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Automobiles In the Great War-I* 
Types of Cars Used and Technical Details Considered In the Light of Experience 

ALTHOUUH a t!'llIvtiu).!; Huilject, and one on which com­

lJarHtiYl�ly l i t t le  rcl iable  info rmation ha� been publi�hed, 

it iN Hot intelllled in this [lapel' to detai l  al l  the uses to 

whkh autolllobiIl'R are heing put in this war. On the 

Allipti front i n  1<'rance, from the North Sea to the Swiss 

frontier, there arc no douht (;0,000 army automohiles of 

all kinds. It is known too that there arc 24,000 Ameri­

('an tru('\u; in service w ith the Allies. 

Before August, 1!H4, it was realized that automobi les 

would play a prominent role if the nations of l']urove 

wpnt to war. In the aIlllUll1 maneuvers some nations 

had ).!;olle NO far as to abolish the use of horses in the 

supplying of food and ammunition to an entire army 

eorps, and had found the experim€'nt to be successful. 

But no sinl!:le expert, either mil itary or automobile, ap­

pearN to have foreseen the extensive use of automobiles 

to bp tlpvelopetl within a month of the outbreak of war. 

In all their lll'eparat ions, i t  ito; certain that the war 

authorit i('s had neyer ('ontemplatcd having to go outside 

I']urope for their supply of automobiles. 

Yet the war had not be('n in  progress more than a 

month before 1<�rance, the nation that had most carefully 

stmlied the use of automobile� in war, had sent an offi­

eial  to the United States with instructions to buy several 

thon�alld tru('ks ; IDngland, with a greater number of 

('ommerdal vehicles than any other nation, was also 

allxiou� to supplement her military fleet with trucks 

from acrOHH the Atlantic. The trueks available were 

ordinary l'OI111ncl'(' i a l  vehicles, bui l t  for ('ommercial con­

(lit ions in tbe United Statcs, without their designers or 

manufadnrers ever having conceived that they m ight 

ROllle day he ellllJloyetl in war seryicl'. These purely 

('olllmel'l'ial tt'lH'ks were put to work side by side with 

lhe more Rpeeia l illetl I'Juropean machines, and although 

they were all open to improvement in some or many re­

speets, they all gave-and arc still  giving-good service 

in the war zone. 

1<'rom this it  must not be assumed that any ordinary 

trul'k is fit for war work, that there are no special mi l i­

tn ry re(luirelllents, and that no lessons have been learned 

during nearly two years of war. 'fhe point to be en­

fOl'cpd is the uselessness of trying to develop a special 

typc of llutomobile truck to meet purely military require­

ments, without any consideration of commercial service. 

Of necessity a certain number of purely military auto­

mobiles will differ from the commercial truck as much 

as a battleship d iffers from a cargo boat; but the great 

bulk of the automobile trucks for any future war will  

be the COlllmercial trucks of the nations involved. 

PART PLAYED BY SUBSIDY VEHICLES. 
Before the war the British authorities had designed a 

subsidy type of truck. Admittedly a good vehicle for 
mil itary purposes, it had been designed with such dis­
dain of commercial service that few business houses 
would purchase it. 'Vhen England went to war less 
than fifty of these army subsidy trucks were to be 
found in the whole of Great Britain. Then the requisi­
tion officers gathered in practically everything on wheels. 
It was a jump from one extreme to the other, for many 
of these hastily requisitioned trucks never got within 
sound of the guns. 

'rhe French system was much less drastic. The mili­
tary authorities, instead of saying dogmatically what 
were and what were not good features of army truck 
design, left these matters largely to the engineer and 
were content principa lly with impoRing working condi­
t ions. If  a truck could fulfill those conditions, it would 
be accepted a s  an a rmy subsidy vehicle, no matter 

whether it had worm or chain drive, whether its motive 
[lower was obtained from steam, gasoline, electricity, or 
from a combination of these. In the end this tended 
towards uniformity, for it automatically eleminateel un­
suitable types. But it did not bar a manufacturer who 
failed to see eye to eye with the military expert on the 
question of final drive, or who refused to give up his 
preference for a particular type of wheel bearing or 
gpnrbox. 

The problem was, and ever will be, one of directing 

dl's il!:l1 into such channels that the whole of the nation's 

(,()1ll11H'rcial trucks could be applied to purposes of war. 

'l'hiR application must be pOSSible, however, without in­

t('rfering w ith the primary usefulness of the trucks as 

commercial vehicles. It is a matter of compromise. If 

the truck is highly specialized for some class of com­

mereinl work, it will probably not be of great value on 

* Paper to be presented at Seml-Anuual :Meeting of Automo­

bile Engineers. 

tEuropcan correspondent Glass .Journal. 

By W. F. Bradleyt 
war duty ; if it is designed only to meet military require­
ments, the ordinary customer wil l  refuse to buy it, either 
with or without the offer of a subsidy. 

1<'or instance, in F'rance it was considered that the 
most suitable military type was a 2·ton truck. But the 
commercial user was not satisfied with a 2-tonner and 
would have preferred a vehicle with a 5-ton load capac­
ity. '{'hus a comprom ise was struck with 3lh tons, and 
it i s  this capacity of truck that has proved most suitable 
under actual war conditions. It  is not so light as to be 
constantly threatened with overloading ; it is capable of 
haul ing one or more trailers; and its dead weight is 
sufficiently low to enable it to operate oyer poor road 
surfaces. 1<'or the general conditions of war serviee the 
5-ton truck has too great a dead weight. 

l<�or certain special classes of work it has been found 
that a 4-ton truck gives the most efficient service. This 
model has not been produced in great quantities in 
Europe, and, curiously, is not found in America. Manu­
facturers in the United States have specialized on 3-ton 
modelS, but have not produced any intermediary model 
between this and the 5-ton truck. The demand for a 
<i-tonner is comparatively recent ; it does not alter the 
general statement that the bulk of the work is best done 
by the 3lh -ton vehicles. 

Light weight, consistent with strength, has been shown 
to be essential.  The French truck, as it had been de­
veloped up to the eve of war, had to weigh not more 
than 3lh tons ( 7,716 pounds ) this including the entire 
truck with its body, water, gasoline, oil  and hoops capa­
ble of receiving a suspended load of 2,645 pounds. In 
real ity the weight was nearly always below the maxi­
mum, some of the trucks scaling as low as 5,730 pounds 
and the average being just under 6,200 pounds. The 
tendency since the war has been toward a further reduc­
tion in weight. Such bodies are of the platform type 
with movable sides and detachable canvas top on rein­
forced hoops, the hoops being used to carry a portion of 
the load-generally wounded men. 

FOUR-CYLINDER ENGINES SATISFACTORY. 

Four-cylinder engines are insisted on, and these have 
been found quite sufficient for all ordinary purposes. 
Some of the heavy tractor engines have 6 cylinders, but 
their number is small. The French military authorities 
have never made any attempt to impose cylinder dimen­
sions. It  was in the interests of the manufacturers to 
get the smallest engines capable  of doing the work, for 
fuel consumption was taken into consideration. The 
Rmall engines of two or three years ago have, however, 
been found unsatisfactory. Moreover, the requirement 
that each truck should be capable of hauling a fully 
loaded companion up a macadamilled 8 per cent gradient, 
has tended toward a sl ight increase in piston displace­
ments, and also toward certain modifications in gear 
ratios. Statistics of 18 different makes of French army 
type trucks that went into service August, 1914, show 
that the average bore was 3.9 inches and the average 
stroke 5.7 inches. The biggest engine measured 3.9 by 
6.69 inches and the smallest 3.5 by 5.5 inches, bore and 
stroke, respectively. 

All engines are carried under a hood. There has been 
a tendency toward this for several years; but the war 
has shown its advantage over the under-the-seat position 
so clearly that the latter will  no longer be accepted. 
'l'here are a few exceptions, which only tend to prove 
the rule, notable among them being the Paris omnibus 
type of chasis. These vehicles, however, are used exclu· 
sively for carrying troops. On such work the greatest 
[lossible body area is requi red. 

In passing, it may be mentioned that the internal­
combustion engine has proved itself without a rival for 
military transportation. No gasoline-electric systems 
have made good. The tendency is toward a reduction 
in the number of steamers. Even the British, who have 
always shown a partiality toward steam, are making 
comparatively little use of it  in France, although steam 
tractors are much in evidence around the camps of Eng­
land. 

MANY TYPES OF FINAL DRIVE. 

Under the French military regulations every type of 

final drive was admitted; the English mil itary subsidy 
specification called for worm drive. Those partisans 
who looked to the war to settle the question of final 
drive are l ikely to be disappointed. At present auto­
mobile trucks are in service on the front with straight 
bevel drive, double reduction bevel, worm, internal gears, 
and side chains with and without housings. No one 

tyve has showu itself incontestably sUllprior to all  the 
others, and so far ns it is 1l0ssiIJle to cstilllate their 
opinion, the higher authorities have no iutention of im­
posing the adoption of allY partieular type of final drive. 
The automobile department of the French army has 
carefully compiled statistics deal ing with parts supplied 
to trucks in senice, but it is l ikely they will be used 
only to determine the makes that have been most eeon­
olllieal and satisfactory, and not which type of design 
is superior. 'l'hese data are closely guarded, and even 
if gi ven out would be useless without explanations. One 
poorly built make of truck would be quite sn[ficicnt, 
for instance, to discredit a particular type of final drive 
if  statistics were examined without a complete under­
standing of them. 

While the question of final drive will  remain unsolved 
by the war, it being left to commerci al users to work 
out this problem, the writer is of the opinion that eimin 
drive wil l  gradually disappear before worm, internal 
gear, and double reduction bevel axles. '{'his is not in­
tended to infer that the chain has given more trouble 
than its riYals. It is represented in the French army 
by 'Vhite, Packard, Berliet, Clement-Bayard, Itol'het­
Schneider, Sauer, Fiat and Delahayne trucks. These 
makes have given as good service as any others, but the 
impreSSions remains, and is probably correct, that the 
chain is  less mechanically efficient, when new, than some 
other types of drive ; its efficiency is certainly less under 
some conditions of operation. The ease with which the 
chai n  ('an be repaired or replaced is an asset in its fayor ; 
but the claim of high clearance is open to question. Un­
der certain conditions of operation unprotected side 
chains constantly plow through a beel of mud, and 
although they can get through it is at the cost of their 
chains. 

DEFECTS REVEALED BY WAR SERVICE. 

It is not an easy matter to generalize on defects re­
vealed by war service. There is not a make of truck 
that has not deyeloped somc weak point of minor or 
major importance. To cite all  these would tend to give 
the impression that automobile  trucks are a hotbed of 
trouble, whereas few of the defects are appl icable to 
more than one or two makes. For instance, one Ameri­
can worm-driven truck cracked its axle housings; this 
was a case of faulty design, and was a particular and 
not a general defect. A l ight American truck l iterally 
ate up differential drive shafts; this was traced to poor 
material. A French chain-drive truck warped its differ­
ential casing under heavy braking stresses. Another 
had ca;;t timing gears mounted on bearings of insufficient 
sille. Vibration ensued and the gears were reduced to 
what the mechanics termed "marmalade." A more 
general complaint was the breakage of canvas and 
leather universal joints, it being not uncommon to see 
drive shafts flung across the road during heavy pull ing 
in sand and mUd. 

Spring troubles were fairly general, but in only a few 
makes did the breakage of a front spring entail  the 
smashing of the crank chamber. In these makes when 
the frame dropped the base chamber came in contact 
with the axle. Also, spring failures were almost inva­
riably confined to the front, it being rare for a rear 
spring to break, even on trucks and cars known to be 
of poor quality. On trucks this may be attributed to 
the narrowness of the front wheels; these would drop 
into small  h0les over which the rear tires would ride 
safely, thus putting additional stresses on the front. 
Few if any trucks on war service had sufficiently heavy 
front springs. The generally adopted method of attach­
ing the springs to the axle cannot be considered safe. 
Not one driver in a hundred thinks it necessary to give 
any attention to his spring clips, yet these have a habit 
of working loose, and in many cases when an axle has 
shifted it is practically impossible to steer the vehicle. 
Frequently the complete breakage of a front spring is to 
be preferred to the loss of nuts or the breakage of clips. 

Radiators were a general source of trouble, many a 
good engine being burned out by reason of small diameter 
tubes or by brackish water. The honeycomb radiator is 
not suitable for army truck service. The large diameter 
vertical-tube type is most successful, and is adopted 
whenever replacements become necessary. It has been 
found to give good service even when used on trucks that 
originally had a honeycomb cooler. Incidentally, it Is 
not safe in the war zone to judge the make of a truck by 
its radiator. Another good type is the circular tube 
radiator with a centrifugal fan, as used on the Paris 
omnibus type of chassis. 
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REQUIREMENTS IN ENGINE DESIGN. 

Com;idering a 3lh -ton truck as the most suitable type 
(and of this all who have bad experience in the war 

zone are ill agreemC'nt )  the engine should be a 4-cylinder 
L-head of about 4GO cubic inch p iston diRplacement. It 
has already been stated that the ullder-the-seat position 
is not suitable except for spedal service where a maxi· 
mum body space is required. 'l'he underpan is an abom­
ination on an army truck. The basechamber should be 
pusily removable, although unfortunately this does not 
neeesRarily follow when there is no Illtl(lpan. 'l'he con­
neeting-rod bpul'ings shouill be detachable, so that it  is 
posRible to change them, ill case of necessity, without 
taking the engine out of the frame. A governor is a 
desirable equipment. 

War service bas tended to prove the superiority of 
pump circulation over thermo-syphon. As a general rule 
trueks tend to overheat when operating in convoy for­
mation on crowded roads. This condition, only occa­
sionally met with on civilian service, is COlllmon on cer­
tain portions of the front, and should be provided for. 
There are few trucks on which sufficient attention is 
paid to draining off all the water from radiator, pump 
and jackets. This is a detail when trucks are bom;ed in 
l\ heated garage; it is an important feature when auto­
mobiles remain constantly in the open a ir, with the 
possibil ity that the engines may have to be cranked, to 
meet an urgent call at 2 or 3 o'clock in the morning. 

No man who has had to start an engine at daybreak 
on a frosty morning, with the knowledge that delay 
meant disaster, is  inclined to treat this matter lightly. 
It is comlllon practice for drivers to make straw mats 
to fit the hootl and the radiator, and to use these as heat 
retainers whenever the truck has to stand idle for a few 
hOl1rs. An additional preeaution is to disconneet the 
gaHoline l i ne, empty the float chamber of the carbureter, 
amI !eave one of the kerosene side lamps burning under 
the hood. The manufaeturer might help in this direc­
tion by making a tightly fitting hood with louvres that 
l'ould be opened or closed at w ill, by supplying a heat 
retainillg radiator cover and also providing a safety 
lamp l'apable of maintain ing a certain amount of heat. 
nllder the hood when the truck is left standing in the 
open all night. An alljustable air-shutter on the car­
lmreter is a valuable fitment. It is important, too, that 
the engine should develop something like its full power 
within a few minutes of starting. In the early days of 
the war, before men had learned to take p recautions, the 
writer has known convoys to be held up for 3 or 4 hours 
owing to sj"arting dillil'ulties. A delay of this nature is 
sometimes fa tal. 

l\Iel'hanical starters are not necessary on army trueks. 
In the few cases where these have been fitted the bat­
teries have generally been requiRitioned to l ight some 
dug-out or ollice. As there are always two drivers on 
army trueks, it is hardly necessary to rel ieve the spare 
tuan of the only real work he has to perform. 

RAUlATOR GUAlmS FOR ALL TRUCKS. 

All army trucks should have radiator guards attached, 

not to the radiator itself, but to the frame members. 

The design should be such as not to interfere with free 

operation of the starting crank. Some guards have been 

suppl ied that certa inly protected the radiator but caused 

a bit of finger to be left behind every time the crank had 

to be swung. 'fhe guard should be so designed, too, that 

it will  not allow the overhanging rear of the body to 

pass above it. In some eases it has been found advisable 

to fit a transverse bumper with coil springs at the rear 

of the trucks, this bumper coming in contact with the 

center of the radiator guard in case of a collision. It 

must be remembered that many of the drivers have had 

l ittle road experience. The traffic is much more dense 

than is gener�lly imagined. During the height of the 

Verdun battle there was a DO-mile circuit over which 

trm'ks passed day and night, for a period of several 

weeks, at average intervals of 20 seconds between each 

vehil'le. 'l'his means that at times traffic was as dense as 

it  is on lower Broadway during the rnsh hours. 

It  has been noticed by officers in charge of army re­
pair depots that engines with the old-fashioned splash 
system of lubrication are generally better preserved than 
those with pressure feed of o i l  to all bearings. On war 
service the lnbricating oil is apt to remain in service 
longer than is desirable, and the impurities deposited 
in the oil are p icked up by the pump and forced into 
the bearings. The remedy seems to be, not a retnrn to 
splash, but a pressure or circulating system so designed 
tbat the dirt will deposit away from the pump. It is 
really not necessary that the pump should be in the 
lowest portion of the basechamber. The baseehamber 
can be designed so that the lowest portion is  merely a 
trap for impurities, and this can be done without any 
danger of the pump being accidentally deprived of oil .  
Whatever the system it ought to be an easy matter to 
dismount the pump and to drain the basechamber of 
every drop of lubricant. 'fhis presupposes the absence 

of a mudpan. Several American trucks have suffered 
materially and in reputat ion by the absence of a suita­
ble oil .  Pressure feed being common in l�urope, a heavy 
oil is generally employed, and this bas been used with 
disastrous results in engines requiring a light bodied oil .  
The only remedy appears to be for manufadurers to 
clearly indicate the type of oil to be used 011 their 
eugiuc::;. 

GASOLINE ONLY AHMY FUEL. 

SO far as tile AlIil'll arlllies a re eOllcerned, there has 
been no necessity to use alternative fuels sueh as benzol, 
akohol and kerosene, although it was a pre-war sped­
fication in l!'rance that all automobile trul'ks sh()uld 
operate on benzol and 011 a GO-ver-cent mixture of benzol 
and alcohol .  Benzol and alcohol have been monopolized 
for making explosives, and gasoline has been the only 
army fuel in use. It i s  certain, however, that the benzol 
requirement w ill be insisted on after the war, and in 
all probability alcohol will be a widely used fuel. 

'l'he best place for the fuel tank is OIl tile dash. Pres­
sure tanks at the rear are inconvenient and dangerous. 
The filler should be of sufficient size to allow a man to 
PHHS his hand inside the tank, and there should be easy 
provision for draining the tank. Drivers in the war zone 
invariably carry a reserve supply of gasoline, this being 
done because of the feeling of security it imparts rather 
than because of any urgpnt neceHsity for its presence. 
8uitable provision has not been mude, particularly on 
l,'rench alld American trucks, for the carrying of this 
rpserve supply. 'fhus drivers have had to fix up as best 
they can a storage vlace for a 12-gallon can of gasoline. 

Ignition by high-tension magneto has proved all that 
muld be desired for war service, no need having been 
shown for a second system, either as a reServe or for 
ease in starting. The only general trouble has been the 
swelling of the fiber and condensation on the spark-plug 
points, this being due to the eXl'eSS of moistnre in the 
atmosphere of northern France. 'l'he l!'rench military 
authorities have insisted on the standardization of mag­
neto bases and couplings, and also on all magnetos turn­
ing right-handed. The intention, of course, was to make 
all magnetos interchangeable throughout the army, and 
although this result has not been obtained, owing to the 
influx of foreign maehines, the system has been good so 
far as it has been possible to apply it. 

There is an amazing lack of uniformity in the steering 
lock and the turning radius of army trueks. This is 
most disadvantageous when convoys are composed of 
different makes of trucks, for while one vehiele can 
make a turn easily the one fol lowing may be unable to 
do so. The disadvantage is also felt  where makes are 
grouped, for one convoy may negotiate a difficult road 
with ease while the next will be stopped. In some 
makes of trucks the short turning radius is only an 
illusion, for owing to the radiator extension in front of 
the axle it is only possible to turn within the given 
radius if the road is entirely free. In other cases the 
radiator is  so high that it is impossible for the driver to 
see directly ahead and take ful l  advantage of his lock. 
This matter is important, for when a road is under fire 
the greater the time spent in making a turn the greater 
(he chance of being hit by a shell .  

Only the southeastern end of the  pres.ent battle l ine 
is in a mountainous district. Thus brakes have not been 
put to a severe test. Generally there is much room for 
improvement in the matter of brake adjustment. Sev­
eral  cases have been noted of brake rods so close to the 
road or to the road wheels that they have been bent by 
a board lying in the road and thrown up at an acute 
angle as the wheels passed over it. Brake rods should 
be regarded as organs needing protection and placed in 
such a position that they are not l ikely to be damaged 
by obstacles on the road. Not many American trucks 
are fitted with a sprag, although this is a valuable acces­
sory on military trucks working in convoy formation in 
hilly country. Picture a closely packe� convoy on a 
greasy hill, trucks w ithout sprags, and a green driver in 
the center of the column who misses his gears and fails 
to use his brakes in time. 

Four-speed gearboxes are now insisted on by the 
French military authorities and are found to be indis­
pensable fo r  active service. First speed should be equiv­
alent to 2 m. p.  h. with the engine running at its 
normal speed (1,000 to 1,200 r. p. m. ) .  One type 
of gearbox that has proved satisfactory under war servo 
ice is the Damaizin patent constant mesh gears. This 
gear set was fitted to the Paris bus chassis and its use 
has been extended to other makes. It is impossible for 
a driver to muddle his gears, no matter how ignorant he 
may be of the elementary methods of changing. No 
experiments have been made with trucl;:s without a 
differential, but a differential lOCk, capable of being 
operated from the driver's seat, if  possible, is an absolute 
necessity under many conditions of active service. The 
only reproach brought against one of the best American 
trucks on the French front is the absence of this lock. 

OPERATION O�'E' MAllE ROADS. 

This naturally leads to the question of operation away 
froll1 made roads. 'l'he greatest objection brought against 
the automolJile truck is the rapid fall of its efficiency 
as road surfaces deteriorate. The touring car, the ordi­
nary eOllllnercial trul'k applied to war service and the 
various types of 4-wheel drive and purely mil itary 
,-chicles are all,  in varying degrees, open to improvement 
in this respect. 'l'he general rule is that convoys should 
keep to made roads and not attempt to operate across 
country. Officers using touring cars are spedfically for, 
bidden to order their drivers to go across country. While 
this general rule is observed, there are frequent circum­
stances where the made road practica lly ceases to be a 
road, or where the ouly means to safety l ie;; in a dash 
aeross country. 'l'he final distribution of food and am· 
munition under really d iffieult circumstances is stilI 
pffeetpd by h or"e teamH or hy men. A 2-wheel cart with 
a lh -ton load will  get over a road where a 3-ton vehicle, 
whether drawn by horses or propelled by a gasoline 
engine, woulll be in ditfieulties. If the l ight cart is hit 
by a shell the wreckage is easily cleared away and the 
procession continues; but a hejvy truck disabled on a 
narrow dirt road stolls all  further traffic. 

The most common expedient to render a truck fit to 
travel away from hard road surfaces is to fit chains to 
the wheels. These, however, have been far from giving 
general satisfaction. 'l'he eircumferential chain, lodged 
in the space between the dual tires, has not been a great 
success, for the available space is too narrow to al low 
of a hcavy chain being fitted, and breakages are frequent. 
'rhe same objection appl ies to the type consisting of a 
circumferential chain placed between the dual bands, 
with trans,'erse ribs at regular intervals having one 
surface in contact with the tread of the tire and the 
opposite face in contaet with the road surface. The 
chain uniting these ribs has always proved too weak. 

Short lengths of chain, hooking from the outer to the 
inner face of the rim, aeross the tire, fitted among others 
to the Pieree-Arrow trueks, are fairly satisfactory. The 
lengths being independent, the breakage of any one 
does not affeet the efficiency of the device. Experiments 
were made with the same trucks with a caterpil lar at­
tacilment secured to a flange bolted to the wheel fel loe. 
This device was quite unsatisfactory. After a truck be­
eame bogged it was impossible to apply the attachment, 
and if used over a made road it broke the chains or 
bent the steel shoes in such a way that they could not 
be used a second time. In the case of some of these 
trucks, carrying a heavy load of armor and an anti­
aircraft gun, it was found that if the ordinary chains 
would not take them through, nothing else would. Thus 
these chains were always kept on when operating away 
from the roads. 

It  is surprising, however, how soon a set of chains 
wil l be eaten up if used over a hard maeadam road or 
a granite surface. A few seconds are sufficient to 
reduce a set of chains to individual links and portions 
of l inks under certain road conditions. Thus the neces­
sity arises for a quickly detachable device, so that it can 
be taken off immediately a hard road surface is encoun­
tered. It should also be pointed out that the ordinary 
chain devices are not applicable to chain-driven trucks, 
the clearance generally being insufficient between the 
road wheel and the pinion to allow a chain to be at· 
tached. It is not neeessary to describe what happens 
when an antiskid chain breaks away and mixes itself 
with one of the driving chains. 

A device adopted as the result of practical experience 
in the field consists of an endless chain passing round 
the road wheel ( fitted with dual tires ) and around a 
loose pulley some distance bllck of the road wheel. A 

spring-controlled bell-crank arrangement operates on the 
pulley and maintains a sufficient tension on the chain. 
On greasy roads and mud-coated granite surfaces this 
was a most effective non-skid device and one that gave 
little trouble through breakage. It was found to be 
useless, however, on soft earth. Under these conditions 
the chain refused to revolve with the driving wheel and 
the whole thing became embedded. 

The problem of securing traction has not been confined 
to rear-wheel drive trucks. Four-wheel drivers have 
had to faee the same difficulties, although, of course, in 
a different degree. The most difficult feature has been 
to find a device that would prove satisfactory under all 
circumstances. 

(To be continued.) 

Elevation of the Aurora Borealis 
A llEC�;NT expedition to northern Norway waR able, by 

means of simultaneous photography, taken from two 
stations, to make 2,500 observations on the height of 
the aurora borealis. It was found that by far the 
greater number of displays took place at an elevation 
of about sixty to sixty-five miles. A few were observed 

as low as fifty-three miles, and as high as eighty-five 
miles. 
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Shadow Pictures By Parallel Rays 
Negatives Produced Direct, Without a Lens 

A GERMAN professor, Dr. Paul Lindner, has invented 
a method by which shadow pi!ltures of both animate and 
inanimate objects can be made, which give outline and 
structure with quite startling fidelity and clearness. 
These photographs, or "bright shadow pictures" as they 
were cleverly dubbed by one of the inventor's colleagues, 
are taken by parallel rays of light, or by instantaneous 
exposure, 1/100 of a second sufficing. 

We quote from an account furnished by Prof. Lindner 
to Die Umschau, to which we are also indebted for the 
pi!ltures shown, which are quite remarkable both for 
fidelity and for beauty. 

" I had o!lcasion one day to make a micro-photograph 
of the minute animalcules thickly populating a specimen 
of fermenting gentian mash sent me by my colleague 
Prof. Henneberg from the Engadine. This was soon 
done, since I have acquired some skill in taking instan­
taneous photographs of highly enlarged objects. But 
the animalcules soon presented a new problem. They 
began to climb the walls of the Erlenmeyer flask in which 
they were placed, forming the most beautiful network 
in their continual serpentine motions. The rapid altera­
tion of form of the network on the curved walls of the 
flask made it seem inadvisable to attempt to get an 
ordinary photographic negative with the camera, since 
such a one could not fail to lack sharpness of de­
finition. 

"Then I bethought myself of a copying process which 
I had repeatedly employed in getting prints of my finger 
cultures in sO-!lalled 'roll-cylinders.' This process con­
sists in wrapping the copy-paper closely around the cyl­
inder and then exposing it to the light of the ground 
glass pane in the dark-room. But this light would have 
been too feeble for an instantaneous negative of the 
swiftly moving amimalcules. I therefore placed the 
Erlenmeyer flask in the rays of an arc light, with an ex­
posure of 1/90 of a second. I had previously taken 
care to cut off all side-lights. The very first picture was 
entirely successful, showing with great clearness over the 
whole surface of the gas-light paper (9 x 12 centimeters) 
the network figures and the separate wandering cells 
within their meshes. 'l'his clearness was evidently the 
result of the fact that the rays were parallel and not 
crossed by rays from side lights. 

"1 now went a step further and replaced the instan. 
taneous shutter by a large pasteboard disk, with an 
adjustable slit; furthermore, I insured by the use of mir­
rors that the light should fall always from above. 'l'hese 
arrangements made it easy for me to handle the process 
alone. The first thing I did was to plunder my oid 
herbaria and copy all the specimens of delicate structure 
-grasses, etc. I then undertook fresh plants, which I 
placed in their natural condition on the gas-light paper, 
i. e., without flattening them. I next proceeded to sub­
jects possessing motion, such as flies, spiders, ants, and 
living fresh water animals, which were placed in a thin 
layer of water in a low glass dish with a� even a bottom 
as possible. Finally I took for subjects plate cultures 
of yeast, bacteria, or mildew." 

Dr. Lindner remarks that the most striking charac­
teristic of these "hright shadow" pictures was the vivid­
ness of the appeal made to the eye by outline and struc­
ture. He explains this by observing that in the actual 
object the attention is involuntarily attracted by color 
and superficial structure, so that we fail to perceive 
outline and essential structure. For this reason we are 
blind to the beauty and harmony of design inherent in 
many of the commonest objects which daily greet our 
unheeding eyes. An ordinary chicken feather, for in­
stance, like that shown in Fig. 8, is quite exquisite in its 
delicacy of outline. 

[t is quite obvious that such photographs as these may 
be very stimulating and helpful to artists, decorators, 
and students of design. The author quotes a remark 
once made to him by the famous German painter Len­
bach, that he preferred trees in the winter time, before 
their foliage had obscured the development and arrange­
ment of bough and branch. Lindner remarks too on the 

clear-cut beauty of the patterned foliage thrown on the 
walks of cities by overhead electric lights. These shadows 

are thus beautiful, surpassing those made by the sun 
precisely because they are cast by nearly parallel rays: 
Similar clearness is attained by sunlight only on cloudless 
days, and in places where no bright reflex light is thrown 
by white walls, etc. 'l'his explains why these shadow­
pictures have a marked advantage as to clearness over 
those taken by the camera; furthermore, they escape 
the imperfections due to the unavoidable defects of 
glass lenses. 

In taking transparent objects, however, such as crys­
tals, cut stones, portions of plants which have been made 

transparent (see Fig. 6), by this method there may be 
some divergence of tho rays. 

"In using this method for getting pictures of green 
fluorescing bacteria, the photograph betrays the pres­
ence of the fluorescing substance surrounding the colony 

Fig. 1. Ing. 2. Fig. 3. 

Fig. I.-Live treebark spider, confined in glass 
dish and taken during motion by exposure of 
1/100 of a second. 
Fig. 2.-�ousefly taken in 1/100 of a second. 
Fig. 3.-Spider taken while moving-exposure 

1/100 of a second. 

Sieve b. 

Sieve e. Sieve d. 

Fig. 4.-Application of shadow pictures to testing 
size of grains previously sorted by sieves. 

1/100 of it seeontl. Sydow barley. Sieves a, b, c, d. 

Fig. 5.-Beer-foam, 8 seconds old, between two 
glass plates about 1 millimeter apart. 

1/100 of a second. 

Fig. 6.-Cockroach. 

when the mere eye had perceived nothing. When one 
wishes to obtain the finer details in transparent or trans­
lucent objects, of course the object must be placed as 
near as pObsible to the photographic surface. This is 
especially true in copying colored glass pictures on auto-

chrome plates, in which case these must be so placed 
under the original plate that the glass layer of the auto­
chrome plate forms a rather thick layer between. But 
the parallel rays assist in obtaining sufficient sharpness, 
where the ground glass or a cloudy sky would mean 
failure. 

"When we enlarge the original shadow picture of the 
chicken feather 40-50 times by means of the microscope, 
structures are revealed which are completely hidden from 
the naked eye. Peculiarly instruetive, too, was the 
study of the microscopie enlargement of shadow pictures 
of thin sections of stones. Thus a great number of 
parallel lines were often shown in a dear surface of the 
section or' slice,' corresponding to the cleavage surfaces 
of the erystal. 'fherefore my 'bright shadow pictures' 
should be looked at under a lens or in a microseope. For 
colored shadow pietures the required plate material 
(Lumiero autochrome plates) is unfortunately non­
obtainable during the war, and we must confine our­
selves to black and white." 

Prof. Lindner observes that our reproduction technique 
is not yet perfect enough to give on the printed paper 
tie full beauty of the original shadow pictures. 

Feeding the Firing Line 

By Walter S. Hiatt* 
As mUl'h �l·ienl'e is eltlployed in putting food into a 

soldier's mouth as in putting bullets into his opponent's 

skin. There is more method in supplying food to cavalry 

and wagon horses, gasoline to army automobiles, shells 

to cannon, me<lieal supplies to hospitals or material to 

tbe engineering eorps, than there is madness in the 

war itself. 

The task of carrying :,;\\pplies to an army of 4,000,000 
men, eOIleelltrated, as ill l<'ranee, OIl a line tiOO miles 

long by :W deep ill one of the most eOlllplieateLl of the 

war. It does not hegin to give a e01l('elltion of the vast 

transportation llrohlcms involved to ;my that daily 

25,000 tom; of rations must be forwarded to the soldiers, 

that ] ,000,000 quarts-a veritable river-of wine must 

reach them, tlla t T5 tons of Ipad must b(� shipped for 
eadl German killed or wounded, or that the eOlilt of 
war material forwarded (':tell day is $10,000,000. One 

railroad alone furnishes more than :J,500 car;; a day for 

army transportation purposes; 100,OO() automobiles and 

()OO,OOO wagons are required to distribute the shipments 

a t the front. 
'Yhen I received an invitation froll! olle of the mem­

bers of the general stai'!" of the Fourt h Bureau of the 

War Department (the bureau in charge of railroad 

transportation) to visit one of the great �torehouses 

which assembles and redi8tributes :'11pjllies for the 

front, I aecepted the invitation gladly. I cxpected, 

nevertheless, to meet only with the vroRaie freight de­

tails that may be 8een at any big ra ilway center. It 

seemed like studying over again til(' lIlaehinery of supply­

ing some big city of dvilia ns. 

My attitude was much like that of a eivilian official 

ill charge of the sU]lplying of artillery for the front. 

Officers at the front lwpt ea lling so im;istently for more 

and more e-annon, that finally one day last 8U111mer he 

made a trip to discover why the stepl plants were not 

turning them out fast enough, by the thousands, .i lcst 

like so many pins, instead of a few a month. 'Yhen he 

l·eaehed a certain plant, he was shown a huge bloek 

of steel about the size of a small railway station. "'Yhat 

is that for?" he asked. "Wh�', that's the beginning of 
a 420 mm. eannon," answered the proud manufacturer. 

"Oh, but I never thought it took so mlH'h steel as 

that," said the civilian. A little further he saw another 

block of steel with a hole ]Juue-hed in it. "And what is 

that?" he asked. "That's the semnd stage of the ean­

lion," was the reply. "Oh, oh, oh!" exdaimed the 

civilian, eyps bulging, "I never Imew you had to punch 

holes like that." When he quit the plant he was quite 

satisfied that the business of making cannon took lots 

of time. 
As the staff officer and I rode out in an army auto­

mobile toward the central distribUting plant, I ventured 

to express myself. He smiled and IUll1ded me a 200-
page book, priuted in slllall type, ('Qutaining HIP old 

army regulations for handling CO/llllliSHary supplies. 
"That's but one hranch of the subject," he Knitl, "and 

there's a whole library filled with books on it. How­

ever, this war has put them all out of date." 

For a while just after the war hegan the immense 

armies and the problpll1R reRllltillg then'froll1 (,()lllpelled 

the offieers to resort to methods established 250 years 

ngo bv LouYois, minister of Louis XIV, nt a time when 

*Speci!\i European Correspondellt of the Railway Aye Gazette. 
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Fig. 7.-Young hop-vine. 

a rmies had hardly ccased being mere mobs of men, l iv ing 

from Iland to mouth , and destroying or stea ling for what 
each i n d i v.idual could make out of it. For a time they 

fol lowetI the uwtho<1,; of Napoleon, quartering sold iers 

OIl c i v i l ians, making lev ies 011 cities for supp l i es, or in 
short, liv i ng 011 the count ry where they happened to be. 

l t  i s  true that tlwre were befo re the war ten railway 

centers for as lIlauy arlllY warehouses, containing re­

serve supplies. 'l'hese were distrilJUted in d i fferent parts 

of It'ranee so that a s  lIlany ditferent sect ions of the 

conntry a s  possible coultl be drawn upon without d i s­

turbillg, in theory, the source of supply abnorm a l ly. 

T here were a l so \)1 brea d factories, 58 parks for graz­
ing I i vest oek, aud :\2 concentra tioll storehouses, contain­

ing in a l l  7(;7,000,000 rat ions. 

'l'he war has broadened this system quite considerably. 
Now, a l l  supplies, whether obta ined by the commissary 

depart[uent or other departments of the minister of 
war, or by requisition cOlllmissions in the l!'rench colo­
nies or in any of the 78 uninvaded departments of 
FralH'e, are d i rected to some 20 statinns-ma.qasins. These 
are situated about riO or 100 mil es from the front at 
point s where there are extensive freight yards. They 

in turn send supplies by ra ilway to the [Jares 1·egulatr-ice 

( regu l a t i ng stations ) whence after the cars are classi­
fied, they are sent on to the gaTes de ravitaillement, 

possibly from 5 to ]5 m i les from the front. Supplies 
are earr ied from there 011 in -army w agons, automobile 

trucks, or on narrow gage r a i lways over which the cars 

are moved by noiseless Decauvi\le engines. 
The stat1ons-1nagasins or central supply stations are, 

of course, at strategic points reached with facility from 

i mportant seaports and other cities. They a re divided 

into four sections, one for the commissary, one for the 

art i l lery, one for the eng i neering corps and the fourth 

for t lte hospital  service. Each of the score of stations 

is  requi red to forward daily supplies for a certain 

Dumber of men, possi bly 50,000 or 100,000 and in some 
eases more. 'fo be on the safe side, and for fea r or 
possible freight congestion, the gares de ravU aillemen t 

have on hand supplies sufficient for 10 days. 
'l'he commissaire militaire at the station-ma.q'asi'n has 

to forward daily from 1 to 3 trains of supplies (40 cars 

usually being necessary to supply an army corps for 

1 day ) to each gare rcgnlatriee. The officer in charge 

of the l atter classifies the cars and forwards them to 

the gal·es de ravitaUlement, the location of which varies 

aceording to the movements of the army and at this 

point, as lloted above, the supplies are unloaded and 

held until  forwarded to the firing line. 

The most im porta nt if not the most p icturesque of 

the va rious centers is the station-magasin. 'rhe regu­

lating stations merely classify cars and pass them on 

while at the l ast stations the quantity of suppl ies dis­

charged at any one point is relatively small,  thOUgh 

the operatiou may be done to the tune of enemy artillery 

shlllls or aeroplane bombs. 

Arrived at the railway depot of X, in peace times an 

important railway ceuter, we were met by the command� 

aut who Is the eommissaire mil'itaire both of the depot 

and the station-magasin. In explainiug the function of 

the station-lnagasin, he compared it to a reservoir at a 

mountain base, reeeiving the water as it came heIter­

skel ter down the mountain aud guiding it  in a regular 

stream to the insatiable desert beyond. 

By way of putting his visitor at ease, tile cOllllllandant 
remarked l aughingly : "The station-rnagasin 1 am going 

to i:how you merely represents what we do. 'Ve have 

here in the surrouuding country hundreds of head of 
sheep and cattle and a veritable l i ttle Chicago stock 

yard for slaughtering our pigs and hogs, making them 
up into sausages antI other meats for the soldiers. ThiH  
slau�hter house is none other than the Chateau lr-, 
once the French country house of K ing Leopold of 
Belgi um." 

"1 bope you don 't  confuse cats and dogs with your 

hogs," I suggested, "as our American slaughter houses 
werco once accused of doing." 

"No, but we ship your canned m eats to the soldiers 
just the same. They call  the tins 'boxes of monkeys. ' ' '  

In company with the Commissai re M i l ita ire, Com­
mamlant D--, and Colouel M--, of the lntendance, 

we visited the transportation city. The l atter has a 
personnel of 1 ,800 soldiers, made np of railroad lllen, 
bakcors, carpenters, men of the engineering corps, etc. 

AR Colonel M-- told the story of the city which he 

had built, I was rem inded of the Western cities that 

used to grow up over night around railroad tel"ln illals 
out of the trampled grass of the prairie. 'l'he colonel 

explained that he had been assigned to his work May 10 
last, when the growing size of the armies put in the 
field made it  impossible for the ten original supply 
stations to handle the job. "When I came here," he 

said, "I was given a field of oats and ordered to begin 
supplying 100,000 men every day, with instructions to 
take over later a few s ide lines like feeding 3ri,OOO 
horses, etc. Our first 100,000 rations went forward 
JunQ 18, and we have not missed a day since. My tracks 
and other faci l ities cost but $100,000." 

H ow had the work been dop e ?  I l ooked in vain for 
the oat field. The space he indicated w ith a sweep of 
his band, possibly 30 acres, adjoining the permanent 
yards of the Orleaus railway, was covered over with 
tracks and buildings, some 40 in number. The buildings 
were erected after the sol i d  French fash ion , covered 
with red t i l ed roofs, fit to stand for a quartel· of a cen­
tury. On their outer fringe stood the sem i-temporary 
quarters of the soldiers. 

I t  is truly said that wherever the French go, they 

build everlasting roads. As we went toward the city, 

we traveled over a graveled road, newly made, on which 

the soldiers were sti l l  work i ng, laying solid stone foun­

dations against the mud and rain of winter. When the 
war is over the farmer who owns that oat field w i l l  

h a v e  h i s  work c u t  o u t  f o r  I l i m  tearing up that road. 

As we walked into the city with its streets, its popu­
lation of busy soldier workers, in their sky-blue uni­

forms, the colonel pointed 'out his water hydra nts and 

told how he drained the rain into a l a rge centra l cistern 

ft·om whicil he could obta in a sufficient supply of water 

in case of fire set by some spy, an a eroplane bomh or by 
a locomot ive spark. 

The pride of the eity seemed to me to be the wonder­
ful bakeries whose , p roducts are loaded into dozens of 

straw-lined cars each afternoon and sent to the front. 

'l'hese bakeries turn American flour into the sweet­

smell ing 3-pound loaves of bread that really form the 

staff of hfe of the French soldier. That i s  why the 
bread tra in is the one he waits for most patiently, and 

expectantly. There a re in all 24 bu i ldings devoted to 
making bread, divided i nto 3 series of 8 each, one serieR 

for the storing of the flour, a second for the baking of 
the bread, and a third for stor ing it previous to loading. 

A curious detai l of the bakeries lies in the fact that 
the heat is derived from wood burned in a slow, smoth· 
ered fire, so that some cha rcoal is obtained, a ton a day, 
and this charcoal shipped to the cooks in the trenches. 
In order to get this invaluable smokeless fuel, the loco­
motives at the front also occasionally burn wood and 
manufacture charcoal for the trench cooks. 

An interesting detail of the transport city was the 
method of shipping the wine to the front. It  i s  received 
in special tank cars, not unlike an American oil tank 
ear, run into small barrels of 200 litres each, and these 
reshipped in freight cars. The coffee, too, is received 
here in bulk, roasted in a building built for that purpose, 
and then reshipped in small sack lots. "We really run 
a sort of wholesale grocery," remarked the colonel . 

There are 8 tracks, each 1,600 feet in length, laid to 
care for the trains that are made up daily. Bulky 
supplies, hay for the horses, bread for the men, shells 
for the cannon, whatnot, are carefully put into the 
same car, while the smal l  groceries, the petits vivres, 

the meats, coffee, sugar, tobacco, sa It, pipes, cheese, are 
put together perhaps in the same car. This distribution 
is made to prevent confusion in deliveries and disputes 
as to quantities. 

When the cars are duly labelled, bills of lading made 
for their contents, the train made up, soldiers and 
officers from the variou s d epartments represented board 
t he train, and it pul l:'! ont to the main track with the 
right of way. 

Fig. S.-Chicken feather. 

When it reaches the gare regulatriee, where dozens 
of other SUQh tra ins are centerings, the trains are 
ordered to such and such a destination, perhaps first 
bl·oken up und part of thei r load sent one way, part 
11Ilother, according to the needs of the day. 

As a train from the ga1·e l·egulatl·iee reaches the third 
and last stage of its journey, it drops off a car of sup­
pl ies here, another tllere, as the orders run. If a battle 
is raging at tile front, the engineer may receive orders 
to wait unti l  night before venturing along the danger 
zone, or, if  the need is  pressing, he may brave t he shells 
and proceed. 

Shooting Soot From Chimneys 
THE big chimneys of industrial plants often become 

partially obstructed by accumulations of soot, which 
are expensive to remove by ordinary m ethods. A new 
and economical scheme has been found for doing this 
work, and that is to shake the soot down by the shock 
of an explosion. A simple and effective way to do 
this is to make a small cannon by drilling a hole one 
and three-qnarters inches in diameter and ten inches 
deep in a piece of four-inch shafting about fifteen inches 
l ong. 'l'his gun may be mounted vertically on a plate 
of iron, and is fired by a fuse hole drilled in one side 
of the shaft to intersect the bottom of the bore. The 
gun is charged with blasting powder up to about two 
inches of the muzzle, and the remaining space is filled 
with dry clay and .tamped. The gun is placed for 
firing on the flue floor at the bottom of the stack, and 
three or four shots will ordinarily shake down the soot, 
depending on the condition of the stack. A gun of the 
size given, and with the above charge, is sufficient for 
a stack 100 feet high, but a longer gun, with a some, 
what increased charge, would be neeessary for a taller 
stack. 'l'his method of cleaning chimneys is said to 
have been used for several years with satisfaction, 
and without injury to the stack. It  should be noted 
that the gun directs the air disturbance upward, while 
if a loose cartridge were fired it would be likely to blow 
out the base of the staek. 

Water Pressure 
A CUBIC FOOT of sea water weighs 64 pounds. Each 

cubic foot may be regarded as standing on a base of 
1 square foot. Therefore, the pressure at the base of a 
cubic foot of sea watel· is 64 pounds per square foot. 
Now, a cubic foot of water, having a base of 1 square 
foot, must be 1 foot high. The pressure at its base ( 64 
pounds per square foot ) is, therefore, the same as that 
pressure which would be encountered at 1 foot below 
sea level. 

Now, 144 square inches make 1 square foot . A vertical 
column of water having a sectional area of 1 square inch 
would, therefore, weigh 1/144 as much as a column 
equally high but having a sectional area of 1 square 
toot. Since the pressure per square foot is 64 pounds, 
the pressure per square inch is 1/144 of 64 pounds = 
64/144 = 4/9 = 0.44 pounds per square inch. 

At 2 feet below sea level, or double the depth, double 
the height and weight of water stands on each square 
inch, therefore, the pressure is double = 2 x 0.44 = 0.88 
pounds per square inch. Each extra foot of depth adds 
an extra pressure of 0.44 pound per square inch. To 
find the pressure at any depth multiply the depth in feet 
by 0.44 pound per square inch.-The Steamship. 
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The U.  S.  Government Libraries at Washington* 

Important Institutions of Great Value to the Nation 

By H. H. B. Meyer, Chief Bibliographer Library of Congress 
Tht: Librarv of OongreHs.-The relations of the Library 

of Congress to the other government l ibraries ( which 
numb('r about 63 out of a total of 137 ) are of necessity 
very cl ose, since they are al l  under the same contrOlling 
influence-service to the Federal government. Its rela­
tions to the l ibraries in the city not governmental, while 
less direct, are hardly less intimate. They all .  draw 
from its immense reservoir, and their acquisitions and 
even their management are largely influenced by their 
proximity to the Library of Congress. 

Founded by the "Act to make provision for the re­
moval and accommodation of the Government of the 
United States" approved April 24, 1800, which act car­
ried with it  an appropriation of $5,000 for the purchase 
of books, the collection remained in a protoplasmic state 
for nearly 2 years, without form and doubtless rapidly 
becoming void. The members apparently helped them­
selved to the books with the usual result. It was recog­
Iii zed soon that some organization must be effected to 
take care of the collection. This was done ny the act 
of January 26, ] 802, and on the 29th of the same month 
John Beckley was appointed first Librarian of Congress. 
During the first s ixty years of its career the growth of 
the l ibrary was gradual. Thrice it suffered from fire. 
After the destruction of the Capitol by the British 
troops in ]814 it acquired in 1815 the interesting and 
valuable collection of Thomas Jefferson, but unfortu­
nately two-thirds of this was destroyed in the fire of 
1851. These losses, as far as numbers were concerned, 
were made good almost immediately, so that it is fair 
to say that the average growth during these 60 years 
was about 1,000 volumes per year, and in 1862 there 
were something over 60,000 volumes in the collection. 

With the appointment of Ainsworth R. Spofford, De­
cember 31st, 1864, the growth rapidly increased so that 
when the l ibrary was transferred to the new building 
in 1897 it numbered 787,715 volumes and pamphlets, an 
average increase of 22,000 yearly. When Dr. Herbert 
Putnam, the present Librarian of Congress, was ap­
pointed in 1899 the collection was still  considerably 
below a mill ion. Its growth has since been at an avet:­
age of about 100,000 volumes and pamphlets per year 
and now the library contains about 2,500,000, having 
become the largest l ibrary in the western hemisphere 
and the third largest in the world, surpassed on;y by 
the Bibllotheque Nationale ( 4,000,000 volumes ) and the 
British Museum ( 3,000,000 volumes ) . In an enumera­
tion of the resources of the Library of Congress there 
should be added to the 2,500,000 books and pamphlets, 
the manuscript collection of which an exact numerical 
statement is not feasible, but which contains several 
hundred thousand pieces ; maps 150,000, music 700,000 
pieces, and prints 400,000 pieces. Those who are familiar 
with the national  libraries of foreign countries fre­
quently remark that the Library of Congress is more 
truly a national l ibrary than any other l ibrary in the 
world in the extent and variety of the functions it per­
forms, and the service it renders to l ibraries and to 
citizens throughout the country. 

Its org/llnization-administration.-A brief description 
of the organization of the Library of Congress will  best 
serve as an introduction to an account of its activities. 
At the head of the institution is the Librarian of Con­
gress, Dr. Herbert Putnam. In immediate contact with 
him are the Chief Assistant Librarian, the Office of the 
Secretary, and the Chief Clerk's Office. These consti­
tute the administrative offices. The Secretary's Office 
has charge of all the correspondence with outside insti­
tutions and individuals, and is the official means of com­
munication between the library and the rest of the 
world. The Chief Clerk's Office is  the center of com­
munication within the library, has charge of the sta­

tionery and supplies, keeps the accounts of the library 
and all service records, including appOintments, promo­
tions, resignations, etc. With him is also located the 
photograph ic apparatus for making exact copies of 
manuscript or valuable printed matter for use outside of 
the building. In direct touch with the administrative 
offices and in fact all the divisions of the l ibrary is 
the Mail and Delivery Division, which receives all  ma­
terial sent to the library by post, express, messenger, 

etc., and then distributes it to the several divisions. 
Official correspondence Is sent to the Secretary's Office : 
publications intended for copyright entry to the Copy­
right Office ; documents to the Document division, period­
icals to the Periodical division, all other acquisitions to 
the Order division, and books, pamphlets, etc., sent back 

" From the WfRcon,,4n TAbrary Bulletin. 

by members of Congress, government bureaus, and offi­
cials to whom they had been lent for official use are sent 
to the Reading Room to be returned to the shelves. 

Oopyright.-'l'he Copyright Office is somewhat apart 
from the other divisions of the library. I t  makes the 
necessary records for all copyright claims and after 
stumping the publications sent in 1;01' copyright, so as 
to identify them with the copyright entries, forwards 
them to the Order division for addition to the library 
collection. In this office every safeguard is used to 
insure a complete and indubitable record, because at 
any time the entry may be subjected to a challenge in 
court of law. 

Order divisWn.-The Order division takes cognizance 
of all acquisitions, with two exceptions, documeutlS go to 
the Document division and periodicals to the Periodical 
division direct. Documents and periodicals not current, 
which have been purchased, however, pass through the 
Order division to be paid for. The sources of the pub­
lications received by the Library of Congress are the 
copyright

' 
deposits, government documents, including 

foreign, Uuited l:ltates, l:ltate, and municipal, purchases, 
gifts, exchanges, transfers from other government l ibra­
ries of material they do not need, and deposits from the 
Smithsonian Institution. The Order division transacts 

all business connected with these acquisitions and in 
addition has a general  supervision of the production and 
distribution of Library of Congress publications which 
enter largely into our exchange transactions. 

PC1·iodicals.-The Periodical division besides receiving, 
checking and preparing the periodicals for binding, is 
also a service d ivision. In its reading room unbound 
periodicals and newspapers are used. When bound the 
periodicals pass into the custody of the Superintendent 
of the Reading Room as part of the main collection of 
books. 

lJ ooument8.-The Document divisioll is mainly a for­
warding division, receiving, checking and making ready 
for binding and cataloguing public documents of al l  
kinds. It  also prepares the monthly l ist of State docu­
ments sent regularly to all State officials as an acknowl­
edgment of material sent to the Library of Congress, 
and recognized as  a most valuable index to a very im­
portant group of publications. 

Cataloguing.-The Catalogue division is the chief for­
warding division of the l ibrary. It not only catalogues 
the books but in it are centered their classification, shelf 
l isting and labelling. 

Clard distribution.-The Card Distribution division is 
like the Copyright Office, somewhat apart from the rest 
of the l ibrary, but a most important division to other 
libraries. It is the selling agency for the Library of 
Congress cards. It receives and fills all o rders for cards, 
packs thellll for shipment and keeps the necessary 
accounts. 

The remaining divisions and subdivisions of the l ibrary 
are properly designated as service divisions ; two, the 
Reading Room and the B ibliography division are of a 
general character while the others are devoted to some 
special constituency or some specia l subject. 

Reading Room.-The Reading Room has charge of all  
the books and pamphlets in the l ibrary excepting those 
consigned to special divisions. It  has complete charge 
of the circulation which is practically l imited to the 
government service, and looks after the interlibrary 
loans. The Reading Room and Periodical division are 
the divisions which render the most direct service to 
the public. Both are free to all readers and are open 
daily from 9 A. M. to 10 P. M. 

Bib Uography divi8ion.-The Bibl iography division is 

in a measure a reference division or bureau of informa­
tion. It  serves to a certain extent as a key to the re­
sources of the library. Its contact with the public is 
l imited to those requiring bibliographical  aid not satis­
fied by the printed material available in the Reading 
Room. All miscellaneous questions not tal,en care of 
by the special divisions are submitted to it. Its repl ies 
usually take the form of directiollf'l to sources of infor­
mation and not the information itself, excepting where 
the inquiry comes from some locality devoid of l ibrary 
facilit ies and the information desired can be comprised 
in a brief memorandum. The Bibliograpby division has 
in constant preparation reference lists on topics of pres­
ent day interest. These are first put in typewritten 
form and lent freely to libraries alI over the country. 
If the Interest in the subject warrants it the l ist is 
printed either as a separate publication in the well 
known series of Library of Congress reference l ists or 

as a contribution to some journal-"Special Libraries," 
or some document-"'l'he Handbook of the Postal Money 
Order System." 

Legislative reference.-The legislative reference divi­
sion has made a fair beginning. Its service is intended 
to aid members of Congress in their legislative duties. 
I t  i s  of interest to know that considerable work of this 
kind has been done in the Library of Congress, since 
the beginning of Dr. Putnam's administration, by the 
Chief Assistant Librarian and the Biblography division. 

O ther speoial divisitms.-The remaining divisions of 
the l ibrary are devoted to some special field of knowl­
edge as  t heir names indicate. 'l'hey are the Music  di­
vision, Map division, Manuscript division, Semitic divi­
sion, and Print ( Fine Art) division ; these divisions re­
quire special knowledge for the proper handling of 
material peculiar in form as well as in content. 'l'be · 
Smithsonian deposit which is made up very largely of 
scientific serials deposited by the Smithsonian Institu­
tion proves a great convenience in supplying material 
to the various scientific bureaus of the government. 
Lastly, there is the Law l ibrary, which is so much 
used by members of Congress that i t  has been found 
convenient to keep the greater part of the American 
law in the Capitol, the remainder with most of the for­
eign law being located in the Law diviSion, so-called, 
of the Library of Congress. 

Extension of influence-Catalogue cards-The Library 
of Congress extends its influence and service throughout 
the country in  various ways. Through its distribution 
of printed catalogue cards it places at the disposa l of all  
libraries, large or small ,  the best expert cataloguing, at 
a price much below the cost of even the crudest manu­
script cataloguing, with all  the advantages of legibility 
and permanency afforded by printers' ink. The stock 
of cards for sale by the Card division includes not only 
the books in the Library of Congress, but the books in 
the more important speCial government libraries, and 
during recent years manuscript cards have been accepted 
from the larger l ibraries throughout the country by the 
Card division and printed and placed on sale. The 
Card division has printed a circular of information con­
cerning the sale of cards with the title "L. C. printed 
cards," which may be had on application. 

Interlibrary Loans.-Through its interlibrary l oan sys­
tem the Library of Congress places at the Illsposal of 
scholars the riches of its vast collections, enabling them 
to consult at first hand publications otherwise practi­
ca lly inaccessible. This is not a traveling l ibrary 
system. It is intended to meet the need of the 
scholar for the rare, unusual or expensive book 
which the local l ibrary cannot afford to own. It is not 
intended to supply material for club use, for debating 
purposes, nor for the work of the undergraduate in 
schools and colIeges. Librarians before attempting to 

use the interlibrary loan sy�tem should write to the 
Librarian of CQngress for the little circular "Inter­
l ibrary Loans." 

Publications.-A third channel through which the 
Library of Congress serves not only the United States 
but the whole world is the series of its publications 
covering numerous departments of knowledge, but 
especially important in American history, music and 
cartography. In American history its publications are 
based on its manuscript collection. Source material of 
the highest value is thus made available in l ibraries and 
learned institutions all over the world. The publications 
of the Music division, prepared under the direction of 
the chief of the division, Mr. O. G. T. Sonneck, who is 
an expert in the literature of music, are recognized as 
authoritative abroad in the great centers of music as 
well as in our own country. Worthy of speCial mention 
are the "Cataloguing of early books on music, before 
1800," "Catalogue of orchestral music scores," "Cata­
logue of opera librettos printed before ] 800," "Dramatic 
music, catalogue of full score" ( of which a new edition 
is almost ready ) ,  and lastly of special Interest to Ameri­
can l ibraries the "Report on the 'Star-Spangled Banner,' 
'Hail, Columbia,' 'America,' 'Yankee Doodle,' " published 
in ]909. In ] 914 a revised and enlarged edition of the 

chapter on the "Star-Spangled Banner" was published. 
This report throws much light on the origin and early 
history of these patriotic songs. 

The publications of the Map and Cbart division pre· 
pared by Mr. P. Lee PhiI Iips, also an expert in his 
chosen field of cartography, are recognized everywhere 
as reference works of the highest value. Especially 
worthy of mention are the "LIst ot geographical atlases 
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in the Library o f  Congress with blliographical notes" 
in 3 volumes ; "List of maps of America in the Library 
of Congress," 1901, of which a new edition is in prepa­
ration ; a pamphlet, "Notes on the cataloguing, care and 
classification of maps and atlases," may be had on 
application. 

In the fields of the economic, political and social 
sciences the Library of Congress has published a long 
series of reference l ists prepared in the Bibliography 
division. A list of these may be obtained on appli­
cation. 

CO'f'1'espondcnce.-The service which perhaps reaches 
more .citizens than any other is the response made to 
letters of inquiry. These letters come from all parts of 
the country and are on every conceivable topic. In 
answering such inquiries which come, of course to most 
of the government bureaus and libraries, a practical 
co-operation has developed, so that the office best fitted 
to answer the inquiry shall frame the reply. Inquirers 
will, however, save themselves much time and the gov­
ernment officials much trouble if they will direct their 
Inquiries to the proper office in the first place. Ques­
tions relating to agriculture should be directed to the 
Department of Agriculture, on education to the Bureau 
of Education, on labor to the Bureau of Labor Statistics, 
and so on. The Library of Congress takes care of those 
topics not covered by special bureaus. Its replies take 
the form of bibliographic references to the sources of 
information rather than the information itself, unless 
the information can be comprised in a brief memoran­
dum or the inquiry comes from some locality without 
library ' facilities. So many requests come to the library 
for material that it cannot be said too often that the 
Librarian of Congress does not conduct a traveling 
l ibrary system, nor does it act as a distrltmting center 
for public documents. 

Serving the m edical profession.- Several of the larger 
government libraries have attained a real distinction. 
This is notably true of the Library Qf the Surgeon­
General's Office, 7th and B Streets, S. W., which is now 
perhaps the leading medical l ibrary of the world, con­
taining about 525,000 volumes and pamphlets. In pub­
l ishing the "Index-catalogue of the Library of the Sur­
geon-General's Office, U. S. Army," 1st series 1881-1895, 

2nd series 1896-date, it has placed physicians all over 
the world under a lasting obligation, as the "Index­
catalogue" is a practically complete bibliography of 
medical sclence. To Dr. John Shaw Billings, afterward 
director and developer of the New York Publ ic Library 
system, belongs the honor of raising this library from a 
'lmall bureau l ibrary to the very highest rank. 

AGRICULTURE. 

A l ittle further along the Mall, at 12th and B Streets, 

Cutting Efficiency and Hardness of Tool Steels 

By J. O . Arnold, D.Met., F.R.S . 

IN PAI'ERS recently read before the Iron and Steel 
Institute there has been a tendency to regard the Brinell . 
and scleroscope numbers registered by hardened steels 
as an approximate measurement of their cutting effi­
ciencies in tho lathe. Indeed, it has been suggllsted that, 
instead of ascertaining the efficiency of high-speed steels 
directJy in the lathe, the Brinell test might be substi­
tuted for the costly and prolonged procellding of making 
systematic lathe tests. The p urpose of this brief com­
�unication is to show that not only is there no relation 
between Brinell hardness and lathe efficiency, but also that 
a plain carbon turning tool wi th very high Brinell hard­

ness may, o n  comparison with another tool of considera­
bly lower Brinen hardness, register an efficiency of practi­
cally zero , while the tool of, say, 15 per cent lower Brinell 
hardness may run perfectly for, say, eighteen minutes, 

S. W., is located the Library of the Department of Agri­
culture of about 150,000 volumes, a considerable number 
of which are distributed for convenience among the 12 
or more special investigating bureaus or divisions of 
the department. Miss C. R. Barnett, the librarian, and 
bel' assistants in the bureau l ibraries, are imbued with 
the spirit of co-operation, every ready to place their 
special knowledge at the disposal of other libraries in 
the city. 

EDUCATION. 
The Library of the Bureau of Education, located in 

the old Post Office Department Building, 8th and F 
Streets, N. W., contains about 165,000 volumes and 
pamphlets rich in pedagogics and the educational docu­
ments of foreign governments and the States of the 
Union. It  possesse� also a valuable collection of Ameri­
can and foreign text-books. Here, too, the idea .of co­
operation has taken deep root and Dr. J. D. Wolcott 
never fails to respond to a call. 

GEOLOGICAL. 
The library of the Geological Survey, at 1330 F Street, 

N. W., contains about 190,000 volumes, and is one of the 
largest collections on geology in its broadest aspects to 
be found in the world. It publishes annually the Bib· 
liography of North American geology. 

A LIBRARY OF DOCUMENTS. 

The Public Documents Library in the office of the 
Superintendent of Documents, at North Capitol and H 
Streets, N. W., contains about 175,000 government docu­
ments. It was begun in 1895 and has tried to secure 
and preserve a copy of every document published by the 
United States government. On its collection are based 
the various catalogues and check lists of public docu­
ments which have made this very difficult material now 
80 accessible. It  is not too much to say that the public 
documents of the United States government are the 
most valuable in the world for the very reason that they 
are so thoroughly indexed. 

STATISTICAL. 

The Library of the Bureau of Labor Statistics, for the 
present located in the Department of Commerce Build­
ing, is smaller than the l ibraries heretofore mentioned, 
baving about 34,000 volumes and pamphlets, rich in 
everything which will throw light on the complicated 
question of labor. Its special collections of trade union 
publications and domestic and foreign labor, factory and 
mine inspection reports are among the most complete 
in existence. Its l ibrarian, Miss M. Alice Matthews, 
has done much to foster the spirit of co-operation among 
government libraries. 

RECLAMATION SERVICE. 

The library of the Reclamation Service, located at 
8th and E Streets, N. W., offers a fine example of the 

and during the last five minutes of the test cut cleanly 
at a blood-red heat before breaking down. 

The Brinell hardness of a properly hardened tool is an 
almost negligible factor of efficiency. The efficiency de­
pends almost entirely on the thermal stability of the 
simple or compound hardenites in the hardened steel. 
The simple hardenite of plain carbon steel has a thermal 
stability of which the limit is certainly less than 300 deg. 
Cent . ,  while the compound hardenite of a C-W-Cr-V 
high-speed stoel, also secured by water quenching, may 
be rendered stable up to a temperature of about 700 deg. 
Cent. The proof of the foregoing enunciation is em­
bodied in Table 1 .  

I f  tested, cr.eteris paribus, with the steels i n  Table 1 .  a 
hardened best crucible-cast plain carbon steel , containing 
about 1 .25 per cent combined carbon, would endure for 
perhaps two seconds. Therefore its endurance would be 
roughly 0.3 per cent that of the W-Cr steels and about 
0.2 per cent that of the W-Cr-V steels. Nevertheless ,  its 

TABLE I. 

Duration of Tests in Minutes and Efficiency. Cubic Inches 

Uni- Type of Steel. Com- Seconds Before Breaking Down. of Standard Hard Steel Brinell Hard- Scleroscope 

versity positions Nearly Shaft Removed. ness No. Pres- Hardness No. 

Steel Identical for sure, 3,000 Average of 

No. Each 'J'ype. 1st 2nd 3rd I 1st 2nd 3rd Kilos. ;  ball, Four Tests. 
Grind- Grind- Grind- Mean. Grind- Grind- Grind- Mean. I O mm. diam-

lng. ing. lng. ing. ing. ing. eter. 
-- -- --

M .  S .  M .  S .  M .  S .  M .  S .  (a) 

1523 Tungsten-chromium . . . .  10 7 1 1  45 9 26 10 26 47 . 4  56 . 3  43 . 3  49 . 0  6 00 82 . 8  

1527 Tungsten-chromlum . . . . 1 1  25 1 2  35 1 0  3 2  1 1  3 2  54 . 7  6 1 . 4  49 . 4  55 . 2  629 (b) 80 . 5  

1523 Tungsten-chromium . . . .  10 26 1 1  50 1 1  3 1  1 1  1 8  48 . 9  56 . 7  55 . 0  53 . 5  578 80 . 3  

1 522 Tungsten-chromium 
vanadium . . . . . . . . . . .  14 1 7  1 7  5 9  1 3  4 0  1 5  1 9  (c) 72 . 3  96 . 2  68 . 0  78 . 9  600 80 . 3  

1524 Tungsten-chromium 
vanadium . • . . . . . . . . .  17 2 1 7  49 16 57 17 24 (c) 9 1 . 0  95 . 2  89 . 1  91 . 8  600 75 . 5  

1 528 Tungsten·chromium 
vanadium . . . . . . . . . . .  1 6  2 17 52 16 57 17 24 (c) 84 . 1  95 . 7  89 . 1  89 . 6  600 76 . 3  

1534 Tungsten-chromium . . . .  

vanadium . . • . . . . . . . .  15 21 1 7  10 1 5  4 5  16 27 (c) 79 . 0  9 1 . 6  81 . 1  83 . 9  600 8 1 . 0  

I 

N oTE.-The Brlnell and scleroscope hardnesses were taken as near as possible to the hardened cutting edges of the various tools. 

(a) It will be seen that with both types of steel the maximum efficiency is obtained on the second grindings of all seven tools. 

(b) Duplicate test 629. 
(c) Thronghout these tests the cutting edge of the tool was red-hot at the breakdown points, and, indeed, for about five minutes 

previOUS to breaking down. 

Intensive use of a small, well selected l ibrary. Its 
catalogues and indexes are constructed with a view to 
bringing out everything relating to reclamation and 
irrigation projects, the construction of dams and reser­
voirs, and water conduits of every kind. 

BUREAU OF STANDARDS. 

The Library of the Bureau of Standards is located in 
one of the group of buildings constituting the plant of 
the bureau, on Pierce Mill Road, west of Connecticut 
Avenue, in  the extreme northwest of the city. The 
library is devoted entirely to mathematics, physics and 
chemistry, and their technical application. 

S MITHSONIAN LIBRARIES. 

The libraries under the jurisdiction of the Smith­
sonian Institution offer an interesting group to those 
concerned with the natural sciences. They are located 
mostly on either side of "The Mall" in the viCinity of 
10th Street. The largest is the l ibrary of the National 
Musueum, containing 45,000 volumes and about 75,000 

unbound pamphlets. To meet the convenience of the 
curators of the various departments, which number 
over 30, a considerable part of the collection is dis­
tributed in the working rooms of the museum, much 
after the plan of university seminar col lections. At the 
Smithsonian Institution only a smal l  working collection 
is maintained on museum construction, management and 
development. The exchange publications received by 
the institution are forwarded regularly to the Library 
of the Bureau of American Ethnology, located in the 
Smithsonian Inst itution, B Street, opposite 10th Street, 
S.  W., is worthy of mention on account of its valuable 
collection on the American Indian and Indian lan­
guages. 

BUREAU .OF RAILWAY ECONOMICS. 

The Library of the Bureau of Railway Economics is 
located in the Homer Building, northwest corner of 13th 
and F Streets, N. W. . The bureau is not a government 
offi ce, but was established by the railroads of the coun­
try to secure accurate and authentic information con­
cerning railroads, and in order that its main function 
should not be impaired it is forbidden to engage in 
polemic or partisan discussion. The l ibrarian, Mr. Rich­
ard H. Johnston, is  a thorough bel iever in co-operation, 
and we know from experience that the valuable infornla­
tion and books in the Bureau of Railway Economics are 
at the disposal of all  the other libraries in the District 
of Columbia.  The volume published in 1 911 with the 
title "Railway economics, a collective catalogue of books 
in fourteen American l ibraries" is practically a biblio­
graphy of the subject at the time of publication. The 
library, though only in existence 6 years, is already 
counted as one of the best railroad l ibraries in the 
country. 

Brinell hardness would be about 700 as against the 600 
numeral registered by the high-speed steels . Again, ac­
cording to the mean Brinell test (602) the W-Cr steels 
should average an efficiency of 0.3 per cent greater than 
the constant numeral (600) of the W-Cr-V steels , yet the 
actual efficiency of the latter is 6.'3 per cent greater than 
that of the former. In a word, the Brinell and scloro­
scope tests , while valuahle means of rapidly approxi­
mately determining the elasticity of structural steels , are 
valueless , or indeed worse than valueless, for estimating 
the varying thermal stabilities of the hardenites which 
mainly determine lathe efficiency. 

'l'he author and Prof. A. A. Read, D.Met. ,  have shown 
(Proc . Inst. Mech.. Eng. ,  November, 1915, p. 645) that 
there are four single hardenites ; i. e . ,  solid saturated solu­
tions of e carbides, namely, iron hardenite (Fe21FeaC ) ,  
vanadium hardenite (Fe7N2Ca) , tungsten hardenite (Fe21 
WC) ,  and ferro-molybdenum hardenite (Fe2IFeaMoaC ) ,  
(this substance might b e  accurately classed as a sort of 
double hardenite) .  The double, triple, and possibly 
quadruple hardenites of high-speed steels yet remain to 
be discovered,  but owing to a grant-in-aid of £200 from 
Sir Robert Hadfield, the author, and Prof_ A. A. Read, 
D .Met. ,  of the University of Wales, are now proceeding 
with this complex research.-A paper read before the 
Iron and Steel Institute May 5, 1916. 

Producing High Vacua 
WHEN a very high vacuum is desired finely divided 

copper, such as is obtained by reducing a solution or a 
copper salt, and commercially known as "precipitated 
copper," may be used with advantage to absorb the last 
traces of gases, which it takes up rapidly. When used 
for this purpose a few grammes of the copper are placed 
in a bulb which is sealed to the vessel to be exhausted, 
and while the copper is heated to about 250 degrees, to 
free it of any gases it may be holding, an air pum);} is 
operated to effect a partial vacuum. The pump is then 
disconnected, and as the copper cools it rapidly absorbs 
the remaining gases. This absorption Is not a chemical 
action, as the gases are again liberated when the copper 
is heated. 
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King's Dock at S wansea, Wales, showing extensive coal -handling equipment 

British Methods of Handling Coal 
Great Machines Employed for Loading Vessels a t  the Docks 

IN NORM A l, times G reat Britain and G ermany to­
gether pl'Odllflo i n  a yeur someth ing in exeess of the floal 
mined in the United Htates--G reat Britain being in ad­
vanen of O nrmany . An enormous output of the English 
an d Welsh milUls has bpPll going on for many ypars, so 

that their Hwthods of handling eoal at tidewater have 
benome well dnvoloped. In ordpr that Amerieans may 
gain a right (·.ollC,option of theso it  is very neepssary to 
know sorno o r  the fundamen tal eonditions.  

British eoal oars art' , whon oompared with those used 

in the lJll i kd Htates and Carmda, diminutive affairs . 
A full sized Arrwri(,an ear earrips  about 45 01' 50 tons . 

The reeontiy int.l'Odlleed monster ears of the Norfolk & 
Western Kuilway have a eapaeity of 90 tons. Amoriean 

eoal nUl's aro earl'ied on two trunks whieh must have at 
least four wlwds apio(,n. In the easn of tho Norfolk & 
Woster'n ears thoro are six wheels to the tru(,k.  I n  
Great Bri tain i t  is a big (loal ear that earrins 20 tons.  
I do no t know that any of them have trunks . I nstead 

of stoP) , wood is used for tlw body. However, bigger 
ears are (lolll in g  i n to use. For example , one (lolliery on 
the North Blyth mineral line of the North-Eastern Hail­
way p u t  40-toll ears into use half a dozen or more years 
ago . 

Neverthd(]ss, there is a good deal of handl ing the same 
in the two nountrips . This remark applies very well to 
the (mnsrer of (,oal from mil to ship . 'rhe ohiof distriets 
where sudt op�rations are to be seen are the (,oast regions 
of South Wains and N ortheast England . Here are sueh 
shi pping poi nts as Hwansea, Barry and Cardiff in Wales 
and New('astie !tlld H ull in England. 

Both i n  Or(1at Britain ami in AmHriea the ear tip is 
largely in ()v i <imwe. But the British tip their ears end­
wise ; Uw Am('rimlns, s idewise . Further, end tipping 

seems to req uire SOlnO method of opening one end of the 
ear. Ameriean side tipping imposes no speeial fHatures 

oj' ear eonstrn(ltion. 
The hand l ing deviee shown on the front eo vel' is a 

erane lonate<l on a do ok at Liverpool. The pedestal, 

cmrrying the whole apparatus, lnay be shifted along the 

wide-gage tmek and thus suit its position to that of the 
moored vpssel. This maehine is eapable of handling 

loads of 25 tons. 'fhe erane may be rotated, so that the 
loaded ear may be lifted fr'om a position at one side of the 
pedostal and then swung outboard OVHr thH hatehway of 
the vessd. A vortieal lift of 50 foot is possible, though of 

eourso not always llHeessary. Close attention to the 
viow wil l  show that tho (Jar is  lifted by means of and along 

with a short length of traek. This is termed a "eradIH. "  

A typ ienl eradle is provided with stops whieh HllgagH 
the front axle of the ear to be tipped. At the othHr end 
the ear is held by seeuring the draw ehain to a fixed pieee 
ealled the mwhor hook. Tll() eradle with thH loaded ear 

is then lifted and swung to approximatH position. The 
Hnd dool' lllust, of eourse, be direetly ovor the hatehway. 

A workman operates a line whieh swings the emdlH. 
'l'his movement of tho eradle is madH possible by a swivel 
arranged on the hoisting gHar. After the load has bHen 

By .J ames Steelman 

diseharged, thH erane is swung baek and thH hoisting 
ehain paid out.  There arH guides whieh eause the eradle 
to settie into eorreet alignlllHnt with thH traek. The 

front end of tho eradle eomes first into eontaet with thH 
mils ,  this result being seeurHd by the proper adjustm()II t 

of the length of thH ehains. The ear starts baek, tIl() 
stops are lowered so as not to interferH with the axles, 
a levHr loeatHd at one side of the eradlH providing a 
means for this, and the next loaded ear is drawn onto the 
eradle, foreing the " empty" off. The release of the lever 
permits .the stops to bH rHturned to normal position by 

tll() aetion of suitable springs. An altHrnative method ,  
whieh may b e  uSHd wll()re i t  SHHms dHsimble t o  introduee 

tho loaded ear at thH front mid of tIl() eradle, provides 
by the shape of the stops for automntie depression when 

the orwoming axles strike them. As soon as thH nHW ear 
is fairly on the eradle, springs eome into aetion and 
oreet the stops. WhenevHr the wholH towerlike strue­
ture has to be shifted nlong th H doek, the guides and 
eradle may be eoupled togethHr by links provided for this 

purpose and the whole transported by thH eraIlH. 

An advantage of this type of eoal handling dHvice is 
that it may readily bH Hmployed in othHr doek sHrviee .  

It  is only nHeessary t o  detaoh the eradle from t Il()  beam 

from whieh it is suspended and make use of a largH shaekle 
at the end of the swivel . The maehine may tll()n be 
employed in tmnsferring to or from the doek ll()avy 
artielHs sueh as boilers and the likH. There seems to be 
IlO substan tial reason why this eranH eould not be used 

for lowering bottom-dump ears down into thH hold and 
tll()rH diseharging tll()m with a small rHlative amount of 
breakage. There would , perhaps, need to be some more 
Hffeetive method of eontrolling the orientation of the 

ear during thH period of entering and leaving the hateh­
way. 

At SundHriand, on the northeast eoast of E ngland, in 
the Northumberland-Durham eoal seetion, it was fHlt 
to be highly desirable to makH an espeeial point of avoid­

ing breakage of the eoal. Furthermore, the vHssels Hn­
gaged in the tradH arH ehiefly rathHr small, low-lying 

affairs. Here, in eonsHquHnee of the eonditions, we haVe, 

one of thH most novHl eoal-Imndling dHvieHs to be found 
anywhere in the world. The loaded ear is taken from 
an elevated position at the water's edge and brought down 
into a low position-into the very hold, if desired-and 

there diseharged through the bottom of the ear. The 
empty ear is thHn rHturned to the elevated traek and 

allowed to run off to a suitable plaee. ThH ear is not 
tilted or ()verturnHd-it is always right side up. A 

rather surprising feature of thH opHration eonsists in the 

faet that normally nHither in the 10wHring of the loaded 
ear nor in the return of the "empty" is power employed . 
Gravitation pHrforms both operations. 'rhe only times 

that pOWHr is needed are when it beeomes neeessary to 
return tll() ear with all or part of its load . Sueh an oeea­

SiOll might arise if a frozHn load refusHd to mOVH, or if 
the wholH of the load w erH not needed to finish trimmin g  
the vessel. 

EssHntially, the deviee eon sists of a pair of duplieate 

two-armed levHrs fulcrumHd on a horizontal axis betwHHn 
the two ends. When not in opHration, both lever,� stan d 

obliquely in vertieal planHs perpendieular to the watHr 
front, the upper ends leaning toward the watHr. A bar 

eonneets thesH upper ends. On it is swung a platform 
on whieh has bHHn laid a short seetion of railway traek. 
Here the (Jar stan ds d uring tll() lowering and returning 
operations. It will be understood that at thH begin ning 

of  a eyde of movements the short traek on tIl() platform 
will be a eontinuation of the elevated traek by which 

10adHd ears eome to the water front in a direetion per­
pelldielilar to that front. 

The upper anns of the levers are longer than the lower 
arms. TIw latter are eounterweighted to sueh an amount 
that when the platform with the loaded ear upon it is 
released,  platform and ear will move forward and down­
ward at a good but not too rapid speed, and that when 
thH load has been diseharged platform and ear will return 

promptly, but not violHntly fast.  WhenHver pOWHr be­
eomHS lleeessary in ordHr to seeure the return, a pinion­

and-raek devieo, the raek being an are of a eirelH , is 
brought into rHquisition.  This is arranged at the bottom 
end of the level' eontrivallee .  The eontrol of the appara­

tus when lowering loaded ears by gravity is sHeUl'ed by 

braking arrangements . 
At MiddlHsbrough, also on the northHast eoast ,  is 

loeated a handling dHviee whieh depends for the aocom­
plishment of its purpose upon two eOl1veyors , onH of 
whieh delivers to thH other by means of suitable ehutHs . 
The loaded ears eomH to the immediate vieinity of' the 
water front upon a traek paralleling the doek front. The 

level of the traek is but a very fHW feet above that of 
high watHr of ordinary spring tidHs.  A ship's hatches 
may at tim es be above the track. Aeeordingly, the eoal 
from the ears must be elevated as well as transported 
f'rom traek to ship . 

A tower stands a few feet baek from thH edgH of thH 
doek. ThH eoal is earried by onH eonveyor to a point 
in this tower at an elevation of, perhaps ,  35 or 40 feet 
above its base. On the water side of the towHr a long 
boom is hinged or pivoted. This boom earriHs the seeond 
eonveyor by rrl()ans of' whieh thH eoal is dHlivered into the 
hold of the vessel . The boom may have its outer end 
depressed below or elevated above thH fixed level withont 
interfere nee with the operation of the eonveyor whieh it 
earries . The outHr end may, in faet, bH elHvated to a 
mueh highHr level, but this is not a working but a housed 

position. 
'rhe eoal is takHll from beneath a hopper eonstrueted 

underneath the railway track at a point opposite the 
tower. The shape and arrangements of the hopper are 

sueh that eoal is delivHred to thH belt with only a modHr­
ate shock. The eoal is  delivHred to the hOPPHr, which 

has a eapaeity of some 30 tons, from the overhHad rail­
way ears . 

The (lonveyor whieh eonneets hoppHr and towHr is a 
eomposite band 42 inehes widH, whieh band is driven 
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Twenty-ton coal-loading apparatus at Sunderland Docks. Loaded wagon 
about to be lowered. 

Loaded car lowered by swinging arms to the hold of 
the ship. 

as an endless loop , the working half of which is carried 

by idle rollers arranged in transverse groups at intervals 

along the i ne l ine leauing to the towel'. A normal group 

of rollers w i l l  be so arr'angeu as to permit the band to 

form a shallow t.rough. 'rhe ineline makes with tho 

horizontal an angle of about 20 degrees, which is less 

than the maximum angle of repose for eoal . 'I'he belt 

is  driven from the tower end, where it is carried aronnu 

ares of two wheels so that a rather firm grip upon the 

loop as a whole is  o btained. T he tondency to sag uue 

to lengtlwlling of the belt from eontiuuollS use is eorrected 

by means of a tension gear. 'r i te belt is  su pported on its 

return by idle rollers . 
The eOll v eyor earI"ied hy the boom is made up of steel 

trays whieh are NHllleeteu to form an enuless ehain.  The 

lim
'
itation of the working position of the boom to 1 8  

degrees above the horizontal is uonbtless d u e  to a ten ueney 

of the coal to slide ba(Jk on the eonveyor plates when the 

elevat.ion is b iglwr. 'I'lw boom may be so mueh depressed 

at times, till' amount of depression dl\pending upon (Jondi­

tions l1t the JUom!Hlt ,  that the eonveyor n eed not. be 

driven, but simply u sed as a ehute. The boom we:ghs 

some 1 ,900 pounds.  It is  elevated and depressed by 

mean s or  a ho isting rope seeUl'"d at a point about 1 :� or 

14 feet from the ou tor ('nrl by means of a suitable bridlo 

carrying a sheave. 
This handling apparatus is quite flexible with respeet 

to the point of dHl i vor'y , as indeed is neeessary beeause 

of the v ariations due to heights of  hatnhway above water 

line , depths of settle/ nont 01" boats into the water, dmnges 

of tide, ete.  
Hull n nar the northeast coast of E ngland on the Ri ver 

Humb�r,  is said to be the thiru greatest coal shipping 
point in the U uited Kingdom. 'rhe yearly tonnage totals 
about 7,000,000 or perhaps 8,000,000. This shipping 
point ean be reaehed by 400 (Jollieries by railroad. There 
are forty or more eoaling bmths from whieh it  is  possible 
to take on about 1 5,000 tons per hour. Apparently, 
the ratio of aetual u se to (Japadty of the (Joal faeilities 
at Hull is far below that for any one of our prineipal 
Atlantie eoal harbors---New York, Phihtdelphia, Balti­
more and H ampton l{oaus. 'rhe American harbors u til­
ize their faeilitios to the extent of from 30 to 50 per eent 
of their eapaeities, w hilo at H ull  the pereentage appears 
to be less than 20. At 15,000 tons per hour, even an 
8-hour working day will correspond to 120,000 t.ons. So 
that for 8,Y:l working <!ltys, t.ho eapaeity would be 1 ,000,-

000. 'rhe to tal annual shipment eould aecordingly be 
handled in 58 working days --that is, in about one sixth 
the working time of a year. 

Just before tho beginning of the war additions were 
being made to the eoal handling faeilitills. These were 
being installed upon H ull ,Joint Doek, a new dO(Jk and 
the largest on the northeast (Joast. The eoal handling 
additions were to have a eombilled capacity of 5,000 tons 
per honr, and consisted of five eleetrieally operateu belt 
eonveyors anu a fixed and a movable hoist .  The water 
area of the uoek amou nts to 5:3 acres , anu provision has 
been made for ult inmte extension to 85 aeres. A large 
part of the wharf frontage of 1 Y:I miles is given o ver to 
coaling berths, six in number. 'I'heRe berths are arrangeu 
en (;chelon, permitting six vessels of tlw largest size to be 
loading at the same tinHl . 'rhis arrangement provides 
for the independent arrival and departure of eaeh of the 
six vessels . In H 1 l 4  two of the five eonveyors were being 
in stalled. Both these and the hoists have presumably 
been eompleteu long ago an d put into commission. As 
botb high aIllI lo w level siding::; are included in the ar­
rangemen ts,  the p ro visions are to be u nderstood as (Jover­
ing both power and gmvit.y operation of loading appli­
ances. 

Some few years ago, on the same River Humber, but 
on the opposite shore, an d nine miles farther inland from 

Hull ,  the Immingham Dock was opened. This dock is 
realJiwd from the Il u mber by an un tranec loek. The 
dock i tself is a rw,tangu lar body oj" water into which 
from the northwest side a long pinr p rojeds. 'I'he coaling 
faei l i ties are ranged all along t ho sou thw(Jst side of the 
dock, a frontage of someth i ng less than hal l' a mi lo .  H ure 

Movable end tipping crane. 

seven (Joal hoists have been installed,  six fixed and one 
movablo.  'rhe mo val)lo  t i p  is  capabln of hand l i n g  ears 
having (Japaeitiml u p  to 20 and :30 tOllS .  '1' 1](' ears are 
tipped endwise a1 any level betwoen l k  and GO fept above 
the wharf. Tho tip nllLy bo shiftt>d to any point of a 
3()()-foo!. frontage. The six fixt,d hoists h a v f� oaplwi ties 
of :�() tOilS.  ",,'ivo of thmn lift to Ow 7 1 -foot level, and one 

Fixed hydraulic tip. 

to the 5G-foot., the loaded cars entering the hoists at 
wharf level . The "emp ties" aro ru n off on viaulwts 
elevated ,  perhaps, 20 0,' 25 ref,t above t.ho wharf. This 
feature of  dispatdting the " ,'mp t.ios" at. an elevation 
seems to be unust,u here i n  the {] nited States.  In ae­
cordance with American praetiee, the car dumpers are 

located with their bases at an elevation. Tbis bottom 
level of the cradle requires that the loaued cars be gotten 
u p  an irwlined approaeh by some power systmn--ordi­
narily a slllall eahle ear operating on a traek inter­
meuiate bet.weon t he mils of the full gage approaeh tmck. 
At first sight, it might seem advantageou s  to eli minate 
the auxiliary arrangemonts useu to get the loaded ear 
up to the elevated position of t.he emilie and perform 
the hoisting operation as a single mo vemen t from the 
gon.eral tmek level to t]le uumping point .  The American 
method of dividing the lift is  (,onsidered ad vantageou s  
bemtuse i t  permits bu ilt  lifting o perations to be earrieu on 
simultaneously and so makps p<lHs ib le  tlw rapid handling 
of ears . 

At Imm ingham , before th o main doek was finished, 
eoalillg fa(,il ities were pro v ided on the water front of the 
ri vor i t.self. An entranee jott.y after readling out into 
the ri ver for sOllie li50 feet turns a !"ight angle and par­
allpls the shore . (J pon this arm of t.he jetty a eoal hoist 
was set lip .  'rhe one eighth of a mile of water inter ven­
ing between jetty arm anu shore waH brid ged by t.wo 
steel struetu res earried on east iron nylinuors. Elwh of 
those bridges earried an npper and low�r traek laid on 
soparate fioors. 'rhe traeks were so arranged that the 
lower OIWS pro vided a downgrade of 1 in  90 to the hoist 
and the u pper OlWS a UOWll grade of 1 in 75 away from it 
and toward Ute shore. I n t his way provision was maue 
to han dle the loaded anu empty ears ill going to and 
away from the hoist without the use or  power. This 
hoist deals with oars ranging from 10 to 20 tons eapacity, 
and so<mres the proper uiseharge of the load s whether 
the ears happen to be eOIlstl"lwted for end dump or 
bottom dump. The emdle 0 1 1  whieh the ears stand when 
going up and eoming down is so JrULnag!,U that when 
aseonuing it i s  irwlined somewhat towaru tlw uelivery 
side of the tower and when deseending anu apprmwhing 
the upper level of a bridge it is tipped tow11rd the run-off 
traek. 

Contagion From Clothing 
I N a paper read at Paris before the Academie de 

Medeeinp, Prof. Trillat treats of the eonditions in which 
elotiting and other objeets entm' as elements to trans­
port disease germs.  Clothing as a u u lture-medium is 
It point whieh he stuuies speeially, anu observes that 
noxious JUi(Jrobes abound in elothes on aeeount of mois­
ture anu gaseous emanations ('oming from the sudorific 
glands and the lu ngs . H e  brings ont an interesting fa(Jt 
that various fabries show differenees i n  being more or less 
favomble media for the eulti vation of miero bes. Silk 
and eotton appear to he less dangerou s  than woolen 
garments.  A gain, as to the best means of o vereoming 
the diffieulties, he eonsiders that it is very effeetive to 
expose garments to the rays of the sun, for this has a 
remarkable a(,tion in destroying the disease germs.  

A Generating Station Danger 
ATTEN TION is being" di reeted to the danger resulting 

from the presenee of the oi l s w itelles usell in all elee­
trie g(eneration stations. An ordinary set of these in­
struments (Jontains llIallY Imnd red gallom; of oil , and, 

as they are neeessarily loeated i n  d ose prox imity to 
the switehboard , a fire in one of these switehes woul d 

result in extensive damage. SU(Jh a fi re is always pos­
sible, and the l a rge volume of quiekly spreading inflam­

mable material would , in  all probabili ty, spread a tire 
so eOIllpl etely among the network of w ires as to result 
in a lengthy suspension of operatiolls ill  the station. A 
safer devi(Je is wanted , and quiekly too ; the only wonder 

being that the dangerolls oil switeh has been tolerated 

so long, diffieult as it is to supplant it. 
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Modern Views of the Sun - I I * 

A n  hnportant Star Whose Real Nature Is  Only Beginning to Be Understood 

By J.  S.  lliaskett 
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F'IHn! the I'e;.;par(']](',; I hav!' bp!'11 d i scnH�ing, i t  i:-; evi­

dplJt that we have a dear concevtion, vrobab l y  Hot far 

from the truth, of cOllllitioml in the sun'l:; atmosvlwre or 

d l rolllOHvhcre, of the distribution in height of the va­

rious pl ements, of their circulation in prominences, ami 

esved a l l y  i n  SUlHlllots, aUli we Hnd that, llerhaps except 
ovcr Hun-sllots, they appeal' to be entirely gaseous and 

are in general at a high temperature, though, of course 
( a wl this is evident from the dark line spectrum pro­

duced ) ,  in the outer layers considerably lower than the 

I,hotosvhere. 
B nt hitherto, except for ascertaining that the tempera­

tu \"{' of the photosl'lwre is not less than 6,200 deg. C. and 

poss i b l y  HPar 7,000 deg. C., 12,000 deg . .1<'. ,  we have not 
ha zaJ'(ll'd a n y  hyvothpsis as to its con>ltitution and physi­

('a l cOJ l (lition, >ltill less, al:; to the conditions below the 

vllOtosplll're in the interior of the sun which appear to 

he hOIlPies;;; ly beyond d i rect investigation. The compara­

t i vp l y  l ow dew; i ty of the sun, 1.4 times water, taken 

i n  ('onj undion with its enormous gravitational force, 

RPpmN to voint to a gaNeous constitution of the interior. 

T h i:,; v ipw iN strengthened by the enormous tempera­

turp" that must llrevail ill the inside of a globe whose 
out('r vbihle surface i:-; at a temperature of nearly 

l :!"OOO tleg. ll'. ,  which muto:t increase with the depth . 

Any of these temperatures are probably above the 
eriti<-a l temperature at whieh liquefaction can take 

pl a('p ; a nd though it is possible that the enormous pres­

sure" and temperature8 ill the interior of the sun may 
i n  S Oill P way modify the ord inary gaseoml propert ies, 

i t  �(,('l l I S  \'('ry ll n l iJwl y t hat it  ean he Pit lIer ;,;olid or 

l iqu id .  
lf the sun is wholly gaseous we have t o  answer the 

qUE'stion : What eauses the bright photosphere and 

what produees the apparently sharply-defined boundary 

between it amI the upper atmosphere or chromosphere ? 

'l'he view probabl y heW, until very reeentl y at any rate, 

by 1II0st ast ronomers was, perhaps, most clearly ex­

pressed by Young, in hi:; book on "The Sun," who says : 

, · I t  seenUl almost impossible t o  doubt that the photo­
sph('rc i,; in a shell of clouds. As to the precise constitu­

tion of this shell, however, the form and magnitude of 

the eompollent cloudlets, the chemical elements involved, 

and the temperature and pressure, there is room for a 
great deal of uncertainty and difference of opinion. 
The more common view apparently is that the 

douds are formed mainly by the condensation of the 

suhstances which are more conspicuous in the solar spec­

trum, such a8 iron and the other metals. As to the form 

of the clouds also, it has usually been assumed that, as 

a eonsequenee of the ascending currents by which they 

a re formed, they are columnar, their heights being much 

greater than their other dimensions." It is evident that 

t hp. I ' i ('e grai n  stl'ueture is realli l y exvlainah l e  h y  this hy­

potllPsis, and the spots, faculre, prominenees and chro­

IIIosl'here do not offer any graver difficulties than would 

he lIlet with in other hypotheses. 

'I'he question of temperature, however, is a serious ob­
j ec:tioll, as it is now praetieally certain that the radi o 

ating surface, the photosphere, the "shel l  of clouds,"  ac­

coruing to Young, is at a greater temperature than 
(l,OOO deg. C. Moissan placed the temperature of his 
electric furnace at 3,500 deg. C., and stated that all 
known elements were vaporized at that temperature. 
Under these conditions it uoes not seem possible to have 
a photosphere of condensed droplets of metals, and other 
explanations of its nature have been advanced. 

'rile t heory of Schmidt explains the sharp boundary 

of the photosphere by assuming that it is wholly gase­

OUK. Owing to the curvature of the rays of light by re­

fraction through the solar atmosphere, whose density 

must rapidly increase with the depth, the refraction 

wou l d  become so great at a certain diameter of the sun 

that the line of sight from the earth would be curved 

suffidently to pass around and around the sun. At a 

greater diameter the line of sight would pass through the 

outpr l ayers of gaN and emerge on the other side. The 

sll a rpl y-de! i lled limb would evidently be the limiting 

(l i aJm�ter where the refraction would be such as to cause 

the J i l l e  of sight to follow around the circumference . 

Al though this optical hypothesis gives a reasonable 

ex planation of the photosphere, matters are considerably 

( 'olllpl kated when we attempt to explain sun-spots, and 

* Address or the retiring president of t.he Hoyal Astronomical 
Society or Cauada at Its annual m"tlting, W H; .  ltnpnolis)wtl 
from j,ne .Jo u rnal of the Society. 

it I1ml not received much acceptance from observers or 

Rol ar l,henomena. 

Julius has also a tlvaneed an interesting theory which 
explains solar phenomena by the effects of anomalous 

dispersion, and though astronomers are willing to ad­
mit that anomalous d ispenlion m a y  l1a \'e ::;ome place in 

modifying the observed effects, Julius'::; views have re­
ceived even less acceptance than Schmidt's. 

Abbot in his recent book, lUll, Oil "The Sun," has 
elaborated a theory, fir,;t generally stated hy Secchi 

and contributed to by Sdml:lter and Sehwarzschild, whk-h 

seem;;; to explain in a satisfactory manner mo:-;t Holar 

phenomena. In this theory it is assumed that the sun, 

except perhaps in HUlH.;pOtS, it; wholly gaseous and va­
porous, the photosphere being too hot to contain 

solids or liquids. Further, the density of the gases 

rapidly diminishes and their temperature rapid ly falls 

from within outward across the apparent boundary 
of the SUllo  A bbot explain::; the sharp boundary of 
the photosphere by the molecular scattering of the light 
in pas:-;ing through the layers of gases and vapor;;; 
surrounding the sun, and computes, based on the work 
of Rayleigh and SchuteI', that this gaseous scattering 
would prevent us seeing farther than 5,000 mil es into 
the interior when lookng at the center of the sun, a mI 
to le::;s than 500 miles when looking at the limb. This 

latter amount is sufficiently small, about one second of 

arc, to make the limb appear sharply defined. 

11e Hu:.;wers the objections of the advocates of a 
cloudy photosphere that the enormous radiation into 
space must so cool the outer layers as to condense va­
VOl'S, by stating that the visible photosphere, the "cloudy" 
l ayer, is certainly above G,OOO tleg. C., a t  which tempera­

ture no vapors can COli dense, and that the conveyance of 

heat from the interior is so rapid as to maintain the 
temperature at this high level. 

Another argument against the cl oud theory that ha s 
occurred to me may be interpolated here. If the tem­

perature of the clouuy layer is low enough to condense 

some of the vapors, why are not these same vapors in 
the reversing layer, which produce the dark lines in the 

solar /Spectrum and are admittedly at a lower tempera­

ture and higher l evel, also condensed ? Furthermore, 

the lighter non-condensible elements, such as hydrogen 

and helium, which are admittedly incandescent to the 

height of about 10,000 miles, may serve as a sort of in­
t ermediary between the high temperature of the photo­
�phere and the low temperature of space, and maintain 
the temperatures of the lower level metallic vapors 

above t he condensing point. 

The rice grain structure of the photosphere is easily 

explained on this hypothesis by differences of tempera­
ture caused by irregularities of convection and radia­
tion, while the fundamentally continuous character of 
the spectrum of the photosphere can be produced by 

gases in thick layers under high pressures. The darken­

ing toward the limb follows naturally as we see farther 
into the interior at the center of the sun and hence to 

layers of higher temperature, and brighter, than at the 
limb. 

The phenomena of the absorption lines in the solar 
spectrum, of the reversing layer, upper chromosphere 

and prominences, as well as of the corona, of which time 
permits only the mention, are at least as readily explain­
able on this hypothesis as any other, and the same is 
true of sun-spots, of which a working hypothesis was 
given above. 

What we have hitherto said gives us a clear idea of 
the mechanism of the sun's outer atmosphere, of its dis­

tribution, currents and motions, but tells us nothing as 

to the fundamental cause of the eruptions which pro­

duce spots and prominences, nor as to the reason for the 
cyclical changes whieh they go through. llurther, the 
change in the speed of rotation for different latitudes, 
and, �till more remarkable, the variation of this speed, 
whkh now seems to be well established, remains a mys­
tery. Various theories by Secchi, Faye, Oppolzer, Balm, 
l�mden and others have been advanced to account for 
these phenomena, but in view of our ab;;;olute lack of di­
rect knowle(lge of what goes on below the photosphere, 
it is evident that, even if time permitted ,  little of defi­
nite value could be said of the nature and cause of these 
deep-seated phenomeua. 

We have hitherto f'poken onl y incidentally of what is 

to us certainl y the most important function of the sun, 
its radiating l 'OWI'I', hy w l l i d l  a l l  l i f" 011 onr g-l ohe is 

sustained. The (lptprmination 01" tllP qnant i t y  of heat 

reaelling the earth from the ;;;un has I OIlg- i nt erestpd 

phYHicists and a;,;tronomcr>l, but it is onl y  wi thin com­

paratively recent year,; that accurate measurelllPn t R  of 
this quantity have becn made. It is chietly to the labors 

of Langll'y and his sUc:('essor ill this work Abhot , t l l a t  

we HOW know t h a t  the avera ge rauia t i on reach i n g"  t h L'  

earth's atmosphere is near l y two eu l orie,; per "'llUU'C 

centimeter per mi nute. Somewhat more than ()I I I' t h i rd 
of this quantity ill ahsorhed by the earth'to: atl l l o")lII!'!"p 
a!l(I the other two-thirds rea('hes tIll' ,mrfacp. More 

recentl y Abbot has Hhown, by the most ('arefui and :1<' , 
curate work, tha t the Illeall yearl y valll c,,; of t h i s  ra d i : l ­

tion vary o\,er a ra n ge of vcrhnv" Jive pPl' ('(' n t , h .. i l l g" 

greater at su n-:';1>0t max imuIIl than at lI I i n i lJ l\l l l l .  I n  n d ·  

dition t o  thill long-period rangt', there 8('('111 t o  h e  "llOrt· 

period oseill n tions, lIIore or less i rregu l a r, of a S()I 1 I  0-
what greater magn ittuk, varying aitogetIH'l' l )(' t  W('pn 

1.8 and 2.0 calorieH , but over any si ngl e I'llOrt jll' r i o(l 

the range not exceeding five per cent. It is pa�y t o  ('0 1 ' ·  
relate the 101lg period changes with the varia t i on of t i l e 

solar activity, but as to ti leir adnal fll lHlalll('l I t : i 1 ( 'a 1 1  Sf', 
we are as llIu('h at sea HR in the ea;,;e of oU,,'r sol : II'  Vhl'­

nOlllC'n:l. It will be intC'rp;:;ting to set' whetlH'l' tl l ! 'S!' 

('hanges in radiation, especially the sllOrt-ve rio(1 OIH'S, 
ca ll he connected with meteorol ogical clm n g('s amI 
whether, therpfor(', they can be l IS('(] i l l  \\' ( 'a 1 1 I<'r  
p r('( l i etioll. 

If the ;:;UlI is em i tting ('Iwrgy at the ra te of two ('a l or i p� 

per square celi tilllet er vel' miuute at the distan('(' of t h p  
earth, it  i s  evidcnt that i t s  total elll i Hs ioll w i ll b ( �  t.w it·" 

the area in square eeutimeters of the surf:l <'l' of a s ] >i 1<'1'1' 

lS6,OOO,OOO miles in lIiameter or t hat t he HUll ra d i n t es 

r.::li"i followed by 25 eiphers calories per mi nut c. 

If the sun were a body cooling without any m pa n s  of 
repl enishing its stores of heat, thi" I":Hliat i o l l  wou l (1 
eUllse i t  to fall in tC'lII )1pra ture about 1 ,4 (]pg. C. 1" ' 1' Y(,: I r ,  
which would be about 3,000 deg. C. wit.hiu h i storie ti I lIP". 

As the radiation varies with the fou rth pow('r of til(' 
temperature, the earth two t housand yea !"s a go woul(1 
have been receiving five times as much hea t a:-; a t  VI"P,, ' 
ent, which is manifestly n o t  the case. 

What then m aintains the energy of the sun at a con · 

stant or nearly constant rate of emission ? HOlli e idl'a 

of the enormous quantity of heat given out will he cvi­

dent when it is stated that it would require the buru i l l g 
over the whole solar surface of a layer of anthraci t e 

coal twenty-three feet thick every hour. At this rate, 

if the sun were made entirely of carbon, it  woul d not 

ha\"(� la sted five thousand years. 

A theory brought forward by Mayer, about the mi<1( l i e  

of tile last century, assumed that t h e  sol a r  en Pl"gy was 

maintained by the falling of meteorites into the sun. 

Snch bodies would readl the sun with a vcl oeity of about 

400 miles per second and would generate on imvaet mor(� 

than (l,OOO times the heat of an eqlln 1 weight of ('oa! . 
To maintain the sun's heat there shou l d  fal l on p v( 'ry 

square yard of the sun's surface about two pOllll Ch.: 1)('1' 
hour. This would increase the sol ar d ialll et('l' a bout 
one second of arc in 5,000 years, a qua I Itity impos04i hlr 

to detect probabl y  in less than 2,000 or Cl,OOO yea rs. 

But the increase in mass of the sun would affeet tlip 

lengt h of the year, shortening it by about one eighth of 

its value in 2,000 years. Furthermol"(', sufficien t  llIe­
teoric matter in the solar system to mainta i n  the sun':; 

heat would cause the earth to receive ten mil l ion t i lll(,s 

as mueh as at present and either one of these (l('(lIwt ion" 
is sufficient to cause the rejection of the theory. 

The theory now generally accepted as !leing tIl e Jll" in­
cival cause in the maintenance of the �un's hea t it s 

shrinkage under its own gravitational force 1l l1tl t he 

transformation of the work done by this sh r il lkn ge i ll tn 
heat-was first proposed by Helmholtz al,out 1 1'r.:l. It  
has been computed by various writers that a Hliril lkage 

of about 250 feet per year in the diametpr is n ow imtli· 
cient to make up for the loss by radiati on . N,�\\"('()mh 
cal eulate<l that it will require to shri n k  to a J ,()ut one 

half its present size to maintain the l "'( 'N(,l It ra t e of 
radiation for 7,000,000 years. Furthel', i f  the ori�il\al  
n!'bul a ,  Which, o n  condel}sing, formpd ti l(' SHIl OL· jgi­
nal l y  filled a sphere whose diameter was t hat of N('fl­
tune's orbit, it would have furnish('d aholl t �G,OOO,OOO 

times as llIuc:h energy :l;;; the SUll now 10S(';4 in a yea r. 
If the rate of giving out energy had 1 1('('11 ('01l041:1 l1t 

thIs woul d  m ake a veri od of 25,O()O,O()O yea r;.; d u ri llg 

whi( '11  t h(' pa rUI 11 :1 <1 1>1'('1 1 rp(,eiv iug IH'a t. a s  f it prf'sellL 
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In various ways geologists have estimated the age of the 

earth as somewhere between 50,000,000 and more than 

100,000,000 years, with most of them inclining to the 

longer period, and the difficulty arises of explaining the 

discrepancy between the 25,000,000 years and the much 

longer time required for geological processes on the 

earth. 

It was thought when radio-activity was discovered 

that this hitherto unknown source of energy might serve 

to bridge over the gap between the astronomical and 

geological epoch. But it seems doubtful at present, 

and is not yet definitely settled whether radio-active 

processes are or have been considerable sources of solar 

energy. 

It seems to me quite probable that in the earlier 

stages of the sun's and earth's history the greater inter­

nal heat of the latter, and possibly different atmos­

pheric conditions, may have markedly accelerated the 

geological processes, while at the same time the sun may 

not have been radiating at so rapid a rate. Its greater 

diameter in early ages would also, probably, affect mat­

ters favorably so far as reconciling the two views are 

concerned. It is possible that by such means the life of 

the sun could perhaps be extended to fit the geological 

estimates or the l atter may by later researches be dimin­

ished. However this may be, the contraction theory 

seems the only one in sight for accounting for the main­

tenance of the solar radiation. 

I have by no menns been able, in this paper, to cover 

even a small fraction of the ground required to adequate­

ly trent this subj ect, but I hope sufficient has been said 

to give you some idea of the most recent views on the 

constitution of our luminary and to show you that we 

are, probably, only on the threshold of what we may 

hope to learn by improyed methods about this, to us, 

most important star of the universe. 

The Process of Case Hardening* 
A Method of Heat Treatment, of Great Importance in the Mechanical Art 

By R. A. Millholland 
THERE is an axiom that always comes into my mind 

whenever the subject of caRe h a rdening is mentioned, 

and it is this : 'l'he dellth of carbon penetration in 

case hardening depends on the time of heating and the 

temperature at which the work is heated. This is not 

a new theory in case-hardening practice by any means, 

for it has been known for a considerable number of 

years by a very few clever men who did not see fit 

to tal k much about the matter, preferring to keep it 

as a trade secret. Another good axiom to heed is, high 

temperatures produce poor results. By high tempera­

tures I mean temperatures above 1700 deg. Fahr. The 

proper case-hardening range lies between 1600 and 

1700 degrees. 

There are an infinite number of reasons why the 

higher temperatures should be avoided in case hard­

ening. The greatest reasons are : First, the use of 

temperatures above 1 700 deg. Fahr. for case hardening 

will cause too much carbon to be absorbed in the 

carbonized area and a supersaturated case is the re­

suit ; second, the high temperatures will cause exces­

sive crystallization of the steel that is being carbonized 

and serious difficulty will be experienced in refining 

both the case and the core. Between 1600 and 1700 deg. 

Fahr. the core structure is not very materially changed 

by the ordinary heating time, which on a rough aver­

a ge is about 4 hours. Crystallization does take place 

to a certain extent, but the refined structure is quickly 

restored by careful treatment. The lower carbonizing 

temperatures minimize the possibility of the pieces 

warping during carbonizing. 'l'emperatures below 1600 

deg. J!'ahr. are, as a general rule, impractical from the 

economical standpoint, if for no other reason. The 

speed of penetration is so much greater at 1600 to 

1700 deg. Fahr. that it is impractical to use the l ower 

temperatures where cost is an item to be considered. 

The depth of penetration varies in a direct ratio with 

the temperature ; that is to say, at 1700 degrees more 

carbon penetration will be secured in a given time than 

will be secured at 1600 deg. Fahr. in the same length 

of ti me. 

The time and temperature factors are very important 

in case hardening, and to strike a happy medium of 

temperature and time, is at once both highl y desirable 

and very difficult. A disregard of either factor will 

result in disaster. On several occasions I have been 

aAked why certain steels seemed to burn out when 

they had been subjected to long carbonizing heats. 

Never in all my experience did I find the steel to be 

the real cause, in almost every case it was due to the 

use of temperatures above 1700 deg. Fahr. Generally 

coupled with the overheating, the practice of dumping 

the parts directly from the pots was employed. Both 

are very poor practice, but the combination of the two 

is bound to give some mighty poor results. A certain 

manufacturer was trying to defend the practice of dump­

ing directly from the pots, but he admitted that his 

product gave 1 00 per cent more service when reheated 

to refine the core, and he showed me several test rec­

ords to that effect. 

S HORT CUTS TO BE AVOIDED. 

The writer could cite innumerable incidents to prove 

the superiority of complete heat treatment over the 

short cuts that are so often used to economize on case­

hardening expense. " Safety First" signs are conspicu­

ously displayed in almost every shop in the country 

and yet the manufacturer, in some cases, still clings to 

the before-Noah-and-the-Ark practice of quenching the 

carbonized pieces directly from the pot, and calling the 

case-hardening operation complete. It is always best, 

when at all possible, to allow the parts to cool in the 

pots before they are removed from the carbonizing 

compound. There is a dual reason for doing this. The 

-The Iron Age. 

first is that the carbonizer is saved from oxidation by 

the air which would render it almost useless for further 

service, and the second reason is . that on heats longer 

than 4 hours the crystalline structure of the core is 

so coarsened that the hardened part will not have the 

strength consistent with the factor of safety , upon which 

principle all conscientious manufacturers build their 

products. However, on heats of less than 4 hours, it 

is generally the case that the parts can be quenched 

from the pot and then treated to refine the case, which 

will give a result that will fill all but the most exacting 

requirements. The one objection to this practice as ap­

plied to this particular method is that the carbonizer 

can only be used once before it loses much strength. 

The reason is that the air, containing as it does a 

large per cent of oxygen, oxidizes the carbon in the 

carbonizer and makes the carbonizer useless for further 

work. If, however, a cheap carbonizer is used, similar 

to one of those I have already mentioned, a material 

saving in actual carbonizing cost can be effected. 

On work of a larger nature which requires a longer 

heating time than 4 hours, it is essential to treat both 

the core and the case. Especially is this true of parts 

that are subjected to shock and vibration. To the 

uninitiated it is astounding to see what the actual 

difference is betwen a properly and an improperly 

treated case-hardened part. It  is safe to put the dif­

ference in strength at a minimum of 50 per cent for 

both the tensile strength and the resistance to shock. 

M ET H OD m' TREATING CASE AND CORE. 

Now let us consider the most practical method for 

treating both the case and the core to secure the best 

results. After the piece has been carbonized the first 

object is to refine the core. The practice in all 

cases is the same, whether carbon or alloy steels are 

being treated. The only variation to be considered 

is the critical temperatur£: of the original steel as re­

ceived from the mill prior to the carbonizing opera­

tion. In the standard niill specification open-hearth, 

case-hardening stock the critical temperature is very 

close to 1650 deg. Fahr., and is the one at which the 

core of the case-hardened part should be treated. 

There are many different methods for d oing this, 

and I shall only touch briefly on the two most important 

ones. For rough work that is to be ground all over 

after hardening, or for work that will allow a slight 

amount of distortion and scale, I believe heating in 

the open furnace to be the most economical method that 

can be employed. A large amount of work can be 

handled rapidly, materially reducing the amount of 

labor per piece. The ordinary commercial heat-treat­

ing furnace can be used to the best advantage. By 

a pyrometer or some other device the temperature 

of the furnace should be regulated to 1650 deg. Fahr. 
and the furnace charged with the parts to be treated. 

It is essential that the temperatures of the furnace be 

regulated as nearly correctly as possible in order that 

the steel is not over heated. When the parts are 

thoroughly saturated with heat and the pyrometer in­

dicates that the heat is what it should be, the work 

should be quenched in a heavy oil. From careful ex­

perience and experimenting I find for quenching from 

the higher heats employed in heat treatment that an 

oil having a specific gravity of 22 Baum�, a flash point 

of 420 deg. Fabr. and an ignition temperature of 480 

deg. Fahr. is suitable. These specifications conform to 

practically all fire insurance regulations, and at the 

same time the oil can be obtained at considerably less 

than the many special oils sell for. 

The other method for treating the core is used chief­

ly on transmission gears and ordnance equipment and 

anywhere the distortion and scaling must be held to 

a minimum. The lead bath is used in this method 

to heat parts. The lead is heated in crucible furnaces 

designed for that purpose Imd the parts are immersed 

in the molten Ipad and held there until they are thor­

ough ly heated and tllPn quenched in practically the 

same manner that the furnace treated pieces are. The 

a dvantage of this method is that the pieces are uni­

formly . heated in a bath that excludes all air and pre­

vents oxidation. '1'he result is that the parts come from 

the oil frpe from scale and distortion is reduced to a 

minimum. In both methods the work should be trans­

ferred from the furnace to the oil quenching tank as 

quickly as possible to secure the greatest strength in 

the core. 

Following the treatment of the core the case should 

receive even more careful attention than the core. A 
hard surface is tlle primary object of case hardening, 

and unless the case has the desired hardness no mat­

ter how much care has been bestowed on the core the 

effort is wasted if the case is not hard enough to fill 

requirements. The essential principles of treating the 

case a re identical with those involved in treating the 

core. The work is heated to the critical temperature 

of the case, which in open-hearth steel will be about 

1400 to 1425 deg. Fahr. , and this time it is quenched 

in fresh water, or where extreme hardness is desired 

it is quenched in b rine. The lead pot is used exten­

sively where the work must be free from scale, but 

work that is to be finish-ground all over can be vpry 

satisfactorily heated in the ordinary furnaces. It is 

always a good policy to run test pieces through with 

each lot so that there is some means of checking the 

results that are b eing obtained. The test piece shoul d 

show at least 5 degrees deflection before a complete 

fracture is obtained. The fracture should show a soft 

core of a moleskin-like texture and the case should 

look like the fracture of a file or that of nice-Iy hard­

ened tool steel. 

The same principles of heat treatment apply to alloy 

steels as they do for plain carbon steels. The only 

differences are that the critical temperatures of alloy 

steels vary .somewhat from those of carbon steels, and 

it is the general rule that alloy steels will harden quite 

satisfactorily in a light quenching oil. This last fea­

ture has a strong tendency to minimize cracking dur­

ing hardening. I n  every instance the up-to-date steel­

makers can better determine what are the best telli­

peratures at which to treat their respective brands, 

but no matter what the make of steel is, be it carbon 

or alloy the principles governing the case-hardening of 

it are the same the world over. 

An Electrically Conducting Paint 
M. JAMES describes a me,thod of producing an electri­

cally conducting paint by treating bronze paint with 

hydrochloric acid. Bronze powder does not conduct of 

itself, probably because each particle is covered with a 
film of oxide or fat. If a bronze paint is used contain­

ing equal parts of amyl acetate and acetone and 4 per 

cent of transparent celluloid, this can be m ade conduct­

ing by rubbing the slightly moist surface with strong 

HCl, or by exposing a freshly painted surface to fumes 

of HCI. A ready-made condUcting paint can be obtained 

from bronze powder mixed with the amyl acetate solu­

tion. Concentrated HCI is added, and the mixture 

stirred till a paste is obtained. It is then washed with 

water, which is decanted ; the paste is mixed with ethyl 

alcohol, the alcohol is decanted, and the residue mixed 

with the amyl acetate solution. The paint must be ap­

plied as soon as it is made, and a paint film of this kind 

has the appearance of gold-foil. Tests are described. 

The resistance of the film increases with time, owing 

to an unknown cause ; if exposed to sunlight, the in­

crease takes place somewhat rapidly, e. g., an increase 

of 200 per cent in four months is possible.-ElectricaZ 

Worltl. 
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Bird Houses* 

Hints on Their Construction, Location and Care 

E A C H  spring before birds return from the South all 
filth and litter should be carefully removed from bird 
houses . In addition to the relics of previous occupancy , 
houses are likely to contain cocoons of in sects and nests 
of bees or squirrels. Attention to this olle item of spring 
cleaning is a substantial factor in attaching birds perma­
n ently to their houses . A little sulphur scattered about 
a house is a good remedy for parasites. When bluebirds 
or swallows take possession of a martin house it is a 
good plan to put up a one-room house in the vicinity 
and remove the nest from the martin house . Interlopers, 
thus evicted,  often transfer their housekeeping to the 
small house. Houses designed for woodpeckers should 
always have an inch or so oj' sawdust in the bottom for 

Fig. I .-Food shelter for attachment to t runk 
of tree. 

the reception of eggs, as woodpeckers do no t gather n est 
materials. Due attention should be given to repairs. 
It is easier to keep houses in good order than to build 
new ones.  

E N E M I E S  OF H O U S E  B I RD S .  
Birds have n umerous en emies from which a careful 

landlord will try to guard them. Among these is the 
English sparrow,  whose persisten t attacks too often drive 
more desirable birds away from their nests and from the 
neighborhood .  European starlings, which at presen t are 
not distributed beyond a narrow strip of the Atlan tic 
Coast region centering abou t New York, are to be eon­
demned for their pern icious interferenee with native 
house birds. 

Cats and large snakes are enemies of birds, the former 
perhaps killing more birds than any other mammal . 
Trees and poles supporting houses should be sheathed 
with tin or galvanized iron to prevent these enemies 
from climbing to the nests. Squirrels give more or less 
trouble by gnawing houses, eating eggs and killing nest­
lings. Red squirrels in particular have a very bad repu­
tation in this respect,  and many experimenters keep 
their grounds fr!le from them. Some regard flying 
squirrels as but little better than red ones. E ven gray 
and fox squirrels are oecasionally troublesome.  It is D O t  
necessary, howe, e r ,  that bird lovers should wage indis­
criminate warfare against aU squirrels. It is far better 
to adopt the rule never to kill a squirrel unless there is 
reason to believe that it has acquired the habit of eating 
eggs of young birds ; the result will probably be that not 
more than one rod squirrel in fifty nor more than one 
gray squirrel in a hundred will have to be killed. Where 
squirrels are numerous they give more or less trouble by 
gnawing and disfiguring houses. 'l'his damage may be 
prevented, however, by covering the parts about the 
entranoe with tin or zinc. 

FOOD SHELTERS. 
Another meal' S of attracting birds about human habita­

tions is to furnish an abundance of food,  preferably in 
food shelters . If OIle is unable to make shelters that will 
protect food in all kin ds of weather, the food may be fas­
tened to trunks or branches of trees or scattered in 
sheltered places on the ground. A decided advantage 
in having shelters, aside from that of protecting food,  is 
that they may be placed where the birds can be watched 
conveniently. When shelters are used the birds are first 
baited by placing food, sueh as suet, seeds, or eracked 
nuts, in a conspicuous place, and then led by degrees 
to enter the inclosure. Designs for two food shelters 
are exhibited in 1<'igs. 1 and 5,  one of which is supported 
by a post, the other by a tree. Structural details are 
shown for both. There is no bottom to either of them . 

LOCATION OF HOUSES. 
The location of a bird house or food shelter has much 

to do with its suecess , for the reason that birds have 
decided notions as to proper surroundings for a dwelling. 

* From a Bulletin of the United States Bureau of Biologlcsl 
Survey. 

By Ned Dearborn, Assistant U. S. Biologist 

Martins prefer to breed near houses, but not w ithin 20 
feet of trees or buildings. Bluebirds are inclined to 
select orehards or pastures having scattered trees.  Wrens, 
thrashers , and catbirds live in thick shrubbery. Robin s 
like trees with sturdy trun ks and branehes.  Titmice, 
nuthatches, and most of the woodpeckers arn woodland 

n? 
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Fig. 2.-Vertical section, side to side, with sugges­
tions for larder ; diagrammatic and cross section 
of food shelter shown in Fig. 1.  

species, although flickers and red-headed woodpeckers 
are more at home among the scattered trees of roadsides 
and pastures. Song sparrows frequent weedy swales and 
brush fences. Swallows do not enter woods so that a 
house would be as attractive to them in one open place as 
in another. The eastern phcebe, the blaek phcebll, and 
the house finch, while n o t  limited to the haunts of' man, 
are no ticeably partial to them. Crested llyeatehers , 
screeeh owls , barn owls , and sparrow hawks are go verned 
more by convenience than by taste ; although normally 
inclined to hold aloof from man , they have in many 
instances reared their broods in cloS{J proximi ty to dwell­
ings. Barn owls, true to their n ame, aeeept suitable 
quarters in buildings without hesitation . 

Before erecting bird houses one should first determine 
the kind of birds to which his premises are adapted. The 
question usually n ext arising is as to the number of 
birds that ean be accommodated. Unless grounds are 
large, it is generally useless to expeet as tenants more than 
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Fig. 3.-Front and side elevations of shelter 
shown in Fig. 1.  

a pair of each species, except martins. However, the 
singular intolerance shown by most birds during the 
breeding season to others of their kind does not operate 
between those of different species. A dozen different 
kinds of birds will pursue their several modes of hun ting 
and raise their families on the same lot, but ra,rely two 
of the same sort. The fact that birds are more tolerant 
toward strangers than toward relatives was well illus­
trated by an observation made recently by the writer in 
New Mexico. A one-story tool house 10 feet square had 

nailed to three corners of its roof rough bird houses made 
from packing boxes. One was occupied by violet-green 
swallows, another by western blu ebirds , and the third by 
English sparrows. A still more remarkable association of 
different speeies has been reported by Otto Widmann , 
of St.  Louis, Mo . ,  wh o onee had a pair mwh of fliekers , 
martins, house wrens, a l1.d E;nglish f;parrows n esting simul­
taneously in the same h ouse. Of all our hOllse birds, 
martins alone are soda!. 'rhe fact that there is a limit 
to the possible bird populatioll Oil any given tract must 
be taken into eOll sideratiou.  When the probable tenants 
have been decided UpOl I ,  the selection of sit(lS is in order, 
for the site often decides the style of ho use Umt is  to 
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Fig. 4.-Lumber diagram of food shelter shown 
in I<'ig. 1. 

oecupy it. In the fInal placing of bird houses, eare 
should be taken to have thorn faee away from the win ds 
prevailing in stormy wf'atlwr. 'rhe s trongly developed 
homing ins tinets o r  birds <'an be relied on to attach them 
to the n eighborhood where they first saw the ligh t, and 
the identical pairs wh ich n est in the h ouses provided for 
them one year will often return the n ext season to enjoy 
the same bounty lL1ld protection. 

The Preparation of Surgical Catgut 
THE; fact tilat catgut is absorbed within the body 

makes it  invaluable 10 the surgeon for ma ki ng sutures 

of olJerati v e  wounds. Unfortunately its origi n makes 

it somewhat difficult to manu facture it in a perfedl y  

sterile condi tion b y  ordinary cOllllll ercia l  methods. I n  

spite o f  subsequent sterilization at the hands o f  1 111'  
surgeon it frequently happens that some taint Iillger,; 
and causes a secondary infection of wounds. 'rhe 

}<Juropean war, of course, has enormously increased t he 
demand for surgical catgut, and the vital importallce 

of having it certainly sterile has induced a ]j'rench 

scientist, Prof. Goris,  of the School of Pharmacy, to 

undertake a series of experiments to determine the 

be:;1 method of obtaining it. 

Catgut is prepared from the small intestine of the 

sheelJ. '1'he ordinary process of profesRional gut-work­

en; i s  as follows : '1'he gut is emptied, rougilly scraped 

with a slJecial instrument, tilen split longitudinally into 

two halves. '1'hese are maCerated in alkal ine solu­

t ions, and the interior mucous membrane is then very 

<'arefully scraped. 'I.'ile gut is then sometimes treated 

with oxygenatcd water and sulphurous acid to bleach 

it. The thongs tilus obtained, united in bunches of two, 
three, four or five, a re twisted by means of a sort 

of rope-maker's wilee!. The resulting cords then under­
go a series of pilannacentical treatments to render them 

sterile, and are then known as catgut ; this is delivered 

in closed tubes. Of all tilese operations that of the 

final sterilization is most difficult, and as we have indi­

cated, it is 1Iot always successful in case the gut was 

infected before being twisted. 

Prof. Goris, whose researches were conducterl at  the 

Pasteur Institute, reports ilis conclnsions in tile Janu­

ary number of the Annales de l'Institut Pasteu1'. He 

states positively that the preparation of firm and sterile 

catgut depends more on the manufacture of the cord 

than on subsequent sterilization of the finished product. 

If  the cord be prepared according to the laws of bac­

terial asepsiS, and carefully preserved from reinfec­

tion by contact, it is easy to get a sterile product ; but 

if the cord is infected sterilization is difficult, and 
almost impossible. He therefore advises that the cords 

he twisted from aseptic thongs, and that their p repara· 

tion be in the ilands of respolll'lible pharmatists. In 

default of this, gllt-workers should be required to 
follow a prescribed formula. 'I.'ile intestines should be 

removed as soon as tile animal is slaughtered and im-
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mediately pl aced ill portable iee-boxes, so that they 

may be tralll.;ported under the best conoitions to the 

workshop. '['hey sholll d  receive the prel iminary tl'eat­

ment the same day and the thongs or strips of gut 

placed at ollce ill antiseptic solutions i ll order to sup­

pres,.; UIP III 1 I 1C('e�sa ry fermentation whieh they undergo 

ordina r i l y ,  A complcte :-;teri l i zatio n ought to be ob­

ta ined by lea v i ng them for fort.y-eigh t hOllrs in 50% 

oXY),(Plla t ed water. A,; �;oOIl as this is !lone it i:-; il l­

dispensa b l e  that tiH'Y Hholl l d  be rCllloved to au en­

tirely differellt pl ace from tha t  where the :';CrHpillg was 

done.  The m a nipul a tion ( :,;pilllling a ud twisting ) must 

be performcd h.v slweia I opprati ves a u d  Oil a H ubst a nce 

which is im[llltreseih l c  alld pal'Y to disi l lfed, for it 

is precisel y  in t he com'He of these Ill a nipu latiom; that 

the corrls are most pa s i l .Y rpinfected. 1 I 1'nce, it is this 

part of the work wh ich demands the cl osest surveillance. 

Mr. G oris recommendH any olle of four methods tested 

by him rOl' sterilization : 

1. Imersioll for forty-eigh t hour,; in a 0.5'10 to 1 0/0  

solution o f  iodine. 

2.  I mmersioll  fur I:'cven or eight day,; in eucalyptol. 

3. T�· nda l l b latiull in !.O',*, a lcohol at 60 deg. Cent. 

for ten hou rs per day for ti re da�'R .  

4. Heatil l ),(  to l:!O l ip).:.  eent. i l l  alllt ydrom; liquids or 

vapors-a bsol ute al cohol by IH·pference. 

For in fpcted l'ords these l i mits of di;;i nfeetion must 

be considera b l y  extellderl , and wel l -protected and re­

sistant spa ceI' may cven t hen escR pe. CR tgUt thus 

p repared may be IrH m;ported i n  a properly chosen 

sterile l i quid of a kind to render it pli a n t .  The author 

a dvises alcohol or acetone ('onta i ning 20% to 25% of 

water, a nd if nped be 5nj" to ] 0 %  of glycerine. The 

preferab l e  r-h oice would eeri.H i ll l y  be lJOlli l l on of guar­

anteed sterility, but though t h i:;; was ad dsed by Repin 

more t h a n  tll·pllt.\' yea rs a go, lllany surgeolls remain sti l l  

prej udiced against its use. 

The Economic Possibilities of the Danube 
as a Cosmopolitan Highway 

ON both "ides of the great con flict the m i nds of par­

tisans arp turning Ill ore alld m ore tu the cOIll'ideratioll uf 

the law:,; fwd regu l n tiolls which 'lha 1 1  g(lv��rn i llterna­

tiona 1 trade alld traffic when the great war i ,;  ended, 

time is lIot an important factot', safe and cheap rates 

can be secured hy a soulld policy with regard to in­

terior waterways--a [lolicy which shall discard all 

old-fashioned considerations. 

But the right of the DalluiJe to its po:;ition of im-

Fig. 5.-Food shelter for attacllment to post. 
Roof cut away to show construction. Sides made 
of glass ; size of panes 8 by 10 inches. 

0 0 � 0 

I I I 
1 / 1  

-r_ �" I 1 1 1 1 /71 - - - - _ _ _ _ _ _  �odJ:5:_. _  /71 

like the great eana l I-'ystem:; ill the Old World and the 

New. 

Our Danube has a l ready played a similar role of 

old in lesser degree, natural ly.  'l'his was a thousand 

y(;a rs ago and m ore, when there was no America and 

n o  sea road to the O rient. At t.hat t.ime th is water­

way formed the obvious con nectiIlg l ink iJebvpen the 

Wl'st and the Byzantinian IDast. At that time ltl'gens­

burg was one of the chief (�ommercial cit ies of our part 

of the earth and hel d a POSit.iOIl i n  the world commeree 

to which it is n ow slowly begi n n i ng to climb anew, 

tha nks to a series of measures instituted hy the state 

of Bavaria, 

And though the rival ry of the I t a l i a n  cOUl mercial re­

p u b lies gradually bega n to be overwhelming, �'et for 

many centuries more the Danube rema ined a ljyely road 

of intercourse whose qualities were shared by the ad­

j aeent lIaviga b l e  f;treams. '{'he lnll, a t  least in its 

lower st retches below Wasserburg, was a populous 

stream on which in the time of the war w i t.h the Turks 

mel! and wares made thei r way to the Danube, and 

thence on the latter to the seat of war. Th roughout 

many ),(PIIPrat.ioll" endeavors were made to improve the 

many unfa v orable condi tions ; the nam('s of Maria 

'{'eresa and J oseph II. are indissolubly connected with 

the extensive l abors with regard to " Strubel" and 

" 'Virbel . "  

A l l d  agaill ,  a s late as 11-1\)6, efforts were made 

for the regulation of the I ron Ga te, when the river, 

rushing from the narrow pa &�:lge of Kazan, is inter­

rupted by h a l f  invisible rows of cl iffs. From there 

on, howe ver, the evil conditi ons of the flat.l and stream 

begin to make themsel ves fel t : bacl\ \vater, inundations, 

irregularities of the channel, and Ulud ballks. Thus two 

of the three mouths beeall1e unusable, and enly thl' 

middle one, that of Sa lina, has been kept in a passable 

condition by the activity of the I1Juro[lea n Dan ube Com­

m isRion, whieh has been in eha rge of the work since 

1856. All this must be coneeived on bigger J ines and 

pu rsued more energeticall y when once a new era com­

menees and Roumania begins to :;ee her advantage 

clearly. 

Moreover, the Delta is IIOW relievcd by means of the 
high l y  i mportant rail road Tschernawoda-( :ol1sta nza, to 
which the l ongest rail roao bridge i n  I<� u r ope helongs. 
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Indeed, in our age of ellgineeri n� t('('hnique, 

the canal [lrojeet hy way of the Dobiud seha , 

reeognized as 1Il1f!'asible in lS:m, no l onger 

:>eem:,; a fal ltastie seheme, 

But hand in hand with the (i l ia 1 regulation 

of the maill  ;;tream, whieh wil l t hen proi:)ably 

suon earry a greater number of "tea mel'S and 

towboats, there must go a new orienta tion of 

the eanal system i n  the i nterior of Germany. 

B oth the Celltral  1<�III ] l ires aJl(l the Allied 
Powers a rc ,;eriulI� ly dis(,w-;sing what may 

be de,wriilp!\ as C(:oll olll i c  warfare t o  thc kllife, 

with po1ieie� of " favored l Iat.i on" agl'eements 

bctween friell!!s  a l l d  p rohihi t ive t a r i ff's to for­

mer enemies. Withollt ell teri l l g  illto the 

merits alld dallgcr" of f;lwh policy, whieh 

many impartial el'ol lolll ists com;ider fat al ly  

unsound, it  is of il lterest to learn something 

of the lIwee:-;ses by which the opponents con­

cerned COUllt on gai ning their ends. Mueh 

l ight is  thrown 011 German ambitions by a 
Fig. 6.-Cross and longitudinal section of food house shown in };'ig. 5. 

There was a time when it might be said 
that the railroads had final l y  foreed the wa­
ter roads into the baekground ; in the future 

both m odes of conquering distallee will be of I'qual im­
portance. After two deeades the King of Bavaria and 
the Bavarian Canal League have finall y seen aecom­
p l ished the resnlts of their u ntirillg efforts at a timely 
devel opment of the idea of Charlemagne. 

d iseonrse re('e n t l y  delivereu in Munich ullder the au­

spiel'S of the HansablUld. 

The spea ker was I 'ri  vy Conueilor Dr. Giinther and 

the title of his addre�s was "The Danube as an Economic 

H ighway of the Flltllre." It was rpportl'd ill the Pro­

ceedings of the Hanl rian Callal League, n lld we quote 

from an abstract of thi;; report appea ring in G lasers 

Annalen IiiI' GCiccruc mui Brrulcun8 t. After speaking 

of his memories of nearly nineteall years ago, in ref­

erence to the openillg of the r rOll Gate to ship traffic, 

Dr. Gii nther spoke as follows : 

Not merely a cosmopolita n commercial h ighway, but 

a co:-;molloli t a n  economic highway must the Danube 

become. I t  would have probnbly become the first even 

in times of peaee if all the border states had co-operated 

in their own interest to clear aWRY the still existent 

obstacles. Indeed, considerable beginnings with this 

I'nd in view had al ready been made, But n ow some­

thing greater and more valuable must and shall spring 

from the tremendous world conflagration in whose 

midst we still find ourselves. 

We see before our eyes the outlines of a new group 

of states which will  embrace Central and Southeast 

Europe at first, bllt ought to prove also a powerfu l 

center of attraction for the northern Germanic states, 

and verhnps al;,;o for many nations who now stand 

opposed to u s  in hostility and hate. To the idea "Mid­

dle Europe" Naumann has given a new and far-seeing 

('onception, as did "Deutschlands Friedrich List" be­

fore him. A victorious and honorable ending of the 

war wil l  ;,;how forth the justification of thi,; cOllcep­

tlon e vell i l l  the c�·es of a l l  those who doubt. 

lIuge ecollolllic posHibilities will thell be opened up, 

bearill.(( in their train the necessity of ereating new 

methods for the exchange of goods w hich will far ex­

eeed those which have hitherto served us. Goods which 

require rapid forwardillg to their destination ca n he 

s('nt bnck and forth over the now nearly eompll'ted 

rail road line of A ntwerp-Berlin-Vienna-Constantinople­

Bagdad from the ports of the Atlantic to those of the 

Indian Oceau. 1<'01' llCavy freight, in whose delivery 

portance ill these collcerns was preordained in the gray 

mists of by-gOJ le geol ogic eras when this great collective 

a rtery was j ust formed iJy the j unction of countless 

minor streams. I ndustry will make eager use of the 
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in Fig. ii. 

lIew paths opened before it, and what was at first 

merely an economic highway of Europe will i n  time come 

tu serve the needs of all civilized humanity, precisely 

No longer U[lon our na rrow fatherlan d  a lone 
is laid the honorable obligation of sol vi ng this world 
problem. The whole empire must share the task of 
placing Bavaria, as the intel'\'ening l a nd between the 
waters fl owing to the North Sea a n d  the sole tributary 
of the Black Sea , in the position i t  deserves-cor­
responding to its geographical position-of being one 
of the most important links in the chain of world 
commerce spanning our continent. 

As recently as two years ago the grounds of this 

conclusion would have been denomina ted an i l l nsion, 

as untrustworthy "music of the future. " I�ven to-da y 

there may still  be Philistines who hold theRe ideas to 

be chimerical, j ust as eighty years ago the uniting 

of Ntirnberg and li'tirth was declared a sheer impos­

sibility. 

However, the great teacher, War, who has showed 

us so many things in a new light, will not fail  to dis­

play his pedagogical effectiveness ill the preHent case ; 

and those who come after us old fell ows w i l l  live to 

see accompli,;hl'd the entet'prise that will mnke for all 

time Germany, and with her Bavaria, a new rivet in 

the chain of the European peoples and states. 

A Mica X- Ray Spectrometer 
AN intere:>ting :sveetwmeter for IlJe sl udy of X-rays. 

uHi l lg m il-a as a n  anal yzer, has been u,;ed b y  �evera l 
invpstigator�. This "pectromcter eon;;i><ts esselltial l y  of 
a sheet of mica, bent to a cylindrical shape, on which a 
heam of X-ray falls.  The va !'ions compollPn ts of the 
heam n re refledprl at different :l ng-Ie" and are reeeived 
01\ a photographie vlate. I n  the instrument used in the 
present work a beam having an angle of 5% degrees 
a l l ows a range of 45 16 degrees in the angle,; of reflec­
tion, 
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The Determina tion of the Resistance of Ships* 
A Review of Recent Investigations Relating to Powering Different Types of Vessels 

WHEN it wm; :'mggeHteli to llIe tlmt a eontiuuation and 
extenHion of the paver I lmll the lIOn or of reading before 
the sodety in W I 2  o n  "l<'uel IDeonomy as Influenced by 
8hiV Design" would be interesting and of value, I quite 
recognized the interest and value of further light ou this 
increasingly imvortant subject, and in reply stated that 
I feared such a paper would contain very little original 
ll lat ter, but that if the society would l ike to have placed 
in its transactions a review of recent-published inves­
t igations, together with a review of our present knowl­
edge on the subject of powering ships, I should be glad 
to undertake the task. Such a review can be made of 
decided value, the transactions thereby becoming so much 
more useful to those who design and power ships. 'l'his, 
then, is the object of the paper. 

The subject naturally divides itself into two parts of 
primary importance, one concerning fine types of ships, 
and one concerning ful l  types ; where the line between 
the two should be drawn is by no means elearly defined, 
but, in practice, warships and passenger l iners consti­
tute the fine types and cargo steamers the full, with, 
of course, some exceptions to be found both ways. Motor 
buats, submarines, and hydroplanes are now the sub­
jects of increasing investigation ; the usefulness of the 
two latter types in the great war insures a measure of 
attention hitherto given only to the larger naval vessels. 
Publisherl data are already assuming eonsiderable dimen­
sions, but there remains, however, plenty to occupy the 
staffs of the various experimental tanks the world over. 

'rhis paper will  deal more particularly with general 
naval and merca ntile types. One of the first things that 
strikes the reader of the various authorities on this 
subjeet is  the desirabil ity of a uniform system of nota­
tion throughout the technical world. Anyone who can· 
do something to bring this about will  have earned the 
gratitude of all naval architects and naval engineers. 

The lucidity of Taylor's "Manual of Marine Propul­
sion" stands out as one of the chief merits of the book, 
practically all fundamental points being eovered. 

American writers generally follow the same l iueH, but, 
when we read recent and valuable papers written 
abroad, we naturally find different systems of notation 
in nse. T here is, in practice, danger of serious error in 
using first one referenee and then another, besides the 
labor of reduction of results from one system to the 
other, so that anything tending toward an international 
standard is well worth encouragment and advancement. 

In recent :years marked reductions in the power neces­
sary to drive a given weight of ship and cargo at a given 
speed have been made ; the experimental tanks are 
justly proud of the cuts they have been able to make in 
the power for models snbmitted to them for test. They 
are the people best placed to keep in touch with develop­
ments so far as smooth-water results are concerned 
and are now producing tangible results for merchant 
ships of all  types as well as for warships, both here 
and abroad. 

In 1912 the author read a paper before the SOciety 
whieh pointed out several  instanees of saving due to 
eXIJerilllentatiun ; before and since then much has been 
written and something has been done to keep down coal 
bil ls. At the Franklin Institute, Philadelphia, in the 
same year, I ventured to suggest that the saving in coal 
lIlade by the naval architect might well be handed back 
to him in part to provide extra subdivision and stabil ity 
for passenger ships-by no means a bad reply to the ques­
tion of extra first cost of additional beam and bulkheads 
-so that the passenger need never really know any 
material d ifference in the price of his t icket due to 
inl'rea sed first cost of ship. 

The efforts connected with twin-screw drives for ful l  
cargo ships, both steam and motor driven, have recently 
shown some unusually good results. Recent colliers 
built for the navy are eases in point, and their trials and 
service results are of particular value in all  similar 
twin-screw vessel design, steam or motor. 

In rel'ent years a strong tendency to conduct system­
atic experiments on ship resistance is noticeable, and 
for this we cannot be too grateful. Isolated pullings of 
models as submitted are necessary, but it is only when 
the lessons drawn from these experiments are followed 
by systematic research that the profession as a whole 
begins to derive benefit from the work done. We have 
passed from the stage of individual and d isconnected 
experiments to that of systematic reRearch directed along 
lines that are already having a noticeably marked effect 

* From a paper read before the Society of Naval Architects 

and M arin" Engineers. 

By Ernest H. Higg, Esq. 
ill  retlueillg" power or increasing speed in shiPIJillg gell­
era l ly .  

I t  shoul d  alsu be remembered that model experilllents 
are only half the battle ; they must be followed by a 
progressive trial on the measured mile in order that the 
design of the propellers may be verified and the perform­
ance of the machinery properly noted. This trial should 
be condueted at the sallle trim and draught as the model 
was towed, and this should be as near the working-load 
draught as possible and deep enough to give proper 
immersion to the screws. It wil l  not always be easy for 
builders to arrange for the loading of the ship, except 
in the case of oil tankers ; but this can generally be 
managed at the expense of a few hours' delay to one 
voyage after the vessel is  in  service, once the owners 
realize the savings that are at stake. 

At the time ( ] 910)  of the publieation of Admiral 
D. W. Taylor's manual the l iterature of this subject was 
beginning to assume good proportions. It  was, however, 
scattered, and the naval architect who did not  keep in 
touch with a good Illany sourees of information was at a 
serious disadvantage. This book brought together the 
best collection and arrangement of experimental data 
that we have. 

It can safely be said that this book marks an epoeh 
in the methods in practical use for designing and power­
ing ships. Shipbuilders and owners are now fully alive 
to the value of the tank and are keen to take advantage 
of all it can teach them, to their no small benefit in coal 
bills and better service. 

Since beginning this paper-in fact, very near the 
ending of it-Mr. G.  S. Baker's new work on ship pro­
pulsion has become available in this country. Mr. Baker 
summari7.ed the present status of tank work and our 
knowledge of this whole subject in a very able and clear 
manner. He uses, in the main, the "constant" system of 
notation, which is perhaps not as much used on this side 
of the Atlantic as on the other, and his book is  a most 
valuable contribution to the l iterature on the subject, 
the main results of recent experimentation being care­
fully gathered together and presented in one volume, 
very much my own purpose in writing this paper. As in 
much other recently-publ ished matter, the full-cargo ship 
1'eceives considerable attention in Mr. Baker's book. 

The chapter on canal towage contains information not 
generally avaiJable in such useful form. These two 
books set forth our knowledge on the subject so clearly 
and well that the question may be asked as to the neces­
sity of quoting at length the papers, etc. , listed at close 
of this paper. To study the steps leading up to their 
production and the work done by these and other inves­
tigators wil l  repay the men responsible for the dimen­
sions and l ines of our ships, both naval and mercantile. 
It is largely in the hope that our younger members wiII  
be helped in their researches by this brief review of 
present-day knowledge that this paper has been pre­
pared. The author is well aware that no new discoveries 
are set forth herein, but trusts that, in spite of that 
fact, the science of ship propulsion will  be benefited by 
this addition to our transactions. 

It  will be noted that this paper only covers the l itera­
ture of our own language on this sub.iect. At first sight 
this appears unfortunate, and there are, doubtless, many 
undiseovered gems of knowledge tucked away in for­
eign works. In the ma in, however, the work of foreign 
investigators is summarized in the books and papers 
l isted, and as the same are there acknowledged, no in­
justice is done the men whose work is thus only indi­
rectly referred to. 

'1'he society was founded in ] 893 and the 1915 volume 
will  be No. 23. In searching for papers it frequently 
happens that much time is lost through lack of a com­
prehensive index, therefore I would strongly urge that 
the 7'ran.sucti()n.s be indexed, such index to be sold to 
members at cost priee. It would be necessary to keep 
the index up to date, but if the work were kept up each 
:year to prevent undue accumulation, supplementary in­
diceR could be issued every 3 or 4 years and the whole 
combined every 10 years or so, or as the stock of the 
main index was exhausted. 

It has been with considerable regret that I have 
avoided extending this paper to cover, in a similar man­
ner, the l iterature of the screw propeller. It would have 
been impossible to adequately cover both of these 
branches of the subject in the time at my dispOfml, and 
I would Ruggest that a corresponding paper on the pro­
pel ler side of th!' qU!'F'tiJ)Tl h" prenn red for next year, if 
the council consider it worth while. 

A few lJaragral'h� follow ill which matter:; of current 
inh�rcst in shiV VroVUIHioll are touched 011 together with 
a l ist of referem'('s whkh etJntnin practically all  that 
has been published of late years on this subject. 

EFFECT OF INCREASED BEAM. 

It  has long been known, alld acted upon, that large 
beam, generally speaking, invulved high resistance ; we 
real ize nowadays that too h igh a price can be paid for 
small beam and resistance. I ncrease of beam, accom­
panied by increase of stabil ity and decrease of fullness, 
by no means necessarily spells  increase of power ; for 
the same or less power a healthier type of veRsel ean 
generally be obtained, at, however, a somewhat increased 
first cost of hull material  in most cases, due to increased 
wetted surface and wider decks. 

'Ve have arrived at a point where increased safety 
is demanded in passenger carrying vessels ; it is no use 
putting in bulkheads to enable a ship to keep afloat after 
damage if the other danger-loss due to lack of stability 
in the damaged eondition-is not also provided for. Loss 
uf buoyancy and l osR of stability must both posit.ively 
be kept in mind when settling un dimensionH in a givell 
case. 

The effect of thiR on speed and power will by no mcans 
be proportional  to the increased beam, as might appear 
at first sight. A far worse enemy to good driving is  full 
waterl ines in  the forebody. In two recent cases of rela­
tively fine and fast ships that have eome directly under 
my notice, the forward waterlines were forced out by 
eonsiderations of stability to the point of a marked 
decrease in speed when eompared with similar ships in 
the same principal dimensions and power. 'rhis feature, 
also, has its l imitations, for in full  and slow cargo boats 
the exact opposite is  true below a certain speed. This 
condition is brought out by Prof. Sadler in his ]!)09 

T. S. N. A. paper and was verified in a recent ease by 
direct experiment for a vessel about to be laid down. 
While this is true for smooth water there remains the 
question of loss of speed in head sea. This question 
has recently received considerable attention and is re­
felTed to elsewhere in this paper. 

It  is safe to say that passenger ships generally wil l  
show a tendency to increased beam in the future, extra 
l ife-saving equipment, the natural desire of passengers 
for deck cabins and extra stabil ity for damaged eondi­
tion all tending the same way. This will  not nec!'ssarily 
entai l  more power, because we know more about good 
forms and because ships are tending to be somewhat 
finer to give better sea performanees. The cruber stern 
is  another way out of this difficulty. 

The British Board of Trade's recent instrlletions to 
steamers in the danger zone throw an interesting light 
on this point, applicable almost as much to peace as to 
war damage : "In order to prevent the vessel taking a 
Rudden l ist if holed by a torpedo, the stability should be 
increased to the utmost extent practicable by fill ing 
ballast tanks or otherwise." 

Another paragraph follows, relating to longitudinally 
bulk headed ships of small  initial stabil ity ; both these 
paragraphs point toward increased beam. The sallle 
reasoning points to increased beam in our l ine of battle­
ships ; for a 31,500-ton ship, a beam of 110 feet is already 
responsibly suggested abroad, and the paper by General 
Goulaeff before the London Institution in 1008 is well 
worth looking up, in the l ight of recent happenings. 
Who knows but that battleships laid down abroad since 
the war began are not of this largcly-inC'reased beam ! 
It is probable that less weight will be available for 
machinery, owing to increased protedive weights ; and 
that this, together with the new proportions, will  mean a 
deerease in speed. The beam to draught ratio is about 
3.25 in recent battleship designs, whereas in the 110-
foot ship mentioned above it goes up to 4.40. In this 
conne!'tion, the speed cnrves given by General Goulaeff 
are of interest. The Yorktown experiments quoted by 
Admiral Taylor in his manual indicate an approximate 
increase in power of about 11  per cent for the same 
speed for battleships of this displacement and with pro­

portions varying as above. 
EFFECT OF WIND AND SEA. 

A good smooth-water performance is not neeessarily 
a good sea performance ; considerable attention has re­
('('ntly been given to this question and some interesting 
facts brought to l ight. There was the hollow versus 
straight lines discusRion in the London Institution, 19or. 
( Vol . 47) ; Admiral Taylor referring briefly to the ques­
tion in hiR new manual on speed and power ( p. 121 ) .  
Baker in his new book also discusses this point. 
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Early this year Sir A. Denny referred to the matter 
before the Institute of Marine Engineers, citing instances 
of improvement in sea performance due to decrease in 
fullness compared with previously accepted practice. 
His point was that low first cost and low operating costs 
did not always go hand in hand. 

Mr. A. Hamilton in 1911, before the Liverpool Engi­
neering Society, gave data based on the comparative 
per�ormances of ships of varying fullness, all tending 
to show that the somewhat finer vessel ( particularly 
forward ) more than balanced the loss in dead weight 
per trip by an increased number of trips per year. 

It  is difficult to deduce any rule, but the general lines 
to follow are obvious---the speed curves of a design 
should be run well up beyond the designed speed and 
attention given to the characteristics of the curves at 
the speeds beyond the smooth-water maximum as well as 
at that miximum. It may often be that an apparent 
sacrifice at normal speed is no SlI crifice at all, but really 
a decided gain in coal burned per annum in a seagoing 
ship, particularly a transoceanic or great coastwise 
trader. A paper by E. S. White before the Northeast 
Coast Institution ( 1912 ) is well worthy of study in this 
connection. 

EFFECT OF SHOAL W ATEB. 

'l'his subject has come to the front recently in prac­
tice as well as in theory. Torpedo-boat destroyers have 
furnished the most interesting cases, and the subject is 
worth very serious consideration by those responsible 
for the performance of vessels running in shoal bays, 
rivers and lakes. The l iterature on the subject gradually 
accumulates and we are now in possession of a very 
considerable amount. 

Admiral Taylor refers extensively to the subject in 
his manual, the historical data therein gives credit to 
the earlier investigators ; and numerous references will 
be found in the bibl iography of this paper. 

It is not too much to say that knowledge of the effects, 
both bad and good, of shoal water is absol uteiy neces­
sary to the proper running of destroyer trials, and no 
less so for the designing of shoal-water vessels. It will  
pay those charged with running big-vessel trials to be 
very careful where they run them. 

On a recent trial of a 400-foot vessel drawing 19 feet 
and of 15 knots' speed, the performance at sea in smooth 
water was materially better than on the measured 
course, due " to deeper water as well as to the absence 
of the necessity for frequently turning to run over the 
course ; the reduction in horsepower being about 4, 
per ceut. 

In a destroyer trial at 24 knots it was found that in 
15 fathoms the power required to maintain standard 
revolutions was materially higher than on standardiza­
tion and that on going off into deep water this at once 
changed. 

Besides the guidance to be obtained from Taylor's 
Manual, his T. S. N. A. paper of 1913 on relative resist­
ance of models with constant block and other co-efficients 
varied contains valuable data. Baker's new book has 
a chapter devoted to shoal and restricted waterways 
that is extremely useful. Canals are an important part 
of shoal-water navigation, and the value of special con­
sideration was emphasized before the Royal Society of 
Edinburgh as far back as 1840. Much work has been 
done before and since, especially in connection with the 
navigation of French, British, German and Dutch canals. 

The navigation of the Nile and similar rivers has 
received special consideration for centuries. 

Prof. Sadler has carried out valuable experiments at 
the University of Michigan ; his 1911 T. S. N. A. paper 
giving information on merchant-ship forms being worthy 
of careful stUdy. 

Hudson River boats have received, to their no small 
benefit, special consideration from the point of view of 
bank erosion as power saving, if it is possible to separate 
the two as far as rivers of moderate breadth are con­
cerned. 

CRUISER STERNS. 

Of late years an increasing number of merchant ves­
sels have been built with the form of stern considered 
peculiar to battleships and cruisers. 

There is much to be said in their favor and the effect 
on speed may well be noted here ; for a given overall 
length this stern gives the maximum mean immersed 
length and a resulting decrease in power and conse­
quently machinery weight, necessary for a given speed, 
varying with the size of the ship, being greater in the 
smaller ship. The adoption of this stern is attended 
with increase in stability, In deck room, and in protec­
tion to screws In harbor. 

The chief objection Is increased first cost, appearance 
is another in some eyes, but small increased first cost 
will have a hard struggle against a possible 8 per cent 
saving in coal bills. The arguments are very much in 
favor of the cruiser stern for all twin or more screw 
designs, with a good chance In the single-screw design 
providing the draught is large. 

Modified cruiser sterns are common In our waters for 
ships that do a large amount of warping Into and out 
of docks, notably in the Chesapeake Bay and similar 
waters ; also on the coast In a few cases, some Old 
Dominion l iners being built that way. Doubtless many 
other instances could be found. 

EFFECT OF TEMPERATURE ON RESISTANCE. 

It has been known for some time In the experimental 
tanks, that temperature plays a part In ship resistance. 

Messrs. Denny Brothers, Dumbarton, are reported to 
have been unable to account for differences in Summer 
and Winter trials of sister ships in any other way, and 
the matter is also under investigation at the Teddington 
tank in England. 

Differences in resistance as high as 4 per cent per 10 
degrees difference in temperature are reported, the 
lesser resistance corresponding to the higher temperature. 

APPENDAGE RESISTANCE. 

Lately this has received renewed attention ; since 
Taylor's experiments in the Washington tank, showing 
the run of the stream l ines on ship models, designers 
have studied more carefully the placing of bilge and 
docking keels. 

Sadler's experiments on enclosed shaft bossings have 
also given valuable aid in properly placing these appen­
dages. The author recalls a large vessel which had her 
bossing altered to better form, with the result that the 
speed at constant displacement went up from 18 to 18 % 
knots. This increase in a vessel displacing over 11,000 
tons was due solely to a change in the lines of the 
bossing. 

In battleships appendage resistance as high as 25 per 
cent of the total have been recorded. The importance of 
reducing this where practicable is at once evident. 

For more detailed information the reader is referred 
to Taylor's Manual and to Dyson's  work on screw 
propellers. 

No important vessel should be laid down without 
stream l ine diagrams at critical speeds. 

The fitting of anti-rolling tanks has a small and indi­
rect effect on resistance. The result of omitting bilge 
keels is a saving of about 3 per cent, which is cut in 
half by the extra displacement due to weight of the 
tanks and contained water ; this saving should help to 
pay for the tanks and controlling gear. Anti-roIl ing 
tanks, however, undoubtedly require skilled handling 
and constant watching while at sea. 

References to bilge keel and other appendage resist­
ances will be found in the bibliography. 

Baker has an interesting chapter on appendages in 
his book just published. 

The importance of an allowance for air resistance 
should not be overlooked. 

SUMMARY. 

To sum up briefly the above notes, suggestions and 
recommendations, the following may be said : 

The system of notation used by Taylor and Sadler in 
presenting their results is ample, clear and direct ; it is, 
therefore, preferable for general use. 

The model of practically every naval or passenger 
design should be tested in the tank and enough models 
of cargo vessels similarly tested to cover a useful range 
of vessels, so that each yard can know whether their 
"l ines" are good and make improvements from time to 
time as experience pOints out. This is the only real 
way "l ines" can be compared and improved, for trial 
conditions vary all the time and service conditions and 
results are seldom accessible to builders except in a very 
general way. In this connection the relative smooth and 
rough-water performances should be kept in mind. 

For large cargo ships, and practically all motor ships, 
a twin-screw drive is the most efficient ; the 2, 3 and 
4-screw drive is so well established in passenger and 
war ships as to need no further comment. FUrther light 
is desirable on vibration problems, especially for vessels 
with machinery aft. Speed and stability are intimately 
associated and generally pull at cross purposes ; the 
temptation to small  beam, high speed, and comfort at 
sea for passengers may be yielded at the price of safety 
in accident. 

We are at present witnessing the passing of the very 
ful l  cargo ship at sea In favor of a somewhat finer type. 
This Is a good step. Cruiser sterns for twin or triple­
screw ships are decidedly to be preferred to the old 
type of counter. Appendage resistance is generally 
very small in single-screw merchant ships, but cannot 
be watched too carefully in other and faster types. 
Enclosed shaft bossings are generally preferable to open 
brackets. 

We are not yet ready to advocate the general adop­
tion of anti-roll ing tanks. Progressive trials of impor­
tant ships should always be made and enough cargo 
ships thus tried in load condition to check up model 
tank and propeller performances. This could well be 
emphasized toward oil tankers, on account of the ease 
with which they can be loaded ; other types of ships of 
similar l ines would thus also benefit. 

Plasticity and Viscosity 
PLASTIC flow is of importance in many diverse fields, 

such as geophysics, colloidal chemistry, metallurgy, 
ceramics, road building, and the lime and cement busi­
ness. The property of plasticity, like ductility and 
malleability, is not at present strictly definable, al­
though the term is much more familiar and generally 
known than the strictly defined terms "vicosity" and 
"fluidity." 

In the study of plastic flow it has already been 
shown that most homogeneous solids will flow some­
what after the manner of liquids, if subjected to suf­
ficient presSure. Copper, steel, lead, ice, menthol, glass 
and asphalt fall in this class in so far as they may 
be regarded as homogeneous solids. But ordinarily 
plastic substances are not homogeneous solids but sus­
pensions of finely divided solids in fluids, such as paint 
in oil, lime in waler and especially clay in water. 
Numerous papers have been devoted to the explana­
tion of this latter type of plasticity. 

Since glass and other similar bodies are often re­
garded not as solids but as very viscous liquids, the 
demarkations of viscous flow from plastic flow has no� 
been sharply made. In fact, attempts have been made 
to give numerical values to the viscosity of ice, menthol, 
glass and pitch, and Tammann' defines plasticity in a 
perfectly definite manner as the reciprocal of viscosity 
-in other words, plasticity and fluidity are synony­
mous. 

Unfortunately, for the sake of simplicity, this defini­
tion is clearly untenable. If any finely divided solid, 
such as clay, be suspended in a liquid, the fluidity is 
lowered rapidly and in a perfectly linear manner, so 
that at a comparatively low concentration of clay the 
fluidity, as measured in the ordinary viscometer, ap­
proaches zero. Thus Durham and Bingham' found that 
a certain clay suspended in water gave a zero fluidity 
when the volume percentage had reached 6.95 ( 14.6 
per cent by weight ) ,  this being independent of the tem­
perature. This concentration apparently serves to 
sharply demarkate plastic from viscous fiow. Suspen­
sions more dilute than this critical concentration are 
subject to viscous flow, while those containing more solid 
in suspension are plastic. 

These results are in harmony with the views of Max­
well,' which are so important that we quote them at 
length : 

"If the form of the body is found to be permanently 
altered when the stress exceeds a certain value, the 
body is said to be soft or plastic and the state of the 
body when the alteration is just going to take place is 
called the liinit of perfect elasticity. If the stress, when 
it is maintained constant, causes a strain or displace­
ment in the body which increases continually with the 
time, the substance is said to be viscous. When this 
continuous alteration of form is only produced by 
stresses exceeding a certain value, the substance is 
called a solid, however soft it may be. When the 
very smallest stress, if continued long enough, will 
cause a constantly increasing change of form, the body 
must be regarded as a viscous fluid, however hard it 
may be. 

"Thus a tallow candle is much softer than a stick of 
sealing wax ; but if the candle and the stick of sealing 
wax are laid horizontally between two supports, the 
sealing wax will in a few weeks in summer bend with 
its own weight, while the candle remains straight. The 
candle is therefore a soft ( or plastic ) solid, and the 
sealing wax a very viscous fluid. 

"What is required to alter the form of a soft solid 
is sufficient force, and this, when applied, produces its 
effect at once. In the case of a viscous fluid it is time 
which is required, and if enough time is given the very 
smallest force will produce a sensible effect, such as 
would be produced by a very large force if suddenly 
applied. 

"Thus a block of pitch may be so hard that you can 
not make a dint in it with your knuckles ; and yet it 
positively will, in the course of time, flatten itself out 
by its own weight and glide down hill like a stream of 
water. " 

The experiments of Bingham and Durham support 
the definition by Maxwell that a plastic body is one 
in which the form of the body is found to be perma­
nently altered when the stress exceeds a certain value. 
These experiments indicate that the demarkation be· 
tween the two regimes is very sharp, but they do not 
give any clue in regard to the laws of plastic flow, 
which must, therefore, be known before a rational basi� 
can be obtained for the quantitative measurement of 
plasticity.-Ft·om ScientifiC Paper, No. 278, of the Bureau 

of Standards, an "A n Investigation of the Laws of 

Plastic Flow," by Eugene O. Bingham. 

'Ann. tier PhI/B., 7, p. 198 ; 1902. 
"A m. ah em. Jour., 46. p. 278 ; 1911. 
'Theory of Heat. 
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X-Rays and the Theory o f  Radiation 
CONSIDERING that the theory of radiation has been 

the foremost fundamental problem of late years, while 
X-rays are beeoming more and more a general weapon 
of experimental research , it may appear a little surprising 
that Prof. C. O .  Barkla, F.R.S., of Edinburgh, in intro­
ducing his Bakerian Leeture on "X-Rays and the Theory 
of Radiation," 1 should have remarked that discussions 
on the electro-magnetic theory of radiation did not give 
full consideration to X-rays. Many scientists at present 
incline to a certain modification of the theory. Prof. 
Barkla, to whom science owes the remarkable diseov(lry 
of charaeteristic X-rays, rejeets the suggestion of a modi­
fication ; he does not believe that radiation energy is 
emitted and absorbed in definite, indivisible quanta ; to 
him the phenomena beeome meaningless on the sugges­
tion of a quantum or entity of radiation. Prof. Barkla 
is, however, prepared to aceept the quantum theory in 
a sense, rather as one of atomic energy than as a 
quantum theory of radiation. We will attempt to give 
a brief summary of his views at; expounded in the 
Bakerian lecture and also in the l�oyal Institution 
discourse. Broadly speaking, the problems of radia­
tion are problems of electrons and atoms. Negatively 
charged eorpuseles (electrons) , Prof. Barkla pointed out, 
were emitted by matter when exposed to heat , eathode­
ray bombardment and other eonditions ; but there was. 
an analogous emission of positive partides under the 
same eonditions, exeept with radio-aetive substances 
whose positive particles were atoms of helium. The 
electrons were studied by their magnetie deflection and 
by the ionization whieh was direetly produced by them 
and indireetly by the X-rays. The energy of X-rays 
of differing wave-lengths might be eompared by measur­
ing the total ionizing power. In his Bakerian leeture 
Prof. Barkla eonsidered the X-ray emission under three 
heads : as seattered X-radiation, as fluoreseent (eharae­
teristic) X-radiation, and as primary X-radiation. We 
should almost prefer to begin with the last of the 
three ; but as there was little time left in the lecture 
for the third head, we will follow Prof. Barkla's 
sequenee. 

Scattering, he said, was the process of re-emission of 
seeondary radiation by matter on which primary radia­
tion fell. Experimen ts on the quality, polarization and 
distribution of the sca ttered radiation showed that it 
was emitted by electrons whose motion-that part whieh 
resulted in radiation-was eompletely controlled by the 
primary radiation ; long�wave primary rays gave long­
wave secondary WaVeJS, etc. The intensity of the seat­
tered radiation was greatest in the direetion (both for­
ward and backward) of the ray, and depended simply 
upon the mass of the atom, not upon the primary wave­
length, while the number of eleetrons in an atom was 
simply a function of the atomie weight. Aecording to 
Sir J. J. Thomson, the intensity of seattering in air was 

8", 
gi ven by the formula :3 '  Ne4/m2, where N was the 

number of eleetrons, e their eharge, and m the mass. 

The number of moleeules eontained in a cubie eentimeter 

of air was 2.75 X 1019 ,  and in his (the lecturer's) early 

ealculations the number of eleetrons had eo me out hun­

dreds of times greater than that produet. Very eareful 

later measurements proved, however, that the number 

of electr6ns was always equal to half the atomie weight, 

so that the earbon atom contained 6, the nitrogen atom 7, 
the oxygen atom 8 eleetrons, and so on ; hydrogen (atomie 

weight 1 )  was an exeeption to the rule,  for it had one 

electron per atom. J. J. Thomson had suggested that 

the eleetrons were distributed in a uniform field of posi­

tive eleetrieity. From the seattering of a particles 

Rutherford had coneluded that the positive electrieity 

must be eoneentrated in a small central nucleus, about 

which the eleetrons revolved in rin gs ; and Bohr and 

Moseley had extended this view in order to aceount for 

the lines of the speetrum, the hydrogen lines of the 

Balmer series in the first instance. In order to explain 

all the properties of hydrogen by the assumption of one 

electron revolving about the nudeus, Bohr had suggested 

that the hydrogen atoms differed from one another as 

to the orbits of their electrons ; if the radius of one hydro­

gen atom (distance or the eleetron from the nudeus) was 

1 ,  it would be 4, 9, ete., for others. Prof. Barkla eould 

not understand that. In his opinion, X-rays traveling 

over matter disturbed every electron, and X-rays pro­

dueed in the lecture theater would, for instanee,  eause 

every electron in the bodies of his audienee to tremble.  

Groups of atoms, and even atoms-not merely indi­

vidual elcetrons-were coneerned in X-radiation , and the 

whole deduetion strongly supported the adequacy of an 

unmodified theory of eleetro-magnetie radiation by trans­

verse rays. 
These arguments were strengthened by the eonsidera­

tion of the fluorescent (eharacteristic) X-radiation, whieh 

eould only be excited by a radiation of shorter wave­

lengths-i. e., of higher frequeney-than the fluoreseent 

radiation whieh was eharaeteristic for eaeh element. The 

1 Ddivcred at the Royal Society. 

intensity of these eharaeteristie rays was uniform in all 
directions (the eurve heing a cirele, not a kind of ellipse, 
as with scattered rays) ; there was no polarization, and 
the eharacteristie rays were not eontrolled by the pri­
mary ; in faet, they arose only indireetly from the primary 
beam, and its emission was only an aeeompaniment of 
an exeeptional disturbanco , whieh was probahly of the 
nature of the ejeetion of a high-speed eleetron. The 
intensity was independent of the speed or ejeetion and of 
the earenr of the electron aftor its ejeetion ; the radiation 
did not arise outside tho parent atom, and the origin of 
the radiation was roally in the atom. The furth er study 
of the relation he tween the fluoreseent radiation, the 
corpuseular radiation , and the speeial absorption of the 
primary beam threw ligh t on the proeeHS. An element 
might give rise to several eharacteristie radiations dis­
tinguished as belonging to the K and L series, the K 
being of higher frequency and harder than the L. Reeent 
studies of (larbon, nitrogen, aluminium and sulphur sug­
gested tho further existl'n()o of a still harder series, .J, 
and pOHSibly also of softer series, M, N, ete. When 1<: 
was the total energ'y ahsorbed, S the energy of the pri­
mary re-emitted as seattered radiation, and )<} K ,  I<J L, ete., 
were the energies a\:lsorbed in assoeiation wit,h the emis­
sion of the respeetiv(] eharaeteristie rays, then E = S + 
}<} M + EL + F}K + g J .  The total corpnseular radiations 
of energy C eould similarly be divided into groups : C = 
CM + CL + CK + CJ.  While the general absorption 
experiments had ehiefly been made on metals, the K 
radiation had partie111arly boen measured in the (l3se of 
bromine, and it resulted that it required more primary 
energy to expel a K eloetron than an L cleetron, and that 
a quantum of K radiation was probahly the energy 
required to move an oleeLron from the K position 
to the L position, and that furth er one quantum of K 
eharaeteristie radiation was emitted for eaeh K eleetron 
ejeeted. 

The atom of Prof. Barkla would thw; eonsist of a 
eentral nudeus of positive cleetricity surrounded by eon­
eentrie rings of eleetrons of tlHl .T , K, L, M types ; the K 
eleetrons, being nearer the (JfJIltor, would require more 
energy for expulsion than the L eleetrons ; but they would 
all be ejected from the atom at the same velocity. A 
displaced K elnetron would leave a gap, into whieh an 
L electron (possihly also an M) might drop, the energy 
prnviously absorbed in displaeing the K electron being 
re-emitted as a quantum of K radiation. When the 
primary wave-length [11 was just less than its charaeter­
is tie wave-length 1M. the emlfg-y was almoKt equally di­
vided between the eharaeteristie E lwd the eorpuseular 
radiation C.  A s  [11 deereased, the C energy inereased, 
and for very short 1.l.1 nearly all the energy would be 
taken up by tho eorpuseular radiation. In the ease of 
bromine the division was not quite equal, the fluorescent 
radiation making up only 0.47 (instead of 0.5) of the 
total ; for elements of higher atomie weight the value 0.5 
was nearly attained. 

Finally, Prof. Barkla stated that as the generation of 
a radiation of a given freqmmey by cathode rays neees­
sitated the ineidenee of eleetrons with energy greater 
than that of a quantum of that radiation (even for the 
produetion of radiation not reeognizable as eharaeter­
istie of the respeetive anti-eathode) , it seemed probable 
that the proeess of X-ray generation was itself one of 
the same character as that resulting in the emission of 
charaeteristie X-rays, and that mern eollision should 
produee X-rays was doubtful. Though X-radiation 
might be and was emitted by eleetrons (probably by 
groups of eleetrons or even atoms) as a continuous pro­
eess and in any quantity whatever, also in fraetions of a 
Planck quantum, it was emitted in quanta from atoms 
when eertain eritieal eonditions were reached. In this 
sense Prof. Barkla spoke of a quantum theory of atomie 
energy rather than of a quantum theory of radia­
tion. The full eonsequenees of his theory had probably 
not been worked out yet ; some of his eonclusions had 
been eonfirmed by W. Kossel ; some might require 
modifiea tion. 

In eommenting upon this vory important eontribution 
to fundamental resnareh, Sir J . . J. Thomson. president of 
the Royal Society, remarked that he agreed that the 
emission of an eleetron earried by a unit of X-ray rad ia­
tion was, so to say, the death of that unit. But he did 
not go so far as Prof. Barkla in putting the eorpuscular 
radiation-in the old sense-altogether out of court. 
Referring to his recent Royal Institution leeture on 
radiation, he drew attention to the way in whieh, ho 
thought,  the orthodox theory of light and the quantum 
theory eould be brought into harmony.-Enginecring. 

Mica in Russia 
B�;�'OHE the war, all the miea used in Rus:-;ia waf-; im­

ported from Canmla or India, and this fact appears 

strange when l ooked at from a hii"torieal standpoint, for 

i n  former times Russia was a center of mioa production. 
But this period lies very far back, and dates from the 

time when m ica was used for windows before window · 

glass came into its present use. It i" stated that in 1681 

Russia exported 42 tons to Holland, 40 to j<Jnglaml , and 

8.6 to North Amerka. Why such an cx temdve industry 

should have fal len off may lin accounted for by the ad­

vent of window-glass and from the fact that the l ater 

industries using mica had not yet arisen. But an effort 

is now bning made to exploit the soun'es of mica, whieh 

are said to be abundant in various parts of the country, 

especially as this pro!luet is scar('e during the war. At 

last accounts, the annual ('onsurnptioll was H20 tons, but 

since the war thn conditions are greatly ('hanged, and 

the price is said to have gone up to ten times the former 

value. 
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