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THE MANCHESTER JUBILEE EXHIBITION. 

ON May 3 Inst this exhibi tion was opened by their 
Royal Highnessf's the Prince and Princess of \Val es, 
under favorable auspi ces. 

The Engineer, from which we take the fol lowing 
particulars, says: In many respects the exhi bition is S'.I­
perior, not only in extent, but in variety, to anythi n g  
that h a s  been seen in England f o r  several years. All 
t he conditions are favorable to its HIlccess, for it possesses 
those elelllents of attrtletion whieh have been found so 
popular in London, inasmuch as it closely adjo i n s  the 
botanic gardens, and as th ese will be thro wn open to the 
visitors, it  will be easy to provide open air attractions 
of no common order of merit. 

T h e  con tents of  the great machinery gallery fully 
maintain not only the reputation of Manchester, but 
of Engl and. Nevel', since 1862, has anything l i ke the 
display of textile machi nery been seen within our 
shores. 

The main b uilding of the exhibition claims the 
s pecial attention of all who are interested in iron 
structures. I t  is  a remarkabl e  example of the adapta­
tion of Illean s to all end. 

The architects of the building are Messrs. Maxwell & 
Tuke. 

The principal building cousists of a nave or main 
avenue, 1,000 ft long, crossed at the middle point by 
transepts, surmounted by a graceful d ome, which is 
finished above by a well proportioned lantern. Near 
to the ends of the nave are situated t wo pavilions, 
which rise to a considerable height above the nave 
roof, making wit.h the dome a pleasing sky l i ne, Hot 
usually found in exhibition buildings. '1'he i nterior 
of the building when vie wed from one end presents a 
very Hatisfactory vi sta. The Have has a total wi dth of 
100 ft., but as the Hides are partitioned off to form rows 
for the d i splay of furniture and other matters, the 
visible width of the main avenue is only 60 ft. The 

tions of iron that are commonl y found in the Jllarket ; 
by doing so the delay consequent upon the adoption of 
special design� has been avoided, for with the excep­
t i on of some small  casti n gs of a special form, every 
portion of the roof could be procured in any d esired 
quantity. The adoption of the ordinary forms of i ron 
has, of course, been attended with economy in two 
respects. The material was d oubtless cheaper at first 
cost, and if the bui l ding is to be taken down when its 
present purpose is served, the greater part of the ma­
terial will be available for the purposes for which i t  
w a s  originally made. 

'1'h e whole of the colu m n s  are built up of flanged 
pipes of 4 in. interior diameter, having a thick­
n ess of � in. and flanges of � in. faced. '1'hey are 
placed in groups of two, th ree, and four, and have 
It very l ight and elegant effect. Between the flan ges 
are fixed cast iron zones, which are beaded round the 
edge, and as they project. a l ittle beyond the outer 
edge of the flange, they al most entirely conceal the 
fact that so utilitarian a material as a steam pipe has 
been employed. T h ese zones have a f urther use i n  
sOllle situations, a s  t h e y  are t h e n  cast with a lng, t o  
which is attached a n y  t i e  o r  bracing that i s  required. 
Ordinary angle and '1' i ron is largely used, and it will 
be seen by the drawings that hardly any smiths' work 
has been necessary. '1'he labor has consisted almost 
entirely of shearing, punching, and riveting. '1'he ar­
rangement of the p urlins is both simple an d sou nd i n  
construction. They are f o r  the most part Illade o f  
wrought i ron water p i p e s  screwed i n  t h e  usual w a y  at 
each end ; these are passpd th rough a purlin coupling 
of cast iron , and are fixed i n  position by n uts, which 
ttre tapped to fit the screw of the water pipe. 

Most of the tie rods also are made of sIllall iron water 
pipes, and these are attached at the ends in a simple 
but effective way. A piece of flat bar iron i s  punched 
with a hole in the center and a hole at each encl, T h e  
bar is then bent twice at right angles, bringing the 

'1'he exhi bition bui l d i ngs are situated at sOllie dis­
tance from the center of the dty, but there are alllple 
facilities provided for reaching it b y  both road and 
rail.  The principal or, as it is  cal led, th e  royal en­
trance is  i n  Chester road, a few yards from the gates 
of the botanic gardens. The exhibi tion is di vided i nto 
t wo sections by Chester road, a thoroughfare 70 ft. 
wide; on the north side is the Illain buildi n g, on the 
south the great mach i nery hall ,  510 ft. long and 210 ft. 
wide. T h i s  will  be devoted to machin ery in lllotion ; 
opening off it, still to th e so nth, is an ann ex 180 ft. 
square for machinery at rest. The entire building is, 
as we have alread y stated, l igbted by electricity. '1'he 
contract for the whole of the arc l ighting has been 
plaeed w i th the Anglo-American Brush Electric Light 
Corporation; the total nUlllber of l amps employed is 
546, exclusive of those required for the private use of 
exhibitors. All the lamps are of the B rush standard 
pattern, working with a current of 10 amperes, and 
are m aintained by twen ty-six dynamos, i nclusive of 
spare machi n es ; the en gines elllployed to drive the 
dynamos are by Messrs. Robey, Horn sby, Davey Pax­
man, Ruston Proctor, and Yates, and are arranged to 
Euit the requirements of the several circui ts as n early 
as possible. 

Our front page sketches are from the Ilhtstrated Lon­
don News, and the north view from Industries. 

THE AMERICAN EXHIBITION IN LOND ON� 
THE American Exhibition, between Earl's Court, 

West Kensington. and West Brompton, of which we 
h a ve given some account (see engraving, SUPPLEMENT, 
No. 594), is an undertaking of as much n ovelty as of im­
posing magnitude. It is the first exhib ition devoted 
exclusi vely to the arts, i nventions, manufactures, p ro­
ducts, and resources of one nation held on the soi l  of 
another country. It co vers a space of twenty-four 
acres, in the hettrt of residential London. The exhibi-

THE MANCHESTER ROYAL JUBILEE EXHIBITION-VIEW FROM THE NORTH. 
dome is 90 ft. in diameter, and is supported, as, indeed, 
is most of  the roof covering, by slender cl ustered iron 
colUUlns. The approach avenue from the royal entrance 
in Old T rafford rottd forms a m ost i m posing corridor. 
It is 600 ft. long. and is covered in for its entire extent. 
There is a bro'ttd causeway down t h e  center, and on 
each side there is a wide lll'1rgin planted with exotic 
ferns, palms, and other foliage plants, which ,  as a 
whole, presents a feature that for l uxuriance of vege­
tation is almost unique. This covered road is  l ighted 
after dark b y  electric arc lights, with excellent effect. 
Both north and south of the main building t here is a 
vast covered area of ground, where the aim 1ms been 
to afford protection for machi ne ry and other exhibits, 
rather than to satisfy the eye by architectural effect. 
A special area of large extent h as been devoted on the 
north side of the n ave to the Iri sh section, which is 
well filled with exhibits of various kinds, some of which 
will be referred to i n  a future notice, but almost all of 
such a character as to show great excellence of work­
manship and design . The large annex on the south 
side of the main building is almost wholly occupied by 
machinery at rest and in motion. This area is sepa­
rated from t h e  main building by Talbot road, across 
which is  carried a foot bridge of 70 ft. span, which is 
used by all visitors arriving by rail at the exhibition 
station. In addition to the botanic gard ens, there is 
a considerabl e  area available for opeli ai r recrea.tion .  
This ground i s  s i tuated for the most part n ear Talbo t 
road, and it contai n s  detached buildings, notably a 
creamery, conservatories, bil liard room and smoking 
room. '.rile IJroximi ty of the botanic gardens, as a 
matter of course, suggested t h e  provision of all the 
ac('essories whic h  llIad e the fisheries and the other re­
cent exhi bitions at South Kensington so enjovabl e  as 
a SUIllmer reso rt. The grouuc1s have been reatranged 
to It great ext,ent. A wide promenade has been formed, 
with a ban d  stand at each e nd, and, as we h ave sai d ,  a 
magnificent fountain has been provided for di splay 
with eleetric l igh t. 

The roofs of the exhibition building contain seveml 
features of a novel kind. The architects have shown 
considerable ingenuity ill using those forms and sec-

ends into proximity, so that any number o f  flat bars 
can be gripped and a bolt passed through the wh ole 
thickness. The end of the tubular tie rod is  thRn pass­
ed through the center h ol e  in the strap, and a nut is 
screwed on the end of the pipe, by which the w hole 
can be d rawn tightly together. It will be seen from 
the drawings that the suspendi ng rods are also made 
of d rawn tubes, and are attached to the tie rods by 
ordinary T pi eces or junctions. '1'he clustered columns 
are secured to the brick foundation by being bolted 
down to a cast i ron bed plate of 1)4 in. thick. The 
heads of the bolts are countersunk so as to insure a 
uniform bearing on the brickwork, and the bed plates 
are secured by holding-down bolts, which are built into 
the b rickwork. 

In the roofR of the low main buildings, n ot only are 
all the members which are in tension made of drawn 
pipes, but t h e  rafters and purlins are of the same class 
of material. The struts are of angle iron, and are 
attached to the purli n coupli n gs by rivets. The shoes 
of the principals, and what answers for a ridge piece, 
are made of flat bar iron p u n ched and formed to a suit­
able shape to receive the e n d s  of the pipes which are 
attach ed with Huts, as above d escri bed, for the tie rods. 
The dome, w h i ch is t welve sided in plan, is of graceful 
form, and is very lig'ht in construction. Each rib is  
made up of two '.r i rons, which are tied togetlwr by 
ordinary d i agonal braeing of angl e iron 2 in .  X 2 in. X %, eaeh having' a si ngle rivet at each end. No pipes 
have been employed i n  this part of the structure, b ut 
the n ecessary ties are of steel wi re rope, which is so 
l ight as to be hardly visibl e from the floor of the build­
i ng. '.rhere are t w o  complete sets of tie wires which 
cross t h e  dOllle horizontally, but d iagonally, as shown 
on the plan of the lantern, touchi n g  each other as they 
pass. 

'.rhe buildings are, with very few exceptions, covered 
with corrugated iron, and no oth er material is used 
with it, except in the music room, at the eastern end of 
the bui lding, where the inside of both roof and walls  is 
lined with thin boarding, which, for obvious reasons, 
is Illore suitable than galvanized i ron and ordinary 
brickwork. 

tion m ay be divided into three great departments. 
There is, first, the main building, in itself a novelty in 
archi tect u re, around which, together with the art gal­
lery adjoining, centers the serious i n terest of t.he exhi­
bition. Secondly, there are Buffalo B ill's H 'Vild W f'st " 
grounds, which have a h i storical i nterest, as a pictorial 
representation of a phase of l i fe now almost, if not 
not quite, vanished, Rnd as showing the m ethods by 
which the enterprising peopl e of the United States 
h ave reclaim ed to civilization that vast space of the 
North American continent which twenty or thirty 
years ago was designated upon the maps as un ex­
plored. Thirdly, there are the horticultural and plea· 
snre gardens, nearly twelve a cres in extent, showing 
the flora of North America as completely as climatic 
condition s will  allow, and furnishing outdoor amuse­
ment for the vast numbers of people who are confined 
to Lon don i n  the summer season, and lllust seek their 
recreation within the m etropol itan boundaries. 

It, i s  always a matter of i nterest to k n ow som eth ing 
of the appearan ce, history, and characteristic� of the 
men who i n i tiate and earry to cOlllpletion gigantic en­
terprises. In t h i s  case, the first of these persons i s  lUI'. 
John Robinson 'Vhi tley, of London, the d irector-gen­
eral. The idea of holding such an exh i b ition in Lon ­
don impressed him ,  from the English standpoint, as a 
brilliant one, and he entered upon the colossal work, 
in face of what seemed almost i n surmountable ob­
stacles, to carry it through to a successful compl etion , 
with all the energy, enthusias m ,  and untiring indu stry 
which are characteristic of the man. He b rought to 
the work a pecul iar fitn ess, acqui red by previous ex­
perience in the great international exhibitions which 
had preceded this, and i n  which h e  had participated as 
an exhibitor, especially at Paris, in 1878, where h e 
represented some fifty firllls. Thi s  experience, to­
gether with his business as a m erchant and manu­
factureI', and his wide knowledgf' acquired from travel 
all over the world, made h i m  ful l y  alive to the fact 
that in Allleriea there was enough, of which n othing 
was known to the European world, to make an inter­
esting, popular, and valuable exhi bi tion. He has from 
the beginning taken entire charge of the work in Eng-
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land, and, in addition, has spent twelve months in 
visiting every part of the United States in the interests 
of the great work he has undertaken, and which has 
now become, from what seelHed almost a chimerical 
idea, a substanti al reality. 

Colonel W. F. Cody is known to the world as "Buffalo 
Bil l , "  a title acquired by having shot 4,280 buffaloes in 
one year. His life, frolll boyhood, h as been spent on 
the Indian frontier, and he has passed through every 
phase of border life, always with credit to hi msel f, as 
hunter, trapper, guide, and scout. He has endured 
dangers and difficulties the recitation of which woul d  
fill Illany volume>;, and i n  every pnrSllit h e  has achieved 
the distinction of being the bravest, the most thorough, 
the mo�t activp, the most chivalrous and most daring 
IDan whom that phase of American eivilization has 
ever produced. He has been Chief of Scouts of the 
United States Army, member of the Legislature for the 
State of Nebraska, and is now colonel and aide-de­
camp on the staff of the governor of that State. 

Captain Burnet Landreth , of Ph iladelph ia, is a mem­
ber of the great seed firm of D. Landreth & Sons. He 
served with distinction during the war of the rebellion , 
ami h is experience as a soldier developed in him great 
abilities as an executive officer. He was Chief of the 
Bureau of Agriculture at the Centennial Exhibition of 
1876 , and gave to that department remarkable promi­
nence and importance. -Itlnstrated London News. 

NUTRITIVE VALUE OF FUNGI. 

IT is generally thought that edible f ungi are very 
nutritious, and, according to popular pl'ejudice, such 
food h as even a nutritive value equal to that of meat. 
According to L'Engl'ais, Mr. C. T. Morner, a German 
chem ist, has thrown light upon the question by sub­
mitting various edi ble  fungi to artificial digestion. 
The total nitrogen that these fungi contain varies be­
tween 2 and 3 '64 per cent. i n  the dry material. Forty­
one per cent. of the total nitrogen is useful in alimenta­
tion; all the rest belongs to non-assimilable bodies. 
Nothwithstanding these relatively high figures, fungi 

MR. JOHN ROBINSON WHITLEY, 
DIRECTOR-G ENERAIJ. 

t.he almn inum are (corundum), together with the cop­
per and the carbon, by which it i s  surrounded, to such 
a t.emperature that the oxygen in the ore combines 
with the car bon, and the aluminum alloys itself with 
the copper. 

In the Kleiner process it. is the ch emical power of 
the current which is principally brought into play, the 
metal being extracted by electrolysis at a low tempera­
ture. At the same time there is sufficient heat developed 
to fuse the ore, and thus bring it into a fluid condit.ion, 
which is an essential condition of a m aterial before it  
can be electrolyzed. As the substance employed melts 
at a low heat, it rapidly attains the flui d  state and be­
comes a cond uctor, and nfter this is al'l'ived at there is 
little or no furt.her rise of temperature, as the compara­
tively l arge area of the bath offers bnt small resistance 
to the passage of the current, and hence after the pre­
liluinary operation is complete the action becomes 
mainly che uJical. 

The ore employed is cryolite, a double fluoride of 
sodium and aluminum. This is ground to a fine pow­
der, and under the action of the CUl'I'ellt has its alum­
inum removed, leaving a double fluoride of sodium, 
which is soluble in water. After th e process has been 
carried as far as is cOlllluercial ly economical , the slag is 
al lowed to cool, an d i s then broken up and washed. 
'fhe metal comes out in Imnps, the soda salt is dissolved, 
and can be saved for conversion into caustic soda, while 
the unreduced ore, which is insoluble, is dried and re­
turned to the bath. It will be seen from this that the 
two elements of the process are the ore and the power 
required to drive the dynamo. As aluminum enters 
into very firm union with other bodies, it requires the 
expenditure of a large amount of energy to break up 
the connection, the theoretical result attained by an 
amount of electric energy represented by one horse 
power per hour being 3% gralllmes (Tko lb.). Of course 
the f u l l  efficiency cannot be o btained in practice, but 
in an experiment made in London, by Dr. John Hop­
kinson, F.R.S., it appears that 3 grammes of metal per 
horse power are already attainable when working on a 
very moderate scale. In other words, a d ynamo 

THE HON. OOLONEIJ W. F. OODY, 
" BUFF AI,O BILL." 

ing the positive carbons to the bath. This syst.em con­
sists in completely submerging hollow cylinders of pure 
carbon in t h e  melted eryolite, and conneeting t.hem 
with the positive curreut by means of projecting ears 
through each side of the vessel; while the negative 
carbon is raised up through the bottolll of the vessel 
until its apex is on a level with t.he upper part of the 
hollow carbon cylinder. Being thus fixed i n position, 
the powdered cryolite is fed in as in the previous systelll, 
and the first fusion is achieved by formin g an arc be­
tween the negative carbon and one long carbon rod 
suspended fro III the top, used only for this purpose. &nd 
wh ich can be moved in an y direction by the hand, so 
that as the cryol ite around the two poles is llIelted, the 
positi ve rod is slowly moved across the vessel toward 
the hollow carbon cylinders forming the sides, until 
the current freely flows through the melted cryolite be­
tween these and the negative carbon in the center. 
This requires about ten minutes, and once attained, 
the carbon rod is withdrawn, and the electrolytic pro­
cess continue;; its even course to th e end-the bath 
flowing smoothly-w h i l e  the hollow carbon cylinders, 
scarcely, if at all, attacked, will serve over aIHI over 
again. 

Such is the process now adopted, and it will be read­
ily seen that not only is it sim pie, but also that its cost 
can be readily calculated. Cryolite can be obtained 
practically pure from Greenland in any quantities at 
from 18l. to 20l. a ton at the outsi de, but an artiticial 
cryolite can be made at about half this cost, and no 
doubt will be as soon as there i s  a demand sufficient to 
warrant its manufacture on a large scale. Its exact 
composition is Al.FI.6Na�'I, the p roportions of the 
various elements being aluminuIIl, 12'85 per cent.; so­
dium, 32 '85 per cent.; and fluorine, 54'30 per cent. The 
production of electricity in large currents is no longer 
a matter of experiment, and its cost can be caleulated 
exactly, being merely a matter of horse power. In 
order to reduce this expense, water rights over half the 
River Rh i n e  at Shaffhausen, whel'e th e Rhine falls are 
situated, had been acquired by those interested ill .Ill'. 
Kleiner's process, together with a site occupying six 

CAPT. BURNET LANDRETH, OF PHILADELPHIA, 

DIREC'l'OR IN 'fHE UNITED RTA'l'ES. 

THE AMERICAN EXHIBITION IN LONDON. 

constitute a very medi ocre food, since the figures relate 
to dry material, nnd fungi contain enormous quantities 
of water. Mr. Morner's conclusions are as follows: 

As a substitute for one egg it would require of-
Common mushroom ... ............. 10 ounces. 
Lactarius delici osns . . . .. ..... . " . . . . .  1% lb. 
Chanterelle . . . .. ... . . .... . .  . . ........ 2%; " 
Polyporus ovinus . . . . . . . .. .. . . . . . . . . . . 4% " 

As a substitute for a pound of beef it would require 
of-

Mushroom . .......... .................... 9 lb. 
Lactarius deliciosus . . . . .. .. . . . .. . . . . . . ... 24 " 
Chanterelle . . . . . . . . . . . . . . .... . . . . . . . . . . . . . .41 " 
Morel. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15" 
Polyporus ovinus . . .  _ . . . .. . . . . . . . ... . . . .. . 67" 

If a person desireu to live exclusively upon fungi, he 
would have to consume per day, in order to find in 
them the requisite four ounces of alburni noids: 

Mushroom ............................. 12Yz lb. 
Boletus ........................... , .. 21� " 

Lactarius deliciosus .................... 32� �, 
Chanterel l e  . . . . . . . . . . . . . . _ . , . _ . . . .. . .  57%;' 
Polyporus ovinus ....... . . .. . ........ . 91% 

AL Ul\IINUM. 
WE have recently had the opportunity of seeing 

commercially pure metallic aluminum produced direct 
from its ore by a process invented and carripd out by 
Dr. Kleiner, of Zurich . The entire operation only oc­
cnpies from two to three hours, and is effected by the 
sim plest. apparatus . A steam engine, a dynam o, and a 
hearth or melting vessel are all that are absolutely 
necessary, and by these appl i ances t.he aluminum is 
divorced from the elements with which it is combined 
in the ore, and i s produced in lumps, which vary in 
size from a marrow-fat pea to a "mall potato. The 
agent which effects the reaction is the electric current, 
but it plays an entirely d iffel'ent part from that which 
it takes in the Cowles alumiullIll furnace. In that t.he 
current is merely a source of heat, and serves to raise 

mach ine giving 100 electric horse power, and working 
twen ty h ours per day , wonld produce 80 lb. of pure 
alulllinum per week of six days. 

The hearths or crucibles in which the operation is 
carried out are very simple. Accord i n g  to one arrange­
ment, an ordinary plumbago crucible has a carbon 
electrode, formed of a group of rods, inserted through 
the bottom (negative), and a second electrode (positive), 
fixed to a bracket above, dipping into it. Another 
m ethod, which is preferred, is to use a vessel or cavity 
formed of bauxite, pressed hydraulically into a box or 
case. 

In either case the heat is so low, and is so entirely con­
fined to the interior of the bath, that there is no inj u­
rious action on the walls. At the commencement of 
the operation the ground and dried cryolite is  placed 
in the vessel until the lower electrode-the cathode-is 
covered, and then the center rod of the upper electrode 
is lowered until an arc is established, the current having 
about 80 to 100 volts and 60 to 80 amperes. A very 
short time suffices to effect the fusion of the cryolite i n  
the immediate vicinity of the arc, and fresh powder is 
added until there is a glowing fluid mass in the center of 
the bath. This makes a path for the current, which no 
longer forms an are, and as the heat extends, ot.her 
rods of the upper electrode are gradually brought down, 
until the greater part of .the contents of the bath are 
exposed to the current. At the same time the el ectro­
motive force of the cUl'l'ent is reduced to 50 vol ts. A 
smooth and tranquil fusion, at the lowest possible tem­
perature, is maintained from two to three hours, and 
then the process is stopped and the current switched 
on to another vessel. 

acres of freeho l d  ground, but nnfortunately t.he g-ov­
ernment of t.h e cantons of Shaffhansen has declined to 
allow the falls to be used to this ext.ent, on t.h e g,otmds 
that the h otel keepers in the nei g-h borh ood would he 
prejudiced by the falling off in tourists and visitors 
who an n uall y flock there in th ousand s t.o admire onr 
'European Niagara. It is calculated that t h e  powel' at 
this spot is equal to 15,000 horse power, and that i t  
wonld suffice t o  produce 600,000 lb. of alUluinium pel' 
annum at an extremely cheap I'ate. l<Jven if only a 
part of the power was employed in the first in stance, 
the m etal could be put on the market at half the pre­
sent rate, and yet yield a very high profit to the manu­
facturers. However, this i s  an aspect of the matter 
which does not concern us at present. Any one who is 
interested in it can form fol' himself a pretty conect 
estimate of the cost. of aluminulll by this process, 
whether the power be obtained from a waterfall or 
from steam engine� situated in a district of cheap 
fuel. * 

It is not easy t.o point to any actual demand for pure 
aluminum on a large scale, but its qualities are such 
that it llIay be confi dently prellicted that the supply 
wou l d  ereate the demand. In the form of an iron alloy 
it is already used in t.he production of "mitis" cast.ings, 
and all who have had the opportunity of exalllining 
these productions will und�rstand what extensive 
openings will be found for them in the future. Textile 
machinery alone could absorb enormous quantitit'g of 
th em, while if it be proved true, as stated, that the 
addition of aluminulII t.o steel will insure sound cast­
ings, another wide outlet for the metal will be found. 
Fo!' military and naval appliances, where lightness is 
often of the gre1;lotest consequence, the llse of alum inum 
bronze is assured as soon as t.he priee is reduced, while 
in the arts an alloy with the appearance of gold, the 
strength of steel, and th e d u ct.ili ty of charcoal iron 

An important and vnluable improvement on the 
above has, we learn, just been patented by Dr. Kleiner. 
It was found that the consumption of the carbon rons 
used as anodes formed an expensive item of cost in the 
process; and having observed that the ends of these 
rods submerged in the molten bath of cryolite remain-

* Indeed, since the Rhine falls bave beell refused to those interested in 
the patents, we are mformed they lime decined to hire a large mill either ed almost intact thronghout the operation. while that in Wolverhampton. Billningham, or LHlleu�hitc, \\ Ith a milll!l1um of GOO 

portion i m mediately above th e surface, and for about horse power, in order to test the PIO! os, Oil ,I small cOlllmerr'illl -cale fora 

2 ill. to 3 in. u pward was more 01' le"s eaten away to year, and If sllccessfnllllcrease the 1"'WCI' '.0 se.VI'ral thollsulIlls . .'I'he O\lt-
th ·t · d ' d

' 
d t d t 

-
t

' f 1 l Pllt of r"re met.al (allllllllllllU) from these I'l'eliUllllal'Y works Will not be 
e core, 1 was eCl e ·0 a op a new sys em 0 app y- less than 200 lb. per week. 
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must find a thousand purposes for which it will carry 
its own recommendation. D r. Kleiner's process was 
first noticed in June, 1886, and brought into its pre­
Rent practical prominence by Major Ricarde-Seaver, 
P. R S. E . ,  who, during some years, has given special 
scientific attention to the production of aluminum. 
We are indebted to his courtesy for the opportunity of 
visiting the works in Parringdon road, and thu� giving 
the first public tech n i cal descri ption of this interesting 
i uvention. The d vnamos used are the E dison-Hopkin­
son, made by Mes�rs. Mather & Platt, ::\fan chester, 
and for electrolytic purposes seem all that can be 
desired , although not specially bui lt with that object. 
-Engineering. 

A PLANT THAT DESTROYS THE TASTE OF 
SUGAR. 

AN EXAMINA'l'ION OF THE LEAVES OJ;' GYMNEMA 
SYLVES'l'RE. ·"  

GYMNEMA SYLVESTRE (R. Br.)  i s  a n  asclepiadaceous 
plant growing in the Deccan peninsu l a, from Concan to 
Travancore ; it is also met with in Assam, and on the 
Coromandel coast, and is distributed in  the continent of 
Africa. It is a stout woody climber, with long, slender 
branches. 

The leaves are opposite, entire, from 1 %  to 3 inches 
long, and from 1 to 2 inches broad, ell iptic or obovate, 
acute or cuspidate, rarely cordate at the base, mem­
braneous, thinly pubescent on both sides, the upper 
surface of a darker green than the lower. Gymnema 
syl'cestre i s  mentioned in the non-official list in the Phar­
macopreia of India (1868) , and in D r. Dymock's .• Materi a 
Medica of 'Vestern India. " The powdered root has for a 
long time been known among the  Hindus as a remedy for 
snake bites. In such cases jt is applied locally to the part 
affected, and also taken internally in the form of a decoc­
tion. But the most curious circumstance connected with 
this plant was first noticed by Mr. Edge worth, who d is­
covered that by chewing some of the leaves it destroyed 
the power of the tongue to appreciate the taste of 
sugar. He found that powdered sugar, taken immedi­
ately after masticating some of the leaves, tasted l i ke 
so m uch sand in his  mouth, and this  effect lasted for 
t wenty-four hours. Dr. Dymock, reviewing this pro­
perty, said he was unable entirely to con firm this state­
ment. His experie nce was that sugar taken i nto the 
mouth after chewing the fresh plant had a saltish taste, 
but was still easily recognizable. 

Some authentic leaves were procured by Mr. Lawson 
from Guindy Park. Madras, who placed them at my 
d isposal for chemical examination. 'rhey had a bitter­
ish astringent and slightly acid taste. After chewin g 
one or two leaves, it was proved undoubtedly that 
sugar had no taste immediately afterward ; the saltish 
taste experienced by others was due to an insufficiency 
of  the leaf being used. Sugar in combination with 
other compounds in dieteti c  articles is  plainly destroyed 
as to its taste after using these leaves. In gingerbread, 
for instance, the pungency of the ginger is alone de­
tected, the rest is tasteless meal ; in a sweet orange the 
taste of the sugar is so suppressed, and that of the citric 
acid con seq uently developed, that in eatin g  it resembles 
a lime in  sourness. 

Among the several kinds of foods, drugs, and bever­
ages which affect the palate, gymnema does not pretend 
to render them all tasteless ; it does not affect pungent 
and saline things, astringents, and acids. It is limited 
to apparently two diverse substances, sweets and 
bitters. It has been noted that sugar taken aftel' the 
leaf ta stes l ike sand, so I have found that sulphate 
of quinine taken after a good dose of the leaf tastes like 
so much chalk. I am not going to propose its use in 
the administration of nauseous d rugs, u ntil the medi­
cal properties of the gymnellla have been more studied, 
otherwise the quantity of the vehicle taken may p rove 
to counteract the effect of the medicines. 'I'he ex perf­
ence of several friends as well as Ill y own is that the 
effect does not last for twenty-four hours as stated, but 
for only one or two hours ; after that time the tongue 
resumes its appreciation of all that is s weet or bitter. 

'rile powdflred leaves were submitted to the action of 
various solvents, and by this mean s it  was ascertained 
that the peculiar property of gym nema leaves was dis­
solved out by alcohol, and,  as it occurred in the aq ue­
ous extract of the residue, it was therefore soluble in 
water. As benzene and ether took from the leaves 
certain principles of the sallie appearance and weight, 
it was conceived that noth i n g  would be gained by 
using both solvents ; the preliminary extraction was 
therefore made with ether rectified from water and 
spirit. The ether extract consisted of chlorophyl and 
two resins separated by their solubility in alcohol. The 
resin insoluble in spirit formed the larger portion ; it 
was solu ble in chloroform, bisulphide of carbon, and 
benzene. It was elastic and tenaciolls, decomposed by 
warming with nitric acid, the product being precipi­
tated with water ; only partiall y  saponified with caustic 
potltsh. S ulphuric acid d issolved it in the cold, giving 
a green solution. It seemed to consist principally of a 
neutral resin. 'rhe re"in sol u ble in spirit was readily 
saponified with soda, and gave a permanent bluish­
green color with suI ph uri c  acid ; l ike the forIller resin, 
it  was of an acrid nature, and left a tingling sensation 
in the t hroat. 

'I'he alcoholic  solution of the leaves was almost en­
tirely soluble in water ; in fact, by treating the leaves 
separately by alcohol and water, 36 '37 per cent. organic 
matter was extracted ; by treating the drug with water 
alone, 36 per cellt.  wad removed. By direct experiment 
it was foun d  that in the former extract 0 '47 per cent. 
was an acrid resin similar to those found in the ether 
extract. 'I'he aqueous solution of the substances solu­
ble in alcohol h ad a df>cidedly acid reaction ; it gave 
no coloration with ferric chloride, showing absence of 
tannin. It  was deepened in color with alkalies, but 
gave a bulky preci pitate with s ulphuric, nitric, hydro­
chloric, and acetic lwids. It reduced Pehling's solution 
on boiling, and gave a cloudiness with Nessler, a pre­
cipitatf' with lead acetate, but none with tannin or 
picric acid. 'rhe precipitate caused by sulphuric acid 
was collected on a filter and washed till it ceased to give 
a cloudiness with bariulIl chloride. It  yielded a green­
ish powder, insoluble i n  water, but soluble in alcohol, 
ether, benzene, and chloroform . With potash, soda, 
and ammonia it afforded fine red sol utions with orange 
colored froth, but they were both precipitated on the 

* A paper read at a meeting of the Nilgiri Natural History Society, 
Ootacamund, by David Hooper, F. C . Ol . ,  March 7, 1887.-Nature. 

addition of the mineral acids. It dissolved i n  concen­
trated sulphuric and nitric acids with intense red 
color, but in both mixtures it was destroyed and pre­
cipitated by water. It fused at about 60" C.  into a 
blackish brittle mass. Heated in a test tube it gave off 
fumes of creosote, but no crystals were o btained in a 
subliming apparatus. Gently i gn ited, it burned with a 
bright flame, leaving no ash. It was thrown down as 
a bulky gray mass by acetate of lead ; the lead salt de­
composed by sulphureted hydrogen in water left the 
substance in the reddish evaporated filtrate from the 
lead sulphide. 

'l'he body j ust described h as the characteristics of an 
organic acid related in some particulars to chryso­
phanic acid, but having some distinctly peculiar reac­
tions, and possessing the anti-saccharine property as­
cribed to the leaves. I propose to call it gymnemic 
acid. 

Gymnemic acid forms more than 6 per cent. of the con­
stituents of gyulIlema leaves, in com bination with a 
base which has not been isolated. Anothel' organic 
acid was present in the lead acetate precipitate, which 
was identified as tartaric acid. The filtrate from the 
insoluble lead compounds was treated with sulphuret­
ed hydrogen gas, and the clear liquor after evaporation 
was eIamined for sugar. Glucose was detected in some 
q uantity by its immediate and abun?ant �eduction �f 
Pehl ing's solution ; the sugar examlIled III a polan­
scope had a left-handed rotation. 

C hloroform agitated with an alkaline solution of the 
leaf left a crystalline residue of a brownish color ; it 
had a b i tter taste, and acted as a sialagogue. With 
the ordiuary alkaloidal reagents it afforded colored 
preci pitates, but was a n eutral principle. Its further ex­
amination, togeth er with that of gymnemic acid, is re­
served for further investigation. 

The leaves after being exhausted with ether an d then 
alcohol were treated with water. The gum was detect­
ed a n d  estimated in the usual manner. A carbohy­
drate, optically inacti ve, and, after boiling with acid, 
reduci ng Fehling's solution/was found in this extract. 

Di luted soda, removed a brownish liquid which con­
siRted of albuminous matters only partiall y  soluble in 
alcoholic and acetic aci d .  These were not weighed, but 
calculated by d ifference. 

A sol ution of 1 per cent. hydrochloric acid was em­
ployed to remove the oxalate of calcium. A micro­
scopical examination of the powdered leaves showed It 
fair sprinkling of the conglomerate crystals or raphides 
so well known to exist in rhubarb. The dilution of 
the acid menstruum rendered this process very tedious, 
so a stronger acid was used and the marc washed with 
it until ammonia produced no cloudiness. The collect­
ed liquors Iwere allowed to deposit, the sediment was 
then collected on a fil ter, dried, and weighed ; then in­
cinerated and weighed agai n. The calcium carbonate 
was calculated into oxalate, and the difference between 
this and the first weighing was reckoned as pararabin. 
No oxalic acid was found in a free state. 

The ash of Gymnema sylvestre is very high, a fact in 
accordance with the amount of lime salts it contains. 
Gentle ignition of the air-dried leaves left as much as 
11 '65 per cent. , and about one-half of this was calcium 
carbonate. One hundred parts contained : 

15 '41 sol uble in water. 
78 '71 soluble in acid. 

0 '88 sand and siliceous residue. 
The cellulose was estimated by steeping the leaves in 

sulphuric acid of specific gravity 1 '50 for 30 hour�, 
washing, drying, burning, and deducting the ash ; this 
result did not differ materially from the weight of the 
totally exhausted powder treated with chlorine water. 

The following is a tabulated analysis of the powdered 
an d sun-dried leaves : 

Ether extract (chlorophyl and resins). . . . .  5 '51  
Alcoholic extract (gynlIlemic acid, tartaric 

acid, glucose, neutral bitter principle, 
resin, etc.)  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19 50 

Aqueous extract (gum 1 '45 per cent. , glu-
cose, carbohydrate, and extractive) . . . . , 1 6 '87 

Alkaline extract, by difference (albu­
minous and coloring matters) . . . . . . . . . . .  8 '1 5  

Acid solution j calcium .oxalate. . • . •  . . • .  . . 7 :64
4 / pararabm . . . . . . . . . . . . . . . .  2 7 

Ash (balance of) . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 '69 
Cellulose . . . .  , . . . . . . . . . . . . .. . . . . . .  , . ' " . . . .  27'86 
Moisture . . .  " . . . .  . . . .  . . . .  . . . . . . . . . . . • . . . . . .  6 '04 

100 '00 

CELLULOSE. 
By R. B. GRIFFIN and A. D. LITTLE. 

CELLULOSE is to the paper maker the substance up­
on which his  whole art depends. In its purer form, as 
cotton or linen fiber, or the product of the different 
chemica.! woocl pulp processes, it forms the basis of all 
that he  prod uces, and associated with various chemi­
cal modifications of itself it has in the shape of ground 
wood made possible the present enormous production 
of cheap printing paper. In view of the great impor­
tance thus given to the subject, it is  to be regretted 
that the chemistry of cellulose is as yet in a very im­
perfect condition. Much i s  merely h inted at, and 
much more probably is wholly unknown. In view of 
the present state of our knowledge, therefore, the 
writer will only touch upon the theoretical aspects of 
the subject, confining himself mainly to its well known 
chemical relations and reactions. 

The p hysical features of the ordinary forms of cellu­
lose are familial' to all paper makers. It is p.ssentially 
vegetable in its origin , although it i s  said to have been 
found in certain of the lower orders of animals, in de­
generated human spleen and in the brain .  It occurs 
ordinarily in the shape of plant hai rs or fibers, which 
vary in length and some what in other characteristics, 
as they are obtained from different sources. 'rh e  cot­
ton hairs appear under the microscope as long ribbons, 
thicken ed at the edges and twisting in all directions, 
while the purified fibers from certain dense woods are 
so short as to appear to the unaided eye as scarcely 
more than dust. 

The most striking and valuable chemical property of 
cellulose is its remarkable indifference to nearly all 
chemical reagents, treatment which would cause the 
metals or even glass to dissolve having scarcely any 
effect upon it. It has, however, a powerful attraction 
for certain salts in solution, and water containing 

them may be so filtered through a mass of cellulose as 
to have the dissolved salts completely removed. This 
attractive power is so strong in the case of vanadium 
compounds that cellulose will separate them from 
solutions containing only one part in It trillion . 

Cellulose dissolves in a number of reagents, but in  all 
cases except the one i mmediately to be m entioned it 
undergoes chemical change, so that the phenollH'non 
is not one of simple sol ution. In Schweitzer's reagent, 
however, cellulose is readily brought i nto solution, and 
may subsequently be recovered without change of 
composition. 'l'his reagent is best prepared by dissolv­
ing freshly precipitated copper hydrate in strong alll­
monia. Under its influence cellulose, as in the shape 
of pure filter paper, softens, swells, and soon passes into 
a thick, sirupy solution from which, on the addition of 
acid, it i s  preci pitated in dense flocks. A COIllJIlf'J'cial 
process for waterproofing paper depends on the action 
of Schweitzer's reagent, which is allowed to remain i n  
contact with t h e  sheet long enough for t h e  fi bers t o  be­
come s uperficial ly  softened, in which condition they 
may be pressed into a continuous mass. 

Cell ulose belongs to the group of bodies known in 
chemistry as the carbohydrates, and which comprises 
in  addition the sugars, dextrine, starch, etc. The rela­
tionship between these boclies is very close, and i s  
made evident by a large number of reactions. Thus 
it i s  possible to form cellulose in the laboratory by the 
action of certain ferments on ordinary sugar, and it has 
been shown that in the case of tbfl sugar cane the for­
mation of cellulose is attended by a di rectly propor­
tional decrease in the amount of sugar present ; indeed, 
i t  is probable that, speaking gp.nerally, the formation 
of cellulose in l i ving plants is d ue to the action of fer­
ments on the sugar in the plant. 

Strong SUlphuric acid dissolves pure and thoroughly 
dry cellulose, and forms an almost colorless solution , 
which, on dilution with water and boilin g, yield" dex­
trine and glucose. Under the same conditions, starch 
acts similarly and gives the same products. With 
rather more dilute acid-one part water, foul' parts sul­
phuric acid-cellulose dissolves, and from the solution , 
on addition of a large amount of water, it is precipi­
tated as amyloid, which dries to a horny mass, which 
is now attracting considerable attention in the arts. It 
forms the ou ter covering of the parehment paper 
now largely used for tying up the tops of bottles amI 
preserve jars, and which is made by d ipping ordi­
nary un sized paper for a few seconds in sulphuric acid 
diluted with a q uarter or more of its bulk of water. 
The paper is  then washed with water containing 
amlllonia,  then with pure water, and will  be found to 
have acquired it remarkable toughness and mauy of 
the properti es of anilllal parchment. Concentrated 
solution s  of zinc chloride effect sillJ i lar transformations 
into amyloid and parchment paper. 

The action of chlorine npon cell ulose is of the utmost 
importance to the paper maker, and has been quite 
carefully studied. When chlorine gas is passed into 
water containing cellulose i n  suspension, the cel lulose i s  
rapidly oxidized, and t h e  same effect is produced o n  
heating cel lulose with a solution o f  a h ypochlorite a.s 
bleaching powder. The extreme effect of thi slotreat­
ment is to convert the cellulose into oxycelll.1 ose, a 
substance of verv friable  n ature and containing 
more oxygen than ordinary cellulose. It is evident 
therefore that in bleaching cellulose care must be 
taken that the solution of  bleaching powder is 
not too strong or the bleaching temperature too high. 
Oxycellulose can also be produced by the continued 
action of a comparatively small amount of b leach solu­
tion. If a mass of fiber should be saturated with the 
solution, then squeezed nearly dry and allowed to re­
main in the air for some time, it will be fou n d  that the 
fi bers have lost their strength and become brittle 
through the formation of oxycellulose. The import­
ance of thoroughly removing by washing or otherwise 
the last traces of chlorine from half stuff becomes self­
evident in this connection . 'I'his forming of oxycellu­
lose. however, even takes place, though only slowly, in 
the simple presence of light and air, and is  the main 
cause of the deterioration of paper by age. In cases 
where resin size or much groun d  wood is used, this 
ageing i s  largely due to ti le  action of the acti ve oxygen 
or ozone in the air on the resinous and woody matter 
present. 

Hydrocellulose is a body resembling oxycellulose in 
many properties and which has, with little 01' no occa­
sion, att.racted considerable notice in connection with 
the p ulping of wood by the sulphite processes. Hydro­
cellulose, although generally retaining the forlll of the 
cellulose from which it was derived, is very brittle and 
easily acted upon b y  chemical reagents. It is formed 
by the long-continued action of certain dil ute a cids, as 
hydrochloric, at the boiling temperature. Many care­
ful examinations of sulphite fiber have, however, failed 
to show any sign of this substance. 

The action of nitric acid upon cellulose is peculiarly 
interesting, and has received important applications in 
the arts. 'rhe effect of the moderately strong acid is to 
fOl'ln varieties of oxycellulose. As the strength of the 
acid is increased, however, and particularly when a 
mixture of nitric and sulphuric acids is employed, the 
cellulose is converted without change of form into com­
pounds of nitric acid and cellulose, known as gun cot­
ton, pYl'oxyline, etc. Certain of these nitrates dissolve 
in a mixture of alcohol and ether, the resulting solutioI1 
being widely used under the name of collodion by pho­
tographers and surgeons. These nitrates explode with 
great violence under proper conditions, bnt when wet 
can be handled with such freedom from danger that 
gun cotton when manufactured on the large scale is 
commonly freed from adhering acids by wasiJ ing in an 
ordinary rag engine. 

Unless carefully made and thoroughly washed, there 
is great liability that gun cotton wi l l  explode sponta­
neously, and to show how near one may come to living 
on a volcano without realizing the fact, it  is worth 
mentioning that in the early part of the century a pro­
cess was employed com mercially in France for the 
manufacture of wood pulp, which consisted in dissolv­
ing the incrusting matter of the fi bel' by treating the 
chips with strong nitric acid.  'l'lle  process was con­
ducted in  great stoneware jars, and yiel ded q uite good 
pulp for the times, but was finally abandoned on ac­
count of cost and difficulty of working. In such a 
process there was, of course, though unknown at th e 
time, great danger of forming explosive n itrates of 
cellulose. 

By special treatment and incorporation with camphor 
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gun cotton is converted into celluloid and zylonite, 
both of which are now widely used as substitutes for 
ivory, tortoise shell, coral , etc. 

Caustic soda and caustic pota�h, when in dilute so­
lution, do not readil y attack cellulose, even on boiling 
under considerable pressure. Cotton wool heated to 
1600 C. , with a concentrated solution of caustic potash, 
dissolves completely, and under the conditions ob· 
served in the manufacture of wood pulp by the soda 
process a portion of the cellulose is dissol ved, together 
with the incrusting matter. 

The effects of heat alone upon cellulose are note­
worthy. At temperatures between 1000 and 1600 C.  
cellulose i s  slowly decomposed, with gradual elimina­
tion of the water with which it was chemically com­
bined. A sam pip, of perfectly pure and dry pulp will 
therefore slowly continue to lose weigh t  under pro­
longed heating, and this fact has dou btless given rise 
to many controversies regarding the dry weight of 
shipments of wood pulp.  

Under the influence of a considerably higher degree 
of heat than those mentioned cellulose, if  protected from 
the air, decomposes into a variety of acid , tarry, and 
gaseous products, leaving a residuum of carbon and 
charcoal. 

Cellulose is rapidly acted u pon by water at tempera­
tures below 2000 C., being converted into dark brown 
p roducts, mainly insoluble. Wood chips are similarly 
affected at temperatures below 1500 C . , becoming, in 
the presence of water alone, badly burned and brittle. 

The decay of cellulose i n  nature, where it gen erally 
occu rs associated with other bodies, as woody tissues, 
is greatly hastened by the action of a fermen t occur­
ring in sewage and in fertile soils. Under this action 
cellulose is rapidly decomposed into carbonic acid and 
a marsh gas.-Paper Trade Jour. 

DETERMINATION OF NITROGEN IN COM­
l\IERCIAL FERTILIZERS. * 

By B. B. Ross and L. W. WILKINSON. 

AT a meeting of official agricultural chemists held in 
Washington, September 1 and 2, 1885, the committee 
on nitrogen reported that the samples sent out by the 
cOlllmittee were so few and meager and the discrepan­
cies so l arge as to make it inadvisable to recom mend 
any method for the determination of nitrogen for use 
during the next season, and recommended that the en­
tire report of the last committee be referred, without 
further action, to the next cOIllmittee on nitrogen. 
The new cOIllmittee, in accordance with the report re­
ferred to, sent out other samples during the present 
year, with specific instructions to be followed in deter­
m inations according to the Ruffle method, the one 
proposed by the committee for adoption by the associ­
ation. Nitrogen was also determined in the same 
sa,mples, for the purpose of comparison, by the soda 
lime and the Kjeldahl methods. As these determina­
tions were made with great care, the results are be­
lieved to be of sufficient interest to justify their publi­
cation. 

The reagents used in the Ruffle method consisted of 
standard solutions of sul phuric acid and caustic potash, 
one-fourth normal ; soda lime crushed, one-half in form 
of powder, and one -half granular ; sodium hyposul­
phite, cOlllmercial, fused, water-free, and powdered ; 
finely powdered charcoal and flo wers of sulphur, equal 
parts by weight ; and cochineal solution as an indica­
tor. The combustion tube was twenty inches in length 
and one-half inch in diameter. 

The samples used for analysis were representfld to 
consist of Nos. 1 and 2, ordinary commercial fertilizers 
containing nitrogen, No. 3, a rather superior sample of 
cottonseed meal, and No. 4, a nitrate mixed with 
sugar. 

Careful analysis of the chemicals used in the Ruffle 
method showed them to contain a small percentage of 
nitrogen, w hich is allowed for in the following results : 

RestLlts according to the Ruffie Method. 

(a.) (b.) (c.) Average 
No . 1.  Nitrogen found.  . . . . 1 '83Yz 1 '86 1 '85 1 '8483 
No. 2. , . " 2 ' 1 5  2 ' 16� 2 '15  2 '1541 
No. 3. " 7 '66Yz 7 '57Yz 7 '35 7 '53 
No. 4. " 3 '45 3 '39Yz 3 '35 3 '3983 

Results according to the Method with Soda Lime.  

No. 1 .  
No. 2. 
No. 3. 
No. 4. 

No. 1 .  
No. 2. 
No. 3.  
No. 4 .  

(a.) (b.) (c.) Average 
N itl;?gen fO,';lnd . . . . .  1 '84 1 '85 1 '845 

2 '05 2 '12Yz 2 '0875 
" 7 '25 7 '2772' 7 '2625 

2 '10 2 '12Yz 2 0875 

Reslllts according to the Kjeldahl Method. 

(a.) (b.) (c.) 

Nit�?gen f(��md . . . . .  1 '85 
2 ' 1 7Yz 

� , " 7'33 

Average 

From eight to ten hours' digestion with sulphuric 
acid was required in the Kjeldahl method, and about 
three-quarters of an hour for distillation, making it long 
and tedious. No. 4, consisting of sodiulll n itrate and 
sugar, yielded totall y  unreliable results, and is omitted. 
The quantity of material sent was too small to allow of 
other determinations. 

The above determinations show the uniform and 
satisfactory results obtained by the Ruffle method, and 
commend i t  to the favorable consideration of agricul­
tural chemists especially. 

RESIN GAS FOR IRON MAKING. 
MR. H. C. FREEMAN, Alto Pass, Illinois, lately re­

ferred to an iron mel ting operation with gas, about 
thirty years ago, in Newark, New Jersey. Messrs. 
Bowen had a malleable iron foundry in that city, and, 
requiring very pure fuel for melting the pig metal 
(whieh was Salisbury, Conn. , iron), they abandoned 
coal and substituted gas made from resin,  which could 
then be had for about 50 cents a barrel. This fuel they 
used for several years, and, I think, up to the time of the 
war, when the ad vanced price compelled abandonment. 
Thfl method of use was extremely simple. At the base 

* H Notes of Practical Work ill State Laboratory, Auburn, AlabaI1u1, " 

of thfl furnace was arranged a sheet iron hearth, about 
four feet wide in front ,  nearly horizontal, and descend­
ing a little under the furnace. A man sat in front of 
the hearth and fed the resin with his hands, strewing 
it broadly over the hearth. The resin was broken to 
the size of one inch diameter and smaller. The down­
ward radiated heat volatilized it. 

A NEW METHOD OF MAN U F  ACTURI�G 
CYLINDRICAL GL ASS OBJECTS. 

MR. A. OPPERl\IANN, of Belgium, has recently pa­
tented a new and very ingenious method of manufac­
turing cylindrical glass objects, of any section whatever 
-the word cylinder being taken in its widest accepta­
tion, and also designating a solid or hollow prism, and, 
indeed, even a plane sheet in the special case in which 
the directrix of the cylinder is reduced to a straight line. 
The most interesting, or, at least, the m ost immediate, 
application is in the manufacture of hollow cyl i n ders 
of circular section, called " muffs " in the language of 
the trade, and which, when split lengthwise and spread 
out in a furnace, give the sheet glass used in windows. 

Every one knows the system that has been employed 
from time immemorial for producing the muff by blow­
ing. In Mr. Oppermann's system, this blowing, with 
a.ll its preliminaries and its multiple operations, which 
require numerous and experienced workmen, is  entire­
ly d one away with. The principle of the method i s  
that of drawing a mass of glass i n  a vertical direction 
through the aid of a mould of any form corresponding 
exactly to the section of the cylinder to be obtained. 
This mould is immersed in the molten glass, and an 
u pward motion is given to it. The glass, in consequence 
of its cohesion and of its adherence to the mould, fol­
lows the latter in its ascensional motion, and forms a 
vertical sheet whose base is fixed, whi le  the upper part 
rises with the mould itself. 

The term m ould is not exactly accurate ; the device 
should be understood as a sol id body-either of metal 
or refractory earth-whose lower face is a representa­
tion of the horizontal section of the cylinder with ver­
tical generatrices. 

.Al{)I.l{"'llpJ'�S I'a.U{'Il..IlIJI 
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Up till now, it  has been a q uestion merely of straight 
cylinders with an invariable directrix.  But the intro­
d uction of air regulated at will  permits of enlarging or 
reducing the cylinder that is  being formed, to any de­
sired degree-of enlarging it by the admission of COIll­
pressed air, and of red ucing it by the expansion oue 
to the closing of the clack ; whence, instead of cylin­
ders with rectilinear generatrices, surfaces of revolu­
tion as variable as possible are obtained. Finally, the 
artificial cooling serves to regulate the thickness of the 
sides of the cylinder. It  will  be seen, in  fact, that the 
glass will  be less  drawn out, and eonsequelltly thicker, 
the more it is cooled, and more drawn out, and conse­
quently thinner, the less it is  cooled. 

When the operation of drawing is  finished, the cylin­
der will be found fixed at its u pper end to the face of 
the mould, and at its base to the glass relllainin g in the 
vessel. It  may be detached by any artifice whatever­
a hot glass thread, a cutting wheel, or a diamond. Mr. 
Oppermann's apparatus, however, incl u des a m echani­
cal device for performing this. It  consists of an arm 
carrying a cutting tool , pressfld against the glass by a 
spring, and fixed upon a ci rcle whose center coincides 
with the axis of the cylinder. A rot,uy Illotion given 
to the circle suffices to detach the cylinder at the top 
and bottolll. 

It now only remains to briefly describe the glass 
drawing apparatus. 

GLASS DRAWING MACHINE . 

Let us suppose a certain quantity of glass of the de­
sired degree of fluidity to be containeo in any recepta­
cle whatever, and its free surface to be at rest and per­
fectly horizontal . If we lowflr the solid body in q ues­
tion until it touches the molten glass, and enters it to 
a certain depth, the glass will adhere to the parts that 
are in contact with it. If the body to whose face the 
glass adheres be then raised, the glass will be carried 
along in the ascensional motion, and the portion lifted 
will cool and solidify, and, performing of  itself the 
office of mould for the rest of the bath, will carry along 
with it another portion of the glass, and so on, until 
the vessfll is empty. 

It will be understood that each point of the face of 
the mould gives rise to a vertical generatrix of the 
glass cylinder, and that, on varying the form of the 
face, cylinders of all forms may be obtained. If the 
mould touches the surface of the glass in the direction 
of a straight line, the cylinder will be reduced to a 
plane, and the operation described will give a sheet of 
glass. If  the face i s  circular, the product will  be a 
muff. 

'rhe principle of drawing has been applied for some 
time to the manufacture of glass rods and tubes. But 
the drawing in this case is in a horizontal direction, 
and i s  capable of producing nothing but objects of 
small dimensions. 

During the formation of the cylinder, the parts of th e 
glass carried along must, in measure as they leave the 
mass, cool and harden to the point neeessary to allow 
them to carry along other portions of the glass i n  their 
train. Cooling throu gh the surrounding air wi ll some­
times be sufficient, and this is  the case with rods and 
tubes ; but Mr. Oppermann prefers artificial cooling 
through a blowing machine. In the manu facture of a 
hollow cylinder, he thus has a means of introducing air 
into the interior of it. In this case the mould is  provid ed 
with a clack that opens inwardly, in order that the air 
may freely fill the cylinder in measure with its i ncrease 
in size. On the contrary, this clack closes as soon 
as the air has a prC�8tlre greater than that of the exter­nal atmosphere, 

The glass, a, hel d  in a molten state in the circular \'es­
sel, b, provided with a detachable handle, is ca.rried to 
the machine. 'l'he vessel rests upon a fixed platform, 
c. In case its weight,  in addition to that of  the glass, 
did not suffice to balance the u pward traction result­
ing from the adhesion of the vitreous material to the 
mould, it would be fixed by bolts or SOllie other method. 

The mould is usually cylindrical in form, and, in order 
to facilitate the changing of the worn-out parts, is 
composed of two pieces, d and e, bolted togeth er. The 
lower piece, d, has an edge which varies in sharpn ess 
according as it is desired to obtain a narrower or wider 
contact with the glass. The upper piece, e, is provided 
with a cla,ck valve, J, for the admission of air into the 
interior of the m uff, and receives the extremity of the 
tube, g, that leads the air  under pressure into the 
mould. This tube is fixed to the rod, It, w hich carries 
the mould. This rod is thrfladed throughout its entire 
length, and passes i n to a vertical nut, 1:, which is fixed 
to the frame of the apparatus, and which can only re­
volve. T h e  rotary Illation is cOlllmunicated by a pair 
of bevel wheels, .i and k, actuated by an incl ined shaft, 
provided with a hand winch, l. 'l'h e  cast iron frame, 
m, supports the entire transmissioll .  It wi l l  be seen 
that the nut, on revolvin g, wi l l  move the rod that 
carries the llIould, whence the vertical Illotion of the lat­
ter in one dirflction or the other. 

The air, under pressure, is led in  to the llloul d through 
the movable tube, g, and the fixed one, n, which carries 
a cock, 0, for regulatin g  the supply 

When, on the external cooli n g  of the cylinder, the 
air designed to effect such cooling issues froUl the tu­
bulures, p, in the circular conduit,  q, it strikes a mova­
ble sheet iron cone, T, whose position must be so regu­
lated as to l ead refrigerant jets of air upon a zone more 
or less distant from the molten glass. These j ets are 
directed by radial vanes, s. In order to raise or lower 
the cone, we a\�t u pon the iron c ircle, t, which actuates 
the levers v, and, through their intermedium, the cone 
itself, which is balanced by the counterpoise, x. The 
circular conduit supports the apparatus. 

The characteristic part of thils iuvention is the draw-
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ing of th e glass w i t h  arti ficial cooling, whatever be the 1 not actually rendered molten, but w a s  separated out 
style of the apparatu s. and made to coalesce into a solid lump while in a pasty 

If plate gl ass is to be manuflwtured , without the in- condition, and was taken out sufficien tly free from car­
termed iate form of muff, a trough -shaped vessel is sub- bon to be at once malleable. It was then pl aced un der 
stituted for th e circular one, and the mould is given the a tilt hammer weighin g from 1 , 200 lb. to 1 , 5uO lb . , 
form of a straight rul er with a more or lesA marked worked by a rough cog wheel, and driven by water 
chamfer, ill order to bring about a contact with the power. 
vi treous material .  Prof. Roberts-Austen informs me that the u s e  of such 

If a rotary Illotion be given to the muff or to the plat- hammers was very cOlllmon in Surrey ann Sussex , and 
form that s npports the vessel of molten glass, spirally that the name " hammer pond" still denotes, in m any 
t w i sted cyl inders will be obtained. places, the artificial pond which supplied the water 

If, for plain glass, glass of several different colors be power. It was beaten into bars on a slightly tapering 
811 bstituted , and be superposed in the vessel ,  it will be anvil, about 27 in. long and 10 in .  wide, and was in all 
possible to make cylinders whose section wi l l exh ibit probability worked into sizes roug'hly to suit the 
se veral tints. In this case, the lower edge of the llIould s mith's requirements. The data. unfortunately, for 
will have to pass through the various layers of glass be- tracing the actual steps in the history of the prod uc­
fore beginn ing its ascensional lllotio n . -Le Genie Civil. tion of iron in th e middle ages do not exist or are un--

___ � __ .. __ �� known to me ; but the change i n  the style of smith's 

WROUGHT IRON. * 

By J. STARKIE GARDXER. 

THR s u bj ect of " wrou ght iron" presents so lDany 
aspects th nt it  is  not easy to settle how best to treat it 
within the ti llle at our disposal . I presume that I have 
bt'ell invi ted here as an employer of blacksmiths, to 
g i ve you th e results of lIly experience in that capacity ; 
b u t  1 do 1l 0t t h i n k  th at an evening would be so profit­
ahly spellt in merely describing the practice of smith­
ing, iu th e absence of forges to il lustrate the process, as 
ill  a more comprehensi ve view of the whole subject. 

I llIay assum e  that the Illaj ori ty present do not reo 
q u i re to be told an ythin g about either the sources or 
the production of iron, but for the benefit of the rest I 
wou ld crave a few moments' patience while I endeavor 
to p u t  thelll  in possession of j ust sufficient i n formation 
to e n able eve ry one, whether well informed at the out­
set or the reverse, 10  leave off with a clear conception 
of the subject . 

Tl wre are some reasons for inferring that iron,  as Illet 
w i th in the principal ores known to us, is no longer in 
the normal state, and that man, in rendering it molten , 
is lLt infini te pains to restore the metal to a p u rity wh ich 
it  only lost in entering into the composition of that 
m erel y superfici al crust of the earth in which we fin d 
it.  Nearly pure native iron has been brought up in the 
ImsaltH an d gabbros of those deeply seated by-gone 
eruptions wh ich for magnitude contrasted with those 
a.ct ually witnessed by man as the gash of a razor 
to t h e  prick of a pin. Masses of native iron up to 
50,000 lb. weight were found on the beach of D i s k o  
l s land by Baron Nordenskiold,  which were unquestion­
ably deri ved from the adj acent basalt ; while the 
sampl es from other bodies in space, which freq uently 
reach u s  i n  the form of meteorites, though composed 
wholly of terrestrial elements , su ffic i ently prove that 
the abun dant i ron in them has not undergone those 
changes which the presence of oxygen, carbon, etc. , 
in the crust of our earth h ave brough t about. The 
known d en sity of the earth, the composition of the sun, 
t.h e  m agn etite and Titanic iron of our lavas, go far to 
i n d i cate the possibility of the existence of masses of 
perhaps native iron at some depth toward the interior 
of the ear th , and the erupted lavas may even, by a 
H jght of the imagination , be li kened to the slags from 
smelting furnaces. 'fhis fanciful resemblance is indeed 
h eighten ed by th e occasional reproduction in th e latter 
of q nartz, com pact silica, garnets, augite, and other 
nat ural products fam il iarly Illet with in the former. 

POI' the prese nt, however, our supplies are mainly 
d er i ved iud i rectly from the weari ng away of eru pted 
rocks and the redeposition of their material, after being suhjeded to vari ous kinds of sorti ng processes, as sedi­
m entary rock. \Ve can choose for our man ufacture 
i ron in cOIlluination with oxygen, sueh as hematites, 
l i lllo il i t es, bog ores, etc . ,  or with carbon, such as clay 
ironstone or spath ic ore. The ch oice is great, for all 
t h e  resources of n ature's laboratory, heat, pressure, 
solut ion , precipitation , have been at work for couut less 
ageH, resulti n g  in end less combinations with th e varied 
eleme n ts with which the iron has been brought in con­
tact, so that the existing vari eties of oxides, carbon ates, 
phmlplmt es, and sulph ides are innu merable. 'Ve use 
t l H.l lll  i ndi fferently, whether deri ved frolll Pal ffiozoic 
rocks forllled m yr iads of ages ago, or l ake ores forlll e d  
w i t h i n  t h e  l i ves o f  living people, a n d  they are so 
a.bundant that, u nl ike coal, there is no fear that the 
s U Jlply wi l l e ver eOllle to an en d . 

'fhese i llJ p u re ores are brought back to a relativel y 
pure state by tbe process of smelting i n  brick furnaces 
s u p p l ied ·with fn el and contin uous blasts of h eated air. 
The ore is generally calcined , and the fu rnaces are fed 
with it  and coal .  in t he proportion of auout three parts 
of f n e l  to OIle of ore, and with a, certain proportion of 
li mestone as a p u rifier or flux, for the removal of the 
earth y  matter of  t h e  ore.  The metal,  bei ng th e heaviest, 
drai ns to the bottom when fused , and is run off into 
moulds. wh en it becollJes pig iron, and is ready for use 
in foundries ; but it has taken up too Ill uch carbon 
froUl the fuel to be avai lable at once for th e manufact · 
u re of wrou g-ht i rorJ, and must, therefore, be s u bjected 
to various fu rt h er pu ri fy ing procebses. U n ti! coaf carne 
i nto geueral u se, these f u rther processes were not 
se pa.rat ed fro lll the sm elti ng, and m alleable i ron was 
prOlluced tl i rec, t  from the ore with charcoal fuel  by 
COllti n llous working", and to sOllle extent by the further 
s u bsequent man i p ulation of the s m i th .  

The operation m ust a t  first h a v e  been of the simplest 
k i u d ,  the apparatus em pl oyed h a ving probably resem­
bl ecl some of the primit i ve fUl"Il aces described by Dr. 
Percy a.s still in use i n  Iu dia" which consist simply of a 
cl osed h elLrth of carefully dried clay, and bellows . t  
D r. Percy believes, howe ver, that as early as the time 
of the Roman occupation of Britain, the ore was re­
d uced in so m e w h at larger furnaces, and b y  a process 
which he cl isti n g" u i s h es as the Catalan. t  'fhe iron was 

* A recent. i l'cturc hc'forc the � ociety of Art.s, London. From the Journal 
of t,h t' Bociety. 

work in the 15th century, when high railings with 
ponderous angle-bars callle into vogue, no doubt re­
sulted from, or necessitated, a chan ge i n  the manu­
facture of the raw material . The occurrence of a cast­
i ron tombstone in Bm'wash Ch urch , Sussex, believed to 
date from the 14th century, clearly shows indeed that 
some more adva nced forIll of furnace IlIust have been 
in use at that time. Blast furnaces originated, accord­
ing to Dr. Percy (loc. cit. , p. 571), in the district of 
Siegell . Prussia, in the begin ning of the 1 5th century; 
but the Stuckofen, which he describes as a Catalan 
forge extended upward into a shaft (p. 319), m ust have 
been of earlier date, and was capable of producing 
both cast and malleable i ron. Another ancient form , 
intermediate between the Catalan and the blast fur­
nace, is the Swedish " Osmund" furnace , used in 1864, 
and perhaps even now , which produced either a lump 
of malleable i l'o n  o r  fluid cast i ron, by varying the pro­
portion of fuel to ore in the charge. It  seelIls probable 
that by the time of Elizabeth the high blast fnrnace 
had gene rally superseded those in whi ch malleable 
iron was d irectly produced, for cast cannon, fire backs, 
and irons, etc. , in general use. In 1676, we read that the 
pig· iron was taken from the blast furnace to the open 
hearth charcoal finery, softened , and worked into a 
lump. " This they take out, and giving it a few strokes 
with their sledges, th ey carry it to a great weighty 
hammer, raised likewise by the Illotion of a water 
wheel, where applying it dexterously to the blows, they 
presently beat it out i n to a thick short square. Th is 
they put into the finery again,  and heating it red hot, 
they work it out Wlder the sallle h aul lll er, till it comes 
into the shape of a bar in the middle with two square 
knobs at the ends. Last of all, they gi ve it oth er 
heatings in the chafery, and more workings under the 
h ammer, till they haye brough t  their iron i n to b ars of 
several sh apes aud sizes, in which fashion they ex pose 
them to sale. " ·� 

It is scarcel y probable that these fineries turned out 
more than from two to four tons of  metal per week, and 
the prod uction of iron in England was lIot estimated at 
more than 17, 000 tons per annUIll , until  the discovery 
that it could be smelted with coal, instead of charcoal , 
gave the ind ustry an enormous impetus. Though the 
first patent for thi s is dated 1611 ,  none seems to have 
been actually used till D ud ley su cceeded in working the 
invention profitably i n  1620. j- The merit of com pletely 
solving t h e  problem belongs, however, to Mr. Darby, 
wh o introduced its use in the Coalbrookdale IronWorks 
in 1 720. 

Pig iron , as produced in the blast furnace, contains a 
percentage of carbon that nmders it un workabl e , and 
has to be removed b y  the action of oxygen at a high 
temperature . 

Before the discovery of puddli ng, the pig was worked 
into m alleable i ron in a 0lmrcoal finery in contact with 
the fuel an d  under a blast of air. It was not perfectly 
rellleited, but fused iuto one or two lumps, and 
hammered und\)r a heavy forge h ammer, and th en 
drawn out into bars u nder the l ig"hter and more q u ickly 
moving tilt  hamm er. Reheatin g was accom plished in  
a sort o f  blacksmith 's forge, and lllineral fuel was not 
used because the sulphide contained in it  inj ured the 
i ron · t 

P udd l i ng was patented by Cort in 1 784, and consists 
in heating the iron on th e  bed of a reverberating fur·  
nace,  i n  which i t  does not come into di rt'ct contact with 
th e fuel, an d stirring i t  until  it is decarburized, part l y  
b y  t h e  action of t h e  ox ygeu of  th e ai r, and partly by 
th at of t h e  cinder added durin g the process.  'fhe iron 
leaves the p u ddlin g  furnace as a spou gy lllass, consist­
i n g  of particles of m all eable iro n ,  feebly cohering, and 
infiltrated throughout with liquid cinder. By h ammer­
i n g, these particles are welded into a solid rectangular 
s lab,  and t he cinder, more or less, com pletely s q ueezed 
out. This process is cal led shingli ng, and was formerly 
the only one u sed for producin g bar iron (Percy , loco cit. , 
p. 693) . Lever or tilt and helve ham mers were al ways 
used , th e latter weigh ing as mu ch as ten tons, un­
ti l  the introduction of the stalllP hammer, with vertiC'll 
action, and particularl y of the Nasm yth hammer, i n  
1842. Durin g the present cent u ry, squeezing has been 
partially substituted for sh ingl in g, and the i ron is 
pressed under rolls  i nto flat bars 14 ft . to 1 8  ft. long, 
and J4 in. thi ck by 3 in .  to 5 in . wide. The iron is now 
ready for th e final process, which is to convert it into 
merchantable iron.  'fhe puddled bars are cut by shears 
into short pieces, varying in l ength according to re-

(p. 278) must be consulted, this furnace may he descl'ibc<l as a rectangnlar 
cavity or hearth, of various dimcn�ioIll�, \vitllin a building. Three sides 
were formed mainly of i ron and clay, and the fourth of stolles l uted with 
cIny, whi l e  the bottom consisted of a ft.at or s l ightly hollowed refraetory 
stone. such as gran ite. On one side the tllycre paf\SP8 through a small arched 
opening about eighteen or n ineteen i n ches from the bottom. There was no 
Chi mney, bnt a hole was left in the roof. A Catalan forge employed ten 
men i n  France. rrhe ore is first. crushed nnder a hammer and sifted. The 
furnace is heated with charcoal. which is packed almost al"l hi,gh as tlw 
bottom of the tuyere, when alternate layers of ore s i ftings and charcoul arc 
piled up so 8S to form a ridge, one sl ope of which is covered with moip,t­
eued charcoal breeze, beaten well down with a spade. The blast is 
turned on, and the level kept n p  by addi tion::; of ore and chnreoaL At the 
end of abont six hours the i ron has coalesced into a solid lnmp at the 
bottom, which i f!  lifted over the edge of the furnace by levers and i s  reudy 
for hammerin2'. 

q u i rements, w h i c h  are piled i n  packets , raised to a 
welding heat i n  a special furnace, alld then rolled into 
bars, or sOllletimes hammered before rol l i n g  (Percy, loco 
cit. , p. 712). Sh eet iron may req u i re heatil lg and rol l · 
ing as IlIany as six times before the fi ll i�hed plate i s  
prod nced, a n el  there are special sl itting' m ills for sl it­
t i n g  bar iron into nail rods, etc. 

Th ese sheets and bars are stocked by t h e  merch ants 
supplyi ng the b lacksmith , who requ i res , perhap�, so in­
significant a qu antity of each k i n d  that h is o rd ers 
wou l d  be i gnored at t h e  mills, where t hey rol l in b u l k. 
It is compu t ed that there are a thousand d i trerent sec­
tions of wrought i ro n  ill the market for smithing, and 
i t  wou l d be useless for the blacksm ith to attempt to 
h old any great stock,  as he cann ot tel l  t i l l the commis­
sion is received what size h e  w i l l  need. '1'he choice is 
increased by the n u mber of different q nalities purchas­
able at different prices, such as 'Velsh, South Stafford­
shire , S wedish, Russian , or the h i gh priced Lowllloor 
iron of South Yorkshire, made with extreme care, and 
excellent. for decorative use. 

Such are the conditions of the i n d u stry at th e present 
day ; but before en tering into the m ore i m portant s u b­
ject-the manipulation of the iron by the smith-we 
must glance for a few m oments at its history. 

The inquiry into the beginuing of t h e  use of iron is a 
p urely academical one.  Iron rusts rapidly, and the 
delicate gold o r  bronze enrichment of a Hword or cap 
are exhumed in perfect preservation, whi l e  th e blad e  
or  hel m  i s  on l y traceable in a trai l of rust. The use o f  
iron dates back t o  preh istoric per iods, an d th e seemin g  
preference sh o w n  by Celts and other natious for bronze 
weapons Illay h ave been less d ue to i gnor[tn ce regard­
i n g  the prod n ction of i ron than to want of kno w l edge 
as to the art of tem pering it. Dr. Percy th i n k s  froUl 
the ease with which it can be recl uced frol ll the ore, 
th at the use of iron must have preceded that of b ronze , 
which is an alloy of at least two metals req u i ring a 
hi gher degree of ski l l  to produce. Dr. John E vans,  on 
the other h and, is, I believe, of opi n ion t h at copper and 
tin, whose native ores are far purer and more m etal l ic 
looking than th e almost earth y ores of i ron, wou l d 
have been fi rst to at tract atten t i o n .  H o wever this lIl ay 
be, the v i rg i n  i ron of meteori c origin m u st h ave been 
highly pri zed i n deed , and these u n earthly v isitors, 
with their mysteriou s orig-in, m u s t  h ave been as wel­
come to the savage as nuggets of virgi n go l d  dropped 
froUl the sIdes wou l d  he to civilized man. It was gi ven 
as prizes by the Greeks, a n d  th eir word 6iorIP Or;, iron ,  
seeIllS t o  imply t h e  know l edge that it had fal l e n  frolU 
the skies, and to be genet i cal ly conn ected w i t h  the 
Latin sid71s, a star. ItH val u e  h as n ot lessened , for th e 
lUan of science wei gh s  it gra i n  by grain , and pays its 
weight in gold. '" A whole volu llle has been written on 
the early h istory of i ron, bringing it only d o w n  to t h e  
time of the Romans ( "La Ferronnerie, " vol. i .  ; F. Liger, 
Paris , 1 873). 'I'he h istory of i t s  early procluctioll is, 
h owever, very obscure, awl so far as gnglalHl is con­
cerned, we can only say that there are strong- grou n d s 
for i nferring that t h e  an cient BritOllS man ufactured it 
on a small scale, and that u nder the Rom an s its use was 
greatly extended. Traces of their forges abou nd in the 
Weald of Kent and Sussex, and the Forest of Dean ; 
bu t  slags are also pick ed up in cou n t i es where there is 
not the remotest tradition of i ron h aving ever been 
manufactured . t Th e furtb er development of its 
h i story will be dealt with presently. 

The subject " wrought iron " would comprise, if 
followed out in detai l , it descri pt ion of the industries of 
the cutlers, i roIl lllon gers, armorers, farriers, 11etehers, 
and spurriers, as well as the blacksmiths, so that the 
workers in iron were a, formidable body in med iffival 
times, and formed several powerful gnilds with excep­
tional privi leges . The blacksmiths of London ill 1376 
were second to none,  and sent t h e  fullest n umber (�ix 
representatives) to the m unici pal COIlllLl on council. 
'I'h e i r  art can alone be briefly t raced to-n i gh t , and e ven 
then our l imits exclude any reference to it as practi ced 
in Germany, Haly, and Spain, a n d  the Ea st. t hou gh 
these countries excelled our own i n  the Ill i cl ll i e  ages. 
We must further omit all reference to loeks, keys, 
handles, and other small work, and t o  the arts of inl ay­
ing, dam ascen in g, etc. , which, exqu i si te th ough they 
be, were produced rather by j e welers' methods than 
those of the brawny smith . 

It is perfectly obv ious, fro III what h aR been said pre­
Yio usly, th at the smith of to·day 11[18 a llluch easier 
task than h i s  predecessors of t h e  middle ages. It 
appears i lll possi ble  to trace the exaet forlll s of the bars 
which found their way to market froIl! the Forest of 
Dean or the "\\1" eald of Sussex, say in  the days of Eli za­
beth ; but considering that t h e  bars h ad to be beaten 
out, as w e h ave seen, ou an auvil u n der the relatively 
p rimitive ti lt h alll lller, it is im probable that any grea.t 
variety of section was produced, or that t h e  an gles of 
the bars were m athematically true. The " bars " were 
in  fact probably analogous to the " puddle bars " of 
to-day, that is ,  very elongated ingots ready to be 
fashioned into fin ish ed bars, but not themselves avai l· 
able to be cut up an d  11 sec1 without labor, like the 
bars from the rolling mills  at the present day. The 
fact alone that t h e  s m i t h  h ad to beat out most of the 
sections h imself in · the middle ages h as C1Lu sed a m ost 
pronounced difference between llledireval and 19th cen­
tury smiths' work, an d m ll st Ever be ke pt in m i n d  in  
contrasting together the work of such w i d e l y  different 
ages. Few of us probabl y sYlllpathize w i th those wh o 
affect to prefer, as a m attpr of taste, the ugliest old 
production to the most beautiful m odern o n e, but it is 
perfectly true of old ironwork that it possesses interes t 

* Meteorites. ·-Sec " All Introd u ction to the Study of ;\"lcteorites," printed 
by order o f  t h e  rrrilstees of the Brit.ish ::\111:"\o111n. 18H6. price 2d, rl' ll is  work 
contai ns the b<-':st iliformatIOn on tire subject, in a mo�t coucise and unpre­
tending form. FrOlll i t  we l parn that the s i d erites cOll tain flO to !);"i per 
cpnt. o f  iron and 6 to ]0  per cc·nt. of n i ckel. 'rllC large qUHlltity of nickel 
gives the metal a silvery look\ anrl llreservcs it to a large extel l t  from rust. 
This class of meteorite i s  rarer than the st.ony variet ies called aerol ltes, 
awl bnt few (onl y  eight) have been !lctnally seell to fal l .  

T rrhe s i mplest described f!lrnacc is  o f  clay, carefully dried b y  fire, a n d  i s  
hro to fonr feet high, w i t h  1.\vo holes f o r  t h e  earth e r n  pipes or tuyeres 
,dl ieh convey the blHBt , ami a hole on the 0PPof:dte side for the removal of 
c i t HJel'. It i� filled with ch arcoal a l ld li ghted, alld as this becomes cou­
� l 1 11wd and Silll��, t]](,. ore is 8 11 p pl led until  t h e  fnll charge is reached. The 
h�'l l ow� arc worked th{� whole time, amI at the end of four to six 
1 1 0 1 1 1':-' It smal l ma�s of m a l l e a b l e  iron i8 removed , and i f  8uffieientl y h ot, at 
oncl' hammeI'pd i l l t o  n hloom. rrhere is  n o  division o f  l abor, a n d  the smelt­
cr.", arc i t inerant, going from vil1age to v i l l age, aml Hctting n p  tli eir fur­
.(](H.'(' whercver a demand for iron cxi�tf', and a supply of lr01\" and charcoal 
can be obtained. tPercy'tt " Metallnrgy -Il'on and Hteel , ' 1  1864, p. 257.) 

Vahte qf Meteorites.-?-tlr. Bryce -V\Tri ght, the ,ve I l  k UOWll mi lleral ogist, 
informs me that the priceR of meteorites range from £� or £4 pel'  lb. 
weight to as much as £12 per onnee-8uch as th{' " roI11 Cottage meteorite of 
Y orkshire. Some of t he RUH8ian meteo ritel-:i are wortb ,£5 to £6 the ounce, * H An Account of the Ironworks in the Forest of Dean . ' �  by Hcnry and the pri ceR generall y  11nv€' been trebled within the laRt. few yen rs . A� 

Poole, E�q. H Phi losophical rrransactions," vol.  xL , p. 391 , 1 67'6. m nch as £1 for tI few grainR o f  the rarer m eteorites h 118 1>c('n paid to Pro-

::: Dr. Percy says : H The metal wus obtained by a method no doubt 
cl osely resembl ing, if not. identical with. the Catalan process " (loe. cit. ,  p. 876). Neglecting all details of construction, for which the original work 

t '" An Account of the Ironworks i n  the Forest of Dean, H by Henry fes;;tor Charles Fpham Shepard, of Amhcl'fSt Col l ege, U. b.---Brycc­
Pool e, contai ned in t.he .. PhiJ 080phical 'rrall.sactioll s " for 16�'{), spcms t.o Wright, in. lit .. J anuary 26, 1887. 
contradict. this. As quot.ed by Percy, loe. cit. ,  pp. f)nO and 886, i t  st.at.es Meteoric DU8t.�In a ddition to our almost i l l i m italJ!(' terrestrial  stores, 
that though charcoal was nsed in the blast furllnce�, 8-ea coal waf-; the fuel we are recei vi ll g  COUti llllOUS. though m i ll nte, sn ppknwntary r' n ppiips frOln 
used in the open hearth or finery. and in the chafcry or reliell1. ing· forge . space in the form of meteoric (InRt., which,  tho! 1�h i m palpahle to li S here, 
Swedish and other charcoal iron is still  made i n  direct c ontact w i t h  can be col lected on thc RllO\\'/-( of Gre('nland and t h e  h i � h ('1' rangcfl, of 
charcoal fuel. monntnins, awl cnt.eri' pCI'cf'ptibly iIlto the ('ompo,'iitioll  of t he :?-l'd iments of 

:t: A 1mr of S\vedish iron 12 feet long ant! weighing 60 l h. is  heated 8ix 

I 
the greatest dppths of the oecal J .  

or eight times while  being drawn o u t  nnder t.he tilt hammers moved by t Mr. WhItaker, of the Geological S urvey, has frequently picked up 
water power. This refining process with charcoal alone recluired 20 to 30 iron slags in Norfolk and other counties that are not knowIl to have pro-
cubic feet of fllel to produce 100 lb. of iron. dnced iron. 
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and attractions which few exam ples of modern work I! ing that, during the intervening centuries, this  mode Anot her good example, of a not U i ! rOl H  i l i ( ) l \  ; y pe. ill 
can possibly equal. of ornamentation was kept in view. From these an d t h at on the inHide of a door in York Cat l l f 'd r: d ,  k n d i n g-

If you enter a cathedral where some happily surviv- · oth er considerations, h e  infers that t h e  art of metal t o  the chapter h ouse. Like that a t  W i l Jdwl', t I lP  work 
ing antiquity has been lUade the theIlle for reproduc- working was not only i n  a very relati vely advanced has no con nection wh atever with the  h i l l g('� .  a lJ d  ,. e e m s  
tion in Illod ern times, such as the grill  work in state during our Saxon period, but retained much of merely de�igned to tie the wood en pla l J ks toge i h e l·. 
Canterbury, Winchester, or Chichester cathedrals, you the same character in the n ext succeedi ng centuries. and to give the whole extra strength. Tht' d" s i g l l  i, a 
illlmediately become conscious, wi thout being an anti- 'Ve are, i ndeed, entirel y baffled when w e  attempt to central stelll , givin g  off fou r  large sero lb on ea d l  � ide, 
quary or special ist, and wit.hout being abl e  at first trace the ol'igi u of the di fferent types of hinges that from which litt le leaves braneh eopiousl y in al l  d irec­
perhaps to define precisely why, which is the cld and prevailed in the 1 2th and 1 3th centuries. Go back as tions, though al ways springiug frottl the outer curve. 
which the new. '1'he explanation is simply that the we llIay, it seellls i m possi ble to predicate that any one 'l'he pretty feature is the way the whole of the inner 
olden time smith cut a pi ece from his shingled bar, forlll i s  earlier than another. The Cotton and Cffidmon volutes of one scmlt are relll oved t o  make room for an 
which he j udged by the eye would beat. o ut i n to a rod Illan uscripts, whieh belong to the 10th, 1 1 th,  and 12th open basket- l ike handle, rem ind ing one of the  basket 
of a given length , and eurl up into a scroll of the desired centuries, alone exhibit so ll Iany distinct types that it h i lts of a Ferrara or Toled o rapier. True, hi nges of 
form .  More or less sufficed for hill l ,  and by Ids met.hod is perfectly obvious that the art of  making h igh ly preeisely si lll i lar k i n d  of work exist at Eaton Bray and 
of work, he produeed an i rregularity and p lay in even deeorative hinges was very far indeed from being in its St. Mary's, Norwich.  
the most monotonous design w h i eh is  artistieaJ t y i n fancy. They also elearly prove, as pointed out by A still more elegant design,  however, i s  th a.t. of w h ich 
channing to us, but which was perhaps even a source Dr. Parker, that the Norman types of hinge are derived there are easts in the '1'uf l le l l  Street Museu m ,  and an 
o f  chagrin to h imself. '1'he modern smith , on the and imitated from the Saxon, and consequently also i l lustration i ll Raymond Bordeau x's work on h i u ges. 
other hand, when he receives a COlll IlI ission, buys the that the ruder types, sueh as that at SelllpringhalIl , These are the h inges at Worksop Priory, Notts, and 
requi red number of rods, cuts  them up into pieces of in stead of being the most ancient, are s imply the their  charlll l ies in the  faet that every scroll terlll i n ates 
exactly the same len gt h, m akes a standard pattern , coarser productions of less .�killed smiths. In like in yariou 8  beauti ful representat.ions of the iris flower. 
and if there is much repetition,  a tool to gauge the manner, we find in remot.e places that styles and m e- '1'hey are fixed to a eedar wood door, and considered to 
scrol l s  and insure their u n i formity. If there is any thods s u rvive long after they have been abandoned in be of the 12th century. '1'he form of the i ri s  is evidently 
i rregularity i t  is eonsidered bad smithi ng, and i f  under the busier centers. Thus i n  q uaint Dartmouth there · caken direetly from nature, for the pistils and stamens 
the eonditions i t  is the result of mere carelessness, the are some very mediffival looking hinges on a church are faithfully represented, and the design is doubtless 
result may be i nartistic. The aversion to straight  bars door which bears the date 1631,  in  i ron of exactly the older than t.he conventional fleur- de-lis.  
seen in the oldest examples was also pmbabl y  due to same styl e as the hinge. I have also seleeted the Durham cathed ral h i n ges as 
the fnct that perhaps the most difficult. ta.sk that could '1' lle h inges are thus of extreme interest as the best a good typieal exaltlple of N orlllan work, and beean se 
be set a primi tive s l ll i t h  was to han d l e  a l ong' heavy existing representatives of earl y slll ithing left to us, i n  Illy h asty studies I have n ot as yet come across any 
bar and to beat it out perfectly true with llJathemati· and so many exam ples have escaped pmbably because. published i l lustration of t.hem .  '1'hey are sim ple  yet 
cally exact and sharp angl es. they were closel y affixed to dcors, were thorough l y  beauti ful in t.hell l iiei ves, but the d oor i s  1lI0re rell1 1Lrk-

Another reason for the generally  artisti c snperiority protected by paint, and bAing usef u l  obj ects as well  as able  for t h e  sUI ll Pt uons eharaeter of th e i ronwork 
of the old work IlIay have been that i t  was onl y ornamental, were rescued and appl ied to new doors between the h inges, t h e  l ea ding l ines o f  wlt ieh are un­
intrusted to th ose who had a special aptitude, and i f  when the old wood work decayed. Their removal was, usual .  Canon Green wel l i n furll ls  l l Ie that the s tone­
such a worklll a n  was not forth eollling, the work was llIoreover, a tough j ob, which present.ed no tern pta- work dates frolll 1 105, but that he would place the date 
either not executed, or was mad e in t.he simplest forl ll ; tions to the iconoelast. 'l'he  h inges to cope closets, 
whi le  i f  he were forthcomi ng, the details at least of presses, etc. , were no l ess be:wtiful  and of the same 
the design were left to h i s  own faney, and were, t il ere- types. In add i tion to the hinges, t.he doors were d eeo­
fore, welt with i n  his O lVn powers. In other words. it  rated with �trengtheniTlg hal'S, handle�, eseuteheons, 
was the exist.ence of the skilled smith that created the bolts, lock plates, nails, etc. , all of similar character 
demand, rather than the demand that created the 
smith , and it seems a reasonable inferenee that none 
sueh had to beg for work in the middle ages. )Vhen a 
gri l l  was wanted for Vvestminster Abbey, it was not the 
l oeal man who had the eO l ll lllission, but a smith from 
Leighton,  or a sltJ ith from Lewes, was fetched and 
ltJaintained ultt i l  the task was com pleted.  Finall y, it 
i s  only reasonable to su ppose t h at the smiths of those 
days were not fett.ered by est imate or bound by time, 
and that the art work was produced for art's sake, by 
a genuine artist,  whose b rains were not pieked , as i n  
these competiti ve days, by a erowd of i m i tators who 
copy every original design that i s  aeeessible,  until the 
originator is  weary of his  happiest ideas before h e  has 
been able to deri ve I1ny adeq uate benefit from them .  

'1'hose w h o  have stood b y  the forge, and watehed the 
sparks fly as the ski l l ful  smith deftly beats, and twists, 
and com bines his i ron, would think i t  the easiest of all 
crafts. B ut who, standing b y  the side of  the m usician 
as he draws his bow across the ehords of his viol in,  
would realize the patient stu d y  and dexterity required 
before he is able to IIll1ke it  respond at will ? As no 
practiee or teaeh ing can make a m usician unless he 
have an ear for Ill usic, so can no one real ly  excel in the 
manipu lation of i ron unless he possess special aptitude. 
His  tools are as primi tive as those of t h e  seulptor, and 
with hammer and anvil ,  forge and bello ws, a bench, a 
vise, and a few chisels, he has to produce out of the 
stubborn i ron effects that may rival the work of the 
loom in del icacy, or form the massive entrance gates to 
a palace or a park. It is so simple a business that the 
total cost of settin g  up a forge, excl usiye of rent, need 
not exceed £20. 

When rolled or beaten, iron acquires a fibrous tex­
ture which it  does not possess when first cast into 
ingots, and whieh contri butes toward its aeknowledged 
superiority over cast i ron, where the latter is not used 
in considerable bulk. Another quality possessed by 
this fibrous i ron i s  malleability, whieh e nables a bar to 
be flattened out or rolled up i nto any desired forlll ; and 
yet another, ductili ty, which enables a thick bar to be 
d rawn out i nto an attenuated wi re. Pi nal ly, fibrous 
iron possesses the valuable propert.y called welding, or, 
i n  other words, of u n iting u nder pressure at a heat far 
below its melting- point. All these properties com bine 
to make it  possib le  to produce effects with i ron whieh 
it is almost im possib le  to prod uce i n  other metals, and 
without whieh the fine art of smithing would never 
have eOllle i n to existenee. 'flte separate pieces as they 
leave the forge Illay also either be fixed together by 
straps of hot i ron tied round them, or by bolts and 
rivets, or by brass or silver solder. 

The first thing the modern smith requires is a design, 
and very often a working drawing showing the exaet 
sizes of iron to be used, and the lllethod of fixing them 
together. Some day, perhaps, our training schools 
IlIav turn out a class of artiHans such as exists in France 
and Italy, eapable of designi n g  as well as accomplish­
i n g  the Illan ual labor. One cannot but believe, so 
practical are the old d esigns, that in most cases 
they were ereat.ed by the smith who executed the work, 
after merely a consultation w i t h  the arch iteet. The 
fe w slll iths who can do this now work at a disadvan­
tage, as, unless the artist who makes their working 
drawings has a thoroughly practical knowledge of the 
craft, h e  will  introd uce needless difficulties and intrica­
cies whieh render the work unnecessarily expensive. 

It  wo uld be wearisome to deseribe i n  detail all the 
smith's cunning. I propose i nstead to treat some of 
the leading classes of  mediffival ironwork as they 
appeared chronologically, and to give you a general 
idea as to how they were fashioned as we go on. It 
wi l l  be recol lected that our examples are drawn from 
England only, with this  exception, that mediffival iron­
work being nOll e  too plentiful, the English examples 
h ave been s u pplemented by others from Western 
France, which was pol i tieally and artistical l y  connected 
so closely with us clown t.o the 16th century that our 
arts and arch i tecture were pl'aetical ly  one. 

The earli est works i n  iron either exist ing or known 
i n  this  country are the h inges to doors, but that i ron 
was put to mult i farious  uses is  sufficiently apparent. 
The eminent ant iq uary D r. Parker is indeed of opin­
ion that metal work led the way in art, and was far in 
ad vanee of the eontmn porary mason's work. He has 
kindly poin ted out to me that i n  the Cffidlllon :MS. of 
the date 1006 to 1012, t h e  eapitals and mouldings of the 
columns are represented by t.he i l luminator as of metal 
work of most exquisite character, and that the type pa.ttern is that of the rieh 13th century foliage, Ilhow-

FIG. 1 .-IRONWORK '1'0 DOOR 
HOUSE, YO RK CATHEDRAL ; 
C E N T U RY. 

OF CHAPT ER 
THI R'1'EEN'l'H 

and beauty. 'Ve must be content with a very few ex­
amples, which , for reasons explained, need not be 
selected with any regard to date. 

The finest examples in the world probably, and cer­
tainly wit hin the geographical limits laid d own, are 
those of Notre Dame of Paris. The stubborn i mn 
seems to have been as pliable under the smith's h an ds 
as silken thread. The massive doors are aIJuost en­
tirely concealed, and no two pieees of ornament are 
s imilar. I ndeed, the dissimi larity is almost too appa­
rent, and somewhat mars the symmetry of the d esign . 
'1'he motif is s upposed to be the terrestrial paradise 
with its foliage sheltering innumerable birds, dragons, 
and other fan tastic  beings. There are no similar deco­
rat ive h inges to the center door, though this has been 
lately furnished with clever reproduetions, and if any 
were originally executed for it, they would have been, 
i f  possible,  even more elaborate. It i s  unfortunate 
that nothing is actually known about them, but they 
are pronounced by all com petent judges to be 12th 
or earl y 13th century work, and it  is quite obvi ous t hat 
their attribution to Biscornet, a 16th century smith, i s  
a lllere fable.  This  had taken sueh a h ol d ,  however, 
that :Mathurin Jousse de la l<�leche (Lit Fid ele  Duverture 
d e  rart du serrurier, 1627) regrets that Biseornet h ad 
not divulge:l the secret of running i ron as other fusible 
metals. No h i gher tribute could  be paid than this  
eonfession by the most noted smith of h is  day that he 
was unable to eoneeive that anything so rieh cou ld  
possi bly have been forged, and that he was d ri ven to  
suppose they had been east by some utterly lost pro-
cess. 

\Ve h ave no work in England of the sam e kind that 
can possibly be beld to rival them, but the famous 
door in  St. George's Chapel, 'Vindsor, i s  of about the 
same date, and h as been plaeed second to them by 
some. The two leaves of the doors are in this case 
completely covered on the inside with a flowing design , 
wh ich might be Italian, so free is it from conventional 
stiffness, and they are eertainly as fine as any specimens 
in this country, i f  not finer. The i l l ustration of these 
could not be finished i n  time to throw on the BCreen, 
but a partly finislled drawing j� (lxhBJited, 

FIG. 2.-WROUGHT IRONWORK ON DOORS 
'1'0 CLO IS'l' ER, D URHAM CAT H E D R A L ; 
TWELFTH CENTURY. 

of the iron work toward the end of the 12th eent.ury. 
'1'he pat.tern of the i ronwork on the corresponding 
north- door can be IlHlde out  i n  a good l ight, though 
the iron has long since vaniHhed. The eelebrated 
sanctuary knocker is  on a d i fferent door, and of bronze. 

Other exquisite exalll pies on the eope chests in York 
Cathed ral have on l y  recently been illustrat.ed. There 
are two chests side by side,  one eovered with rieh a.nd 
bold masculine scrollwork, and the other with a deli­
cate feminine flowery pattern . The  contrast could not 
have been accidenta.l,  and besides serving to d istingnish 
the chests, is of the kind which pmIlJ pts one sheriff of 
Lon don to seleet a Illassy green and gold livery for his 
state coach and the other a m ore delieate foil  in b l u e  
and silver. A l ll lost t h e  sallle two de8igns oeeur, though 
not q uite i n  j uxtaposition, in Sens Cathedral, confi rlll­
i n g  the view that the smiths were artists en ough to 
recognize the val ue of eOIJI pleIlJentary d esign . '1'he 
Dean of York i n forms me that noth i n g  whatever is  
known as to the history of the�e chests. 

In h inges, in onr country at least, stren gth was rarely 
sacrificed to ornament, while i n  SOllle exposed pl aees 
ornament was very properly sacrificed to strength. T h e  
fitness of the objeet t o  i t s  pu rpose wa.s the primary in ­
tention , and h ence the  form s they assume are in  most 
cases very pleasi ng'. Th ere was no conceahuen t  as to 
the construction of the door, and every requisite detail 
was utilized as ornament, and ,  as Ill y frien d Mr. George 
BiI'ch so eloq uent ly  put it in a leeture in  this  room, 
. .  the very nail  hea.ds were things of  beauty. " They . 
were sehl olll wronght i n  h i gh relief. as in the splend id 
example f/'Olll Hal ,  i n  Flan ders, exhib ited as a east i n  
the South Kensington Museum ; b u t  groovi n g  a n d  a 
l i ttle incising are comuJOn fea.tures, wh ile  the lJIodeli n g  
of t h e  foli age, d ragons' heads, etc. , of such types as 
York and Chester is  in rela.tively low rel ief.  

Now, i f  I were to attempt to tell you how these 
h inges were made, yon might very properl y ask me 
h o w  I k n e w ; but I can deseribe most I I l inllte l y  the 
maufaeture of a si milar hinge made the day before 
yesterday under Illy own eyes. Hinge work is, perha.ps, 
the one b randl of smithing in which the smith of to­day Bt·ands in absolutely the same position as �he smith 
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of eight centuries ago. Rolling mil l s  have done no- well have been made as long ago as the 1 1 t h  or 12th 
thing to les�en his  task, al1d no sections of iron can be century. 
bought ready made that are of much avail .  Here i s  a Viollet Ie Duc figures one from the Cathedral of Puy­
simple hinge designed in the style of the 1 6th century, en- Velay somewhat like it, which, he considers, dates 
by Messrs. George and Peto, and made without a weld ; from the beginning of the 12th century. In b:>th cases 
and here a fine example of a highl y decorative h inge of lIlany of the scrolls are welded together, and in the 
the 14th century character, designed by Mr.  Old rid French example the face of the scrol ls  is covered with 
Scott_ As weldillg has been extensively used i n  its dotted ornament. Another grill of the same class is 
production , I had better at once describe that process. that of the Eglise De Conques, the design of which is  
The separate parts to be welded are raised to a white  more varied ; and which possesses in addition a really 
heat, and become soft and pasty. When in this condi- formidable chevaux-de-frise of barbed spikes pointing 
tion, they cannot be exposed for an instant to the downward, a little below the crestin g, which i s  itself 
atmosphere without superficial oxidation, and however made up of alternating greater and l ess, barbed. arrow 
quickly they Illay be brought to the anvil,  a seale is  headed spikes. This would be as difficult to elimb as 
formed. A little silver sand has, howevl1r, been anything of the sort could be. It is ascribed to the end 
sprinkled on them in the forge, which eonverts the of the 1 2th or beginning of the 13th century, and, 
oxide into a verT fusible and liquid si licate of pro- like lIlany of the later grills and most hinges of the 
toxide, and when the two pieces of iron are brought period, has dragons' heads introduced into the design. 
together, and sharply ham mered, the melted scale is Another grill of the sallle class has been figured by 
extruded in showers of sparks, and the clean metallic Didron in the " Annales Archeologiques, " in which the 
s urfaces unite. A good weld requires an expert smith, design is still richer. '1'his  class of grills possessed 
and a elulllsy one w i ll let the iron burn, when no proper great strength, and yet appeared extremely l ight. 
weld can be accom pl i sh ed .  They do not correspond in  the least in their  lines to 

Welding is the A B C  of smithing. I have marked the lIlasons' or j oiners' work of their period, and the 
the hinge across i n  red wherever it  was necessary to designs appear to have been arrived at independently 
weld it,  and you will see that it  has undergone the by the simple process of scrolling up bars of iron of 
operation fully twenty times. '.rhis  excessive number various lengths at both end s, and combining them 
of welds is really easier and q uicker than tapering it  i nto pleasiug forms to fill in given spaces, and then 
down from any bar that can be bought.  The leaves welding and bolting them up together, and finally  fix­
are hammered out flat, and shaped with 11 ehi sel , and ing them into frames. 
the half round of the sterns is  prod nced by a steel punch Another class of  gri ll  which overlapped these in date, 
hollowed out and hammered on to the bar while hot_ but was on the whole typical of  a somewhat later 

FIG. 3 . -HALF OF A COPE C H EST IN YORK 
CATHEDRAL ; TH IRTEENTH CENTURY 
WORK. 

The highl y decorative hinges were gilt, and laid, it 
appears, on skins, and sometimes felt,  dyed scarlet, 
and not directly on the wood. They fell into disuse in 
England dlll-ing the 15th and 16th centuries, when the 
woodwork of doors became richly moulded and carved. 
But in Germany their use was continued, t hough t hin 
repousse work was made to supply the ornamentation at 
a less cost, and without welds. The German work 
was often tinned, and also laid on a scarlet gl'ound. 

It is impossible to quit the subj ect of b inges without 
a brief reference to the medireval safes, of which so 
many examples are preserved. They have been 
thoroughly dealt with by Mr. E. C. Robins, F. S . A. 
In these chests the key shot sometimes as many as 
twenty-four bolts, and the size of the lock was only 
limited by the dimensions of t.he lid of the chest. '.rhe 
ordinary type i s  square, with massive iron binding, and 
decorated with the pai nted armorial bearings of the 
owner. 

When we reflect that there were no insurance offices 
or banks, and neither check books nor paper m oney, 
w e  can readily u nderst.and that a prince or plutocrat 
would not be nice as to the cost of the strong box which 
was to contain all his worldly wealth .  

'1'he few still existing cathedral grills of the middle 
ages appeal to u s  as more i mportant m onuments of 
the smith's work than door fumiture. They are more 
interAsting and more varied, and are so few in number 
that I can d esCI'ibe the m  in detail .  

Visitors to WinchestAr will  have noticed, in a corner 
of the nave, a door patched up of four odd pieces of 
grill  work. This, from its style, I should judge to be 
the oldest piece of grill work in England. The design 
is eom posed of sprays formed of two rows of scrolls 
welded to a central stelll , l i ke a Ill llch curled ostrieh 
feathel-, with lesset- scrolls in the i nterstices, and the 
major scrolls each terminating in an open work trefoil 
or quinquefoi l. '.rhe large scrolls are 5 �� in. in diame­
ter, and rather stout, the gri l l  possessing great resist­
ing power, though it woulll not be hard to climb. 'rhe 
d ean has kin (11 v in formed me that before the destruetion 
of St_ Swithiri's shrine it was placed at the head of the 
stone steps which lead u p  froll! the south transept to 
the amb ulatory, and here th e plaees where it was fast­
ened into the piers at either si de are sti l l  quite easily 
to be traced. The dean hopes some lIay to replace 
them there. " Thei r use was a characteristi c  one. 
There came crowds of pilgrims to worship at St. 
S w i t h i n's shrine. And here, as elsewhere, the monks 
knew quite well  that these de vout people carried al l  
k inds  of dirt  and infection about with them ; conse­
q uently they rigid ly  excl uded t.hem from the choir, 
so uth transept, and nave, and made them enter and 
depart by the Norman doorway in the north transept. 
'1'his grill  blocked their w ay_ They could get rou n d  
far enough t o  s e e  the splendor of t h e  high altar, etc. , 
l111d then h ad to return the way they came. 

" From St. Swithin's the good pilgri llls always went 
on (if they went further) to St. 'I'homas of Canterbury ; 
so that from this point they were true Canterbury 
pilgrims of the South east road-not, of course, along 
Chaucer's way_"  There is. u p fortunately, no means of 
fixing the date, since no other grill r�seIllbles it ; but, 
from the position indicated in the cathedral, it may 

period, was composed prineipally of a vast number of 
sim ple scrolls of small size,  placed back to back and 
coll ared together. '.rhese were easier and took less 
time to make, req uiring, indeed, but l ittle of the smith's 
skil l .  T hey were transparent, yet full of resisti ng 
power ; they were lofty, not easy to cl imb, and, unless 
filling in an opening in masonry, always surmounted 
by a eresting in  some form of spikes. 

The ehoir screen at Lincoln is the most perfect type 
of its class in existence. The date was said by the 
vergers of the cathedral to be 1442, owing to a reference 
to ironwork occurring in the chapter acts of that date. 
But on Canon Venables very kindly referring to the 
original, he  found that it was not a reference to the 
ereetion of any ironwork, but to the removal of some. 
One almost identical is shown in an old view of Arras 
Cathedral , in  the eighth volume of tlHl "Annales Archeo­
logiques, " which se<JUred the altar and reliquaries. '1'he 
choir and eastern transept at Lineoln were built b y  a 
saint who died in 1200, and some division between 
these JIlust have been required from the very outset, 
and there is  nothing in the style of  th e gri l l s  to prevent 
us assigning them to this date. Canon Venables also 
informs me that there are screens in the Dome of the 
Rock at Jerusalem closing in  3, circular choir, of precise­
ly similar character to those of Lineoln, which m ust 
have been erected during the reign of the crusading 
sovereigns of Jerusalelll, when a .. regular chapter of 
canons was established in  this mosque, " then converted 
into a Christian church and fitted up for Catholic  
worship .  

The period when alone this was possible was between 
the taking of Jerusalem by the crusaders, in 1099, and 
its  recapture by Saladin, in  1 187. '.rhe design lllay 
have originated at J erusalern, and been brought back 
by t.he crusaders, or it  Illay have been suggested by 
somet hing the smith or armorers had seen at home, 
and been adopted on account of the ease with which it 
could be made and its protective qual ities. In  either 
case, the date must be in the 12th or early in  the 13th 
century. A similar, but deci dedly later, grill ,  from 
Cravant, Yonne, is figured in the fourteentl, volullle of 
the " Annales Archeologiques, " and ascribed to the 13th 
century. 

The grill to St. Ansellll's Chapel at Canterbury is of 
s imilar work, and exceedingly light, but differs in hav­
ing the terminal vol utes of the scrolls recurved, as in a 
crosier. There is another fragment of a grill of the 
sallie c lass in  St_ Alban's Abbey_ 

There is here a trial panel for a gri l l  destined for the 
choir of Truro Cathedral, and designed by Mr. Pear­
son, R. A. The piece has been merely made to get the 
genera.l effect, and has not faithful l y  reprod ueed his 
orig'inal, but it will  do to il lustrate the way s u ch a 
gril l  can be prod uced. '1'he u pright bars are shaped ill 
a very peculiar way at the top, and are narrowed and 
brought from round to square out of the solid ,  except 
the very apex, which i s  welded on. The cornice i s  of 
eharcoal plate, and cut out w ith a chisel and riveted 
on. The small seroUs are formed by eutting bars of 
the right section into lengths, eare being tr1ken that 
th ere slmll be a reasonable variation, so that there 
may be no mathematical regulari ty. '1'he two ends 
are beaten out thin,  and the whole scrolled up without 
heat. If  the i ron were thicker, it would h ave to be 
made hot, and the heated end would be allowed to 
droop o ver the round of the an vil, and a few gentle 
taps of the halllllH'r wOll ld cause it to fall of itself into 
a graceful shape. They are bound together by slIlal l 
pieces of heated metal , or coUal's. The small pieees 
tucked i n  between them, i n tenrled to give l ittle groups 
o f  dark points, arranged geometrieally against the 
light, are more d ifficu lt  to make, ami require several 
welds each, and,  moreover, must be brazed or pinned 
through in two plaees, to prevent them working loose 
under the col lars. '1'he whole ailll anti ohject is to i n ­
vest t h o  work with t h e  ch aracter of 13th centlll"Y work, 
and to avoid the extreme regularity and high fi nish 
whIch i n variably betrays the modern reproduct ion.  

'.rhe gril ls  next described belong to an altogether d if­
ferent elass, and here we have an exalllple of absolutely 
known date in perfect preservati on.  . 

The grill to the tomb of Queen Eleanor was made by 
Tholllas De Leghton for the S U Ill of £ 1 2, besides 20s.  ex­
tra for the carriage of the work, anti h i s  expenses and 
his assistants in  London, d uring the fixi ng, A . D .  1294. 
'.rhe constructive Pal·t is sim p l y  a framework of t wo 
horizontal bars, connected by others at right angles, 
on the face of which is riveted scrol l work of varied 
and exq uisite deRign, and worked in much the sallie 
way as if it bad been intended to be applied flat 
against wood work. It  scarcely differs, indeed, frotH 
the hinge work of the sallie period, and is arranged i n  
s i x  panel s, three o f  w hich are repeat.s The whole i s  
arched over forward and surmoun ted b y  a crest ing o f  
speary tridents, a favorite form, for they recur o n  the 
chantry screen of Wi l l iam of 'Vickham, 1I t Winches­
ter, etc. , and as far off a,s the Sca;liger tom bB a,t Verona, 

Though low, this gri l l  would not be easy to climb. 
'1'he grill to the tOlllb of Henry I I I . ,  madl1 by Henry of 
Lewes, and paid for in  1 290, h all di�appeared, and the 
only other example of the �all le  de�eri ption of work is 
at the sister Abbey of St. Dellis, and figured by 
Viollet Ie D nc. 

Both these abbeys w ere extraordinaril y  rich in grills 
and railings. But in the French case they were s wept 
away in 1 794, when the brasses were m elted and the 
stone effigies of k ings shattered and piled up i ll frag­
ments to form a fitti n g  base to a statue of Liberty, and 
in England when, thirty years later, they were dis­
posed of as old iron, beeanse they impeded the view of 
the �clllptures. In  both ca�e8 a few seem to have 
escaped, chiefly because the intri nsic val ue of the old 
iron was small, an d parts were stowed away as worth­
less lumber and forgott\;n . The gri l l  to the tomb of 
Edward 1 . ,  about twell t.y years l ater, as shown by 
Dart, i s  made up of l ittle IlJOre than a few plain bars: 
crossing each other at I'ight angles, but it is j u st pos­
sible sOllie handsolller work Illay have been applied to 
the face of i t. 

Nearly the whole of the ornamental part of these 
grills was prod u eed by aid of stamps, or hol lowecfc 
moulds of steel, wh ieh are i m p ressed on the i ron w hile: 
heated and soft. '1'hese dies or stamps are made very 
simply_ A leaf or flo wer of the desired form is forged 
in relief in steel, and this is d ri ven i n to a larger block 
of steel shaped like a puneh or wedge and h eated to 
pasty condition, so that an intagl io  i� produced. SOlIle 
dexterity is requi red in order to get sharp and clean 
impressions, as too sharp ll. blow frolIl the hammer will 

FIG. 4.-THE WINCHESTER GRILL ; TWELFTH 
C E N T U RY WORK. 

squeeze the metal Ollt if hot, and if too cool the impres­
sion wil l  of cou rse be blurrerl and weak. I had some 
time since to make a stai r  rail ,  uuder  Dr. Rowand 
And erson, represeuting abou t  this period of work, in  
w h ich more than a mi le  of iron had to  be d eeorated on 
both faces and sCI'olled up, the process requ i ring over 
11 ,000 heats, excl usive of the welds .  

All the grills h itherto d escri bed h ad one defect i n  COlll­
mon_ Thongh excellent i n  constrlletion and llI agn ifi­
cent in appearance, theywere 1I0t u nelim bable .  '1'hat this 
defect was fatal, con s i deri n g  the enormou s  yal ne of the 
t reasu res they were deHigned to safeg-nn.rd , i s  apparent 
from the variously devised GhWoan:l;·de-jTise, and spiky 
cresting-s, and arch i n g  form s w h i eh were i li l r erent  fea­
tures in them. E verv devke wa� exlmusted i ll vain be­
fore the slll ith 's repu�llallee to u ll( le rtake the pl-oduction 
of plain heavy bars was finally overcolll e. The manu­
facture of long u n wieldy bars 011  al l  anvil was  It labor­
iou s, and squarill g' the angles m ath elllatical ly a d i ffi­
cult  task, and on the whole ,  perhaps, than k l ess a.nd 
m onotonous ; and very ditl"erent fl'om the prod uetion 
of the ligh t and easi l y  manageable scroll  work they 
superseded. An imperati ve dellland for strong- and U Il­
cl imbable gril ls  carried all  before it towl1["(1 the second 
half of  the 14th cent u ry, and the artisan of those days 
had need yield to it. 'Whether the tapel"i n g  p l"OllgS of 
the trident cresti ng" of the E l eanor type of  gri l l, or the 
u p right bars of this and of Ed w;\.rd I .  gri l l ,  sug-gested 
the form cOllllllonlv  known as " rai l ing, " I l l llf;t, for the 
present, remain ari open q uest ion , but t,here can be no 
doubt that it was arrived at by a natural process of 
evolution. 

Henceforward, for a l ong time t i l l le .  u n l ess to fi l l  in 
open ings in llIasonry, protecti ve g-ri l l s  were m ad e  up of 
vertical bars sufficiently Illassi ve to d i spense with any 
cross ties, except at the top i m lllediately under the 
cre8t ing·. 'l'hese afforded no foothold, and afforded so 
efficient a protection as to remaiu iu use during a,11 suc-
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ceeding ages. T h e  vertical bars were generally a n  inch 
square, and ended i n  spikes, with a top rail wide enough 
for them to pass through, 'rhe angle uprights, and 
sometimes the central one, were also stouter, as much 
as two incheH sq uare, and higher, and were usually sur 
mounted with a crest of iron or carved wood. The 
horizontal bar was always more or less enriched on the 
face with plates of thinner metal embattled and pierced, 
and embossed to form a cornice, the work often being 
exceedingly elaborated , as if to show that the general 
simplicity was not the result of parsimony or incompe­
tence. 

One of the earl iest of these is that of the Black Prince, 
at Canterbury, and there were innumerable and grand 
examples in \Vestminster Abbey, many with large 
hera,ldic devices at the angles. Often to give extra 
strength, and perhaps a l ighter appearance as well,  the 
bars were twisted, the resi stance to any strain being 
thus thrown from the face only into the diagonal .  
At times this was effected by twisting several bars 
together. For the same reason the bars were 
generail y  placed angle ways instead of square. It 
would be utterly impossi ble now to follow all the 
developments of this type of grill, but what strikes us 
forcibly at every step is that n othing was introdueed 
at haphazard, or without a definite aim in view. The 
crestings became more elaborate, especially in Franee, 
where grinning dragons' heads thrust forward, with 
spike-like ears, fleur-de-lis, and clusters of spiny leaves 
took the place of simple spikes. The cornices occupied 
more space, and were more elaborate ; tracery was in­
serted underneath between the bars, often of pierced 
sheet iron ; the angle bars assumed architectural forms, 
with mouldings and buttresses, and the caps and bases 
of the vertical bars were also moulded. The file and 
chisel displaced the hammer and anvil, and instead of 
possessing the entirely distinctive character which its 
method of production demanded, and which it had 
maintained for many centuries, it was forced to assume, 
at a vast expenditure of labor, the form s that are proper 
to wood and stone. It was not ti l l  the time of Henry 
VIII. that gri1ls in  this country began to emancipate 
themsel ves from the Jlurely architectural treatment, 
and Queen Elizabeth's tomb in the Abbey is almost the 
first instance of the introduction of a border of exquis­
itely natural roses into a tomb rail of iron.  Thence­
forward the railings rapidly branched out into Italian 
forms, and soon settled down into the groove so pecu­
liar to E ngland during the 17th and 18th centuries. 
The transitions preserved in our churches are of great 
interest, and also the i nstances where existing medireval 
railings had been improved upon and modernized in 
the 17th century, as at York, etc. 

'I'hat the vertical bar form was imposed from necessi­
ty, and not from choice, is abundantly apparent, as i n  
cases where grills were required to entirely fi l l  in open ­
ings in masonry-such as windows and arches-cross 
bars and other ornaments were introduced. The 
screen to the chantry of  Henry V. at Westminster, and 
a similar !!rill at St. Al bans, are examples where rich 
tracery designs could safely be substituted. The frame­
work in these is exceedingly massive and difficult work, 
but a feeling of l ightness is given by the i ntrod uction 
of III uch pierced sheet iron work. We cannot delay to 
explain the construction , but the result i mparted a 
strength that wou ld almost require arti llery to force. 
This type seelIlS very rare. Even in the case of tomb 
rails there was a tendency sometimes to make them 
lofty, and introduce more than one cross tie, and the 
bronze exatll ple round the Earl of Worcester's tomb at 
'Yindsor shows tracery between the bars carried a con ­
siderable way below the cornice ; bu t t h e  only example in 
this country, I believe, of a tomb rail in iron in which 
the precaution of at least a considerable space of verti­
cal bars was absolutely thrown to the winds is that of 
the magnificent grill to E d  ward IV. 's tomb at 
\Yindsor. 

The tomb is exceedingly plain, and perhaps it was 
thought that there was little to protect and something 
to eonceal ; but anyhow, the utmost skill of lIlan seems 
to h ave been lavished on the grill in front. The work 
consists of six bays of tracery, about 5 feet 6 inches high, 
and t wo flanking hal f octagonal piers, 9 feet high. The 
brass grill of Henry VII. 's tomb gives an idea of the plan, 
but not of the intricacy of the work. It is in the richest 
style of perpendicular architecture, with traceried 
windows, canopies, parapets, crockets, flying buttresses, 
pinnacles, caps, mouldings, strin g  courses, etc. ,  com­
plete. Scarcely an inch is plai n ,  and the tracery is of 
all sizes, down to wire. A distinguishing feature is the 
magnificently worked cressets, or lanterns, surmount­
ing the to wers. The work has been attributed to 
Quentin Matsys, for no other reason than that it seems 
to have been impossible to suppose that any lesser artist 
could have executed it. 

It is not in the least in the style, however, of the well 
cover at Antwerp, which seems the only work at all 
authentically attributed to Matsys, for the greater part 
of the one is as forged, while not a piece of the other 
relllains in  the state in  which it left the anvil. It  is  al­
so quite apparent that any middle aged man u nder­
tak i ng its execution would have been occupied for a 
large part of the rest of his l ife in tedious mechanical 
work that no artist of such caliber might have cared to 
settle down to. It is  a singular thing that there should 
be n o  record concerning its production ,  and we are left 
to guess wh.ether it is native or Flemish. The dearth of 
authentic information concerning the metal work in  
our cathedrals, with the single and notable exception 
of Westminster Abbey, and of course St. Paul's, is 
strange and, indeed, vexatious. 'rhe grill now occupies 
a meaningless positio n  beside the altar, and should, i n  
m y  j udgment, b e  replaced in  front of the royal tomb, 
of which it is an intrinsic and by far the finest 
part. 

Another example of 16th century work unique in Eng­
land, and also on that aceount attributed to a German 
origin, is the beautifully wrought gate in Ely Cathedral. 
'rhis has much more in common with the work of 
Quentin Matsys, the filling in of the spandrels at the 
top and between the uprights being vigorous and 
natural, and, moreover, the genuine work of the smith. 
The dean informs me that tradition in fact assigns it 
to this master. The 1'epousse border is also delicate 
and good. Another exceptional grill of the 15th cen­
tury is that restored in 1879 by Mr. Gordon Hills, at 
Chichester. The base of the grill formed what decora­
tors call a " dado " of cross bars, with thin forged 
quatrefoils in the spaees ; above this is a series of panels 
or windows, the desigu haviug been made out from 

fragments of the old work that had been used to of the grill s  for St. Bartholomew the Great, designed 
patch the old gates to the Lady Chapel, and above th is  by Mr. Aston Webb, and have shown that i n  a CO\IJ ­
is a cornice and cresting. 'rhe old gates themsel ves plete form. The construction of the reading desk is of  
are entirely made up of bars crossing- each other with n ecessity somewhat i ntricate. and we wi l l  pass  on to 
quatrefoils i n  the spaces. The value of such specimens the screen. The framing of this  i s  very stout, the 
cannot be overestimated, as they are the fountain upright bars in all cases passing through the horizon-

FIG. 5.-MEMORIAL SCREEN, DESIGN.ED BY MR. SOMERS CLARKE 
J<'OR THE FOURTH DRAGOON GUARDS. 

head which must ever inspire EngUsh 1iith and 16th tals which bind them together. The twist is given 
century reproduction. Mr. Pugin revived the taste for cold, one end being firmly fixed, while the other is 
medireval metal work, but sin ce then it has fallen into turned by sheer mannal force. 'rhe  spikes are ham­
certain grooves, and repeats with monotonous regu- mered into form, and the buttress pieces to th e central 
larity certain types of ornalllent for which there pier are roughly hammered into shape, and finished off 
does not appear to be the least ancient authority. with chisel and ri le. 'rhe bars are all tenoned and 
It is stiff and j erky, with impossible leaves ornamented riveted together. 'rhe caps and bases of the pillars in 
with dots and zigzag lines, prim flowers, and twisted the panels are entire ly  w orked ont by the fi le. The 
tube, and fret works of stereotyped patterns. 'I'his  inscription is pierced with a m inute bowstring keyhole 
kind of work is dying a n atural death, however, and saw, inserted into holes previously drilled. The but­
architects are more and more refusing to buy stereo- tress top is slit in the same manner, and the ends rolled 
typed designs, and infusing their own spirit i nto lIl e- down over a thin rod, which is afterward withdrawn. 
direval metal work. I am not able at the moment to ex- The leaves in the panels are hammered out of square 

FIG. 6. -GRILL IN THE CON STITUTIONAL CLUB, DESIGN.ED 
BY MR. R. W . .EDIS, F. S .A.  

hibit any example of 15th and 16th century metal work. rod, and welded on separately,  and the roses are cut 
I may, perhaps, be permitted to illustrate its manufac- out of sheets of llIetal, and bU lIIped u p  on the edge of 
ture by means of a cartoon of a reading desk, recently a vise,  and fixed o n  by brazing. 'rhe shields are em­
executed from the design of Mr. Blomfield, and a bossed on a slab of pitch. The design is  drawn o n  t h i n  
memorial screen. With m ore notice, I might have paper, and pasted on to t h e  sheet of charcoal i ron t o  
obtained permission from M r .  Somers Clarke, its d e - be operated o n ,  then pricked in  in outline, t h e  paper 
signer, to have retarded the latter, so as to h ave m ade removed, and the relief gradually acq uired by ham­
use of it to-night, or I might have pushed on with one mering with a small hammer on blunt punches of 
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various caliber. The hammering is req uired on both 
s ides, and the pitch h as to be rem elted as often as the 
f�tce of the i ron is  reversed. The dragon's head is 
roughl y  sh aped when hot, a bar of  iron being in the 
first place heated, and t hen j U lllped on the anvil and 
hammered up, until  a sufficiently thick llIass is formed 
at the end to allow of its production. The greater part 
of the prod uction is, however, effected by actual chisel · 
ing and sllloothing, as if carved frolll m arble. The 
shields are fixed to the front, but the design at the back 
is so skillfully managed that they are not apparent, 
and it  looks to be tha real front. The design is very 
orig i nal, and yet so characteristic that it might pass 
for old work were it Hot for the blazons of the Royal 
Irish Dragoon Guards, who erected it. But to j udge of 
its l lIerit it should be seen complete, with the stone 
and bronze work of the rest of the memorial, when the 
reasons for its proportions becollle apparent. 

COlllparatively l ittle was made of iron in the Tudor 
and Jacobean styles of architecture. Bolts, locks, 
hinges, etc. , are of plain character, though serviceable 
and quai nt. '1'he rai l ingg round the tombs of Mary 
Queen of Scots and Elizabeth have disappeared, but 
good representations show the former to have differed 
but l i ttle from earl ier 16th century examples, and the 
latter have been described. · '1'he universal use of stone 
walls and bal ustrades outside, and carved oak within, 
reduced the smith's art to a low ebb, and it  was not till 
the accession of Will iam III. that the art blazed out 
again i n  s ud den splendor. 'I'he armorers with their 
traditions m ust have been avai lable for the revived 
art, but wherever the workmen came from,  there was 
no lack of s kill  when Tijou, a Frenchluan, in 1693 
p llbl i�hed a book of designs for smiths' use, alJlong 
which appeared the celebmt.ed screen s  commanded a 
little later by the king for Hampton Court, and which 
were actual ly  executed by Huntingdon S haw. This 
work, and that i n  St. Paul's, had very m uch in com­
mon with the French work of the mme period, but 
toward the beginning of the 18th century OUf English 
work di verged more and more, and assumed that 
peculiar mannerism which is its disti nctive character, 
and which i s  called Queen Anne or Georgian. The 
fi llest exaill ples of the earlier style are, as already men­
tioned, at Hampton Cou rt and St. Paul's, and there is 
another fi ne  one at 45 Lincol n's Inn Fields, admirabl y 
d escri bed by Mr. George H. Birch. 'I'he ]'rench work 
d i  verged more and more, and set a fashion in south ­
west Germany, which perhaps culminated at Wurz­
b u rg, whi le an approximation to the E n glish style pre· 
vailed in the North. The art had al so survived in 
]' mnce while it was dormant here under the Stllal'ts, 
and in a fashion that bas no counterpart in this 
country, A staircase designed by Dr. Rowand Ander­
son, for the Central Hotel at Glasgow, has admi rably 
caught the feeling of Henri II . , and consists of  pleasant 
alternations of light and shade, and of strength alld 
delicacy. I alll also permitted, by the kindness of 
Messrs. Jackson, to exhibit a panel from a very hand­
SOUle stair rail of  Louis XVI. style, of polished i ron, the 
construction of which would be of interest did time 
perlll it  a detailed explanation. O f  the sallle work is  a 
large basket-shaped chandelier and a lantern, designed 
by Mr. E d i s  for the grand staircase of Chesterfield 
House, where there is  a fi np. original stair rail of 
wrought i ron, apparentl y French in design, if not exe· 
cution, and of the time of Louis XV. The same archi ·  
tect designed the very quaint and exceedingly protec· 
tive grill which I have photographed from the front of 
the Constitutional Club.  There is  an i ntensel y noli me 
tangere look about it, without any loss of decorative 
effect, and it seems altogether so happy that, though 
of foreign style, I have reproduced it.  'fhe large gates, 
by Mr. Sydney Mitch ell , l i ke those recen ty executed for 
the South Kensington Museum by Mr. Taylor, archi­
tect to the office of works, are not founded upon any 
particular models, but seem admirably designed for 
the buildings that receive thelll ; but the large gates 
exhibited, which were designed for Gordon College, 
Aberdeen, by Mr. Marshall Mackenzie, are more dis­
tinctive of the English 1 8th century work, good ex­
amples of which are to be seen in  e very suburb of 
Lon don, and scattered over the country. 

Perhaps on a future occasion I may, if des ired, go 
l lIore deeply into the 17th and 1 8th century work, 
w h i c h  de�erves at l east an el lt ire evening. I cannot 
concl ude without expressin g  lIly thanks part icularly to 
th ree Illen  from whose hi nts and instructions at an 
early period of Illy career I was abl e  to gather almost 
ali I have told �'ou to-night. '1'hese are Mr. L. Kars­
lake, Mr. \V. U nsworth,  and Mr. G. H. B irch, whose 
support, with that of Messrs. Ernest George an d Peto, 
Dr. Rowand Allderson, and Mr. C.  Baker King, en­
abled me to foun d  a factory, and in some respects a 
training school, which has not, I trust, prove d  alto­
gether useless, and by which I believe llIany engaged i n  
t h e  same manufacture have more o r  less directly pro­
fited . I do not of course allude to those old established 
finns who were pioneers when smithing as a fine art 
did not exist, but to those who have entered the busi­
n ess in Illy own time, and who seem to think it more 
easy to learn from their neighbors than d irect from the 
oldel' examples, which are cOlIlmon property to all 
alike. 

A series of drawings of English historical iron work, 
by Mr. O. Allbrow, was kindly lent for exhibition by 
the science and art department. 

CAUSES AND P REVENTION OF STOPPAGE 
IN BURNER TIPS. 

MR EUGENE PRINTZ, of Zanesville, says the com­
plaints came mostl y from persons usi ng the low or 
n i ght l i ghts. On those b u rners the crystals were de­
posited, on either side of the slot, on the tip, in a fringe­
l ike  mass, as per the saJIl ple we have h ere for your in-
6pection. '1'he explanation of this we would think to 
be that, the light being down low, the req uisite tem­
perature of the clay t i p  for the dp.colllposition of the  
lJis ulphide was not reached unt i l  the gas was j ust 
pass ing frolll the opening, and then the deposit was 
luade on the outside. \Ve did have some com plaint 
froll! b U l'l1 ers that were expected to be burned at a full 
head , but t h i n k  the bisu l phide theory will hold good, 
and can be accou nted for ill this manner. 

When the l ights are b u rning full, the necessary tem­
peratu re to decompose the gas i s  raised further down, 
or  inside the tip, and there the carbon crystals are 
formed and deposited ; then IlIay be broken or de­
tached and carried Oil, by the flow of gas to tbe slot. 

Being very small, should they en ter the slot lengthwise configuration causes uneven and severe l ocal wear at 
they pass on and are consumed i n  the flame ; but on the crowns of the strands. 
the. other hand, should they stri ke crosswise they are 'fhe system introduced by Sir George Elliot & Sons, 
apt to remain, causing a d ivision in the jet of l ight, and and which we a.re about to descri be, presents several 
finally, by their increase in n U Ill ber, require the use of features of novelty and i ntp.rest. '1'he rope is COlli posed 
a burner cleaner, or a complete stoppage of the gas is of �pecially shaped wi res, so formed that when closed 
the result. together they interlock , and thus while red ucing the 

We have here, then, not only a cause for the stop- defects before mentioned, present a struct u re with a 
page of the b urners, but a reason for the sulphur fumes more u niforlll weal"ing surface, and in which each wire 
that are com plained of at t imes. The carbon of the is firmly locked in its proper position. 
bisulphide being deposited, t h e  sulp h u r  u n i tes with ' This ingenious arrangement was introduced in 1884, 
hydrogen to pass through or from the burners as the and some samples were :,ihown at tne I nventions Ex· 
sulphide of hydrogen.  h ibition the foll ow1ng year. At the present date it 

Looking at the matter in this light, is it not probable would be premature to exp ress any definite opinion as 
that IlIany of us do not appreciate the importance of to the proj:Ja.ble  ultimate _ value of tne I n VentioTl. '1'he 
the bisulphide of carbon as an impurity, and should ropes in practical use are, however, doing well, and the 
we not be better prepared for i ts eli m i n ation ? To be rest remail1s for time to pJ"(we. 
sure, we expect the ttlll lu onia in the washers, as sul- 'I'he manufact.nrer-s prod uce two distinct types of 
phide of ammonium, or the lime in purifiers, as the ropes, viz. , the . ,  locked coi l " and the " lock strawled " 

sulphide of calcium, to perform this duty ; but as these 
do often fail, and as a precaution, then, would it not be 
well for us  in some Illanner to take out or decoIllPose 
the bisulphide before the gas enters the lillle or oxide 
of iron purifiers, gi ving them only the sulphide of  
hydrogen to deal with ? As a suggestion, let the gas be 
passed through an i ron retort filled with a loose clay 
material, heated to about 5000 temperature by utilizing 
the waste h eat from the furnaces. This should be done 
aft.er all the tar has been ex tracted, otherwise the clay 
material would soon be  choked. It lllay be possi ble 
that the watery vapors would be decomposed ; but 
would this be a disadvantage ? Is it not likfJly in this 
case, there would be a recombination of the hydrogen 
with carbon and sul ph u r  dropped as free sulphur ? or 
possibly a monoxide of  carbon would form, which, while 
not a light producer of itself.  might be useful as a heat 
producer, and thus have a tendency to increase the illu­
minating power of the gas ? 

LOCKED COIL AND STRANDED WIRE 
ROPES. 

WE have recen tly availed ou rsel ves of an opportunity 
of visiting Messrs . Sir G. E l l iot & Sous' wire ropp. works, 
and of witnessing t h e  llIanufacture of their ingenious 
locked coil and stran ded wire ropes. 

Most of our readers must be aware that the general 
practice of llIaking wire ropes consists in spinning or 
twisting cylindrical iron or steel wires around hempen 
or metallic cores to fornl strands, which are subsequent-

ly similarly twisted or closed around a central heart, 
th us forming the com pleted rope. The llJanufacture, in 
fact, is very si milar to the old process of spinning hemp 
corda.ge. Upon exal,uining the construction of such a 
wire rope, it wi l l  be seen that while the cores serve as 
supports upon WIlich the wires and strands are laid in 
position. they do not add tensile strength to the rope. 
'1'his  will be apparent when it is remembered that the 
outside wires of the strands an d the stran ds themselves 
are, owing to their  varying circumferen tial turns, 
n ecessarily longer than the cores. It  is  also obvious 
that the open structure of the ordinary rope leaves in­
terstices for a.l;>�orbing water a.nd dirt, while the externa.l 

ropes, the former of which are illustrated in the accolll­
panying diagrams, where A represents a transverse 
section taken throug'b one of  the " locked coil ropef', " 
composed ot a sim ple wire core, around which are laid 
a series of  radial wires and two layers of locking wi res 
of special form as ind icated in the ill ustration. In the 
second exalllple, B, the section reoreHents a locked coil  
rope, composed of a compouna wire heart, around 
which a suitable n Ulllber of radial locking wires are 
closed. The manner in which the " locking " of the 
external w ires is effected in both examples appears to 
req uire n o  further explanation, as the arrangell1ent is 
clearly shown in the diagrams. 

It will be evident that in this manner a dense and 
com pact metal l ic  rope is formed, with an exterual sur­
face com posed of wires locked in position and present­
ing a uni form and smooth wearing surface, like a rou n d  
b a r  01' rod .  These ropes are high l y  flexible, and sh ould  
any wi res becom e b roken they wi l l  still cont inue to l ie  
i n  their norlllal positions, whereas, in the ordi nary con­
struction of wire ropes, broken wires cOlll lllonly turn 
outward, thus causin g  obstructions a n d  wear, and 
sometimes stripping of strands. The idea is u nques­
tionab l y  useful and ingenious, b ut, although ad van­
tages i n  its favor are apparent, nothing can thorough· 
ly demonstrate its true value but se vere and prolonged 
use. 

It is, however, such a wide d eparture from the present 
recognized practice of wire rope making, that sOllle 
diffi culties wi l l  probably attend its extens ive  ell lploy­
ment.  The lirst cost of  the ropes i s  at present h igher 
than those of the ordinary construct.ion. but this should 
not be an i m portant obj ection if the ropes prove more 
durable. I t  is not pretended that the " lock coi l  rope " 
is capable o f  being spliced, but there exi lSts a wide 
demand for unspliced ropes, and " socketing " is  now 
frequently adopted as a m eans of connecting ropes 
which al'e even capable of being spliced. ]'or example, 
in  colliery endless haulage systems, the ropp.s are SOIllP.­
times united by sockets instead of by splicing, as a 
quicker and more economical method ; whi le  for 
winding ropes and main or tail rope h aulage, splicing 
i s  n ot necessary. 

This  method of connecting the ropes is repre­
sented in Figs. 1, 2, and 3, which show a suitable 
arrangement of winding or tail end socket, and two 
types of coupling sockets respectively, t he ends of the 
ropes being plugged, brazed, or wedged therein,  as may 
be convenient. 

In cases where it  is foun d  advisab l e  to adopt a rope 
w hich lllay be spl i ced, the " lock principle "  i s  modified 
into what is  known as a " locked stranded rope, " and 
which practically  consists in forming a rope of the 
ordinary type, composed of locked wires. This rope is  
capable of being spliced i n  the usual manner, 

'1'he man ufacture of the " locked coil rope " is effect­
ed in one operation, while in the practice of ordinary 
rope making two separate operations are invol ved, i. e. , 
strand forming and rope closi ng. The E lliot type is 
" closed " direct from one set of bobbins into t.he 
finished rope, the mach inery em ployed for the purpose 
being very ingenious and effectual. 

Although we h ave selected only two sections of lock 
ropes and wires for i l l ustration, it will be understood 
that numerous types of sectional wires may be em­
ployed with similar results. The advantages claimed 
for the system are as follows : 

With ropes constructed according to this system, 
th ere results great durability, as the inside layers, 
which furnish half  the strength of the rope, are not ex­
posed to wear. Thp. wearing surface is quite uniform, 
and its smoothness reduces the friction to a minimum. 
The ropes are perfectly flexible, and as they h ave n o  
hemp withi n  them, there is  n o  tendency t o  corrosion. 
'I'hp. wires are securely locked i n  their places, and all 
bear an equal strain .  Hence the strength of the rope is 
greater than with the usual construction, and there is 
n o  tendency to spin. 

The efficiency and strength of these ropes as compared 
with others of ordinary con struction appears well de­
monstrated by the following data obtained from Lloyd's 
testing h ouHe at Cardi ff. A crucible steel wire H lock 
rope, " 2 ' 1 8  in. in  circu m ference, gave an ultimate ten sile 
breaking strai n of 101'7 per cent. of  the aggregate 
breaking strains of the wires contained and previolls ly 
tested. An aggregate efficiency of from 85 to 90 per 
cent.. of the actual b reaking strains of the separate 
component wires is the usual average results in ropes 
of ordinary construction . The breaking st.rain of the 
Elliot rope was 21 tons, whereas an ordin ary w i re rope 
of the same circumference would only stand about 13  
tons hefore breaking. Further, the weight of the lock 
rope was 6 lb. per fathom, whereas an ordinary rope of 
equal titrength weighs about 8 lb. per fathom. 

Referring to sOllle practical a ppl ications of the ropes 
which we have had an opportunity of inspecting, the 
following parti culars wi l l  be foun d  of in terest. At the 
Kimblesworth Coll iery, Durham, a cruci ble steel l ocked 
coil winding rope, 45 fathoms long aud 2� in. i n  circum­
ference, has been raising about. 500 tons of coal per d ay 
for the past ten weeks under severe conditions. The 
lift is effected i n  about 10 seconds, the overhead pul leys 
are only 9 ft. in diallleter, and the winding d rum is  of 
the same SIze, yet at presen t the rope exhi b i ts no signs 
of wear or elongation. 'I'he position and work of the 
rope was admi tted. to be severe, and we are informed 
that the usual life of an ordinary rope s imilarly em­
ployed i s  from eight to twelve IllOnt.hs. At the same 
col l iery we inspected an underground m ai n  and tai l 
rope system of haulage, i n  which a locked coil rope has 
been running in sa.tisfa.ctory daily operation for a.bout 
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a year, and I<how8 no appreciahle s igns of wear. The 
rope thus employed i s  about 1 , 100 yards in length and 
2!4 in. i n  ci rc ll lUference, the speed of hau ling being 
about ten lIl iles pel' hou r. The. rope worked very 
silently over the pul l eys, and was worn smooth and 
bright l ike a polished rod. 

At the Pelton gmvitation i nc l ine, D urham, about 900 
yards in length, we examined a " locked stranded" rope 
w hich has been continuously worki n g  for the past 
thi rteen months, and yet shows no external signs of 
depreciation ; 800 tOll S of coal are let dow n this 
incline dail y  This is a su rface incline, so that the 
ropes used upon it are ful ly exposed to all kinds of 
weather. 

At the Holrnside Col l i ery, D urham, we inspected a 
(S or under) locked coil w inding rope, which had been 
working successfully fOI' the pas t  nine months. This 
rope is 2%; in.  i n  cireu lll ferenee and 132 fathoms in 
length. It appears from inspection to be practically as 
good as when new. 

At the Hilda Col liery, South Shields, we examined a 
small underground winding rope, 2!4 in. in ci rcumfer­
ence, which has been in dail y  operation for about 
thirteen months, in  a position said to be very trying, 
owing to repeated severe deflections and bending around 
a 3�� ft.  w i nch barrel , etc. 

At the Boldon Col l i ery, near Tyne Docks, an u nder­
ground locked coi l  haulage rope, 2 i n .  in circullJference, 
is working rou n d  a sharp curve and on an i ncline of 1 
in 3, at the bottom of which the sets h ad to be prompt­
ly detaehed or the rope was seriously j erked. This is  
unquestionabl y  a severe test position. The rope has, 
h o wever, now been at work for about six months, haul­
ing sOllie 800 tons of coal per day with e very satisfac­
t ion .  It  was stated that previous ropes used in the 
same pl 'we and of t h e  COUlmon construction only l a,st­
ed about hal f the t ime this rope has alread y run.  The 
length of this rope is 15 t) yards, and the speed of haul ­
age about ten m i les per  h our. 

We are informed that a locked coi l winding rope 2% 
in.  i n  circu lllference and 370 yard s long h as been work­
ing for the pass fOllrteen months at the Powell D u ffryn 
Coll iery, Aberdare, d u ring w hich time it h as o n ly re­
duced l" i n. in circumferen ce, which is considered a re­
markable resu lt  afte r sueh a period of work. Similar 
cables have reeently been su pplied to the B ridgewater 
Trustees. neal' Manchester, of 4i. in, in circumference 
and 760 yards in length. -Engineering. 

THE STEAM YACHT CHEMCHECK. 

THE engravings i ll ustrate the steam yaeht Chem· 
('heck, and her " n gi n es, b u i l t  by Messrs. M i l l er, 'rupp 
& Rouse, Hammersmith,  for cruising i n  the Bosphorus 

and Mediterranean. She is a fine, handsome, commo­
dious yacht, 65 ft. in length, 12 ft. beam, with a depth 
of 6 ft. 6 in. and 5 ft. aft. She is  carvel built of teak 
throughout, and is copper fastened and copper 
sheathed. The stem, stern post, and transoms are of 
Engl ish oak, and the keel ti m bers and stringers of  
Alllerican elm. She is decked fore and aft with 2Ys in .  
yellow pine .  The main cabin is forward, handsomely 
paneled in tet1k, and with teak skylight and cOlllpan i on. 
Ladies' cab i n  abaft the engin e  room, with two berths, 
paneled in teak ; lavatory and other fittings. A bul­
wark, 15 in .  in height, is fitted round the vessel, with 
galvanized stanchions and rai l s. The engi nes are COIll­
pound SUI face condensing, with  cyl inder� 9Yz in. a n d  17  
in . ,  by 9!o1l in .  stroke, and tU E'  fitted with Me,;srs. Miller, 

AR'rESIAN WELL, OUED RIR'. 

Tupp & Rouse's patent valve reversing gear. T h e  air 
and circulating pumps are driven by an independent en­
gine, fixed on the  main engine bed plate. The boi ler  is 
of the marine return tube type, 5 ft. d iameter an d 7 ft. 
long, with forty-six 2)jJ in. tubes, woJ"\dng at 80 lb .  
pressure, and is fitted with a Dol phin donkey pump in 
addition to the engine feed pum p.  'ril e propeller is of  
gun metal, 48 in.  diameter and 6 ft .  pitch , llIaking 200 
revolutions per minute. The screw shaft is 3!4 in .  
diameter, and is  bushed with lignulIlvihe in the  stern 
tube. The yacht i s  schooner rigged, and has a 1 2  ft. 
mahogan y w hale boat and a 12 ft. dingey hung at the 
davits. On her official trial by Captai n COlll Y)), she 
ran 10 '515 mi les an hour on an average of four runs, 
the builder's calculations being based on a speed of 
10Yz miles an hour. The C hemcheck steamed out to 
Constantinople with a crew of runners, awl behaved 
exceedi n gl y  well in a heavy gale in the Bay of Biscay. 
-The Engineer. 

STEAM YACHT CHEMCHECK. 

THE ARTESIAN WELLS OF TH E  OUED 
RIR'. 

THE immense basin of al l u vium of the Ch ott Melrir, 
or of the lower ,!'unisian and Algerian Sahara, is, at the 
same time,  a remarkable artesian one.  'Ve shall  here 
briefly give the principal concl u�ions of the  observations 
and studies that have been pursued by us for s i x  years in 
regard to the nature of the artesian water of this basin,  
and particularly that of the Oued Rir' . 

The O ued Ri r' is a wide valley, which descends  from 
the south to the n orth for 78 lll i les, and ends to the 
south west of the Chott Melrir. U pon its eastern edge, 
it presents a narrow zone of flat land.  Here there is a 
su bterranean reservoir of water, along which extend 
n umerous wells,  sunk either bv the natives or bv 
French augers, and discha rg-i n g: altogether, about 1 40 
cubic feet of water per second, at a llI eal! temperature 
of 25 degrees. The water-bearing stratu m  is situated 
andd permeable sands belonging to our lower drift. 
and i s  covered with a m arly an d i mpenetrable llIass of 
earth of our lacu strine  forltlation, which i s  210 feet 
thick, and which keeps th e water under p ressure. In 
places, t his water has been enabled to effect a passage for 
it�elf to the surface, giving rise to natural springs, bthuur and chria . 

From the remarkabl e works of the inspector-general 
of the Ville mim's on the artesian water of the Sahara, 
we know that it is n ot h ere a q uestion of one or several 
ordinary sh eets of water, regular and concentric with 
the geological strata and comparable in length and 
width . There is one main sheet, w h ich , when the 
covering is imperfect, i s  at times accompanied with two 
lenticular ones above. This sheet exhibits its maxi­
mum pressu re and volume on the east side of the 
valley, but disappears quite abruptly toward the west, 
although the llIarlo .. lacustrine formation extends be­
yond. It is a north by south elongated aqui ferous zone, 
l i Jll ited at the sides a,nel coinciding' with one of  g reater 
permeabil ity of the lower sands. It  is  a sort of sub­
terranean artery. Its bearings are capricious, and it  re­
q uired all the experience and sa gacity of Mr. J us, 
director of the borings, to determine them. '!' li is  
artery meanders under  cover from O u rir at  the north 
as far as to Tongourt at the sou t h ,  a d i stance of 6(1 m i l es. 
Its known width varies between 2�'2: and 8)jJ miles. A t  
t h e  center o f  the Oued Rir' ,  opposite Ourlana, i t  
divides toward the north. and d o n  bt less also toward 
the south, so as to form an irregul a l' X. The ascen­
sional force and the discharge of the wel ls  is very vari ­
able, even a.long the artes;an zone. The twO' chief 
factors, al l  things being equal as to the su bterranean 
con d i tions of su ppl y, are the penneabil i ty of the 
aquiferous sands and the imperllleability of the cover-
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ing. As fOI' altitude, that has little influence upon the 
pressure, the artesian water doubtless having feed 
reservoirs situated above it.  

An analogous, but small er, artesian zone exists 60 
miles further to the south,  un der the plateau of N egoussa 
at O nargla (525 feet altitude). The total discharge of 
the spouting well s of this region is 3 bout 35 cubic feet 
per second, at a temperature of 24°. The covering of 
the artesian water consists of a stratum of clay. 

In addition, there is a general d iffusion of artesian 
water in the sandy soil of the lower Sahara, to the north 
of which have been found some ascending or feebly 
spouting shee ts. Through the entire basin there exists 
an ascending sheet, which, through pressure and capil­
larity, rises to the surface, follo ws the undulations of 
the soi l ,  and,  flowing th rough the depressions, feeds 
the sebkhas and chotts. It i s  this that filters to the 
hottolll of the n atural funnels of th e Ain Taiba, of 
the behar Ramada, etc. , into the ordinary wells, the 
excavations of the souf, and the feggara of the Nef­
zoua. 

In the climate of the Sahara, an active evaporation 
everywhere takes place at the expense of this upper 
sheet, and is  incomparably greater than the discharge 
from all the spouting wells of the Oued Rir' and of 
Onargla. 

Whence and how are the artesian strata of the basin 
under consideration fed ? In the first place, by rain 
water and the influx of rivers, especial l y  of those that 
rise in the Atlas to the north, and that are s ubject to an 
annual overflow. These waters partially infilter into 

rise al l around, with slight dips into the Sahara, so as t.o 
form an asymmetrical and sti l l  vaster reservoir. Water 
circulates therein in variable quantity. It  is  abundant 
in  the mountains of the north,  whence a portion runs 
toward the south, and it is not wanting even u pon the 
cretaceous plateaux of the Sahara, as is proved in the h i gh 
Algerian Sahara by the numerous well s  of the cheblcas 
of the Mzab and the south, the subterranean water­
courses of t.he plateau of Bou Noura, and, in Tripol­
itania, by the cretaceous springs of Ghadames. Now, 
as the cretaceous water tends to collect at the bottom of 
the reservoir, it  must form therein artesian sheets or 
zones under a high pressure that spout through cer­
tain lines of fracture in the strata and then rise and 
distribute themselves in the superposed allu viuIIl. 
'rhese phenomena of subterranean sprin gs seem to us 
especially probable toward the north of the basin and 
at the base of the western slope of the reservoir, where 
they are more or less directly connected with the 
artesian arteries of the Oued Rir' and Onargla. -G. Rolland, in Le Genie Civil. 

MAGAZINE RIFL.ES. 
IN view of the efforts now being made by all the chief 

military powers to obtain the best type of magazine 
rifle, it Illay not be inopportune to put before our read­
ers a brief sketch of the past and present history of 
t.his description of arm. As most of them are probably 
aware the " repeatinO' »  or " magazine » rifle is rela­
tively 'speaking, not a �ew invention. It was employed 

nition as would require very large reserves to sustain 
the fire, also that the soldier would be led to u nderval ue 
the power of each individual round. However, it, will 
be remembered that precisely similar objections were 
made tv the introduction of breechloading small arms, 
and the leading military powers h ave now accepted 
the principle th at the adoption of a magazine rifle is 
not only advisable but absolutely essential, in view of 
the fact that the possession of a weapon able to fire a 
certain number of rounds in very rapid succession at 
the critical EIOJIlent of an attack-and more especially 
of a defense-might decide the fate of an action .  C on­
siderable stress is also laid on the moral effect of being 
in a position to pour such a rain of bullets upon an 
enemy. On the other hand, it has been shown by 
experiment that, up to the present tillie, a single 
loader of the siUlplest construction wi l l  fi re a consider­
able number of rounds as rapidly, if not IllOre so, than 
a magazine rifle. This arises from the n ecessity of 
pausing to refill the magazine. But the delay due to this 
cause can probably be greatly reduced by using inter­
changeable detachable magnzines, or by i nserting into 
a fixed magazine at one Illotion a nUlll ber of cartridges 
in  a very light metal frame. 

For some yeal's past, both i n  E u rope and A merica, 
mechanical ingenuity has been exercised in s implifying 
and pedecting m odels of magazine rifles, with the 
object of producing an arm which shall be simple in 
mechanism, n ot liable to get out of order when in 
active service in the field, available for use as a single 
loader, and of moderate weight. 'fhe different descrip-

FIG. 4. 

THE SPENCER MAGAZINE GUN. 

FIG. G. 

FIG. 3. FIG. U. 
THE WINCHESTER MAGAZINE GUN. THE WINCHE STER MAGAZINE GUN, MODEL 1886. 

the permeable soil, and then descend and distribute 
themselves t hrough the alluvial formation, which runs 
to ward the interior of the basin, and the arrangements 
of which lead them to be ascending or spouting in the 
low regions. 

On another hand, the cretaceous earth of the moun­
tains that stand at the north contains strata of water 
fed by the rains and snows that fal l upon these Illasses 
(whose height reaches 8, 000 feet in the Aures), and these 
waters, on flowing toward the south, give rise, along 
the n orthern extremity of the lower Sahara, to the 
beautiful springs of the eastern and central Zab de· 
scri bed by Ville,  and , on the east, to the analogous 
springs of the  Djerid . Mr. Jus has observed that the 
water of the cretaceous springs of the western Zab dis­
appear in the al luYiulll, and forlll l ittle rivers, which 
descen d toward the south. These become grouped 
beyond, and a lIlain river, flowing southeast-south, 
becollles in the lower sand a great river situated to the 
southwest of the Chott Mel rir, u nder the mario-lacus­
trine formation, whence the compressed waters are 
afterward forced i llto the artery rising under the Oued 
Rir' to the south.  Further to the west, another river 
descends directly toward the center of the Oued Rir' . 
Moreover, to the springs t hat COIIle to the surface of 
the Zab are to be added other cretaceous (but subter­
ranean) ones, which spread out at various permeable 
l evels of the allu vium. 

'Ve think that s imilar springs exist i n  other regions 
of the northern extremity and even of the interior of 
the basin. It  is  well known that the cretaceous strata 
extend without break under the alluvial basin and 

in two or more of its earlier forms during the American tions may be classified as follows, keeping to our defi­
civil war, and was also used to a certain extent in the nition of a " lllagazine » rifle : 
struggle of the Turks against the Russians in the Bal- 1 . 'l'hose in which the cartridges are placed in a tube 
kan provinces. un derneath the barrel , in  connection with the fore end 

'l'he above terms are now employed indiscriminately of the stock. such as the 'Vinchester, Vetterli ,  Kropats­
for anv rifle which can fire a nu mber of rounds in suc· chek and Manser magazine rifles. The chief objeetion 
cession without loading afresh, but the nallle " repeat- to tll'i s  plan is  that the balanc� of  �h e  ,,:eapon is <;on­
ing " was originally  and more correctly applied to an , stantly altered,  as t�w magazme IS bemg' e!nptwd. 
arm identical in principle with the ordinary revolver I There is also the pos.slble danger of th� exploslOn ?f a 
pistol , in which the cartridges are 3,t once lo�ded �nto �h arge in �he  magazlIJe . f.rom a. percussIO n  cap proJ ect­
a number of separate powder chambers contamed III a mg or bemg OYer?ellsltlve, SI!1Ce the base of ea<;h 
cylinder revolving on a central pivot. It h as been cartridge rests agall1st the pomt of the one next III 
found hy experience that, with the heavy charges now front of it. 
fired from a military rifle, the escape of gas at the joi�t 2. �ifles in .w hich the 1�1agazine is contained in a 
between the revol ving chambers and the fixed barrel IS tuhe l I1serted m the butt of the stoek, as the Spencer, 
so great as to render" this construction unsuitable, in Hotchkiss, Chaffee· Reece, Maxi m,  ete. In this case 
addition to the excessive weight of such an arm, and the balance of the rifle is  not so greatly affected by the 
the difficulty of extracting the empty cartridge cases. ' emptying' of the magazine, alth.ough th� objec�ion 
It h as therefore been given up even by Colt,  the first remains of the apex of one. cartndge res�l l lg agamst 
inventor, in favor of a " magazine » properly so called, the base of the next. It IS, �l Owever, eYlden� that a 
which we may define as a receptacle for containing a, tube in the butt caIlnot con tam so lIlany cartndges as 
n umber of rounds of ammunition , which are succes· one underneath the l?arrel. . .  . 
sively fed into the cartridge chamber of the rifl e, and 3. " Central magazll1e »  arms, III whICh the magazme 
are therefore fired n ndel' precisely the same conditions is just in rear of t� e cartridge challll?e,r <?f the  ba:I'l'el, 
as if the weapon had been loaded by hand each time. its shape and premse arrangement dlffermg conslder-

It may be premised that the best military authorities ably in the various models .  . ,  
have been and are stil l  much di vided as to the practical The advantages of the central magazllle are (1 .) that 
utility in the field of magazine arms. In addition to the balance of the rifle is not in . the least affected �y 
the objection naturally arising from their Illore compli- the varying number of charges III the receptacle, (u.) 
cated construction as compared with single loaders, it that there is n o  danger. �f pre matllr.e explOSIOn frol�I . .  a 
has been urged that their general adoption would projeeting or . o versenSItIve percus�lOn <;ap,. and (U!.) 
probably lead to such a wasteful expenditure of ammu- that the cartndges can be far more eaSily lllserted lU 
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the magazine than in either the first or second forllls. 
T hi s  class may conveniently be subd i vided i nto : 

(a. ) Drum or horseshoe magazines, as in the Schulhof, 
which is the be8t representative of this division. 

(b . )  Box form, i nserted u nderneath the shoe in a slot 
j ust i n  front of the trigger guard. '.rhis i s  the Lee 
magazine.  But the Spencer-Lee, the Pieri, and the 
A ustrian Mannlicher have a similar form. (c.) Box form , placed above or on one side of the shoe. 
T h e  original Jarman, the Burton , Lee-Burton, an d 
O wen-Jones have this form. which has the merit of dis· 
pensing with the magazine feed spri ng, since the car­
tridges fal l successively into th .. position for loading 
through the action of gravity alone. This kind of 
magazine  is,  however, m uch i n  the soldier's way, and 
is bad for aiming. In  the Morri s rifle, six cartridges 
are contained in a light skeleton frame, which fits on 
top of a, receptacle on the left s ide of shoe, and which 
can be throw n  away when empty. Nine cartridges in 
all  can be cQntained in the rifle, viz . , one in the 
chamber, one in th e shoe, one in the receptacle, and 
six in the frame. 

In addition to the above classes of magazines, which 

The cartridge next for use is pressed by means of the I to its original position, when it is in readiness to re­
spiral " feed " spring into a carrier or hopper in l i ne ceive another cartridge from the mag-azine. The Vet­
with the magazine tube. '.rhis carrier is actuated by I terli, which fires a rim fire cartridge, is a heavy and 
the lever forming the trigger guard. '1'he motion of clumsy arm, and cannot now be considered in the first 
lowering this lever ejects the empty cartridge case, rank of magazine rifles. 
cocks the rifle, and raises the fresh cartridge in the Hotchkiss Magazine Rijle.-This rifle (see Fig. 8) was 
carrier to the level of the barrel. On returning the one of the three models r�collllnended by the Ainerican 
lever to its original position , the carrier is lowered, the board for manufacture in order to undergo an exhaus­
cartridge pressed home into the chamber, and the gun tive practical trial in the hands of the troops. The 
ready to be fired. breech is closed by a bolt of much the u sual form, in 

Winchester Repeating Rifle, New lJ£odel, 1886 (Figs. 4 three parts. A is the hammer or rear piece, B the cen·· 
to 6).-'.rhis arm, which has much the same external ap- tel' piece with handle attached , and D the bolt head 
pearance and is manipulated in the same lllanner as or front piece carrying the extractor. The center piec� 
the earlier patterns, yet possesses several distinctive contains the coiled spiral llIainspring encircling the 
features . . These improvements are, taking them in the striker, which latter i s  operated by the trigger in  
order of I mportance : the usual m an ner, the mainspring h aving been com·· 

1 .  A most effective locking arrangement, w hich adds pressed by the motion of closing the bolt and turning 
great strength to the breechloading mechanism, and down the handle. There is an arrangement for with­
allows of the heaviest m ilitary charges being fired from drawing the striker within the bolt head in opening 
the rifle. Two lockin g  bolts (left unshaded in the sec- the bolt, and the shape of the s lot or recess in  the shoe 
tions, Figs. 5 and 6) have a vertical m otion cOlIlllluni- i s  such that the bolt is call1llJed forward by turning 
cated to them by means of studs which work in a down the handle, slowly forcing the cartridge home 
slotted groove in the hand lever ; when the action i s  into the chamber. '.rill  this is  completely done the 

rifle cannot be fired. 
The magazine is a brass tube in the butt. A h ole is 

drilled i n  the back of the shoe, below and obl i q uely to 
the axis of the bore, and through this hole cartridges 
are fed i nto the challlber by the action of the spiral 
magazine spring. There is a cartridge stop, C, at the 
front end of the magazine, and w hen the latter i s  filled 
by pressing the cartridges into it  through the hole in 
the shoe, the front cartridge bears against this stop. 

Upon pulling the trigger, the cartrid ge stop, C, is 
momentarily depressed, alJd al lows the front cartridge 
to be pushed past it, against th e under Eide of the bolt. 
When the bolt i s  drawn back, this cartrid ge slips 
quickly into the shoe, while the one following is  canght 
and detained by the stop. It will be seen, therefore, 
that the motion of pressing the trigger to fire one car­
t ridge permits the next one to partly enter the shoe, 
the operation being eompleted when the bol t is with · 
drawn with the empty case. As has already been 
stated,  the act of closing the bolt presses the cartridge 
horne into the chamber. 

FIG. 7. -TH E  VETTERLI MAGAZI N E  GUN. 
T here is a slllal l thumb bolt on the right side of the 

stock, by pushing which forward the m agazine can be 
cut off, and the rifle  used as a single loader in  the ordi­
nary manner. Pushing it back brings the m agazi ne 
again into play. On the left side of the shoe is another 
th umb piece, which, when pushed to the front, pre­
vents all movement of trigger, cartridge stop, or bolt, 
securely locking the action. 

are all self-loading, certain appliances, termed " quick 
loaders, " have been devised , which can be attached to 
ordinary single loader breechloading rifles. These are 
mostly in the nature of the box magazine, and present 
each cartridge in turn in a posit ion to be rapidly fed 
into the chamber by hand. These quick loaders are 
evidently inferior in every respect to detachable maga­
zines,  and are even more in the soldioer's way. Spence)' Rifle (see Figs. 1 and 2).-'l'his was about the 
earl iest magazine rifle. and the first tested by use in 
actual warfare, h aving been patented at Boston, United 
S tates, so far back as 1860. It comes u uder the second 
class, the magazine being cOlltained in a tube in the 
butt. It held seven cartl'idges, which fed up to the 
breech action by means of a spiral spring, each being 
success i vely guided by the flat conductor, K,  made to 
press downward by mean s of a spring. In the original 
m odel the breech was closed by a revolving block in 
two pieces, B the block proper, and , C, the central 
piece, w h ich latter was hinged or pivoted to the nnder 
part of the shoe or body. 'Vhen the lever, L, con­
nected with the block by means of the cyl i ndrical bolt, 
M, and which also forlll s the trigger guard, is pressed 
down ward to the front, the " block " s lides into a re­
cess in the central piece (see Fig. 2), the latter rotating 
and leaving the chamber open. This  motion ,  likewise, 
causes the movable extractor, E-attached to the left 
side of the center piece-to withdraw the empty car­
tridge case, wh ich is deposited on the upper side of the 
cond uctor, K, whi l e, at the same time, a fresh cartridge 
i s  fed up from the magazine, and held between the 
cond uctor and the block. 

On again raisin g  the lever, the block catches t.he 
fresh Cfutridge and forces it into the chamber, when 
the block rises by the action of the spiral spring, N, 
and completely closes the breech. This up ward move-

closed, the bolts sl ide up into corresponding slots in the 
breech bolt, one on either side of the firing pin or 
striker, thus securely locking the bolt. The tops of 
these safety bolts are visibl e in the d rawing (Fig. 4) of 
the exterior of the rifle. 

2. The hand lever has a shorter radius, giving a less 
movement than in the older models, thus allowing the 
rifl e to be manipulated with ease when at the shoulder. 

Five cartridges can be carried in the magazine, and 
one in the chamber. 

As a ma gazine arm, two motions are req uired for 
loading, viz. , opening and closing the bolt ; as a si ngle 
loader, three movements are required. viz . , open bolt, 
insert cartridge by hand, close bolt. -Engineering. ('1'0 be continued. ) 

3. A hook, attached to the l ever, assists in w ith­
drawing the cartridge from the magazine i nto the car­
rier. '1'his permits of the magazine spring bein g com ·  
paratively weak, s o  that the magazine can b e  filled 
with ease. 

The action of the rifle will be readil y  understood with APPARATUS FOR I NV E ST I GATING '.rE RRES-

the aid of the illustrations. The very first downward T RIAL MAG�ETISM. 
movement of the lever withdraws the firing pin within A '" d l  N S "  d I 

. 
the front face of the breech Hock, and l ocks it back . MAGN E'UC nee e, . , IS suspen ec o? an ax!s 
until the ann is again ready for firing, while  the 

.
empty 

I 
passmf;\" exacyy through. ItS 

.
center of �ravlt!: �n d  IS 

cartrid o-e case i s  extracted from the chamber and SUppOl ted by th� m etallIc. fl alI�e, C, whIch c,u lJes. an 
ej ected� At the same time the elevator or carrier raises ag�te cup bearmg, that IS  pOIsed u P.on the . ver�ICal 
the fresh cartrido-e to the level of the bore and the POlllt, d, s� that the I�lagnet can move III all dIrectIons  
hammer is caused to rotate on its axis past th� cocking 111 the vertICal or h orlZoptal �Ianes. F.astened to the 
position by the withdrawal of th e  breech bolt. 'Vhen center. of the magnet IS a CIrcu l ar 1II 1lTOr, M, whose 
the lever is raised to its normal position, the breech refle�t!llg plane passes exactly thro�llh the center ?f 
bolt presssd hOUle into the chamber, and the carrier gravIty of  the needle.. The observatl<�ns ar� lllad.e 111 

depressed to the l evel of the m agazine, simultaneously the usual ma!lner WIth a telescope WIth .Rplder llI�es. 
the spiral m ain or striker spring is compressed, the I n  place of a SIm ple scale such as I �  used wlt�l refiectlllg 
hammer revolves forward nntil the trigger bent is galvanometers and magn.etometers, a board. IS arranged 
caught in the notch of the tumbler, thu s  cocking the belo:", th� telescope, dIvIded . by both. honzontal an d 
arm and the locking bolts are shot up throu o-h the vertIcal hnes, though the horIZontal l mes alone wonld 
bre�ch bolt. '1'h e  rifle i s  now ready to be fired. " suffice. A gradu ated rule or scale can be moved u p  

'1'he m ao-azine i s  fil led while the breech mechanism and down over the face of the scale board by means of 
is closed, by pa�sing the �artridges through an open i n g  a button wOl:ked �Y the observer. . . 
at the right side of the shoe, which is closed by an auto- The �p?al atus IS so se� .up t? �t wl

.
th th ? n�edle 111 

m atic spring cover. By a vel'y simple arrangelll ent the nor mal, 01: zero, pOSItIOn as l egal d s  vallatlOIl and 
this rifle will take cartridges of sligh tly vary ing 

FIG. 8.-THE HOTCHKISS MAGAZINE GUN. APPARATU S FOR INVESTIGATING T ERRES­
T RIAL MAGNETISM. 

ment also causes the conductor sharply to ejeet the 
em pty case. 

A n e w  m odel of the Spencer, so altered as to be q uite 
a different arm , will be noticed in its place ; also the 
S pencer-Lee, w hich has the n e w  Spencer breech block 
combi ned with the Lee central magazine. 

Winchester Rifle (Fig. 3). -'rhis weapon, probably 
the best known of the early repeating rifles, was an im­
pmvement on the • .  Henry," by the Winchester Arms 
Company, whose name was then given to it. '1'he 
Henry was used with llonsiderable effect d u ring the 
American civil war. '1'he '.rurkish cal vary, in the Russo­
'1'urkish war, were armed with the 'Winchester, and it 
was also used by some of the '.rurkish infantry at 
Plevna. It is the first repl'esentative of Class I . , i n  
which t h e  magazine is  placed underneath the barrel, 
the cartridges being fed toward the breech by a spiral 
spring. The magazine can hold fifteen rim-fire car­
tridges, and is fil led through an aperture at the right 
side of the shoe or body, which is closed by an auto­
matic spring cover. 

weights of powder and pro.iectile. These rifles are 
made in sevel'al calibers, from 0 32 in. to 0 '45 in. 

Vetterli Magazine Rifle . -This arm (see Fi g. 7), which 
h as been for some years in nse by the S wiss army, has 
the bolt action of the single loader of the same name. 
It represents the first dass of magazine rifles, the maga· 
zine consisting of a tube underneath the barrel. The 
cartridges are inserted through an aperture at the side 
of the shoe, as in the 'Vinchester rifle, and are fed to 
the rear by means'of a spiral "pring. Indeed, the prin­
ciple of the " repeating " action is very similar to that 
of the last n am ed arm, except that the carrier is worked 
b y  the bolt instead of by an exterior lever. 

On opening the breech, by pulling back the bolt, a 
stud on the latter strikes against the upper extremity 
of a bell crank lever, L,  and causes the other arm to 
raise a carrier, H, containing the cartridge, wh ich is 
thus brought on a level with the chamber of the barrel . 
'When the bolt is pushed forward, the cartridge is sent 
home into the chamber, and another projection on the 
bolt, striking the bell crank lever, lowers the carrier 

d eclination , the zero of the scale will  be reflected. 
'.rhen in each observa.tion a single reading gives both 
the local variation and declination or d ip. This  we 
re�ard as important, because observations of the di p  
are generally  made i n  a perfunctory manner, and it  
seems a matter of some i mportance to know the abso­
l ute position of the magnetic n eedle with respect to 
the axis of the world and to the position occupied by 
the latter with respect to the sun. 

If the observations are to be continuous, a plan 
highly to be recommended, a good lamp i s  p laced in 
the position occupied by the telescope, and for the 
graduated board i s  substituted a d isk covered with 
sensitized paper (gelatino-bromide) and rotated inter­
mittently one·half a degree per lII inute by clockwork. 
The system of continuous photographic registration is 
due to Mr. Brooke, and has already been successful ly  
applied i n  observatories. Mr.  Brooke uses a cyl ind er, 
continuously rotating, instead of a disk. - U. Bagnoli, 
in L'Elettricita. 
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ADULTERATIONS IN FOOD AND DRINK I Th e first milk yielded by the cow after calving, called . eolostTUJn (Pig. 4), is characterized by the presence of 
THE adulteration of articles of food and drink has numerous corpuscles of large size and granular appear­

long been a subj ect of publ ic disq uietude. Accum. in ance. " The disgusting adulteration of milk with 
his treatise on adulterations of food (London, 1820), cerebral matter, known to be occasion ally , although it  
first aroused attention to the subject, and the work is  to be hoped very rarely, practiced, is readi ly detected 
begun by him has been prosecuted with greater thor- in recent milk by the aid of the microscope, portions 
oughness. since. by Mitchell ,  Normandy. C hevallier, of the nerve tuhules being d iscovered in such milk " 
Garnier, Ha rel, Marat, and. very exhaustively, by Dr. (Fig. 5). 
Hassall , whose work on food and i ts  adulterations According to Hassall ,  the com m on ad ul terants of 
(1851-1854) comprises upward of 700 closely printed milk are : water, which is difficult  of detection when it 
pages . exists in very small quantity : flour or starch, which 

It is the opinion of Dr. Hassall, after a very thorough may be detected with a small quantity of iodine and 
examination of the subject, that adul teration prevail s  turmeric, to give richn ess of color. Less comIllon 
in nearly aU articles used as food, drink, or medicine ; adulterants are : gum arabic, gu m tragacanth , and 
and he adds that many of the substances used in the dex trine. It has been pointed out by Accum that the 
adulterating process are not only inj urious to health, prevalent notion that milk is  occasionally adulterated 
but are even poisonous. In Dr. Hassall's investigations, with chalk is erroneous, since this su bstance is entirely 
the microscope was the effective instrument of detec- insoluble, and wou l d  at once fal l  to the bottom. 
tion , and many of the figures that illustrate these Coffee. -Pure ground coffee, when examined under 

FIG. 1.-PURE COW'S MILK. 

FIG. 4 -COLOSTRUM, OR MILK YIELDED 
BY THE COW AF1'ER CALVING. 

FIG. 7.-ADULTERATED COFFEE. 

notes were originally drawn by him by the aid of 
the camera, lucida in connection w ith that ap­
paratus. 

Let us submit a few common articles of food and drin k  
t o  microscopic examinati on , and see what w i l l  be re­
vealed to us. 

Milk.-The fatty matter of milk,  upon which its 
val ue mainly depen ds, exists in the form of innumer­
able semi-opaque, white  globules of various sizes. In 
good milk (Fig. 1), these globules are seen under the 
microscope to be very abundant, and some of them of 
considerable size. In poor milk , the globules are much 
less numerOll S and of smaller size ; and i n  the milk of 
d iseased cows (Fig. 2), they are few i n  number, of large 
size, and aceOl ll panied with morbid granulations. 
Cream consists almost entirely of these fat globules, 
sOllie of which are of considerable size. When cream 
h as been exposed for sOllle time to strong agitation , 
these fat globules coalesce i nto a mass, the remaining 
watery liquid i s  expelled from between them, and 
butter is produced. 'rhis substance , when unadulter­
ated, appears under the microscope as shown i n  
Fig. 3. 

FIG. 2.-l\fILK OP A DIS E A SED COW. 

FIG. 5.-MILK ADU LTERATED WITH 
CALPS' BRAIN. 

FIG. S.-I MITATION CAPER OR GUN­
POW D E R  '1' EA.  

the m icroscope, presents the appearan ce sho wn i n  Fig. 
6. The adulterants of gro u n d  coffee are : chiccory, 
roasted wheat, beans, peas, potato, and b urnt sugar. 
Of these, the most common adulterant is chiceory, which 
has noth ing to recolllmend it  but cheapness, and which 
is itself scarcely ever free from sophi stication. In fact, 
according to Johnston (Chemistry of Common Life). 
Venetian red is very cOlIlmonly em ployed to i mpart to 
chiccory a true coffee color : "and it is  curious to observe 
how the practice of adulteration extends itself from 
trade to trade. The coffee dealer  ad ulterates his coffee 
with cb iccory to increase h i s  profi ts ;  the chiccory maker 
adul terates his chiccory with Venetian red to please the 
eye of the coffee dealers ; and, lastly, the  Venetian red 
manufacturer grinds up his color with hrick d ust. that 
by his greater cheapness, and the variety of shades he 
offers, he may secure the patronage of the traders in 
chiccory ! "  Other ad ulterants of chiceory are roastfld 
turnips, carrots, parsnips, mangel�wurzel, and beans. A 
sim ple method of detecting an ad mixture of chiccory 
with coffefl is  to put the suspected powder in cold 
water. Chiccory gi ves a colored i nfusion in cold water, 
while coffee does not. When coffee is adulterated with 

this article, it presen ts under the m icroscope the 
appearance shown in Fig. 7, wh ere a represents the 
coffee, b the chiccory, and c starch granules from 
roasted wheat. 

l'ea. -1'here is no fall ing back upon tea as a beverage, 
for this seems to be used rather worse than coffee. This 
article i s  not only adulterated in  the countries which 
im port it, but sti l l  more so by the Chinese themsel ves. 
The favorite a(l u lterant is spent tea l eaves. p urchased 
of hotels and restaurants. When these are used, re­
course is h ad to catechu to i mpart the necessary astring­
ency and color, and to supply the place of the abstract­
ed tannin.  Gum and starch are used to restore the 
twisted form imparted by the Chinese method of dry­
ing, sulphate of iron is used to i mpart a black color, 
and rose pink to give a bloom to the surface. 

Plulll bago is used by the Chinese to "face" the leaves 
of black teas, and some substance resembling China 
clay or talc is e m ployed for iIll part ing a bloom or luster. 
The Chinese also adulterate their tea with leaves othe! 

FIG. 3.-PURE BUTTER. 

FIG. 6.-GENUINE GROUND COFPEE. 

FIG. 9.-IMITATION TEA. 

than those of th e tea pl ant. As regards the blacl, teas, 
congous  and souchongs, th ese arrive mostly in a gen u ine 
state. Certain others, snch as scented oran ge ppkoe 
and caper, are invariably adulterated by beiIlg glazed 
with p lum bago ; caper like wise by being mixed with 
paddy husks and leaves of plants other than th ose of 
th e tea plant. Pig.  8 shows the appearance, under the 
microscope, of an imitation tea made in large q uantities 
in China, and offflred in foreign markets at a low price. 
At aaa are seen fragments of tea leaves or tea d ust ; at 
bbb, sand ; at eee, starch granules : at ddd, granules of 
plumbago : at eee, particles of a. mica-l ike substance ; 
at ff, cells of turmeric ; and at gg, fragments of 
indigo. 

Pig. 9 shows a specimen which contai ns  n o  tea at all ; 
at aaa, we have gra.nules of wheat starch ; at bbb, 
fragments of catechu ; and at eee, crystalline needles 
from the catech u. 

Green teas, with the exception of those from Assam , 
are invariably adulterated, that is to say, glazed with 
colorin g  matters of different kinds, and some of them 
h igh ly poisonous. Among them 'lore : Prussian blue, 
indigo, D utch pink, verdigris, arsenite of copper, 
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chromate and bichrom ate of potash, chrome yellow, 
chalk, etc. 

Cocoa and Chocolate. -All the parts of the cocoa 
bean are fo und in small  fragments in the paste. .Fig. 
10 shows the microscopical appearance of genuine 
Trinidad cocoa. At a we recognize fragments of the 
cellular tissue of the bean ; at b, portio n s  of the rin d ; 
at c, fragm ents  of the germ ; and at d and e, isolated 
granules of the peculiar starch of the seed. 

As regards chocolate, the processes employed in 
corrupting the manu facture are d escribed as " diaboli­
cal . " .. It is often mixed with brick dust to the amount 
of ten ,per cent. , and peroxide -of iron twenty-two per 
cent. , and animal fats of the worst description. "  In 
England, cocoa is Rold under the names of flake, rock, 
gran ulated, sol uble, dietetic, hOlllooopathic, etc. S u ch 
names are evidently e m p loyed to d isguise the fact that 
the articles are compounded of  sugar, starch, and other 
su bstances. Other adulterants are flo ur, I'lotato starch, 
cocoa nut oil ,  lard, and tallo w, and, to gi ve weight, 
chalk and p l aster of Paris, and for color, red e arth or 
Venetian red. Fig. 11 shows one of these mixtures as 
seen under the microscope. I t  is  sold under the name of 
" Homooopathic Cocoa. " At aaa are seen granules and 
cells of cocoa ; at bbb, granules of canna starch ; and 
at c, granu les of tapioca :starch. 

Flo'ur. -Starch almost constantly occurs in the vege­
tab l e  Idngdom in the form of organized corpuscles, the 
characters of which frequently vary greatly in differ­
ent plants. These differences are often so great that, 
with the aid of  the m icroscope, they afford in forma­
tion of a h ighly val uable charact.er, and allow the ob­
server to distinguish lllany flours from each other. 
Wheat flour is frequently adulterated with various sub­
stances, such as potato starch, bean flour, Indian meal, 
rye flour, and rice flour, and with al um, chalk, bone 
dust, and plaster of Pari�. In the detection of such 
adulterations, the m icroscope, together with a slight 
knowledge of the action of chemical reagents, lends 
important assistance. " It enables us to j udge of th e 
size, shape, and markings of the starch grains, and 
th ereby to distinguish the granules of one meal from 
those of another. In some cases, the microscopic ex­
amination is  aided by an application of potash. Thus, 
we may readily detect the mixture of wheat flour with 
potat.o starch, or meal of the pea or bean, by the addi ­
t i o n  of a little water to a s m a l l  quantity of t h e  flour ; 
then, by adding a few d rops of a solution of potash 

FIG. 1 1 . -AD ULTERATED C O COA. 

',-----
FIG. 14.-GRANULES OF POTATO STARCH. 

(made of the strength of one part l i q u i d  potash to three 
parts of water), the granu l es of the potato starch (Fig . 
1 4) will immed iatel y swell up and acq uire three or fou r  
times their natural size, whi l e  those o f  t h e  wheat starch 
(Fig. 12) are scarcel y  affected. If adultemted w i t h  
pea o r  bean meal, the hexagonal tissue of the seed i s  
at t h e  same t i m e  ren dered verv obvious u nder the 
mi croscope. Polarized light wili be of use as an addi­
tional aid. Wheat starch presen ts a faint black cross 
proceeding from the central hil u lIl , whereas the starch 
of the oat shows nothing of the k i nd . "  

" Ad ulteration o f  bread with boiled a n d  m ashed 
potatoes, next to that with alu lIl , is, perhaps, the one 
which i s  most cOlll lllonly resorted to. The great ob­
j ection to the use of potatoes is that they are made to 
take the place of an articl e very much 11I ore nutritious. 
The cel l s  which con tain the starch corpuscles are, in 
the potato, very large (Fig. 14) ;  i n  the raw potato, 
they are adherent to each other. and form a reticulated 
structu re, i n  the meshes of which the well defined 
starch granules are clearly seen ; i n  the boiled potato, 
however, the cells separattl read ily from each other, 
each forming a distinct article. The starch corpuscles 
are less distinct and of an altered form. "  

'I'he ad ulteration of wheat flour with alu m  a n d  
" stuff " is p racticed w i t h  a t wofold obj ect, viz . : " First, 
to render flour of bad color and i nferior quality w hite 
and equal, i n  appearance only, to flour of superior 
quality ; and secondly, to enable the flour to retain a 
larger propol'tion of water, by which the loaf is m ade 
to weigh heavier. B y  dbsolving out the alum i n  water, 
and then recrystallizin g  it  under the microscope, thi s 
adulteration is readily d etected. " 

The starch gran ules of rye fiour, whi ch is sometimes 
used te> adulterate wheat flour, are shown in Fig. 1 3. 
For the sake of com parison , we present in Fig. 15 the 

starch granules of sago, a fecnla obtained from the 
Sag us Rumphii, a palm growing in the Moluccas, and 
those of the arrowroot, a fecula deri ved fro m the 
Maranta arundinacea, growing in t h e  West Indies. 
It  is very rare that sago reaches u s  in the state of 
p urity here shown. And an imitation of the article is 
someti mes prepared in E u rope from potato starch.  
This imitation, however, when exami ned under the 
microscope, exhibits larger granules, which are also 

FIG. 10. -GENUINE T RINIDAD COCOA. 

FIG. 12 .-STARCH GRANULES OF WHEAT 
STARCH, AND C HARACTERS OF 'l'HE 
CELLU LOSE. 

FIG. 15.-SAGO. 

more regularly oval oI' ovate, sm oother, less broken , 
and more distinctly marked with the annular rugal 
than those of sago. Arrowroot is often adulterated 
with COllI III on or potato starch,  but the sophistication 
may, as in the preceding case, be ea.sil y detected with 
the microsco pe. 

THE RELATION B ETWEEN DRINKING 
W A'rER AND TYPH OID FEVER ..  " 

By DOWLING BENJAMIN, M.D. , Camden, N. J. 

they give t h e  examples and ca8es which prove to thpir  
m i n d s  the truth of s u c h  belief. B n t  t h e  cases c i t e d  a s  
proofs a r e  generally de fective, and do n ot excl u d e t h e  
possi bility of i n fection from a preceding case. Take 
for exam ple the four i nstances given by D l·. R. 'V. 
H utchinson,  of Queens County, N. Y . ,  pu bl i sh ed a s  
late as October 9, 1886, i n  the Medical and Surgical 
Reporter. 

I will n ot occu py your time by criticisin g all these 
cases, but will select the fourth ,  wh ich seems to be the 
stron gest, as follows : 

" IV. In the last part of August, 1885, a party of 
young folks, nUllI bering some fi fteen, started out to 
s pend the d ay at the banks of a creek n eal' East Rocka­
way. They carried n o  water with thelIl , but relied on 
securing a supp l y  from a sunken banel near the creek, 
that h ad been used for that p urpose for a n u m ber of 
veal's. O n  this occasion it was n oticed t,hat the water 
sm elled and tasted bad, so much so that SOUl e  of the 
party refused to drink it. Exactly one week from the 
day of the picnic most of them who had d r u n k  t h e  
water, s o m e  n i n e  in n umber, were stricl,en d o w n  abrupt­
l y  with typhoid fever. I regret very m uch that I d i d  
n o t  have t h e  opportunity o f  examining the barrel,  with 
its contents, i m med iately after the picnic,  as I alii now 
l eft in dOll bt as to the cause of the decoIll position i n  the 
water. Shortly after the ou tbreak of the fever some 
person, feari n g  that others might d rink,  pulled up the 
barrel and d estroved the well. But from a n umber of 
reason s  I can positively say that there w as no possi­
bility of the water bei n g  contamin ated w ith the fecal 
matter of  a patient suffering from typhoid fever, which 
is  the recognized way of com m u nicating the d isease ; 
and i f  the germ s of the di sease did n ot origin ate de 
novo in the well water, I ask the q uestion , W h ere d id 
they come from ?" 

You see he gives no reason why th e wel l could not be 
contaminated with typhoid fever, though he says he 
has a number of them ; yet he says he h ad no op­
portu n ity of examining the barrel ,  n or its con tents, 
but he hea1'd some o f  the party say t h at the water 
ta sted and smelled bad. Notice that i n  less than 
seven d ays most of the party of n i n e  who d rank the 
water were suddenly stri cken d own. 'rhis fact, in it­
sel f, might occasion some doubt of the fever bei n g  
a true typhoid, as the i n cuba tion period of typhoid 
fever is  usually lon ger, though t h ere a re i n stances on 
record which wou l d  have a ten den cy to show that ty-

FIG. 13. -STARCH G RANULES OF RYE 
FLO U R. 

FIG. 16.-ARROWROOT. 

phoid fever may occur with a sh orter incubation period 
than two weeks. Two weeks, however, is  abou t  the 
usual time. 

What a blessing it m ight h ave been if th e doctor had 
only told u s  the p recious l i ttle seCl'et of how h e  k n ew 
that no one h ad been in that vicinity, that his fecal 
m atter might have affected t h e  well ! 

Then take the cases cited by t h e  i l lustri ous Morchi­
son, who has done so much for the thenUollletl'Y of ty­
phoid fever, but who has, perhaps, led astray m Ol'e stu­
dents of the origin o f  the poison than any other man. 
Non e of his cases is  in lIly opinion conclusive,  an d TYPHOID fever is caused by a pecu liar and speci fic this opinion is sustai ned,  al so, by t h e  opi nion of D r. J. poison. I do not know that this is denied to-day by H. H utchi nson, of Pennsy l vania, who says, i n  an arti­any one competent, from carefu l study an d thorough cle on this su bj ect, that t h e  cases referred to are by n o  investigation, to give trust worthy i nformation on t h i s  means convincing (see p. 256, " S ystem of Medicine by subject. Does i t  arise de novQ' � Al l  th e i n vestigations American Auth ors, " j u s t  p u blished).  th�t I h a v� made have prov!ld to my mind th at the A case put for ward by the ad vocates of the sponta­pOlson whlCh prodl] ces typhOI d fever can not be gene- neous origin th eory as one of their stl'ongest is  that rated spontaneollsl y, but must come from another reported by R. Bruce Lowe, Medical Officer of Healtb, source. I am aw�re that t.here . are some gentlemen Holmesley, Yorkshire, p u blished i n  the British Medi­who even now beheve that It ol'lgmates _ de novo. and I cal Journal i ll 1880. " It occurl'ed , "  h e  says, " in a l a.d 

* Read at the twelfth annual meeting of the New Jersey Sanitary I who had not ?�en away fl'om home for months. No 
ASSOCiation, Satllrday, November 20, 1886. stranger had VISited the bouse, and there was no fever 
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in the district. " B ut Mr.  Lowe admits there was a case �tream , and reached the lower reservoir as quickly as a 
before, only eight months past, and only eight m iles lIlan walking fast could have arrived th ere. 
d istant, and he does not prove there was no possibility " In fifteen days fro m this time the epidemic began, 
of i nfection, either by domestic animals or by streams fifty cases occurring daily between the 10th and 20th 
of w ater. It is a well-known fact that, when the great of April.  U p  to the present, t welve hundred have 
forests of pine are cut off the land in the northern been sick and one hundred h ave died out of a popula­
part of the United States, there comes u p  a thick tion of eight thousand. For the first three weeks the 
growth of oak timber immediatel y succeeding ; and few people in the town who used well water exclusive­
the common opinion of people who notice this strange ly escaped the disease. The period of incubat ion varies 
phenomenon is, that the little oak plants originate between ten and twenty days, or longer, and therefore 
spontaneously in the soil. I think you will hard l y  be- no other conclusion can be arrived at than that the in­
lieve this correct ; but the same agencies that sowed fective poison existed i n  the mountain water and origi­
the original oak seeds i n  the forest, it must be admitted, nated from the one case of fever in the house on the 
are fully competent t.o sow the seeds of typhoid fe ver side of the stream . "  
in unexpected places occasionally. T h e  m a n  w h o  T h i s  entire and comprehensive report is  o n  file i n  the 
starts out, in this present age of scientific research , to mayor's office, Philadelphia, an d is also p ublished i n  
prove that typhoid fever originates de novo assumes a the " Proceedings of t h e  County Medical Society, " May 
greater task than H ercules. . 13, 1885. The commi ttee con�isted of M. S. French , 

No combination, either of filth, fecal matter, or sew- A. M. , M.D. , Surgeon of the Police De partment of' Phila­
er gas, has ever yet been discovered that will produce delph ia, and E. O. Shakespeare, A . M . ,  M. D . ,  Patholo-
the disease. gist of t h e  Philadelphia Hospital. 

What are the physical ch aracteristics of the virus of L[ st October a severe epidemic of typhoid was in 
typhoid fever ? Is this virus a liquid, a solid, or a gas ? progress in Im l aystown, N .  J" about forty miles from 
E vidently it is matter of some ki nd.  Inorganic m atter Camden, and I went out there to investig-ate it, and 
may be either solid, liquid, or gas ; organized matter is  was greatl y  assisted in so doing by the kindness of Dr. 
never l iquid, never gas. We conclude it is not a gas for H . G. Norton. 
t.he following reason s ; I found th at a brook about four feet wide runs 

Fi rst, the gas has not been isolated. through the village. A stre�t runs parallel with the 
Second, it would be more apt to go through the air stream, about one hundred feet from it. A row of 

than otherwise, w h i ch is not the case with this virus. houses i s  situated between the brook and the street, 
Th ird, all kno w n  gases that affect the systelll pro- and the back yards extend to the b rook, about forty 

foundly, if they affect it at all, do so at once or in a few feet distant. Between the brook and the hous�s is situ­
minutes after their reception into the system. ated a row of privies, and a row of wells for drinking 

Can a dose of carbonic acid gas, ammonia g-as, ilIu- water. The p rivies are situated o n  the bank of the 
minating gas, or any other poisonous gas, be taken and brook, so that the fecal m atter from them has to run 
lie in the system for from two to six weeks, and then only a distance of three or four feet to get i nto the 
begin to de velop a t.rain of trouble, a uniform succes- stream. The wel l s  are bet ween the stream and dwell­
sion of sym ptoms, l i k e  typhoid fever, or small-pox, or i n g  houses, and about thirty or forty feet from the 
any other of the zymotic diseases ? Never. Is it a Jiq uid, brook . 'J'he somewhat impervious stratum has a slight 
t h i s  virus ? The same obj ections apply to t h i s  theory dip toward the well, and underlies the locality. On 
that apply to the theory of its being a gas. Is  it com- m easurin g, i t  was found that t h e  floor or bottom of 
posed of solid particles ? If  so, these particles l Ilust be the wel ls  was not more than a few i nches below the 
of nearly the same specific gravity as water. There is  floor of the b rook, and w h en the water was high in the 
no evidence to the contrary, at any rate, and these brook it was also h i gh in the wells, and that there was 
solid particles Ill llst be very s lIlall indeed, for water porous grou nd between the brook and the wells of the 
k nown to contain typhoid fever poison is often appar- privies. 
ently clear and bright. Filters do not seem capable of Begi nning up the stream, and designating the houses, 
sieving out these pa,rticles, these poisonous particles and which are but a fe w feet apart-not over fift,y feet­
t h i s  matter. At l east water has been fi ltered through ten and numbering from 1 to 3, I will give yo u  the follo w­
and even one hundred feet of sand and earth , cOlIJ ing i n g  expl anation ; 
out clear, but still bearing poison in sufficient q uantities In 18')3 a family came to No. 2 suffering with " typhoid 
to produce fever and cause death . So far as is at p resent malarial fever and diarr h om. " The children h ad fever 
known, the poison has not been filtered out of the water and bowel trouble,  with diarrhrea, lasting for m onths, 
by any kind of filter. This would lead us to think it un til the spring of , 1885. On August 14, 1 885, a young 
was real ly d issolved in the water, but for the fact that a lady was taken with typhoid fever in this same house. 
system of vel'y fine filtration has not been tried upon sus- O n  August 28, another young lady was taken with t h e  
pected water, a n d  t h e n  the water g i v e n  t o  persons to disease in No. 2, the n ext h o u s e  below-down t h e  
d rink, to s e e  if  t h e  disease w o u l d  be produced by i t. stream. August 2 7 ,  patient at No. 3 t o o k  the disease. 
Thel'e is no case on record of an y  person e ver having September 12, another pat,ient took the d i sease in No. 
taken th e disease from water that has been boiled, thus 3. In September a relati ve of the family in No. 2 
showing that, as far as known, the boiling tem perature visited the town, d rank the water, and died in a fe w 
destroys the poison. weeks afterward of typhoid fever. Septem ber 30, a 

Th e  theory that the poison of typhoid is an organi zed pat!ent opposite to N? 2 took the disease. In the 
poison, or germ , or bacill us, seems to explain its  action sprmg of 1886 the fauuly had moved out of No. 2 ; the 
more completely than any other. This phase of the well h ad been k.ept closed: and had l�Ot bee!, cleaned 
subj ect was careful l y  discussed, and its progress given out: A new falIltly moved mto No. 2 l� Apr.II or May, 
at length, by me in an essay written in 1876, and pub- 1886. T h e  boys dran� th e  �el l water, m spIte of pro­
lished in The Cormtry Practitioner, vol. ii . , Nos 6 and tests, and .took r the �Isease m June, 1886 . . One of the 
7. Whate ver may be considered the nature of this brothers d i ed. r�e girls, who would not drmk the wa­
virus, the fact that water is its principal distributor ter, escaped. the dls.ease. 
is ce1·tain. Indeed, a carefu l study of the cases and An analYSIS of thI S  w!l'ter from the wells, by Professor 
statistics that I have exami ned !<eems conclusive that at H. B. Cornwall, of Prmceton Col le�e, showed the wa­
least ninety-five per ceut. of the cases of typhoid fever ter .to be thoro?ghly contam!nate.d with f ecal m atter. 
cOllie directl y from the water. 'l'he poison which pro- E VIdently the vIrus h ad remallled m.one of these wells ; 
duces this disease does not go through the air. All  a year h �d . passed, and yet the wmter had not been 
physicians now permit people to go i nto the sick room able to kIl l  I t. 
where this disease exists. Visitors, and those who wait The l ength of ti m e  that the virus will remain acti ve 
on the patients, do not take the disease. The washer- h as not been ascertai ned, but i t  is known to be years, 
woman has been known, i n  rare instances, to take the in water that is  not much di sturbed. 
disease from the water containing the soiled linen,  I have cited these exam ples because they are so which has i n fected her hands and gotten into the recen t  and so near at hand. H undreds of i nstances mouth and absorbeflts. The i n fected wash water is might be cited, and the evidence piled up almost very often thrown o n  the ground near a well, or into ad lib itum ,. but, if further examples woul d  not be the sewer, with the more poisonous dejecta. I have su perfl uous in this paper, the time-twenty minutes­seen two cases that occurred among sailors who drank allotted to m e  wou l d  preclude my citing them here, water from the Delaware River, opposite the Philadel- and I might say now that much of the data upon which phia se wers. my remarks have been based are not included in th i s  

There is  o n e  instance * where it has also been shown paper for t h e  same reasons. 
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'J'h e  poisonous character of t h e  deJ' ecta is not de- � 'c. , 
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