be found that 
the cost of the wheel itself is a smaller item than the 
cost of a single crib pier for mounting it. The two 
cribs for this wheel were placed on a sandy bottom and 
I 'est on piles .  

This large and expensive wheel irrigates but fifteen 
apres o f  fruit and alfalfa, making a total cost of  $ 4 0  
ail apre f o r  water. T h i s  heavy cost shows first that the 
arlvantage of a swift current may be largely offset by 
gn�at expense for  piers, and it shows also  the rapid 
in crease in the cost of  irrigation,  as the elevation of 
a pi r ,ce of land above the source of water increases. 
The cost of materials for this wheel . disregarding the 
monnting of it .  was about $ 7  for each acre irrigated, 
wh i le  the materials for the wheels described here­
tofore, which irrigated five acres each. cost a l ittle 
more tban $ 3 ,  or  say 70  cents r:er acre. I n  general, 
tw ice  the height of  lift means half as much water and 
usual l y  four times as great cost for materials.  Again,  
the annual repairs and cost of  maintenance in the case 
of the small wheel were too small to reckon,  while 
th is  large wheel requires $25  a year for maintenance 
an ll repairs, or nearly $1 .70  per acre. So great is the 
d i sadvantage of a high l ift that, unless the value 'vf 
water for irrigation is very high. the building of large 
11 i r ert-l i ft wheels is not to be recommended. 

Th ere are two large wheels in  the Columbia River 
nt El l enshurg, Wash. ,  wh ich discharge into one' flume, 
h o t h  heing the property . .  of  one man. Though of  the 
rru llest cottstruciion, they irrigate forty acres of land. 
Th e i r  rhief claim to interest is their great size,  one 
42  and the other 3 0  feet in d iameter, and extremely 
low cost .  one having cost the 'builder in  cash $10  and 
the other $7.50.  There is al most no iron work about 
t llem. th e  only money paid out being for nails and the 
l ighter l umber. The heavy parts are built of  drift 
l ogs and od d t imbers. This low cost,  as estimated by 
the builder, shows the difficulty in estimating the 
prohahle cost of reproducing any certain style of 
wh eel .  The necessary expenditure depends very large­
l y on the ingenuity of the builder.  The water is car­
r i c rl in two siphons unller pressure to avoi d  a high 
flume. The npper flume was built on account of the 
great difficult y  encountered in k eepin" the lower flume 
t i gh t  u n d e r  a pressure of 3 0  feet . The pressure 0 11 

th e upver ftume is about 1 2  feet. 

Design by a Mining Engineer. 

The wheel shown in Plate I V. and in Fig_ 11  is in 
nse m F'resno, Cal . .  for the irrigation o f  about twelve 
a!'res of Rh ade trees and oranges. I t  is  patterned after 
a Il es ign hy a mining engineer, and is in some respec t s  
a n  adm irable and efficient type of cnrrent wheel . I t  
j ,; H. feet in  d iameter. raising water 1 2  feet .  The stiff 
h �avy rimR found in most wheels are entirely absent. 
antl instead a series of braces is used which cross the 
arm s and support the paddles.  Each paddle is made 
oj' two 24-inch boards set at a wide angl e with earh 
o1!wr.  As is  shown in the drawing. the angle is such 
that the paddle leaves the water in  a vertical position , 
w i th no tendency to throw water. 

The form of  the buckets is also commendable. They 
nrn !'arefully designed to clear the bottom of  the flume 
and the edge of the discharge trough, and to take in 
no more water than can be carried to the top without 
Rp i l l ing. The entire construction requires 500  feet of 
lu mber. The shaft is very h eavy, 215  pounds. but not 
n early so heavy as the two castings which, according 
to the drawing, mllst weigh 800 pounds each,  making 
the entire wheel w ith the buckets weigh about 4 ,000  
pounds. 

The wheel is substantial,  but is  unnecessarily heavy 
and expensive. Admitting the necessity of a rigid 
center fastening. a disk of 14- inch boiler iron would 
serve nearly every purpose of the h eavy casting. This 
wheel roul d be reproduced the same size but made with 
I-inch and Ill -inch material ,  with an iron p ipe for a 

shaft for l ess than half the cost. Under favorable 
rond H i o n s  the Fresno wheel

" 
raises 0.5 cuhic foot per 

seco n d  to a height of 1 2  feet. A lighter wheel would 
do m ore work. 

( To be continued_ )  

The "Improvement o f  the Buffalo Water Works " is 
th e Aubject of a valuable report by Mr. George W. Fuller, 
whose conclusions on the subject are as follows : The 
water of the lower end of Lake Erie, above the effect 
01' the sewage of  Buffalo and its suburbs, is safe for 
Il omestic use and satisfactory in every way except for 
i ts orcasional turbidity. A n ew intake should be estab­
l i shed .  and all new work should be executed with a 
, i ew t o the eventual filtration of the supply. The enor­
m o u s  waste of water should be reduced at once. The 
necessity of  a new supply is well  shown by the fact that 
th e typhoid fever epidemic last winter was largely due 
to th e pollution of the water supply. The pollution was 
carried into the present intake by the undercurrents 
(l pvel oped by the winds sweeping down Lake Eri e ,  The 
change in  the l oeat i on of  the i ntake which Mr. Full pr 
fpcommen d s  wi l l  do  away with thp dangnr of this cli­
rect Vollution .-Enginccring Record. 

THE IONIC THEORY. 

To the Editor of the ScmNTIFlc AMEIUCAN : 
The first authentic account of the transmutation of 

metals is found in Suidas, a Byzantine author of the 
tenth century. I n  the fifth century, however, the 
Greeks who were living at that time in Egypt, were 
industrious seekers in the field of alchemy_ Nearly 
a l l  the genuine manuscripts found in many of the 
larger l ibraries of Europe come from Alexandria. The 

" theory that the baser metals  could be transmuted into 
gold or silver had many followers. There were many 
who bel ieved In .the theory, and many who even claimed 
that they had accomplished such a thing. I n  those 
times, ,when so little was known of  practical chemistry, 
compounds were undoubtedly made which resembled 
gol d  and si lver. As the knowledge of practical chem­
istry was l imited, these newly-formed compounds could 
not be  resolved into their component parts,  hence they 
were very naturally considered as single elements ; 
and as they resembled gol d ,  and no means of differen­
tiating them chemir,ally from gold were known, it was 
only natural that t�e d iscoverers bel ieved the secret 
had been found. 

Jaffar, an Arabian scientist who lived in the eighth 
century, did not bel ieve that the secret of the transmu­
tation of metals had been d iscovered, but he did be­
l ieve that sucli a thing was possible. As late as 1772  
�chri:ider, a professor at Marburg and Wenzel,  defended 
this theory.  The articles of faith in which the alchem­
ists bel ieved are odd, and are here presented : 

"1 .  There exists a preparation, solid in form and 
red in color,  called the philosopher's stone,  the grand 
elixir ' ( major rnagisterium ) .  the red tincture, which, 
when it is placed in  very small doses on melted l iquid 
si lver, mercury,  lead, or some other common metal, 
causes a transmutation of  the same into gold. 2 .  The 
same preparation, used in very small doses as a medi­
cine, cures all  d iseases, rejuvenates the old, and pro­
l ongs l i fe ;  wherefore it  is cal led the panacea of l ife, 
and since it  contains the essence of gold, aurum p o ta­

bi le. 3 .  There is another preparation of a white color,  
called the stone of  the second degree,  the l ittle elixir 
( lninor magisterium ) , the white tincture.  which is  
equal to the first  in  half  a degree of perfection,  and 
changes the common metals into silver." 

The above sketch is given simply as an introductory, 
as it bears the closest relation to the subject of  this 
article. The ionic theory is one which bears a direct 
relation to the transmutation of metals, and the dis­
covery of the wonderful element radium by Prof.  Curie 
and his wife has led to this new theory. The atomic 
theory,  which is simply a bursted bubble if the ionic 
theory be true, is well  known. The smallest particl e 
of matter wh ich can exist alone is cal led an atom, and 
these atoms of the same kind go to form metals or 
elements ; for instance, an atom of  lead can only form 
the metal lead, etc. The mol ecule is a combination of 
two or  more of  these atoms of  l ike o r  of dif�erent char­
acter

'
. This is the present status of the fundamental 

theory in chemistry. 
Now the bel ievers in the ionic theory hold that the 

atoms are composed of  still smaller particles of mat­
ter, and that these particles, cal led ions,  are all exactly 
a l ike. Hence the d ifference between an atom of Au 
and an atom of  Pb is due s imply to a d ifference of ar­
rangement of the ions. There has been proven in the 
fiel d o f  organic chemistry that certain compounds have 
the same chemical form ula) but are entirel y different 
from each other in  their physical , chemical . and physio­
l ogical properties. This  peculiarity has been called 
al l otropism. Since the atoms act this way. why not 
the ions ? Hence if the ionic theory is accepted. Au is  
simply an al lotropiC form of Pb, or of any other ele­
ment. as we now call them. Then all matter what­
soever is  composed of the same primary material .  

We have been able to change atoms of  l ik e  character 
or  of different mto different compounds. Thus 0, is 
very different from 0, ; HgCI is very different from 
HgCI, .  I f  such a thing is possible  while atoms form 
m olecules, why is not the same thing possible if  ions 
form atoms, as they bear the same relation to atoms 
as atoms do  to molecules. with the exception that ions 
are all alike,  while atoms are not ? 

I f  there be no such things as ions, how is it that ra­
dium changes into helium under certain conditions ? 
Can one metal change into another ? I t  is possible that 
the change is brought about by a different. latent ar­
rangement of the atoms .  I f  this be true. then the ionic 
theory must be exploded for the t ime.  ° forms O2 
and 0" two entirely d ifferent substances ; this is due 
simply to allotropism of the same atoms. O2 is ° = 0, 

o 
while 0, is / "  If ° acts this way, then it is pos-

0 - 0  
sible that radium acts this way also. Radium may not 
change into helium. but the change may be due simply 
to allotro'pism. But if  so. how account for the distinct 
color spectra that radium and helium give with the 
spectroscope ? It is well known that each element gives 
distinct characteristics with the spectroscop e. hence as 
radium gives one spectrum and helium another. and as 
radium gives the helium spectrum after its transforma­
tion, what can we conclude but that one element 
changes into another, and that the change is  due to 
ion s ?  

When the facts are known clearly. t h e  ancients . as 

we diml y cal l them, knew a great deal more than we 

give them cred it for ; not so m lwh i n  a practi eal way, 
bll t in a th poretical way. an d  to w h at does theory 1 earl 
but to practicality ? They thought that the baser 

metals could be changed into gold .  A few years ago 
this idea was forgotten, or if remembered, it  was ridi­
culed by alL Now there are many thinking men and 
scientists who believe the same theory, but the major­
ity are not brave enough to say so .  Or they remain  
quiet for the reason that  they have learned and helt! 
to the atomic theory. and they would have to learn 
theoretical chemistry all  over again, were the ionic 
theory proven true. We have gone backward to t h e  
theory o f  the ancients, but who knows but that i t  w i l l  
be  t h e  cause of our going forward ? 

The elixir of life, which we have seen in the articles 
of faith of the alchemists, is being sought for even. 
Jt is a wel l-known fact that noted observers have madp 
the statement that old age is due to bacteria ; if  this 
he so, then it is very possible that an antitoxin w ill he ' 
found, and this would be analogolls to the philosopher's 
stone sought for so earnestly but vainly. 

Noted men have hooted at  the ionic theory, but notpd 
ones have thought seriously of it .  No matter wh at men 
say, there are certainly good grounds for bel ieving t h e  
statement of  t h e  alchem ists concern ing the t ransmuta­
tion of metals, and t hough we may not ill" on thc r i gh t  
track now, w h o  knows w h a t  the fll t u l'e wil l  h ri n g  forth ? 
Things fully as wonderful have happened anel are hap-
pening. ALuEHT R. HAJ.UW, M.D. 

Nashville, Tenn.,  November 5 ,  1904.  

MAN-TRACKING. 

By STAN HOPE SI'H1!1 !1_ 

THE men who breed bloodhounds are always pllzzlpd 
by one probl em. Whenever any mysteriom; crimp 01'­
curs that baffies the most keen detect ive i ntel 1 i gencf' 
there is at once a demand from the publ ir  that b1 0011-
h ounds should be sent for and put on th e track o f  the 
m issing fugitive.  On all  other occasions the int erest 
in bloodhounds is practica l l y  confined to some fi fty 
persons ill England and Scotland, who have fornlf'd 
themselves into an Association of Bloodhound Breeders 
and a Bloodhound Club, and who are eve rywhere faepd 
by the most extraordinary apathy as to the prart ical 
everyday virtues and qualities of their pets ! How is 
this ? 

This hound with the dreadful name has played a 

prominent part in history from the very earl iest t i m eR. 
Years ago, for instance. h e  was P llt  llpon the trark o f  

Dick Turpin, and that hero  of  hal f-penny firt ion  only 

escaped by a plunge into Epping Forest anc1 a d i srrpl't 
retreat high among some trees.  Sir  Edwin Lanll sf'el' .  

too,  d id  his  best for this breed.  As everybody knows, 

one of these hounds forms t h e  ]Jrinci pal chal'ar ter  in 

his cel ebrated picture. "Dignity and I mpudence." 
More than that : who does not recollect the dOllghty 

deeds attributed to b loodhounds in slave-h unting ta1f's 
o f  the last generation-in "Uncle Tom's Cabin" and 
similar works ? 

It is said by experts, it is true, that the  hOl ln !l R  II sf"ll 
during those trouhlous times for sl ave, h u nt ing  i n  t il !'  
SOllthern States of America. al t h o ll gh rall p!l h 1 00!l­
hounds. were not bloodhollnds at  a l l .  h i lt  merely the 
foxhound of the country oftentimes rl'ossell hy t h f'  
Cuban mastiff. or ( as i t  w a s  occasional ly cal l p !] ) the 
Cuban bl oodhound ,  and was more l ike an in frrior 
Great Dane than anyth ing else.  

But what of that ? The glamor anel  the excit empnt 

of those records remain in our minds ; and to-cl ay it 
s eems extraordinary that the active-minded .  dog-l oving 
Englishman has not turned his early knowl ellge of thf' 
sport obtainable from these hOllnds to hetter effect . 

A c lever school master wrote to me only the oth pr 
week and begged me quite earnestly to advorate tllf' 
purchase and training of bloodhounds by YOllng peop1 r .  

Undoubtedly. as he pointed out, excel l ent sport an ll r x ­

ercise could be enjoyed by schoolboys by t h i s  means : 
and the advantages of bloodhounds in th i s  ronned i on 

are ( 1 )  that a couple would be sufficient. anel ( 2 )  
that humanitarian faddists would not be alarmed . as 
in the case of the beagles at Eton. 

Indeed, it  is wholly a mistake to suppose that blood­
hounds are averse to their work of  man-tracking, or 
are in any sense ferocious.  As a matter of  fact. ind recl , 
they have remarkable natural qualifications for thl' 
work of man-hunting ; for not only have they grpat 
speed, great scenting powers. and ( unlike the fox­
hound ) strong perseverance on an original l ine .  hut 
they have a natural enjoyment of the pursuit of man. 
Lord Cardigan suggests that this last leaning of theirs 
has been transmitted

' 
to them throllgh a l ong line of 

criminal-hunting ancestors ; and most peopl e who h avf' 
seen bloodhounds frequently at work find it hard to 
give a more reasonable explanation of the zest they 
throw into the chase. 

Luckily, this zest does not degenerate into l i epnsf' :  
and although popular manuals may tell U R  "that tlln 
only chance for man or beast hllntell by them i s  to take 
to the water-to start to jump three or f01l 1' fept off 

the water's edge,  and to leap far and fairly in ."  i t  
does not follow that they wil l  tear their  prey l i mh 

from l imb when he is  caught .  No.  The trarking 
once at an end. they take l itt le  interest in the object 
01' it .  save to sniff him to assure th emselves that they 
have got th e right man. 

Admittedly there is one drawback to the generaf 
use of bloodhounds as a means of sport. That is 
their present,day scarcity and consequent exppnRfl. 

Only quite moderate puppies can be procured at fiv!' 
guineas ; and these run a great r i sk of  dying from d i s­
temper. although .  with that exreption.  they are barely 
enough. Oeeasi onal ly ,  too.  adults m ay be piekpd np 
at spven guinpas earh : hut they arp as a ru l p  i n d i ffer­
ent Rpecimens. and there are not many to be had at 
that price. 
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Apart from this, the acquisition and training of 
bloodhounds present few diffieuJties to men who,  with 
a love for sport, can remember that k indness, firm­
n ess, and patience are the three most  necessary at­
lrilmtes for teaching bloodho unds.  Mr. Iil(lwin Brough, 
the famous breeder, hol ds that it  i s  q u ite practicable 
10 give hounds short preliminary l essons in man-
1 racking at three or  fonr months o l ll , but adds : 

"The more easy things are made for them at first 
the JJetter ; and they should not be a l lowed to tire 
I hemselves. For the first few times it is always better 
1 0  l et l hem hunt some one they know ; but when they 
oll ce '(2;et their  heads down' properly, i t  does not mat .. 
1 PI' how often the runner is changed. This man, how­
ever, sh oulll  caress and make much of the pups, and 
l et th (lm see him start, bllt shoul d get out of their 
R igh t  as qll i cl, ly as possible ,  and run, say two hundred 
yards np-wind on grass-land in a st raight l ine, and 
tllPn  h i d e  h i mself.  The one who hunts the pups, too, 
s11 01l 1 <1  Imo w  the exact line taken , and take the pups 
over it,  encouraging them to hunt until  they get to 
I h e  rnnner, who shonltl always reward them with a 
h i t  of meat." 

Mr. Brough and the men wh o h ave done the hest 
worl, in E'ngl and with hloo(l h ounds ( Mr. Croxton 
S m i lll of 'l'he Gentlewoman, for in stanee ) do not be­
I i (;v() 1 hat milch use ('an be made of bloodhounds by 
the pol ice a t  )Jresent i n  towns,  bllt contend that in  
I' l iral d is tl' ids they are most  valuable  but neglected 
ngf'Il I R . They say th at in  eases where a well -trained, 
n'l i n  hI e hOllnd ean he procure(l within a reasonable 
t i Jil l' ,  an<1 where he can be l a i d  on a l ine which has 
1 I 0 t  1 1('('n fo i l ed for a few yards, capture ought to be 
" l l l 'p i ty certain ."  Th us, in est ablishments l ike the 
p,, " al settl ement at Portland, at reformatories, and at 
asyl l1lns where the inmates make sllasmodic  bids for 
frp(�dorn , bloodhouncls  wou l d  bring more escapes to a 
<] 1 1  i ( ,l, awl effect ive termination than telephone or  tel­
e.'� l'aph . 

M r. gast, of Chisl ehurst, who kec;vs the only pack of 
hlood h o lln(ls in l<Jngland, and regularl y hunts them 
o n r; day a w-eek in HamllSh i rE', also urges that game­
]( 'f' p p rs partieularly ou;:;ht to train and to value blood­
h Ol l JH l s ;  and,  in support of th is, he tells a curious ad­
venture of his own . One (jay a friend came to him 
w h i l e  the pacl, were ont ,  and complained b i tterly of  
s o m e  recentl y discoven�(l (l ellredations of  poachers_ 
More in jest than earn(,st, Mr. E;ast took his pack on 
til e! scene of wholesale robheri es ,  an<1 ,  to  the general 
surpriRe,  the hounds ga ve voiee almost i mmediately, 
:nul ran the line at once to th e next estate, to t.h e 
fron l  (loor of the head gardener's cottage. 

It i s  also coni ended that most cOll l1try-house dinner 
:invf'I -ll11 rgl aries and hell-roost rolJberies ('oul d be traced 
w i l h  Jleeul iar fac i l ity by the ageney of bloodhounds. 
A t al l even t s ,  there is that well-known instanef) where 
M r. MlHl ie's bloollhoull cl s  wero reqll is i tiOlwd i n  the 

(,asf' of a poultry rohhc�ry, ancl promptly carri ('d  tll(� 
l i lW to an mlCampment of gi ]J��ies ,  wlJ ere two mOll were 
: trrested amI confessed to th e theft. 

Bl o ()ll hounds ,  however, h ave not always been well 
s( ' l' vcd  hy t h e  peop l e  who were tholl gh t.  t o  be their 
] ) ( '8 1  fritm(1s . That is why separate hloodhound organ­
hat ions ex is t-t h o  Associat ion amI the Club ; a n d  they 
d i ffer  vita l l y  as to the standanl of the ideal bl ood­
]; o n l1 cl ,  and wh ether the  h01lJ1d ought 10 he used as a 

I ' :lel,-houll d at al l .  The conse.qllence has lJeen that, 
i ll t h e i r  last  re]Jort,  the Association of  Dloodhound 
llrpe(lers urge d ,  with qnite uncommittee-like warmth, 
ilm/. "a bloodhound must l)f� ju (lged as a workmanl il,e 
I I O I 1l1 d ,  showing the points which indicate those prop­
NUl'S wh ich are the special attributes of the hreed." 

Thus,  "while fully recognizing that h loodhounds 
h u n ter] in packs anl capable of  afford ing  good sport, 
the committee consider that if sucll a practice hecame 
common it  would tend 1'0 do away with the special 
s l 'y l e  of man-hunting, wh ich is  one of the chief charac­
tt' r i s t  ks of the hloodhoun(1."  

Hence "the most  desirah l e  qualities in a hloodhound 
flr<,  almormal scenting powers, frE�edom from change, 
indiviclual perseverance, and rel iabil ity ; therefore, the 
more he is trained as a pack-hound the more certainly 
w i l l  those special qualities of his,  eharacteri"ties which 
have been jealously guarded for centuries, be lost." 

As far as the general puhlic are concerned, th is  pro­
tpst, if correet, will  find a very hearty echo. Although, 
m; T have al ready pointed out, their knowledge of 
l'lQod hounds is really of the vaguest and flimsiest, 
�� i:ortsmen would assuredly b e  most loath to see the 
canine man-hunh�r hecome merely a "tock accessory 
or t.h e <l e te(' l ive novelist and sensational journalist, or 
n,vert to a type of foxhound utterly incapahle of indi­
v i d l la l  i n it iative or effort. 

At the same time, they ought to ask themselves quite  
sm- io lls ly whether the t ime has not come for them, as 
]lH t I' i o t k  c iti:i\ens, to take a fair hand in this game of 
train ing man-hunters for puhlic use, in addition to the 
regu lar  breeders. They need not all  be like Mr. 
Brongh, who wrote to m e  the othpr day : "Tn my ex­
)if'r i(,nce of th i rty-three yean;, I find that the more yon 
get to know of bloodhounds the 1TIOre you find there is 
10 l eal'll , all(t the less inclined you feel to commit your­
�el f to cold black and wh il e ."  

l�ven Mr. Brough anathematizes the ignorance of th e 
)lol kc, who on one occasion ,  wIl en a shop in an im­
)lOl·t ant thoroughfare in  the East J<Jncl had heen robbed 
in t1w early morning, sent for bloodhounds the fol­
l ow i n g  afternoon,  although the shop had b een crowded 
wit.h customers for some h ours. 

A fter  all ,  with a l i t tl e  Imowl edge and patience,  a l ot 
of ex ('ell f'nt  sport c a n  he got ont of h l oo (lh 01l Il cl s . As 
Lonl Canl i gan has pointrll  0 1 1 t  on s('v " l'al i m portan t 
Occasions, they give pre-C'minentl y "a sIJort l1T1COnncet-

ed with bloodshed o r  any inconvenience to the quarry, 
which affords plimty of exercise, can be undertaken 
w ith no more expense than th'l purchase and mainte­
nance of one or two hounds, inflicts no damage on 
crops or fences, and yet supplies unlimited opportuni­
ties of watching fine hound work." More th an that, in 
a case of criSis,  even the perpetrators of serioll s  erimes 
m ight be run down hy an amateur who simpl y went in 
for man-hunting as a private hohby of his  own.-Cham­
hers's Journal. 

ELECTRICAL NOTES. 

The Naval Observatory will  again send out time sig .. 
nals on the night of Decemher 31 ,  and w ill send them 
around the world. Fou r different dispatehes will bf' 
sent, one at midnight and others at 1 ,  2, and 3 o'clock. 
Last year the signal s traversed about 300,000 miles of 
wire and were heard in Alaska, Panama, Valparaiso, 
Buenos Ayres, Honolulu ,  Guam, and Manila. This 
year it is  the intention to transmit the signals l iteral l y  
around the world, which will  be possible h y  the co­
operation of the telegraph and cable companies. Lient.­
Commander Iil. Iil. Hayden, United States navy, in 
charge of the time service o f  the government, has pro­
posed that advantage he taken of important meetings 
in Washington, such as that of the International Rail­
way Congress in 1905 , to offer to send out to the 
world, as far as the tel egraph and cable wil l  carry 
them, a special series of time signals ,  in celebration 
of  the meeting, and to invite to the observatory such 
m(mbers as care to be present to see them go out. 
It  ' is  also recommended that an effort he made to col­
lect and publish as complete data as possible regarding 
th e Idnd of time in  actual use in various countries in 
the worl d . 

It is well known that some types of carhon-filament 
glow lamp, when worked at constant voltage, slightly 
increase in candle power for the first 50 hours or so of 
their  l i fe .  Arter that time a stationary period is 
reached, and then a progressive drop in candle-power 
takes place. The initial rise in candle-power is due 
to a gradual consol idation in the filament with use, 
which reduces its resistance ; and the subsequent decay 
in candle-power is  chiefly due to the deposit of carbon 
upon the hulh. The surface of an ordinary 16 cand l e ·  
power incandescent lamp is approximately equal to 
that of a sphere three centimeters in radius, and may 
be taken roughly as 1 2 0  square centimeters. Accord­
ingly, an ordinary small-hulh incandescent lamp is  not 
very suitable as a standard lamp. The writer found,  
however, by inclosing the filament in a hulh of much 
greater diameter, say in a cylindrical hulb twelve cen­
t imeters in diameter and twenty centimeters in length, 
giving a total hulb surface of nearly 800 to 1 , 000  
square centimeters, th e  deposit of carbon upon the 

Imlb was greatly diminished ; first,  heeause the glass 
is  further removed from the filament, and, therefore, 
the chances of a carbon molecule getting on to tho 
glass are reduced ; and, secondly, because the carhon 
that is  deposited is  spread over a much larger area of 
glass,  so that its effect in interfering with the passago 
of l ight is greatly diminished. Again, i t  was found 
that by subject ing the earhon fil ament to a certain pro­
('ess of ageing in another hulh hefore transferrin" it 
to the large bulh, the rise in the resistance of the fila­
ment was, so to speak, anticipated. Acconl ingly,  lamps 
were made to the following specification : Well-select­
ed carhon filaments of  the s ingle-loop type of  10 can(l I e­
power or 16 candle-power were aged and adjnsted to an 
efficiency of 3 . 5  watts a candle.  'l'hese filaments were 
then transferred to large cyl indrical hulhs of very 
clear glass and finished in the usual manner. 

Such a large bulh-Iamp may he called a photometric 
lamp. A mark is  placed on the glass or  on the collar 
of the lamp in such a position that when the l amp is 
mounted in the photometer with this mark facing the 
photomet.er d isk, th e axis o f  the lamp heing vertical, 
the plane containing the horse-shoe filament i s  per­
pendicular to the l ine joining the lamp with the pho­
tometric disk. Each standard l amp is marked with 
the voltage at which it will  give a certain candle-power  
in the  ahove-mentioned d i rection and position. A lamp 
is then used as follows : Assum ing it to be marl,ed, 
say, 1 6  candle-power at 9 8  volts, the lamp is placed in 
the photometric gallery at a d istance from the photo­
meter disk of 4 feet-viz. ,  the square root of 1 6-and 
by means of a potentiometer and variahle reSistance, 
the electric pressure on the terminals of the lamp is 
adjusted to he 98 volts. In these circumstances the 
i l lumination o n  the ]1hotometer disk is one candle-foot. 
This is  balanced hy placing on the other side of the 
photometer disk another incandf'scent lamp worked at 

about the same watts per candle, the distance of this 
last lamp ( cal l ed the comparison lamp ) being adjusted 
l111t i l  a photometric halance i s  ohtained. The standard 
lamp is then removed from the phot.ometer, and its 
place is taken hy any lamp the candle-power of  wh id_ 
i t  is desired to ascertain at a certain voltage. The volt­
a ge having heen adjusted, this  last lamp is then moved 
to or from the photometer d isk until it  photometrically 
balances the comparison lamp. Let us imagine that it 
halances the comparison lamp at a d istance of 5·0 
inches. The candle-power of this last lamp is then 
equal to 1 7 . 3 6  candles,  heing to the standard lamp in 
the ratio of the square of  50 to the square of 48. Such 
an operation has heen called  hy the author a "photo­
metric douhle weighing," hecause it resemhles the pro­
cess hy which the exact weight of an ohject can be as­
certa i n e d  hy means of good weights with an Imperfect 
h l l ancf'. By fol l owing the ahove m f'thod no want of 
symm etry i n  the photolllf'tf'r vitiatf's the procf's!'! of 
m rasurement, neither are we conr.erned with the ()Xlv't 

value of the  comparison l a m p  so long as it  rema ins 
constant during the experiment. Al l  that we are con­
cerned with is the exact. value of the standard lam p 
11sed for sf'iting th e  com;;Jarison lamp, and with . th o  
Jalio  o f  t h e  d istance of t h e  standard l a m p  f r o m  t he' 
photometer d isl, to that of the measnred lamp. Henc:l' , 
if the d istanees are correctly measured, we havp Ow 
exact ratin betwf;en the eandle-power of th e  standard 
l amp and that of the lamp heing measured. 

ENGINEERING NOTES.  

A rumor obtains in  British naval circles, a n d  is  be­
l ieved to  be well  founded, that the Admiralty h ave d e­
ci ded to ahol ish the 4 . 7-inch and 6- inch gnrm in th e 
navy, and to suhstitute for them the f) - inch gl1 n .  Rx­
h austive experiments have recentl y been made wit h 
ih is weapon, and results of 1 he t rialR have, it is sn i l l ,  
g iven the greatest satisfaction to the authorit ies ,  t h e  
penetrative ]Jower o f  the 9-inch gun having proVP(1 far 
great er than that of the smaller weapons. Hencf' the 
decision to which, it  i s  said, the Admiralty have eorm\. 

The Knapp roller boat is to be remodeled int o a (Coal 
carrier for service hetween Lal,e Iil!' i e  ports an(l To­
ronto.  The craft was constructed in  the shapf' 0 1' a 

huge cigar, with the cabins for the use of passengrfs 
suspended inside the steel shel l .  I t  WRS L: '. en (l ecl t o  
h ave the hoat propel itself b y  rol l ing aYong the 811I '1'a,,(, 
of the water, a series of fins exten<1 ing i ll spirals  abou t:  
l he h U ll ,  converting t h e  whole shi ll i n t o  a hu ge, sc' ! 'p\\'.  
In nlmodel ing  the boat steel ends will  he 1 l l 1t  in .  ']'11(' 
top will he  cut open and deck houses an(] a ) J i lot  house 
built above the l ine o f  pl ating. 

The mileage of the German stan dard gage rai l roacl s  
w a s  26 ,637  miles a t  the end o f  1 892 ,  and 32 ,242  at t he 
end of 1902 ,  an increase of 21 per cent. O f  t h e  m i l pag(, 
in  1892 ,  24 ,145 miles, or 90 . 6  pel' cent, wertl stat Cl ra i l ­
roads, a n d  2 , 4 9 2  miles,  or 9 . 4  p e r  cent, w e n' ) Jrivate 
road s,  while in 1902,  29,394 mi les, or  91.2 pel' cen t ,  W P l'n 
state railroads, and 2,848 miles, or  8 . 8  per ef'nt.  ]l!' i va t  e 
roads. In 1892 ,  15 ,543  miles,  o r  7a . 4  pel' cent, w('n� 
main l ines, and 7,094 miles,  or 26.6 per cf'nt, WNe l oeal 
l ines. In  1902 ,  20 ,284  miles,  or 62 .4  per ('en I ,  W P 1'(\  

main l ines, and 11,958 miles,  or  37.1 per (,pnt,  l oml 
l ines. 

The Great Central Railway, whose main l ine  runs 
from London to Liverpool via Nottingham, has tal,en 
th e initiative in  subs tituting a large and Il nrrr l l l n s l yl <' 
of freight car for the relatively small an(l fra i l  Id n (l 
which is now in general nse on Brit ish ra i l ways. Onn 
of the new cars has just been finish ed for th e Ore-at. 
Central Railway Company, alld the o thers to he llll i l t  
will  he of  the same size a n d  character. It i s  41  fer I 
2 %  inches in length, 8 feet 3 in(�hes in width, amI R 
feet 8 inches in height-much the largest frp i gllt  ('f! r 
eyer used in Great Britain .  It is (,onst1'1H' ted Pil i i l ' f ' l v 
of steel, has a capacity of at. l east 40 tons ( i:J j' 2 , ;! 1 {1 
pounds ) ,  and is equipped w ith spec ial l y  c]es ign( '(] hu f­
fers, in  v iew of  its  great weigh t .  In  a(l (l it ioll t o  fi ll  

('ffective "either side" hand hralw, th e car is ('<[II i P lw<1 
with the automatic vacuum bral,e power, so t h at.  when 
necessary, it may he  hauled  at passenger-train spp('cl .  
The ear  has  a "tare" weight of only 14  tons 1 9 1 {> hun­

dredweight ( 3 :; , 544  pounds ) ,  whi le  i ts  carry ing capac ity 
of not l ess than 40 ton s i s  about fonr t imes great('1' 
t han that of the present standard car used on the ra i l ­
ways of Great Britain_ 

The use of petrol engines, which have heen acl o]l t p( ]  
to a large extent on small pleasure and rac ing (, I a r l , 
is now heing extended to boats of larger s i ze .  T n  
France several fishing hoats have bee], equippc(l w i t  h 
this type of engine, and have proved very satisfaet o ry .  
One of  these boats ,  having a length of  1 1 8  Iept , a 

hreadth of 26 feet 9 inches, a depth of 14 feet 4 ine1ws ,  
and a tonnage o f  209 ,  is fitted w i th an engine lU lv i n .e:  

fou r  cyl inders, which, when worki ng at 300  revolu­
tions,  devel ops 240 horse-power, an d gives the hoat a 
speed of 8 111 knots.  There is an addi t ional petrol pn­
gine of 4 0  horse-power for worldng capstans anct m a ­

nip u l ating t h e  net s, etc . ,  as well  as for driving the air 
compressors which supply the air for s tarting t he main 
propell ing engines. Heavy oi l  is nsed,  with a tuhe 

ignition , and most manual l abor is cl ispenspcl w i th , the 

engines letting down and heaving nets,  trawl ing, ra i f1-

ing and lowering masts and sails ,  deal ing with cargo, 
etc.  The consumption of  oil is on l y  1 8 1j,  ounces ]leI' 
h orse-power per hour, and this at Boul ogne worl\s ont 

t ,.,  s ix-tenths of a penny per horse-power hour .  Th is  
i s  the mean resl l l t  over a season's work ing. 

Appearances ar� of value, " . ,,:1 in engineering works. 
The story is tol d ,  and this journal hal" it oj first han 1 1 ,  
of  certain sewage precipitation worl,,;, s i tuated on til (' 

earth, that cnce upon a time they were visited, without 
previous announcement, hy a committee of a d " ]ll1l' l ­

ment o f  the c ity government at the instigation or '- er·  

taill disgruntl ed citizens. Now it happened upon 1 11 is  
fateful day, as i t  had never happened hefore, that on 
account of delays of shipments of lime from the ld l n s ,  
there was n o t  a ponnd of l i m e  l eft in  the storehousp 
that afternoon, and so  for a hal f clay the sewage passe(l 
thI10ugh the hasins without receiving the usual dose. 
Notwithstanding this untoward circumstance, b p(�all SP 
the plant had h een maldng good records day after d ay, 

and was so well  kept up and so spick-and-span i n  all 

i t s parts, the committee went away deeply imprf'sserl 
w ith th e efficiency of the pl ant and h igh l y  please(l w i th 
a l l  they had seen. It is onl y fai r  to add that the suc­

cess of the inspection was due in no small measure t o  
t h e  ski l l  an d en �agi n g  manners o f  t h e  a n n.lY8t at tilt> 
'YOrl,8 ,  who con<lllcted the party a1>ollt.-En giIlgerlng 

Record.  
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TRADE NOTE S A N D  RECIPES . 
• 

Antiseptic Enamel for Brewers' U tensils.-Sa1ll8 con-
sists of  a solution of  spirituous gum lac, rosin, and 
copal, with addition o f  salicyl ic  acid, etc_ Its purpose 
is mainly the prevention or removal of mold or fun­
gous formation. The salicylic acid cont;:tined in the 
mass acts as an antiseptic during the painting, and 
destroys all fungi present.-Deutsche Brauer Zeitung. 

Process for Preserving Pictures .-Oil paintings, 
aquarelles,  etc . , are coated with a thin layer of Canada 
balsam, and placed smoothly on a pane of glass l ike­
wise coated with Canada balsam, so that both layers 
of balsam come together. Then the pictures are 
pressed down from the back , to remove all air bub­
bles.-Maler Zeitung. 

Paris Salts.-The disinfectant known by this name 
is a mixture made from the fol lowing receipt : 

Zinc sulphate . . . . . . . . . . . . . . . . . .  49 per cent 
Ammonia alum . . . . . . . . . . . . . . . . 49 per cent 
Potash permanganate . . . . . . . . . . .  1 per cent 
Lime . . . . . . . . . . . . . . . . . . . . . . . . . .  1 per cent 

The ingredients are fused together, mixed with a 
l ittle calcium chloride, and perfumed with thymol .­
Seifensieder Zeitung. 

Bl:lrn�'" Designs on Light Wood.-A very old pro­
cess of decorati", � wood is to burn in the design with 
needles of d ifferent shapes, whereby quite artistic ef­
fects may be produced, and which only requires little 
practice and a steady hand. The clean smooth sur­
face of l ight wood is rubbed down well ,  and the design 
sketched on l ightly or pounced on, so that the plate 
d oes not get soiled. Now a steel needle, which has 
been provided at the end with a covering of horn or 
wood, is made red hot over an alcohol flame. With 
this needle the sketch is worked, so that the d esign 
becomes burnt in and fixed. If it should be burnt in 
too deeply in places, the spot is rubbed with fine glass 
paper.-Maler Zeitung. 

Watchmaker's Oi1 .-1 . Put some l ead shavings into 
neat's foot oil, anlt allow to stand for some time, the 
longer the better. The lead neutral izes the acid, and 
the result is  an oil that never corrodes or thickens. 2. 
Stir up for some time best o l ive oil with water kept at 
the bOiling point ; then after the two fluids have sepa­
rated, decant the oil and shake up with a l ittle freshly­
burned l ime. Let the mixture stand for some weeks 
in a bottle exposed to the sunl ight and air, but protect­
ed from wet and dirt. When filtered, the oil will be 
nearly colorless, perfectly l impid,  and will  never 
thicl,en or become rancid.-Deutsche Uhrmacher Zei' 
tung. 

Harness Jet .-The Farben Zeitung gives the follow­
ing formula : Best glue, 4 ounces ; good vinegar, PI:! 
pints ; best gum arabic, 2 ounces ; good black ink, ,% 
pint ; best isinglass, 2 drachms. Dissolve the gum in 
the ink, and melt the isinglass in another vessel in as 
much hot water as will  cover it .  Having first steeped 
the glue in the vinegar until soft, dissolve it complete­
ly by the aid of heat, stirring to prevent burning. The 
heat should not exceed 1 8 0  deg. F. Add the gum and 
ink, and allow the mixture to again rise to the same 
temperature. Lastly mix the solution in isinglass, 
and remove from fire. When used, a small portion 
must be heated until fluid, and then applied with a 
sponge and allowed to dry on. 

Iodine Soaps. -The following medicinal soaps do not 
discolor the skin, unless used very strong, and then the 
stains can be removed with ordinary soap : 

1. A soap-paste soluble in all solvents except fatty 
oils. 

Pounds. 
Iodine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 
Oleic acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 
Alcohol . . . . . . . . . . . . . . . . . . 1 • • • • • • • • • • • • • • •  1 0  
Strong ammonia . . . . . . . . . . . . . . . . . . . . . . . . 4 

2. A soap soluble in oil .  

Iodine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _ .  . . 30 
Oleic acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60 
Ammonia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  _ 10  
Paraffin oil  to consistency. 

3. Glycerine-iodine soap. 

Iodine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _ . . . 3 0  
Oleate of ammonia . . . . . . . . . . . . . . . . . . . . . .  3 0  
Alcohol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  130  
Glycerine, quantity sufficient. 

-Augsburg Seifensieder Zeitung. 

Production of Hectographs .-So? ]' '!;;O grammes of 
best glue for eight hours in 1 Wer of water, preferably 
sURpen ded from a strin g ;  then boll . When the glue is 
completely d issolved pour in 650  grammes of glycerine, 
and allow the mass to boil at least four hours. After 
the froth which forms during the boiling has been re­
moved, the mass is poured in a box of  z inc-plate about 
50  centimeter.s long and 35  centimeters wide, the edge 
being 3 centimeters high. Allow to cool off twelve 
hours, after which time the plate can be used. Copy­
ing ink for this : Put some aniline violet in a glass 
about 4 centimeters high and 2 centimeters in diameter, 
filled with hot water, to which a little sugar is added. 
Whitish hectograph mass : Take one part glue or gela­
tine boiled in water, and stir into this a sufficient quan­
tity of l ithopone or permanent white. Then add as 
much glycerine as glue or gelatine had been used. 
When the mass is cold,  it  must be as firm as pure gum 
elastic of  the softest variety. Repairing hectographs : 
Instead of remelting the hectograph composition, 
which is not always successful , it is recommended to 
pour al cohol over the surface of the cleaned mass and 
10 l i ght it .  After sol i <l i fying, the surface will  be again 
ready for ll se.-Papierzeitung. 

Ins tructive 

S ci entifi c P a pe rs 
On Timely Topics 

Price 10 Cents each. by mail 
A RTIFICIAL STONE. By L. P. Ford. A paper of im­

mense practical value to the architect and builder. SCI EN­
TIFIC AMERICAN SUPPLEMENT 1 5 00. 

THE S H RI N K A GE AND WARPING OF T I ll[ ­
BER .  B y  Harold Busbridge. An excellent presentation 
o f  modern views ; fully illustrated. SCIENTIFIC AMERICAN 
SlJPPLEMENT 1 5 00. 

CON STR U CTION OF AN I N DI C ATING OR RE­
CORDING TIN P LATE ANEROI D B A "  fI­
M E'I'ER. By N. Monroe Hopkins. Fully illustrated. 
SCIENTIFIC AMERICAN SUPPLEMENT 1 5 00. 

DIRE CT-VISION SPE()TROS() O P E S. By T. H. 
Blakesley, M.A. An admirably written, instructive and 
copiously illustrated article. SCIENTIFIC AMERICAN 
SUPPLEMENT 1 49 3 .  

HOM E M A D E  D Y N  ,, :nOS. SCIENTIFIC AMERICAN 
SUPPLEMENTS 1 6 1  and 600 co ntain excellent articles 
with full drawings. 

PLATING DYNAMOS. SCIENTIFIC AMERICAN SUPPLE­
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