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GOVERNMENT IRRIGATION WORK.'" 

By GUY E. MITCHELL. 

MINIDOKA PHO.TECT. 
Two m1lllon, six hundred thousand dollars has been 

appropriated out of the government reclamation fund 
for the irrigation of I daho deserts by the waters of 
the Snake River. 

letter the governor of the State transmitted a state­
ment, signed by a great number of prominent people, 
heartily indorsing and recommending the approval of 
the Minidoka project, as tend ing in the largest measure 
to promote the development of the upper Snake River 
valley. 

lVorks Proposed. 
It is proposed to construct a rock-filled dam across 

THE SNAKE RIVER WATERSHED. 

Spcretary Hitchcock has finally approved the plans 
of the government engineers, and has set aside this 
sum out of the reclamation · fund, for the work of con· 
structing an immense irrigation system. Water is to 
hI' tal,en from the Snal,e River at the head of the Mini­
dolm rapids, about six miles south of Minidoka, a sta­
tion on thf' Oregon Short Line Railroad, and spread 
o\pr thp great 'Snake plains. 

the Snake RIVer at the pOint of diversion. The mate­
rial fo r this dam will be excavated from the upper end 
of the main north side canal. It w ill consist of an 
emba,pkilH)Ilt of loose rock 575 feet in length, with 
masonry to wall. The rock emban kment will be 121/� 
feet wide at the top, and will be carried 6 feet a bove 

'" 
(en d will be In rock. It will be 67 feet wide, and carry 
water to a depth of 10 feet. At the lower end on this 
section will be located the power station, where 3,000 
second-feet of this water will be d ischarged through 
wheels under a head of 50 feet. The power developed 
will be transmitted about 12 m iles to the pumping sta­
tion on the south side of the canal, where it will be 
applied in lifting water to lands lying above the grav­
ity level. The present minimum supply for this pur­
pose is 2,000 second-feet, enough to develop about 
11,400 horse-power. This amount can be increased by 
storage to 3,000 second-feet, or enough for more than 
17,000 horse-power. 

In addition to these power possibilities, more than 
2,000 horse· power can be developed from the 1,000 sec­
ond-feet of irrigation water, which will fall 20 feet at 
this point. ThL] amount of power will be available for 
purposes other than Irrigation. The power station is  
designed to utilize this falling water hoth during the 
irrigation season and at other times. 

From the power house the !:anal will have a capacity 
of 1,000 second-feet, and will irrigate by gravity nearly 
GO,OOO acres of land. It will he locate(] on practically 
level ground, and, .after the first six miles, w ill be en­
tirely in earth, 

The south side canal w ill have a capacity of 800 
f.econd-feet for the first 12 miles, or to the pumping 
station. It will only irrigate about 8.000 acres by 
gravity. At the first pumping station 540 second-feet 
will be l ifted to a height of 24 feet, and 158 second-feet 
to a h eight of 25.5 feet. The last amount will be par­
ried on down the valley, and will inigate 12,400 acres 
of land. The first amount, 540 second-feet, will be car· 
ried easterly about 4,000 feet in a canal, where 522 
second-feet will ,be lifted to a height of 28 feet, and 220 
second-feet of this amount will be distrihutee! from this 
level. The remainder will again be lifted to a height 
of 29.5 feet. 

The estimated cost of power development is based 
upon the installation of power units consisting of one 
pair of 48-inch cylinder turbines direct connected to 
a 2,500-kilowatt engine type generator running at 
200 revolu tions per minute. It is estimated that three 
of these units will be capable of developing the power 
needed for the pumping plant. 

For the Utilization of the fall of 20 feet at the north 

At the point of diversion the formation in the bed of 
the river is solid lava rock, and the conditions are 
very favorable for the construction of .a da.m 50 feet 
high and the diversion of water on both sides of the 
river into canals for the irrigation ,of lands under 
them. Above the dam site for many miles the stream 
is in a canyon or a very narrow valley ,from. 40 to 150 
feet below the bench Ian dB, and. the dam when con· 
structed will bacl, the water liP for a :distance of about 
3fi c'miles. Surveys show that it is, possible to ,irrigate 
hy

'lgravity about G8,OOO acr'es of good land ; in addition 
to this it is pORRihle to divert about 3.000 cuhic feet of 
water per second, which is appropriated hy vestell in· 
terests below. and by tUfllmg this back into the river 
generate over 10,000 \iorse-vower, which can be used 
to 11Ilmp an ample sUPlrly of water to about 53,000 
apres of land lying ahovp the gravity canalR, making 
a tota( area irrigahle from this projept of about] 20,000 
acres. 'fHE SNAKE RIVER DKSERT. 

The engineers estimate that the cost of irrigation 
will he ahout $25 per acre. S i m ilar lands when re- extreme flood level. There will be a spillway on the 
claimed are selling at from .$40 to $l QO per acre.,_ The south side of the river about 2,000 feet long. ThiS 

. I'rojeet has a lready been considered in its hroad fea- spillway Will be over a flat ridge of rock, which will be 
tures by the leading dtizens of Idaho, all(i in a . recent ., Ievele(] up in place hy a low mas!)nry wall. 

• 8peciully !,repared for tI'" S"U:NT(FIC AMitlllcA'N 1OU!'I'LElIU'NT. . .
'
. The north side canal for about 4,500 feet at its upper 

'rHE l'HOUSAI-i)) SPRINGS IN SNAKE RIVJo;R CANYON, NEAR l'HI<: PROPOSE)) ))AM SITE. 

HOVERNMENT IRRIGATION WORK. 

Side irrigation canal, it is proposed to install three 
units, each consisting of a pair of 30-inch twin turbines 
coupled on a horizontal shaft connected to a large 
generator . 

The estimated cost of the pumping plant is based on 
the installation of fifteen pumps having an average 
capacity of about 110 second-feet. Each of these pumps 
will be directly connected on a vertical shaft with a 
fi()O-hors e-power motor, the pump heing submerged and 
(lischarging directly into the .canal ahove. 

It is proposed to provid e automatic regulating gates 
in the mam canal Just above the pumping station. 
Plans have been prepared for the dam and spillway, 
the temporary diverting channel with accompanying 
·gates, and head gates to the power or fore bay canal. In 
addition to tile above, plans have been prepared of 
combined heacfga,tes and bridge for the north side irri­
gat ion , canal, head gates for bran ch canal, automatic 
rE'gulating gates for south side canal, two types of high­
way bridges, and preliminary plan of power and pump-
ing station. .",-

It is recommended by the engineers that the home­
Rtead entry limIer this project be li mited to· 80 acres, 
except with in two m iles of the town site, where the 
amollnt is limi ted to 40 acres, and it is believed that 
all these lands will be entered as soon as it is  known 
that the works will be constructed. At the ,present 
time all but abollt 3,000 apres are va!:ant puhlic lands. 
On the basis of an SO-acre homestead entry, this tract 
will  provide nomes for more than 1,400 families, or 
about 7,000 people. 

The land under this project has long since heen with­
drawn from all speculative entry, and can only 'he 
taken through the original homestead law, requ iring 
full residence and improvement. A promising feature 
of this ppoject is that practically all thefand .is' now 
government land; and when the government has pro· 
v ided the water, the homemaker himself will be a ble 
to deal directly with the gOVerllment, rather than 
through the hands of middlemen_ 

By storage and the transfer of some of the surplus 
waters of May, June, -and July to August and Septem­
ber, it  will be seen from the accompanying diagram 
that (luring the entire summer irrigating season there 
would be an available supply of over 15,000 s econd-feet 
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-a flow of more than a million barrels every hour. 

It is calculated by the engineers of the Reclamation 
Service that the waters of the Snake, fully utilized and 
the floods stored, will  irrigate over 1,200,000 acres. 
This is  allowing a liberal supply for the culture of such 
thirsty crop� as alfalfa. With a later, more intensive 
farming and the growing of fruits and smaller crops, 
the water supply will  go much further. 

STRENGTH OF STEEL CASTINGS AT ORDINARY 
AND HIGH TEMPERATURES. 

THE experiments by C.  Bach, described in a paper 
recently published in the Zeitschrift des Vel'. Deut. 
Ing., Nos. 49 and 50, are intended to ascertain the 
dependency of the mechanical strength of steel castings 
on temperature. They relate to castings from three 
different works, which are distinguished by the letters 
0, K, and M respectively. It is Ehown in the first place 
that the average tensile strengths will  augment up to 
about 300 deg. C. The author does not note any ap· 
preciable influence of the duration of the load. For 
higher temperatures, on the other hand, the mean 
tensile strengths are found to decrease as fol lows for 
loads lasting about half an hour : 

For casting 0, from 4,788 (300 deg. C. ) down to 2,691 
kilogrammes per square centimeter (500 deg. C . ) ,  or 
from 68,099.72 pounds per Equare inch (572 deg. F. ) 
down to 38, 274.09 pounds per square inch (93 2 deg. F.) 

For casting K, from 4,242 (300 deg. C.)  d own to 2,043 
kilogrammes per square centimeter (500 deg. C.) , or 
60,333 .96  pounds per square inch (572 deg. F. ) to 29,-
057.58 pounds per square inch (93 2  deg. F. ) 

For casting M, from 4,319 (300 deg. C.) down to 2,274 
kilogrammes per square centimeter (500 deg. C.) , or 
from 61,429 .13 pounds per square inch (572 deg. F. ) 
down to 32,343.10 pounds per square inch (932 deg. F. ) 

For more prolonged loads (about 8 to 12 hours ) 
there is a decrease in' the tensile strength, which, at 
500 deg. C. , is as follows : 

For casting K, from 2,043 down to 1,561 kilogrammes 
per square centimeter (22,201 pounds per square inch ) .  

For casting M, 2,274 down to 1,91l kilogrammes per 
square centimeter (27,180 pounds per square inch ) .  

As regards, on the other hand, the individual values 
for the tensile strength, there are, in. the case of casting 
0, the lowest departures at ordinary temperatures and 
the highest departures ' at 300 deg. C. , whereas, in the 
case of K and M, 100 deg. and 20 deg. respectively 
(212 deg. and 68 deg. F. ) will correspond with the 
minimum departures and 200 deg. (392 deg. F.) and 
100 deg. with the highest departures. 

The average fracture tensions are found to decrease, 
in the case of-

Casting 0, from 25.5 per cent (20 deg. C.) down to 
7 .7  per cent (200 deg. C .) 

Casting K, from 29.0 per cent (20 deg. C.)  down to 
17. 7  per cent (200 deg. C. ) 

Casting M, from 27.2  per cent (20 deg. C.)  down to 
15 .2  per cent (200 deg. C. ) 

For temperatures upward of 200 deg., the average 
fracture tension will augment again up to 33 .3, 51.3, 
and 26.1 per cent respectively at the temperature of 
500 deg. Prolonged loads will  result in the tension 
being lowered at 300 and 400 deg. , and augmented at 
the temperature of 500 deg. The individual values for 

AVAILABLE SUPPLY OF WATER 

DIAGRAMMATICALLY REPRESENTED. 

the fracture tension,s show departures among one an· 
other, which augment in some cases at extraordinary 
rates for' increasing temperatures. 

The average contractions of the cross section are 
found to decrease up to 300 deg., this decrease being­

For casting 0, from 50 .4  (20 deg. C.)  down to 15 .8  
per cent. (300 deg.  C . )  

For casting K, from 56.1 ( 2 0  deg. C.) down t o  49 .4  
per cent. (300 deg. C. ) 

For casting M, from 48.7 (20 deg. C.) d own to 34 .7 
per cent (300 deg. C.)  

At higher temperatures there is once more an in­
crease, values as high as 44 .6 ,  75.7 and 42.1 respectively 
being noted at the temperature of 500 deg. There is, 
moreover, an influence of a prolongation of the load. 
The departures noted between the individual values 
are rather high. 

From the above it is inferred that a steel casting, 
while appearing to be a very satisfactory and fairly 
uniform material with respect to its tenacity at ordi­
nary temperatures, may present little tenacity and 
uniformity at high temperatures. This behavior 
should have an important bearing on the construction 
of steam boilers, etc., where the strength correspond-

RESERVOIR AT THR HEAD OF LAKE, TO BE USED FOR STORING THE FLOOD WATERS OF 'l'HE 
SN AKE RIVER. 

TWIN FALLS OF THE SNAKE .RIVER. HEIGHT OF FALL, 180 FEET. 
GOVERNMENT IRRIGATION WORK. 

ing to ordinary temperatures is less important than 
that corresponding to higher temperatures. 

THE USE OF THERMITE IN PRODUCING PURE 
METALS AND ALLOYS'. 

THE alumino-thermic process, conSisting of the spon­
taneous combustion of a mixture of finely-divided 
aluminium and a metallic oxide, ignited in any one 
of its points, was originally devised by Dr. Gold­
schmidt for the production of pure metals and metallic 
alloys free from carbon. Yet this use of thermite re­
quired a special amount of experimental work in each 
case, in order to obtain metals of a uniform quality, 
and to operate with an efficiency satisfying commercial 
requirements. Other uses of the process, as, for in­
stance, the welding of iron and steel pieces, were 
therefore developed first, and the alumino-thermic 
man ufacture of metals and alloys (especially chrom­
ium and manganese ) has entered a commercial stage 
only quite recently. 

A sort
' 

of crucible is used, and several hundred 
pounds of metal are reduced in a single operation 
in scarcely thirty minutes time, on account of the rap­
idity of the reaction. Though the prinCiple is to use 
equivalent amounts of the oxide and aluminium, it is 
advisable to use somewhat more of the oxide, on ac­
count of the great facility with which aluminium alloys 
itself. In fact, a suitable choice of the proportions of 
the mixture is the only means of controlling the 
reactions, so as to obtain metals free from aluminium. 

The alumino-thermic method is, for instance, the 
only process allowing of producing fused chromium, 
free from carbon, with purity ranging between 98 per 
cent and 99 per cent ; any impurities remaining are 
traces of iron and sil icon_ The metal is brittle, and 
remains bright for an indefinite length of time ; its 
melting point is higher than that of platinum.  The 
metal alloys with liquid steel, and, accordingly, al­
lows of steels being produced with high percentages of 
chromium and with less carbon than in the case of 
ferro-chromium. 

Whereas the carbonaceous manganese manufactured 
in the crucible crumbles when coming in contact with 
air, manganese of a purity of  99  per cent, free from 
carbon and technically free from iron, will resist 
atmospheric influences for an indefinite length of time. 
The metal is very brittle and eaSily crushed with 
a hammer, and it is remarkable for the easiness with 
which it may be fused with other metals. This man­
ganese is used for obtaining alloys of any variety of 
combination, consisting mainly of zinc and copper. 
Such alloys may receive additions of manganese from 
a minimum up to unlimited percentages, resulting in 
a material increase of the strength, density, and fre­
quently of the rolling capacity and . malleability of the 
material. 

Alloys consisting of tin and copper should not re­
ceive additions of manganese in the case of their. con­
taining upward of 2 to 3 per cent of tin, as in this 
case the manganese would produce the decomposition 
of the bronze, thus giving rise to an impairing instead 
of an improving of the material. On the other hand. 
any amount of manganese may be added with lower 
percentages of tin, when a corresponding improvement 
of quality 'will be observed, as in the case of zinc­
copper alloys. 

Manganese is  further used in the case of nickel cast­
ings, with a view to obtaining a higher density ; 2 
per cent of manganese is the proper amount to be 
added to the fused metal. No noxious effects, as in 
the case of magnesium, will be produced with additions 
exceeding somewhat the proper limit. In mints, man­
ganese is  also added to the copper-nickel alloys (25 
to 27) from which the nickel coins are made ; the 
addition amounts to about 2 per cent of manganese. 

For obtaining German silver and nickel alloys, 
manganese is alEO used to great advantage, the former 
receiving, even by an addition of a small amottnt of 
manganese, a brighter color, more similar to that of 
silver. 

With aluminium alloys, an addition of manganese­
copper, free from iron, is advantageous in the place 
of nickel or zinc, this addition (3 per cent ) increasing 
the strength and producing a better working capacity 
of the alloy and a denser casting, apart from its being 
cheaper than an addition of nickel. 

Copper and bronze castings 10Ee their brittleness 
if manganese is  added instead of phosphorus ; the 
material thus obtained is  easily threaded. Pure man­
ganese-copper alloys are manufactured on a large scale, 
beginning with a percentage of 2 per cent of man­
ganese, and increasing up fa about 12 per cent. 
Bronzes contain ing 5 per cent to 6 per cent of man­
ganese show about the same color as copper, and are 
remarkable, especially for their resistibil ity against 
the action of fire; they are accordingly used preferen­
tially in connection with the fire-boxes of locomotives. 

In the case of ferro-manganese, even of the best 
quality, being used, the copper will always absorb 
some iron, reducing considerably the malleabil ity and 
resistivity to fire of the alloy. On the other hand, as 
pure manganese !Wmbines readily with cQPper, it is 
preferable to ferro-manganese, and its higher price 
is  outbalanced by the uniformity and high quality of 
the casting. 

High percentage manganese-copper alloy
_
� are manu­

factured by first melting the copper in a graphite 
crucible, when the manganese is added gradually in 
small pieces, and stirred violently. Before adding the 
manganese, the liquid copper slag should be taken 
off carefully. The temperature of the bath should 
be maintained. at constant figures, and the metal stirred 
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several times after adding all the manganese. Such 
alloys are best cast in the form of thin rods, sus­
ceptible of being broken into smaller fragments. They 
are used also as fundamental alloys intended for 
further alloying. 

Manganese alloys of tin or zinc, containing 20 
parts of manganese and 80 parts of zinc, or 50 parts 
of manganese and 50 parts of tin, are also made 
readily, while an alloy of 30  per cent of chromium 
and 70 per cent of manganese is used for obtaining 
a copper compound called "chromium manganese." 
Chromium copper, containing 10 per cent of chrom­
ium, is also prod

'uced by the alumino·genetic process. 
Chromium manganese is combined with copper as 
readily as pure manganese ; chromium, in opposition 
to iron, seems to augment the malleability of copper. 
As titanium is also alloyed with manganese, a man­
ganese titanium has been brought out containing 30 
per cent to 35 per cent of titanium. and serving as a 
base for further alloying with copper. 

COMPOUND GOODS LOCOMOTIVE, SAXONY STATE 
RAILWAYS. 

THE locomotive il lustrated is the outcome of a more 
than ordinary effort to improve the locomotive along 
lines which have already been admitted as practical. in 
the wide field open for the improvement of this en.­
gine. Its most interesting feature is the "Klien" 
superheater, but here combined with compound cyl· 
inders, and the fitting of the trailing wheels with a pe­
culiar radiating arrangement, so contrived that the 
driving wheels may easily accommodate themS€lves to 
short radius curves, while permitting the long side 
rods to remain parallel with the main frames. Tne 
practicability of pivoting the coupled axles has been 
proved by a three years' trial of the system as ap­
pl ied to �ght-coupled engines for' narrow gage min­
eral railways in Transylvania, where the minimum 

power in the form of hot water, ready to be converted 
into steam, even without counting the added heating 
surface of lengthened tubes, the relative efficiency of 
which at fire-box and smoke-box extremities will de­
pend upon the size of the tubes, the conductivity of 
their metal, the nature of the coal, and the state of 
the fire, whether flame and smoke or incandescent 
without flame. 

In the Saxon engine the superheater is placed in 
the smoke-box, where it takes up an appreciable quan­
tity of the heat passing through on its way to the 
chimney. Hut the loss through the chimney must still 
remain important, and it was to employ this heat be­
fore its escape into the atmosphere that Jules Petiet, 
of the Chemin de Fer du Nord, forty-one years ago, 
passed the smoke-box gases backward through a 
tubular steam reservoir, very much resembling ex­
ternally that of the Saxon locomotive, so that the 
steam and the products of combustion were discharged 
in the rear of the locomotive, just as in a return-flue 
boiler. The system was at that time simply termed 
"steam drying," or what we should now call moderate 
superheating from waste heat. Such locomotives as 
we mention were, exhibited in the London Exhibition 
of 1862, and the last of them was used up in  shunting 
work at Lille only a very few years since. A more 
generally correct designation for heat·saving appa-

oratus in the smoke-box would undoubtedly be that of 
"economizers ." With the ever-increasing size of loco­
motive engines, economizers are becoming more and 
more a promiSing means of increasing boiler efficiency. 

In the locomotive under notice the serpentines are 
of 6 millimeters Mannesmann steel, and they raise the 
temperature in the low-pressure cylinder to, 40 deg. 
Celsius-for the superheated steam does not enter 
the high-pressure cylinder at all, but only the low­
pressure, the reheating taking place between the two 
cylinders. 

From the main steam pipe and the elbow, steam 

having been abandoned some time ago because of its 
softness. The steam-ports in the valves are % inch 
wide, the maximum valve travel for the high-pres­
sure is 4 11-16 inches, and for the low-pressure 4 13-16 
inches. The lap is 1% inches, the clearance to ex· 
haust is % inch for the high-pressure and nil, or 
l ine-and-line, for the low-pressure. The stuffing-boxes 
are fitted with the glands of the Metallic Packing Com· 
pany, of Philadelphia. The pistons are steel castings, 
with cast-iron segments, and the piston-rods are of one 
piece with the guide extensions through the front cov· 
ers. The front cover of the low-pressure cylinder is 
clipped in place by a wrought-iron ring bolted to the 
cylinder, and the back cover is cast solid. The valve 
gear is Walschaert's, but combined with a part of the 
Joy motion, for, as will be seen from the plan section 
to be given later, the great outstanding length of 
coupling pins, necessitated by the special combination 
of crank pins for inside frames and cranks for out­
side frames, prohibited the employment of the usual 
crank-rod drive for the Walschaert's valve gear, mo­
tion being o btained instead from the main connecting­
rod in connection with the Joy fixed link of the mo­
tion-plate. Box ends are used for the whole of the 
rods, and with oil cups worked in their webs. 

Of the economies resulting from the use of super­
heated steam we cannot at present give data. There 
is on the side of water a saving of 10 per cent, which 
means less work on the boiler and less weight to haul 
up long inclines, of which many are of 1 in 40. 

The engine proper is a two-cylinder compound. It 
works as a single-expansion locomotive whenever the 
cut-off exceeds 80 per cent. This is effected auto­
matically by means of a live-steam pipe from the boiler 
to the low-pressure valve chest in connection with a 
four-way cock operated from the weigh-bar shaft. 
Ordinarily, without an intercepting valve in the re­
ceiver, the live steam introduced therein would set up 
back pressure against the high-pressure piston.  The 

COMPOUND GOODS LOCOMOTIVE, SAXONY STATE RAILWAYS. 

curves are of 325  feet radius, the locomotives so con­
structed still having, as we learned recently, their 
original pivots and crank-pin bushes all in excellent 
condition. 

This locomotive is notable as being the first of large 
power to which the system has been applied, its trac­
tive effort being about 10% tons, which is the full 
limit allowable for European railways operated under 
German conventions, the exceptions thereto being only 
rare cases where bank engines are always employed, 
and by which the conditions of safety affecting ve­
hicle couplings are. of course, modified. 

Two such experimental engines were put to work 
about three months ago-one with a serpentine super­
heater in the smoke·box, and the other minus this ap­
pendage-so that a very fai r  comparison of the work­
ing of the two engines will be contributed to our 
knowledge on this still debatable point. 

Differing from a well-known system of superheater 
for locomotive boilers, and from yet others of which 
no description has ever been published, although al­
ready effecting an economy. it is  claimed, of 13 per 
cent, the superheater of the Saxon locomotive does 
not depend for. its economy in working upon heat 
abstracted from the fire-box-either by inside or out· 
side flues-an d with a consequent loss of a certain 
proportion of fire-box and tube heating surfaces, but 
is, on the contrary, a true economizer, absorbing as 
much as it is able to do of spent gases 'only. I t  has 
been argued that, without the 10cali7.ed reheating of 
the steam before entering the cylinders, an equal 
economy in thermal units could be effected by pro­
longing the tubes up to a length of, say, 19 feet, or 
20 feet. It is, however, just this Increase of weight 
entailed by a long boiler that renders such an extension 
impracticable in a country where the maximum weight 
allowed per axle is below 16 tons. Otherwise, a long 
boiler always Signifies a large reservoir of latent 

passes direct to the high-pressure valve chest, and 
exhausts from the high-pressure cylinder into the 
receiver pipe, which continues around the left-hand­
advancing-side of the smoke-box and near the top 
of which a breeches pipe divides the course of the 
steam, one part passing by a transverse pipe into the 
collector, and the other entering direct the left-hand 
collector. From these two longitudinal pipes the 
steam passes down through the battery of superheating 
coils screwed into the top side of the collecting pipes 
and into the sides of the corresponding distribution 
pipes at the bottom of the smoke-box, theEe latter 
being connected there by a transverse pipe, near to 
the left extremity of which a vertical pipe, with large 
conical mouth, descends to the low-pressure valve 
chest. At the front end of the smoke-box-not shown 
in the cross section-the six last bends of the super­
heater, in the top rows, almost meet from either side 
of the box. All the main steam pipes are at the back 
of the box, and all steam pipes and reheating coils leave 
the fire tubes unobstructed for sweeping. 

No copper is used excepting for small pipes uncon· 
nected with the superheater. The main steam pipes 
are steel castings and the receiver pipe is of steel. 
The various inside diameters of pipes are: Steam 
pipe, 5% inches ; elbow, 5% inches ; receiver, 6%, 
inches ; superheater collectors and distributors, 5% 
inches ; serpentines, 1% inches ; superheat steam pipe 
to low-pressure cylinder, 6%, inches ; blast, 8% inches. 
When the engine is not working, steam leaks through 
a fine tube from the main steam reservoir into the 
breeches pipe and thence, of course, to the superheat· 
ing coils. 

Nothing special appears to be employed for the valves 
with this use of superheat steam. The slide valves 
,� .. ith Allan steam-ports, and relieved according to the .' 
Fester (Chemnitz ) '  system, are of crucible cast Iron, 
as are all the valves of Saxon locomotives-bronze 

use of such an intercepting valve, always o bjectionable. 
is avoided here by the Lindner system of introducing 
live steam on both sides of the high-pressure piston, 
and so counteracting by this equalization of efforts 
the back pressure in the receiver. To do this there 
are two fine sl its in the high pressure valve made 
in the flanges below its exhaust cavity, so that when 
the high-pressure valve is closed, these slits stand 
over the steam-ports in such a way that live steam, 
arriving under the valve from the receiver, passes at 
once to both sides of the high-pressure piston, until 
the working cut-off has been reduced. The locomotive 
is handled just like a single-expansion engine, and 
the device appears to be found practicable enough, 
since very many engines have been so fitted. How­
ever, in the newest patterns, as applied to 350 engines, 
including this locomotive, the end of the low-pressure 
s li de-valve spindle extension in front is made to act 
as a very small steam slide valve only admitting steam 
to the low-pressure valve chest when the slide valve 
is at full  travel, say, 80 per cent, as in  starting a 
train . The slits or ports in the h igh-pressure valve 
remain necessary as before described, but the four-way 
cock is now in the newer' pattern made to connect 
with the aforesaid sliding valve. This is explained 
by the longitudinal section. The starting valve con· 
nects with three l ive-steam pipes, one from the bOiler, 
one to the',middle length of the low·pressure cylinder, 
and one to the mid-length of the high-pressure cyl­
inder on the inner side of each casting, as will be  
seen from the  plan section of the  locomotive. The 
effect accomplished by this introdttction of auxiliary 
steam is that in certain crank positions when the low­
pressure cylinder is !tbout to make the start-the 
high-pressure valve being closed-steam enters at the 
middle of the high-pressure cyl inder and drives the 
high-pressure piston, although its steam-ports have al­
ready been closed, and then at the opposite 'nd of the 
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cylinder it escapes through a slit in the high-pressure 
valve flange, thence into the exhaust cavity onward 
to the receiver, and subsequently, to the low-pressure 
cylinder, until the high-pressure valve in turn un­
covers the exhaust passage in the usual manner-at 
which moment the high-pressure p iston w ill  have 
terminated its stroke. The engine is thus started 
promptly in spite of the unfavorable valve positions. 
One advantage of the other auxiliary steam pipe con­
necting to the middle of the low-pressure cylinder is 
that when the special starting valve has opened it to 
the receiver, all accidental leakage of steam occurring 
on the high-pressure side passes by the receiver direct 
into the low-pressure cylinder, the steam-ports of 
which are closed, and so it is utilized in driving the 
low-pressure piston,  although its valves 'are shut antl 
the piston is nearing the end of its stroke.-Engineer. 

iron box or tube was brought to a square in such 
dimensions as would' take in the largest cooler to be 
tested, and shutters were provided to close in around 
the cooler so that th,e entire volume of air induced by 
the blower would be drawn through the cooler. 

The cooler to be tested was connected by the usual 
piping to the water tanks and the engine jacket. At or 
near the inlet and outlet of the radiator were at­
tached feed water thermometers which showed the 
temperature of the water as it  came from the water 
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of heat as shown by the tests of the above coolers was 
taken as a basis, and it was found that, at 20 miles 
per hour, it was necessary to use 16 feet of %-inch 
copper tubing, covered with 1%,-inch copper disks, the 
cooler to be mounted so that half the tubes would 

. have front air exposure, in order to hold the water 
at a satisfactory working temperature-between 160 
and 180 degrees-on the motor used.  The average 
temperature of the entering air was 75 deg. F. 

It will be noted that the eight-tube cooler held the 
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EXPERIMENTS SHOWING THE EFFICIENCY OF 
RADIATORS FOR GASOLINE AUTOMOBILES'.* 

THE capaCity of a radiator to cool is fixed, depend­
ing upon the amount of radiating surface that it pre· 
sents to the air. The capaCity of a motor to heat is 
the variable matter. Every designer of a gasoline mo­
tor knows that a long red flame in explosion is a bad 
condition for heating, and that a motor with a small 
exhaust port, and consequent holding in of the hot 
gases-back-pressure so called-is apt to heat badly. 
He knows that thick walls, both of the explosion cham­
ber and the water jacket, will also retain heat ; in fact, 
he knows that speed, compression, exhaust, mixture, 
exposure, or position, and several other characteristics 
all have important bearing on the heating capaCity of 
an explosion motor. 

For the purpose of adding to the knowledge on this 
subject, an apparatus to test coolers was installed, and 
a series of tests were made, w.hich, while made with 
extreme care, wer� limited by the conditions governing 
them, and the motor builder should bear these condi­
tions in mind if he uses them for ,a basis for figuring 
out his own requirements. He must add or subtract 
what may be necessary when he oompares with the 
conditions that confront him. 

Speed in Miles per Hour 

PIG. 2. -HEAT UNITS RADIATED BY TWO DIFFERENT LENGTHS OF 
TUBING WITH AN AIR BLAST OF FROM 8 TO 25 MILES AN HOUR. 

A 4% by 6-inch single-cylinder motor, of the ordi­
nary four-cycle type, was used to make the first of these 
tests, and is the basis from which the figures were 
taken, it being conclu'ded that the results could be 
used as data with which to make comparisons for the 
larger sizes of motors. A jack shaft was connected to 
the motor corresponding to the rear axle. To this jack 
shaft was connected a fan through an intermediate 
counter shaft. This was done by the means of cone pul­
leys, in order that the speed of the fan could be varied. 
A pump of the ordinary positive or geared type was 
directly connected to the motor, so that it would at 
all times travel at the same speed. This pump had a 
capacity of 2 gallons per m inute, with the engine run­
ning at 500 revolutions. 
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jacket and again after it had passed through the 
cooler. Thermometers were also provided to take the 
temperature of the air before it entered and after it 
had passed through the cooler. The whole apparatus 
was so arranged, it was thought, as to approximate as 
closely as possible actual road conditions. 

The first series of tests consisted of taking five dif­
ferent sets of tubes, in reality five different coolers, 
containing respectively two, four, eight, ten, and 
twelve copper tubes of %-inch outside diameter, each 
tube being 24 inches in length over all, and all put 
together with copper return bends of the same tubing. 
The two and four tubes were but one row in depth, 
while the eight, ten, and twelve tube sections were 
two rows deep. The tubes were No. 22  B.  & S. gage, 
and each tube was entirely covered with 1%--inch out­
side diameter copper fins or gills, spaced so as to give 
thirty-eight to the foot. 

... ... 00 <:> "" 
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48 96 144. 192 288 
Length of Tubing in Inches 

FIG. l.-HEAT UNITS RADIATED BY DIFFERENT ·LENGTHS OF COPPER 

TUBING UNDER THE ACTION. OF A 20-MILES·AN·HOUR BREEZE. 

l\fountQd alongside of the engine was a box or tube, 
constructed of sheet iron, set into one end of which 
was a 21-inch A B C  disk fan which was actuated by 
a jack shaft, the air thereby being drawn through 
the cooler and tube or box. A fifty-light dynamo was 
also connected with the jack. shaft in order to provide 
for the steady running of the motor, the lamp board 
being so constructed that the load could be varied by 
throwing lamps in or out. The front end of the sheet 

* This article is the res" It of tests made nnder the supervision of Wl'lliam 
S. Conant, M. E., and Benjamin Briscoe, of the l;Jriscoe jll:fg. CO. 

Water was taken in at an average temperature of 
80  deg. F., and the following results were obtained : 

Velocity Minutes to 
Average max- of air reach maxi-

Number Length imum tem- in miles mum tem. 
tubes. tubing. perature. per hour. perature. 

2 4 feet. 22'0 deg. 20 25 
4 8 feet 210 deg. 20 37 
S 1 6  feet 164 deg. 20 35  

10  20 feet 150 deg. 20 39 
12 24 feet 148 deg. 20 27 

In order that a basis might be established by which 
a rule could be made, the capacity for the radiation 

water down to 164  deg. F., at which temperature it 
remained after 37  minutes' run, subsequent running at 
the same rate of speed and load failing to ra ise it above 
this. A measurement of the cylinder of this engine 
showed that it contained 76 square inches of heated 
surface, taking the cylinder wall under the water jacket 
casing as a basis for the measurement, and including 
the area of that part of the head which was water 
jacketed_ 

It therefore took to cool this 76, square inches of 
heated surface 16  feet of cooler as described, which 
contained 182 square inches of radiation to each foot 
in length, measuring the superficial area of the tubing 
and the fins. Therefore the entire length of tubing 
taken, 16  feet, equals a total of 2 ,912 square inches to 
cool 76 square inches of heated surface in the motor 
cylinder, or 38  square inches of radiation to each 
square inch of heated surface, at 20 miles per hour. 

Other results were deduced from the readings ob­
tained with the apparatus. Similar temperature read­
ings of the water entering the cooler were taken from 
the tests of the several sizes of coolers, and these 
readings were plotted as temperature curves, showing 
the relationship between the number of tubes in the 
cooler and the number of heat units radiated per hour 
at the different temperatures. 

A diagram of these tests is given in Fig. 1 and shows 
the heat units-British thermal units-radiated per 
24-inch lengths of copper tubinK arranged as described. 
From the total cooling area of metal for this construc­
tion of cooler of 182  square inches of surface per foot 
of tubing, one can figure the number of heat units 
per square foot of COOling surface for any shape of 
tubular radiator covered by the curves. A heat unit is 
the quantity of heat required to raise the temperature 
of a pound of water 1 deg. F. Some such unit of meas­
urement seems desirable because a reduction in tem­
perature of a certain number of degrees means nothing 
in determining the size of a cooler unless the rate of 
c irculation of water is given. 

Each curve in Fig. 1 is marked in degrees Fahren­
heit, showing the temperature at which the water 
from the engine jacket enters the cooler. The water 
circulation is at the rate of about 2 gallons per min­
ute. The series of curves show to what extent the 
efficiency of different sizes of coolers is increased as 
the temperature of the infiowing water is raised. A 
cooler having 48 inches total length of tubing and re­
ceiving its hot water from the engine at a temperature 
of 150 degrees will radiate about 25,600 heat units per 
hour, with an approximate speed of 20 miles per hour. 
If the size of the cooler be doubled by connecting two 
tubes to it and the other conditions are kept the same, 
it will then radiate about 32 ,300 heat units per hour, 
or an increase of 25 per cent. Suppose, however, that 
the water is pumped to the cooler at 2+0 degrees, the 
smaller size will radiate 44,500, and the larger size, 
containing 8 feet, will radiate 6,300 heat units, this 
increase being over 40  per cent. 

The tests summarize into the rule that with an air 
velocity of 20 miles per hour, 38 square inches of radia­
tion in a tubular type radiator are necessary to cool 1 
square inch of .heated surface of the motor cylinder, 
with the pump '(felivering water to the radiator at a 
rate approximately of 2 gallons per minute, and with 
the temperature of the air as it would be on an average 
summer's day, and the speed 20 miles Pir hour. 

In order to arrive at results from slower speeds, an­
other series of tests were made, results of which are 
shown by the curves in Fig. 2, which show the rela­
tionship between the amount of radiation from an 
eighteen and a twelve-tube cooler, of the same lengtb 
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of tubes as described above, when the same amount of 
water at the same temperature is  pumped through 
each. This is shown within the range of automobile 
speed of from 8 to 25 miles per hour. The efficiency of 
the cooler is, of course, dependent upon the surrounding 
temperature. These experiments are intended to rep­
resent average conditions of service ; therefore, the air 
was drawn through the cooler at a constant tempera­
ture, warm but not hot. 

The curves show how much more the water is cooled, 
in both a small and a large cooler, as the s peed of the 
automo bile, and consequently of the pump, is in· 
creased.  This is as might be expected, as the cooler, 
passing rapidly through the air on an automobile, is 
actIng under the conditions of an indirect hot water 
heater in a blower system, and elaborate tests with 
heating and ventilating engines have shown the im­
proved efficiency of such heaters when the velocity of 
the air from the blower is increased. 

When running at- the comparatively h igh speed of 
25 miles per hour, the curves indicate that the larger 
and the smaller tu bular cooler, set up with the same · 
hood , radiate practIcally the same amount of heat. At 
lower speeds, the larger cooler, however, shows its 
greater capacity for heat radiation and the consequent 
cooling of the jacket water. 

When running at 8 miles per hour, the eighteen-tube 
cooler radiates more than twice as many heat units 
as the twelve-tube cooler. The action of the cooler 
under low speeds, with any given motor outfit, is evi: 
dently that which must determine its size. 

The ideal conditions will be fulfilled when the size 
of tank and cooler on an automobile are such that the 
engine may be left running for an indefinite time while 
the machine is standing still  on a hot day. To meet 
this condItion it is but necessary to provide a circulat­
ing pump which, when pumping at the speed corre­
spon ding to the free running engine speed, wi1l deliver 
the proper num ber of gallons per minute to keep the 
engine cyltilder at a sate temperature. The tempera­
ture of the water pumped to the cylinder for such a 
determination should of course be about that found in 
service. or between 10.0. and 150. deg. F. I f  the cooler 
will  keep the water from boiling under these condi­
tions of rest, it will prove sufficient under any load. 
The air circulation when the machine is in motion will 
more than offset any increase of temperature in the 
cylinder. 

In order to get a cooler which will keep the water 
at a temperature below the boiling point while the 
a utomobile is at rest but with the engine turning, it 
is  of utmost importance to so place the cooler that it 
will have free upward circulation of air. Here again 
something can be learned from previous work on heat­
ing tests. The radiation from a d i rect steam coil, of 
the ordinary cast iron form, in still air, is diminished 
about 20. per cent when a flat board is laid over it so 
as to cover the top, although the four sides are left 
open. 

An examination of the curves in F'ig. 2 shows that at 
the different rates of speed a twelve-tu be cooler will 
radiate heat units as follows : 

25 miles per hour . . . . . . . . . .  90.,0.0.0. heat units 
20. miles per hour . . . . . . . . . .  70.,0.0.0. h eat units 
15  miles per hour . . . . . . . . . .  49,0.0.0. heat units 
10. miles per hour . . . . . . . . . .  25,50.0. heat units 
8 miles per hour . . . . . . . . . .  17,0.0.0. heat units 

Analyzing the above figures, it will be noted that a 
speed of 8 miles per hour will  resu lt in a rad iator'S 
having about one-fourth of the capacity that it would 
have at a speed of 20. miles per hour, thus proving that 
even in ordinary speeds and with pumps circulating to 
correspond with this, the capacity for radiation does 
not increase in di rect proportion to the speed of the 
machine, but greatly exceeds it. It will be noted, 
moreover, in comparing the eighteen-tube curve, that 
the size of a cooler as it increases, gives a greater 
ratio of in crease in its capacity for radiation than i ts 
larger size would demand. . 

Thus the tests show that an increaee in the size of 
a radiator of 50. per cent would result in an increase 
of its capacity for radiation of over 10.0. per cent, at 
a speed of 8 miles per hour. Su bsequent tests show 
further that when standing still a still  greater differ­
ence will  be manifested. 

According to the first rule, a cooler traveling at a 
rate of 20. miles per hour must have 38 square inches 
of radiation to 1 inch of h eated surface of the motor 
cylinder. It would of course be unsafe for a manufac­
tu rer of automobiles to design his cooler, based on a 
speed of 20. miles per hour ; neither should it be ex­
pected that he would equip with a cooler that would 
be large enough to hold to a safe working temperature 
when the automobile was standing still, but the motor 
turning. 

It would be reasonable, therefore, to select some 
intermediate speed, such as might be considered prac· 
tical for the particular machine ; for should a cooler 
be so large as to. hold the water to a proper tempera­
ture at such a speed, at higher speeds it would take care 
of itself, and the risk of evaporation at slower speeds 
would be Slight, as the times that the automo bile would 
travel its slower speeds would be comparatively infre­
quent, and the probability is that h igher speeds would 
follow alternately with low speeds, and therefore the 
increased efficiency at the h igh speeds would campen· 
sate for the decreased efficiency at the low speeds. 

In order to provide for s lower speeds, a careful 
analysis has been made of the tests taken, and it wa,s 
found that the following amendment to the first nile 
wiIl prove approximately correct to use for the �er: 

, 

age motor, the amendment being that for each mile 
less than 20. the automobile shall be intended to run­
figured as its average working speed-it will be neces· 
sary to add 3 square inches of radiation to that given 
in the rule. 

Supposing that a designer of automobiles should de· 
termine that his cooler ought to have a capacity suffi­
cient to hold the water to a safe working temperature 
no higher than 180. degrees, with his machine running 
at 10. miles per hour, he can calculate for his cooler 
by adding 3 square inches of radiation for every mile 
less than 20., which in this case would be 10. miles or 
3 0.  square inches, to the figure already given as satis­
factory at 20. miles per hour, 38 square inches. There­
fore, 38  plus 30., or 68  square inches, would be suffi­
cient to cool l' square inch of heated cylinder surface 
at 10. miles per hour. 

To reduce this to l ineal measurement of a %-inch 
tubular cooler, provided s uch cooler is made up w ith 
1 %,-inch copper fins, spaced th irty-eight to the foot it 
will be found that 68-182  of a foot would give app;ox­
imately 4 1f2 l ineal inches. To again reduce this to the 
amount required for any given cylinder, the total 
square inches of heated surface of the cylinder may be 
multiplied by this amount, wh ich in the case of the 
motor used in making tests, would give approximately 
28 feet. To prove this deduction, tests were made, 
using this quantity of tubing, and i n  no case w ith any 
combination of speeds, mixture, or  load could the water 
'be raised as it came from the cylinder to over 178 
degrees ' under t h e  m o s t  adverse circumstances. 

A series of tests were made in order to compare the 
relative efficiency of copper and tin fins ; also of fins 
soldered to tubes or not ; of coolers coated with lamp 
black paint, or not so coated. These tests have been 
condensed into percentages with the follow�ng results : 

A radiator with copper fins, painted and soldered, 
is the most efficient, and, as will  be noted by the curves 
in Fig. 2, d issipates 70.,0.0.0. heat units per hour at a 
speed of 20. miles per hour for 'a twelve-tube cooler. 
I n  order to condense the net results, let this com bina­
tion be 10.0. per cent, and the following table is o b­
tained : 

Copper tubes with copper fins, soldered and coated. 10.0. 
Copper tubes with copper fins, not soldered but 

coated . . . . . . . . . . . . . . . . . . . . . . .  _ . . . . . . . . . . . . . . . 70. 
Copper tubes with copper fins, not soldered and 

not coated . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 2  
Copper tubes with t i n  fins, soldered and coated . . . .  5 8  

It  w i l l  b e  noted that t i n  fins soldered t o  t h e  tubes 
and coated are more efficient than copper fins not coat­
ed and not soldered. It was further discovered that 
the effiCiency of a radiator is materially increased by 
coating with black, and tests in this manner have also 
shown that a radiator can be coated with a dull lamp 
black paint or varnish up to as many as fourteen 
coats, and its efficiency will be sl ightly increased each 
coat. After that there is a diminishing in the effi­
ciency. In practice, however, it is not found advan­
tageous to dip them more than twice, one of the rea­
sons being that the paint or varnish will adhere when 
given two coats better than when a greater number 
is given. I t  is essential, therefore, in  any cooler to 
solder the fins of the tubes, thereby securing good con­
duction by its con tinuity. Also by coating the cooler 
black, thereby securing the greater radiating efficieney 
of a black surface for rad iation ; and thus by both of 
these operations aiding the other element Wbich enters 
into the efficiency of radiators, that of convection. 

By convection is meant a transfer, or the carrying 
away of the heat in a fluid mass, either of the air or 
of a liquid by means of the motion of the particles 
of that mass. Experiments made by others in or­
der to ascertain some facts in reference to the trans­
m ission of heat have always proven that the rate of 
cooling by transmission of h eat through metallic sur­
faces depends largely upon the rate of circulation of 
the cooling medium over the surface to be cooled. 

A tube filled with hot water and moved by rapid ro­
tation at the rate of 69 feet per second through the 
air in an experiment told of in Kent's Engineers' 
Pocket Book, lost as much heat in 1 minute as it did 
in still air in 12 minutes. In water at a velocity of 3 
feet per second, as much heat was abstracted in half a 
minute as was a bstracted in 1 minute when it was at 
rest in t h e  water. It was found by Mr. Craddock, who 
made these tests, that the circulation of the coo l ing 
fluid became of the greatest importance as the d iffer­
ence in temperature on two sides of the plate became 
less. The results obtained by Pictet in reference to 
the loss due to d irect radiation of different materials 
is as follows : 

Red copper . . . . . . . . . . . . . • . . . . . . . . . . . . . .  0.16 
Tin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0..21 
Zinc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0. .24 
Polished brass . . . . . . . . . . . . . . . . . . . . . . . . .  0.25 
Polished silver . . . . . . . . . . . • . . . . . . . . . . . . .  0..43 
Polished sheet iron . . . • . • . • . . . . . . . . . . . .  0..45 
Sheet lead . . . . . . . . . • • • • • • • • • . • . . . . . . . . .  0. .65 
Ordinary sheet iron . . . . . . . . . . . . . . . . . . . .  2.77 
Cast iron, new . . . . . • • • . • • • • • . • . . . . . . . . .  3.17 
Rusty sheet iron . . • . • . • • . . . . . . . . . . . . . .  3.36 
Soot . . . . . . . . . . . . . . . . . . • . • . . . . . . . . . .  " . ,  4 .01 

The results as obtained above conclusively show, for 
instance, why the element of· radiation is better served 
by coating red copper with a soot or lamp black paint, 
as the radiation of soot or lamp black is, as above 
noted, about twenty-five times that of copper. This 
does not apply, of course, to conductivity, which i.s an· 
other one of the important elements to be considered in 
coolers for automobiles. Conductivity of heat, through 

and by the different metals is as follows, taking silver, 
the best conductor, at 10.0. : 

Silver • . • . . . . .  , . . . . . . . . . . . . . . . . . . . . . . . .  10.0. 
Brass . . . . . . . • . . . . . . . . • . • • • • • . • • • • • • • . . .  24 
I ron . . . . . . . . . . . . . . . . . • • . . • • • . • • • . • • • • • • •  12 
Copper . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  74 
Tin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 
German silver . . . . . . . . . . . . . . . . .  . .  . . . . . . •  6 

This, therefore, conclusively shows why copper is 
the best material to use in radiators to serve the neces­
sary element of conduction, silver being too expensive. 

These conductivity figures do not mean as much, 
however, in the automobile cooler problem as they 
would seem to imply, because of the element of convec­
tion which also enters into it, which, as has been stated,  
implies the transfer of heat by the air surrounding the 
cooler, and as is demonstrated in the experiments of 
Mr. Craddock, convection d epends on motion, it was 
attempted to work this out in the experiments and testH 
whereby the heat units extracted at various speeds, and 
the deductions therefrom, resulted. 

It will be noted that all experiments heretofore 
noted in this article have been made with tubular cool­
ers. Tests were made with various types of honeycomb 
coolers, and the results obtained show an efficiency no 
greater than · the tubular type in proportion to the 
amount of radiation or surface exposed to the air,  pro­
vided the tubes were lh inch or less, and so arranged 
that the area of the water channel resulted in prac­
tically the same speed of the water through the cooler. 
This refers to the drop in temperature ; that is, differ­
ence in the water in and out, but a further d iscovery 
was made, that the efficiency of the honeycomb cooler 
depended largely upon the rapid passing of water 
through it, it having to pass through oftener in a given 
length of time than through a tubular radiator in order 
to be as efficient. 

A trial of honeycomb coolers should prove that if a 
tubular cooler is made with an area of capacity of 
water channel corresponding to a given type of honey­
comb cooler, the efficiency of both will be practically 
th e  sallie.-Motor Age. 

Qt.orr.e�v .oltd.enc.e+ 
------

BIRD FLI GHT AND MECHANICAL FLIGHT. 
To th e  Editor of SCIENTIFIC AMEHICAN SUPPLEMENT : 

I have read with much interest the correspondence 
in your admirable SUPPLEMENT of April 23 on th e  
"Flight of Birds a n d  the A r t  of Flying,"  T h e  record 
of Mr. Lancaster's observations on the flight of sand­
hill cranes is useful, but h is remarks upon the motive 
power are open to much criticism. His scrappy and 
incomplete analysis, based on what he incorrectly 
terms "current methods," in no way warrants such a 
bold attack upon mechanical science as to state that 
"it stands in absolute imbeci l ity when confronted 
with the observed facts of that of bird translation." 
Such ·a statement is absolutely absurd, since every 
observed fact of bird translation, which is not mere 
muscular effort, can be satisfactorily explained by 
the principles of natural philosophy. Perhaps Mr. Lan­
caster is not aware that no physical method of regard­
ing the action of forces on a body denies the truth 
of Newton's third law of motion when properly in­
terpreted. From his remarks it would seem that Mr. 
Lancaster has fallen into the same error with regard 
to the meaning of this law as do many metaphysicians 
and advocates of perpetual motion. 

Newton in h is Principia clearly shows that his third 
law does not apply merely to one body, but that the ac­
tion of a body, A, on a body, B, is equal and opposite to 
the action of the body, B, on the body , A. Regarded in 
this light, I think Mr. Lancaster will see that the meth­
ods used by scientific men do harmonize with mechani­
cal law, when properly und erstood. I quite agree with 
you, Mr.  Editor, that the study of birds is most useful ,  
but I do think that an observer l ike Mr. Lancaster 
should have better evidence to hand before attacking 
the ordered knowledge of the physicist. 

For several years I have devoted much time to tb e 
study of bird flight in conjunction with numerous ex­
peri ments with aerial gliders. From my observations 
and experiments I am convinced that tb e chief reason 
that migrating birds se k high elevations for their 
long journeys is  not s o  much to obtain the diminished 
resistance of rarefied air-though this is important­
but to meet with a suitable uprising current of air 
which counteracts the tendency of gravity to bring 
them to the earth, as they glide toward their destina­
tion. 

Most probably birds such as the sandhill cranes, 
during a long flight, require to alter their altitude sev­
eral times. This they do by flapping their wings and 
circling around until they suddenly meet with the 
proper uprising air-current, when they glide off at 
enormous speed on motionless wings. This explana­
tion of soaring flight, viz. ,  gliding in an upris.ng cur­
rent, accounts for the birds exh ibiting no trace of 
fatigue even after "coasting" long distances. 

The recent valuable observations of the Brother;; 
Wright also fleem to confirm this explanation of soar­
ing flight. r' consider that the chief difficulty con­
nected with the attempt to fly by means of a machine 
heavier than air is that of .longitudinal stability-the 
tendency of the machine to turn over endways ; and 
that once this difficulty is removed, the problem of 
artificial flight will be readily solved. The recent 
mathematical investigation of this subject by Dr. G. H. 
Bryan, Sc.D., F. R. S.,  and Mr. W. E .  Williams, B.Sc., 
published in vol. 73 of the Proceedings of the Royal 
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Society, i s  well worth Mr. Lancaster's consideration, 
and will , I hope, cause him to think twice in future, 
before making absurd attacks upon the methods em· 
ployed by scientific men. The paper I refer to shows 
that the longitudinal stabil ity of aeroplane systems 
can be made the subject of mathematical calculation, 
and indeed it is of paramount importance that the 
methods employed by the authors should be practically 
applied to any aerial machines that may be designed 
or constructed before any actual glides are attempted. 

W. H. CADMAN, B. Sc., F. C. S. 
Member of the Aeronautical Society of Great 

Britain. 
Sandymount Castle, Dublin, Ireland, May 2, 1904. 

CONCERNING WIRELE SS TELEGRAPH 
TRANSMITTERS. * 

By LEE DE FOREST, Ph.D. 

THROUGIIOU1' the various attempts which have been 
made to approximate in wi reless telegraphy, even re­
motely, something of the accuracy in resonance effects 
so well lmown in acoustics, sufficient attention has not 
been shown to the necessity for generating at the trans· 
mittel' a long train of but slightly-damped oscillations. 
All refinements and closeness of tuning at the receiv­
ing station are futile if the transmitter radiates but 
three or four impulses at each condenser discharge. 
Failure here has been largely due to imperfect arrange­
ment and construction of condensers, s park-gap, faulty 
insulation, etc., in the transmitter, a condition inevit­
able at the start of a new art, when apparatus at hand 
is entirely such as the physics laboratory can supply, 
and when a host of minor details and refinements are 
neglected-conditions whiclL alone distinguish between 
the experimental laboratory work and actual engineer­
ing achievement. 

The rapid danifjing of the transmitter oscillations is 
due chiefly to two causes : First, that from' losses. due 
to radiation from the antenna C Which are con'srd�red 
useful and necessary ) ,  and, second, to losses . resulting 
from leakage, heat, and dielectric . hysteresis,  which 
are certainly detrimental to an extent little appre­
ciated. Of leakage from the antenna, there will al­
ways be a certain amount. Thorough insulation, espe­
cially at top of the mast, and from all guy ropes, can­
not be too strongly emphas ized. I f  the antenna is 
connected to the resonator, or feeding circuit, induc­
tively, whether by transformer or auto-transformer 
linking, the static potentials excited therein are sl ight 
compared to what result from the old method of at­
taching antenna and earth wires d irectly to opposite 
sidcs of the spark-gap. By the �.newer method, there­
fore, the problem of adequate insulation at the base 
of the antenna, where this enters the station house, 
is greatly simplified, for one may place h i s ·  hand di­
rectly upon the bare antenna wire without shock ,or 
IIlJury. At the top of the antenna, however, we have 
by the inductive connection with the resonator cir­
cuit, greatly amplified potentials, due to the fact that 
by such arrangement the oscillating character of the 
disturbance set up in the antenna causes a marked 
potential loop at the upper or open en d of this oscillat­
ing wire ; and by successive reflections of the current 
there, without change of sign, potentials several times 
th ose found anywhere in the closed oscilla�ing circuit 
exist. As a result, the insulation at top must be espe­
cially thorough. A petticoat insulator, giving large 
and dry surface insulation, ought to intervene between 
antenna and its support. The layman is astonished 
at the facil ity with which these high-frequency, high­
potential currents leak away, over surfaces carrying 
the slightest dust or moisture, or through the veins 
even of dry wood. Stone, even in dry weather, be­
haves l ike so much metal. Ebonite or glazed porcelain, 
or glass,  are the best insulants here, and surface in­
sulation is the controlling factor. 

Mechanical reasons render it advisable to use steel 
lOuys for the mast, but if these be completely insulated 
from the antenna the leakage to them through damp 
air and, indirectly, by currents induced in them, 
re�der it necessary to cut these guys into several 
short lengths, connected together by' . ' strain insula­
tors ( ropes with dead eyes '01' porcelains ) ,  ahd to most 
carefully insulate from earth �t the bottom . I n  damp 
weather rope, especially if uniarred, is but l ittle bet­
ter than wire. 

If  the air is  moist o r  a heavy fog prevails, the in­
visible brush leakage from the antenna into this semi­
conducting medium gives the effect of a large fictitious 
capacity between �ntenna and earth, greatly increas­
ing its natural period of oscillation, and req u iring re­
adjustment of the constants of the closed resonator 
circuit, if it is intended to keep this and the antenna 
circuits in syntony. But worse than this is the fact 
that this apparent additional capacity is largely fic­
ti tious, and, as a leakage, represents a large hysteresis' 
loss, noh recoverable, but producing additional damp­
ing to the oscillation. The same phenomena exists, 
often to a greater degree, in th e  condensers them­
selves. In any Leyden jars or glass plate condensers 
in air, vivid brushes are observed extending for an 
inch or more at the edges of the tinfoil .  At these por­
tions of the glass, especially if  this latter contain any 
lead, a surprising amount of heat is generated, showing 
clearly that considerable lo'sses of energy there exist, 
and unless the glaEs is the best of flint, a further loss 
in dielectric hysteresis exists. 

The glass condenser in air is generally preferred 
by experimenters for the very reason that these brush 
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leakages, while they also cause an additional capacity 
over what ordinary static measur�ments will show, 
act as buffers for the impulsive high-potential charg­
ing of the condenser, and save the d ielectric from 
puncture. It is  well known that a Leyden jar filled 
with oil  is far more liable to break down, and espe­
cially so if the outer coating also be covered with 
oil or paraffin. When the condenser is  placed in an 
oscillating discharge circuit, containing inductance, 
the potentials developed at the edges of the tinfoil 
are often several times that of the charging current 
( due to heating up and reflection of the charges there 
from resonance effects ) ,  and this effect becomes great­
ly exaggerated with the oil  condenser. But it is just 
this resonance wh ich is a sine qua non in syntonic 
working, and it is wrong to allow brush leakage, 
with the great damping resulting, to save the dielec­
tric. The correct practice calls for a suppreEsion of 
all brush losses at every cost, and to employ oil,  or 
condeJ?sers otherwise sealed, and suffici�ntly bulky, to 
give requisite safety with capacity. 

Another bad element is the chain usually employed 
in the Leyden jar. After a little usage this becomes 
badly eaten up, frequent small sparks are observed 
between its links, and where it contacts with the t in­
foil. I have sometimes known the chain to be actuall y  
burned in two. So aggravated do these faults of t h e  
Leyden j a r  become with m u c h  usage, that it is  impossi­
ble' to �nHiasure the period of oscillation of a circuit 
emp�ying as .�ondenser a battery of old jars. The 
foil  frequently starts away from the glass, al lowing 
all the losses and trouble from a gas dielectric. AU 
in all, the time-honored Leyden jar, one of our dearest 
heirlooms from early physicists, is the element em­
ployed in wireless telegraphy which is least suited to 
its strength, convenience and cheapness when applied 
to smal l installations. 

The amount of inductance existing in a battery of 
Leyden jars, when these are connected · up as' closely 
as possible, is  surprising and l ittle recognized. In 
fact, I may say that a condenser discharging aperiodi­
cally from lack of inductance in its discharge circuit 
does not exist. For h igh frequencies, the inductan<;e 
in the sheets of foil themselves is sufficient, and the 
spark-gap and l eads thereto supply the rest. I n  a 
battery of, say, ten Leyden j ars connected in parallel, 
I have found that the exact method of connection is 
of the utmost 'importance. For example, if the ten be 
connected in one row the spark i s  not so violent, large, 
or of so cracking a sound as when the jars are bunched . 
The best arrangement is in a circle, with leads from 
all of the j ars of exactly the same length. Otherwise, 
we get a' tendency for a series ' of discharges from the 
several jars in turn, and not from the battery as a 
unit. Under certltin conditions this little detail of 
grouping and connecting the jars has made all the 
d i fference in transm ission of or failure to transmit 
r;ignals. I t  is 'these l ittle details of exact disposition 
of connections. etc. ,  which are s'o apt to be overlooked· 
by those familiar with ordinary electric currents, that 
have so grave an influence in wireless telegraphy, 
especially where syntony is attempted. The h igh­
potential leads to the transformer or induction coil 
may sometimes have an influence on the oscillating cir­
cuit to which they are attached. To minimize the 
effect, chokin'g coils, preferably of a spiral form, should 
be inserted in ' such leads close to the points of con-
neetion. 

The heating of the spark-gap t erminals, especial ly 
where alternating currents are employed for charging 
the condenser, i s  a simple proof of the losses existent 
in the spark. The wider the gap the greater the loss 
is through heating the column of air. A simple method 
of reducing this gap, while maintaining the requisite 
high potentials, is to employ a series of small gaps 
between balls or disks of small curvature. When 
large power is employed ( exceeding 3 kilowatts') it is 
well to 'provi de special mean!> for radiating the heat, 
and constantly renewing the supply of cool unionized 
dielectric; There is  nothing in a liquid dielectric, 
but conSiderable is  to be said i n  favor of the spark in 
air under pressure, as reducing sparking distances and 
allowing an especially sudden, disruptive breal{down­
a spark of high conductivity and slight damping. 

With a l-Kilowatt transmitter it is easily possible 
to  obtain a read ing in a hot-wire ammeter, inserted 
in the antenna, of over 2 amperes, and five to ten 
times as much in the closed oscillating circuit itself. 
This, with 20,000 volts applied at the condenser jars, 
gives roughly a calculation of about 70 kilowatts. This 
anomaly is, of course, explained by Hertz's calculations 
of the amount of energy rad iated from his small 
dumb-bell oscillator. During a brief hundredth-thou­
sandth of a second the energy put into the circuit at 
a 1 kilowatt rate is  radiated at a rate enormously 
greater. The exact quantitative relations here are diffi­
cult of measurement ; they involve the exact potentials 
of resonance, the damping and duration of the wave­
train, the power-factor, t ime-coefficient of expansion of 
the hot-wire, etc. But the test is  a clear and con­
Vincing demonstration of the enormous quantities of 
energy which a small transmitter is radiating, and 
of the . amount which the generator would be called on 
to supply could the much-desired undamped wave-train 
be obtained. It  is evident that a direct-current source 
of h igh potential and relatively large output, with 
h igh-frequency oscillating circuit supplied as in the 
case of the Duddell singing arc, offers a solution. 

I n  view of the above cons iderations it is not difficult 
to point out the fallacy in certain calculations which 
are often givell. to show the sensitiveness of a cohereI' 
or other wave detector. which is influenced at one h)ln­
dred mil€s by one-half horse-power, or less, at the 

transmitter. Their sensitiveness is indeed rcmaPkable, 
but if what such misleading figures seem at first s ight 
to indicate, would be little less than infinite. 

CONTEMPORARY ELECTRICAL SCIENCE.* 
MAGNETIC MANGANESE ALLOYS.-F. Heusler has suc­

ceeded in producing magnetizable alloys of practically 
non-magnet ic metals. He gives a number of data re­
ferring to castings of copper alloyed with manganese 
and aluminium in various proportions. The best re­
suits were obtained with a copper alloy containing 26 .5  
per cent of manganese a n d  14 .6  p e r  cent aluminium­
i. e. , manganeWle and aluminium in nearly atomic pro­
portions . This alloy showed an induction of several 
thousand units in fields ranging from 20 to 150 units. 
It was considerably improved by keeping it  at 1 1  0 
deg. in boiling toluol for two days. The induction was 
then 4,500 units in a field of 10 units and 5,550 in a 
field of 150 units. 'When the percentage of aluminium 
was reduced to 3.6, the alloy ceased to be magnetic. 
Similar results, though not so good, were obtained 
with tin instead of aluminium. With one atom of tin 
to two of manganese there was practically no suscepti­
bility. But an induction of 1,140 in a field of 100 units 
was obtained in copper containing one atom of tin to 
three of manganese. There was no iron present in 
either case, nor could ilimilar results be obtained by 
introducing considerable iron impurities. The author 
points out an analogy with £olutions of manganous 
nitrate, which have a h igher molecular susceptibility 
than even the ferro-magnetic metals. Arsenic, anti­
mony, bismuth and boron also yield magnetizable al­
loys.-F. Heusler, Verb. D. Physik. Ges. , June 12, 1903.  

MAGNETIC EXPANSION .-Outside the ferro-magnetie 
group of elements, bismuth has the largest susceptibil­
ity of any substance. I t  shows, however, no magnetie 
expansion ' or contraction, and· the tacit . assumption 
seems to have been made that, therefore, the still less 
susceptible metals will  not show any either. But in 
the case of the ferro-magnetic metals there is no di­
rect relation between the susceptibility and the change 
of length. Thus, iron has six times the maximum sus· 
ceptibility of nickel, and yet expands far less for any 
known field. Again, cobalt has a maximum suscepti­
bility one-eighth ' that of iron, but expands about as 
much. P. E. Shaw has, therefore, i n  a course of ex­
periments covering nearly two years, looked for mag­
netic expansion in the less magnetic metals ,  including 
bismuth, si lver, aluminium, copper, zinc,  brass,  brom-:e, 
lead and tin. At first the experiments, conducted 
with a simple form of electric micrometer, appeared 
to indicate that all the metals contracted to an extent 
proportional to the field, and that they all showed per­
manent magnetization on the hysteresis principle. But 
step by step these inferences were proved to be falla­
cious, as greater care was taken in the exclusion of 
iron from the apparatus arid in the exact setting of 
the rod symmetrical in the coil and free from me­
chanical ' connection with it. The final conclusion 
reached was that no true expansion, positive or nega­
tive, can be detected within the limits of the expel' i­
ment.-P. E. Shaw, Proc. Roy. Soc. , June 18, 1903.  

RADIO-ACTIVE GAS IN TAP WA'fEH.-J. J .  Thomson 
has found that when Cambridge tap-water is boiled, the 
air given off is mixed with a radio-active gas . The 
existence of this gas is

' 
easily demonstrated by elec­

trical means, for i f  the air expelled by prolonged boil­
ing from about 1 0  l iters of water is introduced into a 
closed vessel whose volume is about 600 cubic cent i ­
meters, the amount of ionization in the vessel, as  
measured by the saturation current, is increased five 
or six times. A second boil ing evolves no further 
radio-ac tive gas. The gas can diffuse through a porous 
plate, and by comparing its rate of diffus ion with that 
of CO2 through the same plate, its density can be de­
termined by Graham's law ; preliminary measurements 
of this kind indicate that two different gases are pres­
ent, of which one has a density about twice, the other 
between six or s even times that of CO,. The gas ob­
tained by boiling the water always diffused faster 
than that procured by bubbling air through the water ; 
it seems possible that in the latter case the gas may 
be loaded with water vapor to a greater extent than 
in the former. At the temperature of l iquid air the 
rad io-active gas is frozen. A sample of 20 liters of the 
air was liquefied ; the l iquid was then allowed to boil 
away, the gas coming off at the commencement of boil­
ing was collected, and also that coming off when the 
liquid had all but boiled away. On testing the samples 
for radio,activity the former was found to be sl ightly 
radio-active, but not nearly so much so as before l ique­
faction, while the second was extraord inarily radio­
active, its activity being quite 30 times that of the orig­
inal gas, thus showing, as we should expect from its 
great density, that the radio-active gas is much more 
easily l iquefied than air. S imilar radio-active speCi­
mens of air were obtained from various artesian wells 
as well as from the tap-water of E l y, Birmingham, and 
Ipswich, but not from surface water.-J. J. Thomson, 
Proc. Camb. phil. Soc. ,  October 21, 1903.  

STORAGE OF N-RAY8.-R. Blondlot has made another 
remarkable discovery in connection with N-rays. He 
found that on cuncentrating N-rays with a quartz lens 
for some time �pon a calcium screen and then taking 
away the Auer burner, the increased lUminos ity of the 
screen persisted as long as the quartz lens remained. 
The lens, in fact, possessed a kind of fnvisible N-ray 
phosphorescence. The same effect is sh-own by quartz 
plates, as weIl as Iceland spar, fluorspar, and glass. 
The reflective power of metals is,  as we know, en-

* Compiled by E. E. Fournier d'Albe in the Electrician. 
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hanced by exposure to N-rays. This enhanced reflective 
power also persists for some 10 or 20 minutes. Lead 
becomes active in this . manner on both faces if one 
of them is exposed to N-rays for several hours at a 
time. Aluminium, wood, paper, and paraffin do riot 
store up N-rays, and the least trace of moisture com­
pletely eliminates the effect. Dry pebbles gathered in 
bright sunlight give out N-rays. The effect will ,be 
shown not to be quite analogous to phosphorescence 
in a further paper.-R. Blondlot, Comptes Rendus, No­
vember 9, 1903. 

NOTES ON THE HERONS OF THE DI STRICT OF 

COLUMBIA.* 
By PAUL BARTSCH. 

THE extensive tidewater marshes bordering the two 
arms of the Potomac at Washington afford splend'id 
feeding grounds for many of our birds, particularly 
the water birds and ' waders, and are doubtless respons­
ible for the large nu mber of the latter which visit the 
District of Columbia each season. Birds as large and 
beautiful as our herons llre always conspicuous marks 
and must of necessity be shy to keep from serving as 
targets for the ever:present gunner. It is this habit, I 
am sure, which has led many persons to deem it neces­
sary to visit secluded swamps, or even the subtropical 
everglades of Florida, to see herons in . their native 

) ,. , 

FIGS. 1 AND 2. 

these are in small, dense pine coppices. In 1902 1 
visited two of theSe at various times while tenanted. 
In the latter part of April most of the nests, which 
were placed in the tops of slender pines, close to the 
center, twenty-five to forty feet from the ·ground, con­
tained eggs. The nests [Fig. 3 ( 1 ) ] are poor structures, 
mere platforms of dead twigs, somewhat depressed in 
the center and abundantly chalked with the excreta of 
the birds ; they are so thin that the eggs could fre­
quently be seen through them from the ground. 

Night herons, as their name implies, are nocturnal 
in their habits. During the day all is quiet at the 
heronry. The males sit in the pines while the females 
pursue their task .of incubation. Late in the afternoon, 
however, they leave the breeding grounds, fiying in all 
directions to their favored hunting places. If disturb,. 
ed during the day they will leave the trees with a few 
short, harsh quacks, sail about overhead for a while, 
then settle down quietly to watch the proceedings of 
the intruder. H the colony be invaded a l ittle later 
when the large, light bluish-green eggs [Fig. 3 . ( 2 ) ] 
have delivered up their charge, the anxiety of the par­
ents · becomes more manifest and the birds leave the 
premises more reluctantly ; in fact, it seems almost 
as if one had invaded a hen-roost, each bird shrieking 
and cackling as he or she leaves the nest or perch. 
Add to this the notes or calls of the young, and one 
has a fair notion of the din that greets him. 

the bill. Leaving the nest, they climb into the 
branches, a very praiseworthy act, for the old home and 
immediate surroundings have been thoroughly fouled 
by the combined wastes of the whole family, the nest, 
its supporting branches, and everything below it be­
Ing completely whitewashed with the excreta of the 
birds, while undigested or dropped food adds to the 
disagreeableness of their old quarters. Then, too, from 
the branches they are better able to see the parents as 
they return from their foraging expeditions. 

Young herons, though weak, have several meth ods of 
defense. When one climbs a tree in which the young 
have passed the second week, and the movements of 
the climbing begin to shake it, he may be sure to reo 
ceive a contribution of whitewash from the various 
members. If  the climber persists, th� birds will even 
sacrifice their last meal in his favor, or rather disfavor, . 
and a continuance of the climber's efforts will be met 
by the bird's final resort, which is to launch at the in­
truder with full force, spreading his wings and open­
ing his cavernous mouth, striking with such violence 
that were he not securely anchored by his feet, he must 
surely be carried some distance beyond the nest. His 
fierce appearance and method of attack would repel 
any foe which might propose to dine upon his tender 
fiesh_ 

By looking out over the tree-tops about the end of 
June, one may see many heron sentinels [Fig. 4 ( 4 ) ] 

2 

FIG. 5. 
1. Young Black.crowned Night Heron in rull juvenile dress . .  

2. An adult. 
1. Two young Green Herons 24 hours old and two addled eggs. 2. Twelve days old­

on the defense. 

haunts, whereas a little search might reveal these wary 
members in their own locality where they may even 
rear their young. 

No fewer than nine of the eighteen species which 
inhabit North America have been recorded witbin the 
limited area of the District of Columbia ; four have 
been found breeding, and the great blue heron, which 
is with us in small numbers all the year, is strongly 
suspected of conducting his domestic affairs within our 
territory. -

The most abundant member of the family is the 
black-crowned night heron ( Nycticorax nycticorax 
nILviu8 ) ,  qr quak, as he is usually called - by the · un­
tutored ( Fig. 2 ) .  He is about 25 inclres long, with 
bright-red :eyes, black bill, and pale yellow legs and 
feet ; the feathers of the crown are glossy greenish­
black, exce'pt three long, narrow, white plumes which 
stream downward over the equally glossy greenish­
black back'i the forehead, neck, and median under.­
parts are creamy-white, shading gradually to ashy on 
the sides, while the wings and tail are deep ash-gray. 

Three coionles of these birds have thei r  breeding 
grounds wi�hln the District and a fourth has been re­
ported only a short distance beyond Its limits. All of 

* From Smltillonian MlacellaneoUJ PublicatioDi. 

The young at birth [Fig. 3 ( 3 ) ]  are about as ugly 
blrdl ings as can be imagined ; they are dark-skinned, 
wet, almost nude, with immense heads and large bills, 
quite out of proportion to the rest of the body, bearing 
a fairly strong, pointed knob at the tip which assisted 
them in breaking their egg-shell prisons. Weak and 
limp they lie stretched out in the middle of the nest. 
But a few hours bring wonderful changes. The wet 
down which clung closely to the body has become dried 
and fiuffed up and the little ·blrds are now enveloped in 
a coat of fine slaty-blue down, They even possess a 
decided head-crest of somewhat lighter color than the 
body-down, which gives to them a grotesque if not 
formidable appearance. Young herons grow very rap­
Idly. Three days after hatching they are much increased 
in size, having considerably longer down and the first 
indication of pin feathers [ Fig. 3 ( 4 ) ] .  By the end of 
the first week they are fairly bristling with pin-' 
feathers and the feather-tracts have become strongly 
marked [Fig. 4 ( 1 ) ] .  On the tenth day [ Fig. 4 ( 2 ) ]  
many of the feather sheaths have become ruptured at 
the tips, and the birds begin to appear in their first 
plumage. About three weeks mark the termination of 
their stay in the nest [Fig. 4 ( 3 ) ] ;  they are now al­
most as large a!! their parent!!, but quite dlfferelltly: 
colored, bearin� still the little ivory tip at the point of 

watching and waiting in the tips of trees. It  is inter­
esting to see how successfully these birds, built espe· 
cially for the marsh, carry on arboreal life. The young. 
if disturbed when out in the branches, will, if old 
enough, either fiy to a neighboring tree or climb rapidly 
from branch to branch. If  they lose their balance in a 
jump, or fail to grasp a branch or twig with their toes, 
the bill comes to th€ir aid ; and I have seen birds sus· 
pended by their b!1ls for some minutes, struggling all 
the while to reach the same twig with their toes, 
usually with success . A bird �ay even strike a branch 
with its neck, in which case this member is instantly 
crooked and serves as a hook to hold him until he re­
gains his balance. 

The feeding is all done at night, and it is interesting 
to be in the colony after sunset-such clamoring, such 
call1ng, such din ! Everyone, no doubt, has heard the 
racket with which young crows greet their parents when 
they come with food. The heron's greeting is Similar, 
only louder and more vociferous, if s1,lch be possible. 
All sorts of notes are heard, from the weak "pip, pip, 
pii;!, pip" of the tiny baby to the loud clucking of. the 
parents, the latter reminding one strongly of the ejacu­
lations of a sitting hen which has been suddenly dipped 
into a barrel of cold water and then released. 

Fish seem to form the chief article of the heron's 
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diet, and the little yellow perch appears to contribute 
the largest share ; at least this was the conclusion 
reached from an examination of the contributions and 
accidentaJIy dropped material. I also noted several 
small eels, one small garter snake, and parts of frog 
skeletons, but no crayfish. The young are fed by re­
gurgitation. 

On June 1, 1902, I made a systematic survey of a 
colony of herons, the results of which are tabulated 
as follows : 

COLONY I (JUNE 1, 1902 ,. 

0 Young Birds � 0 Young Birds. � Z ai +' Z ai +' 
+' bIl � +' bD --- --- � 
Ul biJ S 00 b. S Q) "" 1 2 3 4 "" OJ � 1 2 3 4 "" Z Z 

-- -- - -. - -- - . - - - -

1 n 40 ? 
2 nb 41 b ? 3 b 42 ? 
'" n 43 ? 5 b 44 ? 
6 n 45 n 
7 nb 46 � 
8 n 47 ? 
9 c 48 ? 

10 b i9 ? 
11 ? 50 ? 12 ? 51 , 
13 c 52 , 
14 c 5J ? 1& c 5i ? 
16 ? 55 ? 
17 ? 56 ? 
18 c 57 ? 
19 ? 58 ? 
20 ? 59 , 
21 ? 60 ? 22 ? 61 nt 
23 ? 62 1 24 ? 63 1 25 b 64 
26 ? 6.5 1 27 n 66 
28 nb � l  29 ? 
30 b 69 ? 
31 b 7° 1 32 - ' n 71 
33 n 72 1 34 ? 73 35 ? 74 1 86 ? 75 

71-
37 4 76 ) 38 n -;- �l-;-

.. -
39 b :� 

Total nests examined . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 1  
.. eggs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

young birds (40 in nests, 28 on branches), 68 
NOTB.-Nests numbered '62 to 76 were not examined, but if the 

same average number of young to the fourteen nests be allowed, 
thiS eolony should have produced 88 young III 1902. 

• In the above tables n = young in nests, b = young in branches. 
c = nest well chalked but empty, ? = empty Without posItive signs 
of havlllg been occupied this season. 

On June 19 an examination of another colony was 
made, the results of which are tabulated as follows : 
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OO LONY II (JUNE 19. 1902). 

>, 0 ai Young t- o 
+' Z Birds. iZi .  "" +' bD � +' S biJ 8 00 "" � "" Q) "" Z 1 2 3 4 

.- - -- - - - .- - -

48 n b  95 49 ? 96 
50 , 97 
51  n 98 
52 b 99 

c 53 · , b 100 
54 b 101 
55 ? 102 
56 b 103 
57 n b  104 
58 , b  10; 
59 b 106 

? 60 /) 107 
61 b 108 

? 62 / ,  109 
63 b 110 
64 b 111 
611 n l  112 
66 b 113 
67 11 114 
68 'I n 115 

c 69 1 n 116 
70 b 117 71 b 118 
72 b 119 
73 b 120 
74 b 121 75 b 122 

c 76 n 123 77 ? 124 
78 n 125 79 b 126 

c 8(1 b 127 
? 81 b 12 1 

82 n 129 
83 b 130 
8� b 131 
85 b 132 
86 ? 133 
87 ? 134 
88 ? 135 
89 ? 136 

c 90 b 137 
9 1  ? to 
92 b 177 
93 II 
94 b 
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1 10 

3 
-

n 
n 
n 
b 
b 

b 

b 
b 

b 
n 
b 
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4 "" 
-- -

? 
11 

? 
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? 
? 
? 

? 
? 

? 
? 

? 
? 
? 
? 

- -

8 29 

Total nests examined . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 136 .. eggs . . " . .  . . . . . . . . . . . . . . . . . . . . . . .  . . . .  . .  . 11 
young birds ( 123 in hests. 170 in branches)

,
. 293 

NOTE.-Nests numbered 137 to 177 were not examined, but if we 
allow the same average number of young to these forty-one nests, 
tbis colony should have produced 395 young in 1902. 

'fhere are stiIl many unsolved problems about bird 
life, among which are the age that birds attain, the 
exact time at which some birds acquire their adult 
dress, and the changes which occur in this with years. 
Little, too, is known about the laws and routes of bird 
migration, and much less of the final disposition of the 
untold thousands which are annually produced. 

When I visited the heron colony for the first time, 
it occurred to me that some light might be shed on one 
or more of these unsolved problems, at least so far as 
the present species is concerned, by marking the sue-

cessive broods of young birds for a number of years. 
I explained the situation to Dr. F. W. True, head 
curator of biology in the National Museum, who agreed 
to procure the necessary bands. These were inscribed 
"Return to Smithsonian Institution," and bore the year 
and a serial number. Unfortunately no aluminium tub­
ing of the desired caliber could be obtained at once, 

1 

3 

on, there is l ittle danger of its ever being dislodged, 
for the heron's toes are always partly spread as he 
clings to the twigs of his nest.  Only one return re­
sulted from the 1902  marking of night herons ; this 
was a specimen shot September 24, 1902,  at Abington, 
Maryland. about fifty-five miles northeast of Wash­
ington. 

2 

4 

FIG. 3: 
1 .  Nest and eggs or BlaCk-crowned Wight Heron in situ. 2. Detailed view of same. 3. Young and I!I!R8 ot 

same. just hatched and hatching. 4. 'rbe young thl'ee days after batching. 

1 4 

3 2 

FIG. 4. 
1 .  Young Black-erowned Nigbt Herons seven days old. 2. Same. ten days oiU. 3. Same, three weeks 

old. 4. A favorite position in the tree-top after leaving the nest. 

hence the bands arrived so late in the season that only 
twenty-three herons of the entire heronry were marked. 

These bands are mere rings, of extremely light 
weight, large enough to fit comfortably about the tarsus 
of the adult bird. The fact that the bands ate closed 
necessitates very early application, since the foot soon 
grows too large to permit the ring to slip over it. Once 

During the present year ( 1903 ) both aolonies have 
changed quarters. One of the colonies selected an ad­
jacent hillSide, where eighty-nine nests have been 
counted. The location of the other is still unknown, 
since lack of time prevented a thorough search for it. 
No complete systematic survey was made of the known 
colony, which was in a mixed forest. All but seven 
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of the nests were placed in pines, the others in oaks. 
Four trees harbored two nests each. 

Seventy-eight young birds were banded in 1903, five 
of which have already been heard from. The first was 
captured July 19 in a street in Leesburg, Va. ; the 
second was caught July 20 in a fish-trap on the Potomac 
below Washington ; the third was shot at Pennsville, 
New Jersey, July 18 ; while the fourth and fifth were 
found dead under the tree in which the young had been 
marked. The birds were almost full grown, and there 
are strong'  indications that the last two specimens had 
been stoned to death by ruthless boys before they left 
their nesting tree. 

I visited this colony on August 10, and was surprised 
to find about a dozen large young present with their 
parents. These must have been a second brood, raised, 
perhaps, by the birds whose first nest had been plun­
dered by some small boys after incubation was well ad­
vanced. In the preceding year (1902)  a large number 
of the eggs were carried off from the smaller of the two 
colonies and the steps taken by many of those who 
were in a position to render aid should have prevented 
a similar occurrence. 

The nearest relative of the. black-crowned night heron 
is the yellow-crowned night heron ( Nyctinassa vio­
lacea ) .  Of the occurrence of this species in the Dis­
trict of Columbia there is but a single record-that of 
a juvenile individual, captured in the Smithsonian 
grounds, the skin of which is in the National Museum 
collection. 

The remaining seven species listed for the District 
are diurnal waders and may be found feeding on the 
marshes and along creeks and lakes during the day. 
The most abundant of these is the little green heron 
( Butorides virescens ) ,  a bird of many names among 
the most common of which are shitepoke and fly-up-the­
creek. He is not a sociable fellow, shunning company 
and rarely allowing other birds to feed or to build 
their homes near him: For a nesting site he chooses, 
like the night heron, a pine coppice and builds an 
equally fiimsy nest on which the four pale-blue eggs 
are deposit.ed. The young are even more downy than 
th ose of the night heron, and are altogether much 
more dainty and fluffy than the latter.  Their color, too, 
is much softer, somewhat lighter and more bluish­
al most maltese. Fig. 5 (1 and 2) shows the changes 
which took place in the same bird in twelve days. 

It is interesting to watch this bird on his hunting 
ground as he moves stealthily along the shore, with in­
drawn neck, horizontally tilted body, and forward­
pointed . beak. If  he espies a small fish or other object 
which may serve as food, he moves almost imper­
ceptibly toward it, crouching lower and lower as he 
nears the victim, striking finally with such ' force that 
he appears fairly to lose his balance. This heron is not 
fond of wading, preferring to hunt along the shore or 
to seek his food by walking over the masses of aquatic 
vegetation which cover the Potomac .to a great extent 
in summer and autumn. 

The third species found breeding in the District of 
Columbia is the least bittern ( Ardetta. exi lis ) .  This is 
the s mallest of our herons, and although with us every 
year from May to September, is seldom seen. His 
diminutive size and subdued coloration make him diffi­
cult to find, even in his favored haunts. One or two 
pairs breed annually in the cattail  border. which sur­
rounds one of the fish-ponds near the Wash ington 
Monument. His large relative, the American bittern 
( Botaurus lentiginosus ) ,  occasionally spends the win­
ter in the District, but is most abundant in the fall, 
when he is frequently . flushed by the ortolan hunter 
and added to his bag of game. 

Anacostia River, between Anacostia and Bennings, in 
the latter part of August fairly teems with bird life. 
Countless numbers of swallows find an abundant foO'd 
supply on the marsh and an open field to train their 
wings for the long journey soon to be undertaken. This 
arm of the Potomac is at this season almost completely 
covered by wild rice and aquatic vegetation. The first 
covers completely the low mud flats and furnishes the 
thousands. of sparrows, reed-birds, red wings, and orto­
lans with grain, while the latter forms a dense mat over 
all the water except the very narrow portion marking 
the channel. This green water-carpet is a favorite re­
sort of the herons, and there may be seen the American 
egret ( Herodias egretta ) ,  that large white heron second 
in size only to the great blue ( Ardea herodias ) ,  which 
is also present, the little blue ( Florida crerulea ) ,  and 
an occasional snowy herO'n ( Egretta candidissima ) ,  all 
busily engaged in finding their daily food. 

The most abundant of these is the l ittle blue, al­
though few would recognize him as such, for at the 
season referred to there may be at least fifty white 
birds ( a  color phase of this species ) to one of dark 
color. Their food consists almost exclusively of cray­
fish, which at this season have the habit of flipping 
from the bottom of the shallow water to the surface 
of the floating vegetation, where they lie quiet for 
some time and fall an easy prey to the hungry heron. 
The little blue, like the green heron, seems to prefer 
walking to wading, though he is much more active than . 
the latter species, flying up and down the marsh from 
one favorable feeding place to another. They are: 
sociable birds, ·always fond of company. 

The American egret and the great blue occur in about 
equal numbers. The former has been known to nest at 
Arlington Cemetery. Both are fishers, fond of wading, 
the great blue even more so than the egret. The latter 
frequently joins the little blues, when he appears as a 
giant of the same race. Among the host of white little 
blues there appears occasionally a bird, much more 
trim and graceful, whose yellow feet distinguish him 
at  a glance trom the other species. This Is the snowy 

heron ( Egretta candidissima ) ,  which is undoubtedly 
the most beautiful of all our waders, although it is 
quite rare in the District of Columbia. 

As evening advances, the few night herons which 
remain go to the Anacostia marsh, while the diurnal 
members rise one after another and fly up the stream. 
I followed them one evening and found a secluded place 
on the bank, where the tops of several dead trees were 
fairly well surrounded and hidden by green vegetation. 
Here the herons had assembled in numbers and were 
preening their beautiful dresses, preparing for the 
night which was fast approaching. 

THE DISLIKES OF ANIMALS. 

NO'f only is it true that animals, both . domestic and 
wild, show decided preferences for certain persons, and 
a strong dislike to other individuals, but whole races 
of creatures often show a universal hatred toward 
other species. In the legends of ancient times this was 
noticed ; always arrayed against each other were the 
otter and the crocodile, the hart and the dragon, the 
unicorn and the elephant. 

Perhaps the most interesting cases of dislikes are 
those which are inherited, fear of the natural enemies 
of a certain weaker species being so strong that even 
the young just born may experience it. . All herds of 

() cows and cattle hate dogs instinctively. Can we not 
trace Jhis to the time, long centuries ago, when the 
wild herds were always in danger of being attacked 
by wild dogs or wolves, which slunk about on the out­
skirts of the herd, and watched with hungry eyes every 
chance to cut out and pull down a helpless calf ? 

To fight like "cats and dogs" has become a proverb, 
and we must admit there is abundant basis for its 
truth. In domestic cats this is doubtless an inherited 
instinct, which in orie of its larger relatives we ' can 
verify to-day. In India the tiger is king, almost. Deep 
in .the jungles she makes her lair, and the cubs have 
few enemies, indeed. Bear or tiger-cat, when they in­
advertently come across the lair trail of the great 
striped one, back-trail, and rapidly too . .  It is doubtful 
if even the great python would disturb one of the little, 
furry kittens. But the packs of wild dogs are without 
fear, and would kill and eat the cubs and defy the 
parent when she returned. Well she knows this, and 
also that although she might slay a dozen, yet the 
others would pin her down, ripping her fiesh, careless 
if they died or no. So a tiger in captivity will scru­
tinize a wolf without much show of anger, but pity 
the dog that ever comes within reach, and if she can­
not get at him, her wrath of memory will vent itself 
in howls and fierce endeavors on the bars of her cage. 

A leopard, which lives so much among the trees and 
could so easily escape the attacks of wild dogs, has no 
instinctive hate, although a dog is a tidbit which would 
be by no means despised. This fact is well known to 
doge, which show their fear of these arboreal felines, 
while they will mob tigers and other terrestrial cats. 
Pumas come under the same head as leopards, and are 
held in as great respect by dogs. 

In zoos the animals generally show a dislike to chil­
dren and cripples ; in the first instance, doubtless, be­
cause they are teased more by the youngsters, and in 
the second place because of the strange horror and hate 
which many animals show of the abnormal, or condi­
tions out of the usual, for discriminating between which 
they have remarkable ability. 

Monkeys hate negroes, but this dislike of dark­
skinned men is not confined only to the above men­
tioned class of animals. It is said that when Mr. 
Hagenbeck's Somalis were at the Crystal Palace they 
were invited one Sunday to see the zoo, whither they 
went, accompanied by Mr. Menzies, the African ex­
plorer and hunter who had brought them from Somali­
land. There was nothing to which the most sensitive 
European .could object in the appearance of these free, 
half-Arab tribesmen, but when the dark men entered 
the lion house there was an uproar. The animals were 
furious ; they roared with rage. The apes and monkeys 
were frightened and angry, the antelopes were alarmed, 
and even the phlegmatic wild cattle were excited. They 
recognized their natural enemies, the dark-skinned men 
who had hunted them for centuries in the jungles and 
the bush, and with whom their own parents did battle 
when they were captured and carried off captive in the 
Nubian deserts. 

A bird will often die from sheer terror when greatly 
frightened, and parrots, emus, and monkeys will some­
times faint dead away. There are many cases of dis­
like or hate among animals which are inexplicable to 
us ; just as many people have unreasonable but uncon­
querable prejudices against cats, mice, caterpillars, or 
snakes. Why, for instance, should camels arouse such 
disgust in horses ? Bears and other animals are often 
unheeded by horses, but even the scent of a camel 
which has passed some time before is enough to make 
horses refuse to be driven near it. Horses will learn 
to work in company with elephants much sooner than 
with c.amels. . _ . 

,Even in animals which are nearly related to each 
. qtper illtense hatred sometimes exists. Hounds take 

d�igIit in hunting foxes, and when dogs are used in 
pursuing and killing wolves they do it with a fierce­
ness arid anger which is never aroused in them at sight 
of the deer which they are running. 

Animals, such as cats, dogs, birds, and even bees, 
seE'm to know what persons are in sympathy with 
th em. Some persons will be attacked even by pigeons 
and doves, and it is impossible for some to have any­
th ing to do with horses and other animals .-N. Y. 
Evening POf>t. 

RADI O-ACTIVE MINERALS AND SUBSTANCES. 
THE United States Geol'Ogical Survey is collecting 

information concerning the occurrence of radio-active 
minerals and substances in the United States. The 
minerals named in the appended l ist possess radio­
active properties in various forms and degrees. Radio­
activity has been noticed also in many substances 
which are not primarily minerals, such as slags, tail· 

LIST OF MINERALS FOUND TO POSSESS RADIO-ACTIVE 

PROPERTIES. 

MINlIIRALS CON'l'AINING URANIUM. 

Name. 

Uranothallite . . .  . . . . . .  . . . . . . . . . . . .  35-·37 
Liebigite . . . .  36-38 
Voglite . . . . . . . . .  . . . .  . . . . . . . . . .  . . . .  31 
Thorite . . .  . . . . . . . . . . . . . . . . . . .  . . . . . . . .  1 -10 

Var. Uranothorite . . . . . . . . . .  , .  . • . •  

Rowlandite. . . . . . . . . . . .  . . . . . . . . . . . . . .  0 . 04 
Uranophane . . . . . . . . . . . .  . . . . . . . . . .  51-67 
Hatchettolite. . . . . .  . . . . . . . . • . . . . . . . 1.5 -16 
l!'erguBonite . . . . . . . .  . . . .  . . . . . . . . . .  1 -3 

Var. Tyrite . . . . . . . . . . . . . . . . . . . . . . .  5 - 6  
Var. Bragite. . . . . . . . . . . . . .  • . . . . .  8-9 

Sipylite . . . . . . . .  . . . . . . . . . . . . . . .  . . . . . .  3-4 . Yttrotantalite . . . . . . . . . . . . . .  . • • . . . • • . . 1-2 
Samarskite . . . . . . . . . . .  . . . . . . . . . . . . .  . .  

Var. - . . . . .  . . .  . . . . . . . . . • . . . .  9 -16 
AnnerlJdite . . . . . . . .  . . . . . . . .. . . . . . 16- 17 
Hielmite . . . .  . . . . . . . .  . . . . . . . . . . . . . . . 2 5 
Euxenite . . . . . . . . . . . . . . . . .  • . . .  . . . . . .5-12 
i����'We' .:::::::: : : . :::::: : : : :  . .  : : . . il=�� 
Xenotime . . . . . . . .  . . . . . . . . . . . . . .  . . . .  0-4 
Torbernite . . . . • . • . . .  . . . . . . . . . .  . .  . • .  57 . 62 
Zeuneri te . . . . • • • • . . . .  . . . • . . . .  . . .  . . . 1i5-.'Xl 
Autunite . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  55 62 
Uranospinite . . . . . . . . . . . .  . . . . . . .  . . . .  59 -60 
Uranocircite . . .  . . . . . . . . . . . . . . . . . . . . 56-57 
Phgsph.uranylite . . . .  . . . . . . . . . . . . . 

6
731 :::

6
�� 

Trogerlte . . . . . . . . . . . . . . . • .  . . . . . . . . . . . .  • 
Walpurglte . . . . • . . . . . .  . . . . . . .  . . . . . . .  20-21 
Carnotite . . . .  . . . . . . . . . . . . .  . . . . . . . . . . . .  62 - 65  
Uraninlte (Pitchblende) . . .  • . . . • . . . .  75 - 85 

Var. Broggerite . . . . . . . . . . . .  . . 1 Vary in r 
Var. ( h)Vei�e . . .  . . . . . . . . . . . . � ratIO of { 
Var. Nlvemte . . . . . . . . . . . . . . . I u ramum I 
Var. Uranniobitc . . . . . . . . . • . . .  J OXides . l 

Gummite . . . . . . . . . . . . . . . . . .  . . . . . . . 61-7,5 
Var. Thorogummite . . . . . . . . . . . . . . . . . . . . . . . .  . 

o.m 

. . . .  2.7 

. "i.4· · · · · 

807 
308 
309 
395 

· · 529 
530 
.531 
534 
5.% 
53.5),9 536 659 
661l 
661 
662 
663 
664 665 
666 
711 ' 

Var. Ytt.rogummite . . • . • . . . . . . . . .  

Mackintoshite . . . . . . . . . . . . . . . . . . . . . . . . ·2i:":2-�· · ·  : : : : :  : : : : : : .
. . . . . . . . 

5' 1 - .5l  . . . . . . . . . . · · 7ii:l· · ·  U ranosphrerite . . . . . . .  , . . . . . . . . . . . . 

Johannite . . . . . . . . . . . . . . . . • • . . • . . . . . . . .  

Uranopllite . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
61-68 • • •  . . . . . . . . . 806 77- 78 807 

MINERAL� CONTAI N ING THORIUM.* 

Nltme. 

ir�g���fte · : : : :  : :  .. ..
.
.
. :::::: : : : : : : : : : :  

Yttrocerite . . . . . . . . . . . . . . . . . . . . . . .  . 
Cassiterite . . .  . . . . . . . . . . . . . . . . . . .  . 

Var. Ainalitc . . . . . . . . . . . . . . . . . .  . 
Parisite . . . . . . . . . . . . . . . . . . . . . . . .  . 

Hastmesitc . . . . . . . . . . . . . . . . . . . . . . . .  . . 
Lanthanite . . . . . . . . . . . . . . . . . . . . . . . . . 
Tengerite . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Lavenite . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Wohlerite . . . . . . . . . . . . . . . . . . . . . . . . . .  . . 
Eudialyte . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Var. Eucolite . . . . . . • . . . . . . . . . .  

Cappelenite . . . .  . . . . . . . . . . . . . . . . . . . . 

lI elanocerlte . . . . . . . . . . . . . . . . . . . . . . . .  . 
Caryoceritc . . .  . . . . . . . . . . . . . . . . . .  . 
Tritomit·e . . . . . . . . . . . . . . . . . . . . . . . .  
Zircon . . . .  . . . . . . . .  . . . . . . . . . . . . . . .  

Var. Tachyaphaltite . . . . • . • . . . . .  

Var. Cyrtolite . . . . . . . . . . . . . .  . 
Thorite . . . . . . . . . .  . 

Var. Auerlite . . . .  . . . .  . . . . .  . .  
Var. Calciothorite . . . . . . . . . . . .  . Var. Euerasite . . . . . . . . . . . . . . . . .  . . Var. Freyalite . . . . . . . . . . . . . . . . . . .  . 
Var. Orangite . . . . . . • . . . . • . . . . . .  

Var. Uranothorite . . . . . . . . . . . . . .  . 
Gadolinite . ,. . . . . . . . . . . . " . . 

Var. Metagadoli nite . .  . 
YttriaJite . . . . • •  . . • . . . . . . . . . . . . . . .  . 
Thalenite . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Allanite . . . . . . .  .' . . . . . . . . . . . . . . . . . . .  . 

Var. Bodenite . . . . . . . . . . . . . . .  . . 
Var. M uromontite . . . . . . . . . .  . 
Var. Orthite . . . . . . .  . . . . . . . . . . . 

Var. Uralorthite . . . . . . . . . . . . . . .  . . 

rerite . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . 
Cenosite . . . . . . . . . . . . . . . . . . . . . . . . .  . . 
Keilhauite . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Tscheffkinite . . . . . . . . .  " . . . . . . . . . . . . .  . 
Johnstrupite . . . .  . . . . . . . .  . .  . . . . . .  . .  
Mosandrite . . . . . . .  ' . . . . . . . . . . . . . . . . . . . 
Rinkite . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

�:;g�::l�� . .':: .. .. ':::::: . . '.'. : " . ':: :. 
Hatchettolite . . . . . . . . . . . . . . . . . . . . . . .  . 
Microlite . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  
Fergusonite . . . . . . . . . . . . . . . . . . . . . . .  . 

Var. Kochelite . . . . . . . . . . . . . . . . .  . 
Sipylite . . . . . . . . . . . . . .. . . . . . . . . . . . . . .  . 

Columbite (TantaJite) . . . . . . . . . . . . . . 
TapiOlite . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Skogbolite . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Stibiotantalite . . . . . . . .  • • • • . . . . . . . . . 
Mossite . .  , . . . . . . . . . . . . . . . . . . . . . . . . . . 
Yttrotantalite . . . . . . . . . . . . . . . . . . . . . .  . 
Samarskite . . . . . . . . . . . .  . . . . . . . . . .  . 

Va,.. from Colorado . . . • • • • . . . . . 

Annerodite . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Hielmite . . . . . . . . . . . . . . . .  
' 

. . . . . . . . . . . .  . 
Aeschynite . . . • • . . . . . . . . . . . . . . . . . . .  . 

Polymignite . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Zirkelite . .  . . . . . .  . . . . . . . . . . . . . . . . . . . . : 
Euxenite . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Polycrase . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Arrhemte . . .  , . . . • . • . •  . . . . . . . . . . .  " . 
Rogersite . .. : .' . . . . . • • . •  . . . . . . . . . . .  . 
Xenotime . . .  <r • • •  . . . . . . . . . . . . . . . . . . M onazite . . . . . ' 

. . . . . . • ... . . . . . . . • . . . . . . . .  

Rhabdophanite . . . . . q ... . . . . . . . . . . . . . . . 
Churchite . . .. ,i • • . . . . . . . . . . . .  ' 

Uraninite (Pitchblende) . . . . . . . . . . . .  . 
VM. Broggerite . . . . . . . . . . . . . . . .  . 
Var. Cleveite . . . .  . . . . . . . • . . . .  . . 
V4r. Nivenite . . . . . . . . . . . . . . . . . . . .  . 

Vor. Uranniobate . • . . . . . . . . . . . . . .  
Gummite . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Var. Thorogummite . . . . . . . . . . . .  . 
Var. YttroglUIlmite . . . . . . . . . . . . .  . 

Mackintoshite . . . . . . . . . . . . . . . . . . . . . .  . 

Percentage of Radio:a,ct.ivity 
thori um oxide (CurIe s list , 

contained. u��itTn 

i':':2 
13--14 

8 - 9  
0 - 2  

�mall am t. 
tr. 

48-72 70 
59-60 
,35- 36  
28-29 
71-72 

52 
Il-·l 

12 

li:":21 
tr. 
tr. 

1 -2 

Ii':':. 
2-3 

15:':'i7 3-4 
7-8 0-6 
3-4 

0-3 
0-18 

iJ-':'10 
5-6 
3-5 
8-8 

(0.42) 
41-42 

O-? 
45-46 

0.7--2 

2 

O.j.::UA 
0.i .. ::!i.:3 

o.m 

i.i· 

0.7 

o.m 
0.5 

1.6':':8.3 
1.4 

* It has been pretty well established that thoria Is not radio· 
active unless the mineral in which it is fouad contains uranium 
also. 
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Ings from concentrators, slimes, chemical wastes, nat­
ural mineral waters, deep-well waters, and petroleum, 
and it is  possible that the list of radio-active minerals 
and substances may be greatly increased. 

The simplest means of detecting radio-activity in a 
substance is by the use of a photographic plate. The 
more sensitive the plate the better. The plate sqould 
not be removed from the inclosing black paper, and a 
metal object should be laid upon this black paper in a 
dark room ; upon this should be placed the specimen to 
be tested. Instead of the metal object a few small nails 
may be arranged so as to form the initial of the owner 
and left on the paper-covered plate below the specimen. 
The specimen should be left in the dark room for from 
two to fifteen hours and then developed in the usual

' 

manner. If the specimen has radio·active 'powers, a 
photograph of the metal object or of the nail-formed 
initial will be produced on the plate exactly as if it 
had been exposed to the sun's rays. The test should 
be made, if possible, with from half a pound to a 
pound of the material. The electrical method is more 
reliable, but is much more difficult. 

ELEMENTS AND COMPOUNDS. 

To the engineer who refrains from philosophizing, 
the distinction between 'elements and compounds ap­
pears simple enough. A substance is elementary when 
all its particles show the same properties, and when no 
mechanical, physical, or chemical treatment can sep­
arate from it any particle differing from the others. 
The metals are elements, their alloys compounds. In 
practice, we do not know any substance which is abso­
lutely homogeneous ; it is, we say, because no substance ' 
is quite pure. Impurities are considered as alien"':' 

something foreign to the substance. That is, we pre­
scribe ideal conditions for the elements with as much, 
or as 

'
little, right as we lay down the law for perfect 

gases. We all �tain 'a lurking conviction that there 
is, after all, only one kind of matter, and that its prop­
erties change with the conditions. Would it not be 
more consistent formally to admit that the only dif­
ference between elements and com'pounds consists in 
the supposed impossibility of proving the so-called ele­
ments to be compounds. 

This question was answered in the affirmative in 
the Faraday lecture which Prof. W. Ostwald, of Leip­
zig, delivered before the Chemical Society on Tuesday, 
April 19. The lectures are given in the hall of the 
Royal Institution, where Faraday taugbt ; and the in­
vitation to address the society from Faraday's chair, 
and to accept the Faraday medal, is an honor that Prof. 
Ostwald has shareq with the great men Dumas, Can­
nizzaro, A. W.  Hofmann, Wurtz, Helmholz, Mendeleieff, 
and Rayleigh. Prof. Ostwald is, perhaps, in a more 
di rect sense than any other of his predecessors, a pupil 
of Faraday, though he never saw him. The word "ion," 
which may be said to stand foreniost in Ostwald" s 
creed, was uttered for the first time, in its modern 
senlile, by Faraday ; the problems of catalysis, to which 
Ostwald has devoted much study, came under Faraday's 
hands ; and Ostwald's energetics led him to the con­
clusion which Faraday, coming back to the standpOint 
of Boscovich, expressed by saying that the atoms are 
only mathematical points whence the forces emerge, 
or where the directions of several forces intersect. 

It is from this standpoint that Prof. Ostwald dealt 
with the theme-Elements and Compounds. Born in 
the Baltic provinces of Russia, he studied and taught 
at Riga and Dorpat before he accepted a call to 
Leipzig, whera he soon gathered around him a school 
of physical chemists, who look up to h.i,m as to one of 
the fathers of modern electro-chemistry. Nothing o� 
this is to be found in his lecture. There is not a 
table, not an atomic weight, not a coefficient, not even 
an allusion to modern electro-chemistry to be found in 
it. I t  is an outline of bold novel conceptions, in an 
original garb, based upon chemical dynamics, without 
any electrical support. It  may be interesting to the 
engineer that in one of his chief tasks and arguments, 
Prof. Ostwald was guided by the ideas of a metal­
lurgist, Franz Wald, the chief chemist of the Kladno 
Iron Works, in Bohemia-a man who has, so far, met 
with little recognition . It is possible, Prof. Ostwald 
stated in the opening of his lecture, to deduce from the 
principles of chemical dynamics all the stoichiometrical 
laws : The laws of constant proportions, of multiple 
proportions, of combining weights. That this was pos­
sible had been denied by all investigators, until Franz 
Wald first gave the proof. To make this assertion 
means to step on somewhat volcanic ground ; Prof. 
Ostwald was quite aware of that. He is prepared for 
severe critiCism, and he will receive it. For to the 
majority of the chemists, Dalton's atomic hypothesis 
in its modern form is a theory. But the various radia­
tions that have been demonstrated of late have cast 
s trange lights on many subjects, and we need to sus­
pend judgment until we gain clearer views. 

Prof. Ostwald starts from equilibrium. We have 
equilibrium when the forces balance one another, so 
that no motion ensues, or where no variation occurs in 
the properties of the system ; in the most general sense, 
equilibriuIl\ denotes a state independent of time. To 
attain equilibrium, temperature and pressure, and, 
therefore, volume and entropy, must remain constant ; 
and that is only possible in a homogeneous system. 
Solutions or gaseous mixtures, of different ' concentra­
tions at different spots, are not homogeneous. In water 
in contact with water vapor we have two different 
states w ithout homogeneity. Here we are introduced 
to the new concept of  Willard Gibbs ,  a phase in 
which the temperature and pressure are the same 
everywhere, but the , �ecific volume and specific en-

tropy change from one body to another. The phase 
may be distributed over any number of parts. The 
millions of globules of butter in milk form one phase, 
the watery solution of casein and milk sugar forms 
another ; milk is a two-phase system. Excluding 
,gravitation, electricity, surface tension, etc., and con­
sidering only heat and volume energy as the sole 
forms of energy involved, we may say that every sys­
tem consisting of only one phase has two degrees of 
freedom. That would apply both to an elementary 
gas like oxygen, and to a mixture of whisky and water, 
which can only change in pressure and temperature. 
Every one-phase system has a limited sphere of exist­
ence ; the solid or liquid may with lowered pressure 
pass into the gaseous state. The sphere need not be 
limited on all sides, however ; there is apparently no 
limit on the side of low pressure and high temperature 
for gases ; for solids not on the side of high pressure 
and low temperature. But if we exceed the limits of 
existence of a phase, a new phase will be formed. 
The boundary lines between the different phases repre­
sent the interdependent values of temperature and 
pressure for the possibility of the coexistence of the 
two phases. By admitting this coexistence we lose one 
degree of freedom, and we introduce the ratio between 
the masses of the two phases. 

As a rule, the properties of both the phases will  
change during the transformation of one phase into 
aflother. When we evaporate sea water at constant 
temperature, 0' the denSity of the residue grows con­
tinually higher, while the pressure-and therefore the 
density of the vapor-goes on decreasing. When we 
evaporate distilled water, the properties of the residue 
and of the

' 
vapor remain unchanged during the whole 

transmutation. Bodies of the first description we call 
solutions, bodies of the second class hylotropic bodies. 
We might call the latter chemical individuals or sub· 
stances ; but the term "hylotropic" body is  broader. 
Graphically represented, with temperature or pressure 
as ordinate, and the portion of the first phase con­
verted into the second as abSCissa, the hylotropic body 
gives a straight horizontal line ; the solution yields also 
a continuous line which will not be horiiontal, how­
ever, and, as a rule, is curved. If the ordinates mean 
pressure at constant temperature, and the change is 
from liquid into vapor, the curve will slope - down­
wa rd. At higher temperatures we get similar curves 
above the first curve. In any case the residue 
will always be less volatile, and the distillate more 
volatile, than the original solution. There need not be 
any end to this separation by continued distillation. 
But practically we shall come to a limit of volatility 
on both sides, which signifies that every solution can 
be resolved into two or more components which are 
hylotropic bodies. Thus we arrive at a relation be­
tween the properties of a solution and the nature and 
proportion of its hylotropic components. 

The boiling points of all solutions formed by two 
hylotropic components yield us three types of curves. 
The curve may , rise continually, or it  i:nay have a 
maximum boiling point, or a minimum, at some spot. 
The solution corresponding to that point-the dis­
tinguishing point of Willard Gibbs and of Konovaloff­
must behave as a hylotropic body. though it is a mix­
ture. This seems to contradict what was said above. 
But if we trace a series of boiling-point curves fo

'
r 

different pressures, the distinguishing points may 
either lie on the same vertical, or they may not ; in the 
latter case\ the distinguishing point will shift to the 
right or left as the pressure varies . In the first in­
stance, when the points lie all on the same vertical, 
the hylotropic body will be a chemical individual or a 
substance . in Ostwald's sense ; not an element, of course. 
A s ubstance in this meaning is  a compound or solu­
tion, such that the ratio between the components is  in­
dependent of temperature and pressuPe-between cer­
tain limits. But this is essentially the law of definite 
proportions, the first of the stoichiometrical laws ; and 
if we grant that mUCh, we can deduce the laws of 
multiple proportions, and of combining weights. The 
deduction sounds a little like arguirrg in a circle, we 
must confess ; but the matter has to be studied. 

We just  made the reservation, "between certain 
limits." If we exceed the limits of pressure and tem­
perature, within which the body behaves as hylotropic, 
then the body will assume the properties of a solution 
whose distinguishing point shifts as the temperature 
changes. It  becomes possible then to separate the body 
into its components ; and we call this state the state 
of dissociation of the substance in question. Most sub­
stances, of course, behave in this way. But we know 
substances which have never been transformed into 
solutions, and whose sphere of existence covers all 
accessible states of temperature and pressure ; such 
substances we style elements, and they are now defined 
as substances which never form other thim hylotropic 
phases. As now the relation between a compound sub­
stance and its elements admits of one qualitative and 
qu antitative interpretation only, we must always, in re­
solving a substance, come to the same elements in the 
same proportions-the conservation of the elements . 

We have not gained much by this roundabout way 
of explaining what we all understood before, it may 
be objected. But it Is a most suggestive way of ap­
proaching problems which confront us. How are we to 
picture elements to ourselves, however, on this ground ?  
For Prof. Ostwald, matter i s  only a complex o f  energies, 
which we find together in the same place. It  may fill 
the space homogeneously, or in a periodic or grained 

' manner. If we adhere to the grains, we have a substi· 
tute for the atomic hypothesis .  The decision between 
the hYPQtheses_ , is a purely experimental question. Many, 
facts, including chemical facts, certainly can be de-

scribed by a homogeneous or non-periodic distribution 
of energy in space. Then comes the question : What 
energetic properties underlie the concept of a chemical 
individual ? .. What renders it possible for us to isolate 
a substance from a solution is that the availabie energy 
of the substance is a minimum, compared with that 
of all adjacent bodies. A minimum of vapor pressure 
is always accompanied by a minimum of available 
energy, and is  also the characteristic of a hylotroplc 
body. The differences between the several substances 
are connected with the differences in their specific 
energy content, such as specific volume and specific en­
tropy, which we cannot change at will,  while tempera­
ture and pressure can be changed at will. There may 
be more than these two characteristics of different 
subjects ; Prof. Ostwald did not follow that issue up. 
Take these two characteristics for a system of planar 
co-ordinates ; then the elements will be Single points 
in the plane. We raise ordinates from these pOints 
representing the available energy of each element. 
Between the points ( of the elements ) in the plane will  
be situated the points of all possible solutions, each 
of which will have its available energy, and the corre­
sponding points in space will form a continuous sur­
face. As now each element has its point in  a relative 
m inimum, the surface as a whole will have the shape 
of the ceiling of a cavern from which stalactites are 
hanging down ; the end of each stalactite represents an 
element. 

How can we pass from one element to another ? Only 
by going up the stalactite vta the higher parts of the 
surface. If  we imagine a drop of water at the end of 
one stalactite as representative of the element, then we 
should have to make that water travel up the stalactite, 
and descend another, in order to pass into the state of 
that second element. This can only be accomplished by 
accumulating an appropriate amount of available 
energy in the element to be changed, but that cannot 
be pushed ad libitum. We cannot compress a gas nor 
concentrate electricity beyond a certain pressure ; the 
metals would flow, and the insulation break down ; and 
thus we cannot transmute the elements, because we 
cannot concentrate sufficient energy. These last em­
bryonic considerations were not suggested to the lec­
turer by the transmutation of radium into helium. 
Prof. Ostwald expressed such views some years ago to 
Sir W. Ramsay ; but without the now more or less 
accepted experimental change of radium into helium,  
he would not have brought these matters before the 
meeting. We have to see how this accomplished trans­
mutation fits into his hypothesis. As the atomic weights 
become higher and higher, the stalactites from , the 
ceiling become shorter, until they form simply dif­
ferent slopes in the ceiling. The drop of water could 
pass  round the corners of these slopes. It  is an ex­
ceedingly bold, not to say fanciful,  simile. But, at any 
rate, it would be compatible with the enormous amount 
of free energy with which we have to credit radium, 
which seems to be capable of giving out heat under all 
conditions ; and the circumstance that elements like 
radium appear to have only a temporary existence, 
while the resulting helium is a most sluggish body-a 
very long stalactite-would not controvert this view. 

The many rays and radiations emanating from 
radium may represent other intermediate forms of 
energy leading to the formation of other temporary 
elements which we 'have, so far, been unable to fix, 
and which we may not succeed in fixing. For the 
concentration of high energy for long periods offers 
very great difficulties ; it is a question, for instance, 
whether a pressure of several thousand volts could 
be maintained for months. 

This is  briefly the essence of Prof. Ostwald's lecture. 
He does not deceive himself concerning the strength 
of his arguments. "Such suggestions are questions put 
to Nature. If  she says 'Yes,' then we may follow the 
path a l ittle further. If she says 'No,' then we must 
try another path."  We may join in the hearty ap­
plause , which the large audience accorded to the lec­
turer on the invitation of the president of the Chemical 
Society, Prof. Tilden, and of Profs. Dewar, Thorpe, 
and Lord Rayleigh, and we may yet maintain an atti­
tude of appreciative reserve. We are not all convinced 
of the transmutation of radium into helium. The 
atomic theory' has done splendid service, and will cOn· 
tinue to do so ; so have the theses on modern electro­
chemistry advocated by Prof. Ostwald.  The peep into 
his mysterious energy cavern is fascinating ; but the 
cavern needs a great deal of light, as Prof. Dewar put 
it. We cannot conclude more appropriately than with 
Lord 'Rayleigh's remarks : "We have just tried to pick 
up a few of Prof_ Ostwald's ideas, at least by their 
tails. Twenty or thirty years ago, we thought that we 
understood the course of nature-at any rate, in the 
rough-looking to the future for the, elucidation of 
details.  We are more modest now. We recognize that 
we may have to face a revolution."-Engineering. 

MODERN RELIGIOUS CEREMONIES OF THE 
HINDOOS.  

SOME interesting information respecting the curious 
religious customs of the Hindoo population is fur­
nished in the report on the 1901  census of British 
India. One of the most remarkable of these observ­
ances is that of the orderl ies from the hills round 
Simla, Who every year accompany the gOjernment to 
Calcutta. At the time of the spring equi!lox there Is 
a fetish festival called "Sri Panchami," when every 
religious-minded person worships the implements or 
insignia of the vocation by whi.ch he gains his l iveli­
hood. The Thugs had a picturesque ritual for adoring 
the pickaxe with which they dug the graves of their 

© 1904 SCIENTIFIC AMERICAN, INC.



23784 SCIENTIFIC AMERICAN SUPPLEMENT No. 1484. JUNE 1 L 1904. 

victims ; and, to cite the most modern instance, the 
operatives in the jute mills near Calcutta bow dowIi to 
the engines which drive their looms . 

According to the writer who describes this festival 
the ceremony took place on the flat roof of the huge 
pile of buildings which are occupied by the secretariats 
Of the government of India. The worshipers, some 
thirty in number, engaged as their priest a Punjabi 
Brahmin, who was employed in the same capacity as 

with deep I-section girders and with the curved bear­
ing surface of the shoes canted in toward the center 
line of the chain. The bellied anchor beams, two to 
each chain, are 2 .565 meters in length between 
shoe centers, and have a greatest depth of 1 .200 
meters at their middle, and a thickness of 290 milli- " 
meters. To these are bolted spherical-backed regu­
lating wedges, which transmit the pressure to the 
curved bearings of the shoe. OUr view, Fig. 2, repre-

T H E  HUDA-PEST BRIDGE IN C O U RSE OF CONSTRUCTION. 

themselves. They took one of the large packing caseS 
which are used to convey office records from Simla to 
Calcutta and draped its rough woodwork with plantain 
leaves and branches of the sacred pipal tree. On this 
foundation, they set up a sort of altar fashioned from 
a dispatch box ; in the center of the altar was placed 
as the principal fetish a common English glass inkpot, 
with a screw top, and round this were arranged the 
various sorts of stationery in common use-penholders 
and pen-nibs, penci ls ,  red, blue, and black ; penknives, 
ink erasers, foolscap and letter paper, envelopes, post­
age stamps, blotting paper, sealing wax-in short, all 
the clerkly paraphernalia by which the government 
of India carries on its work. The whole was festooned 
with abundant coils of red tape. Offerings of food 
were made to this extraordinary composite deity, and 
the Brahm in recited various cabal istic formulre, sup­
posed to be texts from the Vedas, of which neither he 
nor the worshipers understood a siUgle word. 

THE ELIZABETH BRI DGE, BUDA-PEST.-I I .*  
THE superstructure of  the  bridge was built at  the 

large bridge shops of the State Railways at Buda-Pest. 
The towers, whiCh, when united, form the portals at 
either end of the bridge, are themselves composed of 
two sections. 

The preparation of the foundations had been in 
progress since 1 897,  and in the autumn of 1899  the 
heavy steel work of the anchorages was built into the 
anchor chambers. The chain anchorages consist of 
massive ribbed shoes, two for each of the two chains 
in one anchorage chamber, these steel castings, weigh­
in g each about 6% tons, being solidly stayed together 

* No. I. appeared in last week's SUPPLEMENT. 

Mnting the anchor cha mber as seen looking toward 
the bridge, shows the upper anchor-beam belonging 
to the lower chain during the operation of securing 
the regulating wedges. At this time, in the autumn of 
1899 ,  the chain erection had not been commenced. Fig. 
4 shows details of the anchorage. 

The principal dimensions of the structure, at a pre­
sumed temperature of 10 deg. Cent., are here grouped 
together : 

Total length of bridge between abutments . 374 .4  m. 
Shore spans-center of line to face of anchor-

age abutments . . . . . . . . . . . . . . . . . . . . . . . .  . 
River span . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Roadway breadth . . . . . . . . . . . . . . . . . . . . . . . . 
S idewalks ( twO) in middle span, width . .  . 

SidewalkS in approach spans, width . .  , . . . .  . 
Grade of roa dway, rising to center on each 

42 .2  m. 
290.0 m. 

11 .00 m. 
3.5 m. 
3 .7 m.  

s ide  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27 per  cent 
Length of parabolic truss in middle of 

bridge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 m. 
Height of road surface above mean water · 

level, without live loads at middle . . . . . . .  18 .575 m. 
H eight of road surface above mean water 

level , without l ive loads at sides above 
piers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _ 

Sidewalk-height above roadway gutters . .  . 
Cant of road toward either footwalk . . . . . . .  . 

Cant of promenades to road . . . . . . . . . . . . . . .  . 

Distance transversely between the center 
lines of chains . . _ _  . . . . . . . . . . . . . . . . . . . .  . 

Point of suspension of upper chain above 
mean water and with dead load . . . . . . .  . 

Point of suspension of l ower chain above 
mean water and with dead load . . . . . . . . .  . 

15 .335 m.  
195 mm. 
1 in 40 
1 in 70 

20 m. 

51 .56 m.  

50.04 m. 

Distance vertically between points of suspen-
sion in the same tower . . . . . . . . . . . . . . . . . . 1 . 52  m. 

Deflection of catenary line at mid-span . .  _ .  22.56 m. 
Distance vertically between center lines of 

main chains . . . . . . . . . . . . . . . . . . . . . . . . . . •  

Distance vertically between center of anchor-
eyes of the chains . . . . . . . . . . . . . . . . . . . .  . 

Upper chain-height of anchor-eye above 
mean water level . . . . . . . . . . . . . . . . . . . . . .  . 

Lower chain-distance of anchor-eye below 
mean water level . . . . . . . . . . . . . . . . . . . . . .  . 

Suspension pins-horizontal distance be· 

1.338 m 

2.64 m. 

1.79 m. 

0 .39 m. 

tween centers, tower to tower . . . . . . . . . . .  290.00 m. 
Horizontal distance, suspension pins to 

anchor-eyes-upper chain . . . . . . . . . . . . . . 69 .244 m. 
Horizontal distance, suspension pins to 

anchor-eyes-lower chain . . . . . . . . . . . . . . .  67 .755 m. 
Horizontal distance, anchor to anchor . . . . . .  428 .488 m. 

Although the anchorage foundations on either side 
of the Danube were begun simultaneously, some inter­
ruption occurred to the regular progress of the work 
on one side through infiltrations from a hot spring on 
the right-hand bank ( Buda side ) . To guard against 
this, a thick course of waterproofing material was laid 
In the foundations and also over the sides of the 
anchorage piers. When the masonry of the piers and 
anchorage piers was sufficiently advanced, the work· 
ing bases for the structur.e were aligned and leveled 
from fixed points in the masonry, and the exact dis· 
tance between the fixed points on either bank was 
determined by triangulations, effected by the Danube 
Bridges Constructional Departments. 

The overhanging abutments, or imposts for the 
anchorage, had to be built with particular accuracy in 
their setting at the various angles required in relation 
to the different catenary 'lines, and this was effected 
by means of templets erected on stool ings in the 
anchor chamber. F'or the work of setting the anchor 
shoes in place, the traveling crane, which had served 
for the masonry, was again employed, and these masses 
of steel were then underpinned by posts, pending the 
later erection of the main suspension cables, but · in 
such manner as to leave the fullest room possible for 
the erection of the anchor chains and for subsequent 
operations of adjusting the anchor shoe regulating 
wedges for truss alignments. This work was done 
with the vault of the chamber open, and the anchor 
chain gallery was l ikewise kept open during the erec­
tion of those links by which it is traversed, and up to 
certain stages of advancement to be noticed in the dif· 
ferent views given. 

Following immediately upon the fixture of the 
anchor thrust blocks or  shoes, the lowest links in the 
lower anchor chains-chain eyes Nos. 1 and 2-were 
erected upon timber stoolings, with the anchor stop 
plates threaded between every alternate link, and onto 
these were screwed the angular fil ling plates ,  which, 
along with the stop plates, take the thrust against the 
forged steel double anchor beams. The corresponding 
links of the upper chain were next erected, and this 
permitted the completion of all the prinCipal work in 
the anchor chamber, which, due to causes already men· 
tioned, was first done on the Pest shore. The forms 
of timber stoolings which were employed throughout 
the work, and in general the method of assembling 
eye-bars in the field, are shown in the accompanying 
view-Fig. 3-which represents the erection of the 
l inks of the upper chain between eyes 2 to 3,  at mid· 
length in the chain gallery on the right-hand-Buda­
bank. Each plate lowered into the gallery was so sus­
pended from the crane chains as to drop in parallel 
with the others already assembled, and as in this 
operation the lower head of the link butted against a 
cross timber, this latter insured the approximate cen­
tering of each eye ready for the passage of the pin, 
which appears to have sometimes required a certain 
amount of driving-in this case effected by means of a 
beam slung by two ropes-the extent of each feed 
being, of course, the thickness of each plate-namely, 
25 millimeters. 

In the upper sections, as the work progressed, the 
lower, chains were supported under each head by sleep-

FUr. 2.-ANCHOR CHAMB�R. FIG. 3.-ASSEMBLIN G  EYE-BARS. 
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ers resting upon the false works, and the upper chains 
by buttressed stoolings, all supports being adjustable 
by means of oak wedges for the vertical arid trans­
verse alignment of the .eye-bars. When the timbers 
had been wedged, a third stool was erected under the 
middle length of each of the upper chain bars, and to 
this, but upon the upper edges of the l inks, l ight 
framed struts, bolted along the upper half of the bar, 
aided in the work of setting the lower heads of the 
next succeeding chain plates. This work of chain 
erection was carried on up to the fourth eyes-that is, 
on a l ine with the upper chords of the shore truss­
when the work ceased for a time, October, 1899, and 
the upper heads were clothed in  waterproof sheeting 
to protect them from the weather while work was 
being advanced on the superstructure. A drawing of 
the eye-bars is given in  Fig. 5. 

Superstructure.-The first preliminary work for the 
towers was the setting of the four pivot pedestals on 
each of the piers. These steel castings, each weighing 
1 5 1,4 tons, were adjusted in pairs, with their axes in 
absolute alignment, by means of the pier masonry 
cranes. The lower chords of the shore spans, which 
are supported at their extremities by a .  hinged post, 
were next erected, this being in the autumn of 1898, 
and at once connected at their extremities to funicular 
attachments of the anchorage piers, and the other 
ends were temporarily made fast by cables to the tower 
pedestals on the piers. A gantry crane on either shore 
handled the materials, which had been suitably stored 
on high skids on fhe quays to keep them above the 
surface water during the winter. 

The hinged posts, Fig. 6 ,  steadying the unsuspended 
or cantilever ends of the stiffening girders are secured 
at their lower ends to pivoted steel-casting pedestals 
bolted to the masonry foundation, their pins being 260 
millimeters diameter, with a length of bearing in the 
pedestal of 3(),Q; mil limeters; '  and in the re-enforced 
plates of the post of 46  millimeters. The foundation 
pin is hollow, being bored with a hole 40  millimeters 
diameter, and the pin at the upper end, in the ex­
tremity of the boom, is solid, 250 mill imeters diameter 
by 636 mill i meters long, with a length of bearing in 
its bushes of 122 millimeters. Between pin centers 
th e height of the h inged posts is 8 .90 mill imeters . The 
post sides are of plates 720 millimeters by 16  milli ·  
meters, put together. with angle ties 70  millimeters 
by 70 mill imeters by 8 millimeters; and diagonal lat­
tice bars 70 mill imeters by 8 mill imeters. Just above 
the lower pin first mentioned are situated the devices 
for the horizontal alignment of the stiffening girders' 
during the construction of the connection of these 
trusses. They consist of rectangular frames formed 
of deep I-sections bolted to the upper half of the steel 
pivot which is thus fixed to, and moves l ongitudinally 
in  common with the post. This frame is prolonged 
transversely beneath inverted abutments in the 
masonry provided with cast-iron chairs, and having 
inclined planes on their lower surfaces permitting of 
motion in a longitudinal direction. Between these, and 
seatings or slides riveted on the extremities of the rect­
angular frame, are forged steel wedges 1 2 0 .  millimeters 
long, with rounded backs, adjustable by 20-millimeter 
set screws.  Transversely to the bridge axis these posts 
are not absolutely rigid with the sides of the pedestals, 
for a raised collar, 45 mill imeters wide, around the 
pin holes, gives a clearance of 8 millimeters between 
post plates and the casting. 

The stiffening trusses, which distribute the weight 
that is carried by the chains, so preventing deforma­
tions from moving loadings and swaying of the cables, 
have a width between boom centers of 20 meters . Their 
height between boom flanges is 4 .75 meters at bridge 
center, increasing to 6 .985 meters over the piers and 
decreasing to 3.990 meters at the abutment ends of 
the cantilever trusses. The greatest height of the 

stiffening truss over flanges is equal to 1-42 of the 
river span. The chords are only parallel in the 100-
meter parabol ic section at the middle of the bridge. 
The road gradient is carried parallel with the top 
chord throughout, the height of the latter above the 
mean level of . the footways being 1 .25  meters. The 
lower chords in the parallel section stand 3 .5  meters 
below the road center, and at the pier centers 9 .60 
meters above M. W. L. The width of the flange mem-

panel. The wind-bracing Is connected to the lower 
chords, and at its extremity in the end panel it is 
attached by gusset pieces to a horizontal cross beam 
2.600 meters long, having spherical ends which ride 
between guide blocks in lateral abutments built in the 
center of the anchorage pier. A secondary d iagonal 
bracing is built into the end panels only. 

At the intersection of the wind-bracing with the 
center l ine of the piers between the posts, where the 

FIG. 4 . -- D ETAILS OF A N C H O R AGE. 

A nchor Linll .. 

FIG. 5.-ANCHOR LI NKS AND EYE-BARS. 

bers Is 850 mill imeters, and the distance between the 
inside faces of the web members of a same truss is  
576  mill imeters. The total weight of the stiffening 
trusses is 2,132  tons, or nearly 5 . 7 tons per meter run 
of the bridge. 

The lateral braCing of the stiffening which, it will 
be remembered, is continuous throughout the struc­
ture, consists in the channel span of four trussed cross 
girders and one counterbracing to each panel of 6 
meters length, and at the intersection with each cross 
girder the main trusses are suspended to the chains. 
In the shore spans the panels are 4 meters long, except 
for the two next to the towers, which are 4.5 meter:!! . 
and 5 meters respectively, and here there are three 
cross girders and one primary wind-bracing to each 

main girders are carried on rocker arms, there is 
stiffer counterbracing, so arranged as to be fr'ee to 
d i late longitUdinally along with t.he main trusses to 
which it is attached. The weight of metal employed 
in the wind-bracing amounts to 209 tons. 

All the 20-meter trussed cross girders are attached 
to the verticals in the web of the stiffening trusses 
save at the line of the towers and are webbed vertically 
between their posts by a double series of symmetrical 
latticing, united at the points of intersection with inter­
section plates. The height between their chords ranges 
from 2.5 meters to 3 meters, and the length of each 
panel is 3 meters. The lower chords are horizontal , 
and built up of plate girders 380 mill imeters by 1 2  
meters, and t w o  angles 80 millimeters by 80 milli­
meters by 10 mill imeters, while the upper chords­
girders 390 meters by 12 meters-are inclined at an 
angle of 1 in 40 toward the longitudinal axis of the 
bridge. The cross girders bllilt to the stiffening trusses 

� FIG_ 6.-H IN G E D  POST. 

ONE OF THJlj TO WERS I� OOU�aE OF OON STRUCTION; 

at each panel point slung from the chains add 430 tons 
to the weight of the suspended structure. Upon their 
upper chords, and immediately above each of the truss 
verticals, is a row of seven stringers of rolled I-section, 
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750 millimeters high by 150 millimeters across the 
flanges, four  out of which longitudinal girders support 
the promenades, and three the middle portion of the 
floor. To the central part of their webs is attached, 
by four angles 70 millimeters by 70 millimeters by 8 
millimeters, a system of secondary cross girders, 220 
millimeters by 102 millimeters by 9 mill imeters, and 
by 13 millimeters, which in turn carry longitudinal 
floor beams 240 millimeters by 8 millimeters by 9 
millimeters, supporting, together with the three string· 
ers mentioned, the buckled plate decking of Zores 
section-which has a depth of 87  millimeters, and is, 
in turn, covered with layers of asphalt and concrete, 
with wood planks on the top, all three aggregating 
95 millimeters in depth, but the wooden planking is 
omitted below the train track. The longitudinal 
bearers' are placed between each of the middle 
stringers, and are fixed to the secondary girder with 
angle struts, one on either side, forming chairs ; but 
outside of the third stringer only one longitudinal 
bearer is laid, since the conduit for the electric street 
railway itself stiffens the floorwork between the main 
cross girder and the wood paving. This electric con­
duit is placed under the near rails of the track, on 
one side, and, necessarily, under the off-side rails on 
the other side of 4the bridge, the track in both cases 
being laid close up to the wheel-curbs of the prome­
n ades. Underneath the tram tracks, and suspended to 
the lower chord of the main cross girders, are small 
inspection service gangways, which, in  general, have 
a width of 1 meter, and a height of 90  centimeters. 
The material for the street railway tracks, that is the 
longitudinal bearers, Zores plates, buckled plates for 
scuppers, service gangway, etc. , has a total weight of 
261 tons. The material used for the buckled plates 
mentioned, and for those of the sidewalks is  Martin 
steel , having an ultimate tensile strength of from 
3,300 kilos to 4 ,000 kilos, giving at those l imits respec­
tive mini.j;num elongations of 26 and 22 per cent. The 
promenade stringers, bearing upon the chords of the 
trussed cross girders, directly support joists 160  milli­
meters by 84  millimeters, by 6 mill imeters and by 9 
millimeters, to which are attached the buckled plates, 
carrying the pavement. The promenade hand railing 
is  r iveted to bracket pieces on 'che jOist ends, and at 
a d istance of 550 mill imeters from the inside of the 
stiffening truss inner webs. 

The street railway scuppers for surface water be· 
. tween the outer rail and the footway curb are 442 

millimeters wide by 475 millimeters deep, and laid 
with buckled plate bottoms 2 millimeters thick. The 
cast-iron conduit for the telephone wire is  carried by 
the main cross girders under the southern footway­
t.his conduit, with its expansion bearings, weighing 
42  tons ; while the gas mains are similarly carried on 
the northern side, the cast-iron brackets therefor 
weighing about a ton. 

The whole of the bridge structural work, including 
towers, is of Siemens-Martin mild steel-ftusseisen­
and comprises in the bridge spans and including truss 
suspenders, a weight of 3 ,801 tons, besides 2,082 tons 
for the superstructure of the towers ; it has a minimum 
ultimate tensile strength of 3,500 kilos. , and a maxi­
mum of 4 ,500 kilos. per square centimeter, and, in  the 
test specimens 200 mill imeters long, with a maximum 
sectional area of 4 square centimeters, and at the 
l imits named, yielded minimum elongations of 28 
per cent and 22 per cent. Perpendicular to the rolled 
direction the material yielded elongations of 26  per 
cent and 20  per cent respectively. All rivets are of 
the same material , and have a tenacity of 3 ,500 kilos. 
to 4,000 kilos. , with elongations of 3 2  per cent and 26 
per cent respectively. 

·The maximum unit stresses allowed per square centi­
meter of sectional area are 1 ,100 kilos. in  the main 
girders, 1 ,200 kilos. in the towers and in the w ind­
bracings, 850 kilos. in  the floor members and in the 
suspension bars, or hangers, and a shear on the rivets 
of 850 kilos. ; the stress calculated upon the bearing 
diameter of the rivets and bolts being 1,800 kilos. 

The following maximum unit stresses were calcu­
lated in dimensioning the floor members and suspen­
sion rods. Two four-wheeled lorries of 16  tons each 
placed side by side, having a width between wheels of 
1% meters, and a wheel base of 3 meters, and equal 
to a uniformly distributed load of 450 kilos. per square 
meter. For the sidewalks, stiffening girders, towers, 
and chains, the same load was calculated. The h ighest 
pressure estimated for wind force on the unloaded 
bridge was 250 kilos. , or 150 kilos. per square meter 
on the bridge when loaded.-Engineer. 

In a papel' published in No. 8 of the Physikalische 
Zeitschrift ( April 15 ) ,  W. Biegon von Czudnochowski 
proposes a theory of differential arc lamps, compris­
ing a cylindrical iron core and two identical coils, 
symmetrical to the latter, one of the coils being the 
only movable part of the system. I t  is found that 
for a given construction, the h ighest sensitiveness 
with respect to regulation is obtained if  the regulat­
ing position is such as to give values as h igh as pos­
sible to the attractive forces of the two coils.  In 
order to obtain this,  the distance of the regulating 
coils should be so chosen as to have the maxima of 
the attraction curve coincide. In the case of . the 
same lamp having to be used with other electrodes, 
giving ail arc either longer or shorter, with greater 
or smaller values of dE/dL than those originally de­
termined, the increase or diminution of the stroke 
necessary to compensate for sudden current impulsions 
in inserting, as well as on account of any lack of 
homogeneity 01 the electrodes, lihould not be effected 

by displacing the coils with respect to one another. 
By placing the core asymmetrically, in the regulating 
pOSition, and by aiding mechanically the coil from 
which the center of the core has been removed, it is 
possible to obtain a special sensitiveness of the lamp 
either for current or for tension oscillations with 
the same normal values of the current and the tension. 

-- ---- - --� - ---� 

ENGINEERING NOTES. 

Great was the amazement of all Europe when at 
a bout the close of the 18th century WilEam MurdOCh 
discovered that gas could be used for illuminating pur­
poses. So l ittle was the invention underst.ood by those 
who hall not seen it in use that even the great and 
wise ( ? ) men of the British Parliament laughed at 
the idea. "How can there be l ight without a wick?" 
said one member of that august body, with a wink and 
a knowing nod.  Even the great Sir Humphry Davy 
ridiculed the idea of l ighting towns and cities with 
gas. He one day asked Murdoch, "Do you mean to 
use the dome of St. Paul's for your gas meter ?" S ir 
Walter Scott also made merry of the gas idea and of 
the coming attempt to "illuminate London with smoke 
from a tar factory." When the House of Commons 
was finally lighted with the new iIluminant, the archi­
tect and custodian of the building, who imagined that 
the gas ran as fire through the pipes, insisted that 

() they be removed several inches from the wall to pre­
vent the building from taking fire. Several distin­
guishe.d members were also observed carefully touch­
ing the pipes with their gloved fingers and then smell­
ing of them to see if  they could detect the odor of 
burned leather. 

Fire fighting has been reduced to a science in a model 
system installed for the protection of the World's Fai r 
at St. Louis. Tests have demonstrated the effiCiency of 
the water supply, and the organization of the fire fight­
ing forces. W ith a pressure of 175 pounds to the 
square inch, and ' a capacity for increasing this by one­
half, each of the hose rigged hydrants distributed over 
the grounds, on the roofs, and through the buildings is 
in itself the equivalent of a fire engine. Twenty-four 
rr;iles of water mains, tested to 300 pounds pressu re, are 
distributed in the ExpOSition district. These are fed 
from the city mains, fourteen great pumps supplying 
the additional pressure. Should the City supply at any 
t ime be Inadequate the Exposition pumps would tap 
the reserve store of 9,000,000 gallbns in Laguna de Bay, 
the largest of lagoons or landscape waterways, with 
which they are connected by a 24-inch gravity pipe. 
Along this line of mains, entering every section of the 
grounds, are the hydrants and fire plugs, each capable 
of supplying from one to four streams. Beside the 
large buildings standpipes have been built and from 
their tops deck turrets have command of the roofs. In­
side fire plugs are at frequent intervals and automatic 
svrinklers have been provided. For every 2,500 square 
feet of space in the build ings there is  a six-gallon Bab­
cock fire 'extinguisher and tank. Men whose business 
it is to watch for an outbreak of fire are constantly on 
hand to use the emergency equipment, pending the aI'­
riYal of the firemen. Seven fire companies compose the 
regular Exposition force, but this is reinforced by 
twelve companies which may be called into service 
from the St. Louis fire department, and the full 
equipment of the Hale fire-fighting corps, which has 
a concession on "The Pike." Forty expert firemen 
detailed from the city departments of Denver, Kansas 
C ity, BrOOkfield, Mo., Chicago, St . Louis, and New York 
form this combination, which furnishes daily exhibi­
tIOns of feats in fire fighting. 

ELECTRICAL NOTES. 
The new electric line from Schwyz to the town of 

Seewen, a railroad station on the St .  Gothard line, is 
the first portion of an extensive electric railroad which 
is to connect Seewen, Schwyz, and Brunnen with the 
shore of the Lake of Four Cantons. This is the second 
electric-traction line in Switzerland to use three-phase 
alternating current direct from the line, without pre­
vious transformation to continuous current. The other 
l ine is that of Lugano, where the system was applied 
in. 1895 by the Brown-Boveri Company. The length of 
the new road is 11  miles, and it has 190  feet difference 
of altitude between the terminal stations. Under the 
present conditions of heavy grade the use of the three­
phase current has great advantages, seeing that the 
speed of rotation of the three-phase motors remains 
nearly constant when the load varies from zero to a 
maximum. In the present case the train has but a 
Single speed on account of the uniform grade which 
commences at the starting point and continues regu­
larly to the terminus, and thus the load on the motors 
is almost constant. The motor with a revolving field,  
which has proved of great value on a level grade, is  
especially useful for mountain roads, as the almost 
synchronous running gives it a constant speed, and 
thus the speed when on a level and when climbing a 
grade is about the same. The tests showed, in fact, 
only a small percentage difference. Hydraulic power is 
obtained from the Muota, which empties into the Lake 
of Four Can.tons.  It gives a 22-foot head of water and 
can furnish 2,000 horse-power. The water, collected 
by a dam 50 feet long, descends a canal for about a 
mile and then runs in a penstock 650 feet long to the 
station. The latter will eventually contain six turbine 
and dynamo units, of which four are now in place. 
The turbines are of the horizontal type and deliver 
500 h orse-power, working at 400 revolutions per min· 
ute. The dynamos, which are direct coupled, give 450 
kilowatts, delivering 8,000 volts and 40 amperes at 40 

cycles. These machines can produce both single-phase 
and three-phase current. 

In No. 7 of the Physikalische Zeitsch�ift ( April 1,  
1904 ) ,  Mr. E .  Lecher shows J. J. Thomson's elec­
trodeless annular current to be produced i n  the follow· 
ing way : 1 .  Between the ends of the coil there arises 
a large oscillating potential difference due to imped­
ance, resulting in a reCiprocating flow of electricity 
in the vacuum, iII addition to the strong ionization of 
the gas. 2.  This luminescence is thrown toward the 
edge by the magnetic  forces of the coil. 3 .  There is 
likely to occur a further increase of the luminosity 
due to the induction currents proper, which, however, 
may exist only in gases of specially high ionization. 

In a paper recently published in the Elektrot. 
Zeitschr. ( vo!. 25, No. 12, 1904 ) ,  Prof. W. Peukert 
shows that the range of a voltmeter or electrometer is 
augmented by connecting to the instrument a capacity, 
when the sensitiveness of the instrument is  altered 
within wide l imits. In fact, in the case of an addition­
al capacity, 0" being illfJerted in series with a similar 
instrument and applied to an alternating tenSion, B, 
the relation 

a. + O2 
E = ---- . e, 

A. 
is derived, where e2 is the tension on the oapacity, 
0" of the instrument. This relation may be used also 
for deSigning an instrument susceptible of measuring 
a given tension outside of its range. 

In order to test some experiments made by Mr. Egg­
Sieberg as far back as 1900, M. F. Schneider in a paper 
recently published in the Elektrot. Zeitschrift ( vol .  
25,  No. 1 2, 1904 ) made the following experiments : 

After coating one-half of a long and thin iron wire 
with a thick layer of asbestos ribbon, the end of the 
asbestos was heated by means of a gas flame, when the 
steeper temperature gradient was found in the direc­
tion of the free wire, whereas the current would flow 
from. the flame to the coated wire. The potential differ­
ence, after increasing gradually, reached a maximum 
of about 0.5 volt after a time ranging between one and 
two hours, the wire being heated up to about 1,000 
deg. C. Now, on allowing the wire to cool down and 
heating it again afterward, the potential difference 
was found immediately to reach its maximum value. 

An iron wire being clamped between two iron jaws 
and heated at its point of contact gave rise to a cur­
rent flowing from the heated place to the portion 
.cooled by the iron jaws. 

An iron wire heated by a flame and cooled suddenly 
on one side of the flame by means of two iron jaws, 
showed a current flowing from the eooled to the heated 
places. 

Two iron wires of the same material but of differ­
ent d iameters being united mechanically, gave rise to . 
a current flowing from the thin to the thick wire, on 
t he connecting points beIng heated . 

From the above experiments, it is inferred, in oppo­
sition to the hypotheSiS suggested by Egg-Sieberg, that 
the behavior of the temperature gradient does not de­
termine the direction of the current. The author 
poi nts out that the current always flows toward the 
portions of the wire where the oxidation is strongest, 
which in his opinion accounts for the phenomenon. 
Similar results were o btained with wires of German 
Hi lver, copper, and platinum. 

As pointed out in the paper recently read before the 
French Academy of SCiences, Mr. R.  Paillot submitted 
a bismuth spiral, placed between two thin mica plates, 
to the action of the radiation given off from 0.03 
gramme of radium bromide ( radio-activity 500,000 ) ,  
placed within a thin-walled glass tube. The electric 
resistance of the bismuth was measured according to 
the method used by Mascat and Beunoit in reproduc­
ing ohm standards. The manganine wire of the bridge 
was carefully cali brated and showed an electrIc resist­
ance of 84  x 10-6 ohm per mill igramme, a vernier en­
abling variations in the res istance not exceeding 4.2 
x 10-" ohm to be measured. Any stray E. M. F. was 
eliminated by inverting the direction of the current in 
each experiment. On account of the sensitiveness of the 
galvanometer, only very small currents could be used 
for very short intervals of tIme. The plane of the bis­
muth coil being placed vertically, the radium bromide 
tube could be approached up to a distance of 0.5 milli­
meter. 

Now the author stated that the .radiations given off 
from radium bromide would lower the electric resist­
ance of bismuth as they are known to lower the re­
sistance of selenium. Experiments repeated many 
times and made on several days gave as the average 
of the diminution in resistance for a dis tance of 0 .5  
mill imeter, the value {) R = -52 X 10.4 ohm. 

The initial value of the resistance of the bismuth coil 
was R = 15.1034 X 10-' ohm at the temperature of 18 
deg. C.  The action of radium bromide is practically 
momentaneous, varying only in the case of the tube 
being kept for a long time in the neighborhood of the 
bismuth. As soon as the distance is augmented, the 
action is rapidly diminished, becoming zero at a dis­
tance of 1 centimeter. In the case of the tu be being 
withdrawn , :fhe bismuth resumed nearly instantaneous­
ly its primitive resistance. 

The apparatus used by the authors embodies a h ighly 
sensitive bolometer. By numerous tomparative tests, 
Paillot convinced himself of the fact-that the variation 
in the resistance was not due to a tube colder than the 
s piral approaching the bismuth. When interpOSing a 
sheet of black paper or a thin aluminium plate, the 
action of the radium bromide was found to decrease 

without, however, disappearing completely. 
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TRADE SUGGESTIONS FROM UNITED STATES 
CONSULS. 

American Agricultural Implements in Russia.-The 
year 1903 has been a very satisfactory one for the sale 
of agricultural machines and implements. The Am­
erican �rticles in this line continue to hold the field, 
and their number is increasing. Harvesters binders 
reapers, mowers, rakes, cornshellers,- etc., ha�e alway� 
been in favor in the country and their sale has been 
large. The American plow has now secured a perman­
ent foothold in Russia, and its future promises to be a 
very satisfactory one. 

In the Daily Consular Re'ports published by the De­
partment of Commerce and Labor on September 23, 
1903, there appears an article taken from Das Handels · 
Museum of August 6, 1903,  relating to agricultural mao 
chines in Russia ; this article being a report from the 
German consul-general at Odessa to his government. 
It  stated that a sharp contest in the sale of agricultural 
machinery had just broken out in Russia, and that Ger­
many could not hold her own in the sales of steam 
thrashers with locomotive attachments with Great Brit· 
ain, owing to the cheap sea freights from England. It 
was further stated that the United States was once 
supreme in this field. 

This is entirely erroneous, as the United States never 
had the field in thrashing outfits. It is quite safe to 
say that in the last forty years less than thirty thrash­
ers of American make have entered this country. Dur­
ing the past five years I do not know of one of our 
steam thrashing outfits having been sold in all Russia. 
Many years ago an effort was made to place these ma­
chines on this market, but the effort was Ii, complete 
fai lure. The American thrasher did not meet the re­
quirements of the trade in this country and conse­
quently could not be sold. In the first place the A m­
erican outfit lookl:)d too l ight .in appearance to suit a 
taste long familiar with the heavy and cumbrous-look­
ing English machine. It was quite useless to tell the 
Russian farmer that it was not necessary that a mao 
chine should look heavy in order to be strong. An· 
other reason for the non-success of ' the American ma­
chine was the circumstance that the outfits which 
were brought to Russia and offered for sale were so 
constructed as to have but one spout through which 
the grain was sent w1).en thrashed. The English ma­
chine had three spouts and each delivered a different 
grade of grain, and delivered cleaned. This feature 
of the English-made thrasher is only found in such 
machines as are sent to Russia. 

The Germans also send steam thrashing outfits - to 
this country, but as these outfits are simply reproduc· 
tions of well-known English machines the people pre­
fer to purchase the latter article. Nevertheless, the 
German-made thrashing outfit is largely sold in this 
country and gives satisfaction. The advent of the 
Germans in this line has resulted in marked improve­
ments both in the engine and steam thrasher. A cir· 
cumstance worthy of note is the fact that the engine 
and thrasher which may be suitable for home require­
ments is not suitable for export. This is recognized 
both by the British and the Germans ; and while the 
three-spout machine is not in use in Great Britain, it is 
always found in the thrasher exported from Great 
Britain to Russia. It is the same with · the German out­
fit. For years the English insisted on f6rcing on the 
market their favorite low-pressure engines, for the 
reason that in a country l ike England, where coal was 
cheap, such engines worked satisfactorily and cheaply. 
It was the same with the Germans for awhile, but of 
late the Germans h ave been building high-pressure en­
gines up to 6 atmospheres. This forced the English 
to follow or else lose their Russin u trade, and they now 
make an engine for Russian use which is up to 5 atmos­
pheres. Fuel is expensive in Russia ;  hence tQese 
changes. I know of one German house here which sold 
80 steam thrashing outfits last year, and I am given to 
understand that other German-made machines were 
sold in large numbers. I am also reliably informed 
that there were more German thrashers and engines 
sold last year, and thus far in 1903 also, than were sold 
by the numerous houses here representing the English 
article. I dwell on this question of steam thrashing 
outfits because I am firmly convinced that the Ameri­
can outfit would meet with success if it  were properly 
handled in this country. The homemade article is so 
well and so favorably known throughout the United 
States and has so well answered all local requirements 
as to make it seem ungracious to suggest a few changes 
in both engine and thrasher in order to meet the re­
qu irements and taste of the foreign buyer. After all' 
it is not a q uestion of pride or sentiment, but of busi ·  
ness,  and that business can be made a great one in 
Russia, once the buyer is satisfied. The following well­
kn own manufacturers of steam thrashing maehi-nery 
are ' represented at Odessa : 

German.--Gesellschaft vorm. Th. Floether ; Heinrich 
Lanz, Badenia ; Garret & Smith ; Gesellschaft Lehnigk. 

British.-Ransom, Sims & Jefferies ; Marshall & Sons ; 
Ruston, Proctor & Co. ; Foster & Co. ; Robey & Co. ; 
Clayton & Shuttleworth ; Richard Garet & Son: 

Hungarian.-Koenigliche Ungarische Staats Fabrik 
in Budapest. 

These names practically represent the manufacturers 
of stearn thrashing machinery in Europe. 

There is no representative of American steam thrash­
ing machine manufacturers in Odessa. 

The sale of garden tools of American make shows an 
annually increasing market in this country. Tools of 
various kin�s, representing the finer qua.lities of the 
A rIJ.l3rican articles, are also found on this market !lnd 
!l\ ;l meeting with high favor. Knives for harvesters, 

mowers, reapers, etc., had a very large sale during the 
present year ( 1903) as well as in 1902. 

The American automobile made its debut at Odessa 
for the first time during the present year, and a few 
machines were sold which have given great satisfac­
tion.-Thomas E. Heenan, Consul at Odessa, Russia, 
November 30, 1903. 

American Products in Bast Central England.-The 
products of the United States sold in this district­
which embraces the shires of Nottingham, Derby, Lin­
coln, and Leicester-being so grea.t in quantity and 
variety, it is difficult to suggest openings for additional 
kinds or to offer hope of increasing the sale of our 
products now used there. 

Silverware.-In some cases where articles of Ameri · 
?an make are now unrepresented there are apparently 
lllsurmountable difficulties. To illustrate, American 
silverware is rejected on the ground that it is too 
ornate and too l ight ; the English preferring heavier 
and perfectly plain ware, dealers will not consider any 
other kind. 

Shoes.-The trade in American shoes is considerable 
in this locality, but it is not increasing. Complaint is 
made by dealers that, on the whole, the leather is in · 
ferior and does not wear al(l well as the English 
product. The price is �ather higher than good shoes 
ca!l be bought for in the United States, $4 being the 
lowest" price here for a good American shoe for men. 
I t  would seem that the $2.50 to $3 .50  make of shoes in 
such favor in America with men, who find them very 
durable, would command a good sale here, but I have 
seen none of them in this market. 

Bicycles.-At one time American bicycles were mar­
keted in this locality, but not one is now to be found 
here unless belonging to a resident American. The 
hostile expressions heard indicate that an American 
wheel could not be disposed of here except as a gift · 
for it is alleged that the people who bought wheel� 
made in the United States were "cheated with worth­
less rubbish dumped on this market at prices just low 
enough to undersell the .home market." There ap· 
pears to be some truth in this, but the hostil ity arises 
partly from sympathy with local bicycle factories 
which claim to have once enjoyed a lucrative trad� 
with the United States, built up at a heavy expense, 
but destroyed, it is alleged, by the imposition of heavy 
import duties. Th� bitter resentment felt and freely ' 
expressed by these bicycle makers is shared, more or 
less, by the general public. 

Sewing Machines.-Many thousands of sewing ma­
cb ines are used in the lace and hosiery factories. In 
Nottingham and Leicester alone nearly 200 firms are 
using American overlock machines. In a single room 
of one factory 180 are running. Twenty firms use over 
1,000 high-speed lock-stitch machines, which have a 
speed of 4,000 stitches a minute. These machines are 
all made in the United States. The salE; is _pushed 
by energetic resident agents, exclusively employed. 
This is tbe proper method. Its general use by present 
or would-be American exporters would soon double our 
foreign trade in various lines. 

Some German and Britisb sewing machines are also 
found in local factoJltes, but they are altogether inferior 
to the American, are used for simpler purposes, and 
only because they are cheaper, or because, being in, 
th¢ characteristic hesitancy about making changes lets 
them stay. 

Butter.-England relies,  to a great extent, upon im­
ports for its butter and eggs. Denmark alone sells 
daily to England over $200,000 worth of farm products 
chiefly butter. English butter is generally unsalted 
and becomes rancid in a day or two. Danish butter 
resembles our western dairy product and keeps sweet 
and fresh indefinitely. It retails here for 25 to 30 
cents, the price generally ruling 2 to 6 cents less than 
that of the home product. The popularity of Danish 
butter is apparently responsible for the charge recently 
circulated in England that much of it is, in fact, only 
Russian butter repacked in Denmark, which is circum­
stantially denied in that country. Mucb more Danish 
than English butter is used in tbis country. One 
grocery store alone, in this City, sells a ton of it a 
week. England's annual import of butter amounts in 
value to about $90,000,000, most of it coming from 
Denmark. The share of the United States is only 
about $3;000,000. Only wheat, . wool, and cotton equal 
butter in value of import. 

Eggs.-The eggs sold bere are of three kinds-new­
laid eggs, fresh eggs, and eggs. "New-laid eggs" are 
brought from neighboring farms and sell just now for 
36 cents a dozen ; "fresh eggs" are supposed to come 
from I reland and retail at 30 cents ; "eggs" are im­
ported from foreign countries, chiefly from Russia. and 
sell for about 18 cents a dozen. Tbe value of these 
imported eggs is about $30,000,000 annually, of which 
the United States sends less than $ 1,000,000 worth. 

It would seem th at at such prices as butter and eggs 
command here they might be profitably exported from 
the farms of the United States in much greater quan­
tities than at present. 

Hay.-A Texan who was recently visiting in this 
country discovered that hay sold in this market at a 
much higher price than that ruling in his State. Figur­
ing on the cost of freight from Texas to this city, and 
all other. expenses inCIdent to transportation, he in­
formed me that with Texan hay he could undersell 
the home product in this market and make a fair 
profit, and that h e  had fully decided to try the experi· 
ment. 

Canned Fruits.-All kinds of American canned, 
bottled, dried, and smoked fruits and other edibles 
are sold in the principal groceries here at practically 

the same as American prices, the cost of ocean freight 
being but nominal. 

Office F'urniture.-Firms making a specialty of office 
furniture sell more American than English goods. 
Practically the entire equipment of dentists' offices is 
American. 

How to Hold British Trade.-In gOing over the vari­
ous kinds of practicable exports from the United States 
to England it is d ifficult to find any vacant oppor­
tunities. The most a consul at this post can suggest is 
that care be taken to prevent any disappointment in 
the quality or the preparation of goods, and that liberal 
terms of payment be given in order to still further in· 
crease the sale of the American articles now used here. 
-Frank W. Mahin, Consul at Nottingham, . England. 

American Goods in FreDch Inland Cfties.-Among 
the new buildings and other city improvements of 
Grenoble during the year just past, another "depart­
ment store," on a large scale, made especially attractive 
and presenting many modern features, is worthy of 
notice. While it follows the lines of similar stores in 
French cities, it is noticeable that its goods, varied as 
they may be, are yet almost wholly "made in France." 

It is lacking in a hundred and one commodities 
which go to make up "all the comforts of home" in 
the United States. Asked wherein it differed from an 
American store of the same class, I could only say : " I n  
its limitations. It  lacks the products o f  other coun· 
tries, of the world iI�/general, and of the United States 
in particular. - , 

How to introduce American goods into these inland 
cities ? 

Correspondence, the placing of circulars, the securing 
of merchants' names, even the occasional visitations of 
agents or exposition of scattered samples are slow pro­
cesses at best. People will look with semi-curiosity 
at an American washtub and clothes wringer and pro· 
ceed to hammer their clothes at the water basin in 
the same old way. 

I have often thought as American dentistry has 
planted itself in E'uropean cities and demonstrated the 
quality of its work by daily practice, so the _ planting 
of American stores, on a smaller or larger scale, with 
specific American goods-household utensils, furniture, 
tools, garden and field implements, shoes, threads, 
tongs, stove handles, scores of things I could name-. 
would demonstrate their ability to "meet long-felt 
wants," and assure to their promoters an ever-in· 
creasing patronage. 

Even with French high-tariff restrictions, I believe 
this could be successfully done, while at the same time 
it would stimulate native dealers to search after and 
keep on hand more and more of our goods.-C. P. H. 
Nason, Consul at Grenoble, France. 

American Macaroni Wh.eat Wanted .-United States 
Consul-General Richard Guenther, of Frankfort, Ger­
many, transmits a commun ication from Messrs. Genvig 
Herker & Co . •  of Basel, Switzerland, requesting infor­
mation relative to American macaroni wbeat. In the 
recent volume of Special Consular Reports on "Maca· 
roni Wheat in Foreign Countries,"  Messrs. Genvig 
Herker & Co. appear in a long list of foreign dealers, 
given by Consul-General Guenther, anxious to get into 
communication with the dealers in the American prod ­
uct, witb a view to opening up trade therein. Not hav· 
ing heard anything through their first inquiry. they 
have instituted this second inquiry, showing a desire 
in this connection which should be responded to by 
American dealers who seek a foreign market for maca· 
roni wheat. 

American Furniture in Hull.-I f American furniture 
were placed on the market here, where English made 
-old style and heavy-iS in use, and properly pushed, 
I think a profitable trade could be built up. It would 
have to be good furniture, well made of seasoned lum· 
ber, and sold at reasonable prices. It would be useless 
to put on sale any of the cheap and flimsy styles. 
Furniture can be exported from the United States to 
Hull at reasonable rates. The furniture manufacturers 
might find it profitable to look into this matter.­
Walter C.  Hamm, Consul, Hull, England. 

INDEX TO ADV AN.CK SHEETS 01< cJONSULAR 
REPORTS. 

No. 1 960. May 23.-American 'rrade in Manchuria-Cattle Export 
Dut, of Colombia. 

No. 1 �61 . M�y !&4.-* How to Increase Ameri�n Trade in India-· 
AttItude of �.uro�eau Jmporters-* Cotlon vo. Liuen 10 France­
*Agnculmral CondItIOns III Babia, Brazil--* 'rrade WItb West A frica-· 
• F!Oni Pr�ucer to Con.sum"� by Rail-* Foreign Industrial Note.­
Chme"e EmlgratlOn-Frelgbt lharge. to MeXICO - Beight ol BUlldmgs 
in Mallcbester-Use of Artificial Silk Increas1Og. 

No. 1 962 . M ay 2 5 .·- *American Products Wanted in Germany­
Important CanadIan Customs Regnlnions _. BritIsh EmIgration to 
Can ad!, -* qbjection to Manufacture.rs' Tags in C"lombla·- New RaIl . 
roads m SWItzerland New SteamshIp Lines-Restriction of the Coast 
Trade of New Zealand-SalVador Duties Manutacture of Palm 011 -
Advances to SetUers ill New Zealand. 

No. 1 9�;I . JUay �6. -RlCe an!, Wbeat Flour- Duty on Rice iu the pomullcau RepubIl C - (�old M10mg 10 Nova Scotia-*American Stores 
m Mancbester,-Raw Cottou Contraband of War-Iron Bountie� 111 
Australia-·Wireleos 'l'elegrallb SerVIce-Dilly on Rice m Panlll1\a­
Argentine Meat in Belgium-Collecting Bad Debt. in Canada- Winni.  
peg Fair-New Steamship Line between France and Canada - LIve 
rail Protector-International Dairy Congress-Government Qmnllle in 
India-Sunday Opemng in Germa,ny-Female Employees 111 Germany. 

No. � 96�. �ay 2.'7.-Cotton Raising ' in Ar!!entina - *American 
Wl11dmllls m Tums-* Jewelry Manufacture in Baden-Antaimoro 
Bark Paper in Mlidagascar..,..'Prade of Paragu8;Y - Tbeater for Rio de 
Janeiro-Peat Bo� in Ontario-* Dairy Mach111ery ill Russia-Ger 
man Horse Muster-Turks Island Salt  Prospects..,..Dommican Tariff­
Mileage of Canadian Railways-American HaIr Puller a Success­
Street Rollers for Cuba. 

N o. 1 965.  May 2 8 . -Trackless Railway In Pros&- RaiUess Elec­
t.rlc Roads m Germany - * An Overlooked Market-* Umted States 
FruIt Packers at Fault-House Prot.ectiou Insurance-TObacco Manu. 
facture in Germany-Commercial Treaties- Help for Prnlil'Ia's Water. 

B�::
iLAgrICulture in West Afrlca-*American Pianos Wanted in 

Otber R.ejlOrta can be obtained by applying to the Department ot Com­
merce and Labor, Wasbington, D. C. 
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During the field season of 1 903 most of the cement­
producing districts of the United States were visited 
by members of the United States Geological Survey, 
and data were collected for a report on the cement re­
sources and industry of the country. The districts not 
visited in 1903 will  be examined early in 1904,  and a 
detailed report on t h e  su bject will  be published as 
soon as poss ible. I n  the meantime, three papers on in­
teresting cement d istricts h ave been prepared and pub­
lished. One of these districts, in Pennsylvan ia, now 
produces about 60 per cent of the total United States 
production of Portland cement, while the other two, 
in Alabama and Virginia, which are at present only 
sl ightly developed, give promise of becoming import­
ant centers of productioil.-N . Y_ Evening Post_ 

In addition to the fiat tablet, the Babylonians and 
Assyrians wrote some ot' their books on large prismf, 
and cylinders. Some of these cylinders are as much 
as 2 feet in length and 8 to 10 inches in diameter. 
Being made of the same material as the tablets they 
are necessarily heavy and cumbersome, yet they were 
in some ways more convenient for reading, since they 
were perforated longitudinally, and placed on a spin­
dle, so as to revolve. In some cases the writing runs 
from end to end of the cylinder, which is then sus­
pended horizontally. In other cases the cylinder is 
upright, the columns running from top to bottom_ ln 
the latter case the book is  usually not a true cylinder, 
but a prism of six, eight or ten sides, each side in­
scribed with a separate column of writing like the page 
of a book. These prisms and cylinders were commonly 
selected by the kings to contain records of their deeds. 
Thus the British Museum contains prisms on which 
are recorded achievements of such famous conquerors 
as Sargon, Sennacherib, and the Elamite warrior 
Cyrus. The last named cylinder has peculiar interest 
because it describes the taking of Babylon.-Henry 
Smith Williams, in Harper's Magaz ine. 

Dr. P. B_ Williams reports ( Med. News ) results of 
the treatment of 4 2  patients with the rays from ra­
dium bromide_ Nine of these were suffering fro m 
acne, 2 each from eczema and psoriasis, 4 from lupns 
vulgaris, 1 was a case of kelOid, 5 were cases of rodent 
ulcer, 23 of epidermoid carcinoma, and 4 were cancer 
of breast. The keloid case has improved, 2 of the 5 
cases of rodent 'ulcer have healed, and 3 show improve­
ment. Of the caEes of epidermoid cancer, 11 have 
healed and 12 are improving, and of the 4 breast cases 
<I are improving. The author made experiments to 
test which were the more beneficial, the beta or the 
gamma rays from radium ; these showed that the beta 
rays do not penetrate and are therefore suited for su­
perficial treatment, whil e the gamma rays have a 
marked power of penetra tion. His conclusions are as 
follows : Experience t hus far teaches that there i s  
much Similarity between the action o f  the radiations 

. from radium and the Rontgen rays ; that if the results 
o btained by radium prove permanent, this new thera­
peutic agent will  be l argely used instead of the R(int­
gen rays, but that the two will s upplement each other. 
Certain diseases promise to yield more readily to treat­
ment by radium and others to the Rontgen rays. A dis­
ease that has attacked different parts of the body of a 
given patient may be better treated in certain regions 
by radium and in others by the Riintgen rays. I t  is 
quite possible that in some cases the two remedies 
used together on the same area and at the same sit­
ting may accomplish better results than either alone. 

The Boston Advertiser has something to say about 
steel frame bUil dings, which is  not very new, but in 
the course of which it mentions the fact that "iron 
structural work" has recentl y been found at Hercu­
laneum, in such good condition, after being buried in 
the ground for more than eighteen hundred years, 
that "it is now being employed in a modern I talian 
building_" It is hardly conceivable that pieces of an­
tique structural iron, the only ones, if we are not mis­
taken, ever found, except the fragments of lattice 
girders in one of the Roman baths, should be allowed 
by the v igilant Italian officials to be appropriated by 
local builders ; but s upposing the story to be true, 
search should at once be made for other specimens, 
in order that they may be analyzed for the benefit of 
science. It is now known that Herculaneum, instead 
of being overwhelmed by a flow of lava, as is  common­
ly su pposed, was buried in fine ashes of the same sort 
as those which covered Pompeii ; but at Herculaneum 
the shower of ashes was accompanied by heavy rain, 
which packed the dust and cinders into a mass which 
has now become almost a solid rock. I t  is known that 
the eruption which destroyed Herculaneum was accom­
pan ied, l ike other volcanic erupt ions, with the dis­
engagement of vast quantities of sulph urous acid gas, 
w hich would, presumably, have been absor bed by the 
rain, and carried down into the mass of ashes. Any 
iron buried in these ashes WOUld, then, be exposed for 
many months, unt il  the moisture . had completely dried 
out of the mass, to the action of watery vapor com­
bined with sulphurous acid. This would very rapidly 
destroy any modern iron or steel, and a metal capa ble 
of resisting its action deserves to be carefully studied. 
Some small pieces of iron have been found at Pompeii, 
under dry ashes, still recognizable,  although corroded , 
but we are told that these fragments from Herculan­
eum were, when found, "in as good condition as when 
first used." Possibly the iron may not have been in 
actual contact with the moist and acid mass ; and it 
may be that the solidifying of the coating above it 
prevented circulation of air, and in this way kept off 
corrosion ; but, in any case, the matter is  of great prac· 
Hcal importance.-American Architect. 

VALUABLE BOOKS. 
COMPRESSED AIR, 

Its Production. Uses and Applications. 
By GARDNER D. HISCOX. M.E., Author, of " Mechanical Movements. 

Powers. Devices," etc • . etc. 
Larae Bvo. B20 pages. 545 t!lustrations. Price $;> in cloth, $6.�0 in 

half morocco. 
A c.omplete treatise on the su bject of Compressed Air. comprising Its 

phYSICal and operatIve properties from a vacuum to its liquid form. Its 
tbermodYllamic�, compression, transmission, expansion, and its uses for 
power p.urposee III mining and engineering work ; pneumatic motors, tlhop 
tools, . aIr blast for <:leaning . and painting. ':rhe Sand Blast, air lifts 
pumpIng of water, aCIds and Oils ; aeration and purification of water sup­
ply, are all treated, as weH as railway propulsion. pneumatic· tube trans­
mission, refri�er.ation. fl'he air br.ake, and numerous appliances in which 
compressed all' IS a most convenIent and economical vehicle for work­
with air tables of compression, expansion and physical properties. 
.T.hiS is a most comprehensive work on the subject of Compressed Air, 

glvIng both the theory and application. 
II1!F A sJJec'ial W1tstmted C'ircu!af of tMs book will be issued wilen pubUshea. and tt wtll be sent to any addresij on application. 

GAS ENGINE CONSTRUCTION. 
By HENRY V. A. PARSELL, JR.,  Mem. A. 1. Elec. Eng., and 

Alt'rnUU J. WEED, M.E. 
PROF UiSELY Il,LUSTRATED. 

This book treats of the subject more from the standpoint of practice 
than that of theory. fl'he principles of operation of Gas Engmes are 
cleari y  and Simply described , atld then the actual construction of a half .. 
horse power engine is taken up. 

First come directions for making the patterns ; this is followed by all 
the details of the mechanical operations of finishing up and fitting the 

C castings. It is profusely illustrated with beautiful engravings of the 
actual work in progress, showing the modes of chucking, turning, boring 
and finis-hmg the parts in the lathe, and also plainly showing the lining up 
and erectIon of the engine. 

Dimensioned working drawinll's give clearly the sizes and 
Corms 01' the various details.  

'11J18 entire engine, with the exception of the fly-wheels, is designed to 
be made on a simple eight-inch lathe, with slide rests. 

The book closes WIth a chapter on American practice in Gas Engine 
deSign and gives s imple rules so that anyone call figure out the dimensions 
of fo\ im ilar engines of other powers. 

Every i l l u stration in this book is new and ol'ilrlnal, havln& 
been 'Dade expressly for this work. J .. arge Svo. About 300 pages. Price $2.�O postpaid. 

Practical Pointers for Patentees 
Containing Valuable Information and Advice on 

THE S A I, E  cu r PATE N T S .  

An ElUCidation of the  best methods }]mployed by the  Most Successful 
Inventors in Handling Their Inventions. 

By F A. CRESEE, M.E. 144 Pages. Cloth. Price. 81. 00. 

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

[t gives exact ly that information and advice about handling patents 
that shouid be possessed by every Inventor who would achieve Buccess 
by his ingenUity, and will save the cost of many expensive experiments 
as wel l as much valuable time III realizing from your inventions. It 
contains no advertisements of any descri ption, and is published in the 
interests of the IJatentee alone, and its only object is to �ive him such 
practical information and advice as will enable him to mtelligently 
handle his patent successfully, economically and protltably. 

It gives a vast amount of valuable information along this hne that can 
only be acquired by long, expensive experIence in realizing from the 
monopoly afforded by a patent. Send Jor Descriptive Circular. 

nUNN &: CO., Publishers, 3 6 1  Broadway, New York 
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